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G. L. O xley , V ulcan Fou n d ry, A ttercliffe , Sheffield.
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A W A R D S  1928 —29.

T H E  O L IV E R  S T U B B S  ” G O LD  M E D A L

1929 Award to W ESLEY  LA M BER T, A .K .C .,
“ in recognition  of h is  lon g  and valued services to th e  
I n stitu te  o f B r itish  Foundrym en and for h is  valuable  

con tribu tion s to non-ferrous foundry p ractice.”

D IP L O M A S  O P  T H E  IN S T I T U T E

w ere aw arded as follow s :—

Mr D . H . W OOD, for h is  Paper on “ H istory  of Iron- 
fou nd ing in  the M idlands,” g iven  before th e B irm in g­
ham  B ranch.

Mr B H IR D , for h is Paper on “ Coal D u s t : I t s  U se 
and Abuse in  th e  F ou n d ry ,” g iven  before th e East 
M idlands and N ew castle  B ranches.

Mr E. LO N G  D EN , for h is Paper on " S om e In terestin g  
M oulding Job s,” g iven  before th e N ew castle  Branch.

Mr W M cCULLOCH, for h is Paper on " M onel M etal 
and other Special N on-Ferrous C astin gs,” g iven  before 
th e  Scottish  B ranch.





C O N T E N T S .

PAGE
I n t e r n a t i o n a l  C o n g r e s s  a n d  A n n u a l  C o n fe r e n c e ,  

L o n d o n :—
A nnual G eneral M eeting ..................................................  2
E lection  o f Officers ..............................................................  16
O p en in g C erem ony, C ity of London, G uildhall ... 22
P resid en tia l A ddress ..............................................................  29
A nnual B an q uet   41
Tour o f O verseas D elega tes  ......................................  55
In tern a tion a l Foundry E xh ib ition  ..............  53, 58

P a p e r s  B e a d  a t  I n t e r n a t io n a l  C o n g r e s s
Some In ter-R ela tion sh ip s in  Grey Iron M etallurgy;

by J . W. B olton , M .Sc..........................................................  59
D iscu ssion  ......................................................................................  92
The Influence of G raph itisa tion  of C ast Iron; by

Prof. E . D ie p s c h la g .................................................................. 103
C orrespondence .............................................................................. 126
The Influence o f Chrom ium  in C ast Iron; by J . W .

D onaldson, D .Sc. .................................................................. 128
The Influence of M anganese in C ast Iron; by A. L.

N orbury, D .S c ...................................................................................151
The P ractica l A pp lication  o f N ick el in C ast Iron;

by A. B . E verest, B .Sc., P h .D ..........................................  177
Jo in t D iscussion  on Papers on A lloy C ast Irons ... 201
Correspondence .............................................................................. 221
The E lim in ation  of Sulphur from  th e A lloys of

Iron; b y  K. G ierd ziejew sk i, M et.E n g ............................ 227
D iscussion  .......................................................................................... 234
P ractica l P o in ts  from th e M etallu rgy of Cast

B ronzes; by H . C. D ew s ...................................................... 237
D iscussion  .......................................................................................... 253
D ie C astin gs; by A. H . M undey ......................................  266
D iscussion  .......................................................................................... 293
C rysta lline G rains in C astings; by Dr. In g . A.

G lazunov .......................................................................................... 297
D iscussion  .......................................................................................... 341
C oal D ust a s applied  to M ould ing S a n d ..........................  345
D iscussion  .....................................................................................   371
The Problem of Foundry M oulding Sand; by H . Van

A arst .......................................................................................... 389
Correspondence .............................................................................. 394
The A pp lication  of P u lverised  Fuel to M etallurgical 

F urnaces; by H . W. H ollands, B .Sc., 
A .M .I.M ech .E ., and E . C. Lowndes, F .In st .F . ... 399

D iscussion  .......................................................................................... 418
The C ritical E xam in ation  of S teel C astings; by

G. F. G illo t, II .Met................................................................ 426
D iscussion  .......................................................................................... 449
The V ocational T ra in in g  o f Foundry W orkers, Fore­

men and E n gin eers, in B elg iu m ......................................  453
M ethods of T estin g  Cast Iron ; by A. Le Thomas

and R. B ois .............................................................................. 490
The Influence of S ize o f Section  on th e S trength  of 

Grey C ast Iron; b y  J . G. P earce, M .Sc., M .l.E .E . 535 
Jo in t D iscussion on Papers on T estin g  Cast Iron ... 553



P a p e rs  R ea d  before B r a n c h e s :—
A Sym posium  on S teel C astin gs ; r  H bv

A dm ira lty  R eq uirem en ts in  S teel C a stin g s , ny 
Engineer-C om m ander S ed gew ick , R.JN. ... -

X -ray E x a m in ation  o f S teel C astin gs; b y  v . D. ^

M eta llu rgy '‘^ f S t e e ? 0 'C a stin g s; by A . M 'Cance, ^

S te e fCC astin gs  from  th e M oulder’s P o in t  o f V iew ; ^
b y J . Jefferson , A .R .S .M . .......... ...........................  632

G eneral D iscu ssion  ... ...................................................... ¿54
R eport o f Jo in t C dfnm ittee ... ... •

A lu m in iu m -S ilicon  A lloys; by R . B . D ee ley , B .S c .,
a .r .s .m ......................................................................  ;;; ;;; 70r,

A llo y SCas"t Iron ; b y P rof. D . H an son , D .Sc. ^  ... ™

E va lu a tion  of' th e'' P rop erties o f C ast Iron from  ^
Formulae; b y  J . E . H u r s t ...................................................

D iscu ssion  ...............................,  • • • ....................................  766
The P ou m ay C upola; by J . Cam eron ...   ^
D iscu ssion  ..................  ,•••   770
M onel M etal; by W . M cCulloch . ... L ¿ " d en -  ¿06
Som e In te restin g  VIo u1 d 1 n g  J o b s, by E ' .  b gD ^  
H istory  of Iron fou n d m g in  th e  M id lan d s, o> u .  . 

W ood ............... ...............................................................

PAGE

L i s t  o f  M e m b e r s  

N a m e  I n d e x  

S u b j e c t  I n d e x  . . .

859

947

953



The Institute of 
British Foundry men

TWENTY-SIXTH ANNUAL CON­
FERENCE and INTERNATIONAL 

FOUNDRYMEN’S CONGRESS,
LONDON.

JUNE 10,11,12,13 and 14, 1929.
The Tw enty-sixth A nnual Conference was held 

in  London from  Ju n e  10 to Ju n e  14. This Con­
ference also formed th e  th ird  of the  series of 
T rienn ial In te rn a tio n a l Foundrym en’s Con­
gresses. N early 600 ladies and delegates were 
present, including about 180 members and ladies 
from  Overseas F oundry  Associations, repre­
senting  14 countries.

The opening m eeting was held in  the  G rand 
Council Chamber of the  Guildhall of the City 
of London, by permission of the Lord Mayor 
and Council, and the other m eetings were held 
a t  the In s titu tio n  of M echanical Engineers, 
W estm inster, by permission of the P residen t and 
Council of the In s titu tio n .

The In te rn a tio n a l F oundry E xhibition, o rga­
nised by Messrs. F . W . Bridges & Sons, L im ited, 
and the  F oundry  T rades’ E quipm ent and Sup­
plies Association, was held a t  the Royal A gri­
cu ltu ra l H all from  Ju n e  5 to  15, and th is proved 
an add itional a ttra c tio n  to  the  delegates.

P revious to  the  opening of the  Congress, about 
60 members of Overseas Foundry Associations, 
and th e ir  ladies, accompanied by the P res iden t­
elect, M r. Wesley L am bert, and Mrs. Lam bert,

B
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took p a r t in a to u r of the  p rinc ipal in d u s tria l 
centres of G rea t B rita in , and  were en te rta in ed  
by various B ranches of the  In s titu te .

MONDAY, JUNE 10.
Annual General Meeting.

The annua l general m eeting  of th e  In s ti tu te  
of B ritish  Foundrvm en was held a t  th e  In s t i tu ­
tion  of M echanical E ngineers, London, on M on­
day, Ju n e  10, M r. S. H . Russell—th e  re tir in g  
P res iden t—being in  th e  cha ir d u ring  th e  early  
portion  of th e  proceedings.

On the  motion of the  P res id en t, th e  m inutes 
of th e  previous an n u a l genera l m eeting , held in 
L eicester on Ju n e  12, 1928, were tak en  as read ' 
and  confirmed.

The R epo rt of th e  G eneral Council for the  
year Ju n e , 1928, to  Ju n e , 1929, was then  
form ally presented , hav ing  previously been c ir­
culated , and, on th e  m otion of th e  P res id en t, 
seconded by M r. Y. C. F au lk n e r, was adopted 
unanim ously w ithou t discussion.

General Council’s Report.
The G eneral Council has p leasure in  present­

ing th e ir  R ep o rt for th e  year 1928-29. The year 
has been one of steady progress, we a re  able to  
record an  increase in  the  num ber of m em bers, 
and an im provem ent in th e  financial position, 
w hilst a step forw ard  has been m ade in  con­
nection w ith  the  scheme for a na tio n a l certificate  
in  foundry  practice, for the  benefit of studen ts 
a tten d in g  e ither day or evening classes in  these 
subjects.

I t  is w ith in  the knowledge of m any mem bers 
th a t  from  tim e to  tim e th e  In s ti tu te  has been 
seriously concerned by th e  need for a  h igher 
quality  of rec ru it, and  for b e tte r  fac ilities for 
tra in in g  th em ; b u t so fa r  w ith  b u t li t t le  resu lt. 
I t  is hoped th a t  b e tte r  progress will now be 
m ade tow ards a solution of th is  very difficult 
problem. A sub-com m ittee is considering the  
most desirable m ethod of establish ing an  au th o ­
r i ta t iv e  exam ining body, b u t m uch w ork has yet
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to  be done before a definite scheme can be 
expounded.

The B oard of E ducation ' Comm ittee on 
“ T ra in ing  for the  E ng ineering  Industry  ” has 
applied to  your Council for th e ir views on 
“ Foundry  A pprenticeship and T ra in in g .” The 
L ite ra ry , Awards and E ducation  Comm ittee has 
d ra fted  and  subm itted  a carefully-prepared reply 
to  th is  reqqest.

The du ties allocated to  the  L iterary , Awards 
and E ducation  Com m ittee become more numerous 
every year and i t  will soon be necessary to  con­
sider w hether th is Comm ittee should n o t m eet 
more frequently , so th a t  g rea te r progress can be 
made.

M uch of the  tim e of th e  Council has been spent 
in  considering the  arrangem ents for the In te r ­
national Congress to  be held in  London, and the 
en te r ta in m en t of the  Overseas V isitors during 
th e ir  visits to  the  various industria l centres of 
G reat B rita in .

Membership.
The num ber of members of all grades on 

April 30, 1929, was made up  as shown on page 4.
I t  is w ith  g rea t reg re t th a t  the  Council 

announce the death  of 10 members. E ig h t sub­
scribing firms, 55 members, 70 associate mem­
bers, and 30 associates have been elected to 
mem bership during  th e  year, m aking a to ta l 
of 163. Owing to  various causes 116 names have 
been erased, giving a n e t increase of 47.

I t  is realised th a t  there  are rirany persons in 
the  foundry  industry  who are  eligible for mem­
bership and to  whom mem bership would be of 
considerable value, b u t who are  not yet associated 
w ith the  In s titu te . The Council would appeal 
to  all members to  g e t in  touch w ith such gentle­
men of th e ir  acquaintance, and po in t ou t to them  
the advantages of M embership.

Junior Sections.
The In s ti tu te ’s own educational work has been 

continued th rough  the  activ ities of the  five 
Ju n io r Sections, all of which have completed 
successful sessions.

b2
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Oliver Stubbs Medal.
The seventh aw ard was m ade in  Ju n e  la s t to 

M r. J .  W. Donaldson, B.Sc., F .I .C ., of Greenock, 
for P ap ers  presented to  the  In s titu te  embodying 
his researches in to  cast iron. Shortly a fte r  the 
aw ard of the medal, the  U niversity  of E d in ­
burgh conferred upon M r. Donaldson the degree 
of D octor of Science, and the  Council wish to 
cong ra tu la te  him  upon th is  distinction .

Buchanan Medal.
The work of the  Ju n io r Sections has been 

stim ulated  by the  establishm ent of the  Buchanan 
Medals. These have been established by anony­
mous donors, who have invested a sum of money 
in the  nam e of the  In s titu te , the  in te re st from 
which is to  be applied to  the  purchase of a silver 
m edal each year for each Ju n io r Section, the 
m edal to  be aw arded as the  resu lt of an essay 
g iving a resum e of the  session’s work of the 
J u n io r  Section w ith which the  candida te  is 
associated. The donors have also presented to 
the In s titu te  the  dies from which the medals 
are struck. The Council wish to  tender the ir 
sincere thanks for these valuable gifts.

Diplomas.
Five diplom as were aw arded in Ju n e  last for 

P apers given before the  branches du ring  the 
previous Session. The recip ients and the  respec­
tive branches before which the  P apers were given 
are as follows: —
A. J .  Beck 
A. H udson 
W. H . Poole ...
N. D. R idsdale ...
P . A. Russell, B.Sc.

E a s t M idlands Branch. 
Scottish Branch. 
N ewcastle Branch. 
M iddlesbrough Branch. 
E ast M idlands Branch.

General Council.
Four G eneral Council m eetings and a num ber 

of sub-committee m eetings have been held a t 
Leicester, W eston-super-M are, B irm ingham  and 
Y ork; several sub-committee m eetings have also 
been held in  London and M anchester. A t the
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G eneral Council m eetings th ere  has been an 
average a ttendance  of 33.

The following mem bers of th e  G eneral Council 
re tire  a t  the  G eneral M eeting  on Ju n e  10. All 
re tir in g  mem bers offer them selves for re-elec­
t i o n M e s s r s .  W . T. Evans, A. F ir th , J .  H aigh , 
A. H arley  and  H . W in te rton .

Test Bar Committee.
This Com m ittee has m et fou r tim es d u rin g  the 

year, and  has devoted considerable a tten tio n  
to  p rac tica l investiga tion  of th e  F rem o n t Shear 
Test. I t  was fe lt desirable to  exam ine th is  tes t 
fully, as i t  has repeated ly  been p u t fo rw ard  in 
various In te rn a tio n a l exchange P apers . The 
rep o rt is n o t y e t com pleted, b u t two members 
of th e  Com m ittee have published P a p e rs  p o in t­
ing ou t ce rta in  difficulties which have been en­
countered  in  connection w ith  th is  te s t. I t  is 
expected th a t  th e  resu lts published in  these 
P ap ers  will be considered du rin g  th e  coming 
Congress, and your Com m ittee w ill th e n  be in 
a position to  ca rry  ou t fu r th e r  investiga tions if 
necessary.

The convener of the  T est B ar C om m ittee, M r. 
Jo h n  Shaw, desires to  place on record h is app re­
c iation  of th e  help th e  mem bers have given 
du rin g  th e  twelve years th e  C om m ittee has been 
in  existence. I t  is n o t generally  recognised th a t  
hundreds of te s ts  have been m ade, th e  cost of 
which under o rd inary  conditions would consider­
ably exceed £1,000, th e  work, however, has been 
done w ithou t any cost w hatever to  th e  In s titu te , 
and  the  th an k s  of th e  m em bers of th e  In s titu te  
are  due to  the  mem bers of th e  T est B ar Com­
m ittee, who have m ade considerable sacrifices of 
tim e and money.

Annual Conference, 1928.

The Tw enty-fifth A nnual Conference was held 
a t  th e  A ssociation H all, L eicester, in  Ju n e , 1928, 
and  was very well a ttended . M r. S. H . Russell 
was installed  as P res iden t. The G eneral Council 
wish to  express th e ir  app recia tion  of th e  a rran g e­
m ents m ade by the  C onvention C om m ittee, and



particu larly  the  chairm an, Mr. Sidney A. Gim- 
son (P as t-P resid en t of the  In s titu te ) , M r. H . H. 
Moore (treasu re r), M r. H . Pem berton (Branch- 
P res iden t), and M r. H . B un ting  (secretary). 
The Council also wish to  ten d e r th e ir  thanks to 
the Lord M ayor of Leicester and to  the  many 
firms in the  E as t M idlands area  who en terta ined  
the members and ladies a t  th e ir  works, and to 
the subscribers to  the  Conference F und .

International Congress.
The n ex t A nnual Conference is being held in 

London from  Ju n e  10 to  14, inclusive. This 
Conference should be a notable one, as i t  forms 
the th ird  of the  series of T riennial In te rn a tio n a l 
Foundrvm en’s Congresses, the  first of which was 
held in  P a ris  in  1923, and the second in  D etro it 
in  1926. A large num ber of members and ladies 
of A m erican and C ontinental foundrym en’s asso­
ciations are  expected to  be present, and, previous 
to  the  Congress, a p a rty  of the overseas dele­
gates and ladies will to u r G reat B rita in  under 
the auspices of the  various branches of the 
In s titu te .

International Relations.
Your G eneral Council still m ain ta ins very close 

relations w ith overseas foundry technical associa­
tions, as evidenced by the holding of the  In te r­
national Conference under th e  auspices of the 
In s titu te  in  Ju n e . Included in  the  P apers to  be 
read a t  th is  Conference there  will be several 
P apers officially presented by various overseas 
associations.

E xchange P ap ers  have been presented on 
behalf of the  In s titu te  by D r. J .  W. Donaldson 
a t  the  F rench  Foundry  Conference, October, 
1928, and by M r. F . H udson a t  the  Conference 
of th e  Am erican Foundrym en’s Association, 
April, 1929. M r. T. H enry  T urner, M .Sc., is 
p reparing  a P ap e r, on behalf of the  In s titu te , 
for p resen tation  to the  nex t F rench Foundry 
Conference to be held in October next. The 
In s titu te  is represented  on the In te rna tiona l 
Comm ittee of Foundry  Technical Associations by 
Mr. V. C. F au lkner, and your general secretary 
continues to  ac t as secretary  of th is Committee.
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British Cast Iron Research Association.
The work of th is  A ssociation has progressed 

on norm al lines du rin g  th e  year. T here is a 
steady h u t slow increase in  m em bership and 
income. In  Ju n e , 1929, u nder p resen t a rran g e ­
m ents w ith  th e  D epartm en t of Scientific and 
In d u s tria l R esearch, th e  G overnm ent g ra n t 
h ith e rto  received by th e  A ssociation will fa ll to  
one-half, and  u nder these circum stances the  
A ssociation will only be able to  con tinue on its 
p resen t scale w ith  th e  a id  of m ore subscribing 
members.

The work done d u rin g  th e  year has c a rried  a 
num ber of developm ents a stage fu r th e r  from  the 
purely m etallu rg ical side, and  several advances 
of very g re a t in te re s t have been m ade. One of 
these, dealing w ith  th e  influence of m anganese 
in  re la tio n  to  su lphur, will be p resen ted  to  the  
London Congress in  th e  form  of a P a p e r  by D r. 
A. L. N orbury . O ther developm ents re fe r to  
rela tionsh ips betw een s tru c tu re  and  com position, 
alloy cast irons, h ea t-resisting  irons and  m al­
leable iron. W ork on m oulding sands has reached 
a p o in t a t  which p a rticu la rs  have been placed 
before m em bers, of simple foundry-contro l tests, 
which will enable sand  conditions to  be re la ted  
to  troubles experienced, and  to  enable a m in i­
m um  of new sand to  be employed consistent 
w ith safety . D evelopm ents of an im p o rtan t 
cha rac te r w ith  respect to  the  cupola have also 
been m ade by M r. J .  E . F le tch er, and  th u s  the 
A ssociation is in  a position to  advise members 
in  respect of m oulding prac tice , m elting  practice 
and m ix tu res in  d irections w hich should resu lt 
in  economies m uch g rea te r th a n  th e  annua l sub­
scrip tion .

Accounts.
The s ta tem en t of accounts and  balance sheet 

for th e  year ended Decem ber 31, 1928, a re  set 
o u t on pages 9 to  11.

I t  will be noted th a t  th e  income has exceeded 
th e  expend itu re  by £300 5s. 6d. Y our Council 
realised some tim e ago th a t  rig id  economy in 
w orking, toge ther w ith  increased mem bership 
and reg u la r collection of subscrip tions, was neces-
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sary to  p u t the  In s ti tu te ’s funds on a sound 
basis and they are  happy to  announce th a t  the 
In s ti tu te ’s finances are in a more satisfactory 
condition th an  they have been for some time. 
In  th is  connection they wish to  acknowledge the 
co-operation they have received from the branches, 
and particu la rly  the  B ranch-Secretaries. I t  is 
fe lt th a t ' if th is  policy is continued, sufficient 
ftinds will be accum ulated to  extend fu rth e r the 
In s ti tu te ’s work and  usefulness.

Branch Activities.
I t  is perhaps n o t generally recognised th a t  

the In s titu te  owes a considerable debt to the 
readers of P apers and to the  firms who perm it the 
various branches to  v is it th e ir  works. In  addi­
tion  to  th e  P ap ers  presented a t  th e  A nnual 
Conference, no less th a n  73 P apers have been 
given before the  various branches, and a large 
num ber of works visits have also been arranged. 
In  addition , each Ju n io r Section has carried  out 
a complete program m e of Papers and visits.

To the  au thors of all these P apers and to the 
m anagem ents of the various works the General 
Council wishes to  express its very sincere thanks.

S. H . R u s s e l l , P resident.
T. M a k e m s o n , General Secretary.

BALANCE SHEET, DECEMBER 31, 1928.
L i a b i l i t i e s .

£ s. d. £ s. d. 
Subscriptions paid in advance 164 17 0
Sundry Creditors . .  . .  389 2 0
The Oliver Stubbs Medal Fund

Balance from last Account 203 10 8 
Interest to date . .  . .  8 4 4

211 15 0
Less Cost of Medal . .  9 10 0

-----------------  202 5 0
The Buchanan Medal Fund 97 16 3
Turner Testimonial Fund

Balance from last Account 72 14 4 
Less Cheque Professor

Turner . .  . .  . .  70 0 0

2 14 4
Sundry Receipts . .  11 9 0

14 3 4
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L i a b i l i t i e s .—continued.
£ s. d. £ s. d. 

Surplus a t December 31, 1927 950 16 9
Add : Excess of Income 
over Expenditure for 
tbe year ended December

31, 1928 . .  300 5 6
   1,251 2 3

A s s e t s .

Cask in hands of Secretaries 
Lancashire 
Birmingham 
Sheffield 
London ..
East Midlands

£2,119 5 10 

d. £ s. d.

21 8 9
37 7 1

147 7 9
137 18 5
22 7 2

West Riding of Yorkshire 24 3 10
Middlesbrough . . . .  11 18 11

Lloyds Bank Ltd. :—
General Account . .  476 13 2
Deposit Account . .  400 0 0

The Oliver Stubbs Medal Fund :—
£342 5s. 7d. Local Loan 

£3 per cent. Stock at 
Cost . .  ■. • • 200 0 0

Balance in hand, Lloyds
Bank Ltd. . .  . .  2 5 0

402 11 11

876 13 2

202 5 0
The Buchanan Medal Fund :—

£125-£3 10s. Conversion
Stock a t £78 ..  . .  97 16 3

Turner Testimonial Fund :—-
Cash a t Bank . . . .  12 16 5
Cash in hand . .  . .  1 6  11

14 3 4
Investments Account

£450 5 per cent. War Loan
at Cost . .  . .  130 9 10

Furniture, Fittings and Fixtures :—
Per Last Account . .  105 18 0
L e s s Depreciation

10 per cent. . .  . .  10 11 8
 ---------------  95 6 4

£2,119 5 10
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INCOME AND EXPENDITURE ACCC 
THE YEAR ENDED DECEMBER i

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

£ s. d.
Postages
Printing and Stationery, 

including printing of 
Proceedings 

Council, Finance and Annual 
Meeting Expenses 

Medals for Past-Presidents 
Branch Expenses :—

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

, 1928.

£ s. d
75 16 1

525 3 0

62 5 7
2 6 6

111 14 9
56 2 7
89 13 8
54 11 10
35 3 3
36 13 7
84 18 0
33 3 0
32 10 1
25 6 6

Audit Fee and Accountancy Charges
Incidental Expenses
Salaries—Secretary and Clerk
Rent and Rates of Office less Received ..
Income Tax
Subscription to International Committee 

of Foundry Technical Associations 
John Surtees Memorial Examinations 

Grants to Branches 
Depreciation of Furniture

Excess Income over Expenditure 

I n c o m e .
Subscriptions Received 
Sale of Proceedings, etc.
Interest on War Loan and Cash on Deposit 
John Surtees Medal Fund, Surplus

559 17 3
12 12 0
73 14 6

468 0 1
77 10 4

6 16 0

• 5 0 0

22 18 0
10 11 8

,902 11 0
300 5 6

£2,202 16 6
£

2,132
9

39
21

s. d. 
9 10 
1 0 
7 8

18 0
£2,202 16 6

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

J . & A. W. S u l l y  & C o m p a n y ,
Chartered Accountants, 

19 & 21, Queen Victoria Street, Auditors.
London, E.C.4. May 13, 1929.
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Accounts.
The P r e s i d e n t , in  p resen ting  th e  accounts 

for the  p ast year, expressed sa tisfac tion  th a t 
th e re  was a  balance of over £300 on th e  righ t 
side, th e  la rg est am oun t th a t  had  ever been 
shown as a c red it balance in  one year. The 
assets of the  In s titu te , he po in ted  ou t, were 
rep resen ted  by £450 in  5 per cen t. W ar Loan, 
w hich had  cost £430 9s. lOd.

The m otion by th e  P re s id en t fo r th e  adoption 
of the  accounts was seconded.

M r. S u t c l i f f e  asked why a  London firm of 
accountan ts was employed to  a u d it th e  accounts 
when th e  general offices of the  In s ti tu te  were in 
M anchester, H e also po in ted  o u t th a t  two of 
th e  B ranches were holding sum s of £175 and 
£137 respectively, and  asked w hat i t  was pro­
posed to  do w ith  reg ard  to  th is.

The P r e s i d e n t , rep ly ing  to  th e  first point, 
said  he did n o t th in k  th e re  could be any serious 
objection to  th e  em ploym ent of a  London firm 
of aud ito rs. The reg istered  offices of th e  In s ti­
tu te  were in  London, a lthough  th e  genera l offices 
were in  M anchester, and th e  firm in  question 
was alm ost of worldwide repu te . W ith  regard 
to  the  am ounts held by tw o B ranches, as pointed 
out, the  G eneral Council had  had  th a t  fa c t in 
m ind, b u t i t  was no t fe lt th a t  th e  Council was 
in  a position to  ask for th a t  money to  be re­
funded. They were ex ertin g  such influence as 
they  could to  induce th e  B ranches in  question 
to  use some of th a t  money instead  of asking 
for new g ran ts , and  th e  p o in t ra ised  by Mr. 
Sutcliffe would be borne in  m ind. H e was in­
form ed by th e  secre tary  th a t  th e  sums held by 
the  B ranches m entioned rep resen ted  subscrip­
tions.

M r . C o o k  p o i n t e d  o u t  t h a t  t h e  a u d i t o r s  h a d  
t o  b e  r e - e l e c t e d  a t t h e  a n n u a l  m e e t i n g ,  a n d  

\ t h e r e f o r e  i t  w a s  o p e n  t o  a n y b o d y  t o  m a k e  a  n e w  
n o m i n a t i o n  i f  t h e y  d e s i r e d  t o  d o  s o .

The accounts were th en  unanim ously adopted.
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Alterations to By-Laws.
T h e  P r e s i d e n t  t h e n  d e a l t  w i t h  s o m e  a l t e r a ­

tions to  the  b y - l a w s .
The first resolution, he said, dealt w ith the 

election of the  Council, th e  object being to  have 
a postal ballot instead of electing the Council 
by voting  a t  the  annual general m eeting, a t  
which i t  was no t always possible for some of 
those who took a keen in te rest in the affairs of 
the  In s titu te  to  a tten d . As M r. Cook had been 
responsible for the  first resolution, he asked him 
to  speak to  it.

Mb . F . J .  Cook said  i t  had occurred to him 
th a t  to  elect the  Council by postal ballot instead 
of by a ttendance  of members a t  the  annual 
m eeting would be more satisfactory , because it  
gave everybody an  opportun ity  to  vote for th e ir 
ru lers in th e  In s titu te , which in th is democratic 
country  was w hat we desired.

The m otion th a t  the  election of the  Council 
in fu tu re  should be by postal ballot was 
seconded and  carried  unanim ously, i t  being ex­
plained by th e  P res iden t th a t  the election on 
the p resen t occasion would be by voting a t the 
m eeting.

The P r e s i d e n t  said the  second resolution, 
dealing w ith  the by-laws, related  to the  applica­
tion  form  for mem bership, and as i t  was neces­
sa ry  to  ge t the  perm ission of th e  P rivy  Council 
to  th e  previous a ltera tion , i t  was fe lt desirable 
to  ask, a t  th e  same tim e, for any other a lte ra ­
tion , th u s  reducing expense and trouble. The 
proposal was th a t ,  in  th e  form for application 
for mem bership, the  declaration  th a t  those pro­
posing th e  app lican t believed, to  the best of 
th e ir  knowledge, th a t  he was no t of enemy or 
alien b ir th  or in terests, should be deleted. The 
In s titu te  no longer wished to  debar membership 
on the  g round of na tionality , b u t the other pro­
posal in  the  resolution as sen t out, to  delete the 
words “  na tiona lity  by b ir th  or p aren tage ,” was 
due to  a m isunderstanding , because, although 
there  was no desire to  debar membership on 
account of na tionality , i t  was desirable th a t  the 
General Council should know the nationality  oi
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its members. T herefore, th e  deletion of these 
words would no t form  p a r t  of th e  resolution  as 
p u t to  th e  m eeting .

M b. F . S a n d e b s o n  (N ewcastle) said  th e  resolu­
tion  came from  his d is tric t, and, as th e  P res id en t 
had pointed  out, th e  second p a r t  of th e  resolu­
tion  was due to  a m isunderstand ing . H e th e re ­
fore moved the  first p a r t  re la tin g  to  the  decla ra­
tion  as to  th e  knowledge of those p u ttin g  
forw ard an  app lican t regard ing  h is enem y or 
alien b ir th  or in terests .

The m otion was seconded and  carried  u n an i­
mously.

The Oliver Stubbs Medal.
The P r e s i d e n t  th e n  announced th a t  th e  O liver 

S tubbs M edal had  been aw arded to  M r. Wesley 
L am bert, and  in  connection w ith  th e  aw ard  he 
read  th e  following recom m endation from  the  
London B ra n c h :—

“ The G eneral Council w ill requ ire  no de­
ta iled  lis t of th e  innum erable  services over a 
long period of years th a t  M r. W esley L am bert 
has rendered  to  th e  In s titu te . T here is 
scarcely a B ranch  before which he has n o t 
lectured , and  I  should th in k  th e re  is scarcely 
a Com m ittee on which he has n o t served. 
P a rtic u la r ly  as Convener of th e  L ite ra ry  Com­
m ittee  has he con tribu ted  m ateria lly  to  the  
solid foundations of th e  In s ti tu te . I n  add i­
tio n  to  hav ing  been th e  London B ranch-P re- 
siden t, he is now P residen t-designa te  of th e  
In s titu te , and  th e  London B ranch  Council 
feel there  could be no m ore fittin g  or qualified 
rec ip ien t th is  year of th e  aw ard, and  they  
sincerely hope th e  G eneral Council w ill accept 
and  endorse the  recom m endation of th e  London 
B ranch .”
C ontinuing, the  P re s id en t said th e  G eneral 

Council, in  m aking  th e  aw ard , had  done so q u ite  
a p a r t  from  any consideration  of th e  fa c t th a t  
M r. W esley L am bert was being nom inated  as 
P res id en t of th e  In s ti tu te . I t  fe lt th a t  i t  was 
qu ite  tim e the  non-ferrous section of th e  indus­
try  should be recognised, and they  fe lt th e re
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was no w orth ier exponent of th a t  branch than 
M r. Wesley L am bert. The aw ard had been 
m ade en tire ly  on its m erits. The actual presen­
ta tion  of the  medal would be made the follow­
ing m orning.

M e . W e s l e y  L a m b e r t , in  expressing his appre­
ciation  of the  aw ard, said th a t  such little  work 
as he had been able to  do for the  In s titu te  of 
B ritish  Foundrym en was done because he con­
sidered i t  one of the  foremost, if not the fore­
most, of technical in s titu tio n s in G reat B rita in . 
A nother reason why he appreciated  the award 
was th a t  i t  was largely due to Mr. Oliver Stubbs 
th a t  he had  been induced to take  a keen in terest 
in the In s titu te , and he would value the award 
if only for the  reason th a t  i t  perpetuated  the 
name of M r. Oliver Stubbs.

On the  motion of the P eesibent i t  was de­
cided to  send a message from the In s titu te  t® 
Mr. Oliver Stubbs expressing sym pathy w ith 
him  in  his serious illness and wishing him a 
speedy recovery.

Diplomas.
The aw ard of Diplomas was announced as 

follows : —
M r. D. H . Wood, for a P ap e r read before the 

B irm ingham  B ranch en titled  “ H istory  of Iron- 
founding in  the  M idlands ”  ; M r. Ben H ird , for 
a P ap e r read  before the  E ast M idlands Branch 
and  also the  Newcastle B ranch en titled  “ Coal 
D u st: I ts  Use and Abuse in  the F o u n d ry ” ; 
Mr. E . Longden, for a P ap er read  before the 
Newcastle, Scottish and M iddlesbrough Branches 
en titled  “ Some In te restin g  M oulding Jobs ” ; 
and M r. W. McCulloch, for a P aper read before 
the  Scottish B ranch en titled  “  Monel M etal and 
other special N on-Ferrous C astings.”

Buchanan Medals.
The announcem ent was then  made of the fol­

lowing aw ards of B uchanan Silver Medals to 
members of Ju n io r  Sections for resumes of the 
P apers read  before the  Branches during  the 
y e a r :—M r. N orm an Blythe (Scottish Ju n io r Sec­
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t io n ) ; M r. John  H ird  (B irm ingham  Ju n io r  Sec­
tion) ; and M r. J .  E ric  G arside (L ancashire 
•Junior Section).

The New President.
The P r e s i d e n t  said his n ex t and  la s t d u ty  as 

P res id en t was to  propose th e  election of M r. 
Wesley L am bert as his successor. They had 
already aw arded M r. L am bert the  Oliver S tubbs 
M edal, and  i t  was difficult .to find words to  add 
to  w hat had  been said. A b e tte r  choice could 
no t have been m ade, because those who had 
worked w ith him  for m any years realised  how 
g rea t were his ab ilities and how g re a t was his 
in te re st in  th e  w ork of th e  In s titu te . H e was 
one of the  forem ost men on the  non-ferrous side 
of the  industry , a  side th a t  was a p t a t  tim es 
to  he a li tt le  neglected. M r. W esley L am bert 
has had  a very wide experience, w ider and  more 
varied  th a n  fell to  th e  lo t of m any of them , and 
he was always p repared  to  place n o t only his 
knowledge b u t also th e  whole of his in fo rm ation  
a t  the  disposal of any mem ber of th e  In s titu te . 
H e had  placed him self a t  th e  disposal of all th e  
B ranches w ith  regard  to  g iv ing P apers , and  as 
Convener of th e  L ite ra ry , A wards and  E duca­
tion  Com m ittee he had  done rem arkable  work. 
W hen, la s t year, owing to  th e  du ties concerned 
w ith the  In te rn a tio n a l C onference, he found it 
necessary to  resign, th e  Com m ittee missed his 
help and  advice very m uch indeed. H e th e re ­
fore moved w ith  th e  g rea test pleasure th a t  M r. 
Wesley L am bert be elected P res id en t of the 
Lnstitute.

M r. F . J .  C o o k  seconded th e  proposal, which 
was carried  w ith  acclam ation.

M r . W e s l e y  L a m b e r t  th en  took th e  P res i­
d en tia l C hair, th e  re tir in g  P re s id en t prom ising 
him every assistance n o t only personally h u t by 
all th e  mem bers of th e  Council and  of the 
In s titu te .

The new P r e s i d e n t , in  expressing  his 
apprecia tion  of th e  honour th a t  had been con­
ferred  upon him , said he would no t have gone 
forw ard as P res id en t if he had  n o t been
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satisfied t l ia t  he would have the support of 
everybody, as had so k indly been promised by 
Mr. Russell. H aving  worked for m any years 
on the  Council he could assure the  general body 
of the  members of the  In s titu te  th a t  the men 
they  elected to  serve them  on the General 
Council were very keen indeed, and knowing 
the keen feeling th a t  existed he was looking 
forw ard to  a very successful year of office. In  
connection w ith  the  In te rn a tio n a l Conference, 
he said th a t  the  overseas delegates who were 
here were a fine body of men and gentlemen in 
every respect, and  he appealed to  the  members 
of the  In s titu te  to  make th e ir  v isit here as 
p leasan t and  enjoyable as possible.

C ontinuing, the  P res iden t proposed a hearty  
vote of thanks to  the re tir in g  P residen t, Mr. 
S. H . Russell. The m anner in which he had 
carried  on th e  work of th e  In s titu te , he said, 
was seen in the  fac t th a t  there had not been a 
single com plain t of the  way in which the busi­
ness had been conducted during  the  past year. 
T hat was very g re a t testim ony to  the  ta c t and 
ab ility  of M r. Russell.

M r. V. C. F a u l k n e r  said i t  was peculiarly 
fitting  th a t  he should be asked to  second the 
vote of thanks because perhaps he had better 
opportun ities th a n  most members of the 
In s titu te  in knowing the work of the President. 
He had been w ith  him  a t  most of the Branches 
and knew th e  am ount of work and travelling, 
often on Sundays, in going round to the  varioug 
Branches. H e also fe lt th a t  the vote of thanks 
should include Mrs. Russell and M r. Russell’s 
brothers, who had had a g rea t deal of ex tra  work 
throw n upon them  during  M r. R ussell’s term  of 
office.

The vote of thanks was carried  with 
enthusiasm .

The P r e s i d e n t  then  handed Mr. Russell the 
P as t-P res id en t’s Badge.

M r. R u s s e l l , acknowledging the vote of 
, said he had really enjoyed being Presi- 

although i t  had involved a certain  amount 
d though in te resting  work. There were
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two th in g s he wished to  re fe r to . H e had  hoped 
th a t  by th e  end of his year of office he would 
have seen th e  question of th e  na tio n a l certificate 
for the  appren tices a g re a t deal more advanced 
th a n  was ac tua lly  th e  case. E very th ing  possible 
had  been done, b u t progress was very slow, and 
th e re  was a long way to  go ye t before the ir 
desires in  th a t  d irec tion  could be achieved. 
The o ther m a tte r  was one he had  alluded to  in 
his P res id en tia l Address, viz., th a t  th e  s ta tu s  
of th e  In s ti tu te  would be enhanced by some 
form  of exam ination  for m em bership. T hat 
was his personal view, b u t he was sorry  to  say 
he had come to  th e  conclusion th a t  i t  was 
prem atu re  to  ask fo r th a t  a t  p resen t. N ever­
theless he hoped to  see i t  in  th e  n ea r fu tu re . 
H e d id  no t th in k  i t  necessary to  ask  fo r a 
w ritten  e x am in a tio n ; some o ther form  of ex­
am ination  could be found, and  he hoped th a t  
th is would be possible in  th e  course of th e  nex t 
few years. Any li tt le  success he m ig h t have 
had  in business was undoubted ly  due to  th e  fact 
th a t  he had always been keen on a tte n d in g  the 
B ranch and an n u a l m eetings of th e  In s titu te , 
and  he fe lt th a t  in  re tu rn  i t  was only righ t 
th a t  he should push forw ard  th e  work of the 
In s titu te  in  every possible way.

Senior Vice-President.
The P r e s i d e n t  th en  moved th e  election of Mr. 

F . P . W ilson as senior V ice-P residen t fo r the 
coming year.

M r. J .  T. G o o d w i n , in  seconding, said he had 
known M r. W ilson for m any years, and  as long 
as 24 years ago, when th e  Conference was held 
in M iddlesbrough, M r. W ilson took a g re a t p a rt 
in  organising  th e  a rrangem ents. M r. W ilson was 
one of th e  progressive foundrym en in  M iddles­
brough, and  had  played a g re a t p a r t  in  the 
developm ent of th e  M iddlesbrough B ranch.

The m otion was carried  unanim ously.
M r. W i l s o n ,  acknow ledging h is election, said 

th a t , a lthough he had  n o t long been a member 
of th e  Council, he had  been a m em ber of the 
In s ti tu te  for m any years in  a  rem ote corner of
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th e  country , which, perhaps, was not much more 
th an  a name to  m any people. The M iddles­
brough B ranch, however, fe lt greatly  honoured 
th a t  he should have been selected for nom ination 
as senior V ice-President, and when the Branch 
knew he had actually  been elected i t  would be 
still more pleased. • Looking a t  the  past-Presi- 
dents, he realised w hat a b rillian t body of men 
they had been, whereas he himself could only 
claim to  be of th e  commonplace type and a rep re­
sen tative of th e  commonplace people. A t the  
same tim e he fe lt pleased th a t  th e  commonplace 
people should be represented  in th is  m anner on 
the Council. H e fe lt th a t  he represented the 
rank and file of th e  In s titu te , among whom he 
counted m any of his best friends.

Junior Vice-President.
M r . S. H . R u s s e l l  then  proposed the  election, 

as ju n io r V ice-President, of M r. A. H arley, 
whom he described as one of the  most prom inent 
foundrym en in  the  B irm ingham  d is tric t and one 
who had  done a trem endous am ount of work on 
different Com m ittees of the  In s titu te .

M r . C a m e r o n , who seconded th e  proposal, re ­
ferred  to  M r. H arley ’s association w ith the 
D aim ler Company, and assured him  th a t  he 
would find th e  work involved in  the  office of 
jun io r V ice-President most enjoyable.

The proposal was carried  unanim ously.
M r . H a r l e y ,  in expressing his thanks for his 

election, said he also regarded himself as one 
of the  commonplace people, like M r. Wilson. He 
was a very commonplace m an coming from a very 
comihonplace fam ily, most of whom had toiled 
and sweated in  foundries. H is fa th e r did so for 
50 years, and th ere  were two men whom he 
wished were p resen t th a t  evening. One was his 
fa th er and th e  o ther was M r. R obert B uchanan. 
W hen he jo ined the  B irm ingham  B ranch about 
20 years ago M r. B uchanan was kindness itself 
in receiving him , and before th a t ,  when he did 
not know M r. B uchanan, one of his P apers had 
been a God-send to him  when he was struggling  
with some of the  problems of cupolas. H e a fte r­
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w ards took the  o p po rtun ity  of te lling  Mi • 
B uchanan w hat a help th a t  P a p e r  had  been to 
him , and i t  certa in ly  was an  exam ple of th e  ad­
van tage to o thers th a t  came from  P ap e rs  given 
by men who had  special knowledge on a p a r t i­
cu lar subject. H e him self was in  Shropshire a t 
the  tim e he spoke of, o u t of con tac t w ith  fou n d i)- 
men generally , and  he had  a  very vivid rem em ­
brance of th e  benefit he received from  th a t  i >aP eJ  
by M r. B uchanan. H e had  ac tua lly  intended 
to  re tire  from  th e  Council, b u t when i t  came to 
the po in t he could n o t b ring  him self to  sever 
the  friendships he had m ade. The members oi 
th e  Council were a very fine body of men, not 
only from  th e  foundry  p o in t of view b u t 
personally, and  he could only hope th a t  he would 
be able to  c a rry  ou t the  du ties of ju n io r vice- 
presiden t in a  proper m anner.

Members of Council.
A ballo t was th en  tak en  for th e  election of 

five mem bers of Council, for which th ere  were 
six candidates, the  resu lt being announced a t 
the  opening of the  In te rn a tio n a l Conference the  
following dav. The candidates elected were M r. 
J .  H aigh , M r. W . T. Evans, M r. H . W in te rto n , 
M r. H. H . Wood and M r. A. F ir th .

Honorary Officers,
M r. F . W. F inch  was unanim ously re-elected 

hon. treasu rer.
Messrs. F . J .  Cook, R . 0 . P a tte rso n  and  O. 

S tubbs were unanim ously re-elected tru s te e s  for 
the In s titu te .

Auditors.
Messrs. J .  and  A. W . Sully & Com pany, 

19-21, Queen V ic to ria  S tree t, London, were 
unanim ously re-elected aud ito rs.

Vote of Thanks to General Secretary.
On the  m otion of M r . E . L o n g d e n , seconded 

b y  M r . W o o d , a cordial vote of th an k s  was 
passed to  th e  G eneral S ecre tary , M r. T. 
Makemson, for his work d u rin g  th e  p a s t year.

M r. M a k e m s o n  acknow ledged the  vote of 
thanks, and rem arked  th a t  his work was very
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much fac ilita ted  by the g rea t assistance he 
received from  everybody. H e liked the  work 
very m uch, and  was able to  ex trac t from  it  
n o t only a g rea t deal of in terest, bu t a t  times 
some am usem ent, often from  unexpected 
quarters. H e recognised th a t  everybody was 
reasonably sym pathetic ; they  appreciated  every­
th in g  he did and any m istakes th a t  he made— 
and  he feared  he did make m istakes a t times— 
were regarded  very leniently .

Subscribing Firms.
M u. S u t c l i f f e  raised the  question of the posi­

tion  of subscribing firms, and said he would be 
able to induce several firms to  jo in  b u t for the 
fa c t th a t  they had no vote or voice in  the 
control of th e  In s titu te . There were instances 
in  which prom inent members of subscribing firms 
would be valuable additions to  the Council, b u t 
th rough  th e  rules concerning such firms they 
were ineligible.

A D e l e g a t e  suggested th a t  i t  was not in order 
to  bring  th is m a tte r  forw ard now, bu t th a t  a 
com m unication should be sen t to  the  General 
Secretary  so th a t  he m ight bring  i t  before the 
Council.

The P r e s i d e n t  expressed the view th a t  Mr. 
Sutcliffe was in order in raising  the point he 
had. H e understood the com plaint was th a t  the 
men representing  subscribing firms were not 
eligible to  be officers of the In s titu te  because 
they were not ' individual members of the 
In s titu te . H e asked if M r. Sutcliffe would take  
his assurance th a t  the  Council would go into 
the m a tte r  and discuss the  position and try  to 
p u t i t  on a  proper footing.

M r . S u t c l i f f e  expressed h i s  s a t i s f a c t i o n  w i t h  
t h a t  a s s u r a n c e .

The P r e s i d e n t  added th a t  the m atte r would 
probably have to  be dealt w ith a t  a m eeting 
of the Council. R epresentatives of subscribing 
firms could not take  office unless they were indi­
vidual members of the In s titu te . T hat was 
quite  clear, and th a t  was the point th a t  had to 
be cleared up . I t  was impossible for i t  to  be
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d ealt w ith  th a t  evening, b u t he qu ite  realised 
th a t  i t  was a m a tte r  th a t  should be considered 
and  cleared up . The position w anted  defining 
more clearly  th a n  i t  was a t  p resen t.

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

v o t i n g  p o w e r .
The P r e s i d e n t  suggested th a t  th a t  should be 

sen t to  the  G eneral Secretary .
M r . C o o k  s u g g e s t e d  t h a t  s u b s c r i b i n g  f i r m s  

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

M r. J '.  L o n g b e n  said he had  in tended  to  raise 
th is m a tte r  on behalf of th e  Sco ttish  B ranch 
because in  canvassing recently  for subscribing 
firms he had  been to ld  th a t  th e  firm would not 
subscribe because i t  had no vo ting  power, 
whereas if i t  paid  th e  subscrip tion  of its  
foundry  m anager he would have a vote.

The m a tte r  was le ft for th e  Council to 
consider and  decide upon a course of action.

The m eeting  th en  closed.

TUESDAY, JUNE 11. 
The Guildhall Ceremony.

The Congress opened on T uesday m orning, 
.Tune 11, in th e  G rand  Council C ham ber of the 
G uildhall of the  C ity of London, when the 
mem bers and delegates were welcomed by the 
R ig h t H on. th e  Lord M ayor (S ir K ynaston 
S tudd , O .B .E .).

The Lord M ayor en te red  th e  Council Chamber 
and was preceded by th e  sword and  mace bearers, 
who placed th e ir  emblems of au th o r ity  upon the 
tab le  as th e  Lord M ayor took his seat.

The P r e s i d e n t  (M r. Wesley L am bert, A.K.C.,
F .C .S .), s a id :— My Lord M ayor, ladies and 
g en tlem en : As P res id en t of th e  In s titu te  of
B ritish  Foundrym en I  have th e  honour to  open 
th e  proceedings of th e  T h ird  T rienn ia l Congress 
of Foundrym en, and to  ask th e  R ig h t H onourable 
the Lord M ayor to  address to  us a welcome.

The L o r d  M a y o r : — M r. P res id en t, ladies and  
gentlem en : I t  gives me m uch p leasure to  m eet 
you here to-day and  to  offer you a cordial
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welcome to  the C ity of London in th is historic 
Cham ber. This, I  understand , is the  th ird  
occasion on which the  foundrym en of the  world 
have been brought together to study the scientific 
problems hearing on th e ir  complex industry, 
which is the basis of every m anufacturing  
activ ity .

The first was held in  P a ris  in 1923, and the 
second in D etro it in 1926; w hilst a t  the present 
tim e B rita in  has the honour of stag ing  w hat 
we hope and expect will g a ther together under 
one roof the  leaders of though t in your industry  
from  all p a rts  of the  world. C oncurrently  with 
the  Congress th ere  is being held an exhibition 
of foundry  p lan t a t  the  A gricu ltu ra l H all. I 
would specially draw your a tten tio n  to  the fact 
th a t  th e  G overnm ent D epartm ents, the  g rea t 
na tional research laboratories and the modern 
U niversities have combined to  stage an im­
p o rta n t exhib it showing the application of 
research to  th e  foundry industry .

Before th is Congress the A merican delegation 
has p a rtic ip a ted  in  a pre-Convention tour, 
du ring  which the  members have had the oppor­
tu n ity  of v isiting  our g rea t industria l centres 
and some of the  recognised beauty  spots of G reat 
B rita in . I t  will have been dem onstrated during  
th a t  to u r how B ritish  conditions vary from 
A m erican and C ontinental, as industries in th is 
country  have to  ca te r for complex requirem ents 
coming from all quarte rs of the world, ra ther 
th a n  the m eeting of a standard ised  demand 
em anating  from  the  world’s largest domestic 
m arket. I t  is hoped th a t  th is  Congress will be 
a profitable and pleasurable one to all overseas 
delegates and guests.

I end, as I began, by expressing the g rea t 
pleasure th a t  i t  gives me to  m eet you here, and 
to wish you every success in  your undertak ing .

Vote of Thanks to the Lord Mayor.
The P r e s i d e n t  : 1 rise w ith very g rea t pleasure 

to  propose a very h earty  vote of thanks to the 
Lord M ayor for his address of welcome. I t  is 
indeed an honour of which I am sure we are all
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conscious to  have w ith us th is  m orn ing  the  Lord 
M ayor of th is  g re a t city . (H ear, hear.) The 
foundry  industry  in  London, perhaps, has no t 
the  call upon th e  good offices of the  L ord  M ayor 
as has the  foundry  in d u s try  in  some of th e  
provincial cities upon  th e  good offices of th e  
chief citizens of those pities. N evertheless, we 
regard  th e  presence of th e  L ord  M ayor of 
London as a very g re a t honour, and  I  form ally  
move a hea rty  vote of th an k s  to  him .

M r . S .  H "  R u s s e l l  (im m ediate P as t-P res i- 
den t) : On behalf of the  mem bers of th e  In s ti tu te  
of B ritish  Foundrym en and  th e  delegates from  
overseas, I  have pleasure in  seconding th is  vote 
of th an k s  to  you, my L ord M ayor, firstly for 
hav ing  opened th is in te rn a tio n a l Congress, and 
secondly for hav ing  placed a t  our disposal th is  
b eau tifu l and  h isto ric  build ing . I t  is to  us 
B ritons a g re a t honour to  be able to  welcome our 
foreign  friends and  visito rs to  th is  b eau tifu l 
building, and we a re  m uch indeb ted  to  th e  Lord 
M ayor and  th e  C orporation  of London for the 
facilities th ey  have placed a t  our disposal. We 
rep resen t w hat m igh t be called th e  basic side of 
a basic in d u s try ; we supply th e  raw  m ateria ls  
for th e  eng ineering  in d u stry , and  w ith o u t our 
work th a t  in d u s try  could n o t ex is t. W e are 
very proud of th e  c ra f t, and  th e  craftsm anship  
which is s till displayed in  our tra d e , and  we 
very much ap p rec ia te  th e  honour you have done 
us in  opening our proceedings.

The vote of th an k s was accorded w ith  acclam a­
tion .

The L o r d  M a y o r , responding, s a id : I  have 
welcomed you, and  you have th an k ed  me for 
hav ing  done w hat I  have been delighted to  do, 
so th a t  we a re  m u tually  pleased w ith  one 
ano ther. I  tak e  th is  o p p o rtu n ity  again  to  say 
th a t  I  wish you every success in  your work.

Presentation of Gold Medal to Professor T. Turner.
The L o r d  M a y o r  : I  am asked to  p resen t a 

m edal to  P rofessor Thomas T u rn er, who for 
m any years was P rofessor of M etallui-gy in  the 
U niversity  of B irm ingham . On his re tirem en t,
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two years ago, a p resen ta tion  was made to  him 
on behalf of the In s titu te  of B ritish  Foundry- 
m en and th e  B ritish  C ast Iron  Research 
Association. This gold medal I am presenting 
to  him  as a perm anen t souvenir of the  presen ta­
tion , and I  feel honoured in presenting i t  to  
him.

The m edal was presented amid prolonged 
applause.

P r o f e s s o r  T. T u r n e r  : I  desire to  th an k  you, 
My Lord M ayor, for your kindness in present­
ing th is medal, and to  express my g ra titu d e  
to  all my old friends in the  foundry  industry  
who have in  th is way signified th e ir  approval 
of work th a t  I  have been able to  do. I t  does 
n o t fa ll to  the  lo t of m any people to  look back 
over 45 years or so, and, a f te r  a useful and 
happy life, to  find th a t  th e ir work has been so 
recognised, and I  th an k  you for th a t  recognition.

M ay I  also tak e  th is opportun ity  of thank ing  
my A m erican friends for th e ir  goodness in p re­
sen ting  to  me, th rough  my son, a t  D e tro it nearly 
th ree  years ago th e ir Siemens M edal, and  for 
having provided me w ith a replica, which I 
received d u ring  the  las t few days, and which I  
can  keep upon my desk. I  have m any friends 
in  the  foundry  industry  in  America. M any of 
you will rem em ber M r. W . J .  K eep, w ith  whom 
I  had  the  very closest association, and who was 
so em inent in your country  in connection w ith 
researches in cast iron. I t  is a g rea t pleasure 
to m eet the  A m erican delegates here to -day ; I 
am proud th a t  for more th an  25 years I  have 
been an honorary  member, and for m any years 
the only foreign member, of th e ir g rea t 
In s titu tio n .

Presentation of the Oliver Stubbs Medal to the 
President.

The L o r d  M a y o r  : I  have now to  make
ano ther p resen tation , which I  am sure will give 
you all much pleasure. The Oliver Stubbs 
M edal is aw arded annually  to  the member of the 
In s titu te  who has contribu ted  the most 
m eritorious services during  the year, and for
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th e  year 1928-29 i t  is aw arded to  your P res id en t, 
M r. Wesley L am bert. As you know, he is a 
d is tinguished  specialist in  non-ferrous m e ta l­
lurgy , and  by h is w ork in  th e  In s ti tu te  he has 
con tribu ted  m ate ria lly  to  th e  advancem ent of 
non-ferrous foundry  prac tice . I  have much 
pleasure in  p resen ting  th is  m edal to  you, M r. 
P re s id e n t; m ay you live long to  derive pleasure 
from  it .

The m edal was p resen ted  am id applause.
The P r e s i d e n t  : I  should like to  th a n k  th e  

Lord M ayor fo r hav ing  p resen ted  th is  m edal to  
me. A t th e  annua l m eeting  yesterday  I  knew 
of th e  aw ard, and  re tu rn e d  th an k s on th a t  
occasion; I  can  enly renew  those th an k s now , 
and again  express my th an k s  to  th e  Lord M ayor 
for hav ing  so k indly  and  so graciously p resented  
th e  m edal to  me.

(A t th is  stage th e  L ord  M ayor w ithdrew , and 
on reach ing  th e  doorway of th e  Council 
Cham ber he tu rn e d  to  give th e  g a th e rin g  a 
p a rtin g  sa lu te .)

Greetings from Overseas Delegates.

The accredited  delegates from  o ther countries 
th en  addressed th e  Congress, and  conveyed th e  
g reetings of foundrym en in  th e ir  respective 
countries.

The United States and Canada.

Mb. S. T. J o h n s t o n  (P residen t, A m erican 
F oundrym en’s A ssociation) said  th a t  th e  dele­
gates from  th e  U n ited  S ta te s  of A m erica and 
from  C anada were happy  to  be p resen t a t  the 
Congress, and  were also very  pleased to  see 
th e ir  good friend , M r. W esley L am bert, installed  
as P res id en t of th e  In s t i tu te  of B ritish  
Foundrym en. H e had  been w onderfully 
gracious, k ind  and  help fu l to  them  du rin g  the 
last two weeks, whioli they  had  sp en t in  th is 
country , and  they  would never fo rge t th a t .  M r. 
Johnston  conveyed th e  g ree tings of the 
A m erican Foundrym en’s Association, on whose 
behalf he wished success to  th e  Congress and
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hoped th a t  i t  would have a lasting  impression 
upon the foundry  industry .

Germany.
D r . S i e g f r i e d  G. W e r n e r  (P residen t, German 

F oundry  Owners’ Association) conveyed the 
g reetings of G erm an foundrym en, and the ir 
ea rnes t hope th a t  the  Congress and exhibition 
would be very successful and of g rea t in te rn a ­
tional value. H e fe lt sure th a t  those who 
a ttended  would leave London w ith the feeling 
th a t  they  had a ttended  one of the biggest and 
finest conventions ever held.

France.
M. E. V. R o n c e r a y  (V ice-President, French 

Foundry  Association) said th a t  the F rench  dele­
gation  v isited London on th is occasion w ith very 
g re a t pleasure, ju s t as they had received w ith 
very g re a t pleasure the  foundrym en from many 
countries on the  occasion of the  first in te rn a ­
tional exhibition  and congress, which was held 
in P a ris  in 1922. He wished the present 
Congress and exhibition  every success, as it 
deserved, and success to  the foundry industry .

Belgium.
M. M a r c e l  R e  m y  (P resident, Belgian 

F oundry Association), who addressed the  g a ther­
ing in the F rench  language, expressed the 
p leasure of the  Belgian delegation in being able 
to  a tte n d  the Congress and exhibition, and 
conveyed th e ir  greetings.

Italy.
S i g n o r  C a r l o  V a n z e t t i  (Ita ly ) evoked 

laugh te r when he apologised for being unable to 
speak E nglish  as well as he would like to , then  
offered to  speak in e ither F rench or I ta lian , and 
finally decided to  use the F rench language. He 
expressed the  friend ly  sentim ents of I ta lian  
foundrym en, and the  pleasure i t  afforded them  
to a tten d , and wished the Congress and exhibi­
tion, and the  industry , the grea test success.
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Holland.
M r. S t o f f e l , on behalf of th e  D utch  F o und iy  

Association, to  which he re fe rred  as being the  
sm allest association rep resen ted  a t  the Congress, 
expressed g ra titu d e  for th e  reception  accorded 
the delegates. The foundry  industry  in 
H olland, he said, was “  n o t so b a d ,” b u t was 
sm all in  com parison w ith  th e  in d u stry  in  G rea t 
B rita in . The delegates from  H olland would no 
doubt lea rn  a g o o d . deal as th e  re su lt of th e ir  
v isit, and  he expressed th an k s  in  advance for 
the  in fo rm ation  and  help they  would receive.

Poland.
M. B u z e k  was th e  leader of th e  Polish delega­

tion , and  on his behalf M . A. P o k l e w s k i - 
K o z i e l l  (Comm ercial and  F in an c ia l Counsellor 
to  th e  Polish  L egation) re tu rn e d  th an k s . I t  
was a g re a t privilege, he said, to  ten d e r to  the  
Congress the  best wishes of th e  Polish  Iro n  
F ounders’ Association and  th e  Polish  m eta l 
industries. This was th e  first occasion on which 
th e  P olish  foundrym en had  had  th e  p riv ilege of 
p a rtic ip a tin g  in  th is  g re a t work, and  they  
apprecia ted  th e  value of being able to  come to  
th is country , whose work was held in such esteem 
all over th e  world, and  had  ta u g h t so m uch th a t  
was useful. They had  come to  lea rn  and  to  
endeavour w ith  th e  g rea te s t goodwill to  crea te  
th a t  feeling of co-operation and  m u tu a l u n d e r­
s tand ing  which was indispensable to  th e  success 
of th is g re a t work. They wished th e  Congress 
every success.

Spain.
S e n o r  M a s  B a g a , o f  th e  Spanish  delegates, 

speaking in  F rench , also expressed th an k s  and 
good wishes.

Luxemburg.
M. B r a s s e t j r , on behalf of th e  delegates f r o m  

Luxem burg, expressed th e ir  th an k s  for the 
welcome ex tended to  them , and  wished the 
Congress success.
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C zecho-Slovakia.
M. B a c h e r , speaking in his native tongue, 

re tu rned  thanks on behalf of the Czecho­
slovak ian  delegation.

Denmark.
M. H e s s  (D enm ark) said he did no t a ttend  

as a delegate of the  D anish foundry industry— 
which he reg re tted  was very small—b u t was 
presen t as a foundrvm an and  business man 
on his own behalf. Nevertheless, he was 
indebted for the  opportun ity  of saying th a t  the 
D anish foundry  industry  was g ra te fu l to  E ng­
land, from  which country  i t  had learned much. 
He hoped the  Congress and exhibition would 
resu lt in  the  forging of still ano ther link  be­
tween the  two countries, and th a t  D enm ark 
would receive help in  the  fu tu re  from  England 
as i t  had  in  th e  past. The English standard  
had always been the s tandard  a t  which the 
D anish foundrym en had  aimed.

PRESIDENTIAL ADDRESS.
M r . S. H . R u s s e l l  (P ast-P residen t) called 

upon M r. L am bert to  deliver his P residen tial 
Address. Inciden tally , in a reference to  the 
aw ard of th e  Oliver Stubbs M edal for 1928-29 to 
M r. L am bert, he said he had been asked by the 
Awards Com m ittee of the In s titu te  to  s ta te  th a t  
they considered the  selection of M r. L am bert 
as the  rec ip ien t to  be a very happy one, in th a t 
th is was th e  first tim e the  m edal had been 
aw arded to  a rep resen ta tive  of the non-ferrous 
section of th e  industry . Also he emphasised 
th a t  the A wards Comm ittee were no t in any way 
influenced by th e  fa c t th a t  M r. L am bert was 
shortly  to  undertake  the  duties of P residen t, 
and th a t  the  aw ard was made en tire ly  on m erits.

The P r e s i d e n t  th en  delivered his add ress: —
M r. Russell, Ladies and  G entlem en: Recog­

nising as 1 do th a t  th is  is a red-letter day in 
the history of the  foundry  industry  as a whole, 
and even more p articu la rly  so in  the com para­
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tively sho rt h istory  of the  In s titu te  of B ritish  
Foundrym en, th e  prospect of hav ing  to  fram e a 
P res iden tia l A ddress for th is  occasion was some­
w hat over-aweing. N o t only is th is  occasion 
memorable as being th e  m ost im p o rtan t Tntei- 
na tiona l F ound ry  Congress ever held in  G reat 
B rita in , b u t th e re  is also th e  fa c t th a t  th e  Con­
gress is being  held in  th e  C ap ita l C ity  of the 
B ritish  E m pire, and  one is conscious, therefo re , 
th a t  a P res id en tia l A ddress of a h igh  stan d ard  
is expected— a s tan d a rd  which, w ith  such very 
lim ited  lite ra ry  ab ility  as I  possess, cannot 
possibly be a tta in e d  by me. I  m ust, therefore , 
ask your k ind  indulgence in  listen ing  to  th e  few 
notes which I  have woven toge ther as a P res i­
den tia l Address.

The progress in  th e  foundry  in d u stry  du ring  
the la s t two o r th ree  decades is of such an  out­
s tand ing  ch arac te r th a t  to  a tte m p t to  condense 
a descrip tion  of even b u t a few of its  p rincipal 
fea tu res  in to  th e  compass generally  associated 
w ith  a P res id en tia l A ddress is to  a tte m p t the 
alm ost impossible. F u ll ju s tice  to  a descrip tion  
of th e  w onderful progress a p p a re n t to  the 
s tu d en t of the  foundry  in d u s try  could scarcely 
be w ritten  up  adequately  even in  tom es of en­
cyclopaedic bulk.

F ir s t  and  forem ost place in  th is  g re a t pro­
gressive m arch is given, perhaps righ tly , to  the 
w ork of build ing  design and  construction , cover­
ing th e  build ings which com prise th e  modern 
foundry  ; read ily  accessible, substan tia lly  built, 
spacious, cen tra lly  heated , w ell-lighted and  ven ti­
la ted  shops w ith  approved san ita ry  offices, the 
buildings including, in m any instances, both 
chemical and  m echanical-testing  laboratories.

G radually  d isappearing  a re  m any of th e  old- 
tim e, ill-placed, low -pitched, tum ble-down, leaky, 
dust-begrim ed, d ark , ill-ven tila ted , in san ita ry  
sheds which in  th e  p a s t did d u ty  as foundries.

The C inderella of th e  eng ineering  in d u s try  has 
indeed been tra n s la te d  from  th e  noisome 
kitchen to  th e  spacious hall.



Importance of Transport.
Sim ilar progress is to  be seen 011 all sides in 

the various departm en ts of the foundry in rela­
tion  both to  the  p lanning of the lay-out and the 
n a tu re  of the  p lan t established therein , and to 
the accessibility to  the  stock and tran sp o rt yards. 
Quick-moving liftin g  m achinery, including the 
m ost modern types of electrically-driven overhead 
travelling  cranes, hoists, elevators, transporters 
and conveyors, operate  in such m anner as almost 
to  rival the  w izardry of the  m agician. Well- 
bu ilt bins of reinforced concrete for sand and 
stock purposes, elaborate, b u t highly efficient, 
sand-conditioning m achinery, shake-out p la t­
forms, well-designed heating  and drying-stoves, 
portable m ould-drying appara tus, core-making 
and m oulding m achines for each class of repeti­
tion  work, a re  all nowadays to be found as p a rt 
of the  m echanical equipm ent of the  modern 
foundry. Of these several components of the 
foundry equipm ent, the progress in liftin g  and 
tran sp o rtin g  m achinery, sand-conditioning and 
reclaim ing m achinery, and moulding machines, 
stands ou t conspicuously. Much m ight be said 
of both tran sp o rtin g  devices and sand-condition­
ing p lan t, th e  la t te r  of itself comprising g rind ­
ing, m ixing, screening, m agnetting  and aerating  
m achinery. H ydrau lic  and pneum atically- 
operated  moulding machines, large and small, 
roll-over, tu rn-over, jo lt, j a r r  and squeeze, are 
now available to  m eet alm ost every requirem ent 
of repe tition  m oulding. The introducing of 
m achines whereby sand in ample volume is 
mechanically projected  w ith the requisite speed 
and force not only to fill a moulding-box hu t 
also to consolidate the contents in  the fashion 
of a  mould—as exemplified by the various types 
of sand-slinger m oulding machines found to-day 
in m any foundries—is as tru ly  indicative of the 
revolutionary  progress in  foundry equipm ent as 
are  the  well-known systems of producing castings 
from perm anen t moulds, which systems may be 
regarded as the  p resen t day high-w ater m ark 
in foundry production in certa in  specialised 
foundries.
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Revolutionising the Cleaning of Castings.
N or have th e  fe ttlin g  and  cleaning shops been 

overlooked. Sand  and shot-b lasting  p lan t, de­
signed no t'o n ly  to  be highly efficient, b u t having 
the  w elfare of th e  opera to r as a first considera­
tion , pow er-driven saws of th e  c ircu la r band 
and hack varie ty , sp rue-cu tting  m achines, flame- 
cu ttin g  ap p a ra tu s , surface d isc-grinding 
machines, tum bling-boxes, pneum atic  anti-shock 
chipping ham m ers, emery and  o ther wheels w ith 
hygienic dust-exhausting  contrivances, and  pick­
ling  baths, all a re  to  be found in  th is  section ot 
th e  m odern foundry .

T u rn ing  to  th e  m elting  side, one finds, m aybe, 
alm ost cheek by jowl w ith  a m odernised f o r m -  
complete w ith  charger, spark  a rre s te r  an d  re ­
ceiver—of th a t  old and  revered  servan t, the 
cupola, both  converters and b ig-capacity  gas or 
oil-fired open-hearth , reverbera to ry  furnaces, 
constructed  in  conform ity  w ith  th e  la te s t and 
best determ ined  princip les of fu rnace  construc­
tio n ; these g ia n t fu rnaces g iv ing th e  im pression 
th a t  they  a re  p a ren ts  safeguard ing  th e  b a tte ry  
of gas or oil-fired ti l t in g  furnaces w hich do duty 
in  supplying sm aller m elts of m etal. The elec­
tric-m elting  fu rnace  is no longer a novelty, but 
has already  effected its  in tro d u c tio n  in to  the 
general foundry , and  w ith  th e  still fu r th e r 
cheapening of e lectric  power its  debu t w ill doubt­
less soon become only a memory. The w izardry 
which converted  a pum pkin  in to  a  fa iry  coach 
for C inderella is indeed b u t li t t le  rem oved from 
th e  m agic of th e  foundry  equ ipm ent engineei of
to-day. . ,

As regards the  progress m ade in  th e  m oulder s 
a r t ,  i t  is obvious to  anyone who has h ad  the 
o p po rtun ity  of study ing  th is  side of th e  foundry 
th a t  only one conclusion can  be a rrived  at, 
nam ely, th a t  th e  jou rneym an m oulder has lost 
no th ing  of th e  old-tim e a r t ,  b u t has indeed so 
progressed in th a t  a r t  th a t  he is to-day7 m aking 
high-duty  com plicated castings, w ith  in trica te- 
cored p a rts , which th e  old-tim e c ra ftsm an  would 
have considered to  be alm ost outside th e  bounds 
of p o s s i b i l i t y .



Metamorphosis of Metal Utilisation.
Of the progress w ith in  the la s t tw enty or th irty  

years in  respect to m etals and alloys for foundry 
use, first place m ust undoubtedly be given to the 
alum inium  casting  alloys. The w onderful de­
velopm ent of the alum inium -casting industry  is 
so stupendous as to  seem alm ost incredible. 
W hen one is rem inded th a t  only as recently as 
the  year 1889 a cast block of alum inium  was 
regarded  as an object of such novel in te rest as 
to  be considered w orthy of inclusion as a special 
exh ib it a t  the  P a ris  Exposition of th a t  year, 
w hereas to-day the o u tp u t of alum inium  castings 
from  a single foundry  runs into m any hundreds 
of tons per annum , one can perhaps pardon the 
use of the  word “ stupendous ” when speaking 
of the  rap id  developm ent of th is branch of the 
foundry industry . Who, a few years ago, could 
have im agined omnibus wheels, pistons for big 
Diesel-engines, crank-cases for g ian t aeroplane- 
engines, huge pressure-vats and such like high- 
du ty  p a rts  being specified as castings of light 
alum inium  alloys !

In  these applications i t  is safe to affirm th a t  
in  the  no t very fa r  d is ta n t fu tu re  even ligh ter 
alloys, m ainly composed of m agnesium , will be­
come a serious rival for the eng ineer’s favours. 
A lready by the use of these ligh t alloys a saving 
in w eight of 80 per cent, has been effected in 
the  construction  of certa in  p a rts  w ithout any 
dim inution in  s tren g th  or stability .

Special alloy-steels, high-duty. irons, non-mag- 
netic ferrous alloys, h igh-tenacity  cupreous 
alloys, acid-resisting irons and bronzes, and high- 
tem pera tu re  re s is tan t m etals are  only some of 
the  b rig h t new stars to  be found in a b rillian t 
firm am ent reflecting the  progress on the m etal­
lurgical side of the  foundry industry . Cast- 
irons, w ith properties heretofore rarely specified, 
are being fab rica ted  daily. Alloy steels of such 
distinctive charac te r as would have been regarded 
a few years ago as day-dream  ideals, are  to -d ay . 
specified w ithout provoking comment. Malleable 
iron castings of super-excellent quality  are  fab­
ricated  on a rou tine  basis. H igh-duty  cast

c
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bronzes of 35 to  45 tons tensile  s tren g th  are 
nowadays represen ted  by single castings weigh­
ing upw ards of 30 tons apiece. The chemical and 
su p erhea t-p lan t engineers bear en thusiastic  
testim ony to  the  splendid progress which has 
been a tta in ed  in  the  fab rica tion  of special irons 
and non-ferrous alloys to  m eet th e ir  p a rticu la r 
requirem ents.

C en trifugal castings, p erm anen t m ould cast­
ings, large and small—-both g rav ity  and pressure 
d ie-cast—are to-day finding a ready  m ark e t and 
are  in increasing  dem and. Use has a lready  been 
made of th e  word “ w izard ry ,”  b u t, a t  th e  risk  
of being accused of rep e titio n , th is  word alone 
surely best describes one’s im pression of th e  ou t­
p u t of a m odern cen trifuga l pipe-casting  p lan t.

Progress in Refractory Materials.
W ith  regard  to  refrac to ries, one m ust be p a r­

doned for an  all too b rief reference to  th e  excel­
lence of such m a te ria l as is now available for 
foundry  purposes, an excellence resu lting  largely 
from  the  un stin ted , unosten ta tious research work 
in s titu te d  by the  m an u fac tu re rs  of such m aterial. 
The fu rnace  brick  of all shapes and sizes, the 
g rap h ite  pot, th e  re frac to ry  earth s, the mould 
facings, etc., each and  all show th e ir  measure 
of progressive excellence.

The extended  use of oil-sand cores has rendered 
possible the mass p roduction  of intricately-cored 
castings, which a t  one tim e would have tax ed  
the  skill of even th e  m ost pa instak ing  craftsm an . 
The extended applica tion  of oil-sand cores is 
certain ly  one of th e  m ost ou tstand ing  app lica­
tions con trib u tin g  to  th e  g re a t progress in  th e  
foundry o u tpu t.

Scientific Aids.
The laboratory  side of the  modern foundry  in ­

dustry  m ust no t bo overlooked. The in troduction  
of specially-constructed a p p a ra tu s  and  th e  em­
ploym ent of standard ised  reagents has assisted 
the speeding-up of chemical analysis, and has 
tended tow ards more accura te  and concordant 
results between one labo ra to ry  and another.
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Optical in strum en ts for the  exam ination of 
m etals and foundry commodities are in constant 
use, and even the  X -rays have been harnessed 
for the  exam ination  of castings, including those 
of considerable thickness of section. Pyrom eters 
are  now employed generally, and th e ir use is 
recognised as essential in  the  non-ferrous 
fo und ry ; tem pera tu re  control m ust be credited 
w ith much of th e  im provem ent in the uniform  
quality  of th e  foundry  product.

T ruly  the  realities of the modern foundry are 
more astounding th an  the phantom s of the  most 
im aginative of the  old-time foundry workers, 
b u t w hat is more to  the  po in t is th a t  every im­
provem ent in the  foundry  buildings and equip­
m ent has a tendency to  u p lif t the workers who 
are perforce benefited by the improved conditions 
under which they are working. In  th is connec­
tion  there  are o ther progressive features, although 
non-teehnical,, of which m ention should be made, 
and which have for th e ir object the welfare of 
the employees and  the  cultivation  of th a t  social 
well-being and intercourse so desirable between 
m aster and m an.

Welfare and Development in the Industry.
W ell-lighted, centrally-heated canteens for the 

workpeople, a t  which wholesome food can be ob­
ta ined  a t  nom inal prices and in which an a ir 
of good-fellowship exists, a re  to  be found a t­
tached to  the  more up-to-date factories, and in 
some instances spacious reading-room s, well sup­
plied w ith technical and o ther lite ra tu re , are 
available fo r th e  use of employees.

F irs t-a id  and ambulance sta tions are to  be 
found a ttached  to  m any works, and competent 
certified a tten d an ts  are available to  cleanse and 
dress m inor in juries, to  deal w ith “  gassed ” or 
“ shock ” cases, and to  render first-aid in the 
case of more serious accidents in th e  workshops. 
Sports clubs have also been in s titu ted , many 
works possessing th e ir  own sports grounds for 
cricket, football, tenn is, bowls, etc., and in addi­
tion  in te r-departm en ta l clubs have been formed 
for swimming, rowing, cycling, running , country
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ram bles, and  o ther outdoor sports. Indoor sports 
for the  w in ter evenings a re  also ca te red  for, 
b illiards, sk ittles, boxing and card-p lay ing  being 
favourite  pastim es. There can be no question 
w hatever th a t  the  technical progress and the 
b e tte r social conditions prevailing  in  each section 
of industry  m ust ten d  tow ards beneficial de­
velopm ent for the  good of the  com m unity, and 
serve to  encourage th a t  de ligh t in  the  ta sk  of 
the ind iv idual w ithou t which no m a te ria l pro­
gress w orthy of the  nam e can be assured.

Who can foresee the  immense possibilities of 
the  fu tu re  of the foundry  in d u s try ?  W hen one 
is rem inded th a t  so com paratively recently  as the 
reign  of Queen E lizabeth  only seven or eight 
m etals were known, of which only four, namely, 
iron, copper, t in  and  zinc, were in  use for the 
com pounding of constructional— as d is tin c t from 
o rnam en tal— alloys, w hereas to-day, as a result 
of intensive scientific research, sixty-one metals 
are  now available, and th a t ,  year by year, one 
or more of th e  previously rarely-used m etals is 
being harnessed to  the  service of m ankind in 
the  form  of alloys for in d u s tria l uses, the im­
mense possibilities of th e  u tilisa tio n  in  the foun- 
di-y of these later-discovered m etals affords 
sub jec t-m atter for very fasc in a tin g  conjecture.

I t  m ay be seen, by th e  use of a simple 
form ula, th a t  if a complete series of binary— 
tw o-m etal— alloys of all th e  known metals were 
compounded in  merely one un iform  proportion, 
such as 50 : 50, the  num ber of alloys resu lting  
would be 1,830; if  te rn a ry —three-m etal—alloys 
were m ade also in  one definite proportion only, 
th e  num ber of d ifferen t alloys would to ta l 35,990. 
To go b u t one step  fa r th e r , if a complete series 
of q u a rten a ry —four-m etal— alloys, in one u n i­
form  proportion , such as 25 per cent, of each 
of the  four m etals co n stitu tin g  any one alloy, 
were a ttem p ted , 521,855 separa te  alloys would 
have to  be produced before each of th e  known 
m etals was th u s  p roportionately  employed in  its 
own group in  th is  series of alloys.

One m ay in q u ire : W hence has come th e  scien­
tific knowledge and the  w onderful m echanical
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and technical skill and the  increased regard for 
the w elfare of his fellow-men which have ren­
dered possible the magic of th is rem arkable pro­
gress d u ring  the las t two or three decades? One 
need no t look much fa r th e r afield than  around 
th is In te rn a tio n a l ga thering  of foundry experts 
—proprietors, m anagers, supervisors, equipm ent 
designers, scientifically-trained m etallurgists, and 
researchers.

International Co-operation.

Science, a r t, industry  and craftsm anship  know 
no nationality . I t  would be invidious, therefore, 
to nam e any nation  as deserving of the m ajor 
share of the  c red it of having provided the means 
which have made possible the progress which has 
been so inadequately  outlined in th is Address. 
There are names in th is connection th a t one 
would dearly  like to m en tion ; g ian ts of the ir 
calling—names th a t  are on the tongue of every 
earnest foundry  worker, names of many of those 
present on th is  occasion and of the ir forebears, 
and also of silent men no t so well known may bo 
owing to  the  in n a te  modesty of th e ir nature , 
names which nevertheless equally deserve to be 
placed upon the  roll of honour. And w hat a roll 
—B ritish , Am erican, French, German, Belgian, 
R ussian, I ta lia n , Swedish, Polish, D utch, 
Spanish, Swiss, P ortuguese, Czech, Japanese— 
all have generously contribu ted  th e ir  quota to­
wards im proving the  condition, the efficiency, 
and the  o u tp u t of the foundry industry .

I t  would ill-behove me were I  to neglect such 
an occasion as th is for expressing on behalf of 
the B ritish  foundry industry  as a whole, and 
more in tim ate ly  oh behalf of the In s titu te  of 
B ritish  Foundrym en, the indebtedness which the 
B ritish  foundrym en owe to  those nations ju s t 
mentioned for the  splendid efforts of the foundry 
workers, foundry engineers, and research m etal­
lurgists belonging to those respective countries— 
efforts which have so m ateria lly  assisted in ra is­
ing the s ta tu s  of the  foundry  industry  nearer to 
an equality  w ith the civil, mechanical and elec­
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tr ica l eng ineering industries th ro u g h o u t the 
world.

I  t r u s t  th a t  th is  Address, p resented  by a very 
humble s tu d en t of th e  in d u stry , w ill a t  least 
have the  effect of b ring ing  even closer together 
those In s titu te s  and organised bodies rep resen t­
ing  th e  foundry  in d u s try  of th e  world, and  th a t  
by m u tua l association and  close co-operation, 
and  the  free in te rchange  of knowledge and  ideas 
—-which in terchange forms the  p rim ary  ob ject of 
such an In te rn a tio n a l Congress as is now being 
held—still fu r th e r  progress m ay be a tta in ed , 
u n til th e  in d u s try  shall be raised  to  th a t  high 
s ta tu s  th a t  its  science and craftsm ansh ip  so fully 
m erits.

To th e  M embers of the  In s ti tu te  of B ritish  
Foundrym en, to  whom, as P res id en t, I  can speak 
openly, le t us see th a t  we keep th e  flag flying 
high. I t  is up  to  us, toge ther w ith  our con­
freres of the  F ou n d ry  E qu ipm ent and  Supply 
A ssociation, to  see th a t  we continue to  con tri­
bu te  our quo ta  to  the  con tinued  progress of the 
in d u stry  we have so m uch a t  h ea rt. To those 
rep resen ta tives of th e  overseas o rgan isations I 
offer every good wish in  th e ir  fu tu re  endeavours 
tow ards th e  fu r th e r  progress of th is  g re a t basic 
industry , and  t r u s t  th a t  they  will convey to  all 
th e ir  fellow-members th e  app recia tion  of the 
In s ti tu te  of B ritish  Foundrym en for th e  great 
efforts of th e ir  countrym en which have so m ate­
ria lly  con tribu ted  tow ards th e  progress I  have 
a ttem p ted  to  review.

A Vote of Thanks to the President.
M r. F . P . W i l s o n  (Senior V ice-President) 

proposed a vote of th an k s to  th e  P re s id en t for 
the adm irable, dignified and in te res tin g  address 
he had  delivered. I n  i t  th e  P re s id en t had  re­
viewed progress in the  foundry  tra d e  in  such a 
way as to  in te re s t a ll p resen t, w hether they 
were , scientists , p rac tica l foundry  workers, 
suppliers of foundry  requisites, or connected in 
any way w ith  th e  industry . H e hoped th a t ,  if 
th ere  were delegates p resen t who were unable to 
understand  th e  E nglish  language sufficiently
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closely to  be able to  follow every word, they 
would be able to  have i t  transla ted  in order 
th a t  they  m igh t reap  fu ll advantage from  it.

Mk . V. C. F aulkner (Past-P residen t), who 
seconded, said th a t  th is  was th e  th ird  P resi­
d en tia l Address th a t  M r. L am bert had prepared, 
b u t the  one he had delivered was undoubtedly 
the best he could produce, and the best the 
In s titu te  could produce. I t  was a g rea t 
privilege and  honour to  be able to  second the 
expression of sincere appreciation  for his 
description of w hat the modern foundry industry  
is and w hat i t  would be.

The vote of thanks was carried  with 
acclam ation.

The P r e s i d e n t  responded. Commenting on 
M r. F au lk n e r’s rem arks, he said i t  was quite 
tru e  th a t  he had w ritten  two addresses before 
w riting  the  one he had delivered. The reason 
was th a t , a f te r  careful consideration, he had 
come to  the  conclusion th a t, inasmuch as th is 
Congress was of an in te rna tiona l character, it 
behoved him to  w rite  of som ething th a t  would 
in terest all present ra th e r  th an  to discuss any 
domestic or in te rna l m atte rs  which m ight 
concern, perhaps, only the  B ritish  foundrym en. 
I t  was for th a t  reason he had decided to  review 
foundry progress as he had seen it  du ring  the 
last th ree  or four decades.

The Junior Vice-President.

I t  was announced by the P res iden t th a t  Mr. 
A. H arley , of Coventry, had been elected Ju n io r 
V ice-President of th e  In s titu te .

M r . H a r l e y  expressed his deep appreciation 
of his election. H e had never appreciated  fully 
before, he said, how im pressive such a Congress 
as th is could be. When so m any delegates from 
overseas had responded to  the inv ita tion  to 
address the  Congress he had felt th a t  such 
Congresses m ust play a very g rea t p a r t in m ain­
ta in in g  the brotherhood of nations, which was so 
much desired.
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Test Bar Committee’s Report.
M r. J o h n  S h a w  presented  a repo rt of the 

work of the  T est B ar Com m ittee of th e  In s titu te  
for the  p ast year.

(The discussion on the  R epo rt was deferred 
u n ti l a la te r  stage of th e  proceedings.)

The following P ap er was th en  read and 
discussed: —

“ Some In te r-re la tio n sh ip s in Grey Iron  M etal­
lu rg y ,” by J .  W. Bolton (A m erican Exchange 
P aper).

Works Visits.
D u ring  the  afternoon  p arties  of members and 

delegates v isited th e  following w orks: —
Messrs. F ra se r & C halm ers’ Engineering  

W orks, E r i th ;  Messrs. Dewrance & Company, 
G rea t Dover S tree t, S .E . l ; The U nited  Glass 
B ottle M anufac tu re rs, L im ited, C harlton.

A t the  conclusion of each v is it th e  thanks of 
the In s titu te  was expressed to  th e  various firms 
for perm ission to v is it th e ir  w orks and for their 
hospitality .

L a te r in  the  afternoon  a R eception was held 
a t  the  C ity of London G uildhall, by k ind  invita­
tion  of S ir Jo h n  D ew rance, G .B .E .

D elegates and th e ir  ladies were received by 
S ir John  D ewrance and by the  P res id en t of the 
In s titu te , M r. Wesley L am bert, and  Mrs. 
L am bert.

WEDNESDAY, JUNE 12.
The Conference was resum ed a t  the  In s titu ­

ción of M echanical E ngineers, S torey’s Gate, 
W estm inster.

Session A  was held in the  M eeting H all and 
was opened by the P res id en t a t  9.30 a.m .

G reetings were read  from  the  fo llow ing : —
The P res id en t of th e  F rench  F ound ry  Tech­

nical A ssociation; the  P re s id en t of th e  N ational 
L ig h t C astings A ssociation ; M r. IV. G. Hollin- 
w orth, ex-G eneral S ec re ta ry ; M r. F . W . Finch, 
H onorary  T reasurer.

I t  was resolved th a t  these gentlem en be 
thanked  for th e ir  g reetings, and  th a t  replies be 
forw arded.
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The P res iden t then vacated  the chair, which 
was tak en  by M r. P . P . Wilson, Senior Vice- 
P residen t. The following P apers tvere read and 
discussed : —

“ Influence of G raphitisation  of Clast Iro n ,” 
by Professor D iepschlag. P resented  on behalf 
of th e  G erm an Foundry  Associations.

“ The E lim ination  of Sulphur from the Alloys 
of I ro n ,” by K . Gierdziejewski. P resented  on 
behalf of the Polish Foundrvm en.

“ The Influence of Chromium in Cast Iro n ,” 
by J .  W . Donaldson, D.Sc. (Associate Member).

“ The Influence of M anganese in C ast Iro n ,” 
by A. L. N orbury, D.Sc. (M ember).

“ The P rac tica l A pplication of Nickel in  Cast 
Iro n ,”  by A. B. Everest, B .Sc., P h .D . (Associate 
Member).

Session B (Non-Ferrous).—The N on-ferrous 
Session was held in  the Council Chamber simul­
taneously w ith session in the M eeting H all, and 
was presided over by the P residen t. The follow­
ing Papers were read and discussed: —

“ P rac tica l P o in ts from the M etallurgy of Cast 
Bronzes,”  by H . C. Dews (Member).

“ Die C astings,” by A. H . Mundey (Member).
“ C rystalline.G rains in  C astings,”  by P ro f. A. 

Glazunov, presented on behalf of the Czecho­
slovakian  Foundrym en’s Association.

The Conference adjourned a t  12.30 p.m ., and 
during  the afternoon parties of members and 
delegates visited the  following w orks:-—

Messrs. K ryn  & L ahy (1928), L im ited, Letch- 
w orth ; Messrs. .1. A E. H all, L im ited, D art- 
f o r th ; Messrs. Lake & E lliot, L im ited, B ra in ­
tree.

Banquet.
The annual banquet of the In s titu te  of B ritish 

Foundrym en was held a t  the H otel Cecil, 
London, on W ednesday, Ju n e  12, M r. Wesley 
L am bert presiding over a company of some 450 
members of the In s titu te , overseas delegates and 
ladies.

Research an International Bond.
A fter the loyal toasts had duly been honoured,
S in  J o h n  D e w r a n c e , G .B .E ., proposed “ The



42

In s titu te  of B ritish  Foundrym en and  its 
P re s id e n t,” and said th a t  hav ing  reg ard  to  the 
very sucoessful in te rn a tio n a l conference th a t  had 
been organised by th e  In s titu te , everybody 
p resen t would be delighted  in jo in ing  in in this 
to as t. H e him self was a p rac tica l founder. 
W hen he le f t college he w ent first in to  the 
foundry , where he stud ied  w ith  g re a t care  and 
eventually  became sufficiently skilled to  produce 
a casting  which was exh ib ited  in  th e  Royal 
Academy. H e believed th e  a r t is t  had  an  idea 
th a t  i t  was his effort in connection w ith  the 
casting  th a t  influenced th e  C om m ittee m ore than 
the  work th a t^ h e  (S ir John ) had  done, b u t he 
th o u g h t he him self could say th a t  if th e  casting 
had been fau lty  i t  would have been rem arked 
upon. (L augh te r.) T h a t was in  1880, and  since 
th a t  tim e he had  s ta r te d  a research  departm ent 
in  his own firm, which he believed was th e  first 
ever established by an  eng ineering  firm in Great 
B rita in . As th e  years had  gone on i t  was 
common knowledge th a t  research  had  grown 
gradually  and  stead ily . H e hard ly  cared to 
speak of science in  the  presence of so many 
em inent scientists , b u t he would like to  say tha t 
du ring  his long experience i t  had g radually  been 
m anifested  th a t  science has had a g re a t influence 
and  th a t  i t  would u ltim ate ly  u n ite  th e  great 
civilisations of th e  world. (A pplause.) The 
g re a t in s titu tio n s which organised international' 
congresses, such as the  In te rn a tio n a l Foundry 
Congress, were doing th a t  which was of the 
g rea te s t possible assistance to  th e  civilisation of 
the  world, and he was deligh ted  to  be present at 
a ga th e rin g  of so m any rep resen ta tives of over­
seas countries who had  come long distances to 
a tte n d  th is Congress. H e hoped they  had 
enjoyed them selves and  th a t  they  would go back 
to  th e ir  own countries feeling  they  had  received 
a h ea rty  welcome in  G rea t B r i t a in ; certainly 
G reat B rita in  would be deligh ted  th a t  they 
should have th a t  feeling. T here had  sometimes 
been an  im pression th a t  G rea t B r ita in  in the 
past had been greedy of the  surface of th e  earth, 
b u t th e  rea l desire of G rea t B rita in  had always
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been to civilise the world, and all those other 
countries which assisted were doing the same 
good work as the  B ritishers. (Loud applause.) 
I t  had always been the  g rea test pleasure of the 
B ritishers to  welcome th e ir  in te rna tiona l friends 
and  so to  encourage the  general harm ony of the 
whole world. He was convinced th a t  the In te r ­
national F oundry  Conference had assisted to 
th a t  end, and we in  th is  country  looked forward 
to the  occasion when the  overseas visitors would 
again  be welcomed in th is  country. H e coupled 
w ith the  to as t the  name of the  P residen t of the 
In s titu te  of B ritish  Foundrym en, M r. Wesley 
L am bert.

The P r e s i d e n t , replying to the toast, said 
he had a pleasing and easy task , inasmuch as 
the few words he had to  say were of the  na tu re  
of a thanksg iv ing  address, and moreover, in the 
words of a popular song, “ I  Know I am in Jolly  
Good C om pany,” and th a t  he was also fo rtuna te  
in being well looked a fte r. The toas t m aster 
had given him the  lead as to  how to  comm ence; 
a ce rta in  lady had promised to signal to him 
if he kep t on for too lo n g ; one silent member 
who he noticed had  seated himself a t  the  fa r  
side of the  hall was going to rise from his seat 
if he did not m ake himself h e a rd ; and an 
American friend  w ith whom he had kep t close 
comradeship during  the past fo r tn ig h t was 
going to  p u t his hand  up should he so fa r  forget 
himself as to  speak w ith an American accent.

Growth of Bell Founding.
On behalf of the  In s titu te  of B ritish  Foundry­

men, he thanked  S ir John  for proposing the 
toast of “ The In s titu te  ”  and for the very kind 
th ings he had  said, and he thanked  them  all for 
the hearty  m anner in which the to as t had been 
accepted. They were deeply g ra te fu l to  Sir 
John for his continued in te rest in the In s titu te  
in p a rticu la r and in the foundry industry  in 
general. I t  was most encouraging and g ra tify ­
ing when a gentlem an who had a tta in ed  the 
position in science and industry  th a t  S ir John 
had a tta in ed  to  find him  associating himself w ith
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th e  R eception Com m ittee for the  p resen t In te r­
na tio n a l Convention of Foundrym en. On the 
las t occasion of a banquet in London connected 
w ith  one of the  annua l conferences, Lord M elchett 
honoured them  w ith  his presence as th e  principal 
guest. In  his speech on th a t occasion there 
were two th ings am ong o thers th a t  Lord M elchett 
said which he personally  noted, and  to  which he 
should like to  m ake brief reference. Lord 
M elchett said th a t  he was g lad  th a t  th e  In s titu te  
of B ritish  Foundrym en apprecia ted  th e  im port­
ance of close con tac t in te rn a tio n a lly . Were 
Lord M elchett able to  be w ith  them  th a t  evening 
he would have gathered  th a t  they  were still 
con tinu ing  the  policy of close con tac t in te rn a ­
tionally . The o ther th in g  to  which Lord 
M elchett re fe rred  was th e  founding  of bells. 
Lord M elchett w ondered w hether, w ith  all the 
aid  of m odern science, we were now adays able 
to  equal th e  bell m ix tu res  of some of th e  old 
bell founders. I t  m igh t in te re s t all of them  to 
know th a t  since th e  G reat W ar one bell foundry 
alone—and th a t  w ith in  te n  or twelve miles of 
Lord M elchett’s London office and  which foundry 
he personally v isited—had produced no less than 
2,640 church and  tow er bells, v ary ing  in  finished 
w eight from  18J tons to  a few pounds e a c h ; the 
to ta l w eight of bells app rox im ating  1,000 tons. 
Of these bells qu ite  a considerable proportion 
were cast for overseas custom ers, and experts of 
all countries concerned were agreed th a t  for 
sweetness and  perfection  of tone, and  as 
exam ples of the  bell founders’ a r t ,  these bells 
had  never been equalled in  th e  h is to ry  of bell 
founding.

H e was proud to  occupy th e  cha ir th a t  even­
ing, proud no t only personally, b u t because the 
fac t of his occupying th e  chair as P res id en t of 
the  In s ti tu te  of B ritish  Foundrym en exemplified 
the  dem ocratic constitu tion  of th e  In s titu te . 
The presiden tia l ch a ir of the  In s ti tu te  of 
B ritish  Foundrym en was no t a perqu isite  of the 
foundry  p rop rie to r, b u t was open to  anyone who 
like him self was only an employee. H e was 
proud because he honestly regarded  th e  In s titu te
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as being one of tbe  most im portan t, if not the 
m ost im portan t, technical In s titu tio n  in G reat 
B rita in . H e was proud also because the 
In s titu te  was flourishing and was progressing 
along the r ig h t lines, and th a t  th is was recog­
nised was, he though t, ap p aren t to all who look 
around a t  the  gathering , including as i t  did so 
m any distinguished people of th is country and 
from  overseas.

H e did no t propose to  bore anyone w ith a 
rec ita l of the  h istory  and the  aims and objects 
of th e  In s titu te , neither did he propose to 
analyse the membership figures, nor to  give the 
titles  of th e  technical papers read before the 
various branches or subm itted  a t  the  present 
Convention, b u t i t  would ill behove him were 
he no t to tak e  th is public opportun ity  of th an k ­
ing all those gentlem en who had presented 
papers. Inc iden tally , nearly  150 technical 
papers had  been subm itted  during  the past, 
session, and as a member of the L ite ra ry  Com­
m ittee  he could bear testim ony to  the value of 
those papers. Also a word of praise m ust be 
given to  the C ast Iron  Test-B ar Committee, 
which had done such good work during  the  last 
two years, and to  the E ducational Committee 
for the  good work which was being done in refer­
ence to  the  b e tte r  tra in in g  of foundry workers of 
the younger generation .

I t  would be u n fa ir  of him to poach his 
colleagues preserve, bu t as one of the Reception 
Com m ittee he m ust express delight a t  the 
presence of so m any overseas delegates and of 
the ladies a t  the  banquet. They hoped th a t 
the foreign delegates would not leave th is 
country  w ithou t having recognised th a t  the 
foundry industry  in  G reat B rita in  was much 
more alive th a n  perhaps they  were led to  th ink , 
and th a t  the ladies would bear testim ony th a t 
London was not always fog-bound.

Acknowledgment of Help.
Before concluding, the  P residen t said he had 

a fu r th e r pleasing duty , namely, to acknowledge 
the services of all those ladies and gentlemen



who had  so generously given th e ir  best services 
on the  various Com m ittees associated w ith  the 
o rgan isation  of the p resen t in te rn a tio n a l Con­
ference. A g re a t deal of work was involved, 
and  all had  worked r ig h t loyally. Then he 
wished to  renew  the  expression of th an k s to  the 
Lord M ayor for his kindness in loaning for the 
use of the  In s ti tu te  th e  C ity Council Chamber 
and th e  o ther d epartm en ts  of th e  Guildhall, 
and for his welcome, and  to  the  P re s id en t of 
the  In s titu tio n  of M echanical E ngineers fo r like 
kindnesses. To S ir Jo h n  D ew rance and  to  Sir 
H ugo H u rs t ;  to  Messrs. B ridges, senior and 
ju n io r—organisers of th e  F ound ry  E xh ib ition  a t 
th e  Royal A g ricu ltu ra l H all— and to  th e  Con­
ference C om m ittee of th e  F ou n d ry  Trade 
E quipm ent and  Supply Association for their 
kindness and  generosity  in  ac tin g  as hosts a t 
several of the  London functions, and  to  a ll the 
p atrons who had  assisted financially. To Dr. 
R osenhain, F .R .S ., and  M r. J .  G. Pearce, 
M .Sc., who had  been m ainly  in s tru m en ta l in 
g e ttin g  together th e  technical and  educational 
exhibits a t  th e  E xh ib ition  a t  th e  R oyal A gri­
c u ltu ra l H all. To the  officers of all th e  various 
branches fo r th e ir  splendid and  successful 
efforts in en te r ta in in g  th e  overseas delegates, and 
ladies who were able to  tak e  the  pre-convention 
to u r th rough  G reat B rita in . To th e  Lord 
M ayor, M ayors, Sheriffs, P res iden ts  of the 
Chambers of Commerce, and  o ther gentlem en 
and  th e ir  ladies for th e  k in d  recep tions given 
and  th e  hosp ita lity  accorded, and  th e  M aster 
C utler and  M istress C u tler for like favours. To 
all those proprie to rs, d irectors and m anagers of 
works, factories and  foundries th ro u g h o u t the 
kingdom for k indly th row ing  open th e ir  estab­
lishm ents for works v isits both fo r gentlem en and 
ladies and for th e ir  generous hosp ita lity  on those 
occasions, and to  those mem bers of th e  staff a t 
the  respective works fo r th e ir  kindness in  acting 
as guides and  instructo rs.

H e desired to  m ention one more nam e, which 
he wae sure would be received w ith  acclam ation
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—M r. H . G. Sommerfield the Hon. Secretary 
ol' th e  London Convention Committee. He 
rem embered having read th a t  people en tering  a 
church had sometimes m istaken the acolyte for 
the  h igh-priest. M r. Sommerfield is indeed the 
h igh-priest and he was bu t the  acolyte. M r. 
Sommerfield had done yeoman work, and to  his 
efforts, coupled w ith those of M r. Makemson, 
the G eneral Secretary , the success of the  func­
tio n  and  of the  Convention as a whole were 
m ainly due.

On behalf of the  Council and members of the 
In s titu te  of B ritish  Foundrym en he thanked  Sir 
Jo h n  D ewrance fo r his kindness in proposing 
the  to as t of th e  “  In s titu te  of B ritish  Foundry­
m en,”  and  all p resen t fo r th e  h earty  m anner in 
which they  had accepted it , and  he thanked 
them  personally for the  forbearance w ith which 
they  had  listened to  his response.

United States of Europe.
Mr . S. H . R t-sskt.i . (Past-P residen t, In s titu ­

tio n  of B ritish  Foundrym en), proposing “ Our 
G uests,” extended a h earty  welcome to  them  
all, and especially those who had travelled many 
thousands of miles to  a tte n d  the  Congress and 
v is it th e  E xhib ition . Speaking specially to the 
American delegates, he suggested th a t during the 
to u r of our in dustria l centres and also the visits 
th a t  had been paid  to  some of the historic spots 
in  th is  country , they  m ight have been impressed 
w ith th e  fac t th a t  th is  country  is not so vast 
as th e ir  own, where th e re  were 42 S tates, each 
w ithou t a ta riff wall between them , and all 
w orking under one Governm ent. On the other 
hand, in Europe there  were 28 nations, nearly 
everyone speaking a different language, each 
being a sovereign nation , and all having a high 
tariff wall between them . H e believed th a t, 
excluding R ussia, the  area of Europe was very 
much sm aller th a n  the  area of the  U nited  States, 
bu t the  prophets foretold th a t  the substitu tion  
of one control for the  independent sovereign
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control of the  various E uropean  nations was 
en tire ly  w ith in  the  range of hum an possibility. 
At th e  sam e tim e the  difficulties were enormous. 
There was in  the  first place th e  difficulty of 
language, and  th e re  was, of course, th e  intense 
na tiona l sp ir it th a t  had  grow n up  inside the 
various nations. H owever, the  prophets to ld  us 
th a t  the  w riting  was on th e  wall, and th a t  there  
is a  movem ent tow ards grouping th e  world in a 
re latively  few u n its  in stead  of in to  a large 
num ber of ind iv idual nations. This Conference 
afforded also the  oppo rtu n ity  of giving expression 
to  th e  belief in th is  coun try  in  the  princip le  of 
the  free exchange and  in te rchange  of knowledge 
in the  foundry  c ra f t. The old days of secrecy 
and secret methods had  alm ost en tire ly  dis­
appeared , and he knew th a t  those sentim ents 
were also held by all th e  overseas delegates. 
(H ear, hear.) The to a s t was coupled w ith  the 
names of M r. S. T. Jo hnston  (P resid en t of the  
A m erican Foundrym en’s A ssociation) and  S ir 
Joseph P etavel, F .R .S . (D irector of th e  N ational 
Physical L aboratory).

The Democratic A.F.A.
M b. S. T. J o h n s t o n , who m ade th e  first reply, 

expressed app recia tion  on behalf of all th e  over­
seas delegates of th e  splendid h o sp ita lity  they  
had  received d u ring  th e ir  v is it to  th is  country , 
and  speaking specially of th e  A m erican F ou n d ry ­
m en’s Association, said th a t  o rgan isa tion  had 
2,500 members. A m an was no t too old to  jo in  
th a t  body because th ere  were some w hite haired  
men who were members, some of whom had  been 
mem bers for m any years and  o thers who had 
recen tly  joined. N or could a m an be too young 
to  jo in  because th ere  were some appren tices in 
th e  A ssociation and m any of th e  younger 
w orkers. A gain, a m an  could n o t be too learned 
to  jo in  because some of th e  m ost d istinguished  
men of science were mem bers of the  A .F .A ., and, 
on the  o ther side, a  m an need n o t consider 
him self too ig n o ran t to  jo in  because the  m em ber­
ship included some foundrym en who did not
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know muck more th an  the  rough and  tum ble of 
the foundry . N or need anybody be too humble 
to jo in  because th e  m em bership included many 
in the humble walks of life connected w ith  the 
foundry  trad e , and , finally, a m an need n o t be 
too proud to  jo in  th e  organ isa tion  because there 
were already  on the  books m any m en of high 
position, both on the  technical and  commercial 
sides, and who were g iv ing valuable assistance 
in the  work of th e  Association. A fte r once 
more re fe rrin g  in highly apprec ia tive  term s of 
the good tim e all th e  delegates had  had  during 
th e ir  s tay  in th is  country , and  m en tion ing  p ar­
ticu larly  the  v is it to  the  provinces, Mr. 
Johnston  read  a p rin ted  resolu tion  from  the 
A m erican Foundrym en’s A ssociation, which was 
passed before the  A m erican delegates le f t for 
th e ir  to u r of th is  country , and  p resen ted  i t  to 
th e  P res id en t of th e  In s ti tu te  of B ritish  
Foundrym en in th e  form  of an illum inated 
address (see page 49).

The Antiquity of the Foundry Industry.
S i n  J o s e p h  P e t a v e l , in  th e  course of his 

reply to  th e  to as t, said  i t  had  occurred to  him 
th a t  th e  foundry  was n o t only th e  m ost funda­
m en tal a r t  in connection w ith  our present 
c iv ilisation , b u t also possibly th e  earlies t a r t  
which ind icated  th e  daw n of civ ilisation . As 
m an passed from  th e  savage to  th e  first sign of 
civ ilisation  th e  first developm ent was the 
foundry . F o r th e  first tim e  he began to 
produce m etals, and  for th e  first tim e his degree 
of cu ltiva tion  of intelligence was m easured by 
th e  success of his a r t  of founding. They had  all 
heard  of the  m agnificent work now coming from 
E gyp t in gold and silver d a tin g  4,000 years ago, 
and i t  revealed a considerable knowledge a t  th a t 
tim e of m etallu rgy . H e understood th a t  the 
gold alloy was chosen because i t  was particu larly  
easily worked and was m alleable, and  th a t  was 
one reason why such beau tifu l work was possible 
in those days. W ith  th e  developm ent of 
c iv ilisation  .the  a r t  of the  foundrym an became 
the  basis of th e  a r t  of th e  engineer. In  the



earlier days the m echanical engineer could not 
exist because he had no m etals, bu t when metals 
came to  the fore, when the  foundrym an began 
to  produce the  m etals, then  mechanical engin­
eering  began to  transfo rm  the  world. In  the 
earlie r days the  foundry was the seat of mystery, 
and  he understood th a t  even down to  com para­
tively recen t days there  still rem ained secret 
m ix tures which were added to  m etals and which 
alone caused the  excellence of the  product. In  
more recen t tim es, however, m etallurgy had 
produced no t merely the  few m etals which the 
ancients used, b u t literally  dozens of new metals 
which, combined in various proportions and 
tre a te d  in  different ways, formed the  basis of 
the p resen t advance of mechanical engineering. 
All th a t  had changed the  foundry from a place 
of secrets and  m ystery to  a laboratory of science, 
and a t  the p resent tim e scientific work was as 
essential as p ractical experience. S ir John 
Dewrance had spoken of the m anner in which 
he had led in  the  application  of research to 
engineering, and i t  was the function of the 
N ational Physical L aboratory  to help industry 
w ith knowledge and advice. M r. Russell had 
suggested th a t  the  tim e for secrets had  passed 
and th a t  the  tim e for the  un ity  of the world had 
come. T h a t was a th ing  to  look forw ard to, 
b u t th a t  developm ent was very large, and it  
would ta x  even the In s titu te  of B ritish  Foundry- 
men and the  American Foundrym en’s Associa­
tion  severely to  find a m elting  pot of sufficient 
size to  fuse the E uropean  nations together. I t  
was to be hoped th a t  in the fu tu re  th a t  sta te  
of th ings would be brought about, b u t for the 
present he was led to  believe th a t  even the 
A m erican Association found th a t  m elting pot a 
little  difficult to m anage a t the present tim e 
w ith complete success. (Loud laughter.) 
F inally , S ir Joseph expressed the deep apprecia­
tion  of the  guests, and the ladies, for a 
delightfu l evening.

A splendid musical program m e was provided 
during the evening.
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THURSDAY, JUNE 13.
The Conference resum ed a t  9.30 a t  the  In s ti tu ­

tion  of M echanical E ngineers.
Session A  was held in  the  M eeting H all, 

and  was presided over by the  P res iden t. The 
following P ap ers  were read and  discussed: —

“ M ethods of T esting  C ast I ro n ,” by MM. Le 
Thomas and Bois. P resen ted  on behalf of the 
French F oundry  Technical A ssociation.

“ The Influence of the  Size of Section on the 
S tren g th  of Grey C ast I ro n ,” by J .  G. Pearce, 
M .Sc. (M ember).

“  The C ritical E xam ination  of Steel C astings,” 
by C. F . G illo tt, B .M et.

Session B  was held in  th e  Council Cham­
ber and was presided over by M r. F . P . W ilson, 
Senior V ice-President. The following P apers 
were read  and  discussed: —

“ The V ocational T ra in in g  of Foundry  
W orkers, F orem en and  E ngineers in  B elg ium .” 
P resented  by the  B elgian F ound rym en’s Asso­
ciation.

The Problem  of F ound ry  M oulding S a n d ,” 
by H . van A arst. P resen ted  on behalf of the 
D utch  F oundry  Technical Association.

“ Coal-dust as applied to  M oulding S an d s,” 
by B. H ird  (M ember).

“ The A pplications of Pulverised  F u e l,”  by
H . W. H olland  and  E . Lowndes.

A t the  conclusion of th e  T hursday  m orning 
session in  the  M eeting H all the  P res id en t for­
m ally thanked  th e  C orporation  of th e  C ity of 
London for allowing the  G uildhall to  be used 
for the  opening of the  Congress, the  In s titu tio n  
of M echanical E ngineers fo r p lacing th e ir  bu ild ­
ing  a t  the  disposal of th e  C onference, the 
readers of P apers , subscribers to  th e  Congress 
funds, and  all who had  assisted in  any way in 
connection w ith  the  Congress.

The P re s id e n t’s m otion was supported 
enthusiastically .
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Luncheon to Overseas Delegates.
A t the  conclusion of the Conference Session 

on T hursday th e  leaders of the overseas delega­
tions were en te rta in ed  to luncheon a t  the In te r ­
national F oundry  E xhibition , Royal A gricultural 
H all, by the P res iden t and Council of the Foun­
d ry  T rades’ E quipm ent and Supplies Associa­
tion , in  conjunction w ith the E xhibition orga­
nisers, Messrs. F . W. Bridges & Sons, Lim ited.

M r. H . W interton , P residen t of the Foundry 
T rades’ E quipm ent and Supplies Association, 
presided.

M r. Wesley L am bert, P residen t of the In s ti­
tu tio n , proposed the to as t of “ Our G uests,” 
which was responded to  by M r. F red  Erb, Vice- 
P res id en t of the American Foundrym en’s Asso­
ciation , D r. Ing . S. G. W erner, P residen t of 
the G erm an Foundry  Owners’ Association, and 
M r. E . V. R onceray, V ice-President of the Asso­
ciation  Technique de Fonderie de F rance.

Mr. F . P . Wilson, Senior V ice-President of 
the In s titu te , proposed the toas t of “ The 
C hairm an .”

M r. W in terton  responded, and expressed the 
pleasure of his Association and of the Exhibition 
organisers, of the opportun ity  of en te rta in ing  so 
m any distinguished overseas visitors.

M r. K . W. Bridges also responded.
D uring  the afternoon members and delegates 

paid an official v isit to the In te rna tiona l Foun­
dry  E xhibition , and la te r were en terta ined  by 
Messrs. F . W. Bridges & Sons, Lim ited, Mr. H. 
W in terton  again  presiding.

On T hursday evening, Ju n e  13, nearly 500 
delegates and ladies accepted the jo in t invitation  
of the London B ranch of the In s titu te  of B ritish 
Fouudrym en and the Foundry Trades’ E quip­
m ent and  Supplies Association to a Dance and 
C abaret a t  the New B urlington Galleries. The 
guests were received by M r. W. B. Lake, Presi­
dent of th e  London Branch of the In s titu te  of 
B ritish  Foundrym en, and M rs. Lake, and by 
Mr. H . W in terton , P residen t of the Foundry 
Trades E quipm ent and Supplies Association, and 
Mrs. W in terton . A cabaret en terta inm en t was
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provided by “  The M arshm allow  G irls ” under 
the d irection  of M r. Gordon M arsh, and  other 
a rtis tes  included Miss Olive Tyson and  Miss 
Mollie Seymour. The orchestra  was u n d er the 
d irection  of M r. E rn e s t R u tte rfo rd . A very en­
joyable evening was concluded a t  m id n ig h t by 
the  singing of “  Auld L ang  Syne.”

The n ex t day, F rid ay , J u n e  14, was th e  last 
day of th e  official Conference a rrangem ents and 
was devoted to  a whole day  excursion th rough  
the county of K e n t to  C an terbury . N early  200 
delegates "and ladies, including a la rge  num ber 
of overseas visitors, took p a rt . A h a lt  for 
luncheon was m ade on th e  ou tw ard  journey  a t 
the  “ T udor H ouse ,” B earsted ; th e  p a rty  then  
proceeded to  C an terbury , where they  were con­
ducted  around  th e  C athedra l. On th e  re tu rn  
jou rney  te a  was provided a t  th e  “  Tudor 
H ouse ” and  th e  p a rty  th en  re tu rn e d  to  London.

A very in te res tin g  inform al cerem ony took 
place in the  lounge of th e  H o te l Cecil upon the 
re tu rn  from  the  excursion to  C an terbury , when 
M rs. S. T. Johnston , wife of the  P res id en t of 
the A m erican F oundrym en’s A ssociation, pre­
sented a shawl to  M rs. Wesley L am bert, wife of 
the P res id en t of the  In s titu te  of B ritish  Foun- 
drym en. The p resen ta tion  was m ade on behalf 
of the  ladies of th e  A m erican p a rty  as a 
m em ento of the  to u r of G rea t B rita in , on which 
they were accom panied by M r. and  Mrs. 
L am bert, and also of th e ir  v is it to  th e  London 
Congress.
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TOUR OF OVERSEAS DELEGATES

To the International Foundrymen’s Congress.
A p arty  of A m erican delegates and ladies, 

which included M r. S. T. Johnston, P residen t 
of the American Foundrym en’s Association, 
a rrived  in London for the  In te rn a tio n a l Foundry 
Congress on M onday, M ay 20, and were wel­
comed by represen tatives of the  In s titu te .

On Thursday, May 23, the American delegates 
and ladies, together w ith officers of the  In s titu te  
and  o ther guests, were en terta ined  to  d inner a t 
the H olborn R estau ran t by S ir Hugo H irs t, 
B art. M r. W . B. Lake, J .P . ,  P residen t of the 
London B ranch, presided, and S ir Hugo H irs t 
proposed the  to as t of “  Our Overseas G uests.” 
The toast was responded to  by M r. S. T. John ­
ston and M r. H . Cole-Estep. The chairm an pro­
posed the  toas t of “ Our H ost,” which was 
responded to  by S ir Hugo H irs t.

D uring  th e ir stay in London the American 
visitors took p a r t in an excursion to W indsor, 
and also sight-seeing tours of London.

On M onday, M ay 27, a p arty  of 60 overseas 
delegates and ladies, including representatives of 
the  U nited  S ta tes ,f Germany, Poland, Czecho­
slovakia  and Ita ly , commenced a two-weeks’ 
to u r of G reat B rita in . The p arty , which was 
accom panied by M r. Wesley Lam bert, P residen t­
elect of th e  In s titu te , and Mrs. L am bert, first 
journeyed to  B irm ingham , calling a t Leamington 
and Stratford-on-A von.

The visitors were en te rta ined  to luncheon by 
the Lord M ayor of B irm ingham , who welcomed 
the  visitors and  who was_ thanked by M r. S. I \  . 
U tley, P res iden t of the D etro it Chamber of 
Commerce. W orks in B irm ingham  and Coventry 
were visited, and the  ladies of the p arty  visited 
various places of in terest.

In  the evening th e  members were received 
by the M ayor of Coventry, and were afterw ards



en te rta in ed  to  d inner by the  B irm ingham  and 
Coventry members of the  In s titu te .

Proceeding to  D erby on M ay 29, a fu ll pro­
gram m e of works’ visits was u n dertaken , and a 
luncheon was given by the firms whose works 
were v isited du rin g  the  day. L a te r  in th e  day 
the v isitors were en te r ta in ed  to  a com plim entary 
banquet a t  M atlock B ath  by the  E a s t M idlands 
B ranch. M r. H . Pem berton , B ranch-P residen t, 
presided, and  proposed the  to a s t of “  O ur 
G uests,” which was responded to  by M r. S. T. 
Johnston  and  by M r. F red  E rb , V ice-P residen t 
of th e  A m erican F oundrym en’s A ssociation. 
M r. E . J .  Fox, m anaging  d irec to r of the  S tan to n  
Ironw orks Company, proposed th e  health  of the 
secretary  of th e  B ranch, and M r. H . B u n ting  
responded.

On the  following day th e  S tan to n  Ironw orks 
were v isited. The mem bers were en te r ta in ed  to 
luncheon, and  th e  ladies took p a r t  in  an  excur­
sion th rough  th e  P eak  d is tr ic t. L a te r  in the 
day the  p a rty  proceeded to  M anchester.

F rid ay , M ay 31, was spep t in v is iting  works 
in M anchester. The ladies v isited  places of 
h istoric and  genera l in te re s t, and  in  th e  even­
ing the  L ancashire B ranch of th e  In s t i tu te  e n te r­
ta in ed  th e  v isitors to  a. banquet a t  th e  M idland 
H otel.

The Lord M ayor of M anchester responded to 
the to as t of “ The C ity and T rade of M an­
chester,”  which was proposed by M r. A. F . 
Hageboeck, d irector of the  A .F .A .

The to a s t of “ O ur Guests ”  was proposed by 
M r. T. M akemson, genera l secre tary  of th e  I n ­
s titu te , and responded to  by M r. F . E rb , Vice- 
P res id en t of the  A .F .A ., and  M r. B. D ango, of 
Germ any.

M r. D aniel Adamson, P res id en t of th e  In s ti­
tu tio n  of M echanical E ngineers, proposed the 
to as t of the  Lord M ayor, which was responded 
to  by the  chairm an, M r. E . Longden.

On the  following day the  to u r was con tinued  
by m otor coach to  the  E nglish ' Lake D istric t, 
and  on Sunday, Ju n e  2, th e  p a rty  proceeded to 
Glasgow.

5(5
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On M onday, Ju n e  3, the visitors were the 
guests of the  Scottish B ranch of the In s titu te . 
A special steam er was placed a t the ir disposal, 
and the day was spent in a cruise on the River 
Clyde. A reception was held on the steam er by 
S ir A rchibald M clnnes Shaw, and a compli­
m en tary  luncheon was given in the saloon. On 
re tu rn in g  to  Glasgow, the  Lord Provost and the 
P res id en t of the Glasgow Chamber of Commerce 
held a reception in the  City Chambers.

On the following day the motor-coach tour 
was continued through  the Scottish H ighlands, 
and the  evening was spent in  Edinburgh.

A fter an inspection of the  city of Edinburgh, 
011 the  m orning of Ju n e  5, as the guests of the 
Scottish B ranch of the In s titu te , the visitors 
proceeded to  Newcastle.

On Thursday, Ju n e  6, a num ber of works in 
the Newcastle d is tric t were visited, and a com­
plim entary  luncheon was given by the  Newcastle 
B ranch of the In s titu te , previous to which the 
p a rty  were given a civic reception by the Lord 
M ayor. In  the  afternoon the  N orth-E ast Coast 
E xhib ition  was visited. On the following day 
the  m otor to u r was continued by way of Ripon 
and  H arroga te  to  Sheffield. The members were 
received by M r. J .  T. Goodwin, P residen t of the 
Sheffield B ranch, and Past-P residen t of the 
In s titu te . In  the evening they were received by 
the M aster and M istress Cutler, and were en te r­
ta ined  to  a dance a t  the  C utlers’ H all.

On Ju n e  8, the  last day of the  tou r, a recep­
tion  was held a t  Sheffield U niversity  by the Lord 
M ayor of Sheffield, and the members then  visited 
various works. A t the luncheon which followed 
the guests included leaders of the civic and in ­
du stria l life of the  city, and visits were paid 
to places of in te rest in the  afternoon.

L a te r in the  day the p arty  re tu rned  to  London 
by tr a in  in readiness for the opening of the 
In te rn a tio n a l Fouudrym en’s Congress.

The thanks of the In s titu te  are due to all the 
Branches, B ranch officers and members for the 
arrangem ents which were made ; to all who sub­
scribed to  the en te rta inm en t fu n d ; to the Lord
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M ayors and M ayors of th e  various c it ie s ; to  the 
d irectors and  m anagers of the  various works 
v is ite d ; and to  all who assisted in  connection 
w ith the  tou r.

THE INTERNATIONAL FOUNDRY EXHIBITION.
The In te rn a tio n a l F ound ry  E xh ib ition , which 

wras held in  the  Royal A g ricu ltu ra l H all from 
Ju n e  5 to  15, was a tten d ed  by an  exceptionally  
large num ber of visitors, including m any over­
seas visitors who were presen t in London for the  
In te rn a tio n a l Congress.

The E xh ib ition , which was organised by 
Messrs. F . W . B ridges & Sons, L im ited , in  con­
junc tion  w ith the F oundry  T rades’ E quipm ent 
and  Supplies A ssociation, was one of the  largest 
Foundry  E xh ib itions held in  th is  country .

An im p o rtan t fe a tu re  was th e  large and com­
plete technical exh ib it, which was organised by 
the  various R esearch A ssociations and  U niversi­
ties in  conjunction  w ith  a C om m ittee of which 
M r. Wesley L am bert was chairm an and M r. 
F . K . N eath , secretary . The ex h ib it showed 
m odern developm ents in  m elting  practice , mould­
ing sands, casting  processes and  special alloys, 
and research and  labora to ry  methods.

An E ducational E x h ib it of considerable im­
portance was also arran g ed  w ith  th e  co­
operation  of various B ritish  and foreign colleges 
where tra in in g  in foundry  practice  is given.
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PAPERS PRESENTED AT THE INTER- 
NATIONAL FOUNDRYMEN’S CONGRESS, 

LONDON.

SOME INTER-RELATIONSHIPS IN GREY-IRON 
METALLURGY.

By J. W. Bolton, M.Sc. (American Exchange Paper).

Discussing relationship between streng th  and 
composition, J .  G. P earce1 s a id : “ I f  these
(researches) can be shown to  correlate (tests, 
working properties, and operating  conditions) 
even for a single set of m elting conditions, a 
g rea t step forw ard in  foundry control becomes 
possible.” The present s ta te  of knowledge of 
grey cast iron as an engineering m aterial 
generally is recognised as chaotic. A g rea t deal 
of valuable q u an tita tiv e  research has been car­
ried out. In  the absence of intensive effort 
tow ard exacting  correlation of th is m aterial, 
most of the present-day conclusions are hut 
qualita tive . This condition is understood by all 
grey iron m etallurgists. Technical societies in 
America are devoting much tim e to  study of the 
problems involved. This work undoubtedly will 
bring  abou t m ajor changes in specifications and 
methods of testing . W ith  more accurate know­
ledge of the  engineering properties of various 
grades of iron, the  character and quality  of 
p roduct will become more nearly  standardised. 
The engineer will make g rea te r use of grey iron 
castings to  the  degree th a t  he is informed of 
its desirable properties. Scientific foundrymen 
hold no brief for th is  or th a t  engineering m ate­
ria l. The best m ateria l is th a t  which fully satis­
fies engineering requirem ents in the most eco­
nomic m anner. F or th is purpose i t  may be 
bronze, for th a t  steel, and for the other, grey 
iron. However, foundrym en m ust seek accurate

1 Proceedings of The Iron and Steel Institute. 1928.
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knowledge, th a t  they may select w ithou t p re­
jud ice—for th is  alone spells real progress. W ith 
no in te n t of p a rticu la r selection, a tte n tio n  is 
d irected  to  the value of P ap ers  of the  type  lately 
con tribu ted  by J .  G. P a r tr id g e .2

This P ap e r deals w ith  schemes of correlation  
which the  w rite r feels m ay be in sym pathy w ith 
the  p resen t tren d  of engineering  th o u g h t in th is 
m a tte r— particu la rly  so in G rea t B rita in  and 
in America. H e feels th a t  the  hope so elo­
quently  expressed by M r. P earce is capable of 
m ateria lisa tion—th a t ,  in  fac t, g re a t advances in 
foundry  m etallu rgy  rap id ly  approach rea lisa­
tion . The sp ir it  of co-operation m an ifest in 
these In te rn a tio n a l Congresses augu rs th a t  the 
m om ent of th is  rea lisa tion  is n o t fa r  d is tan t. 
W ith  the  consideration  and apprecia tion  of 
add itions to  the  knowledge m ade possible by 
investigators in  all g re a t in d u s tria l countries, 
i t  seems m ost proper and fitting  to  call a tte n ­
tion  to the  b rillian t advances, to  th e  tho rough­
going work, of the  able w orkers of G reat 
B rita in . F rom  the  very inception  of th e  iron 
and steel industry , a very large portion  of its 
phenom enal progress has heen due to  the  efforts 
—indiv idual and  collective—of these men.

Two Important Problems before Foundrymen.
Two problems before the  foundrym an to-day 

are  : (1) S tudy  of th e  influence of m anufac­
tu r in g  practice on given grades of cast iron ; 
and  (2) R elationsh ip  of te s t  resu lts to  engineer­
ing properties of the  casting . A more detailed 
set of questions was proposed in a recen t edi­
to r ia l in  T h e  F o u n d r y  T r a d e  J o u r n a l  as fol­
lows: “ E ver since M r. Jo h n  Shaw presented  his 
P ap er to  the  sum m er m eetings of th e  American 
Foundrym en’s Association, th e  s itu a tio n  of theo­
re tica l consideration  of cast iron has become 
more com plicated. A rising from  the  discussions, 
the  following questions have been posed : (1) Are 
experim ents ca rried  ou t on small q u an titie s  of 
synthetic m ix tu res of pure m ateria ls  really  help­
fu l?  (2) Are conclusions draw n from  diagram s

2 The Magnetic and Electrical Properties o i Cast Iron— 
Carnegie Scholarship Memoirs, 1928,



based on the sum m ation of silicon and carbon 
contents of g re a t value? (3) Is the control of 
the m atrix  of more im portance than  the control 
of the g rap h ite  form ation? (4) Is  the condition

61
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of the g rap h ite  dependent on the natu re  of the 
carbides resu lting  from composition or therm al 
h istory? (5) Can the recently discovered critical 
manganese percentage be definitely sta ted  on
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theore tica l grounds? (6) C an the  low-carbon 
higb-silicon developm ent be re la ted  to  one of the 
ex isting  theories? (7) C an the  super-heating  
theory  be definitely su b s tan tia ted ?  (8) Is  the 
gas con ten t of cast iron  to  be tak en  as a serious
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fac to r?  (9) Is  ingotism  of pa ram o u n t im port­
ance? (10) Are in te rn a l stresses receiving th e ir 
quo ta  of consideration  in  discussing some phe­
nom ena? (11) Can free g rap h ite  ex is t in  norm al 
cupola-m elted iron?  I t  is obvious th a t  fu r th e r 
P apers are needed which will c larify  our ideas .”
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Four Factors influence Mechanical and Physical 
Properties of Grey Cast Iron.

The properties, m echanical and physical, of 
any grey iron casting  depend upon the following 
fa c to rs : (1) Chemical composition of metal,
in itia l, inciden tal and fin a l; (2) struc tu ra l,
m echanical and chemical make-up of charge (all 
m ate ria ls) ; (3) m elting  process, conditions—
chemical, therm al and mechanical, and (4) th e r­
mal, chemical and rhechanical history, furnace 
spout to  finished casting.

The iron-carbon-silicon series of alloys known 
as grey iron contain pearlite , fe rrite , and as cast 
form ed g raph ite . W ith in  th is general struc­
tu ra l  m ake-up, alloys of widely d ivergent pro­
perties can be obtained. To a ttem p t system atic 
study, i t  is necessary a t  first to  classify or group 
these alloys. The sim plest p rim ary  classifica­
tion  is according to  chemical analysis of final 
alloy. Such a system of classification is out­
lined in  Table I ,  based on percentages of to ta l 
carbon and  of silicon. Some 40 groups are 
listed. ( I t  is obvious th a t  some of these alloys 
are n o t grey irons unless cooled slower th an  a t 
an o rd inary  cooling ra te .) In  addition  certa in  
sub-groupings are  necessary according to  pre­
sence of phosphorus, manganese, sulphur, 
various m etals, m etalloids, gases, etc. However, 
in usual foundry practice, the carbon-silicon 
groupings a re  m ost im portan t.

A lthough th e  second fac to r—make-up of charge 
—undoubtedly is im portan t, i t  seems impossible 
a t  the  p resen t tim e to  a ttem p t more than  
a q u a lita tive  classification. The degree of 
g rap h itisa tio n  of charged m aterials has some 
effect on the  possibility of degree of solution 
of g rap h ite  during  the  m elting process—hence 
on the  presence of g rap h ite  nuclei in the molten 
m etal. This, of course, influences the  degree of 
g raph itisa tion  of the final casting. Thus the 
am ounts of sand-cast pig, chilled pig, steel, 
scrap, etc., should be noted in  all research work. 
Furtherm ore , the  size of the  pieces charged, 
the ir general grain-size, etc., should be indi­
cated. M uch careful research is needed to

d 2



dem onstrate w hether or n o t th e  so-called in ­
he ren t p roperties of the  raw  m ateria ls  always 
persist una lte red  th rough  th e  m elting  process 
and  influence the  final product.*

T hird , the  cupola or fu rnace  operation  has 
much to  do w ith  th e  qua lity  of m etal m elted 
there in . F o r exam ple, i t  is known th a t  super­
hea ting  d u ring  the  m elting  process a t  first tends 
to  delay th e  progress of g rap h itisa tio n  on cool­
ing. A t still h igher tem p era tu res  th e  effect of 
th is  phenomenon m ay be a ltered  o r changed. 
Iron  badly oxidised in  cupola-m elting does no t 
com pare favourably  w ith  th a t  ob tained  from  a 
good h o t w orking cupola w ith  norm al blast. 
Crucible-m elted irons generally  are  n o t com par­
able w ith  those obtained from  th e  cupolas— a 
fac t th a t  has v itia ted  th e  exac t p rac tica l signifi­
cance of work of m any investigators. There­
fore, in  any work on com parison or correlation , 
the  exac t type of fu rnace  and  its  opera ting  
characteristics should be s ta ted  clearly.

Therm al and m echanical h is to ry  of th e  m etal 
from  fu rnace  spout to  cooled casting  is th e  fou rth  
factor. The degree of g rap h itisa tio n  depends 
to  a g re a t degree on th e  cooling velocity from 
the liquidus to  a tem p era tu re  probably som ewhat 
below th e  eutecto id  poin t. The w rite r regards 
cooling velocity and composition th e  m ost im­
p o rta n t fac to rs influencing th e  final p roperties 
of th e  m etal. Cooling velocity is a cu rv ilinear 
function , no t easy to  express in  a  simple m anner, 
as shown in  F ig . 1. I t  depends on m any facto rs. 
Among these a re  : — (1) In i t ia l  tem p e ra tu re  
(which m ay or m ay n o t coincide w ith  pouring 
tem pera tu re ) ; (2) final tem p e ra tu re  (i.e ., room 
tem pera tu re ) ; (3) specific h ea t of th e  alloy, a t 
all points along th e  curve ; (4) volume of m etal 
to  be cooled ; (5) m etal-surface a rea , fo r dissipa­
tion  of h ea t ; (6) cooling g rad ien ts  w ith in  m etal 
and mould ; (7) conductiv ity  of mould m ateria l ; 
(8) speed of pouring  ; (9) energy release ap p a­
re n t in therm al a rre s ts  (see F igs. 2 a to  2 e ) ; and 
(10) m echanical factors.
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5 E. Piwowarsky, Trane. A .F .A ., 1926, p. 914-981.
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Relationship of Volume to Surface Area a Significant 
Factor.

I t  is ap p a ren t th a t  w ith carefully-regulated 
foundry  practice m any of these factors are nearly 
constan t, or a t  least susceptible to  a reason-
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able degree of control. The most significant 
factor is the  relationsh ip  of volume to surface 
area—expressing the  well-known foundry fac t 
th a t  cooling ra te  is proportional to  section size.
In  Table I I  is shown a lis t of various simple
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shapes arranged  in  the  order of th e ir  volum e/ 
surface a rea  re la tionsh ip .

In  F ig . 3 th ere  is experim ental proof of the 
valid ity  of th is  ra tio  for bars cast u n d e r care­
fully controlled and reproducible conditions. In

Spec/rver? S/ze- /  "PcfX 5 
0 Poar/spcf Te/rprra/are, 2700 °r ~ 

■2044 5 To/o/Cor/>or?t 3.39%
S/V/'cor?,
Vo/u/ne,

/.98%
  4.72 cu/n
Surface Area, 20.42 s</. //?. 

= a?3//Surface Area
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th is  we have used th e  average ra te  of cooling 
from  th e  solidification a rre s t (abou t 1,121 deg. 
C.) to  th e  pearlitic  inversion (about 732 deg. C.). 
(T ha t th ere  is some g rap h itisa tio n  below 732 deg. 
C. is well know n.) I t  is in te res tin g  to  con­
tem p la te  th e  n e t effect to  tim e-tem p era tu re  (or
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cooling curves) versus tem pera tu re-g raph itisa tion  
ra te s  on th e  n e t ra te  of g raph itisa tion  under 
casting  conditions.

The factors involved and  th e ir  controllability 
fo llow :— (1) In itia l tem p era tu re  depends to  some

etoo
Spec/men Ssee- 2"fidX  6*¿org 
Pouring Temperature, 2669*P.
To fa/ Cardon, 3.20% ,_
Sf/fcan, /.97% >Ifo/utne, f&43 cu. in _
Surface Area, 43.98 sg in 
_j/oJuntfm— =Q4 / 7 3
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/o rs  20 2j  jo  s j  jo  4 j  jo  j j
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F i g . 2 d .

degree on the  process employed and on the 
method of operation  of the  process; (2) pouring 
tem p era tu re  is con tro llab le ; (3) final tem pera tu re  
may be assumed as c o n s ta n t; (4) specific heats 
of various types of iron do no t vary m u ch ; (5) 
m agnitude of cooling g rad ien ts w ith in  the  m etal
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itself a re  as ye t li tt le  understood. T h a t they 
a re  very im p o rtan t is ev iden t from  th e  v a ria ­
tions in  g ra in  size, e tc ., found  on exam ination  
of the  cross section of some castings—notably
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heavy sections w ith  high-carbon irons. This 
effect is m an ifest in  m echanical p roperties ;* 
(6) conductiv ity  of mould m ateria l, of course, 
varies som ewhat. (See F ig . 3.) This is con­
tro llable fo r research  p u rposes; (7) speed of

4 See Arthur Sm ith— “ Foundry Trade Journal,” Feb. 2, 1928, 
p. 79, Fig. 2 ;  also J . W. Bolton— Trans. A .F .A ., 1928, Vol. 36, 
p. 499, F ig. 8 . I



pouring depends on ga tin g  and workmanship— 
both relatively  controllable, b u t rarely  defined 
in experim ental w ork; (8) mechanical factors 
often  are  overlooked, as, for example, were the
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v
F i g . 3 . — R e l a t i o n  o f  — t o  A c t u a l  C o o l in g  a

R a t e .

bars sand-cast, were they  tum bled, w hat sort 
of risers were used, etc. ?

In  any work of classifying irons according to  
m echanical te s t, th e  method of testing  should



be defined clearly and completely. In  m uch re ­
search work ne ith er analysis nor size of sections 
is m entioned.
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(study of the  influence of m an u fac tu rin g  prac­
tice  on given grades of cas t iron) as follows: — 

(A) A rrange  a classification of irons according 
to  com position : and  (B) m ake an  in tensive study

Influence of Manufacturing Practice.
I t ,  th en , is possible to  solve th e  first problem

0.30 

Ratio -
0.40 0.50

Vo/t/ove
Sort&ce Are<7

F i g . 4 . — S t u d y  o f  G r a d e  o f  I r o n .
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of each grade. In  th is study i t  is necessary to 
give consideration to  the  influence of the  four 
factors ind icated  in  a previous paragraph . 
A lthough there  are vast gaps in  the d a ta  neces­
sary, m ethods of s ta tis tica l research can be 
applied to  very good advantage on ex isten t data . 
A lis t of several in te resting  compilations of 
d a ta  is a ttached  (Table I I I ) .  A partia l 
study of one grade of iron is shown in 
F ig . 4 and  notes. The w rite r has com­
piled d a ta  covering m any of the groups, 
and reg re ts th a t  space is no t available for inclu-

sion of th is  voluminous, ye t in teresting , sub­
s tan tia tio n  of the prac ticab ility  of the scheme 
of study. These ind icate  th a t  M r. P earce’s hope 
is qu ite  possible of p ractical realisation. While 
the  very com plexity of the  problem denies exact 
m athem atical prediction  of each and every 
property , i t  is unquestionable th a t  most of these 
will some day be charted  to  a degree of accuracy 
com patible w ith  usual engineering practice. An 
exact analogy can be draw n to  the  a r t  and 
science of the  m anufactu re  and testing  of steel, 
wherein reasonably accurate engineering da ta  
can be found in  m any handbooks.
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Relationship of Test Results.
The second problem is re la tionsh ip  of te s t 

resu lts to  th e  properties of castings. Two view­
points predom inate—th a t  of m any B ritish  and 
Am ericans, who believe th a t  te s t resu lts  can 
be correlated  so th a t  p roperties of castings may 
be pred icted  therefrom  w ith  reasonable accuracy, 
and  th a t  of th e  F ren ch  and  o ther C on tinen ta l 
investigators, who hold th a t  te s ts  m ust be made 
on th e  castings them selves. I t  is logical to  ex­
pect th a t  if a ladle of th e  sam e g rade  of iron 
is divided in to  two p a rts  and  each p a r t  sub­
jected  to  exactly  th e  same tre a tm e n t, th e  two 
re su lta n t m ate ria ls  will be th e  same. V ery few 
P ap ers  have been published in  w hich definite 
a ttem p ts  have been m ade to  m ake test-p iece and 
casting  each comply w ith  th e  fou r fac to rs listed 
previously.

T h a t i t  can he done, m ay be dem onstrated  
by one exam ple and  sum m aries of o ther tes ts— 
all very m uch condensed. The possibility of such 
correlation  is so well recognised in  A m erica th a t  
leading specification-m aking bodies a re  pro­
posing inclusion of such directions in  specifica­
tions so th a t  te s t and  o p era ting  conditions may 
be as nearly  as possible correlated .

E xam ple  1.—The casting  of design shown in 
F igs. 5 a  to  5 e  was probed thoroughly. 
I t  was found th a t  th e  volume / su rf ace
area  re la tionsh ip  of th is  casting  (overall) 
was 0.61, corresponding approx im ate ly  w ith 
te s t b a r 2.4 in. by 18 in. H owever, the 
casting  is no t un iform  in  section, and 
allowance should be m ade fo r th is  fac t. This 
was a scrap casting , due to  blowholes in  portions 
ind icated . The analysis shows carbon 2.93 and 
silicon 2.01 per cent, n e ith e r corresponding to 
group 27 or 28 of Table I . A deta iled  lis t of the 
te s t accom panies th e  d iagram .

Tensile . .  T1 35,507 lbs. T2

Brinell, edge, average 203 
„ rib, „ 195

Shear . .  IB 41,875 „ 1C
. .  2B 44,652 „ 2C

3C
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Tensile T2 is slightly h igher th an  T l, the 
la t te r  being in  th e  heavier portion  of the  rib. 
Shears IB  and 2B are close to  T l, th e ir  average 
43,263 lbs. per sq. in . tran sfe rred  to  tensile in  
shear-tensile ch a rt.3

62 Shear-
44652

/b  p e r  5 4  m  

8 f  Shear-
4! 875 

/A per 34

F i g . 5 c .

The average of shear s treng th s 1, 2 and 3C, 
46,005 lbs. per sq. in ., corresponds to  a tensile 
of about 38,000 lbs. per sq. in. (F ig. 6). This is 
comparable to  39,265 lbs. per sq. in. of T2.

5 J. V f .  B o l t o n — Trans. A .F.A ., 1928, p. 495, Fig. 4.
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tak in g  T1 and T2 average value (37,368 lbs. per 
sq. in .) as rep resen ta tive  of th e  casting , whose 
relative cooling-rate approxim ates th a t  of a 
2.4-in. bar, we tak e  th e  value 37,800 per sq. in. 
from  the  w rite r’s d a ta . This is a good check
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when one considers th a t  th e  tensiles T1 and  T2 
were tak en  from  a section sub jec t to  some 
shrinkage. The B rinell num bers (195-203) when 
com pared show th a t  these com pare w ith  the 
tensile w ith in  th e  lim ita tions of th e  B rinell cor­
re lation .
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T able I I I .— Compilath
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1 3.52 2.17 0.73 0.60 0.08 0.32 0.50 199 0.73 18
2 3.59 2.14 — “ Cra ne Pat tern ” i  in. dia. — — —
3 — Max. tests £-in. bars — __ 203 — —
4 3.52 2.17 — 0.60 0.08 0.32 0.75 566 0.49 18
5 — Max. tests f-in. bars — — 600 — —
6 3.52 2.17 — 0.60 0.08 0.32 1 .0 0 1,191 0.275 18
7 — Max. test 1 .0-in. bar — — 1,275 — _
8 3.52 2.10 — 0.60 0.10 0.34 1.06 1,917 — 12

10 3.54 2.20 0.56 0.64 0.07 0.27 1.20 1,922 0.276 18
11 3.52 2.14 0.48 0.49 0.12 0.63 1.20 _ _ 18
12 3.68 2.17 0.55 0.54 0.08 0.65 1.25 3,450 0.123 12
13 3.68 2.17 0.55 0.54 0.08 0.55 1.25 _ 12
14 3.52 2.10 — 0.60 0.10 0.34 1.03 2,450 _ 12
15 3.52 2.10 — 0.60 0.10 0.34 1.55 7,725 _ 12
16 3.52 2.10 — 0.60 0.10 0.34 1.57 5,975 _ 12
17 3.53 2.09 0.58 0.52 0.05 0.84 2x1 2,085 0.34 24
18 3.52 2.17 0.29 0.60 0.08 0.32 2.00 7,170 0.165 18
19 3.52 2.10 — 0.60 0.10 0.34 2.06 12,267 12
20 3.52 2.10 — 0.60 0.10 0.34 2.03 15,667 _ 1221 3.52 2.10 — 0.60 0.10 0.34 2.55 27,450 __ 1222 3.52 2.10 — 0.60 0.10 0.34 2.55 21,450 _ 12.23 3.52 2.17 0.29 0.60 0.08 0.32 3.00 18,173 0.118 1824 3.52 2.10 — 0.60 0.10 0.34 3.08 35,517 12125 3.52 2.10 — 0.60 0.10 0.34 3.05 45,067 — 12

J. E. Fletcher— “ F .T .J .,” Ju ly  21, 1927— 11. J. B . Kommers— Proc. A.S.T.M., 1928 12 13J. W. Bolt«
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Ai/ Data on Cast Irons.
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ii.OOO 32,317 0.375 41,550 0.358 _ 96 6 5 7.181
-— 32,500 0.500 — — -- 6 1 _
— 33,760 0.375 — — -- — 6 _ _
1>,830 30,243 0.505 38,800 0.505 180 90 6 6 7.112

30,534 0.505 — — — — 6 — —
1,290 22,205 0.505 32,850 0.505 162 88 6 4 7.116
— 22,725 0.505 — — — — — — _
¿,900 21,250 0.875 — — — — O 3 —

.',900 22,125 0.686 _ _ 154 85 6 12 7.094
:,500 ' 22,450 ? — — — — — 2 —
,000 23,200 0.33 — — 172 87 0 5 —
 ̂ si 24,900 0.60 — — — — 0 5 —
,400 square 0 3 —
,200 square 0 3 —
1,600 16,500 0.875 — — — — 0 3 —
:,5® — — rectang le — — — 0 6 —
1,075 13,485 0.800 24,325 0.505 112 — 6 3 7.087

i 1,090 15,330 0.875 — — — — 0 3 —
,700 square — — — — — 0 3 —
1,650 square — — — — — 0 3 —
1,950 15,130 0.875 — — — — 0 3 —
.,840 11,561 0.800 20,500 0.505 94 — 6 3 6.972
1,100 14,270 0.875 _ — — — 0 3 —
1,600 square — — — — — 0 3 —

—1i t .  Talbot—-17. W, JLotber anti V. ilazurie—Trans. A.F.A., 1926— 8, 14 ,15 , 19-22, 24, 25. 
W.», 18,23.



Following th is  same method of checking the 
ac tua l s tren g th s of castings w ith  c a l c u l a t e d  
streng th s , we cite  helow six typ ica l exam p les: — 

E xam ple  1 (above).—A ctual tensile  streng th , 
37,368; calculated  tensile , 37,800.
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F i g . 7 c .

E xam ple  2.—125-lb. casting  of un iform  sec­
tion . A ctual shear, 31,345 lbs. per sq. in .; 
average, calculated , 31,525.

E xam ple  3.—730-lb. casting , complicated
shape, un iform  section. A ctual tensile  strength , 
28,433 lbs. per sq. i n . ; average, calcu lated  tensile, 
22,500. (N o te .—V ery sm all choke-gate was used, 
samples cu t from  fa r  side.)

E xam ple  4. — 700-lb. casting , sections 1 to 
Itj in .;  ac tua l tensile , 28,843 lbs. per. sq. in., 
average, calculated  tensile , 25,030.

E xam ple  5.—325-lb. casting . A ctual tensile, 
27,055 lbs. per sq. in .;  average, calculated  ten­
sile, 26,000.

E xam ple  6.—300-lb. casting . A ctual tensile, 
22,250 lbs. per sq. in.,; calcu lated  tensile , 21,250.
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All these examples were made on commercial 
oastings, of reasonable com plicated design, all 
b u t Exam ple No. 1 were cored castings, and 
variations in  section were those encountered in 
sound engineering practice. A lthough the re-

% CarAon + Ct3(fK S/V/co/y

F i g . 7 d .

suits above obtained represen t direct tests we 
have made, i t  is conceivable th a t  g rea te r varia ­
tions may be found in practice. However, i t  is 
believed th a t  g rea te r varia tions usually will be 
explicable on comparison of the  factors in­
fluencing the  bars and castings under considera­
tion.

Calculated d a ta  were obtained from te s t bars 
which, excepting Exam ple No. 1, were not cast 
on the same day as the  castings, bu t were from 
the same cupola and quite  close to  the  same 
analysis. As in  Exam ple No. 1, tests using 
stress-strain  diagram s, B rinell and shear were 
made. Some of the  calculated da ta  were in te r­
polated from  curves. From  consideration of 
all these tests, th e  following opinions are ju s ti­
fied.
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R easonable corre la tion  of tes ts  to  the  pro­
perties of the  castings them selves m ust be estab­
lished or cast-iron  research  is fu tile . I t  is the 
casting  th a t  th e  engineer designs, th e  m anu­
fac tu re r  sells and  th e  custom er buys. These 
men care li tt le  abou t th e  “  qu a lity  of the  iron

tit   *     -----------

30

esK
\
r
« >3 
\3 '/»I- . . .  ___ _____
S i s  4.0 a „ 4S 0 3 S 3  63 6J  
Ç- % Cor&a? 1 *  Ss/tcon

in the  lad le .”  They a re  concerned only with 
w hat they  get, namely, the  casting . However, 
i t  is possible to  te ll a g re a t deal about the 
qua lity  of th e  m etal in th e  casting , as is evident 
from  the  following co n sidera tions: —

(a) M any w orking properties of steel and 
o ther m etals a re  pred icted  regu larly  from tests. 
G ran ting  th e  lim ita tions of th e  te s ts  and the 
difficulty of th e ir  exact in te rp re ta tio n , which, 
by the  way, applies to  all m ateria ls , no one 
would deny th a t  g re a t progress has been made 
by use of tests . In  a genera l way te s ts  are used 
every day to  determ ine properties of commercial 
m etals.

(b) I f  in two or m ore cases exactly  the same 
grado of m ateria l is accorded the  same or



equivalent trea tm en t, the  altered  m aterials will 
still be the  same, one to another.

(c) T est-bars are  castings of certa in  specified 
shape and  dimensions. I f  castings and test-bars 
all of th e  same analysis and cooling ra te  are 
poured a t  the  same tim e from  the same m aterial, 
one would expect to  find sim ilar m etal in each. 
The problems encountered a r e :— (1) to  make

D ef/ection /n  /n c /ie s

Fio . 8.— C o m p a r i s o n  o f  S t r e s s - S x r a i n  C u r v e s  
o f  V a r i o u s  I r o n s .

test-bars whose cooling ra tes are like those of 
the castings, and (2) to  use common sense in 
m aking allowance for peculiarities in design and 
foundry practice—particu larly  those which may 
prom ote shrinkage or o ther defects and those 
which call for slow or fa s t pouring of castings.

(d) These points are  borne out because the 
foundrym an of wide experience can take an 
analysis and a resu lt on one of the  so-called 
a rb itra tio n  test-bars and m any tim es predict 
quite closely w hat the  iron in the casting  will 
be like.

I t  then  is possible to  solve the  second problem 
—relationship  of te s t results to  the properties 
of the casting. W hat is needed is co-operation 
in accum ulation and in te rp re ta tio n  of sufficient
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d a ta . C arefu l study  m ust be m ade of test 
m ethods. In  the  corre la tion  shown in the 
exam ples above, th e  genera l ag reem ent becomes 
more rem arkable  when i t  is considered th a t  (a) 
th e  m eta l flow in  th e  castings m ay be slower 
th a n  in  th e  b a r ;  (b) th a t  th e  m achined tensile

C a s t  S r e e c  
0 .5 0 5 “ & a r  T e s te P  

t//f/m e r fe  S f n tp tf f f i 7 6 9 2 5 '/¿ t p e r  m . 
— % £/<y?07//a/7 20-5/r? 2“

% fier/t/cf/ao of Area 30 
£r/r?e// ¿45

/  Cas r //row
/  /.(J ’Bor Cosr - 0.555‘Bor Teste?
V /r /m /te  S /rr/T g /O  4 5 6 0 0 /¿ .p e r  sq . tr?.

 C /o r/g a S /o r?  /V e g /z g /f /e
S r / r e / /  2 3 0

Ca s t  B # o * Z £
3/r/mare BrrergrO 39260/B per so- m_ 

% f/org/ar/ar 29 /'r? 2* 
6r/r?e// (500Ag.) 65

/V o T e  fx r e n s o m e r e r  r e m a r e P  B e fo r e  O reaA .

0  a 0 0 / 0 .0 0 2  0 0 0 3  0 .0 0 4  0 .0 0 5  0 .0 0 6  0 0 0 7

S f r a /r ?  /r ?  2 -/r ?  ( J a g /e  L e r ? g /f?  //?  Z r r c f e s

F i g . 9 . — S t r e s s - S t r a i n  D i a g r a m s  o f  V a r i o u s  

M e t a l s .

bar is in case of th e  castings closer to  th e  cooling 
surfaces th a n  in  th e  tensile  bars—th u s  neglecting 
the well-known and  dem onstrated  differences due 
to  cooling g rad ien ts  of unlike sections of similar 
vo lum e/surface area  re la tionsh ip . This is most 
ap p a ren t in la rg er sections.
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The usual commercial im practicability  of the 
F rench  scheme of trep an n in g  a small shear 
sample from  actua l castings appears a barrie r 
to the  w idespread use of th is method. In  
America, a ttem p ts  to  ge t sim ilar tests into 
specifications for steel castings have been 
opposed. There may be some m erit in  the idea 
of cast-on bars for ce rta in  types of casting. The 
work of the  la te  George K . E llio tt, W illard 
R other, and  the w rite r dem onstrate certa in  
objectionable fea tu res in the  orig inal F rem ont 
test. This te s t, as proposed, was hardly  precise 
enough for use in commercial specifications. 
The m achine did no t seem sufficiently rig id  and 
the m ethod of p repara tion  of the  test-bar by 
a hollow d rill is open to  criticism . Accurately- 
machined bars a re  an absolute necessity, and a 
rigid and  accurate  machine is needed. The 
test-piece proposed was too small to  be repre­
sentative of the general properties of the iron. 
On the o ther hand, the basic idea of the  French 
engineers is very good. W ith  proper modifica­
tion, the  shear te s t is quite  useful in research 
work.

I t  perhaps is possible to  indicate the American 
view po in t on several of the eleven questions 
a s k e d  b y  T h e  F o u n d r y  T r a d e  J o u r n a l .

T ransactions of various Am erican associations 
contain m any discussions criticising  attem pts 
made to  draw  practica l conclusions from crucible- 
m elted m etals. However, i t  is well recognised 
th a t  general m etallurg ical ünderstand ing  is 
enhanced by such work, and th a t  i t  is of decided 
u ltim ate  value.

No silicon-carbon sum m ation results can be 
used as a sho rt cu t to  complete knowledge of 
the expected properties of the  m etal. However, 
they are useful if applied w ith discretion. Some 
in teresting  relationships are  im plied in Figs. 
7 a  to  7 e , which show silicon-carbon sum m ations 
v.s. streng th , and in  F igs. 8, 9, 10 and 11. The 
same applies to  a ttem p ts  a t  correlation of 
B rinell values to  tensile and transverse streng th  
—useful w ithin lim its, b u t no panacea.
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The p resen t tre n d  of th o u g h t seems to  be th a t 
control of am ount and  form  of g rap h ite  is more 
im p o rtan t th an  control of m a trix  alone. A 
2.70 per cent, carbon iron of 0.60 per cent, com­
bined carbon possesses d ifferent p roperties from 
a 3.70 per cent, carbon iron w ith 0.60 per cent, 
combined carbon. H owever, n e ith e r fac to r can

5tro//7, /ncfies /n £-w, Gaye ¿enpffi
F i g .  10.—T e n s i l e  S t r e s s  S t r a i n  o f  V a r i o u s  

G r a d e s  o f  C a s t  I r o n .

—i---------1---------1---------1---------1---------
Tes fee/ on 0.50S "  t ie r  taken /root /2 " b a r as cas/.

be ignored. The condition of th e  g rap h ite  un­
doubtedly is dependen t on the  n a tu re  of the 
carbide resu lting  from  influences of both  com­
position and therm al h istory .

The work of the  U n ited  S ta te s  B ureau of 
S tan d ard s sheds a g re a t deal of lig h t on the 
lack of seriousness of the  gas problem .‘ The 
im portance of th is  fac to r seems to  have been

6 Jordan, Eckman & Jom iny— The Oxygen C ontent of Coke 
and Charcoal Cast Iron. Trans. A .F .A . Vol. 33, pp. 431-441, 1925.
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exaggerated  unduly  in  form er years .7 We refer 
to  dissolved gases, not to  blowhole and incipient 
shrinkage.

Ingotism  is very im portan t, yet more recog­
nised th rough  inference th an  by d irect refer-
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Cement/te 
Grap/fi/v 
Pear/iïé

C lo s e  G p a t 
Gropfi/Ye 
Pear/z/e

M edium  Guay 
Graphite 
PearZ/Ya 
Ferr/fe

O p e h  G r * r  
G r a p h /Y e  
Ferr/fc

STrençYY? /rcracrses ■ ■ *
F i g . 1 1 . — Q u a l i t a t i v e  D i a g r a m  o f  S e c t i o n  

T e n s i l e  R e l a t i o n s h i p s .

ence. Macroscopic methods deserve more a tte n ­
tion.

In te rn a l stresses are  being recognised in the 
h ea t-trea tin g  practices followed by many 
American firms.*

7 J. W. B olton—  ̂The Foundry,” Aug. 15,1024, pp. 628-634.
8 O. W. Potter— Trana., A .F.A ., Vol. 33, pp. 294-346, 1925.
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In  p resen ta tion  of th is  P ap er, th e  w rite r has 
a ttem p ted  to  have i t  in  sym pathy w ith  the 
presen t tre n d  of A m erican engineering  and 
m etallu rg ical th o ugh t. As one daily  concerned 
in phases of p rac tica l operation  in iron, steel 
and non-ferrous foundries, p rac tica l ra th e r  than  
academ ic m otives possibly a re  m ore apparen t. 
On th e  o ther hand , i t  would be u n fa ir  to  claim 
th a t  all of the  ideas herein  advanced represent 
the  unanim ous opinion over here. In  one m atter 
the  w rite r  can voice a unanim ous sentim ent. 
The A m erican F oundrym en’s Association, those 
whom i t  represen ts, have th e  g re a te s t respect 
and co rd ia lity  for th e ir  fellow-workers across 
the  sea. As th e  years go by they  confidently 
hope and  expect th is  feeling of good fellowship 
to  con tinue and  to  expand  to  m utual 
advantage.

S u p p l e m e n t a r y  D a t a  t o  E i g . 4 .

Coefficient of Expansion (average 70-1,000 deg. F.) :— 
f-in. test bar . .  . .  13.27 X 10° per deg. C.
f-in. test bar .. . .  13.25 „ „ „ „
1-in. turned to f  -in. . .  12.49 „ „ „ „
2-in. „ ,, ■. 13.39 ,, „ ,, „
3-in. ,, ,, . .  13.27 ,, ,, ,, ,,

Growth (6 reversals, over 100 hours’ teat) :■—
f-in. bar from 1.20 bar grows 8 '8 in. per inch per 

hour a t 750 deg. F. 
f-in. bar from 1.20 bar grows 0.589 per cent, in 

100 hours a t 1,000 deg. F.
125 times as fast a t 750 deg. F.

Rockwell Uniformity—See Trans. A.F.A. 1928 (J. W- 
Bolton, p. 469-512) :—

B 46 (centre)
39
38
58
59 
67 
66 
65
59
60 
69
69 (edge)
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Drop Test—
Anvil 5 in. between supports. Hammer 20.*

Size. Started
at Broke at Times

struck.

In. In.-lbs.
i 20 40 2
i 40 70 4

1 50 120 8
2 200 1,100 30

* N ote.—The 2-in. bar was struck 28 times, advanc­
ing by 20-lb. increments to  740 in.-lbs., then raised to 
1,000 and broke a t 1,100 in.-lbs.
Fatigue L im it:—

J. B. Kommers found the fatigue limit 11,800 lbs. 
on R. R. Moore machines.

Impact Value :—
J. B. Kommers, using a Russel impact machine, 

12-in. span, found an impact value of 16.5 lbs. 
per cub. in., energy of rupture.

Discussion of Tensile Test Results from test bars from 
ordinary cupola practice.

In general, there is a very good agreement between 
all results, except that of Prof. Kommers on the ASTM 
arbitration bar. In ease of the 1.0-in. size, Rother & 
Mazurie stated that they used a 0.875 tensile bar. 
No mention is made of special centring devices, and 
it would seem hard to get a 0.875 bar with threaded 
ends out of a 1.0-in. test-piece. Bolton used a 0.505 
bar, which is fairly small. On the 1.20 and 1.25-in. 
bars, Bolton used a 0.686 bar, while Fletcher probably 
had a 0.800-in. bar, which should be slightly stronger, 
not quite so great a portion of the weaker centre. On 
both 2-in. and 3-in. bars Bolton used a smaller test- 
piece than Rother, which would explain a difference, 
as experienced in heavy sections. As shown by the 
writer (“ Iron Age,” Jan. 3, 1924) pouring temperature 
has more influence on the large bars. Along this line 
the following tests were made from a 2-in. bar.

Dia. tested Tensile.
1.38   14,021
0.800   13,485
0.505   12,875

Differences in moulding practice have much to do 
with the s o u n d n e ss  of metal. In bronze, same pattern 
and pouring temperature, change to a smaller flask with 
larger gate made 3,000 lbs. average difference in tensile 
strength.

M L : .
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DISCUSSION.
The P ap e r was in troduced  by M r. D. M. Avev, 

who expressed re g re t th a t  th e  au th o r was unable 
to  be presen t a t th e  Congress.

Future of American Research Forecast.
M r .  R. S. M a c P h e r r a n  (U .S .A .) said  th e  day 

would come when th e re  would be a  correlation 
of bulk  w ith  th e  surface of castings. The 
A m erican F ound rym en’s Association was work­
ing on th is  m a tte r , and a rep o r t of th e  Com­
m ittee  dealing w ith  i t  would be p resen ted  in  due 
course.

Mr . R . F . H a r r i n g t o n  (U .S .A .), re fe rrin g  to 
the trep an n in g  of specimens and th e  a tte m p t to 
correlate  th e  resu lts  of te s ts  on bars ta k e n  from 
the  castings and on cast specimens, said i t  was 
becoming more fully  realised  th a t  i t  was necessary 
to  use la rger te s t specimens th a n  had  been used 
h ith erto , in  order th a t  th e  resu lts  obtained 
m ight be m ore s tric tly  com parable. H e  an tici­
pated  th a t  th e  A m erican F ound rym en’s Associa­
tion  would be able to  shed some m ore ligh t on 
th a t  p a rticu la r sub ject. H e was glad  th a t  Mr. 
B olton had em phasised above all th e  fa c t th a t 
they  had  to  sell castings, and n o t test-bars, and 
th a t  th ey  were concerned to  tu r n  o u t proper 
castings by the  adoption  of sound foundry 
methods.

Mr . J .  T. M a c k e n z i e  (U .S.A .) said th a t  the 
work of the  A m erican F o und rym en’s Association 
C om m ittee on grey cast iron was concerned with 
the  exam ination  of th e  properties of the  iron 
in the  m olten s ta te , w ith  th e  idea of determ ining 
the  properties which m ade for th e  production of 
sound castings or otherw ise. They had  ju s t com­
pleted some work of considerable m agn itude  on 
the  de te rm ina tion  of th e  tem p era tu res , and had 
shown up th e  fau lts  of th e  op tical pyrom eter in 
th a t  regard . Following th a t ,  th ey  w ere engaged 
upon a study  of th e  sh rinkage of cast iron in 
the freezing range  ; if they  were successful in 
developing a te s t  for th a t ,  i t  would be extended 
to  th e  con traction  from  th e  freezing po in t to



room tem pera tu re , which would include shrink­
age as we now know it. H e could not emphasise 
too strongly  th a t  the  soundness of the  casting 
had more to  do w ith the  quality  of the  cast iron 
than  w ith  the  tensile stren g th  of the test-bar.

P r o f e s s o r  T .  T u r n e r  (late Professor of M etal­
lurgy a t  the  U niversity  of B irm ingham , and 
P ast-P res iden t of the  In s titu te  of M etals) 
acknowledged th a t  the  results p u t forw ard in 
the P ap er represented  a very considerable 
am ount of p rac tica l work, and combined w ith i t  
an a ttem p t a t  scientific correlation. In  earlier 
investigations of subjects of th is  k ind we had 
been conten t to  say th a t  a th ing  was good or 
bad, or very good or very bad, and we had had 
no q u an tita tiv e  values. We did not become 
scientific u n til we could express many of the 
properties in  figures; a t  the  same tim e, if we did 
use figures, we m ust be very careful th a t  those 
figures were correct, because there  was nothing 
more m isleading th an  a wrong figure. We had 
recognised for m any years the im portance of the 
rate of cooling of a casting ; the  a ttem p t to cor­
relate bulk w ith  surface—which, of course, de­
term ined th e  ra te  of cooling—was very in terest­
ing, and one fe lt th a t  M r. Bolton had made 
a considerable advance in th a t  direction. 
Commenting on M r. B olton’s reference to the 
value of crucible-cast syn thetic  m ixtures, he said 
th a t every scientific m an recognised th a t  those 
could not correspond accurately  w ith w hat ob­
tained in p ractice, in  view of the  many variables 
th a t entered  in to  th e  problem in  practice, bu t 
the g rea t advantage of th e  study of the synthetic 
mixtures was th a t  we were able to elim inate a 
number of th e  variables and to  study one th ing  
at a tim e. H av ing  learned one th ing  among a 
number, we could gradually  find the  wider 
tru ths.

Graphite should be Scientifically Classified.
R eferring  to the  question of g raph ite , he said 

the au thor had s ta ted  th a t  the  control of the 
amount and form of g rap h ite  was more im por­
ta n t than  the  control of the  m atrix  alone. In



94

connection w ith  th e  am ount and  form  of 
g rap h ite , however, we had  no q u a n ti ta tiv e  value. 
The form  of g rap h ite  was som etimes very fine 
indeed, like th a t  of soo t; some of i t  was in the 
form  of curved flakes, and  some was in  th e  form 
of flat flakes. Those were sim ple k inds of 
g rap h ite , b u t th e re  were also in te rm ed ia te  quali­
ties, each of w hich corresponded to  entirely  
d ifferen t physical p ropertie s in  th e  m ateria l, 
and when describing g rap h ite  we should en­
deavour to  s ta te  to  w hich class i t  belonged, or 
w hether i t  was a m ix tu re  of m ore th a n  one class. 
L edebur, who was a  p ioneer in  th is  work, had 
poin ted  o u t th e  im portance of th e  finely-divided 
g rap h ite . B u t w hat d id  we m ean by “  finely- 
divided g rap h ite  ” ? Some of i t  was very small, 
and  could be seen only w ith  th e  aid of a micro­
scope of very h igh  power, w hilst some was in 
th e  form  of flakes alm ost as large as one’s finger­
n a il; th e re  w ere o ther sizes betw een these two 
extrem es, and  we o ugh t to  have some m ethod of 
classification. Some years ago he had  classified 
g rap h ite  by ex trac tin g  i t ,  p u rify in g  and  drying 
it , and  passing i t  th ro u g h  sieves, and  recording 
th a t  so m uch w ent th ro u g h  a  sieve of one size and 
so m uch w ent th ro u g h  an o th er size. T h a t was a 
slow and cumbersome process, and  we ought to 
be able to  classify g rap h ite  microscopically, and 
to  say, for in stance, th a t  some of i t  was larger 
th a n  0.05 in ., and th a t  size we m ig h t consider 
to  be large. T here were various grades above th a t, 
however. Some g rap h ite  was sm aller than  
j i j  of an inch (0.005). We m ig h t classify in 
te rm s of m illim etres. G raph ite  la rg e r than  
1 mm. we m igh t call coarse in  an  ord inary  cast­
ing , and  we m ig h t classify down to  sizes as small 
as 0.01 mm. W hatever th e  classification adopted, 
however, we ough t to  have some m ethod, not 
m erely of classifying g rap h ite  as being coarse or 
fine or in te rm ed ia te , b u t of s ta tin g  th a t  the  bulk 
of i t  was of a  c e rta in  defin ite s iz e ; then  we 
should be able to  com pare th e  resu lts  obtained 
by one inves tiga to r w ith  those obtained by 
ano ther.



When Gas in Metal is Dangerous.
W ith regard  to  gas, he was glad th a t  the 

au thor did no t regard  i t  as serious, compara­
tively speaking. The effect of gas was serious 
if th a t  gas happened to  come off during the 
process of solidification so as to  give rise to 
blow-holes or spongy masses, which would de­
terio ra te  th e  casting , bu t otherwise the casting 
seemed not to  be effected, w hether the m etal 
was m elted in an  atm osphere contain ing  one gas 
or another. I t  was somewhat analogous to 
aerated  w ater. W hen aera ted  w ater was en­
closed in a corked bottle, i t  looked like ordinary 
w ater, b u t when th e  cork was removed there 
was considerable effervescence. D uring the cool­
ing of a m etal contain ing  a gas in solution the 
gas came off, and i t  was for the founders them ­
selves to ensure th a t  th a t  gas came off quietly 
and did no t cause bubbles; so long as i t  did not 
come off in bubbles he did not th ink  they need 
worry about gas.

The French View-Point.
M. E. V. R o n c e r a y  (France) expressed the 

view th a t  the  P ap e r was a condemnation of the 
use of test-pieces cast separately  from the actual 
castings. He was glad to  note th a t  the author 
attached g rea t im portance to  the soundness of 
castings, because a t  th e  F oundry H igh School in 
France the  s tuden ts were ta u g h t th a t  the  factors 
which were of the  g rea test im portance were (1) 
soundness, (2) tensile s tren g th  or in ternal stra in , 
(3) s tren g th  of m ateria l, and (4) cost. I t  would 
be noted th a t  s tren g th  was placed th ird  in order 
of im portance, and th a t  soundness was placed 
first. The problem of in te rna l s tra in  was very 
im portan t, because very often stra ins existed 
where they  were no t expected, especially in cast 
iron, and there  were no scientific means of find­
ing out w hat stresses existed in castings. A 
casting m igh t be sound, and i t  m ight also be 
made of strong  m ateria l, b u t even so i t
m ight be w orth nothing. In  a P aper by
the P res id en t of the  Académie des Sciences,
it seemed to  be proved th a t  these troubles
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could be overcome by ce rta in  h e a t trea tm en t. 
I f  th a t  were proved by prolonged experim ent, 
we should have m ade a g re a t step  forward. 
W ith  reg ard  to  th e  F rem o n t te s t, i t  seemed to 
be th e  view of m any people th a t  th is  was a shear 
te s t. The F rench  F ound ry  Technical Associa­
tion  had  tak en  the  troub le to  p r in t  an  issue of 
its  “  B u lle tin ,”  in  which was concen tra ted  all 
th e  P ap ers  th a t  had  been published w ith  regard 
to  th is question, and if those P ap e rs  were read 
carefully  i t  would be app rec ia ted  th a t  the  shear 
te s t was only one p a r t  of th e  F rem o n t te s t. The 
ideal te s t  was a bending te s t on a  sm all sample 
tak en  from  th e  casting . M r. B olton had  com­
m ended th e  ball te s t, n o t as a  final te s t, b u t as 
a te s t of he terogeneity  of th e  castings. There 
was a  tendency, however, to  tr y  to  link  all the 
tes ts  toge ther, b u t i t  was well know n th a t  there 
was no definite connection betw een th e  ball tes t 
and th e  tensile te s t, fo r instance. I t  appeared 
also th a t  difficulty had  been experienced in 
ta k in g  sm all sam ples from  castings, b u t those 
who would tak e  th e  troub le  to  read  th e  P aper by 
MM. Le Thomas and Bois on cast-iron  testing  
methods, which P a p e r  was to  be presented to 
the  Congress, would find th a t  th e re  was abso­
lu te ly  no difficulty in  th a t  respect. The proof 
of th a t  was th a t  th e  process described in  th a t 
P ap e r had been adopted  by th e  F rench  Navy a 
few weeks ago, a f te r  a th ree-years’ tes t.

Melting Conditions of Paramount Importance.
M r .  J .  G. P e a r c e  (B ritish  C ast Iro n  Research 

Association) said th a t  th e  au th o r had placed all 
foundrym en in  his debt by collecting together the 
facto rs which influence th e  properties of the 
capricious conglom erate called grey iron, as he 
had  done in  th is  and  his A .F .A . P a p e r  a t  P h ila­
delphia in  1928. I t  was p a rticu la rly  useful to 
have th e  a u th o r’s resu lts  on a  clearly-defined 
set of experim ents, because w ork on a haphazard 
collection of tes ts  did no t m ake fo r scientific con­
clusions any m ore th a n  s tr in g in g  together a 
collection of le tte rs  m ade words or of words, 
understandab le  English. E v ery th ing  lay in the



selection of the tests and the arrangem ent of 
the results.

He said he could confirm w ithout hesitation 
the im portance of the m elting conditions, by 
which he m ean t those conditions of charge- 
constitu tion  and furnace-running  which affected 
the s tru c tu re , and hence the  properties of the 
m etal o ther th an  the chemical composition itself. 
R eferring  to  the  problem of volume—surface- 
area ra tio —he said he had carried  ou t some work 
on the m echanical p roperties of cylindrical bars, 
and had tr ie d  to  re la te  the streng th  of bars of 
different thicknesses _to the diam eter* and equa­
tions to  the  curves could be readily worked out. 
They would, however, differ for each iron. The 
cylindrical b ar was a very simple casting, and if 
one excluded the  ends of the  cylinder, which 
were com paratively un im portan t, the  ra tio  of 
vo lum e/area was proportional to the diam eter. 
The ra tio  would work in simple cases, b u t in the 
more com plicated cases he was not so optimistic. 
If  one cast a flat plate, it  would have a certain  
volum e/area ra tio . If  one cast i t  as a double 
plate, i.e ., w ith  one-half tu rn ed  over on to the 
o ther half, sandwich fashion, the ra tio  would 
rem ain the same, b u t obviously the two halve» 
of the p late would affect each other in cooling, 
and the s tru c tu re  of the m etal would be
different. Thus, the te s t results would be altered
very seriously, and he could not see how Mr. 
Bolton accounted for the influence of adjacent 
masses in a casting . This applied to  all cored 
castings. He (M r. Pearce) was proposing to
proceed from a consideration of simple castings, 
such as cylindrical bars, to  slightly more
complicated castings, such as liners and 
piston pots, and not im mediately to the 
more com plicated cored castings such as 
Mr. Bolton had considered. These con­
siderations made him 'less optim istic than  the 
au thor w ith regard  to the use of the volume/ 
area ra tio . M r. F letcher had used its reciprocal

* See “ Influence of Size of Section on Strength of Grey CaBt 
Iron ” by J. G. Pearce, Proceedings, I.B .P ., Vol. X X II.
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in 1918,* and Keep used i t  as fa r  back as 1895.t  
No very s trik in g  developm ents, however, had 
orig inated  from  it. A gain, he (M r. P earce) had 
used the  transverse te s t, which could be applied 
a t or very n ear to  the  cast size of the  metal, 
and  he had  tr ie d  to  re la te  th a t  to  th e  tensile, 
compression and o ther tests . M r. B olton was 
compelled to  m achine his tensile and  shear bars 
to  a  com paratively  sm all section, below th e  main 
sizes of th e  test-pieces. This, of course, affected 
the  s tren g th . H e would also be lim ited  in the 
section of th e  b ar he could ac tua lly  te s t. T rans­
verse te s ts  up  to  5 in. th ick  presented 
no difficulty, b u t tensile and  shear tests 
a t  th is  d iam eter did  so. I t  would help 
if M r. B olton would give details of th e  shear 
te s t he used. P resum ably  his “  calculated  ” 
tensile resu lts w ere based on bars cast th e  next 
day, hav ing  a cooling ra tio  as close as possible 
to  the  casting  which he was actually  exam ining.

In  conclusion, he said th a t  B ritish  foundrym en 
would very w arm ly reciprocate  th e  sentim ents 
expressed in the  concluding p a rag rap h  and  look 
forw ard  to  an  increased in terchange of inform a­
tion  in  fu tu re .

Mr . W . J o l l e y ,  in  a tr ib u te  to  M r. Bolton, 
and in th an k in g  him  for hav ing  given in his 
P ap e r a trem endous am ount of inform ation 
which would be of g re a t value to  foundrym en, 
said th a t  th e  differences betw een th e  results 
obtained in th e  laboratory  and  in th e  foundry 
were som etimes very wide, and  P ap ers  such as 
th is, which assisted foundrym en in  th e  correla­
tion  of th e ir  te s t resu lts  so th a t  th e  properties 
of th e ir  castings m igh t be p red ic ted , were of 
extrem e value.

Raw Materials have their Significance.
M k . J .  E . F l e t c h e r  (C onsu ltan t, B ritish  Cast 

Iron  R esearch Association), a f te r  paying a 
tr ib u te  to  the  A m erican foundrym en for their 
w onderful work on correlation , said th a t  the  Re­
search A ssociation had been try in g  to  correlate

* Journal, Iron and Steel Institu te, 1918, N o. 2.
t Transactions of th e American Society of Mechanical Engineers 

1895, Vol. 16.



as fa r  as i t  could the various properties of cast 
iron as influenced by cooling ra te  and composi­
tion. There was one phase of th is subject, how­
ever, which was often le ft o u t of consideration, 
namely, the  effect of variable conditions during 
the m aking of the  foundrym en’s raw m aterial, 
pig-iron, in  the blast furnace, which influenced 
in such a serious fashion the  ordinary  casting. 
Most p ractical foundrym en were only too con­
scious of the  fa c t th a t  irons of the  same analysis, 
when used in  a cupola, often gave different 
results. This m a tte r  had been touched upon by 
one of our A m erican friends th is year, and some 
valuable work had  been done in th is connection. 
He was one of those who believed th a t  the con­
ditions a t  the  beginning of th ings had a g rea t 
deal to do w ith the results obtained a t  the end, 
and he suggested th a t  the In s titu te  should try  
to obtain  from  the  b last-furnace people a good 
deal more inform ation th an  they had h itherto  
vouchsafed to  the  foundrym en. H e was very 
glad th a t  Mr. Bolton had given particu lars of 
an actual casting  a t  the  end of his P aper, be­
cause, a fte r  all, i t  was the  final casting th a t  
m attered . Also, he was glad th a t  i t  was a fairly  
thick casting, because in the  case of a th in  cast­
ing the cooling ra tio  was fairly  easy to apply.

Chemical Composition and Mechanical Properties 
may be Unrelated.

M r .  J o h n  S h a w  said the P aper was founded 
upon two clear ideas : F irs t, to  classify irons 
into various grades of composition, and secondly, 
to correlate the  physical properties of these 
grades when m elted and cast under known con­
ditions. F or the  purpose of the la t te r  he had 
sub-divided the  factors influencing mechanical 
and physical properties of grey cast iron under 
four headings, (1) chemical composition ; (2)
structu ra l, m echanical and chemical make-up of 
charge ; (3) the  m elting process ; and (4) the 
therm al and m echanical history from  furnace 
spout to  finished casting. This was a very large 
order. If , to  the specified grades in Table I, 
there were added the  four types of phosphorus 
content, one arrived  a t  a figure of 200 composi-
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tions, and m any still believed th a t full know­
ledge would no t be obtained un til some such 
scheme was tr ied  out. The im portance of the 
first th ree  headings of the  sub-division was not 
fully recognised. Some very illum inating work 
had been carried  out recently  by Mr. Jolley and 
his staff, and i t  was to  be hoped th a t  Mr. Jolley 
could be persuaded, in the  near fu tu re , to  pre­
sen t a P ap e r showing the various structures and 
the m ethods of obtain ing them .

Table IV  contains th ree examples, from  the 
bottom , m iddle and top  of a table containing 
53 examples.

The chemical composition was practically the 
same, yet th e  tensile results varied nearly 100 per 
cent. The bars were all of the dimensions 14 in. 
by 1 in. by 1 in ., so th a t  the surface area and 
volume was the  same. These results were 
obtained by vary ing  cupola practice, and a lter­
ing charges and casting  tem perature . Other 
factors m igh t affect the physical properties, but 
these experim ents had throw n much ligh t on 
some of the  reasons why chemical analysis did 
no t always fall in to  line w ith physical tests. 
The expression of the  relationship of volume to 
surface area  in  definite term s was a new idea, 
and would bear tes ting  out. One did not realise 
a t  first glance th a t  if one had, say, a block of 
iron 4 in. by 4 in . by 10 in ., and transform ed this 
in to  a p la te  16 in. by 10 in. by 1 in., the sur­
face area  was increased from 192 sq. in. to 372 
sq. in ., while the  volume rem ained the same. 
This would give a different factor for each, th a t  
m ight re la te  each to  its proper bar structure. 
There were objections to  this, however. In  a 
large and complicated casting there  m ight be 
widely vary ing  sections, and to  calculate surface 
area and  volume of such a casting was not a 
simple m a tte r ; the  figure obtained would be an 
average, and, a f te r  all, one would use an average 
composition for such a casting, probably erring  
on the hard  side for the th in  portion, to allow 
for the  annealing  effect of the heavier section.

R eferring  to  the test-results relationship, he 
said he would not care to accept the tensile



102

resu lt of a bar of the  same composition as the 
casting , if th a t  b ar had  no t been cas t o u t of 
the  same ladle of m etal ; ne ither would a shear 
resu lt converted in to  a tensile be acceptable. 
W hilst i t  m igh t be g ran ted  th a t  u nder th e  very 
closely controlled conditions specified by M r. Bol­
ton , approx im ations in  both cases were possible, 
and  th e ir  use for works in fo rm ation  and  research 
of g re a t value, these approxim ations would not 
be acceptable to  the  buyer of th e  casting . I t  
m ust be rem em bered th a t  in  m any cases the  in­
spector or buyer had  only th e  one or tw o simple 
tests to  rely on to  give him  some idea  of th e  physi­
cal p roperties of th e  m ateria l. . F ina lly , M r. Shaw 
said th a t  those who had  read  th is  P ap e r, together 
w ith  the  one presen ted  on th e  sam e subject a 
year ago, could n o t b u t be g ra te fu l to  M r. Bolton 
for the  g re a t am oun t of work he had  done and 
for the  valuable in fo rm ation  he had  im parted .

Vote of Thanks.

The P r e s i d e n t  (M r. Wesley L am bert), pro­
posing a vote of thanks to  M r. Bolton, said th a t 
he would be g ratified  by the  discussion i t  had 
evoked. The P res id en t agreed w ith  the  view 
th a t ,  a p a r t  from  th e  tensile s tre n g th  or any 
o ther m echanical-strength  figures re la tin g  to a 
casting , the  m ost desirable th in g  was to  have a 
sound casting , free from  in te rn a l stresses. The 
buyer w anted  a casting  which he knew to  be 
sound and  free from  in te rn a l stress, b u t i t  was 
also necessary to  know th e  s tren g th , to  enable 
the designer to  design his p a rts  ; therefo re , any 
a tte m p t to  correlate  th e  in fo rm ation  obtainable 
by any m eans was of value. H e proposed, 
form ally, a hea rty  vote of th an k s  to  M r. Bolton 
for his P ap e r and to  M r. Avey for hav ing  pre­
sented it.

Me . J .  G. P e a r c e ,  who seconded, said he 
looked forw ard  to  th e  oppo rtu n ity  of studying 
the  P ap er, toge ther w ith th e  discussion upon 
it, when published.

The vote of th an k s was carried  w ith  acclama­
tion.
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THE INFLUENCE OF GRAPHITISATION OF 
CAST IRON.

By Professor E. Diepschlag.

[ G e r m a n  E x c h a n g e  P a p e r . ]

A t an In te rn a tio n a l Foundry Congress held in 
P aris  in 1927, M. A ndré Levi1 made a rem ark­
able s ta tem en t as to  the transm ission of proper­
ties in cast iron. Proceeding from the well- 
known fac t th a t  two different samples of cast 
iron of th e  same chemical composition often have 
very different m echanical properties, he estab­
lished th a t ,  in addition  to  the chemical analysis 
of a m etallic m ateria l, some o ther characteristic  
factors m ust be derived to  p red ict i t  exactly, 
and in the  case of cast m etals the previous 
therm al history  m ust especially be taken  into 
consideration. By th is, the  ra te  of heating  of 
the m ateria l, th e  degree and tim e of superheat­
ing and the  ra te  of cooling is understood. The 
chemical composition and the  previous therm al 
history are , in m any cases of m etal alloys, two 
independent values, and for a given chemical 
composition the  m echanical properties may be 
predicted when the  earlier therm al history is 
known.

However, in  grey cast-iron m aterials, these two 
determ in ing  characteristics are not independent 
of each o ther, as i t  is nearly  impossible to 
modify the  speed of cooling, for example, w ith­
ou t a t  th e  same tim e changing the  chemical 
composition. The carbon present in a cast iron 
is determ ined by chemical analysis to  exist 
partly  as g rap h ite  and partly  as combined car­
bon, and the  proportion  of these two p arts  is 
modified in re la tion  to  the  therm al conditions. 
In the case of cast iron of a given chemical com­

1 André Levi, “ L'hédérité des fontes, La fonderie moderne,” 
1927, page 399. Extracted  F o u n d r y  T r a d e  J o u r n a l ,  page 42, 
vol. xxxvii.

k .
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position, th e  m echanical p roperties a re  no t ex­
clusively determ ined by th e  previous therm al 
h is to ry ; therefo re , a  new value m ust be con­
sidered—peculiar to  cast iron—which is recog­
nised by Levi as a transm issary  property . This 
th ird  value is caused by th e  influence of the 
therm al h isto ry  on th e  chem ical composition 
and the chemical reaction  of th e  alloy u nder the 
influence of heat.

An Explanation of Inherent Properties.
F or the separa tion  of crystals from  a sa tu ra ted  

sa lt solution, i t  seems possible, in reference to 
the  size of th e  sep a ra tin g  crystals, to  produce 
a forced crysta llisa tion . Thus, if th e  first 
crystals appearing  or actually  p resen t are  very 
small, th e  la te r  sep a ra tin g  crystals w ill be small 
also, and vice versa. Therefore, if a cast iron 
having coarse-grained g rap h ite  prystals is melted 
and th en  cooled down, th e  rem elted  sam ple will 
have sim ilar coarse-grained g rap h ite  deposits, 
unless, th rough  a h igh superheating , th e  nuclei 
are  to ta lly  destroyed. I n  m ost of th e  common 
rem elting  processes th e  superheating  tem pera­
tu re  and  tim e is insufficient to  destroy the 
nuclei completely. Consequently, a rem elted 
cast iron is associated w ith  coarse-grained 
g rap h ite  if th e  o rig inal m a te ria l was so con­
s titu ted . On th e  co n tra ry , w hen rem elting 
cast iron hav ing  fine-grained lamellae, they  are 
again  found in the  alloy a f te r  rem elting . Thus, 
the  s tru c tu re  of a p ig-iron or scrap used for 
rem elting  purposes is largely  reproduced in the 
final product, and  in th is  sense th e  te rm  “ tra n s­
mission of p roperties ” m ay be used.

I f  one tr ie s  to  reconcile th e  chem ical composi­
tion  of an alloy and its m echanical properties 
generally , th ere  is only a q u a lita tiv e  re la tion ­
ship betw een th e  am ounts of the  constituents 
and  these p roperties. In  the  case of cast iron, 
however, the  influence of g rap h ite  heavily pre­
dom inates all o ther constituen ts. I t  is tru e  the 
developm ent of th e  m a trix  to  perfec t the 
m echanical p roperties has a ttra c te d  m uch a tte n ­
tion  d u ring  the  la s t few years, and th e 's te p s



taken  to  ob tain  a fe rritic  or pearlitic  m atrix  
have been very fully outlined. B ut, in th is con­
nection, i t  was recognised th a t  all improvements 
of the  m a trix  are  masked by the  existence of 
more or less large quan tities of g raphite  being 
d is tribu ted  th roughou t the  mass in diverse 
orientations.

Overcoming Inherency.
P. B ardenheuer and K . L. Zeyen2 established 

from th e ir  experim ents th a t  an annealed chilled 
cast sample had  b e tte r m echanical properties, 
even though i t  had a fe rritic  m atrix , than  a 
sand-cast sam ple having a pearlitic  m atrix . 
They postu late  from  th is th a t  the struc tu re  of 
the m etallic constituen ts is only of m inor im port­
ance in re la tion  to  the  m echanical properties of 
grey cast iron, and th a t , in  the  m ain, the  form 
and the  d is tribu tion  of the  g raph ite  is decisive. 
Thus, w ith  regard  to  the  quan tity , the form and 
the d is tribu tion  of th e  g raph ite , only a fte r the 
most favourable conditions are  created, the 
question of the  form ation of the m atrix  becomes 
im portan t.

So if, on the one side, the relationship  between 
the m echanical p roperties and the  chemical com­
position really refers to  the  ra tio  between these 
and the  q u an tity  and form of the graph ite , and, 
on the o ther hand, as postulated, a transm ission 
of the s tru c tu re  of the  pig and scrap iron tak ing  
place in norm al rem elting  methods, founders 
m ust study  these m etallurg ical questions, not 
merely as to  the  final product, b u t w ith sim ilar 
assiduity to  the  quality  and properties of the 
m etallic raw  m aterials employed. The most 
im portan t raw  m ateria l in th is case is the pig- 
iron. This m ust no t only be evaluated  accord­
ing to  its  chemical composition, b u t ra th e r  w ith 
reference to  th e  type and q u an tity  of the 
g raph ite  conten t. The g raph ite  is m ainly re ­
sponsible for the  tensile s treng th , and these pro­
perties are modified by rem elting—only slightly, 
never completely.

2 P. Bardenheuer and K. L. Zeyen, “ Stahl und Eisen, 8 (1928),
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How Blast-Furnace Conditions affect Final Product.
D uring  sm elting  in th e  blast fu rnace , a fte r 

the reduction  of th e  iron  ores, th e  m eta l mainly 
dissolves th e  carbon in th e  zone of h ighest tem ­
pera tu re , th a t  is, in  th e  fu rnace  h ea rth . I t  may 
be supposed th a t  in th e  neighbourhood of the 
tuyeres th e  iron  is nearly  sa tu ra te d  w ith  ca r­
bon. D uring  th e  d ropping  of th e  iron to  the 
bottom  of th e  fu rnace  a re-separa tion  or r,he 
carbon begins w hilst th e  p ig-iron is still in rhe 
fu rnace . Old b last fu rnaces m aking  foundry 
p ig-iron often  show, a f te r  blowing out, a quan­
t i ty  of g rap h ite  on th e  h e a rth  lin ing . In  other 
cases i t  is possible th a t ,  by th e  reduction  of sili­
cates or MnO and  FeO in th e  slag, th e  carbon 
dissolved in th e  iron is p a rtly  e lim inated  in the 
hearth , and, as these new constituen ts  a re  added 
to  th e  iron , a sa tu ra tio n  w ith  carbon does not 
tak e  place in th e  fu rnace . H owever, th is  sa tu ra ­
tion  po in t possibly may be decreased during 
fu r th e r  cooling a f te r  the  p ig-iron is tapped . 
D uring  tap p in g , th e  iron  p rec ip ita tes  its 
g rap h ite , which in consequence of its low specific 
g rav ity  and  size of th e  crystals , comes up  to  the 
surface. R ecent investigations, ca rried  ou t by 
A. M ichel3 a t  some G erm an b last-furnace plants, 
have resulted  in  p ig-iron to-day being produced 
a t  these p lan ts in all cases in  th e  hyper-eutectic 
condition. T h a t m eans th a t  th e  separa tion  of 
g rap h ite  is controlled to  tak e  place in th e  liquid 
charge. The separa tion  of g rap h ite  takes place 
in these qualities of iron along th e  liquidus line 
of th e  iron-carbon d iag ram , and  should theore tic­
ally te rm in a te  th ere  if th e  alloy is of th e  eutectic 
composition. H owever, under-cooling th e  charge 
causes a rem oval from  th is po in t, and  probably 
in pig-iron th e re  is no eu tec tic  p o in t a t  all, be­
cause i t  is no t th e  tru e  b in ary  iron-carbon 
system. A t elevated  tem p e ra tu re s  th e  charge 
is th in ly  liquid, and the  sep a ra ted  g raph ite  
rises to  the  surface ; a t  lower tem p era tu res  the 
rising  of th e  g rap h ite  is re ta rd ed , only a  p a rt 
of i t  reach ing  the  surface ; th e  o ther p a r t  rem ains

5 A. Michel, “ Stahl und B isen ,” 47 (1927), page 696.
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in the  charge u n til solidification, and so this 
g rap h ite  becomes a constituen t of the alloy. 
These g rap h ite  crystals have th e ir origin in the 
liquid charge, and so they increase w ithout 
h indrance. They are  visible in the  struc tu re  as 
well-defined en tities existing  in roughly stra igh t 
lines. In  all alloys w ith  a solidification in terval 
there  takes place first the  separation  of mixed 
crystals in hypo-eutectic alloys and of cemen- 
ti te  in hyper-eutectic alloys, and, finally, with 
th e  complete solidification the separation  of the 
eu tectic m ix tu re . The q u an tity  of each consti­
tu e n t is definitely determ ined by the position of 
the alloy in the  solidification d iagram . A t the 
same tim e, when the eutectic m ix ture  is 
separated , in  most of these alloys a certa in  p a rt 
of g rap h ite  is form ed, so th a t  in the solid solu­
tion  of the  alloys the  carbon exists partly  as 
g raph ite . The q u an tity  of g raph ite  as against 
the q u an tity  of combined carbon cannot be de­
finitely determ ined in advance. A part from 
experience, several influences do regulate these 
q u an tities  of g raph ite .

Influence of Remelting.
Finally , in th e  solid solution, the q uan tity  of 

g raph ite  can rise, because the  solubility of the 
carbon decreases w ith lowering tem pera tu re , and 
the carbon is separated  partly  as carbide and 
partly  as g raph ite . Again, the relative quan­
titie s  of g rap h ite  and cem entite cannot be 
accurately predeterm ined, as i t  is varied by 
several influences. D uring the  cooling down of 
the pig-iron from  the  liquid s ta te  to  low tem ­
pera tu res, g rap h ite  is separated  a t  different 
ranges of tem pera tu re . Thus, if the pig-iron is 
hyper-eutectic, there  will be large g raphite  
aggregations, m ost of which come up to the 
surface, b u t a small p a r t is enclosed in the  solidi­
fying mass ; th ere  will be th in  g raph ite  during  
the passing from  the solidification in terval to 
the solid solution from  the eutectic m ixture, 
and, finally, fine g raph ite  as the carbon is pro­
gressively separated  ou t of the solid solution. 
H ere it  should be noticed th a t  the separation

Ml
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of g rap h ite  ou t of the liquid mass only takes 
place if the  iron  cools down once. I f  such an 
iron is rem elted, these large g rap h ite  aggrega­
tions rise to  th e  surface and  a re  no t trap p ed  in 
the  mass d u ring  the  solidification of th e  charge. 
I f  hyper-eu tectic  grey cast iron is m elted in  a 
crucible, kish m ay be clearly observed covering 
the  surface of the  charge. D uring  th e  cooling 
down of such a charge, g rap h ite  is only separa ted  
when th e  tem p e ra tu re  passes th e  solidus line in 
the  d iagram  and again  in th e  region of th e  solid 
solution.

Graphite and Combined Carbon Content Control.
The re la tive  q u an titie s  of g rap h ite  and  cemen- 

t i te  canno t be p redeterm ined  exactly  by re fe r­
ence to  the  eu tec tic  and  the  solid solu tion  lines, 
being dependen t upon several diverse factors. 
Supposing th a t  in  iron-carbon alloys th e  iron- 
carbide system and  th e  iron -g raph ite  system  are 
co-existing, th is  case is one of those w here th e  
constituen ts p resen t a re  g ra v ita tin g  tow ards 
two differen t equ ilib ra . The positions of both 
equilib ria  are  known for th e  b inary  iron-carbon 
system . I n  th e se  cases g e n e ra lly , n e ith e r  
th e  one e q u ilib r iu m  is a t ta in e d  n o r th e  
other, b u t usually  a labile s ta te  is ex is ting  lying 
between th e  two equilib ria . T hrough special 
influences, th e  position of th is  s ta te  can  be re ­
moved to  the  one or the  o ther side. The 
strongest influence has proved to  be th e  ra te  
of cooling, in  such a m anner th a t , w ith  decreas­
ing rh te  of cooling, th e  q u a n ti ty  of g rap h ite  
increases. Besides th is , o ther influences, such 
as th a t  of th e  d ifferent norm al constituen ts  of 
grey-iron alloys, have been investiga ted  in de­
ta il, so th a t  i t  is possible to-day to  give exact 
sta tem en ts in  th is  connection.

Analysis and Mechanical Properties.
H aving  established th e  possibility of influ­

encing th e  degree of g rap h ite  separa tion , a t 
least in a q u a lita tiv e  m anner, by reg u la tin g  the 
ra te  of cooling and by add ing  su itab le  q u an titie s
a n d  k i n d s  o f  a l l o y i n g  e l e m e n t s ,  t h e  r e l a t i o n
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between the  analysis of the  re su ltan t alloy and 
its m echanical properties are  still indeterm inate. 
All th a t  analysis shows is th e  w eight of the 
g raphite  in a u n it w eight of the iron alloy, but 
it  is no t possible to find ou t by analysis how 
many lamella; are contained in a u n it volume 
of the alloy. The alignm ent of each individual 
n ida ; a re  certa in  sizes of these nida; prevailing, 
and are th e  g raph ite  nidse equally d istributed  
th roughout the  mass. The elucidation of these 
questions would give a more exact relation 
between the s tru c tu re  of any grey-iron alloy and 
its m echanical properties th an  is determ ined by 
the usual chemical analysis. These questions 
assume wide im portance if,' according to Levi, 
the size of th e  crystals is tran sm itted  afte r re ­
m elting. The relationship  between the size of 
grains of th e  g rap h ite  in a grey-iron alloy and 
its mechanical p roperties have been determ ined 
by experim ent by B ardenheuer,4 who controlled 
the size of g rap h ite  g rains in his samples by 
modifying the  ra te  ,of cooling. He cast different 
test-pieces of norm al size w ith coarse-grained, 
very coarse-grained and very fine-grained 
g raph ite  separations. These tests showed th a t  
the finest g rap h ite  gave the  best conditions for 
the production of th e  most favourable mechani­
cal properties.

Controlling Graphitic Structure.
A fter these determ inations i t  appears to be of 

im portance to  ascerta in  under w hat conditions 
the g rap h ite  is separated  in fine or coarse grains 
and if i t  is possible to  influence the  separations 
a rb itra rily . To ascerta in  these, the  process of 
separating  may be again  considered. I f  the 
charge passes because of the  lowering of the 
tem pera tu re  from  the liquid to the  solid solu­
tion, the  separation  of the  g raph ite  takes place 
in the  same m anner as the crystallisation of any 
other liquid mass having constituents in solu­
tion. In  a homogeneous charge existing in the 
liquid sta te , p rim arily  during  the  cooling down.

4 Bardenheuer, “ Stahl und Eisen,” 7 (1927), page 857.
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nuclei appear in  th e  region of increasing speed 
of crystallisation  grow ing in to  crystals. The 
size of these crystals depends upon th e  speed of 
grow th, th e  period, th e  existence of neighbour­
ing  crystals of th e  sam e or a foreign k ind , and 
the  conditions of concen tra tion  of th e  liquid. 
C rystals of th e  sam e k ind  u n ite  if  th e ir  neigh­
bouring  position is favourable. I f  in  hyper- 
eu tec tic  alloys g rap h ite  separa tions a re  already 
presen t, they  a re  the  s ta r tin g  po in ts of fu rther 
crystallisation . I f  in  eu tec tic  alloys, w ithin a 
small in te rv a l of tem p era tu re , th e  nuclei exist 
and  a t  th e  same tim e  th e  ra te  of crystallisation 
is h igh, crystals grow, th e  size of which depends 
upon th e  num ber of nuclei, and  if its  degree of 
undercooling is low. H ow ever, if numerous 
nuclei appear la te r , when th e  ra te  of crystallisa­
tion is slow and  the  liquid charge is h ighly under­
cooled, th e re  will be num erous sm all crystals. 
In  these re lations th e  influence of th e  ra te  of 
grow th of th e  crystals and th e  num ber of the 
crystals on th e ir  size is clearly explained. The 
influence of tim e is also perceptib le, the  longer 
th is period, th a t  is, th e  passing from  the  liquid 
to the  solid s ta te , th e  m ore th e  crystals th a t 
can grow or u n ite  w ith neighbouring  crystals. 
The conditions of concentration  also influence 
the  am ount and th e  num ber of th e  graphite 
separations, and  th e  grow th of th e  crystals is 
ham pered the  g rea te r th e  q u a n tity  of the  mixed 
crystals th e re  is in  th e  solidification interval. 
M oreover, th e  tim e of passing from  liquid to 
solid dim inishes w ith  th e  increasing  content of 
m ixed crystals. I f  th e  composition of the  alloy 
is no t fa r  from  th e  eu tec tic  concen tration , then 
the  g rap h ite  separa tions m ust become fine.

a and 3 Graphite.
The g rap h ite  in th e  solid solution is th e  result 

of the  g rad u a l tran sfo rm atio n  of th e  austenitfe 
in to  m arten site  and  th e  consequent decrease of 
the  solubility  of carbon. The separa tion  of the 
carbon from  the  solid solution gives partly 
cem entite  and  p a rtly  g rap h ite , and  generally it 
spreads ou t re ticu la rly  in th e  alloy, probably
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favoured by the  expansion of volume which is a 
characteristic  of th is  transform ation , and the 
g raph ite  separations m ainly orig inate in the 
nidæ of th is netw ork s truc tu re . The quality  of 
th is g rap h ite  differs from th a t  separated 
prim arily  as well in its constitu tion  as in its 
physical properties. W. A. R oth established 
th a t  g rap h ite  in pig-iron is a modification which 
he calls /8-graphite, and the  g raph ite  which is

F i g . 1 .

separated  ou t from  the solid solution differs from 
th is, and  is identified by him as a-graphite. 
Both modifications differ in th e ir ignition tem ­
peratu res and in th e ir specific grav ity .

Importance of Nuclei.
In  the solidification of pig-iron, the number 

of mixed crystals and th e ir ■extent depends upon 
the num ber of nuclei, which la tte r  are influenced 
by certa in  inheren t conditions. The num ber and



size of ausbenite crystals especially depends upon 
the ra te  of cooling of the  mass ; if i t  is slow, a 
num ber of well-developed crystals will grow, bu t 
if i t  is rap id , however, a g rea te r number of 
sm aller crystals of irreg u la r form  grow. The 
g rap h ite  crystals, being separa ted  during the 
solidification of the  rem ain ing  liquid mass, will 
grow (according to  B ardenheuer5) a t every 
crystal face w ith about the same ra te  of crystal-
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F ig . 2.

lisation, assum ing them  to  be separated , until 
near the  solidification point, if  liquid is still 
presen t. However, w ith an  increased under­
cooling, rem arkable differences in the growth 
from  the  single faces of the  crystals are 
observed. The faces, having a g rea te r ra te  of 
c ry s ta llisa tio n ,. re s tra in  the  o thers which grow 
more slowly, the  crystals having in ferio r facets

6 Bardenheuer, “ Stahl und Eisen,” 47 (1927), page 861.
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because of re ta rded  grow th in one or two direc­
tions. In  th e  first case, w ith slow cooling and 
sligh t under-cooling, the  g raph ite  crystals grow 
to rounded grains. In  the  second case, w ith a 
serious under-cooling and a h igher ra te  of cool­
ing, g rap h ite  crystals grow in  the  form  of th in  
leaves of vary ing  size. These small leaves su r­
round the  surface of the  existing  austen ite

F i g . 3 .

crystals and have a tw isted form, which in 
section is worm-like.

i Situation Summarised.
The form  and q u an tity  of the g raph ite  crystals 

in pig-iron can be d ifferen tia ted  in the following 
m a n n e r :— (1) G raphite  in large s tra ig h t plates 
(hyper-eutectic g raph ite) separated  w hilst the 
m ajor portion of the  mass is liq u id ; (2) g raph ite  
in compact rounded grains separated  near the 
eutectic line if the ra te  of cooling is slow and the 
degree of under-cooling is slig h t; (3) g raph ite



in th in  leaves, w ith  sp irals corresponding to  the  
surface of the  austen ite  crystals, and  separa ted  
in condition of under-cooling ; (4) g rap h ite  in  a 
very fine s ta te  and  equally dissem inated (eutectic 
g raph ite) separa ted  if th e  constitu tion  of the 
alloy is favourable ; and  (5) g rap h ite  in soft and 
porous flakes, often ad jacen t to  th e  cem entite , 
and separated  from the  solid solution during  
cooling.
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F i g . 4.

Identification of Graphite Types.
These different kinds of g rap h ite  may be recog­

nised on th e  surface of p ig-iron m icrosection. 
However, they  are  no t usually  separa ted  under 
th e ir  “  favourable ”  conditions, and, therefore, 
all sorts of varie ties and tran s itio n a l sta te s  may 
be fo u n d ; they  a re  no t always seen in  th e ir  well- 
defined form s, and  sometimes i t  m ay be difficult 
to  recognise the  k ind  of g rap h ite , especially as
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qu ite  often  in iron alloys not merely one kind 
of g rap h ite  b u t several exist. F o r instance, 
K . Ish ikaw a has described two types of g raph ite  
in  cast iron  which he designated  as p laty  
g rap h ite  and  g rap h ite  in  w hirl. The g raph ite  
in w hirl, he says, is the  m ost desirable k ind  for 
cast iron, because i t  has a m oderate s tren g th  
and  its  s tru c tu re  is very homogeneous th rough ­
o u t th e  whole casting . To produce th is  strue-

F ig . 5.

tu re  Ish ikaw a suggested a composition con ta in ­
ing  abou t 3.2 per cen t C and  1.7 per cen t. Si. 
This b ind  of g rap h ite  is iden tical w ith  the  
g rap h ite  in  th in  leaves. M. H am asum i6 has 
stud ied  the  question of the orig in  of th e  g raph ite  
in  w hirl, w ith  the  resu lt th a t  th is  s tru c tu re  is 
not alwavs assured even if the  indications of

6 M. Hamasumi, “  Sc. Rep. Ser. I .”  vol. xiii, X o. 2. See 
F o u n d ry  T ra d e  J o u rn a l ,  page 71, et seq„ vol. xxxii.
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Ishikaw a are  closely observed. He supposes,
therefore , th a t  the re  are  still o ther in ­
fluences operating , and he refers to  a
P ap e r of K . H onda and  T. M urakam i , 
who s ta ted  th a t  gas, especially carbon 
monoxide, plays a p a r t in  the  separa tion  of
g rap h ite . One of the  results of H am asum i is
th a t  th ere  are  two kinds of curly  g raph ite , 
g rap h ite  in w hirl and a worm-like8 g rap h ite . H e 
says the  one or th e  o ther is separa ted  according

F i g . 6.

to  th e  ra te  of cooling. I t  m ay be seen by th is 
th a t  these au thors already saw th e  possibility 
of recognising d ifferent k inds of g raph ite .

Now i t  would be very valuable to  have a 
m ethod of de term ination  available by which the  
d ifferent kinds of g rap h ite  could be recognised

7 K. Honda and T. Murakami, “ Sc. R ep .,” vol. x. N o. 4.
8 Kikume. Ed. F oundry Trade J ournal.
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and q u an tita tiv e ly  determ ined. The analytic 
m ethod fo r th e  determ ination  of g rap h ite  only 
allows th e  evalua tion  of th e  to ta l q u an tity  of 
g rap h ite  contained in th e  alloy. All experi­
m ents to  isolate th e  single crystals of g rap h ite  
o u t of th e  alloy were abortive, and th u s  i t  has 
been impossible to  m easure th e  size and  q u an tity  
of th e  crystals, or, for exam ple, to  derive a basis 
fo r th e  m easurem ent of size, form  and num ber

F i g . 7.

of th e  crystals p revailing  in  th e  alloy. D r. 
F ran z  R oll3 determ ined th e  size and form  of the  
g rap h ite  crystals by observing on th e  surface 
of a microsection some single lamellse of 
g rap h ite  by m easuring th e ir  size and position 
and  a f te r  rem oving a  th in  layer rem easuring 
and so on u n til he ascertained th e  whole size

» “  Die Giesserei,” 1928, page 1270.
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of th e  crystal. As a resu lt, he was able to 
determ ine by th is  m ethod th e  space occupied by 
th e  g raph ite . This m ethod may certa in ly  throw  
ligh t on th is question, b u t i t  cannot generally 
be employed because i t  is too laborious.

Experimental Evidence.
Therefore, an a tte m p t had  to  be m ade to 

supply an explana tion  of th e  g rap h itic  s tru c tu re

F i g . 8 .

from  its  appearance under th e  microscope a fte r 
the m anner of H am asum i. To m ake an  experi­
m ent for recognising and determ in ing  the  
d ifferent k inds of g rap h ite , i t  was first tr ied  to 
m ake samples con tain ing  the  g rap h ite  in  specific 
well-defined forms, and  th is  was done in itia lly  
w ithou t considering th e  m eans which had to  be 
employed.
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F ig . I 10 is a microsection showing well-defined 
p la ty  g rap h ite . This g rap h ite  in te rru p ts  the  
m etallic s tru c tu re  of the  alloy in  an im portan t 
m anner, and  i t  seems probable th a t  i t  is 
separa ted  when th e  mass, or most of it , is still 
liquid. This s tru c tu re  is obtained, as the 
a u th o r’s experim ents have shown, if th e  iron 
cools down slowly u nder an argillaceous slag.

F i g . 9 .

The plates of g rap h ite  are  la rger and b e tte r 
defined as th e  ra te  of cooling is slow.

F ig . 2 illu s tra tes  a sample having the  g raph ite  
in th in  leaves. To obtain  th is  s tru c tu re  a 
ce rta in  relationsh ip  between th e  composition of 
th e  alloy and th e  ra te  of cooling m ust be d e te r­
mined . I t  is not easy to  s ta te  w ith existing

10 All th e microphotographs shown are magnified to 120 dia­
meters and are unetched.
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knowledge an exact re la tion  between these two 
factors.

F ig . 3 shows a m icrophotograph of an alloy 
of the  same composition as F ig . 2, except th a t  
before casting  2 per cent, of copper was added. 
The g rap h ite  is p resen t as th in , crooked leaves, 
b u t in addition  th ere  a re  num erous nidæ  of 
g raph ite .

F ig . 4 shows the g rap h ite  in  its finest d istri-

F io . 10.

bution , th a t  is, th e  g rap h ite  eutec tic . To obtain 
th is s tru c tu re , a chemical composition of the  
alloy confined w ith in  certa in  lim its is necessary, 
bu t personal experim ents have shown th a t  there  
are  o ther obscure conditions to  be taken  into 
account.

A fter having created  these s tan d ard  forms, 
a tten tio n  was nex t d irected  to  th e  question as 
to w hether th e  grey qualities of b last-fu rnace
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sm elted pig-iron show a g raph ite  form ation on 
th e  surface of a  microsection sim ilar to  those 
of th e  s tan d a rd  forms. A large num ber of 
samples from  d ifferent b last-fu rnace p lants were 
procured and exam ined, w ith the resu lt th a t  the 
m ajo rity  did no t perm it of a ra tio n a l classifica­
tion  as to  w hether several kinds of g raph ite  were 
co-existing. Difficulty was thus presented  in de­
ciding which was predom inating , or w hether the

F i g . 1 1 .

g rap h ite  was a tran s itio n a l product, however, 
an exact charac terisa tion  was deemed to  be use­
less. A certa in  num ber of specimens did show 
a charac te ristic  s tru c tu re , and a selection of 
these are  included in  la te r illustrations.

Interesting Structures from Diverse Sources.
F ig . 5 shows a micro of a sample of a Swedish 

charcoal pig-iron contain ing  C 4.2, Si 0.64, and
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Mn 0.1 per cent. The g rap h ite  is in  th in , curly 
leaves. A sim ilar s tru c tu re  is shown in  F ig . 6, 
which is a sam ple of pig-iron produced in  a 
small b last furnace.

F ig . 7 illu s tra tes  a sam ple of an  English  pig- 
iron con ta in ing  C 3.32, Si 3.28 and  M n 0.58 per 
cent. Besides g rap h ite  in  th in  leaves, globular 
g rap h ite  is also seen. A sim ilar k ind  of s tru c ­
tu re  is shown in F ig . 8, a pig-iron w ith  Si 2.64

F i g . 12.

per cen t., from  a G erm an p lan t. A notew orthy 
microsection showing p la ty  g rap h ite  is repro­
duced in  F ig . 9. F ig . 10 shows th e  s tru c tu re  of 
an  In d ian  p ig-iron w ith  well-defined eutectic 
g raph ite .

Condition of Graphite and Transverse Strength.
No doubt th e  m echanical p roperties of these 

alloys are  definitely dependent upon th e  type of



g rap h ite  contained in the  s tru c tu re  of the  alloy. 
P la ty  g rap h ite  very largely in te rru p ts  the 
m etallic con tinu ity  of th e  alloy, and  samples 
w ith  g rap h ite  of th is  type will have very low 
s tren g th  properties. The s tren g th  values in ­
crease w ith  an increasing refinem ent and curli­
ness of th e  g rap h ite . As an illu stra tion , some 
exam ples from  practice m ay be cited . Test- 
bars, 650 mm. long by 30 mm. dia. (26 in. by
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F ig ,  13.

1.2 in .), were cast and tested  in the  usual 
m anner. The first tes t-b ar contained g raph ite  
in p la ty  form , as shown in  F ig . 11. This s tru c ­
tu re  was obtained by m elting  th e  alloy under an 
argillaceous slag and cooling i t  down slowly. 
The second tes t-b ar contained g rap h ite  in the 
form shown in  F ig . 12, th a t  is, in  curly  striae. 
The s tru c tu re  of the  th ird  b a r is shown in 
F ig . 13. I t  was obtained by a still slower cool­
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ing th a n  previously. The striae a re  th in n e r. 
The ra te  of cooling, which m ust he controlled to 
ob tain  these desirable th in  striae of g raph ite , 
depends upon the  chemical com position, and 
m ust be found by experim ent. The resu lts of 
the  te s t are  set ou t in  Table I.

The resu lt of all these investigations is th a t  
often , in various qualities of grey p ig-iron, a 
ce rta in  type of g rap h ite  prevails in the  s tru c ­
tu re , and th a t  the  kind of g rap h ite  separa tion  
strongly  influences the m echanical p roperties. 
If , now, as has been previously s ta ted , a tr a n s ­
mission of the  p roperties of the  p ig-iron to  the

T a b l e  I.—Influence of Type of Graphite on Mechanical 
Strength.

Test-
bar. Type of graphite. Deflection 

in mm.

Transverse 
strength in 

kgs. sq./mm.

I Platy (Fig. 11) 17.5 23.5
2 Curly (Fig. 12) 12.1 42.0
3 Fine eurly (Fig. 13).. 12.3 47.3

rem elted cast iron can  be postu lated , fu ll a tte n ­
tion  m ust be d irected  to  the  k ind  of g rap h ite  in 
pig-iron as well as in  th e  cast iron itself. 
Norm ally, a poor s tru c tu re  in  the  orig inal pig 
resu lts in a very slightly  im proved s tru c tu re  in 
the cast iron using the  norm al every-day rem elt­
ing processes. This exp lana tion  conforms w ith 
p ractice, th a t  is, th e  qualities of grey pig-iron 
produced in various p lan ts and of the same 
chemical composition sometimes give, a fte r  a 
rem elting , a cast iron of vary ing  qualities. I t  
is the  s tru c tu re , especially th e  type  of g raph ite  
in  the  pig-iron, which is th e  cause of these 
differences being n o t perceptib le from  th e  resu lt 
of chem ical analysis. In  consequence the 
evaluation  of the  qua lity  of p ig-iron m ust in ­
clude the  type of g rap h ite  presen t.

Result of Sequestration of Foundries.
W hen m aking pig-iron for foundry  use, blast­

furnace men no t only have to  ensure th a t  they 
fulfil th e  desired chem ical com position, b u t also
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to endeavour to  produce a pig-iron w ith the 
most favourable s tru c tu re  for foundry purposes. 
No doubt, in b last-fu rnace practice, m anagers 
have several means a t  th e ir  disposal to influence 
the  s tru c tu re  of the  pig-iron, not only by regu­
la ting  the speed of cooling of the  pig-iron, bu t 
by ce rta in  m easures in the furnace practice 
itself. As shown above, ra te  of crystallisation, 
the  num ber of nuclei and degree of under­
cooling of th e  mass play a decisive p a r t in the 
developm ent of the  s tru c tu re , no t only in re ­
gard  to  the  g rap h ite  itself, b u t also for all o ther 
m etallic crystals. No doubt, these influences 
have no constan t value, b u t are governed by 
ce rta in  law s; for example, speed of cooling, 
num ber and k ind of constituen ts, and perhaps 
o thers. H onda, as well as B ardenheuer, have 
s ta ted  th a t  gas contained in the liquid charge 
plays a ce rta in  p a r t du ring  the crystallisation. 
Moreover, i t  seems ev ident th a t  the kind and 
composition of the  g raph ite  influences these 
crystallisation  processes. I t  is a fact, known to 
b last-fu rnace men, th a t  pig-iron produced w ith 
a slag rich  in lime is very coarse g rained, whilst 
those m ade under a slag rich in  silica is fine 
g rained . I t  seems th a t  an argillaceous slag also 
influences the  s tru c tu re  of the alloy in a sense 
th a t  p laty  g raph ite  predom inates. As experi­
ence shows th a t  the  fine curly g raph ite  often 
occurs in pig-iron alloys produced in charcoal 
b last furnaces or in small furnaces, i t  seems 
probable th a t  still o ther influences, such as the 
tem p era tu re  of the  blast, th e  tem pera tu re  in the 
h ea rth  or the  period of the w orking of the 
charge, a re  im p o rtan t.'

The experience th a t  the  quality  of the pig- 
iron is no t solely expressed by chemical analysis 
has long been well known when blast furnaces 
and foundries were a composite p lan t. This 
phase lost its force when, th rough  the  grow th of 
industry , th e  sequestration  of blast furnaces and 
foundries g radually  took place. To-day, d irect 
con tac t between pig-iron m anufacture  and the 
quality  of cast iron m ust be re-established.
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WRITTEN CONTRIBUTION.
D r. A. L. N o r b u r y  (B ritish  C ast Iron  R e­

search Association) w rote th a t  he was greatly  
in sym pathy w ith the  au th o r when he stressed 
the im p o rtan t effect th a t  the  size and num ber 
of the g rap h ite  flakes in the  pig-iron used had 
on the size and num ber of the g rap h ite  flakes in 
the resu lting  casting. H e had expressed some­
w hat sim ilar views in  a P ap e r the  previous 
m onth to  the  Iron  and  Steel In s titu te .*

By suitably  vary ing  the  m elting  conditions 
(in  crucible melts) i t  was possible to  produce a t  
will castings contain ing  very coarse g rap h ite  
flakes or, a lte rnative ly , castings con ta in ing  the 
fine k ind  of g rap h ite  th a t  the au th o r called 
eutec tic  g raph ite , and  to  produce both types 
from  a given pig-iron w ithou t any m ateria l 
a lte ra tio n  in chemical composition. H e did not 
find, however, th a t  refining th e  g rap h ite  in ­
creased th e  s tren g th  in  all cases. F o r instance, 
in pearlitic  castings, refinem ent of th e  g raphite  
beyond a certa in  stage resulted  in  th e  produc­
tion  of fe r r ite  in  place of pearlite , and  th is 
lowered the  s tren g th  more th an  the  refining of 
the g rap h ite  increased it.

P r o f . D ie p s c h l a g , in  reply to  D r. Nor-
bury ’s con tribu tion , w rote th a t , consider­
ing th e  re lations betw een th e  s tru c tu re
of a section of a grey-iron alloy and  its
mechanical p roperties, i t  m ust be borne in m ind 
th a t  one sees only th e  surface of th e  p icture, 
or a small area  of the  test-bar. T h a t is only a 
small p a r t  of the whole m ateria l, and  the  con­
clusion m ay n o t be qu ite  tru e  in  all cases th a t  
the s tru c tu re  seen in the  section m ust necessarily 
rep resen t the  whole specimen. The average 
results of a ce rta in  num ber of tes ts  only give 
the correct approxim ation  of these relations.

H e th o u g h t i t  qu ite  probable th a t  w ith a 
certa in  degree of d is tribu tion  and  refinem ent of 
the g rap h ite—especially g rap h ite  in eutectic 
form—th e  m echanical p roperties of th e  m etallic

* Journal, Iron and Steel Institu te, Vol. C X IX , p. 113.
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crystalline bodies prevail over those of the 
graphite-, and  give the  alloy its  character. I t  is 
very useful th a t  D r. N orburv has ascertained the 
lim it of the  prevailing  influence of the g raph ite , 
because i t  is ju s t in th is region one would ex­
pect to  find the  grey-iron alloys w ith both the 
best m echanical p roperties and good pouring 
i| ualities.
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THE INFLUENCE OF CHROMIUM IN CAST IRON.

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

Introduction.
In  a recen t investigation  carried  o u t by the 

au thor, and presented  as the  F rench  Exchange 
P ap e r on behalf of the In s ti tu te  of B ritish  
Foundrym en in 1928,1 the  influences of to ta l 
carbon, silicon, phosphorus and  m anganese 
respectively on th e  carbon decomposition and 
volume changes of cast iron were determ ined. 
These investigations were continued to  deter­
mine the influence of various special element- 
additions, and  in the  present P a p e r th e  influence 
of chrom ium  on heat-resisting  and o ther pro­
perties is considered.

The use of chrom ium  in cast iron  was first 
experim ented w ith by K eep ,2 who added chro­
mium to  the  ex ten t of 2 per cen t., and found 
th a t  there  was a sligh t increase in s tren g th  up 
to  1 per cen t., th en  a decrease, while the  shrink­
age was increased when less th a n  1 per cent, was 
added. C am pion,2 in a la te r  investigation , found 
th a t  1 per cent, of chrom ium  increased the 
s tren g th  and hardness, and also th e  am ount of 
combined carbon. H u rs t1 s ta tes  th a t  in an iron 
con ta in ing  1 per cen t, of silicon an  addition  of 
0.9 per cent, chrom ium  rendered  the  frac tu re  
qu ite  m ottled , and th a t  4 per cent, added to  an 
iron con ta in ing  1.5 per cent, silicon rendered the 
frac tu re  perfectly  w hite, and th a t  d ras tic  anneal­
ing a t  900 to  950 deg. C. failed  to  produce 
g raph ite .

Sm alley,5 in  his system atic investigations w ith 
special elem ent additions to  cast iron, added

1 J. W. Donaldson, Bull, de l'Assoc. Tech. de Fonderie, 1928 
vol. 2, p. 257.

2 W. J. Keep , “ Cast Iron," 1916, p. 212.
J A. Campion, “ Foundry Trade Journal," 1918, vol. 20, p. 467.
4 J. E . H urst, Metallurgy of Cast Iron, p. 139.
i  O. S m a lley , Proc. Inst, of Brit. Found., 1922-23, vol 16 p. 495.



chrom ium  it- o rd inary  grey cast iron and to 
cylinder iron. The influence of chrom ium addi­
tions of 0.11 and 0.15 per cent, respectively was 
to increase the  streng th  and hardness slightly, 
while w ith  the la rger add ition  of 0.78 per cent, 
to th e  o rd inary  iron the tensile stren g th  fell, the
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Duration Of Hear iris - Hours.

F i g . 1 .— H e a t  T r e a t m e n t  a t  4 5 0  d e g . C .

transverse s tren g th  was affected slightly , and the 
B rinell hardness increased. A sim ilar addition  
of chrom ium to  the  cylinder iron produced an in ­
creased transverse s tren g th  and B rinell h a rd ­
ness, bu t li tt le  change in the tensile streng th . 
E xperim ents by Piw ow arsky6 show th a t  w ith up

6 E . P iwowarsky, “ Foundry Trade Journal," 1925, vol. 31, 
pp. 331-34, 345-46.
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to  0.5 per cent, of chrom ium  th e  s tren g th  and 
shock-resisting properties of cast iron are  in ­
creased to  the  ex ten t of about 10 per cen t., while 
the  hardness increases from  20 to  25 per cent. 
H am asum iV  investigations show th a t  the  add i­
tion  of 0.4 per cent, of chrom ium  raises the ten-

D u r r t i o h  Of  H e r t i h q  -  H o u r s

F i g .  2 .— H e a t  T r e a t m e n t  at  550 d e g . C.

sile s tren g th  of cast iron from  1 6 .5  to  22.8  tons 
per sq. in. w ithou t m ateria lly  a lte rin g  the s tru c ­
tu re , and th a t  cast iron is no t rendered b rittle  
by chrom ium  up to  th is  am ount.

The resu lts of these investigations establish 
denitely  th a t  0 .5  per cent, of chrom ium  in the

7 H. H amasumi, “ Foundry Trade Journal," 1925, vol. 32, p. 71,
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presence of 1 to  2 per cent, of silicon increases 
the  tensile and transverse streng ths and the 
hardness of grey cast iron. This increase is 
b rought about by the  chrom ium  preventing  the 
form ation  of g rap h ite  and producing a more 
stable double carbide of iron, and chromium. 
W ith  th e  exception of H u rs t’s work, however, 
little  has been done on the heat-resisting  proper­
ties of chrom ium  cast irons, and i t  was w ith 
those properties and the therm al and corrosion 
properties th a t  the  following experim ents deal.

T a b l e  I .— Analyses and Tests.

Mark. P Cr 1. Cr 2. Cr 3. Cr4. Cr5.

T.C., per cent. 3.16 3.19 3.17 3.16 3.24 3.21
C.C., per cent. 0.68 0.70 0.93 1.13 1.25 1.53
Gr, per cent. 2.48 2.49 2.24 2.03 1.99 1.68
Si, per cent. 1.48 1.42 1.40 1.42 1.60 1.48
S, per cent. 0.054 0.049 0.040 0.07 0.058 0.041
P, per cent. 0.70 0.70 0.69 0.68 0.77 0.66
Mn, per cent. 0.97 0.96 0.97 1.00 0.95 0.95
Cr, per cent. Nil 0.20 0.39 0.66 0.78 0.90
M.S.,tons per sq.in. 16.6 17.0 18.4 17.8 15.8 13.4
Br. No.................... 223 235 248 255 262 277

Cast Irons Used.
To an ord inary  cast iron contain ing approxi­

m ately 3.20 per cent, of carbon, 1.5 per cent, 
silicon, 0.7 per cent, phosphorus and 1.0 per cent, 
manganese, chrom ium  was added to  obtain  a 
series of irons con tain ing  0.20, 0.39, 0.66, 0.78 
and  0.90 per cent, of chrom ium  respectively. 
The exact composition of these irons and the 
plain  iron, together w ith th e ir  tensile streng ths 
and B rinell hardness, is given in Table I.

As the  chrom ium  increased up to  0.39 per cent, 
th e  tensile stren g th  increased from 16.6 tons to 
a m axim um  of 18.4 tons, decreasing w ith fu r th e r 
chrom ium  additions to 13.4 tons w ith 0.90 per 
cent, chrom ium . The B rinell hardness increased 
uniform ly from 223 in the plain iron to  277 in 
the 0.9 per cent, chrom ium  iron. The irons con­
ta in in g  over 0.4 per cent, chrom ium  have a 
m ottled frac tu re , and under th e  microscope

f 2
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showed the presence of free cem entite. Diffi­
culty  was also experienced in m achining those 
irons.

The irons were all cast in dry-sand moulds 
in to  bars 16  in. by l g  in. dia. The chromium 
was added in  the  ladle, as 65 per cent, ferro- 
chrome, and the  irons were re-m elted in cru-

F i g .  3 .— P e r c e n t a g e  C h a n g e s .

cibles before casting  to render them  uniform . 
They were all cast a t  approxim ately  the same 
tem p era tu re  and under sim ilar conditions.

Heat-Treatment Changes.
The m ethods of te s ting  were those adopted in 

previous tests w ith  p lain cast irons. B ars from 
each o f  th e  irons were heated  in an electric re ­
sistance fu rnace for 8 hours per day to 450 deg. 
C., cooled overnight, and  re-heated  on the  fol­
lowing day to  the  same tem p era tu re . A t the 
end o f  each 5  days’ or 4 0  hours’ heating , the 
to ta l and combined carbon of each iron was
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F i g . 4.—P . As G a s t . x  540.

F i g . 5.— P .  H e a t  T r e a t e d  f o r  200 h r s . 
at  550 d e q . C. x 540.
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estim ated , tlie B rinell-hardness determ ined, and, 
where m ateria l perm itted , the tensile streng th  
determ ined. S im ilar tes ts  were carried  ou t on 
bars a t  550 deg. C. The resu lts are  given in 
Tables I I  and I I I  and represented  graphically

T a b l e  II .— Heat Treatment at 450 deg. C.

Chromium irons.
Duration of heating 

in hours.

Cr per cent. — 0 40 80 120 160 200

Plain T.C. per cent. 3.16 3.17 3.17 3.19 3.13 3.15
C.C. per cent. 0.68 0.64 0.48 0.43 0.38 0.38
Tens. M .S ... 16.6 16.2 15.7 15.3 15.4 15.5
Br. No. .. 223 212 197 183 183 179

Cr 1, 0.20 T.C. per cent. 3.19 3.18 3.16 3.16 3.13 3.21
per cent. C.C. per cent. 0.70 0.66 0.60 0.57 0.49 0.50

Tens. M.S... 17.0 16.8 16.4 .— 16.0 15.9
Br. No. 235 223 212 197 197 197

Cr 2, 0.39 T.C. per cent. 3.17 3.18 3.17 3.18 3.16 3.20
per cent. C.C. per cent. 0.93 0.90 0.85 0.72 0.69 0.69

Tens. M.S.. . 18.4 17.9 17.5 17.4 17.2 17.3
Br. No. 248 235 212 207 201 207

Cr 3, 0.66 T.C. per cent. 3.16 3.14 3.16 3.14 3.10 3.09
per cent. C.C. per cent. 1.13 1.06 0.99 0.96 0.95 0.96

Tens. M.S... 17.8 — — — —
Br. No. 255 241 235 235 235 235

Cr 4, 0.78 T.C. percent. 3.24 3.30 3.20 3.26 3.28 3.29
per cent. C.C. per cent. 1.25 1.21 1.16 1.15 1.14 1.14

Tens. M.S... 15.8 — — — — _
Br. No. 262 255 255 255 255 255

Cr 5, 0.90 T.C. per cent. 3.21 3.16 3.24 3.20 3.20 3.21
per cent. C.C. per cent. 1.53 1.51 1.54 1.53 1.52 1.54

Tens. M.S... 13.4 — — — _ _
Br. No. 277 277 277 227 277 777

in  Figs. 1 and 2, while the  percentage changes 
produced by all the  irons a re  given in  Table IV 
and graphically  in  F ig . 3.

C onsideration of Table 11 and F ig . 1, which 
deal w ith th e  experim ents carried  o u t a t  450 
deg. C., show th a t  as the  chrom ium  con ten t in­
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creases th e  stab ility  of the  combined carbon 
under tem pera tu re  is increased. In  the plain 
iron decomposition takes place to the  ex ten t of 
44 per cent, and is more or less complete a fte r 
160 hours’ heating . W ith  the  addition  of 0.2

T a b l e  I I I . —Heat Treatment at 5 5 0  deg. C.

Chromium irons. Duration of heating 
in hours.

Cr per cent. — 0 40 80 120 160 200

Plain T.C. percent. 3.16,3.13 3.16,3.15 3.15 3.14
C.C. per cent. 0.68 0.12 0.11 0.09 0.12 0.12
Tens. M.S... 16.6 15.8 15.1 14.8 14.6 14.8
Br. No. 223 138 129 129 125 129

Cr 1, 0.20 T.C per cent. 3.193.13 3.17 3.15 3.17 3.17
per cent. C.C. per cent. 0.70 0.54 0.40 0.30 0.32 0.30

Tens. M.S.. . 17.0 16.3 15.8 15.3 15.1 15.1
Br. No. .. 235 197 171 152 152 152

Cr 2, 0.39 T.C. per cent. 3.17 3.16 3.22 3.20 3.15 3.21
per cent. C.C. per cent. 0.93 0.57 0.53 0.49 0.51 0.49

Tens. M.S... 18.4 17.9 17.4 16.8 16.4 16.4
Br. No. .. 248 207 174 170 170 170

Cr 3. 0.66 T.C. per cent. 3.16 3.17 3.10 3.12 3.15 3.13
per cent. C.C. percent. 1.13 1.02 0.89 0.79 0.80 0.80

Tens. M.S... 17.8 — — — — 16.3
Br. No. 255 235 217 212 212 212

Cr 4, 0.78 T.C. per cent. 3.24 3.23 3.27 3.21 3.19 3.22
per cent. C.C. per cent. 1.25 1.18 1.11 1.09 1.11 1.11

Tens. M.S... 15.8 — — — — 15.0
Br. No. 262 255 248 248 248 248

Cr 5, 0.90 T.C. per cent. 3.21 3.20 3.20 3.22 3.25 3.20
per cent. C.C. per cent. 1.53 1.53 1.53 1.52 1.51 1.53

Tens. M.S.. . 13.4 — — — 13.2
Br. No. 277 277 277 277 277 277

per cent, of chrom ium  decomposition is more 
uniform  although the am ount is less, 28 per 
cent., and is complete a fte r  160 hours’ heating. 
The 0.39 per cent, chrom ium  iron shows a 26 per 
cent, decomposition a fte r  120 hours, while addi­
tions of 0.60 and 0.78 per cent, chrom ium reduce
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th e  am ount of decomposition stili fu r th e r to  15 
and 9 per cent., equilibrium  conditions being 
a tta in ed  a fte r  80 and 40 hours’ heating  respec­
tively. W ith  0.90 per cent, chromium the com­
bined carbon rem ains unchanged a fte r  200 hours’

T a b l e  IV .— Percentage Changes at 450 deg. 
and 550 deg. C.
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cent.
Per

cent.

450 deg. C. Plain .. 
Cr 1, 0.20 per

160 44.1 6.6 19.8

cent. Cr 
Cr 2, 0.39 per

120 28.6 6.5 16.2

cent. Cr 
Cr 3, 0.66 per

120 25.8 6.0 16.5

cent. Cr 
Cr 4, 0.78 per

80 15.1 — 7.8

cent. Cr 
Cr 5, 0.90 per

40 8.8 — 2.7

cent. Cr 200 Nil — Nil

550 deg. C. Plain ..
Cr 1, 0.20 per

40 82.4 10.9 42.1

cent. Cr 
Cr 2, 0.39 per

120 57.1 11.2 35.3

cent. Cr 
Cr 3, 0.66 per

120 47.3 10.9 31.4

cent. Cr 
Cr 4, 0.78 per

80 29.2 8.4 16.8

cent. Cr 
Cr 5, 0.90 per

80 11.2 5.1 5.4

cent. Cr 200 Nil 1.5 Nil

heating  and the B rinell-hardnes > decrease, 
which has dim inished from 20 per cent, in the 
plain iron as the  chrom ium  increases, is nil.

Sim ilarly a t  550 deg. C., w ith 0.90 per cent, 
chromium, there  is no change in the combined
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carbon con ten t and  th e  B rinell-hardness rem ains 
the same, the  tensile s tren g th  d im inishing by 
1.5 per cent. (Table I I I  and F ig . 2). The other 
chrom ium  additions of 0.20, 0.39, 0.66 and 0.78 
per cent, chrom ium  produce combined carbon 
decompositions of 57, 47, 29 and 11 per cent, 
respectively, which is considerably less th an  the 
82 per cent, decomposition in the  p lain  iron. 
This decrease in  the  combined carbon conten t 
is reflected in  the  streng th  and  hardness pro­
perties, particu la rly  w ith  add itions of over 0.1

per cent, chrom ium . The ra te  of decomposition 
is slower in  the  chrom ium  irons, equilibrium  
conditions being a tta in ed  a f te r  approxim ately 
100 hours’ hea ting , w hereas in  th e  plain iron 
the  decomposition th a t  takes place is complete 
a f te r  40 hours.

These results, obtained by chemical and 
m echanical tests, a re  confirmed by microscopic 
exam ination . F igs. 4 and  5 show the  s tru c tu re  
of th e  p lain  iron as cast and  a f te r  200 hours’ 
hea t tre a tm e n t a t  550 deg. C. A fte r tre a tm e n t

Fig. 8 .— C n . 5 . As C a s t , x  5 4 0 .



the  pearlite  shows considerable decomposition, 
the g rap h ite  is increased in  size, and there  is 
oxidation of the  iron in  the vicinity  of the 
g raph ite . In  the 0.39 per cent, chromium iron, 
F igs. 6 and 7, cast and heat-trea ted , the 
am oun t of pearlite  unaffected is considerably 
g re a te r ; the  g rap h ite  shows little  change w ith 
li tt le  or no oxidation  of iron. The two micro- 
photos of the  0.90 per cent, chrom ium iron, 
F ig . 8, as cast, and F ig . 9, heat-trea ted , show 
practically  no varia tion  in  struc tu re .

F i g . 9.—Ck. 5. H eat  T r e a t e d  f o r  

200 h r s . at 550 d e g . C. x 540.

Sum m ing up generally, i t  will be noted, F ig. 3, 
th a t  as the  chrom ium  con ten t of grey cast iron 
is increased, the  influence of the chromium is 
to stabilise the  combined carbon, both a t  450 
and 550 deg. C., complete stab ility  being 
a tta in ed  w ith 0.90 per cent, of chromium. This 
increased stab ility  of the  combined carbon under 
tem pera tu re  is no doubt due to  the presence, 
according to  the  recen t work of W estgren,
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T a b l e  V.— Volume Changes.-

Cr .Per 
cent.

No. of 
heatings.

Length. 
In.

Dia.
In.

Vol. 
Cub. in.

Change. 
Per cent.

Nil 0 6.0000 1.0000 4.710 —
5 6.0004 1.0005 4.715 0.11

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

0.20 ' 0 6.0000 1.0000 4.710 —
5 5.9999 0.9998 4.708 0.04

10 5.9997 0.9997 4.707 0.06
15 5.9990 0.9993 4.703 0.15
20 5.9988 0.9994 4.703 0.15
25 5.9988 0.9994 4.703 0.15

0.39 0 6.0000 1.0000 4.710 —
5 5.9992 0.9998 4.707 0.06

10 5.9985 0.9997 4.706 0.08
15 5.9979 0.9992 4.701 0.18
20 5.9980 0.9989 4.698 0.25
25 5.9978 0.9988 4.697 0.27

0.66 0 6.0000 1.0000 4.710 —
5 6.0004 1.0001 4.711 +0.02

10 6.0000 0.9999 4.709 -0 .0 2
15 5.9998 0.9997 4.707 0.06
20 5.9998 0.9997 4.707 0.06
25 5.9997 0.9997 4.707 0.06

0.78 0 6.0000 1.0000 4.710 _'
5 6.0001 1.0000 4.710 —

10 6.0000 1.0000 4.710 —.
15 5.9997 0.9997 4.706 0.06
20 5.9989 0.9993 4.703 0.15
25 5.9984 0.9992 4.701 0.18

0.90 0 6.0000 1.0000 4.710 _
5 5.9998 0.9998 4.708 0.04

10 5.9995 0.9995 4.705 0.10
15 5.9992 0.9990 4.700 0.21
20 5.9990 0.9989 4.699 0.23
25 5.9991 0.9989 4.699 0.23
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P hragm en and Negresco,“ of chromium in the 
cem entite of the pearlite  and affects the heat- 
resisting  properties of the  irons enabling them  
to  re ta in  both th e ir stren g th  and hardness.

Volume Changes.
The volume changes were carried  ou t on 

bars accurately  m achined to  6 in. long by 1 in.
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o t s m is :o :s
Humbsr Of 8 Hour Hear/rigs 

F i g . 1 0 .— Volume C h a n g e s .

dia. These were heated  in  an electric-resistance 
furnace to  550 deg. for e igh t hours per day, 
cooled over n igh t and reheated  the following 
day. A t the  end of every 40 hours’ heating  the 
bars were m easured and the  volumes determ ined. 
The resu lts a re  given in  Table V and F ig. 10.

C onsideration of these results show th a t  while 
the plain  iron has a volume increase, all the 
irons contain ing  chrom ium  show contraction 
a fte r prolonged heating . The irons containing

8 A. Westgren, G. P hragmen, and Tr . Negresco, Journ. 
Iron and Steel Inst., 1928, vol. 1, p. 383.



142

0.20 and 0.39 per cent, of chrom ium  contract 
to  the  ex ten t of 0.15 and 0.27 per cent, respec­
tively. F u rth e r  add ition  of chrom ium  to 0.66 
per cent, reduces the  contraction  to  0.06 per 
cen t., while still fu r th e r additions to  0.78 and

Peg s . C e H t  

F i g . 1 1 .— P l a in  I r o n .

(1) As C a s t .
(2 ) H e a t  T r e a t e d  f o r  2 0 0  h r s . at 4 50

d e g . C .
(3 ) H ea t  T r e a t e d  f o r  2 0 0  h r s . at 550

deg. C.

0.90 per cent, increase th is  reduced contraction 
to  0.18 and 0.23 per cent, respectively.

These resu lts ap p ear to  be very e rra tic  and 
a t  first, i t  is difficult to  conceive why the  in ­
crease of chrom ium  from  0.39 to  0.66 per cent, 
should produce a lower volume contraction .



I t  is possible th a t  the  explanation  may be found 
by considering the  general s tru c tu re  of the irous. 
The two lower-chromium irons are  essentially 
grey cast irons having a s tru c tu re  consisting of 
pearlite  and g rap h ite  w ith a small am ount of 
free fe rrite , whereas the  s tru c tu re  of the higher- 
ohromium ii-ons consist of pearlite , g raph ite  and 
free cem entite. E xperim ents have shown th a t 
w hite cast irons contain ing  large proportions of 
free cem entite and no g raph ite  are no t affected 
by volume changes, so th a t  th e  m ottled n a tu re  
of th e  th ree  higher-chrom ium  irons may have 
slowed down the  volume contraction-changes due 
to  the  chromium.

Considering n ex t the  contraction-changes due 
to the  chrom ium . This phenomenon, as yet, 
canno t be explained or defined. Andrew and 
H ym an” s ta te  as a resu lt of th e ir work on the 
grow th of special cast irons a t  900 deg. C., th a t  
chrom ium  when added in sufficient quan tity  
(1.5 per cent.) considerably re ta rd s  and reduces 
grow th b u t does no t p reven t i t ; and the au thor 
has found th a t  heating  the  0.39 per cent, 
chrom ium  iron to 800 deg. C. produces a small 
volume increase. Growth in grey cast iron is 
produced by decomposition of the combined 
carbon of the  pearlite  and increase in  the  size 
of the  g rap h ite  lamellae and these changes may 
or m ay no t be followed by oxidation of the  iron 
in the  v icin ity  of- the g raph ite . All the 
chrom ium  irons are  subject to varying degrees 
of combined carbon decomposition excepting the 
0.90 per cent, iron, b u t microscopic exam ina­
tion  shows litt le  or no change in  the na tu re  of 
the g rap h ite  and  no oxidation. I t  would, there ­
fore, appear th a t  the  contraction  change which 
takes place a t  tem pera tu res below the  critical- 
range is in  some m anner due to  the  chromium 
and exceed the  volume change produced by com­
bined carbon decomposition. W hat the na tu re  
of the  change is cannot be determ ined by ordi­
nary  microscopic investigations and is probably 
molecular.

9 J. H. Andrew and H. H y m a n , Jour. Iron and Steel Inst., 
1924, vol. 1, p. 451.
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From  the  resu lts obtained i t  would, therefore, 
appear th a t  two m ain  factors operate  in the 
volume changes of those chrom ium  irons. F irs t 
th e re  is the  con trac tion  phenomenon due to  the 
chrom ium , as ye t no t exp lainab le; and second, 
the  change due to  the  s tru c tu ra l n a tu re  of the

F ig . 1 2 .— C h r o m i u m  I r o n ,  0 .3 9  p e r  
c e n t .  C r.

(1) As C a s t .
(2 )  H e a t  T r e a t e d  f o r  2 0 0  h r s . at  450

d e g . C.
(3 ) H e a t  T r e a t e d  f o r  2 0 0  h r s . at 550

d e g . C.

irons. This la t te r  po in t, th e  grow th of a purely 
grey cast iron as com pared w ith  the  grow th of 
a m ottled  cast iron of a sim ilar com position and 
the  om itting  of elem ents, such as chrom ium , 
which may produce com plication, requires fu r th e r
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investigation , and m ight also explain the e rra tic  
volume changes th a t  a re  known to occur in irons 
of a border-line composition.

SSSM-X3WX UO /  &0J 3yniUH3dlM3l U/ 30M3H3JJIH ^
3 J  ¿JOJ 0 3S  y i j  K> *s- H 3J S7VJ rn X  £

Elevated Temperature Tests.
The stren g th  of p lain  and chrom ium cast irons 

a t  elevated tem pera tu res has been dealt w ith by 
the au tho r in his P aper on “ Special Cast
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Iro n s ,” 10 and  th e  curves obtained  for the  plain 
iron and the iron con ta in ing  0.39 per cent, of 
chrom ium  are reproduced in Figs. 11 and 12. I t  
will be seen th a t  the  effect of th is  chrom ium 
add ition  is to  increase the  s tren g th  of cast iron 
a t  elevated tem pera tu res, both in its “ as cast 
and h ea t- trea ted  conditions. The s tren g th  is 
m ain ta ined  to  500 deg. C., w hereas in the  iron 
con ta in ing  no chrom ium  i t  falls off a t  400 deg. 
C. The break ing  stresses of the  two irons, when 
tested  a t  400 deg. a f te r  200 hou rs’ h ea t-trea t- 
m ent a t  550 deg. C., a re  11.0 and  15.6 tons per 
sq. in. respectively, and  show th e  beneficial 
effects of a sm all chrom ium  add ition . I t  will 
also be noted th a t  the  depression occurring  in 
the  “ as cast ” of th e  p lain  iron is practically 
e lim inated  by the chromium.

Thermal Conductivity.
In  a like m anner the therm al conductiv ity  of 

the  p lain  iron and  the two chrom ium  irons con­
ta in in g  0.20 and 0.39 per cen t, of chromium 
have been fully dealt w ith  in a previous P aper 
on “ The T herm al C onductivities of Grey Cast 
Iro n s ,” 11 and  again  the  curves obtained are re­
produced in  F ig . 13. These curves show th a t  
the therm al conductiv ity  value for the  p lain iron 
a t  100 deg. C. of 0.122 is increased by the 
chrom ium  additions to  0.127 and  0.132, and a t 
400 deg. C. the  K  values of the  two chrom ium 
irons are  0.111 and 0.114, as aga in s t 0.107 for 
the p lain  iron. Chrom ium , therefore , tends to 
increase the  therm al conductiv ity  of grey cast 
iron.

Corrosion Tests.
In  view of the  m any advantages which have 

been gained in steel in reducing  corrosion by 
additions of chrom ium , i t  was considered of 
in te re st to  subject th e  various chrom ium  irons, 
together w ith  the  p lain  iron, to  a series of corro­
sion tests, to  determ ine, if possible, if such small

10 J. W. Donaldson, Proc. Inst. Brit. Found., 1924-25, vol. 18, 
p. 89.

11 J. W. Donaldson, Proc. Inst. Meeh. Engineers 1928, No. 4.
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additions of chrom ium  had any influence on cast 
iron.

Test-pieces, 25 mm. long by 20 mm. d ia., 
were machined from each iron, buffed, polished 
and immersed in the following solutions for 28 
days a t  60 deg. F . (15 deg. C.). The solutions 
were N /1 0  hydrochloric acid, N /1 0  n itric  acid, 
N 110 acetic acid, ta p  w ater, sea w ater, and N /10

Crtzorfmrt -  %
Fig. 14.—Corrosion Tests.

amm onium chloride. A t the  end of the period 
the test-pieces were washed, dried  in  alcohol 
and the  loss in  w eight determ ined. Three tests 
were carried  ou t on each iron in each solution, 
and from  the average w eights obtained the loss 
in w eight per 100 sq. cm. determ ined. The 
results were given in Table V I and F igs. 14 
and 15.



The general influence of the  chrom ium  addi­
tions is to  effect a sligh t beneficial effect as 
regards resistance to, corrosion. This influence 
is m ost m arked in the  case of sea w ater, and 
least noticeable w ith ta p  w ater, N /1 0  acetic 
acid and N /1 0  am m onium  chloride. The in­
fluence of chrom ium  in  re ta rd in g  the  corrosion 
in all cases follows the  add ition  of 0.20 per cent, 
chrom ium  and increases slowly as th e  chromium 
co n ten t increases.

T a b l e  VI.— Corrosion Tests.
Loss in Weight. Grams per 100 sq. cms. of Surface Area, 

after 28 days.

, ■ Corroding media.
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iron. N/10
HC1

N/10
h n o 3

N/10
HA

Tap
water.

Sea
water.

N/10
AmCl

Plain 12.48 10.51 4.77 0.30 0.78 0.84
0.20 per 

cent. Cr 9.53 8.62 3.72 0.23 0.42 0.69
0.39 per 

cent. Cr 9.48 7.68 3.60 0.25 0.32 0.72
0.66 per 

cent. Cr 8.67 8.06 3.67 0.22 0.35 0.73
0.78 per 

cent. Cr 8.09 7.31 3.51 0.21 0.31 0.68
0.90 per 

cent. Cr 7.91 6.75 3.39 0.21 0.29 0.65

These resu lts a re  som ewhat in accordance w ith 
the resu lts obtained by K otzschke and  Piwo- 
w arsky12 in th e ir  series of experim ents on the 
corrosion of cast iron. These investigators 
found th a t  chrom ium  exerted  a beneficial in­
fluence on the  resistance of cast iron to  acids, 
when p resen t to  the  ex ten t of 1 per cen t., b u t 
w ith castings subjected  to  th e  ru s tin g  effect of 
solutions of salts, chrom ium  is of li tt le  advan­
tage. In  general i t  would appear as if chromium 
would have to  be p resen t in considerably larger 
am ounts th a n  0.90 per cent, to  ex e rt any  m arked 
influence on the  corrosion properties of cast iron.

12  p. K otzschke  and E. P iw o w arsk t, Arch. Eisenhiittenwes 
1928-29, vol. 2, p. 333.
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Summary.
C hromium added to  grey cast iron in quan­

titie s  up to  0.90 per cent, increases the  stab ility  
of the combined carbon a t tem pera tu res up to 
550 deg. C. This increase in stab ility  is 
probably due to the presence of chromium car­
bide in  th e  cem entite of the  pearlite , and is re­
flected in the  increased streng th  both a t ordinary

CHeorfiurt - %

Fig. 15.—Coerosion Tests.
and elevated tem pera tu res and in the Brinell 
hardness. B e tte r heat-resisting  irons are, th e re ­
fore, obtained, bu t there is difficulty in m achin­
ing irons w ith over 0.4 per cent, of chromium.

The influence of chrom ium on volume changes 
a t tem pera tu res  below the critica l range is 
e rra tic , b u t th e  general effect is to  produce a 
contraction . The n a tu re  of th is contraction is 
difficult to  explain or define. W ith  chromium up 
to 0.4 per cent, th e  therm al conductivity is in­
creased by about 8 per cent.
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Small additions of chrom ium  reduce very 
slightly  th e  corrosion of grey cast iron. The 
effect is m ost noticeable w ith  sea w ater, and to 
a lesser ex ten t w ith  s trong  acids. W ith  weak 
acid, ta p  w ater, and am m onium  chloride little  
advan tage  is gained.

The au th o r th an k s  M r. Jam es Brow n, C .B .E ., 
and  the  o ther d irectors of Sco tts’ Shipbuilding 
and E ng ineering  Company, L im ited , Greenock, 
for perm ission to  carry  ou t th e  above investiga­
tions.
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THE INFLUENCE OF MANGANESE IN CAST IRON. 

By A. L. Norbury D.Sc. (Member).

Introduction.
Considerable differences of opinion exist as to  

the  influence of m anganese on the  chilling pro­
perties of cast iron. Some hold th e  view th a t 
m anganese decreases the  tendency to  chill, o thers 
th a t  i t  increases th e  tendency to  chill. F o r in­
stance, m any m anufactu rers of chilled rolls find 
th a t  m anganese additions decrease th e  dep th  of 
chill, while m any m anufactu rers of grey-iron 
castings find th a t  m anganese increases the  ten ­
dency to  chill. Evidence is available in  support 
of each view. Some published results, for in ­
stance, ind ica te  (1) th a t  as the  m anganese con­
te n t  of a grey iron  (contain ing  only traces, 
e.g., 0.01 per cent, sulphur) is increased from 
0.0 per cent, to  about 0.3 per cent, manganese 
i t  exerts  a g rap h itis in g  action on the  cem entite. 
O ther resu lts ind ica te  (2) th a t  additions of 1 per 
cen t, and  upw ards of m anganese ex e rt a chilling 
action.

E xperim ents have been carried  o u t to  check 
th e  above ap paren tly  conflicting results and  have 
confirmed them . The explanation  appears, how­
ever, to  be th a t  th e  g raph itising  action of 
m anganese only occurs in  low-manganese irons 
and  is an in d irec t one due to  its  capacity for 
com bining w ith  sulphur. The presence of only 
traces (e.g., 0.01 per cent.) of free sulphur is 
sufficient to  p reven t th e  g raph itisa tion  of con­
siderable q u an tities  of cem entite and an excess 
of m anganese (above th a t  required  to  form 
MnS) is requ ired  to  neu tralise  the  stabilising 
action of such su lphur on the  cem entite. A part 
from  th is  in d irec t action , m anganese always 
exerts a stabilising  action on cem entite. E vi­
dence bearing  firstly on the  g raph itis ing  action, 
and secondly on th e  chilling action of m anganese 
is sum m arised below.
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Graphitising Action of Manganese.
H ague and  T u rn e r1 were ap paren tly  the  first 

to draw  a tte n tio n  to  th e  g rap h itis in g  action of 
small q u an tities  of m anganese. They found th a t  
increasing th e  m anganese con ten t of a grey iron 
(T.C. 2.6 per cen t., Si 3.0 per cen t., P  trace, 
S trace) from  0.03 to  0.5 per cent, caused the 
following m arked d ifferences: (a) th e  combined- 
carbon con ten t fell from  1.03 to  0.22 per c en t.; 
(b) an expansion occurred a t  687 deg. C. on 
cooling (w ithout m anganese no expansion was 
obtained  a t  these low tem pera tu res), and  (c) the 
pearlite  m a trix  was largely  decomposed in to  fe r­
rite  and  g rap h ite .

Coe2 confirmed the  above resu lt, and  in  a grey 
iron  con ta in ing  to ta l carbon 2.8 per cen t., Si
1.8 per cen t., S trace , P  trace , found th a t  w ith 
m anganese 0.03 per cent, th ere  were numerous 
small crystals of cem entite, while w ith 
m anganese 0.18 per cent, and upw ards, the  cry­
stals of cem entite  were absent and  a considerable 
portion  of the  p earlite  had been decomposed into 
fe rrite  and  g raph ite .

D a ta  from  papers by Coe’ and  W iist and 
M eissner4 showing the  effect of small additions 
of m anganese in decreasing th e  combined-carbon 
conten ts of grey irons have been p lo tted  in 
F ig . 1. I t  will be seen th a t  increasing the 
m anganese con ten t from  0.03 per cent, to  about 
0.3 per cent, in  these grey irons causes a fall in 
combined carbon in every case— which is in  ac­
cordance w ith  the  findings of H ague and  T urner, 
and Coe. F u r th e r  add itions of m anganese cause 
a sligh t increase in  th e  com bined-carbon content.

These resu lts have been confirmed by casting  
sim ilar series of grey-iron bars con ta in ing  in ­
creasing q u an titie s  of m anganese between 0.0 
and 0.5 per cent. In  each case as th e  m anganese 
was increased from  0.0 per cent, to  about 0.3 
per cen t., th e  combined carbon fell from about 
1.3 to  below 0.9 per cent. Some analyses showing 
th is are  given in  Table I .

The g rap h itis in g  action of m anganese, if in­
creased from  0.0 to  0.3 per cent, or over, on 
the  secondary cem entite in  grey iron is confirmed
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in  a som ewhat different m anner by means of 
the  d a ta  p lo tted  in  F ig s . 2A and 2B. These 
figures show the  combined-carbon contents of
1.2 in. d iam eter sand-cast bars of various 
carbon and silicon contents. The vertical posi­
tion  of each do t in these figures indicates the 
to tal-carbon conten t, while the  horizontal posi­
tion  indicates the  silicon content, and against 
each d o t is w ritten  the  combined-carbon content.

T a b l e  I .— Effect of small percentages of manganese on 
combined contents of 1.2 dia. sand-cast grey-iron 
bars.

Series A.

No. of test bar 1- 2- 3.

C. C....................................... 1.29 0.91 0.54
M n .......................... 0.02 0.10 0.33

T.C., 3 .0 ; Si, 1 .9 ; S .0 .0 3 ; P, 0.03 per cent.

Series B.

No. of test bar 4. 5. 6. 7. 8.

C. C......................... 1.29 1.10 0.99 0.90 0.84
M n.......................... 0.06 0.11 0.20 0.24 0.43

T.C.,2.77; Si, 1 .53; S ,0 .03 ; P, 0.03 per cent.

The resu lts in  F ig . 2A have been taken  from 
d a ta  published by M aurer5 and contain 0.68 to 
1.23 per cent, manganese and  0.04 to  0.13 per 
cent. S. Those in  F ig . 2B contain manganese 
below 0.2 per cent, and 0.01 to  0.03 per cent. S 
and have been tak en  from  a P ap er by W iist 
and K ettenbach.* Compositions to  the  r ig h t of 
the curved chill lines would be grey. The com­
bined-carbon conten ts of the  grey irons in 
F ig . 2A (M n 0.68 to  1.23 per cent.) average 
about 0.9 per cent, combined carbon; those in 
F ig . 2B (M n below 0.2 per cent.) are, however, 
obviously exceptionally high, averaging about
1.3 per cent, combined carbon. The high com­
bined-carbon contents in F ig  2B are, as before, 
the resu lt of low-manganese contents (below 
0.2 per cent, in  th is case).

\
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El 1 T.C 3-1 . Si. 1-6 . S o a  |

1 o- *
O s- ' s

'
0-5 i-O 1-5 % Mm

Figs. 1A, IB , 1C, ID , I E .—Effect of Man­ganese on the Combined-Carbon Contents of Grey Iron Bars. Figs. 1A, IB , 1C have been Constructed from Data Published by Coe for 2 in. x 1 in. Bars ; Figs. ID  and 
IE  from Data Published by Wust for 1.2 
in. Bars.
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Effects of Phosphorus, Nickel and Aluminium.
M anganese appears to  be the only elem ent 

commonly alloyed w ith  cast iron  which can 
g raph itise  th e  secondary cem entite in  the  above 
m anner. T h a t ne ither phosphorus, nickel nor 
alum inium  has th is  action is ev iden t from  the 
following da^a, viz., W iist and S to tz’s’ da ta  
g iv ing th e  combined-carbon con ten t of l.Si in. 
d ia. sand-cast grey-iron bars containing 
m anganese below 0.2 per cent, and  sulphur below 
0.03 per cent, and various am ounts of carbon, 
silicon and  phosphorus show h igh combined- 
carbon contents sim ilar to  those in F ig  2B (viz.,
1.3 per cen t.)—which a re  n o t decreased or in ­
creased by increasing the  phosphorus from  0.0 
to  2.0 per cent. (A sim ilar conclusion as to 
phosphorus results from  a study of Coe’s* data .)

S im ilar high combined-carbon contents in grey 
irons con ta in ing  traces of m anganese and sul­
p hu r and several percentages of nickel are 
ev iden t in  d a ta  published by Everest, T urner 
and  H anson ,” and in  grey irons contain ing  traces 
of m anganese and sulphur and several per­
centages of alum inium  in  d a ta  published by 
E verest.10

Microscopic Examination of Grey Cast Irons containing 
Low-Manganese and Traces of Sulphur.

P hotem icrographs a t  200 dias. of th e  grey-iron 
test-bars Nos. 1, 2 and  3 (Table 1) are  shown 
in  F igs. 3, 4 and 5 respectively. In  these 
figures, th e  fall in  combined-carbon from  1.29 
to  0.54 per cent, is very m arked. This fall is 
due en tire ly  to  the  m anganese con ten t being 
increased from  0.02 to  0.33 per cent., th e  sulphur 
is constan t a t  0.33 per cent, and the silicon a t
1.9 per cen t, and the  to ta l carbon a t  3.0 per 
cent.

F ig . 3 shows th e  presence of th ree  or four 
lakes of w hite ceuientite  and numerous dark 
patches which, when magnified to  1,000 dias. as 
in F ig . 6, a re  seen to  consist of cem entite 
lamellie much closer together th an  they are in 
pearlite . Such patches presum ably consist of 
secondary (or pro-eutectoid or hyper-eutectoid)
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cem entite. (The form of the  secondary cem entite 
in F ig . 6 suggests th a t  i t  has been deposited at 
a single tem pera tu re  instead of being deposited 
from  the  y solid-solution continuously as the 
tem p era tu re  on cooling fell from  the eutectic 
tem p era tu re  to the eutectoid tem pera tu re . In 
o ther words, th e  y solid-solution containing 
abou t 1.2 per cent, combined-carbon has super­
cooled u n til the  y a allotropic-change tem perature

F io . 3 . — x  2 0 0 . T . C . ,  3 . 0 ;  S i ,  1 . 9 ;  S ,  0 . 0 3 ;  
P ,  0 . 0 3 ;  C o m b i n e d  C a b b o n ,  1 .2 9 ,  a n d  M a n ­
g a n e s e ,  0 .0 2  p e r  c e n t .  W h i t e  L a k e s  of 
P r i m a r y  C e m e n t i t e  c o n t a i n i n g  Iron 
S u l p h i d e .  Dark P a t c h e s  o f  S e c o n d a r y  
C e m e n t i t e .

was reached, and th is change caused the 
cem entite to be deposited from  solid-solution in 
a form which may be likened to  pearlite  with 
a combined-carbon con ten t of 1.2 per cent, in­
stead of the  usual 0.9 per cent. The same th ing  
probably occurred in the cast irons made by 
H ague and T u rn e r,1 since these investigators
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found only traces of therm al-a rrests  between the 
eutec tic  and  eutec to id  tem pera tu res.)

The w hite lakes of cem entite  in  F ig . 3 contain 
islands of yellow iron  sulphide. One of these 
m agnified to  1,000 dias. is shown in  F ig . 7. The 
sulphide was yellow in colour—in fac t, sim ilar 
in colour to  a polished and etched specimen of 
iron sulphide. This ind icates th a t  th e  0.02 per 
cent, m anganese in th is te s t bar (No. 1) is not 
combined w ith  the  su lphur, b u t is combined 
w ith some o ther constituen t. I t  also suggests

F i g .  4 .— x 2 0 0 . S a m e  C o m p o s i t i o n  a s  F i g .  3 , 
e x c e p t  C o m b i n e d  C a r b o n  0 .9 1 ,  a n d  M a n ­
g a n e s e  0 .1 0  p e r  c e n t .  L e s s  P r i m a r y  a n d  
S e c o n d a r y  C e m e n t i t e  P r e s e n t .

th a t  these lakes of cem entite  have been pre­
vented from g rap h itis in g  by iron sulphide.

F ig. 8 shows ano ther of these lakes a t  1,000 
dias., and in th is  case the  lake contains fine 
spots of phosphide eutec tic  in  add ition  to  iron 
sulphide and austen ite . (This indicates, inci­
den tally , th a t  the  solid solubility of th e  phos­
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phide in th is  p a rticu la r iron m ust be consider­
ably below 0.03 per cent, phosphorus—the figure 
found by chemical analysis.) These white lakes 
of cem entite , etc., i t  is suggested consist of 
eu tectic m ix tures of iron carbide, austenite, 
iron sulphide and iron phosphide, plus secondary 
cem entite which has been deposited on and has 
joined up w ith the prim ary cem entite.

F i g .  5 .— x  200. Same Composition as Figs. 3 and 4 , except Combined Carbon 0.54 per cent., Manganese 0.33  per cent. N o  Primary or Secondary Cementite Present, and some Pearlite has Decomposed into Ferrite, plus Graphite.
The fac t th a t  the  specimen shown in  F ig . 4 

contains fewer lakes of prim ary-cem entite and 
fewer dark  patches of secondary-cem entite than  
the specimen shown in  F ig . 3 may be explained 
by assum ing th a t  the  additional manganese i t  
contains (0.10 per cent, instead of 0.02 per cent. 
Mil) has combined w ith some of the 0.03 per 
cent, su lphur to  form M nS which does not
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stabilise and form  a eu tec tic  w ith prim ary- 
cem entite and does no t stabilise secondary- 
cem entite. S im ilarly , w ith  the  specimen shown 
in F ig . 5, the  h igher m anganese-content (viz., 
0.33 per cen t. Mn) has been sufficient to  nullify 
any carbide-stabilising  action of th e  0.03 pel 
cent, su lphur. I t  will be noted th a t  between 
0.10 per cent, and 0.33 per cent, m anganese is 
required  to  effect th is , and since 0.03 per cent, 
su lphur only requires 0.05 per cent, m anganese

F i g .  6 .—  x  1 ,0 0 0 .  S e c o n d a r y  Gehentite R e ­
s o l v e d .  T h i s  C o n s t i t u e n t  A p p e a r s  as U n­
r e s o l v e d  D a r k  P a t c h e s  i n  F i g s .  3 , 4 ,  9
a n d  1 4 .

to form  M nS, i t  follows th a t  the  m anganese 
m ust d is trib u te  itself between the  su lphur and 
some o ther constituen t. F u r th e r  additions of 
m anganese up to , say, 1.5 per cent, of m an­
ganese have relatively  li tt le  effect on the  com­
bined-carbon con ten t, th e ir  tendency is to  in­
crease i t  slightly  and to  m ake the  pearlite  more 
sorbitic.



The fac t th a t  such small quan tities— e.g., 
0.03 per ceu t.—of su lphur are  sufficient to 
stabilise and p reven t the  g raph itisa tion  of such 
large quan titie s  of combined-carbon (viz. 
1 .2 9  to  0.54 per cent. = 0.75 per cent, combined- 
carbon) receives support from  th e  work of S tead“ 
and H atfie ld .“  S tead concluded th a t  cem entite 
can hold 0.1 per cent, su lphur in solid solution, 
and th a t  such sulphur is m ainly responsible—
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F i g .  7 .—  x  1 ,0 0 0 .  Y e l l o w  S u l p h i d e  i n  W h i t e  
L a k e  o f  C e m e n t i t e .  S a m e  S p e c i m e n  as 
F i g .  3 .

by m aking the  carbide stable—for preventing 
the separation  of g raph ite .

Effect of Sulphur.
All the  d a ta  considered so fa r  have referred  

to cast irons in which sulphur has been present 
only in traces, e.g. below 0 .0 3  per cent. W iist 
and M iny“  cast a num ber of grey iron 1.2-in. 
dia. test-bars w ith sulphur varying between 
0 .0 1  per cent, and 0 .3  per cent, and w ith man-

G



gañese contents ol 0.09, 0.64, and 0.85 por cent. 
Piwowarslcy and Schum acher14 added su lphui up 
to  0.8 per c^nt. to  eu tec tic  and hypo-eutectic 
cast irons con ta in ing  0.8, 1,8, and 2.8 per cent, 
silicon and 0.2 to  0.3 per cent, m anganese. In  
both these researches, consequently, th e  su lphur 
was, except in  one or two cases, g rea te r th an  
th a t  requ ired  to  form  M nS w ith th e  m anganese 
present, and  the resu lts are  consequently o u t­
side the  range considered in th e  p resen t P aper.
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F i g .  8 .— x 1,000. D o t s  o f  P h o s p h i d e  E u t e c t i c  
a n d  Y e l l o w  S u l p h i d e  i n  W h i t e  Lake of 
C e m e n t i t e .  S a m e  S p e c i m e n  a s  F i g .  3 .  P ,  
0.03 p e r  c e n t .

In  order to  investiga te  th e  effects of small 
excesses of m anganese, above th a t  requ ired  to  
form  M nS, in  irons con ta in ing  appreciable 
am ounts of su lphur, the  following experim ents 
were carried  out.

Three 1.2-in. d ia . grey-iron bars were cast 
in sand. The first contained 0.03 per cent, 
su lphur, th e  second 0.13 per cent, su lphur, and
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th e  th ird  0.28 per cent, su lp h u r; the  manganese 
con ten t was 0.5 per cent, in  each case, the  to tal 
carbon 2.8 per cen t., th e  silicon 1.7 per cent., 
and th e  phosphorus 0.03 per cent. I f  the 
sulphur combines w ith  th e  m anganese to  form a 
sulphide, its action should be equivalent to  re­
ducing th e  am ount of m anganese able to 
influence th e  combined-carbon contents, as 
above.

Fig. 9.— x 200. T .C., 2 .8; S i, 1.7; M n, 0.47; 
S, 0.28, AND P , 0.03 PER CENT. MANGANESE (ABOVE THAT REQUIRED TO FORM MnS) 0.0 PER cent., Combined Carbon 1.18 per cent.
The results obtained indicate th a t  th is 

occurred, since as the  su lphur was increased 
the combined-carbon contents increased (viz., 
0.56, 0.72, and 1.18 per cent, combined-carbon 
respectively), even though the liars showed no 
signs of chill. The results are shown in Table I I , 
where the  am ounts of m anganese present, above 
th a t required to  form MnS, have also been 
calculated. g2



I t  will be seen th a t  th is  assum ption ( th a t 
M nS is th e  sulphide form ed) is approxim ately 
correct, since th e  combined-carbon con ten t falls 
to  norm al when th e  “  m anganese above th a t  
required  to  form  M nS ” is betw een 0.28 and 
0.48 per cen t., a  figure in  approx im ate  agree­
m ent w ith th a t  a lready arrived  a t  fo r irons con­
ta in in g  only traces of su lphur. F u r th e r  experi­
m ents are, however, being carried  o u t to  ascer-
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F i g . 10.— x 1,000. K h a k i - c o l o u r e d  S u l p h i d e  
C r y s t a l , c o n t a i n i n g  P e a r l i t e . S a m e  
S p e c i m e n  a s  F i g . 9 .  M n  0 .4 7 ,  S  0 .2 8  p e r  
c e n t .

ta in  more accurately  the  excess m anganese 
required .

The m icrostructu re  a t  200 dia. of tes t-bar 
No. 9  is shown in  F ig . 9 ,  and  is very sim ilar in 
respect of its  p rim ary  and secondary cem entite 
contents to  te s t-b a r No. 1 shown in F ig . 3. This 
tes t-bar contained 0.47 per cent, m anganese and 
0.28 per cent, su lphu r (the theo re tica l am ounts 
required  to  form  M nS), b u t the  sulphide was
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khaki-coloured, ind ica ting  th a t  i t  consisted 
chiefly of FeS , consequently the  g rea te r p a r t of 
the 0.47 per cent, m anganese present m ust be 
combined w ith some constituen t o ther th an  the 
sulphur. A tr ia n g u la r  crystal of th e  khaki- 
coloured sulphide in th is specimen is shown 
in F ig  10 a t  1,000 dia. m agnification. I t  will be 
seen th a t  th is  crystal shows an area of pearlite  
in its  centre. I t  is no t considered th a t  th is 
pearlite  is the  m atrix  showing th rough  a  hole 
in the  sulphide, b u t th a t  i t  is an inclusion, 
since its  tr ia n g u la r shape is so definitely related 
to  th a t  of the  crystal form  of the  sulphide. 
Test-bar 10 had a general m icrostructure  sim ilar 
to th a t  shown in F ig. 4, while tes t-bar 11 had 
one sim ilar to  th a t  shown in F ig . 5, except th a t

Table I I .—Effect of small percentages of manganese 
and sulphur on the combined-carbon contents of 
] .2 in. diameter sand-cast grey-iron bars.

No. of test bar 9. 10. 11.

C.C........................................ 1.18 0.72 0.56
Mn above that required 

to form MnS 0.00 0.28 0.48
M n ...................................... 0.47 0.50 0.53
S ...................................... 0.28 0.13 0.03

T.C., 2.8 ; Si, 1.7 ; P, 0.03 per cent.

the  ground mass was pearlitic  instead of 
pearlitic -ferritic .

F igs. 11, 12 and 13 show test-bars 9, 10 and 11 
a t  25 dia. m agnification a fte r deep etching in 
1.20 sp. gr. n itric  acid. The w hite netw orks are 
due alm ost en tirely  to  cem entite, since the  test- 
bars only contained 0.03 per cent, phosphorus. 
The decrease in cem entite as the  manganese, 
above th a t  required  to form MnS, increases from 
0.0 to  0.53 per cent., is clearly shown. The test- 
bars shown in F igs. 3, 4 and 5 gave sim ilar 
cem entite netw orks when etched in th is m anner.

Fig. 14 a t  200 dias. magnification shows a 
malleable iron contain ing  0.20 per cent, m an­
ganese and 0.16 per cent, su lphur. I t  has been 
etched in boiling sodium picrate  which darkens
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th e  cem entite . The secondary-cem entite is seen 
as d a rk  centipede-like patches a t  th e  crystal 
boundaries. I t s  s tab ility  a f te r  th e  prolonged 
annealing  is notew orthy.

The m echanical p roperties and complete 
analyses of th e  test-bars referred  to  above are  
given in Table I I I .  The bars were cast as 
follow s:—A bout 50-lb. charges were m ade up 
of Swedish iron (T.C. 3.7; Si 0 .3 ; M n 0.05;

F ig .  11 .—  x  25. M n  (above that requibed to 
FORM M nS) 0 .0 0  PER CENT., COMBINED 
C a r b o n  1 .1 8  p e r  c e n t . ,  P  0 .0 3  p e r  c e n t .  
W h i t e  N e t w o r k  o f  P r i m a r y  a n d  S e c o n d a r y  
C e m e n t i t e  a n d  P h o s p h i d e .  S a m e  S p e c i m e n  
a s  F i g .  9 .

S 0.03 and  P  0.03 per cen t.) , Armco iron and 
ferro-silicon (11 per cent, and 40 per cen t.), and 
m elted in a S alam ander crucible in  a coke- 
furnace a t  1,300 deg. C. to  1,400 deg. C., and 
poured a t  1,350 deg. C. in to  green-sand moulds 
to give a 1.2 in. d ia . bar, a  0.875-in. b ar, a 
0.6-in. b a r and a 0.4-in. b ar. E ach  b ar was 
16 in. long, was cast separately , and  top-poured



Tab
le 

II
I.

—
M

ec
ha

ni
ca

l 
Pr

op
er

tie
s 

of 
1.

2-
in

., 
0.

87
5-

in
., 

0.
6-

in
., 

0.
4-

in
. 

Sa
nd

-c
as

t 
Ba

rs 
co

nt
ai

ni
ng

 
low

 
pe

rc
en

ta
ge

s 
of 

m
an

ga
ne

se
, a

nd
 

hig
h 

pe
rc

en
ta

ge
s 

of 
co

m
bi

ne
d-

ca
rb

on
.

167

| f r a  | |

HHHW

H H r t N

r- co cq cq —-
^  O  C  CO t  *................. Cq
0  0  0  0 ) ^ - 4

(NONOJINIO 
Cq IQ  - h  LO I.............. C* Io  o  o  cq r-H

o  t '  cj t '  lo O ^ M t'OOO......................cqO  O  o  cq H

©  CO XQ CO ©
c o  *<* ©  i >  i q  cq  .1.................N Io  o  o  cq f-i

t -  ^  O  CO ^—I cq O l> © ^  ......................cq
C O O C l H

CO o  i >  CO o  H C 1 0 M 3 0......................cqo  o  o  cq

© o  o  cq

O O O <M i-t 
©

O O C O C O O H r - ^
cq co o  © o  o  ©......................cqo  o  o  co cq

©
» 3  O  CO ®  1C ^  o  
O n O O O ’ i t '..................... cq
O  O  O  CO i*h

o  cq co cq co io o  o  ^  cq *
o  o  o  o  oo co go o  cq cq cq co ^ -^ t^ o................. cq • . . . .
© © © CO >—< © r-l r-I —. cqr-̂

I  -r 3 .S** 2? ~o . • c
O  n S s ^ 03 ' 7  ^S .............. M ^  ̂  • S % % cq £ *-* * * * *  CD • \ * CD .CO TO . coco
*8 ^  S « « S c

. 7  0 0 * 7  • * p« ‘7  *
•= a 05 3  < i 'o . S . S o o . S . S
5 . ............................‘7  o  ®  c  >  > • .  t >  • 1......... cq ^ 3 --o o © ^ ^ jo o © * ^
p  . —1 co p- • • • c3 • •*-• _  § -d^*§  b © ° ©  © o  © ©
"e3 C CD "Sd g S ^ S S n ^ n n o, . . . . o « g .5 £ . o o ° © o o o
^ .............. o  g  Cq i  O
O  * 7  -£> * CD 7  ©
> ^ d ' ? H o cq . . . d > . . .
_2 w  S J i  a > H O o o S o o o
* £  : : .

©^  £ c ,£
S  ^ oqH oqW Q H  Eh 02O

M
ot

tle
d 

or 
w

hi
te

.



168

a t  an angle of about 30 deg. to  the  vertical. 
A fter casting  a set of fou r bars, w eighing about 
10 lbs., the  crucible was p u t back in the  furnace, 
an add ition  of ferro-m anganese m ade, and four 
more bars cast. All th e  bars in Series A were 
consequently cast from  the  same crucible full 
of m etal w ith add itions of ferro-m anganese, 
sim ilarly  w ith those in Series B. In  Series C 
additions of su lphur were m ade to  the  m elt.

Fig. 12.— x 25. Same Composition as Fig. 11,
EXCEPT M n  ( a b o v e  THAT EEQXJIRED TO FORM
M nS) 0.28 per cent., Combined Carbon 0.72, P 0.03 per cent. Less Cementite in Net­work than in Fig. 11 (Test Bar No. 10, Table I I ) .

The bars were broken in  transverse  between 
12-in centres. D rill-hardness te s ts  (g-in. dia. drill) 
were ca rried  o u t on th e  cen tra l core of each 
1.2-in. bar. B rinell tes ts  (10 m m ./3,000 k g ./ 
30 sec.) were carried  ou t on fla t surfaces about 
j  in. below th e  surface of each 1.2-in. bar.
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I t  will be seen in Table I I I  th a t  as the m an­
ganese increases and the combined-carbon falls, 
the B rinell-num ber falls, the drill-hardness falls, 
the  tens ile-strength  falls in  Series A where the 
th ird  bar has a fe rritic -pearlitic  m atrix  (as shown 
in F ig . 5), b u t is li tt le  affected in  Series B 
where th e  m atrices of bars 7 and 8 are  pearlitic  
(the low tensile-streng th  of 16.6 tons obtained

F i g . 13.— x 25. S a m e  C o m p o s i t i o n  a s  F i g s .
11 AND 12, EXCEPT M n  (ABOVE THAT REQUIRED 
TO FORM  MnS) 0.48 PER  CEN T., COM BINED 
C a r b o n  0.56 p e r  c e n t . ,  P  0.03 p e r  c e n t . 
L i t t l e  C e m e m t i t e  i n  N e t w o r k  ( T e s t  B a r  
No. 11).

on the las t bar of Series B is largely due to 
the too-low tem p era tu re  a t  which th is bar was 
poured, while in  Series C the  high-S bar has 
given a low tensile-strength , possibly due to 
segregation). The transverse-strengths are little  
affected by varia tions in m anganese and com­
bined-carbon.



The shrinkage was m easured by placing two 
pairs of pins exactly  14 in. a p a r t  in each mould 
(using a steel rod 14 in. long by J  in. d ia.), 
so th a t  the  head and abou t J  in. of each pin 
projected  from  the  face of the  mould and  became 
cast in to  the  test-bars. The d istance a p a r t  of 
the pins in  th e  cold test-bars was m easured with 
an in te rn a l m icrom eter-gauge. The shrinkage 
decreases as the m anganese is increased and  the
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F i g . 14.—  x  2 0 0 .  M a l l e a b l e  I k o n ; E t c h e d  i n  
B o i l i n g  S o d i u m  P i c k a t e . D a r k e n e d  
S e c o n d a r y  C e m e n t i t e  a t  C r y s t a l  B o u n d a r i e s .

combined-carbon falls. In  th e  w hite and  m ottled 
bars the  shrinkage is no t affected. The ten d ­
ency to  chill or solidify m ottled  or grey is not 
m arkedly affected by the  m anganese-content in 
these p a rticu la r tests.

Stabilising Action of Manganese on the Eutectic 
Cementite.

T here is a considerable am ount of evidence 
available th a t  add itions of 1, 2, 3 and h igher 
percentages of m anganese increase the  tendency
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of cast iron to  chill. Adamson15 cast wedges 
65 in. X I f  in. x 5 in. high aga in s t a 3-in. steel 
block and found th a t  increasing the m anganese 
from  0.5 to  3.0 per cent, (in irons contain ing 
T.C. 3 .3 ; Si 0.74 to  1.07; S 0.04 and P  0.04 per

VlOTTLEO T.C. 3 3 

5 i o-7<& 
s  175- 077 

Wedges 
5 - 3 ■ 6'

3 % Mn

T.C. 3 3 
Sc 0 76 

S 175-*077

m/o  Mn

T.C. J  O 

Sc I-1 
S 0-03

2 % Mn

F io s . 15A, 15B, 15C, 15D.—Effect of Man­ganese on Depth of Chill produced by Cast­ing Wedges against Metal Chill. (Figs. 
15A and 15B Constructed from Data Supplied by Mr. J .  Shaw.) In Figs. 15A and 15B the Sulphur Content fell from 
0.175 to 0.077, with Increasing Manganese, and in Fig. 15D from 0.153 to 0.137 per 
oent.
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cen t.) increased the  dep th  of chill and m ottle 
very m arkedly. Coe16 found th a t  increasing 
m anganese from  0.5 to 30 per cent, in  a grey 
iron con ta in ing  T.C. 3 .7 ; Si 2 .4; S 0.3. and 
P 0.05 per cen t., caused th e  iron to  become 
m ottled w ith 17.5 per cent, m anganese and  w hite 
w ith 30 per cent, m anganese.

Coe17 cast small ingots in  an open chill-mould. 
The compositions were T.C. 2.8; Si 1 .8 ; S 0.01; 
P  0.01 and  Mn 0.03, 0.18, 0.37, 0.81, 1.05, 1.20 
and 1.47 per cent. H e found no appreciable 
chill in  those ingots which con tained  less th an  
1 .0  per cent, m anganese, b u t definite and  in­
creasing am ounts of chill as th e  m anganese 
increased above th is  figure. D ickinson1Sa cast 
chill-wedges 5 in . X 1 in . X 5 in. h igh aga in s t 
a block of steel, and concluded th a t  increasing 
the m anganese from  0 to  0.14 per cent, decreased 
the  dep th  of chill, while fu r th e r  add itions in­
creased th e  dep th  of chill.

Shaw 18b cast a  series of large and  small wedge 
chills aga in s t a block of steel. The cupola-m etal 
used contained T.C. 3 .3 ; Si 0.75; M n 0.36 and 
S 0.175 per cen t., chills were cast and then  
increasing am ounts of m olten ferro-m anganese 
were added to  the  Ladle, chills being cast a fte r  
each add ition . The resu lts are  p lo tted  in  F igs. 
1 5 a  and  1 5 b , where i t  will be seen th a t  th e  first 
and  second additions of m anganese caused a 
decrease in the  dep th  of chill, while fu r th e r  add i­
tions caused a m arked increase. The in itia l 
su lphur-conten t (0.175 per cen t.) would require 
0 175 x 55
—— 55  =  0.30 per cent. Mn to  form  MnS.oZ
Consequently, th ere  would be only 0.06 per cent. 
M n above th a t  required  to  form  M nS in the 
orig inal cupola-m etal and th is  would account 
for the  decrease in dep th  of chill caused by the 
first and second m anganese add ition .

F u r th e r  confirm ation of the  chilling-action of 
m anganese is given by the resu lts p lo tted  in 
Figs. 15c and 1 5 d . Chill wedges 5 in. x 1 in. x 
5 in. high were cast aga in s t blocks of cast iron. 
In  the  first series, F ig . 3c, the  m elt contained 
T.C. 3.0; Si 1.1 and S 0.03 per cent. Increasing
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the  m anganese from  0.22 to  0.4 per cent, de­
creased the  dep th  of chill slightly, while fu r th e r 
additions of 0.8 and 1.25 per cent, m anganese 
increased i t  considerably. In  the  second series 
(F ig. 15d), the  in itia l su lphur-content was made

0.15 x 55
0.15 per cent, (this would require -----^ ------ =

0.26 per cent. Mn to  form  MnS) and i t  will be 
seen th a t  the  first add ition  of m anganese reduced 
the  chill, while fu r th e r additions increased the 
dep th  of chill, as before. H ere again, the  m ini­
mum chill is a t  approxim ately 0.3 per cent, 
m anganese above th a t  required to  form  MnS.

Stabilising Action of Manganese on Pearlite.
The following evidence indicates th a t  

m anganese, if p resen t in excess of th a t  required 
to combine w ith  any sulphur present, has a 
stabilising  influence on the  pearlite . C ar­
p en te r , 10 in  experim ents on the  grow th of cast 
iron, gave four bars contain ing  0.51, 0.74, 0.94 
and 1.64 per cent, m anganese, 151 heats a t 
850 deg. C.-900 deg. C., and found th a t  the 
s tab ility  of the  carbide increased w ith increase 
in the  m anganese-content. Taylor20 found in  a 
series of m alleable-irons contain ing manganese 
up to  1.3 per cent, th a t  w ith increasing 
m anganese-contents—above th a t  required to  form 
M nS—the annealed irons become more pearlitic  
and less fe rritic . Peace and E vans ,21 re ferring  
to b lackheart malleable, s ta te  “  if the  excess 
(above th a t  requ ired  to  form  MnS) manganese 
is more th a n  0.25 per cent., the  m anganese re­
ta rd s  g rap h itisa tio n .”

Summary.
Grey cast irons which contain  only traces of 

su lphur and m anganese have abnorm ally high 
combined-carbon contents, e.g., 1.3 per cent. I n ­
creasing the  m anganese from  traces up to  0.3 
per cent, causes the  combined-carbon to drop to 
norm al (e.g., 0.8 per cent.) combined-carbon, 
and causes a decrease in the  tendency to  chill. 
F u r th e r  additions of m anganese up to 1  or 2 per 
cent, tend  to  increase the combined-carbon and 
increase the tendency to  chill.
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- The exp lana tion  p u t forw ard  is th a t  the 
g raph itising -action  found on increasing  the 
m anganese from  0.0 to  0.3 per cent, is an in ­
d irec t one due to  th e  m anganese com bining w ith 
and  nullify ing  the  carbide-stabilising-action  of 
traces of iron sulphide. I t  appears th a t  about 
0.3  per cent, m anganese in  excess of th e  am ount 
theoretically  required  to  form  M nS is required  
to  do th is. A pproxim ately  the  same excess of 
m anganese, e.g., 0.3 per cen t., is requ ired  in 
irons con ta in ing  h igher su lphur-contents, e.g., 
0.1 and  0.2 per cent, su lphur. The h igh com­
bined-carbon conten ts found in  grey irons con­
ta in in g  only traces of m anganese and su lphur 
are  due to  hard-spots of cem entite— austen ite— 
iron-carbide eu tec tic  plus secondary cem entite, 
and to  patches of secondary-cem entite, stabilised 
in each case by traces of iron  sulphide.

A p a rt from  its  ind irec t g raph itising -action , 
due to  its  com bining w ith  and neu tra lis ing  iron 
sulphide, th e  norm al action  of m anganese is to  
stabilise iron-carbide and  to  increase the  te n ­
dency to  chill.

Applications in Foundry Practice.
N um erous instances have been noted  which 

show th a t  m any foundries a d ju s t the  m anganese- 
contents of th e ir  castings to  ob tain  ce rta in  
results which are explainable by the  above con­
clusions.(a) Chill H ulls.—In  chill rolls, th e  m anganese 
(in excess of th a t  combined w ith  the  su lphur 
present) is norm ally well-below the  0.3 per cent, 
excess m anganese figure (a typ ica l roll analysis 
would be m anganese 0.3 per cen t., su lphur 0.15 
per cen t.). Consequently fu r th e r  additions of 
m anganese reduce the  chill. This has been re ­
peatedly em phasised by Shaw .22(b) M echanical S tren g th  o f Grey Iro n .— 
Lowering the  m anganese-content of a grey iron 
below the  0.3 per cent, in  excess figure, results 
in the substitu tion  of cem entite and  pearlite  for 
some of th e  g rap h ite , fe r rite  and pearlite . This 
is equ ivalen t to  in troducing  a h a rd  brittle -con­
s titu e n t sim ilar to  iron  phosphide, b u t a t  the  
same tim e reducing the  g raph ite-con ten t. The
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n e t effect is th a t  the  tensile and transverse 
s treng th s are  n o t g rea tly  affected in pearlitic  
irons b u t may be increased in  pearlitic -ferritic  
irons.

(o) H ard-Spots in  Grey Iron.—If the 
m anganese-content is sufficiently low to  allow the 
presence of hard  spots of cem entite, and patches 
of secondary cem entite, the  iron will be much 
harder and more difficult to  machine. H igh- 
sulphur in  the  presence of low-manganese will 
give the  same result.(d) Resistance to W ear.—A low-manganese 
grey iron contain ing  hard  spots of cem entite. in 
a pearlitic -m atrix  should show good resistance 
to  most types of wear.

( e ) Corrosion-Resisting Irons. — A low- 
m anganese iron contain ing  cem entite embedded 
in pearlite  should be more res is tan t to  most 
types of corrosion th an  one contain ing a more 
g raph itic  and fe rritic  m atrix .

( f ) Shrinkage in  Grey Iron .—If the manganese 
(in excess of th a t  combined w ith  sulphur) is suf­
ficiently low to  increase the  combined-carbon 
there will be a corresponding increase in the 
to tal-shrinkage.

( g ) E xperim enta l M elts.—Shaw”  has pointed 
ou t th a t  grey irons made synthetically  from 
Swedish or A m erican washed-iron usually con­
ta in  much higher combined-carbon contents than  
those obtained in foundry practice. The high 
combined-carbons may be explained by the low 
m anganese-contents of these pig-irons.(h) Black-lieart Malleable Iron .—Evans and 
Peace ,21 re fe rring  to  b lack-heart malleable, sta te  
“ the  m anganese m ust be present in sufficient 
q uan tity  to  neu tralise  w hatever q u an tity  of sul­
phur is present. The am ount is not, however, 
the theoretical requirem ent to  form  manganese 
sulphide, i.e ., 1.72 tim es the  sulphur-content, 
b u t is in  excess of th is. A ctual practice has 
established th a t  the excess required increases 
with the sulphur-content. W ith  0.04 per cent, 
sulphur the  excess required is in the  neighbour­
hood of 0.20 per cent, manganese. I f  the excess 
is more th an  0.25 per cent., th e  m anganese re­
ta rd s  g rap h itisa tio n .”



(i) W hite-lieart M alleable.— I n  w iiite-heart 
m alleable, the  process depends on th e  rem oval 
of th e  carbide by decarburisa tion , ra th e r  th a n  
on its  g rap h itisa tio n  (as in  th e  b lack -heart pro­
cess), consequently high su lphur, e.g., up  to  0.3 
per cen t., m ay be used, and  though  de trim en ta l 
of itself, has an  in d irec t beneficial action  in  so 
fa r  as i t  stabilises the  carbide and prevents its 
g rap h itisa tio n .
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THE PRACTICAL APPLICATION OF NICKEL IN 
CAST IRON.

By Arthur B. Everest, B.Sc., Ph.D. (Associate Member).

Introduction.
The use of nickel in cast iron is by no means 

new ; in fact, i t  is su rp ris ing  to  find th a t  the  pos­
sible im provem ent of castings by the  use of 
nickel was recognised as long ago as in 1799, 
when a p a te n t was taken  ou t by H ickling, cover­
ing the  use of nickel in hollow vessels of cast 
iron. Since th a t  da te  m any o ther pa ten ts  have 
been tak en  out, and there  are  records in num er­
ous publications of recognition of the fac t th a t  
the in troduction  of nickel produces beneficial 
results in o rd inary  cast iron. I t  has been of 
g rea t in te res t to  find th a t  at* least one well- 
known firm of engine m anufactu rers has used 
nickel in its castings for a num ber of years, and 
a M idland firm is known to  have incorporated 
nickel up to  3 per cent, in pistons, valve-liners 
and piston-rings for am m onia compressors 
regularly  since the year 1896.

The developm ent of alloy cast iron, however, 
has only recently  come extensively under the 
notice of engineers, and to-day the  dem and for 
higher quality  m ateria l is becoming ever more 
insisten t in  th e  course of engineering  progress. 
The dem and for improved cast iron is an u rg en t 
one, for, although cast iron for some tim e has 
been considered the  C inderella am ongst com­
m ercial m etals, nevertheless engineers are  now 
realising th a t  i t  possesses some valuable and 
irreplaceable p roperties, o ther th a n  its low 
in itia l cost, which render i t  superior in many 
applications to  its more highly-refined and expen­
sive com petitors. These characteristic  properties 
include ease of m elting and casting in to  in trica te  
forms, good m achining and w earing properties,
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as well as c e rta in  useful electric and m agnetic 
qualities. I t  is to  make the  m ost of these v a ri­
ous properties th a t  progressive engineers and 
foundrym en are  now tu rn in g  th e ir  a tte n tio n  to  
a consideration of the  im provem ents which are  
obtainable in cast iron by various m ethods a t  an 
economic cost. In  th is  connection the  employ­
m ent of alloy cast iron is being intensively 
stud ied , and the  resu lts of th is  developm ent 
work are  a lready to  be seen in the  rap id ly  grow­
ing in te re s t in the  use of such m etals as nickel 
in the  cast-iron  foundry . The choice of nickel 
as an  alloy elem ent has been fully justified  on 
physical and chemical grounds , 1 2 as well as by 
the  resu lts of p rac tica l experience.

A g re a t deal of extensive research, both a t 
home and abroad, has recently  established the 
theore tica l and fundam enta l influence of nickel 
in cast iron of various form s, and  th e  resu lts of 
such work are, no doubt, too well known to  re ­
quire rep e titio n  h e re ; they  w ere sum m arised 
recently  in a num ber of P apers , two of which, 
under th e  broad t i t le  of “ Alloy C ast Iro n s ,” 
were delivered before th e  In s ti tu te  of B ritish  
F oundrym en .2 3 Foundrym en and engineers to ­
day are  now keenly in terested  in th e  application  
of these resu lts in  industry , and the  object of 
th is P ap e r is to  review briefly th e  c u rre n t s itu a ­
tion  in the  developm ent of the  alloy irons con­
ta in in g  nickel and to  describe some of the  resu lts 
now being obtained.

Application of Nickel in Cast Iron.
Clearly the  successful app lication  of any alloy­

ing elem ent in a basic m ate ria l such as cast iron 
m ust depend on ob ta in ing  an  im provem ent con­
s is ten t w ith  economy in  th e  p roduction  or service 
of the  m ateria l. U nder these conditions the  
added cost m ay be m et e ith e r by th e  economies 
effected in production  or by th e  enhanced m arke t 
value of the  special m ate ria l on account of its 
im proved properties, or clearly by a com bination 
of these two. In  the  case of nickel th ere  is 
a lready a p p a ren t a grow ing dem and for the 
alloyed iron, which is based on th e  im proved
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qualities which th is m ateria l is daily being 
dem onstrated  to  possess, and i t  is now though t 
only to  be a m a tte r  of a short tim e before engi­
neers will be specifying such special irons in the ir 
castings, and  recognising the  need for paying an 
adequate price for them . W ith  th e  recognition 
of th e  superior qualities obtainable in cast iron 
by th e  use of alloy additions, i t  seems probable 
th a t  an im proved stan d ard  of prices for all 
classes of h igh-quality  engineering castings will 
be obtained, which will benefit th e  foundry 
industry  as a whole.

The successful application  of nickel in the 
foundry is due largely to  the fac t th a t  the  bene­
fits derived from  its use are  obtained generally 
w ith a com paratively small addition , and in  most 
of the applications to  which reference is made 
in th is  P ap e r the  nickel con ten t in  the  final 
product is of the  order only of 1  per cent.

The benefits derived from the  alloy addition  
may usefully be divided in to  two groups, those 
which assist in  the  p roduc tion . and m anipulation  
of castings in th e  works and those which resu lt 
in improved service from  the  cast p a rt. The 
first of these groups may be sub-divided into 
im provem ents which are  seen in th e  foundry and 
those which are  seen in the  m achine shop. 
Knowledge of the  first of these groups m ust 
necessarily be g rea te r a t  the  present tim e th an  
is th a t  of the second, for i t  requires the  passage 
of considerable periods of tim e to  obtain  com­
plete service records of engineering m aterials, 
and little  value can be a ttached  to  accelerated 
service tests, such as wear and corrosion te s ts ; 
results of service tes ts  are  already coming to 
hand, however, and a grow ing dem and for the 
alloy iron, based on th e  improved service given, 
is now m aking itself felt.

Advantages of using Nickel in the Foundry.
The basis of th e  application  of nickel in  cast 

iron is undoubtedly its  equalising action on the 
s tru c tu re  of th ick  and  th in  sections of a casting. 
I t  has been established th a t ,  whereas an ordinary  
iron cast in a g-in. section will show a white
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chilled s tru c tu re , a t  the  same tim e th is iron will 
he open and soft in a heavier section of 1  m . 01 
m ore; nevertheless, in  the  corresponding nickel- 
iron, w ith a con ten t generally  of 1  per cen t, of 
nickel, th e  tendency to  chilling  is e lim inated , so 
th a t  the  th in  section is grey and m achinable and 
a t  the  same tim e th e  heavier section is ap p re­
ciably hardened owing p a rticu la rly  to  th e  action 
of nickel on th e  m a trix  of the  iro n .2 F ig . 1

S c c t / o n  T n / c f ( / v e s s .  I n c h .

F i g .  I . — I n f l u e n c e  o f  N i c k e l  i n  E q u a l i s i n g  Hardness and Structure.
gives a typical exam ple of th e  hardness figures 
obtained in norm al and nickel-iron castings, and 
illu stra tes well the  equalising effects m entioned. 
Records show th a t  in  some cases a hardness 
difference of about 200 B rinell betw een the  i- in . 
and 1 -in. section of a casting  m ay be reduced to 
about 20 points in a casting  su itab ly  alloyed 
w ith nickel, and a t  the  same tim e th e  iron is 
very appreciably hardened  and streng thened  in 
the  heavier sections.
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Uniformity of Product.
The practica l resu lt of th is  equalisation is th a t 

the nickel-iron shows a much g rea te r la titu d e  
as com pared w ith the  ord inary  iron, so th a t  
uniform  s tru c tu re  may be obtained over a wide 
range of section-thickness. This has a very im­
p o rta n t application  in th e  foundry in enabling 
certa in  difficult castings to  be made satisfactorily , 
in which high hardness and stren g th  is required 
in heavy sec tions; or sections which cool slowly 
owing to  casting  design, w hilst the  m etal quality  
is determ ined by th e  m achinability  of some th in  
section on the  outside of th e  casting. As an 
example, reference should be made to  the  often- 
quoted case of m otor-cylinder blocks, where the 
hardness and closeness of the  cylinder bores and 
of the valve seats are of param ount im portance 
in ob tain ing  m axim um  wear, and yet the  quality  
of iron is often  determ ined by the  machining 
requirem ents on some small w ater-ex it boss s itu ­
ated  in th e  middle of a thin-section w ater- 
ja ck e t .2 This p a rticu la r application of nickel 
will, however, receive fu r th e r  a tten tio n  under 
the heading of “  The P roperties of Nickel Cast 
I ro n .”

I t  is in th is  connection especially th a t  g rea t 
im provem ents in stren g th  and properties can be 
dem onstrated  in cast iron by th e  use of nickel. 
D isappointm ent is sometimes expressed a t  the 
m eagre im provem ents which may be shown by 
test-bar results, bu t, as the  au thor has already 
pointed o u t ,4 th e  separately-cast test-bar is not 
capable of m easuring the  stren g th  of v ita l in ­
te rn a l portions of a casting, and i t  is by using 
an iron such as a nickel cast iron which pos­
sesses a g rea te r un iform ity  in s tru c tu re  from 
section to  section and a g rea te r la titude , th a t  
appreciable im provem ent in these v ita l sections 
is obtainable, w hilst uniform  m achinability  is 
m aintained.

F or th in  section, b u t somewhat in trica te , 
castings (required  to  be tough and perhaps 
machined locally), such, for example, as m ani­
folds for internal-com bustion engines and switch 
-■overs, g rea t un iform ity  of production is being
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obtained by the  regu lar incorporation  of a small 
percentage of nickel in t h e  iron. A sim ilar 
application  is found in t h e  production  of small 
pistons, when p e r h a p s  f iv e  or six pistons a re  cast 
from  one ru n n er. Any tendency for th e  piston 
fa r th e s t f r o m  t h e  p o u r i n g  end of th e  ru n n e r 
to show chill and hard  spots may be successfully 
combated by th e  use of nickel in  th e  iron.

In  v ir tu e  of the  enhanced la titu d e  of th e  alloy 
iron, a much g rea te r un ifo rm ity  of p roduct may 
be obtained. This is especially th e  case when 
working w ith a “  border-line ”  iron, when the  
norm al fluctuation  in th e  w orking of th e  fu rnace, 
and composition of the  iron , would ten d  to  give 
too wide a  varia tio n  in  p roduction , even to  th e  
ex ten t of ob ta in ing  castings scrapped th rough  
m achining difficulties on th e  one hand , or 
porosity and  open-grain  troubles on th e  o ther.

F rom  th e  foundry  po in t of view, a very fa r- 
reaching resu lt of the  equalisation  of s tru c tu re  
which can be obtained w ith  a  nickel iron  is th e  
ex trao rd in ary  closeness and freedom  from  
porosity in  heavy sections, and a t  junc tions of 
sections where draw ing is likely to  occur. In  
foundry  production , nickel is proving very bene­
ficial in c u ttin g  down th e  num ber of scrap and 
waste castings owing to  porosity and openness 
and is overcom ing difficulties which repeatedly  
occur in  ce rta in  classes of work.

The illu s tra tion , F ig . 2, shows one of these very 
im p o rtan t applications of nickel and  is typ ical 
of m any others. In  m any pistons, troub le  is 
invariably  found in  ob ta in ing  a sound boss, in 
the m iddle of a sk ir t  which has to  be m achined 
r ig h t up to  th e  extrem e edge. I f  silicon is in ­
creased in  order to  ob tain  th e  desired m achina- 
b ility , then  porosity very frequen tly  will m ake 
its appearance in  th e  boss. Several firms in te ­
rested  in  nickel have found its  application  in 
connection w ith  th e  production  of pistons em i­
nen tly  successful and a re  ob ta in ing  resu lts such 
as are  illu s tra ted . The piston on th e  r ig h t shows 
the  usual form  of porosity which occurs in th is 
p a rticu la r design, when th e  m ix tu re  was con­
trolled so as to  give a uniform ly m achinable
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casting. By the  reduction  of silicon, th is casting 
was rendered  sound, b u t chill spots on the  bottom 
of the  sk ir t spoilt th e  m achinability . By the 
addition  of nickel th is  trouble has been entirely  
overcome, since nickel restores the  m achinability  
of the  casting  w ithou t giving any tendency to 
openness in the  heavy sections. In  Table I  the 
analyses of these two pistons are  given, and also 
com parative B rinell hardness figures for the  boss 
and the  sk irt.

F x g . 2 . Two P i s t o n s ,  o f  w h i c h  t h a t  o n  t h e  l e f t  i s  m a d e

f r o m  N ic k e l  I r o n .

Such castings as couplings, and gear blanks 
requiring  easy m achinability  on the flanges, 
often show porosity in  the centre boss. As in 
the case of pistons, nickel has provided a solu­
tion of th is  trouble for m any foundrym en. In  
such applications several firms have found th a t  
the addition  of nickel results definitely in  re ­
duction of scrap and w aste castings, th u s m ain­
ta in in g  the  production ra te  of the foundry and 
giving a more reliable product. Each foundry- 
man will no doubt find sim ilar applications in 
his own work.
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Soundness of Heavy Sections.
R em arkable results have been obtained  on the 

use of nickel in  castings of heavy section which 
require to  w ithstand  pressure. Illu s tra ted  in 
F ig . 3 is a  section c u t from  th e  m iddle of a 
cylindrical block 65 in. dia. and 15 in. long 
and  cast on-end. The analysis shown fo r th is 
section ind icates th a t  th e  norm al elem ents in 
the  iron  are  p resen t in  the  usual proportions, 
and 1 per cent, of nickel has been added. The

T a b l e  I.— Comparison of Pistons in Normal and Nickel 
Irons.

Normal iron. Nickel iron.

T.C......................... 3.35 3.35
Si 1 .8 1 .6
Mn 0.8 0.8
S 0 .12 0 .12
P 0.25 0.25
Ni — 1 .0

Boss Unsound Sound

Brinell—
Boss
Skirt

190
241

200
235

hardness-figures tak en  across the  section illus­
tr a te  the  rem arkable soundness which is ob­
ta in ed  in  the very cen tre  of th is  heavy block. 
The hardness-figures shown in  th e  exam ple is 
196; o ther blocks of a sim ilar n a tu re  have been 
prepared, and the  analysis and hardness-figures 
obtained on these are  given in  Table I I .

They also illu s tra te  th is  fe a tu re  of rem arkable 
un iform ity  th ro u g h o u t the  section. I t  should be 
m entioned th a t  no special casting  p recau tion  
was tak en  except th a t  a head abou t 6 in . high 
was cast on the  end of the  block, the  casting  
being made in cold, dry-sand moulds. No 
figures are available a t  the  m om ent for a com­
parison between these and o rd inary  cast iron 
con ta in ing  no nickel, as sound castings could 
no t be obtained in th is la t te r  case.
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As a more practical application  of th is fea­
tu re , ce rta in  castings were made up which were 
required  to  w ithstand ex trao rd inarily  high- 
pressures between holes bored rig h t through  the 
centre of heavy sections. A p a rticu la r example 
of such a casting  is v irtua lly  a solid block 20 in. 
square by 5 in . th ick  and contains only two 
small cores, a p a r t  from  sligh t recessing on one 
side. The lower side of the  casting  has to  he 
machined to  give a working face and various 
ports and holes are bored th rough  the casting, 
whose sections in  most directions are on the 
average 6 in. th ick . A pressure te s t of 4,000 lbs. 
per sq. in. is then  applied between these various

T a b l e  I I .— Hardness Figures across Sections of Sand Cast 
Blocks 15 in. long x  6J in. dia.

T.C. Si. Mn. S. P. Ni. Cr.

(а) 3.29
(б) 2.93
(c) 3.27
(d) 3.20

1.06
1.08
1 . 2 1
1 . 1 2

0.95
0.83
0.88
0.90

0 .12
0 . 1 1
0.22
0.13

0.24
0.24
0.21
0.28

1 .0 1
0.77
0.75
0.71

0.235
0.250
0 .2 10

Hardness across section.
(a) 207 196 196 196 196 196 196 _
(6) 207 207 207 207 207 207 207 -
(c) 187 179 179 179 179 179 187 187
(d) 207 207 207 207 207 207 207 —

ports and the casting  m ust prove itself abso­
lutely pressure-tight. N ine of these castings 
were made by various methods from  an  ordinary  
cast iron and were all scrapped. In  the  present 
run , nine of these castings have been m ade up 
from a m ix ture  whose typical analysis is : — 
T.C., 3.3; Si, 1.12; M n, 0 .8 ; S, 0.16; P , 0.4; 
Ni, 1.0; and Cr, 0.3 per cent.

The castings were cast in cold, dry-sand 
moulds, and all of these have passed the  tests 
satisfactorily . In  th is case, the  opinion in  the 
foundry is th a t  the  use of nickel in  the iron 
has made th is casting  possible and has saved an 
extremely expensive and difficult m achining job 
in steel, and incidentally  the advantages of good
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w earing surfaces have been obtained in  the  n o n  
casting . A sim ilar application  is illu s tra ted  in 
F ig . 4, a cast-iron  p la te  which form s p a r t  of a 
m odern type-se tting  m achine. Ih e  form  of 
casting , which is roughly abou t 9 in. square and 
2 in. th ick , is clearly seen, and  th e  m achined 
p late  in th e  background illu s tra te s  the  severity 
of the  service requirem ents of th e  casting  in 
th a t  pneum atic pressure is applied  to  th e  various 
bored-holes and th ere  m ust be no leakage be-

F i g . 3 . — S e c t i o n  A c r o s s  t h e  C e n t r e  
o e  L a r g e  C y l i n d r i c a l  B l o c k  i n  
N i c k e l  I r o n .

tw een one hole to  th e  nex t. The two sections 
in the  foreground were tak en  from  castings 
made under exactly  sim ilar conditions except 
th a t  for th e  u pper section, silicon had  been re ­
duced in  th e  iron  and nickel was added. The 
analysis of the  two irons are  given in Table I I I .  
The unsoundness of the  o rd inary  iron is clearly 
seen ; and these castings often  required  to  have 
the holes drilled th rough  them , subsequently 
bushed w ith  cast-iron bushes in order to  m ake
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them  pressure tig h t. The nickel-iron in th is 
case gave a sound casting which has given 
en tirely  satisfacto ry  service. These examples 
are  typ ical of the  soundness which can be ob­
ta ined  in  heavy sections by the  use of nickel in 
cast iron.

M any o ther applications in the  foundry will 
occur in  castings which give trouble due to

F i g . 4 . — S e c t i o n  o f  P l a t e  P r e s s u r e  C a s t i n g s  
i n  N o r m a l  a n d  N i c k e l  I r o n .

openness and porosity. In  th is connection active 
in terest is being taken  in the  use of nickel in 
locomotive cylinder castings, which notoriously 
give trouble w ith porosity a t  the  junction  of the 
sections where the  piston-valve-cham ber and 
steam -ports jo in  the cylinder proper. In  certa in  
of these castings, caulking has been considered 
inevitable, bu t i t  is believed th a t , although th is
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may no t be en tire ly  elim inated , i t  may very 
easily be reduced by the  use of nickel in  an iron 
of su itab le  composition, and experim ents a re  now 
proceeding on these lines.

Cylinder covers of all forms a re  also notorious 
for giving trouble, w ith  porosity  a t  change of 
section or a t  the  ju n c tio n  of vary ing  sections, 
and here again  nickel is being applied success­
fully to  th e  production  of sound castings. In  
the  case of one jobbing foundry , one o u t of every 
two castings of a w ater-jacketed  cover off a diffi­
cu lt p a tte rn  were sc rap p ed ; th e  silicon con ten t 
of the  iron was reduced from  1.8 to  1.5 per cent, 
and 1 per cent, nickel was added. Since then  
the  scrap loss has been reduced, so th a t  a t  least 
th ree  ou t of fou r castings are  now en tire ly  satis-

T a b l e  I I I .— Plates subject to Pressure Test.

Normal iron. Nickel iron.

T.C......................... 3.4 3.4
Si 1 .8 1.54
Mn 0.8 0.94
S 0.14 0.07
P 0.25 0 .12
Ni — 0.91

Plate Unsound Sound.

factory , and i t  is hoped th a t  w ith fu r th e r  m odi­
fication of the  composition th is  figure may be 
im proved upon fu r th e r .

In te re s t in th e  use of nickel in  th e  production  
of sound and close castings is also reach ing  to  
the production  of m any small pum p p a rts  foi- 
valve castings and general hydrau lic  castings 
and for various gas-engine castings such as 
breach-ends.

The tho re tica l exp lana tion  of th is  benefit, 
which can be obtained by th e  use of nickel, lies 
undoubtedly, as m entioned before, in the  equal­
ising action of th e  alloy add ition . In  irons 
which tend  to  show coarse, open s tru c tu re s  in 
heavy sections, im provem ent is ob tainable by 
the  reduction  of silicon. The subsequent



addition  of nickel gives th e  necessary control of 
the  m achinability  of the casting  w ithout tending 
to open up the  s tru c tu re  in  th ick  sections. The 
photom icrographs, F igs. 5 and 6, show the effect 
of the  alloy on th e  pearlitic  s tru c tu re  of the iron, 
ind ica ting  a very m arked refining influence which

F i g .  5 .— C y l i n d e r  I r o n ,  cast 2 .2  dia. x  500.

is associated w ith the  improved hardness and 
density of th e  stru c tu re . As a general ru le also, 
a finer form  of g raph ite  is associated w ith the 
alloyed iron.

Function of Chromium.
In  some of the  analyses and examples of appli­

cations of nickel, given in th is P aper, chromium 
is found associated w ith the nickel. The action



of chrom ium  has been fully investiga ted  and ex­
p la ined .2 8 Briefly, i t  may be repeated  th a t  to  
ob tain  the  m axim um  benefit from  nickel a su it­
able ad ju s tm en t of composition should be made 
in th e  iron, so th a t  th e  m achinability  of the  
casting  is m ain ta ined  ; in  o ther words, so th a t
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F i g .  6 .—As f o r  F i g .  5, w i t h  1 p e r  C e n t .  

N i c k e l  a d d e d ,  x  500.

th e  iron before and a f te r  alloying should demon­
s tra te  a constan t dep th  of chill under given con­
ditions. In  order to  achieve th is  end, i t  is 
usually recommended th a t  th e  silicon con ten t 
should be reduced. E qu ivalen t values for n ickel 
and silicon in reducing chill have been worked 
out, and in p ractice i t  is usually found satisfac­



tory to replace each p a r t of silicon by th ree  or 
four p a rts  of nickel. U nder certa in  circum ­
stances, however, i t  is not easy, nor perhaps 
desirable, to  make th is  silicon reduction, and it 
is under these circum stances th a t  chromium is 
added w ith nickel so as to  obtain  the maximum 
benefit in  the  iron.

As fa r  as experience shows up to the present, 
it  is doubftu l as to  w hether the  m axim um  benefit 
in cast iron is obtained by the  use of reduced 
silicon and th e  addition  of nickel or by the 
sim ultaneous addition  of nickel and chromium 
w ith no a lte ra tio n  in silicon-content. In  general, 
however, w ith  medium or h igher silicon, a reduc­
tion  of th is elem ent on m aking the  alloy-addition 
is p referred , not only as giving undoubted im­
provem ent in properties in the  iron, resulting  
perhaps in a g rea te r elim ination of porosity, and 
a general densening of the finished castings than  
would be obtained by th e  addition  of chromium, 
but also, since th is  m ethod is the cheaper as 
regards cost both of base iron and alloy 
additions.

I t  is frequently  found, however, th a t  in irons 
of low silicon-content used for heavy-section 
work, or in heat-resisting  castings, under con­
ditions where i t  would be difficult to reduce 
silicon fu r th e r, very g rea t im provem ent is 
obtained by th e  sim ultaneous addition  of the two 
elem ents. C learly then , in every case, economic 
conditions as well as cu rren t practice in the 
foundry m ust be considered in p lanning develop­
m ent work, and deciding on the  optim um  method 
of employing th e  alloy additions.

The influence of an addition  of nickel and 
chrom ium on th e  m atrix  of th e  iron shown in 
P ig . 5 is illu s tra ted  in the  photom icrograph, 
F ig . 7. These th ree  micros were taken  a t  the 
centre of the  I .B .F . “  L ’’-size bars (cast
2.2 in. d ia .).

Influence of Nickel on Machinability.
H aving  considered briefly the application of 

nickel in  cast iron from  the  po in t of view of the 
production of castings in  the  foundry, i t  is now

-
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F i g .  7 .— A s f o r  F i g .  5, w i t h  0 .85  p e r  C e n t ,  o f  

N i c k e l  a n d  0 .2 5  p e r  C e n t ,  o f  C h r o m i u m  

a d d e d ,  x 500.

lies in  its  power to  e lim inate  chill and hard  
spo ts .3 N ickel accordingly is now finding ex­
tensive application  where m achining trouble has 
occurred th rough  th e  occurrence of h ard , chilled 
spots, and  num erous exam ples of th e  application  
of nickel to  overcome th is  difficulty are  coming

proposed to  give some consideration to  th e  effect 
the use of nickel will have on th e  subsequent 
m achining and o ther operations to which the  
castings are  subjected. I t  has been shown in 
much of the  ea rlie r experim ental work th a t  
perhaps the  most im p o rtan t influence of nickel
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to hand. As an example, a firm which makes 
m any hundreds of castings of a small connecting 
rod, which has to  be drilled a t  each end, were 
having tro u b le . w ith th is  m achining operation, 
and, as will be appreciated , serious dislocation 
was liable to  occur in  production  if a tool broke 
th rough  encountering  such a spot. I t  was not 
easy in  th is  case to  work a special m ix tu re  of 
iron for these castings owing to  th e  fac t th a t  one 
or two s tan d ard  m ixtures only were ru n  from  the 
cupola, consequently i t  had become the  practice 
to anneal these p a rticu la r castings in order to 
obtain  the  m achinability  which was required. 
Fresh  trouble  arose here th rough  w arping during 
the annealing  process, and yet ano ther operation 
became necessary for checking up and s tra ig h t­
ening th e  castings. W ith  the  in troduction  of 
1  per cent, nickel, however, in to  the  iron, u n i­
form m achinability  is now being obtained, and 
the subsequent annealing  w ith its  associated 
troubles has been en tire ly  elim inated.

Such an example points to another useful 
application of nickel, in  th a t  in a jobbing foun­
dry where a la rge  num ber of castings of different 
sorts are produced, nickel may be used to  cu t 
down the num ber of different m etal-m ixtures, 
which are required  to  accommodate all th e  d if­
fe ren t classes of work in progress. Thus in  the 
case of one foundry whose production varies 
from large cylinder-castings for Diesel-engines 
down to  very small air-cooled petrol-engines, 
four grades of h igh-quality  iron  were usually 
run  for the  d ifferent classes of work. Now, how­
ever, following the  in troduction  of nickel for 
certain  of the  castings, i t  has been possible to 
reduce the  num ber of m etal m ixtures to  two, 
and incidentally  these m ixtures are the cheaper 
ones to work in  th a t  they  are of lower silicon- 
content and contain  g rea te r am ounts of steel- 
scrap. The illu s tra tion  F ig . 8 shows a small 
air-cooled petrol-engine which in  the  cast con­
dition is overall ju s t  over 6 in. high and has a 
cylinder bore of 1 |  in. This casting  is being 
made in th is  foundry very satisfactorily  and 
with uniform  m achinability  from  a  m etal mix-

H



tu re  regularly  run  for much heavier castings, 
and  1  per cent, nickel is added in  the  ladle, 
th is  e lim inating  special charges for th is  work.

No evidence has been obtained  of any loss ot 
flu id ity  in  cast iron  by th e  add ition  of nickel 
up to  1  or 1 £ per cent, even when th e  nickel 
is added in  th e  ladle. E x tensive experim ents 
have also shown th a t  th e  nickel iron  has the 
same shrinkage as has the  o rd inary . The 
commonest exam ple of th e  need fo r uniform  
m achinability  is perhaps found in  connection 
w ith  a u to m o b il e-engine castings and  pistons.
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F ig .  8 . — S m a l l  A i r - c o o l e d  

P e t r o l - e n g i n e  C a s t i n g .

F ig . 9 gives an  illu s tra tio n  of a norm al auto- 
mobile-engine casting , and  i t  will be apprec ia ted  
how m uch m achining is required  on th e  ou ter 
p a rts  of th e  blocks, includ ing  th e  th ree  faces on 
the  side which are a ttached  to  th e  th in  w ater- 
jacke t, w hilst th e  v ita l portions of th e  cylinder 
are n o t only of heavy-section h u t have th e ir  
cooling seriously re ta rd ed  th rough  th e  mass 
effect of the  casting  and  th ro u g h  th e  h ea t 
genera ted  by th e  b u rn in g  of th e  oil in  the  cores.

M any m an u fac tu re rs  of cylinders would p refer 
to  use a h a rd  iron , b u t in  th e  norm al operation
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of the cupola they dare  no t ge t too near the 
border-line for fea r of having the  castings un- 
inachinable. By the  incorporation  of a small 
percentage of nickel, perhaps of less th a n  1  per 
cent., uniform  m acliinability  may be obtained, 
even in  castings m ade from  a harder and 
stronger m ix tu re  th an  had previously been used.

For ob ta in ing  uniform  m achinability , nickel 
is finding ever-increasing applications in  various 
industries, and  one im portan t m anu factu rer of 
engine-castings is known to add or f  per cent.

F i g . 9 . — A u t o m o b i l e  E n g i n e  B l o c k .

nickel to  a large proportion  of his products for 
th is purpose. N ickel is rap id ly  serving a sim ilar 
purpose in  o ther industries such as in  the m anu­
facture of tex tile  and ag ricu ltu ra l m achinery ; 
in fac t in all cases where small castings are 
tu rned  o u t on a m ass-production basis, and the 
inconvenience caused by the  breaking-dow n of 
a m ultiple tool th rough  unm achinability  of the 
castings becomes a very serious fac to r in  h in ­
dering production.

The use of nickel, however, in th is connection 
is noli by any m anner of means confined to  small

h 2



castings, for considerable in te re s t is being shown 
in  its  use in  even very large castings such as 
rollers for paper-m aking m achinery , sugar- 
m achinery, and so on. U sually, in  these cases, 
the problem is to  ob ta in  a good m achinable iron 
which will tak e  on a high polish and  a good 
hard-finished surface, for which a  close-grain is 
clearly essential.

Properties of Nickel Cast Iron.
The influence of nickel in  im proving produc­

tion  in  the foundry  and  m achine shop has been 
considered, and i t  is n a tu ra l to  expect th a t  
benefit would be derived from  th a t  im provem ent, 
in  the  association of b e tte r p roperties w ith  the  
castings m ade under these conditions. This 
im provem ent, resu lting  in  b e tte r  service from  
th e  castings, is being dem onstra ted  daily, and  a 
large p a r t  of the  argum en t for th e  use of nickel 
depends on th is enhanced quality  of th e  final 
product. This im provem ent in p roperties is u n ­
doubtedly closely re la ted  to  th e  im provem ent in  
p roduction  which has a lready been d ea lt w ith , 
and can very largely be referred  to  th e  equalisa­
tion  of s tru c tu re  and  re su lta n t soundness in  
heavy sections which accom pany the  general 
closing-up and densening of th e  g ra in  of the 
iron.

Improved Wear.
One of the  first resu lts of th is  denseness of 

in te rn a l sections is th a t  castings can be obtained 
which show definitely im proved w earing proper­
ties, and  on th is  account nickel has already 
proved its  w orth  in  assisting  in  th e  p roduction  
of castings which possess a longer life. P erhaps 
the best-know n exam ple of th is  is th e  case of 
autom obile-engine blocks and  liners. I t  is n o t 
yet possible to  produce ac tua l s ta tis tic a l evidence 
of th is, since experim ents which are in  hand  a t  
the m om ent will tak e  m onths, if no t years, to 
complete in  order to  ob tain  reliable m easure­
m ents of w ear in  service. No reliance can be 
placed in  accelerated labo ra to ry  te s ts  for m ea­
su ring  th is  p roperty , since th e  life of an iron 
will depend en tire ly  on considerations of load­
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ing, lub rica tion , and so on, which condition 
cannot be reproduced effectively in  the  labora­
tory . Several m anufactu rers, however, have 
dem onstrated  to  th e ir  own satisfaction  th a t  im­
proved w ear is obtained by th e  add ition  of 
nickel-chrome to  th e ir  o rd inary  iron, and  one 
would expect th a t  th is  im provem ent would be 
seen also in  the  corresponding low-silicon nickel- 
iron. O ther m anu factu rers of both p riva te  and 
commercial motor-vehicles who have experi­
m ented fo r themselves confirm th is  and report, 
as a resu lt of extensive bench- and  road-tests, 
th a t  a very m arked  im provem ent in  th e  life of 
cylinder-blocks is dem onstrated  by the alloy- 
irons.

The call for improved life in connection w ith 
commercial and  public-service vehicles is more 
u rg en t generally  th a n  is th a t  in  the  case of 
the p riv a te  c a r . One m anufactu rer, who made 
some nickel-chrom ium  blocks contain ing  an  addi­
tion  of 0.7 per cen t, of nickel and 0.25 per cent, 
chrom ium  in his o rd inary  iron for th is  heavier 
class of work, found, a f te r  the  engine was run  
for an  equivalent of 1 1 ,000  miles a t  48 miles 
per hour, th a t  th ere  was no m easurable wear 
a t  all. This is very surprising  in  th a t  the  in itia l 
wear of the  cylinder block is invariably  th e  worst 
in  norm al service.

In  th is  connection a sim ila r application  of 
nickel-chromium is foim d in  centrifugally-cast 
cylinder liners con tain ing  nickel and  chromium, 
which a re  tu rn ed  ou t on a production basis in 
order to  ob tain  improved service from  these cast­
ings. O ther applications of nickel in  cast iron 
to im prove its  w ear a re  coming to  ligh t day by 
day, am ongst which m ention m ay be made of 
certa in  heavy m achinery p a rts , such as la the 
beds, in  which well-finished, good-wearing su r­
faces a re  required.

Improved Mechanical Properties.
N ickel cast iron is finding extensive applica­

tion also in consequence of the  improved streng th  
and resistance to  im pact which has been demon­
s tra ted  for it,* which, added to  the  good w earing
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qualities of th e  m ateria l, render i t  em inently  
suitab le  for such castings as die blocks. I t  is 
recorded th a t  ce rta in  firms a re  finding th a t  a 
nickel-chrome, cast-iron  block will o ften  give 
b e tte r  service th an  a steel block, and  a re  now 
using regularly  a  nickel-chrom e iron for th is  p u r­
pose. There "is no special fe a tu re  in  th is  iron 
a p a r t from  the  add ition  of nickel and  chrom ium , 
as is shown by th e  following analysis, which is 
tak en  from  a die block which successfully re ­
placed a sim ilar p a r t  in  steel, and  clearly  a t  a 
g reatly-reduced c o s t :— T.C., 3 .45; Si, 1.24; M n, 
0.61; S, 0.137; P , 0.54; N i, 1.67; and  Cr, 0.39 
per cent. The ac tu a l life  of th is  block was 
several tim es th a t  of its  steel co u n te rp a rt.

In  v ir tu e  of its  action  in  densening and 
s treng then ing  an  iron, considerable in te re s t is 
now being shown in  th e  applica tion  of n ickel to  
g ra in  rolls, for producing a h a rd e r and  b e tte r  
w earing surface. I n  th is  app lica tion  i t  would 
appear th a t  th e  best resu lts m ay he ob tained  by 
th e  use of nickel and  chrom ium  to g e th e r in  the  
iron, since in itia lly  th e  silicon in  a ro ll iron  is so 
low th a t  i t  would he a  m a tte r  of some difficulty 
to  reduce i t  fu r th e r  w ithou t extensive modifica­
tion  of fu rnace charges and control. The im ­
provem ent will also resu lt in  b e tte r  w ear of the 
roll jou rnals and  genera l im provem ent of 
s tren g th , all of which will undoubtedly  tend  
tow ards b e tte r  service.

O ther applications of nickel cast iron, in view 
of its  increased s tren g th  and toughness, are  too 
num erous to  re fe r to  here, b u t am ongst such 
there  are  m any sm all m achinery  p a rts , such as 
spindles and  bushes, gear-w heel b lanks and 
couplings, fo r which th e  im proved s tren g th , 
coupled w ith  th e  possibility of g e ttin g  a sounder 
casting  free from  porosity in  th e  bosses w ith 
ready  m achinab ility  on th e  flanges, renders 
nickel cast iron  particu la rly  suitab le . N um erous 
o ther sim ilar applications will occur in connec­
tion w ith each industry .
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Machinable Hardness.
C astings which possess abnorm ally high h a rd ­

ness and  are  yet commercially m achinable can 
be produced regu larly  in  alloy cast irons con­
ta in in g  about 2 to  3 per eent. of nickel. Cast­
ings of th is  type  will show g rea t un iform ity  of 
stru c tu re , and th e  nickel is especially valuable 
in ob ta in ing  these h igh hardness figures, since 
there  need be no tendency to  th e  form ation of 
chilled spots in  th e  castings. Irons of th is  tvpe 
are  in favour for various castings which are  sub­
jec t to  excessive w ear, in  cases where th e  slower 
speed of m achining which will be necessary w ith 
th is type of m ateria l is not a serious drawback. 
I t  is no t uncommon to  h ear of castings of th is 
type being m achined a t  speeds li tt le  below the  
norm al and  hav ing  B rinell hardness values of 
260 or 280, and  cases have been encountered in 
which irons hav ing  hardness values well over 300 
have been sa tisfac to rily  m achined.

Conclusion.
In  th is  P a p e r consideration has only been 

given to  th e  application  of small am ounts of 
nickel in  grey cast iron. I t  should be m entioned, 
however, th a t  nickel is finding extensive app li­
cation in  w hite and  chilled cast iron, and also 
th a t  h igher percentages of nickel find use in 
cast iron  of various grades in  v ir tu e  of its 
influence in  rendering  th e  s tru c tu re  austen itic . 
Space, however, does not perm it more th a n  a 
passing reference to  these applications.

The influence of nickel on th e  properties of 
cast iron has been well established as th e  result 
of extensive research work. In  th is P a p e r the 
p ractical app lication  of nickel on th e  basis of 
th is  research  has been considered. I t  has been 
dem onstrated  th a t  th e  action  of nickel leads 
to  m ate ria l im provem ent in  th e  production of 
high-quality  cast iron in  th e  foundry  and in 
the subsequent hand ling  of th e  casting  in  the 
machine-shop. This im provem ent is due, in  part, 
to  th e  equalisation  of s tru c tu re  b rough t about 
by the  added elem ent and  th e  much g rea te r 
la titu d e  of th e  alloyed iron. The im provem ent
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thus obtained is proving of th e  g re a te s t va^ e 
to  fo u n d rjm en  and  engineers, and  enables diffi­
cu lt castings to  be m ade successfully where 
norm al compositions of iron, cast u n d e r o rd inary  
conditions, have failed . This is especially the  
case where h igh-hardness and  good-w earing 
qualities are  requ ired  on ce rta in  p a r ts  of cast­
ings, which have to  show un ifo rm  m achin- 
ab ility  across vary ing  sections; and  castings 
commercially m achinable, y e t show'ing very  high- 
hardness values, can  he ob tained  in  th e  alloy 
iron. The use of nickel in  cas t iron  tends 
tow ards a general un ifo rm ity  of p roduct, which 
is of g re a t value in  p roduction  work where 
v a ria tion  in m achinability  is to  be avoided.

In  the  foundry  each p a rtic u la r  castin g  p re ­
sents its  own special problem s, b u t i t  is fe lt 
th a t  the  exam ples given in  th is  P a p e r  will give 
some ind ica tion  of th e  lines along w hich nickel 
is successfully and  economically finding app lica­
tion  in  cast iron , and  ind ica tes some of the  
benefits which a re  to  be ob ta ined , first by the  
foundrym an and  secondly by th e  engineer 
th rough  th e  em ploym ent of th is  m a te ria l.

The au th o r wishes g ra te fu lly  to  acknowledge 
his indebtedness to  th e  B u reau  of In fo rm atio n  
on N ickel, L im ited , for assistance in  th e  p rep a­
ra tio n  of th is  P a p e r  and  fo r perm ission to  
publish th e  in fo rm ation  given.
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JOINT DISCUSSIONS ON THE FOLLOWING 
PAPERS.

“ The Influence of Chromium in Cast Iron,” “ The 
Influence of Manganese in Cast Iron,” and 
“ The Practical Application of Nickel in Cast Iron.”
Mb. H . Field, speaking w ith regard  to  the 

m achinability  of nickel cast iron, said D r. E verest 
had only p u t forw ard d a ta  of an iron of one 
particu la r composition. The use of nickel seemed 
to be lim ited in application  to a very small 
range of silicon irons, b u t i t  seemed th a t  if the 
silicon was slightly reduced and some nickel 
added a more m achinable iron was obtained. 
Could the au th o r say w hat was the  resu lt of 
adding nickel to  the  h igher silicon irons? P e r­
sonally he was in terested  in cast iron w ith a 
Brinell hardness in a ¿-in. section of 70 to 75 
and was th e re  any possibility of nickel helping 
to obtain  a resu lt of th a t  k ind? There was no 
reference in the  P ap e r to  the  application  of 
nickel to the  h igher silicon irons, nor was the 
application of nickel to m etal used for electrical 
purposes m entioned. H e had in m ind electrical- 
resistance grids and sim ilar work. The P ap e r 
suggested a p a rticu la r range of silicon as being 
more favourable to  the  add ition  of nickel in 
order to obtain  the  best results. In  th e  case 
of electrical-resistance grids 3 to  3 |  per cent, 
of silicon was used, and if nickel were added to 
obtain a be tte r resistance, could the  silicon be 
reduced to 1 .8  per cen t.?

Manganese and Shrinkage.
W ith regard  to  m anganese, D r. N orbury in 

his P aper dealt w ith the shrinkage in  grey cast 
iron, ^.nd i t  would be useful to  hear som ething 
with regard  to  the  shrinkage which gives trouble 
in the foundry, viz., draw  holes and shrinkages. 
A certa in  am ount of work had  been done by 
Cook and others, bu t in general, foundry prac­
tice had progressed little  in  th e  past 20 years in 
the control of draw s and shrinkages, by way of 
the analysis of the iron used, and th a t  was u n ­
doubtedly one of the  g rea test difficulties w ith 
which the  general ironfounder, m aking a large
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range of work, had  to  deal. T herefore, he would 
like to  know w hether D r. N orbury  in  re fe rrin g  
to  shrinkage in tended  to  m ake any suggestion 
w ith regard  to draw s and  shrinkages. H e did 
no t know w hether he was in  o rder in  m aking  
any comparison betw een N ortham p tonsh ire  and 
D erbyshire iron, b u t he believed i t  was generally  
recognised th a t  D erbyshire iron  gives less trouble  
w ith draw s and shrinkage th a n  N orth am p to n ­
shire iron. H e had  proved th a t  tim e  a f te r  tim e 
in  separa te  experim en ta l heats num bering  m any 
hundreds, and  had  come to  th e  conclusion th a t  
the m anganese in  th e  D erbyshire iron—which was 
g rea te r th a n  in  the  N ortham ptonsh ire  iron—has 
m uch to  do w ith  th e  im m unity  of th e  D erbyshire 
iron from  shrinkage. H e m ig h t be to ta lly  w rong, 
b u t i t  served his purpose to  work in  th a t  d irec­
t io n ; a t  the  same tim e, he would like D r. N or­
bury, if possible, to  enligh ten  him on the  
subject.

Lowered Phosphorus Reduces Shrinkage.Mr. R. S. Macpherran (A m erican F oundry - 
m en’s Association) rem arked  th a t  experience in  
th e  U nited  S ta tes  en tire ly  confirmed w hat was 
s ta ted  in  D r. E verest’s P ap e r w ith  reg a rd  to  
nickel, from  |  to  1  per cent, nickel was used 
in  castings fo r cylinder liners, crankheads, etc., 
and  in  th a t  way castings had  been obtained 
which otherwise would no t have been m achin­
able. By add ing  1 per cent, nickel som ething 
like 0.5 per cent, silicon was elim inated  and  a 
m achinable casting  was obtained. H ad  D r. 
E verest m ade any definite tes ts  fo r w ear of such 
m a te ria l on any s tan d a rd  w ear-testing  m achine? 
So fa r  th e re  had  no t y e t been developed in  th e  
S ta tes  a sa tisfac to ry  m achine for te s tin g  w ear 
in  cylinders or fr ic tiona l w ear generally. As 
regards th e  p o in t m entioned by th e  la s t speaker, 
viz., shrinkage, th is  had  been reduced in  th e  
S ta tes  by using a lower phosphorus con ten t. In  
th a t  way th e  good castings had  been increased, 
keeping the  phosphorus below 0.2 per cent.

Overcoming Gear>Blank Porosity.
M r. J .  Longden po in ted  o u t th a t  although  i t  

was said th a t  the  add ition  of nickel resu lts  in



the  absence of porosity in castings, the findings 
given in  th e  P ap e r re la ted  to  sections which 
were really on th e  small side. In  the case of 
a relatively  small gear blank, 16 in. d iam eter as 
cast, w ith  a rim  face 2-j in. wide and 2j  in. 
deep, and  on which the  faces h ad  been m achined 
and tee th  c u t l i  in. deep, nothing could be 
h idden a f te r  th e  m achin ist had  done his work, 
all th e  fau lts  of the  m etal being la id  bare to 
the world. A t p resen t these castings had  the 
following com position :—Silicon, 1.3; manganese, 
0 .8 ; to ta l carbon, 3.2 to  3 .3; phosphorus, 0.4. 
and  sulphur, under 0.1 per cent. F rom  the 
P ap er i t  seemed to  him  th a t  if there  were 
porosity trouble i t  would be necessary to  lower 
the silicon a certa in  am ount, add a definite 
q u an tity  of nickel, and  hope for b e tte r results. 
A t present, in  order to  render the  castings re­
ferred  to  sound, i t  was necessary e ither to  chill 
or to  feed, and he would like to  know if Dr. 
E verest could say w hether i t  is possible to  obtain 
such a casting  sound by th e  aid of nickel w ith­
o u t e ither feeding or chilling. H e did n o t th ink  
i t  could be claim ed as a general proposition th a t  
the reduction  of silicon to  any ex ten t was neces­
sarily  a step in  th e  direction of increasing 
solidity. There m ust be a ce rta in  m inim um  line 
beyond which th e re  was no reduction  of cavity 
consequent on the  lowering of silicon content. 
By reducing th e  silicon to  th e  m inim um  possible 
or practicable, one could ge t a casting  which 
would stand  up  to  a pressure t e s t ; b u t i t  did  no t 
follow th a t  th e  casting  was free from  cavities. 
H e came across a case recently in which there  
was a spongy mass of m ateria l, leaving in. 
sound m etal between a steam  chest and  the 
ou ter world which had  held up for 30 years. 
Therefore i t  d id n o t follow th a t  w ith  a pressure- 
tested  casting  there  were no in te rn a l cavities, 
and all troubles were over. H e was wondering 
w hether in  the  case of a gear-blank such as he 
had m entioned the  reduction  of the silicon from
1 . 3  to  1 . 2  or 1 . 1  and th e  addition  of a certa in  
percentage of nickel would reduce the  porosity, 
and if so, why? As a m a tte r  of fa c t he had
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recently  cast one of these b lanks w ithou t re­
ducing th e  silicon b u t add ing  about 2 Pel cent, 
nickel, and was sorry to  say th a t  porosity showed 
itself in  the  rim . This was w ithou t, of course, 
any add itional work by way of feeding or chill­
ing. H e had  also tr ied  a crysta llisa tion  sh rink ­
age te s t on the  same iron, and  again  th e  con­
clusion was th a t  an iron  of th e  ch a rac te r he had 
outlined con ta in ing  abou t 2 per cen t, nickel, 
cast in  a green-sand m ould, lost abou t 3 per 
cent, of its volume on freezing. This loss would 
have to  be m ade good by one or o ther of the  
various m ethods known to  th e  foundrym an. 
Consequently, th e  value of nickel add itions in 
such cases was very doubtful.

Nickel Additions and Internal Porosity.
Mb. K. F . Harrington (A m erican F oundry - 

m en’s Association) said he was a  firm believer in  
the use of nickel for the  purpose of rem oving 
in te rn a l shrinkage, and  he believed nickel had 
its  definite application  as suggested in  the  P a p e r 
by D r. E verest in  th a t  i t  prevented  w aste cast­
ings by providing a more un iform  stru c tu re . 
Indeed , be did n o t th in k  th a t  th e  use of th e  
cast te s t-b a r fully revealed th e  real value of th e  
add ition  of nickel to  a casting , and  when a 
casting  was broken up the  evidence of th e  advan­
tage  of add ing  nickel was m uch more definitely 
shown. A t the  same tim e he did n o t th in k  the  
elim ination  of in te rn a l porosity would come 
about by th e  use of nickel, and there  were m any 
investigators who held sim ilar views.

Manganese Content and Chill.
M r. John Shaw, speaking first in  reg ard  to 

D r. N orbury ’s P ap er, said  be was pleased th a t  
the au th o r had  fu rn ished  fu r th e r  evidence th a t  
m anganese up  to  a t  least 0.3 per cent, above 
th a t requ ired  to sa tisfy  the  su lphur presen t 
reduced th e  combined carbon. I t  was th o u g h t 
by some th a t  he m igh t have found a h igher 
figure if he had  no t used syn thetic  m aterials, 
especially if tr ie d  on a th ick  section. Some 
twelve m onths ago D r. N or bury  had  prom ised to  
try  th is  la t te r  ou t by casting  tw o 3-in. bars 
in  moulds heated  to  a h igh  tem p era tu re , one
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contain ing a low m anganese content, th e  second 
w ith about 0.6 per cent, above th a t  required  to 
form M nS. Could the au tho r say if he had 
found tim e to  te s t th is  out, because i t  was of 
some im portance to those m aking very thick 
hydraulic cylinders. The hardening  effect of 
m anganese was not very ap p a ren t in F ig . 1. 
Coe’s C.C. rose from  0.19 per cent, w ith 0.37 per 
cent. M n to  0.51 w ith 2.09 per cent. 
H am asum a’s had 0.74 per cent, w ith 0.38 per 
cent. Mn and 0.87 per cent. C.C. when the Mn 
was 1.19 per cen t., w ith  little  su lphur in  either 
case. W iist’s figures in D and E  were very 
sim ilar. A lthough the B rinell numbers m ight 
increase, due to  a lte ra tion  of s truc tu re , and 
g raph ite , m achining was no t effected up to  1  per 
cent. M n. Cook had frequently  s ta ted  th a t  he 
found any th ing  above 0.4 per cent, manganese 
had a tendency to  chill in cylinder work. This 
was due to  the  denseners he used in  his body 
core, and the  speaker th ough t he noticed in 
F ig . 15 some work he did years ago. Below were 
two o ther chill tests, 15 C and D. He would 
like to 'know  how these figures were obtained and 
how m elted. The analysis was unusual for a 
chill of 1 |,  as shown. I t  would also be better 
if the  orig in  of the la t te r  was p u t on the P aper. 
H e had no wish to  rob anyone of the  honour of 
producing such a figure.

W ith  regard  to  chrom ium , he personally had 
done very little  except w ith a much higher per­
centage th a n  th a t  m entioned in the  P aper by 
D r. Donaldson, who had some bars of his which 
he w anted the au tho r to  try  out. In  th a t 
m ateria l there  was a definite softening action 
on the  s tru c tu re  w ithou t any g raph itisa tion  a t 
all, b u t the  m ateria l could be tu rn ed , b u t he 
doubted w'hether in the case of Diesel-engine 
cylinders or o ther sim ilar p arts  which are com­
paratively  s tra ig h t and where there  was no p a rt 
tem pera tu re  the  middle and  top portions would 
be free from  trouble and w hether there  would 
no t be some free-w earing part.

N ickel was being used by him for special 
purposes, and he knew th a t  in the case of
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cylinders for a ir  compressors which had to  w ith ­
s tan d  a pressure of 3,000 lbs., w hereas w ith  a 
specially refined iron bad resu lts were obtained , 
th e  add ition  of - 1  per cen t, of nickel 
enabled castings to  be ob tained  which in ­
dicated  no leakage u nder th is  te s t. H e 
knew very litt le  abou t o rd inary  grey iron
and  th e  addition  of nickel, but_ he had  
in  his possession some sam ples con ta in ing  13 per 
cent. M onel m etal, which had been for 12 m onths 
under conditions of a lte rn a te  w et and  dry , and 
th is had  had  a  g re a t influence in  p reven ting  
rust.Mr. H . J .  Young said th a t  H r. D onaldson’s 
P ap e r was a co n tinua tion  of th e  series s ta r te d  by 
th a t  au th o r some years ago, and  which con­
s titu ted , as he had  suggested on a previous
occasion, a cast iron research association in  itself. 
I t  rep resen ted  some of th e  m ost valuable work 
ever done, particu la rly  because D r. D onaldson 
never tr ie d  to  prove w hat he w anted to  be tru e , 
b u t m erely offered such facts as he believed he 
had  proved as th e  re su lt of exhaustive and 
accurate  observation. The p resen t P a p e r  drew 
a tte n tio n  to  a fa c t which m ay prove im p o rtan t 
in  re la tion  to  Diesel and  in te rn a l com bustion 
engines, nam ely th a t  th e  add ition  of chrom ium  
increased the  therm al conductiv ity  by abou t 8 
per cent. He (the speaker) had  rem arked  p re ­
viously th a t  probably the  g rea test benefit from  
alloy additions would arise only when those 
additions were combined w ith  the  L anz P e r l i t  
Process. A t th e  m om ent he saw no reason to  
th ink  th a t  th a t  prediction  would no t be realised.

“ Sulphur-Manganese Balance.”
As regards the  P ap e r on m anganese by D r. 

N orbury , he noticed th a t  th e  au th o r when read ­
ing his P ap e r was unable to  re f ra in  from  using 
the te rm  “  sulphur-m anganese balance ,” b u t th a t  
same term , as fa r  as he knew, did no t appear in  
the  P ap e r itself. D r. N orbury  om itted  to  m en­
tion  the  work of th e  p resen t speaker published 
in 1921, when he coined th e  expression “  sulphur- 
m anganese balance,”  which he had  heard  used
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all over Europe since then . T ha t particu la r 
P ap e r s ta te d : “ Irons in which the  sulphur
conten t is not more th a n  balanced by the  m an­
ganese conten t are  relatively  weak and hard , and 
possess poor foundry properties as compared with 
irons sim ilar in composition o ther th an  th a t  
the sulphur is properly balanced. . . . From  a 
tabu la tion  of some thousands of results obtained 
in ac tu a l p ractice th e  au thor has found no ex­
ception to  the  ru le, th a t  the  weak or fau lty  
member of two irons of very sim ilar composition 
is th a t  one where the su lphur con ten t is inade­
quately balanced by the  m anganese content. . . .

Table VII.

Transverse
strength.

Lbs.

Car­
bon.

%

Sili­
con.

°//o

Phos­
phorus.

0//o

Sul­
phur.

°//o

Manga­
nese.

°//o

2,342 3.43 1.17 0.60 0.231 0.23
3,533 3.47 1.27 0.61 0.220 0.41

2,025 3.39 1.67 1 . 1 2 0.176 0.27
3,494 3.40 1.64 1.08 0.172 0.49

2,352 3.37 1.56 1 . 2 1 0.137 0.28
3,553 3.35 1.52 1.15 0.132 0.44

1,747 3.45 1 .65 1.08 0.122 0.27
3,791 3.41 1.62 1.05 0.129 0.51

2,223 . .. 3.40 1 .72 1.15 0 .1 10 0.25
3,672 3.38 1.73 1.14 0 . 1 1 2 0.58
3,732 3.37 1.73 1 .0 1 0.116 0.40

Table V ll  (reproduced) gives a typ ical selection 
of bars w ith varying su lphur content, and 
affected only by the  am ount of m anganese 
balancing the sulphur.

“  The au th o r . . . offers these practical results 
and observations as som ething b e tte r  to  work 
on, som ething im personal and more scientific. 
. . . F o r the  mom ent, therefore, we may tak e  it 
th a t  there  does exist a very v ita l equilibrium  
point between the su lphur and the m anganese.

) J
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Anyone, particu la rly  a research-w orkei, can 
see from  th e  figures of Table V II  w hat th e  excess 
of m anganese over su lphur has go t to  be. For 
instance, an iron con ta in ing  as m uch as 0.220 
per cent, of su lphur gave th e  high tran sverse  
s tren g th  of 3,533  lbs. when th e  m anganese was 
only 0.19 per cent, in  excess. In  all th e  o ther 
cases i t  so happened th a t  th e  excess was abou t 
0.3  per cen t., and th e  speaker w rote as follows: — 
“ I t  is to  be m ost clearly understood  th a t  th e  
examples a re  extrem es, and th a t  th e  n ea re r one 
gets to  the  c ritica l po in t of equilib rium  th e  m ore 
difficult does i t  become, by chem ical analysis, to  
detec t any difference betw een th e  two irons— 
bu t the physical p roperties rem ain  e ith e r very 
good or very bad r ig h t up to  each side of th e  
equilib rium .”

T h a t D r. N orbury  should have overlooked th is  
evidence and  no t even m entioned  i t  m ay explain  
th e  red u n d an t quality  of m uch in  his P ap e r. 
The speaker was unable to  accept th e  a u th o r’s 
s ta tem en t concerning th e  g rap h itis in g  ac tion  of 
m anganese when i t  occurs up  to  0.3 p er cen t, in  
irons con ta in ing  only 0.01  per cen t, of su lp h u r; 
why should i t  no t be th e  effect of th e  m anganese 
upon th e  su lphur, and  d id  n o t th e  whole of th e  
evidence po in t th a t  w ay? In  his Series B th e  
au th o r showed th a t  an  iron  con ta in ing  0.03 per 
cent, su lphur and  0.06 per cent, m anganese has 
1.29 per cent, of combined carbon, b u t when th e  
m anganese-sulphur balance is corrected , nam ely, 
when the  m anganese is raised  to  0.24, th e  com­
bined carbon falls to  0.90 per cen t. M oreover, 
an  increase of m anganese to  a to ta l of 0.43 per 
cent, lowers th e  combined carbon by only ano ther 
0.06 per cen t., which is w ith in  ana ly tica l e rro r. 
How th en  can D r. N orbury  ta lk  abou t th e  
g raph itis ing  action of m anganese when all he 
did was to  correct th e  balance between i t  and 
the su lphur?

N or can th e  speaker accept D r. N orbu ry ’s 
work where he d is tinguishes betw een iron 
sulphide and m anganese sulphide by its  colour 
under the microscope. T h a t would need a 
research in itself, and a very difficult research  it
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would be to  carry  ou t in an  en tire ly  u np re­
judiced m anner on the  cast irons of commerce.

Graphitising Action of Manganese.
I t  was to  be noted th a t  D r. N orbury  appeared 

to  agree w ith himself and his opposites a t  one 
and th e  same tim e, for he sta tes th a t  the 
g raph itis ing  action of m anganese occurs only in 
low-manganese irons (contain ing 0.01 and  0.03 
of su lphur), and alm ost in the  same sentence 
says th a t  the presence of only traces (0.01  per 
cen t.) of su lphur is sufficient to  prevent 
g raph itisa tion . The t r u th  seemed to  he th a t  
low m anganese had  no g raph itising  action w hat­
soever, b u t th a t  mere traces of su lphur prevented 
g raph itisa tion . T ha t t r u th  will no t be entirely 
proved u n til work is done upon cast iron con­
ta in in g  no su lphur a t  all.

Then, again , D r. N orbury  failed to  observe the 
effect of high m anganese, say, 1.5 per cent., 
where in large castings i t  caused a coarsening of 
the g raph ite , an effect known for m any years 
past to those in  control of a wide varie ty  of 
work. V ery large quan tities of castings had 
been made by the  speaker which contained m an­
ganese from  0.75 up to  1.75 per cen t., and a p a rt 
from th e  coarsening of the  g raph ite  and the 
g rea te r heat-resisting  properties of the iron there 
was no o ther effect. This was tru e  w ith  one 
exception, nam ely th a t  if there  was a chill 
inserted in the  mould its  chilling effect would 
be affected by high m anganese conten t of the 
cast iron. In  his sum m ary D r. N orbury  pre­
sented several claims which in no way appeared 
to be justified  by the  work in  the P ap er. As an 
instance of th is m igh t be taken  the following : •— 
“  A low-manganese grey iron contain ing  hard  
spots of cem entite in a pearlitic -m atrix  should 
show good resistance to  m ost types of w ear.” 
There did no t appear to  be one io ta of evidence 
in th is P ap e r to  prove any th ing  of the  kind, nor 
did D r. N orbury  say w hether he was speaking 
of grev or of p a rtly  w hite iron. F or example, 
one m ight m ake th ree  cast irons, each contain ing 
the same am ount of cem entite in a pearlitic



m atrix , b u t one con tain ing  0.3 per cen t, of 
m anganese, ano ther 0.6 per cen t., and  t  e ir 
0.9 per cent. W hich would w ear the  best. 
W ould i t  be the  one w ith  th e  las t m anganese,
and, if so, why? .

M r. Young said his own P ap e r of 1921 pointed  
ou t the  poor m echanical and  foundry  p roperties 
of cast irons where th e  m anganese-sulphui 
balance was fau lty , and  also p resen ted  figures 
to show th a t  0.2 per cent, excess m anganese was 
sufficient to  balance th e  su lphur. I t  m ig h t be 
pointed ou t th a t  Series A and  Series B given in 
D r. N orbury ’s Table I  appeared  to  confirm th is, 
a lthough D r. N orbury  la te r  speaks of 0.3 per 
cent.

I t  would app ea r likely th a t  th e  au th o r spoiled 
his P ap e r by including too m uch in  i t .  Chill 
rolls, grey-iron- castings, w ear-resistance, 
corrosion - resistance, m echanical s tren g th , 
shrinkage, b lack-heart m alleable and  w hite-heart 
malleable were e igh t huge and  sep ara te  subjects, 
and  those who were sa tu ra te d  w ith  one or th e  
o ther of them  were disinclined to  accept a  few 
isolated te s ts  as proving all th e  m any th ings 
presented  here.

Nickel in Diesel-Cylinder Iron.
C oncerning D r. E v erest’s P ap e r, M r. Young 

said th e  au th o r was always an  op tim ist, and  he, 
th e  speaker, adm ired optim ism . Few  th ings 
would be e ither purchased or sold w ithou t i t  no 
m a tte r  w hat th e ir nickel con ten t. The o ther 
day a t  a m eeting  of leading m eta llu rg ists  and 
head-foundrym en one of them  s ta ted  th a t  the  
use of from  0.5 per cen t, to  1.0 per cent, of 
nickel has reduced th e  w aster castings from  
10 per cent, down to  5 per cent, or less. The 
difficulty arose when ano ther equally good m an 
from  an  equally good foundry  gave a fla t denial 
to th a t  s ta tem en t. I t  was exceedingly difficult 
to  prove these th ings, b u t, nevertheless, i t  did 
appear likely th a t  nickel used w ith  scientific 
judgm en t will prove valuable to  some foundries. 
H e, the  speaker, knew of foundries tu rn in g  out 
autom obile cylinders by the  thousand  w ith  very
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few w asters and no n ick e l; equally did he know 
of o ther foundries hav ing  m any failu res in  those 
same castings. I f  nickel helped the  la t te r  people 
one need no t w orry about th e  fo rm e r; the  m arket 
price of th e  p roduct would decide. H e would 
much like “  to  have a go ”  a t  locomotive 
cylinders w ith  the  help of nickel. G ran ted  th a t 
the locomotive cylinder people—some of them — 
appeared to  use any cast iron which th e ir 
cupolas liked to  serve up  from  one day to 
ano ther ; h u t a p a r t  from  th a t  i t  represen ted  a 
casting  where the  last word had ye t to  be said, 
and the  use of nickel m ight prove no t only 
invaluable to  th e  founders, b u t extrem ely help­
ful to  th e  u n fo rtu n a te  m achine and testing  
shops on th a t  work. D r. E verest suggested 
using Diesel-cylinder iron for autom obile 
cylinders by alloying the  form er w ith  nickel, 
b u t th a t  en tire ly  depended upon w hat Dr. 
E verest called D iesel-cylinder m etal, and one 
would th in k  th a t  a foundry  m aking those two 
types of castings would find some other 
expedient. However, all knew w hat D r. Everest 
m eant. Nickel in cast iron  was to  have its 
opportun ity , and nobody would like to  have 
the chance of experim enting  w ith i t  in certain  
directions more th a n  the  speaker.

Ratios of the Elements in Irons.
Mb. F . J .  C o o k , speaking particu larly  w ith 

regard  to  D r. N orbury ’s P ap e r on manganese, 
commented on the  fac t th a t  in  the discussion 
on the  previous P ap e r M r. Shaw had indicated 
th a t  he did not agree w ith  him. H e had, how­
ever, been used to  being disagreed w ith for about 
30 years, b u t from  tim e to  tim e he found evidence 
th a t  probably he was more r ig h t th a n  some 
of those who disagreed w ith  him , and  he ra th e r 
fe lt th a t  D r. N orbury ’s P ap e r was in the  same 
category. M any years ago he was engaged in 
try ing  to  get ou t ra tio s of the  various elements 
in high-class irons—for which he had a weak 
spot— and he had tr ied  to  ascerta in  in a work­
shop m anner the ra tio s of the  various elements 
for different classes of work. This work varied
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in w eight from  a few hundredw eigh t to  m any 
tons, and from  J  in. th ick  to  I f  in . th ick  for 
steam  cylinders, and in order to  ob ta in  gooc 
w earing properties w ith  these castings i t  was 
necessary to  ge t away from  porosity in th e  bore 
where th e  valve chest joins. There were 
generally  two chills where th e  valve chest joins 
the body, and four o thers on th e  cen tre  line 
where the pressure of th e  p iston  comes. H e soon 
found th ere  was a difficulty in  avoiding h a rd ­
ness, due to  the  chilling action , and  he was 
fo r tu n a te  in  finding o u t very quickly th a t  m an ­
ganese was the  elem ent th a t  was causing the  
trouble. As a resu lt he go t ou t a balance which 
he had  m entioned several tim es. The figures 
he a rrived  a t  were th ree  tim es th e  su lphu r w ith 
a m axim um  of 0.4 per cent, in  th is  p a rticu la r 
case, th e  silicon being 1 .2 ; th e  su lphur, which 
was one-ten th  of th e  silicon, as he had  pointed  
ou t ea rlie r d u ring  th e  m orning, being 0 .12  and 
the m anganese 0.4. T h a t seemed to  give th e  
best results. I f  he exceeded th a t  percen tage 
of m anganese th ere  was a tendency  to  chill. 
H aving  obtained th a t  balance he never had 
any more trouble w ith  chilling, and  th e  resu lt 
was due to  the  control of the  q u a n tity  of m an­
ganese which D r. N orbury ’s P a p e r  seemed to  
prove. D r. N orbury  m igh t have gone fa r th e r, 
because there  was another fac to r which m ust 
be borne in  m ind, viz., th e  question  of mass. 
So fa r  as the  work he had ju s t  re fe rred  to  was 
concerned, i t  had  d ea lt w ith  castings from  f  in. 
to  I f  in ., b u t in  the  case of hydrau lic  cylinders 
having thicknesses up to  4 f in . th e re  was a 
g raph itis ing  action up to  0.7 per cen t, m an­
ganese, and  in  the  case of chilled rolls u p  to  
1  per cent, and more. T herefore, th e  mass 
action of the  q u an tity  of m ateria l being used 
m ust be taken  in to  account, and  if D r. N orbury  
would continue his work and  give g ra p h s ' for 
th ree  ranges of work, i t  would be extrem ely 
valuable for foundrym en generally . R ecently  
he had come across some very peculiar 
phenom ena in  connection w ith  m anganese in  
re la tion  to  semi-steel cylinders in  which there
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were large patches of glazed surface, which 
ranged from  4 in. to  1 f t . in length. O ut of 
151 cylinders, a large proportion showed th is 
phenomenon in  varying degrees. On investi­
g a ting  the cause of th is  trouble, he found th a t 
in every case where the  m anganese was less 
th a n  0.3 per cent, difference between th a t  and 
the  silicon, th is  phenomenon was apparen t. At 
about 0.3. per cent, m anganese, slight traces of 
th is effect could be seen, and where the  m an­
ganese equalled the  silicon, i t  was very badly 
m arked. On etching, these surfaces were found 
to be simply one mass of m anganese sulphide. 
By m aking the  m anganese 0.5 per cent, below 
th a t  of the  silicon there was no t a single in­
stance where the trouble m entioned occurred. 
H e did no t know w hether D r. N orbury had any 
explanation  to  offer for it. Of course, he was 
aw are of the  differences in  the m elting tem pera­
tures, b u t i t  was a very strik ing  phenomenon. 
W ithin  a very short tim e of having to  deal 
w ith th is difficulty he encountered another one 
in regard  to  the  cylinders and valve boxes for 
ammonia-compressors for re frigera ting  work. 
In  th is case th e  silicon was 2 per cent., and 
as th is q u an tity  had a tendency to give open 
porous places in  the  thick parts , th is trouble 
was overcome by inci'easing the m anganese in 
re la tion  to  the  silicon. The method of increas­
ing the  m anganese was by the  addition  of ferro­
m anganese to  the  m elt, and as th is was done 
in  a more or less rule-of-thum b method the 
m anganese had increased till i t  am ounted to 
about th e  same conten t as silicon, i.e ., 2 per 
cent. A t th is  ju n c tu re  porosity had been ex­
perienced, and large glazey patches were noted 
on the  m achined faces, when, however, the 
m anganese was reduced to  1.5 per cent., the 
glazed surfaces disappeared and porosity im­
proved. I f  D r. N orbury could give any scien­
tific reason for th is he would be extremely 
thank fu l, because a t  the  m om ent he could see 
no reason for i t  unless i t  was a question of 
the m elting tem pera tu re .
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R eferring  to D r. Donaldson s P ap e r, p a rticu  
larly  as regards Diesel engine work M r Cook 
said he was a convinced believer m  th e  stab ilis­
ing effect of chromium, and  he had  used i t  on 
m any occasions, up to  0.5 per cen t., and  foun 
i t  exceptionally good for w ear u n d er h ea t 
conditions.

Com m enting on D r. E v erest’s P a p e r  on nickel, 
M r. Cook said he was one.of the  com m ittee which 
drew up the  program m e of work in  th is  con­
nection, and he could bear o u t th e  rem arkable  
lowering of th e  chilling effect by th e  use of 
nickel. As a m a tte r  of fac t, D r. E verest could 
have given even m ore s tr ik in g  exam ples th a n  
those he had  m entioned in  th e  P  a p e r, and  one 
was an  o rd inary  air-cooled m otor-bicycle cylin­
der, the  fins of which were absolutely w hite 
when ord inarily  cast, b u t by add ing  nickel 
these all became grey, and  y e t th e  hardness in  
the  bore of th e  cylinder was increased.

M r. R . P . Harrington (A m erican F oundry- 
m en’s Association) asked for in fo rm ation  w ith  
regard  to  th e  elim ination  of shrinkages in  such 
s tra igh t-line  cylinders as those for Diesel 
engines.

M r. E . Longden asked D r. E verest fo r in fo r­
m ation as to  th e  cost of add ing  nickel to  cast 
iron. W ith  regard  to  D r. N orbu ry ’s P ap e r, he 
said he had been carry ing  o u t experim ents and 
was w ondering w hether D r. N orbury  could te ll 
him  exactly  the effect of add ing  0.35 per cent, 
m anganese to  a m etal con ta in ing  2 per cent, 
silicon, su lphur 0.15 per cen t., and the  usual 
am ount of carbon in grey iron. The prac tica l 
resu lt was th a t  the  m etal was absolutely 
unm achinable.

M r. R . S. Macpherran (A m erican Foundry- 
m en’s Association) said he had  found nickel has 
an ind irec t effect in  m aking  iron  h arder, b u t 
the add ition  of p lain nickel to  any p a rticu la r 
m etal he had  no t found had  any decided effect. 
H e would therefore  like D r. E verest, if he could, 
to d ifferen tiate  between the  d irec t and  the 
in d irec t effect of the  add ition  of nickel.
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AUTHORS’ REPLIES.Dr. Donaldson, replying to  the discussion, 
said he was glad to  hear th a t  M r. Cook’s prac­
tical experience confirmed the results th a t  he 
himself had been able to  obtain in the labora­
tory . As to  M r. Y oung’s rem arks on the in ­
crease of therm al conductivity  on the addition 
of chrom ium , the work described in  the  P aper 
was carried  o u t in  order to  obtain  d a ta  for 
Diesel engine work, and i t  m ight be in teresting  
to  s ta te  th a t  the  chrom ium and tungsten  of 
the m etals investigated  were the  only ones which 
increased the therm al conductivity. W ith re ­
gard  to M r. Shaw ’s question concerning the test- 
bars he had provided, these contained 1  per cent, 
of chrom ium  and 1  per cent, of nickel—a higher 
percentage of chrom ium th a n  he had experi­
m ented w ith—and in each case the stabiljsing 
effect of chrom ium  was m ain tained  a fte r heating 
for 200 hours a t  150 deg. C. There was no 
change in the combined-carbon conten t or the 
Brinell hardness. A t the same tim e, the 1 per 
cent, of nickel did n o t lessen the stabilising 
effect of the  chrom ium and i t  rendered the iron 
more m achinable.Mr. Shaw suggested th a t  the method adopted 
by the au tho r of heating  up was not tru e  anneal­
ing because the  m etal was heated up during  the 
day and allowed to cool du ring  the n igh t. Ordi­
nary annealing  was more or less rap id  heating 
and cooling, and th a t  was where the softening 
effect came in.Dr. Donaldson suggested th a t the softening 
was due to  the presence of nickel.Me. Shaw rem arked also th a t  whereas the 
au thor sta ted  he did no t find the Brinell was 
lowered, he himself had found i t  was seriously 
lowered.Dr. Donaldson said th a t  was probably due 
to the difference in  trea tm en t, the  method 
adopted by M r. Shaw being tru e  annealing and 
the o ther a h ea t-trea tm en t process.Dr. Norbtjry, replying to  the  discussion so fa r 
as his P ap er was concerned, said M r. Field had 
referred  to  th e  lower shrinkage of D erbyshire
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pig-iron as compared w ith N ortham ptonsh ire  pig- 
iron, and suggested th a t  i t  was due to  th e  h igher 
m anganese. T ha t was probably th e  case. M r. 
Shaw was qu ite  r ig h t in  disowning tw o of th e  
chill d iagram s on page 170, and th e  difference 
between these and th e  o ther two d iagram s was 
due to  the  fac t th a t  they  were cast from  
synthetic  m elts of Swedish w hite iron , Armco 
iron, ferro  silicon, etc. S yn the tic  m elts m ade in  
a certa in  m anner could be m ade to  give m uch 
g rea te r dep th  of chill th a n  o rd in ary  cupola 
melts. The effect of m anganese on su lp h u r was, 
however, the same in th e  two cases. M r. Shaw 
w anted him  to  experim en t w ith th ick er sections, 
bu t his po in t of view a t the  m om ent was th a t  a 
more im p o rtan t problem  to  solve was to  find o u t 
where the  m issing m anganese w ent to  and 
exactly how i t  d is trib u ted  itself betw een the  
sulphur and th e  o ther elem ents p resen t, and  then  
they would be able to  und ers tan d  w hat happened 
in th icker sections. H e would, however, carry  
ou t experim ents on th e  lines ind ica ted  by M r. 
Shaw. A t the  m om ent h is im pression was th a t  
w ith  th icker sections, which cool more slowly, 
less m anganese would be requ ired  to  n eu tra lise  
w hatever su lphur was p resen t, and  n o t more 
m anganese. The case would be m ore com parable 
w ith th e  annealing  of malleable iron, w here less 
m anganese was requ ired , because th e  m anganese 
can diffuse and ge t to  th e  su lphur and n eu tra lise  
it. H e apologised to  M r. Young for no t re fe r­
ring  to his work, b u t so m any people had  done 
work on th is  sub jec t th a t  i t  was n o t possible to  
refer to  them  all. H e also had noticed, as M r. 
Young and M r. Shaw had done, th e  risk  of coarse 
g rap h ite  in  h igh m anganese irons. In  th e  cases 
in which he had noticed it, i t  was because the  
ferro-m anganese which was added contained  6 or 
8 per cent, of to ta l carbon, which, of course, in ­
creased the  g rap h ite  con ten t and m ade th e  iron 
very open and of very coarse g ra in . H e did 
no t know any o ther exp lana tion  to  offer to  M r. 
Cook in respect of some castings of his w ith  very 
m arked m anganese sulphide segregations th an  
th a t  the  h igher the  m anganese to  su lphu r ra tio
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th e  h igher would be th e  m elting po in t of the 
sulphide and th e  h igher would be the  tem pera­
tu re  a t  which i t  separated  out, consequently the 
g rea te r the  possibility of i t  segregating. Mr. 
Longden had s ta ted  th a t a m etal containing 
0.35 m anganese, 0.15 sulphur, 3.2 per cent, to ta l 
carbon, and 2  per cent, silicon was w hite when 
sand-cast in  the  form of a 1 -in. diam eter bar. 
H e would have expected i t  to be grey, b u t the 
low m anganese and relatively high sulphur would 
increase th e  tendency to  form  hard  spots and 
chill.Dr. Everest, replying to the  discussion on his 
P aper, m entioned first the  poin t raised by M r. 
F ield  as to  th e  possibility of the  use of nickel 
in high-silicon iron. A t present, he said, we do 
not know very much about the  influence of nickel 
in irons which are  predom inantly  fe rritic . How­
ever, the  po in t really was, not the silicon content 
of th e  iron, b u t ra th e r  the  am ount of combined 
carbon p resen t in  the  casting, th a t  was of im­
portance, since nickel acts predom inantly  on 
pearlite  ra th e r  th a n  on fe rrite . There were 
cases in  which, w ith  silicon as high as 3.0 per 
cent, in engineering castings, nickel up to 2.0 or
3.0 per cent, could be beneficially added. Such 
a  case was a thin-sectioned casting for a ligh t 
piston sk irt, which in the  cast condition was 
only about ^  of an inch th ick , and in such 
a case nickel could be used to  advantage in ob­
ta in in g  a  uniform  and m achinable casting. 
Again, the  case of resistance grids m ight be 
cited when, even in  th e  presence of high silicon,
3.0 or 4.0 per cent, of nickel could be added to 
obtain  a tough, strong  casting. This did not 
refer, however, to  th e  special case of resistance 
grids w ith  h igher nickel contents, where the 
nickel was used to  confer special electrical and 
m agnetic properties on the  iron. H e took ex­
ception to the  suggestion th a t  nickel was to  be 
p u t forw ard  as a “  cure-all.” I t  was definitely 
not. N ickel would improve a good iron, b u t it  
would n o t necessarily render a bad iron good.

M r. M acpherran  referred  to  wear tes ts on cast 
iron. The au th o r did n o t a tta ch  much im port­
ance to  accelerated laboratory  tests on wear,
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as there  were no m eans by which th e  conditions 
of w ear inside a cylinder, say, of an autom obile 
engine, could be reproduced. I t  was impossible 
to reproduce the  conditions of lub rica tion , the 
correct bearing-pressure, speed, reciprocation , 
e tc., and in  the  wear of cast iron  i t  was a 
m a tte r of general experience th a t  any change 
in one of these conditions m igh t to ta lly  a lte r  the 
results. I f  one took a so ft iron  and  worked i t  
u nder a given load, th e  surface would become 
glazed, and a long service could be obtained 
w ith litt le  a p p a ren t w ear. I f  th e  load was in ­
creased a li tt le  more, however, then  th e  con­
ditions were often  en tire ly  upse t and  a rap id  
w ear would very likely be in itia ted . I t  was 
suggested th a t  th is  was a problem in  th e  au to ­
mobile industry  to-day, for th ere  had been an 
increase in  th e  power o u tp u t of engines, w ith 
consequent increase in  compression ra tio s, b ear­
ing  pressures, and so on, w ith th e  resu lt th a t  
soft irons which up  to  th e  p resen t had  been 
perfectly  sa tisfac to ry  were now showing bad 
w ear. This was no doubt in  g re a t m easure the  
con tribu to ry  cause to  th e  in te res t which was a t  
p resen t being tak en  in  im proved m a te ria l in 
autom obile engine construction . M r. Mac- 
pherran  also referred  to  a n ic k e l: silicon ra tio  
of 2 to  1. I t  was generally  found, however, 
in  th is country  th a t  for the  range of composi­
tions norm ally employed in  engineering  castings, 
th a t  3 p a rts  of nickel were equ ivalen t to  1 p a r t  
of silicon in  reducing chill in  a cast iron . This 
ra tio , however, would n o t be considered to  hold 
definitely for abnorm al silicon con ten ts already  
on th e  low or on the  h igh side.

M r. J .  Longden raised the  question of the  
possible im provem ent in  soundness which m igh t 
be obtained in gear-blank castings by th e  use 
of nickel, and m entioned an experim en t in  which 
he added 2.0 per cent, of nickel to  his o rd inary  
iron, which contained 1.3 per cent, of silicon. 
Porosity  was found a t  th e  base of th e  c u t tee th  
in these gears, and the  nickel add ition  had 
proved ineffective in  rem oving th is. The au th o r 
pointed ou t th a t  th e  2.0 per cent, of nickel
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added was equivalent to  about 0.7 per cent, of 
silicon w ith  regard  to  the  graph itising  action in 
the iron, consequently he was really casting his 
gear-blanks w ith an equivalent silicon content 
of 2.0 per cen t., which would be expected to  give 
too soft and open an  iron. The au thor pointed 
ou t th a t  especially for the  elim ination of 
porosity the  m axim um  benefit of nickel was ob­
ta ined  when th e  silicon was reduced by an 
am ount equivalent to  the  nickel addition . For 
the  gears in  question he would suggest th a t  a 
composition showing 1 .0  per cent, of silicon w ith
1 .0  per cent, of nickel would be very likely to 
show an  elim ination  of th is porosity.

This po in t connected up w ith  the question 
raised  by M r. H arrin g to n . H e agreed broadly 
th a t  in  the  elim ination of porosity the  reduc­
tion  in  silicon was perhaps the crux of the situa­
tion , and th a t  i t  was due to  th is th a t  im prove­
m ent in  soundness was often obtained. The 
function  of the subsequent addition  of nickel 
was to  restore the m achinability  and toughness 
of the casting , w ithout opening up the  structu re  
again  as a fu r th e r addition  of silicon would have 
done.

M r. Harrington (American Foundrym en’s 
Association) said he was glad D r. E verest had 
pointed o u t th a t  fundam entally  the reason for 
the  im provem ent w ith  the use of nickel was in 
the reduction  of silicon, b u t his own observations 
suggested th a t  som ething more th a n  th a t  hap­
pened. There m ust be a change in the  elements 
o ther th a n  the  silicon, and he agreed th a t  nickel 
could n o t be regarded as a cure-all, because i t  
was not.

The au tho r said he did no t agree w ith M r. 
H arrin g to n  th a t  th is  im provem ent was due to 
incidental changes in  the  am ount of the other 
elements present. On the  o ther hand, the au thor 
wished to  say th a t  m any cases had come to  hand 
in which porosity had been effectively removed 
by the add ition  of nickel, w ithou t any change 
being made in  th e  composition of the iron th a t  
was in  use, even though nickel added in  th is 
way was no t recommended for the  specific pu r­
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pose of e lim inating  porosity. This was a t  the  
m om ent difficult to  explain , and  all th a t  could 
be said was th a t  the re  appeared  to  be a refining 
action of the m a trix  in  the  iron  w hich seemed 
to  give a close-grained s tru c tu re , showing g rea te r 
un ifo rm ity  in  th e  castings. R efe rrin g  to  th e  in ­
quiry  as to  the  use of nickel in  simple cy lind ri­
cal castings, i t  was said th a t  experim ents had 
been carried  o u t on piston-valve-liners fo r loco­
motive work, and nickel had  proved effective in 
e lim inating  porosity in  these castings. In  th is  
country  m any castings of th is  ty p e  would be 
m ade cen trifugally , and  the  question of porosity  
would probably n o t then  arise. This was the  
tendency to-day, particu la rly  in  connection w ith 
the autom obile industry .

M r. H . J .  Young ra ised  th e  question of loco­
motive cylinders. This was a  problem  in  itself, 
b u t i t  was of special in te re s t in  th a t  i t  was 
generally known th a t  there  were ce rta in  designs 
of locomotive cylinders which would p rac tica lly  
never give a  sound casting , and  cau lk ing  was in 
th is  case alm ost inevitable. Some experim en ta l 
work in  th is  field had  been in itia te d , and  th e  
results obtained up to  the  p resen t were very 
prom ising, and the  au th o r was m ost optim istic  
about th is  application  of nickel. Cylinder-covers 
for locomotives, which carried  a heavy boss to  
which a guide rod was subsequently a ttached , 
had  given a g re a t deal of troub le  w ith  porosity  
th rough  the  cover, a t  the  roo t of th is  boss. In  
one case twelve of these covers were ordered 
off a c e rta in  p a tte rn , and  m ade in  o rd in ary  iron . 
The whole set were scrapped on account of leak ­
age. Satisfac to ry  resu lts have, however, been 
obtained by reducing th e  silicon by abou t ^ per 
cent, and adding  1 .0  per cent, of nickel, and  up  
to the p resen t every cover had passed its  tests.

R eferring  to  th e  question of Diesel iron  for 
autom obile cylinders, i t  has been found in  cer­
ta in  foundries m aking cylinder castings for both 
purposes, th a t  the  low-phosphorus, low-silicon 
Diesel iron  had proved a very effective basis for 
the add ition  of nickel fo r autom obile work. The 
Diesel iron in  question would be fo r small cast­
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ings and would carry  about 1.3 per cent, of 
silicon, and an add ition  of 1  to  1 ^ per cent, of 
nickel was m ade to  th is  for autom obile work.Dr. Everest thanked  M r. Shaw and M r. Cook 
for th e ir  sym pathetic rem arks and for the 
examples they had m entioned in support of the 
sta tem en ts made in  the  P aper.

WRITTEN CONTRIBUTIONS. 
Chromium Reduces Sea-Water Corrosion.

M r. F . Hudson, comm enting on Dr. D onald­
son’s P ap e r on “ The Influence of Chromium in 
C ast I ro n ,” w rote th a t  the  industry  was much 
indebted for the  very valuable work done by 
D r. Donaldson in  th is and o ther Papers he has 
published. F o r his own p a r t he was particu ­
larly  in terested  in the results obtained from cor­
rosion tests, and especially those relative to  the 
m ilder forms experienced in the handling of sea­
w ater, river-w ater and tap -w ater flowing through 
pipes and valves in  the  various public service 
and in d u s tr ia l, p lan ts of to-day. The need for 
corrosion-resisting cast irons was probably 
g rea te r th an  th a t  for non-growing cast iron. 
Corrosion tests conducted by Messrs. Glenfield 
& K ennedy relative to  alloy-additions to  cast 
iron confirm the  results obtained by the  author. 
The results obtained, in brief, po in t to  the fact 
th a t  the h ard er and closer-grained the  cast iron 
then  the g rea te r the resistance to  corrosion by 
sea-water. F o r example, semi-steel m ixtures are 
superior to  soft iron m ixtures, and the additions 
of alloys which increase the  combined carbon, 
such as chrom ium , reduce corrosion. Nickel, on 
the  o ther hand , increases corrosion in  sea-water. 
In  regard  to  river-w ater, the difference between 
various quality  cast, irons w ith and w ithout 
alloy additions, is no t nearly so apparen t. In  
regard  to  corrosions by acids, conditions are very 
often opposite. I t  would appear, however, th a t  
the add ition  of chrom ium is certain ly  of benefit 
to lessen corrosion by sea-water.

Dr. Donaldson wrote th a t  he thanked  M r. 
Hudson for his contribution  to  the discussion. 
I t  was extrem ely in teresting  to know th a t  tests 
carried  out by him confirmed the corrosion results
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obtained w ith  th e  various chrom ium  additions. 
H e could also confirm his rem arks reg ard in g  the 
re s is tan t powers of h a rd  close-grained irons to  
sea w ater. This was experienced w hen experi­
m enting  w ith  low-silicon (P e rlit)  irons, and  irons 
contain ing  tu n g s ten  additions.

Resistance of Nickel to Corrosion.Mr. E. J. L. Howard w rote th a t  he had  read 
D r. E verest’s P ap e r w ith  considerable in te rest. 
H is rem arks tc  accelerated corrosion and 
mechanical erosion tes ts  being of li tt le  value were 
only correct to  an  ex ten t. V aluable in form ation  
of a com parative n a tu re  could be ob ta ined  if 
su itable m ethods of te s tin g  were adopted , th a t  
is, m ethods which would as nearly  as possible 
rep resen t the  conditions fo r which th e  m ateria l 
was required . The resistance to  abrasion or 
m echanical erosion m ay be read ily  tes ted  by 
ro ta tin g  discs of the  m ateria l u nder te s t in  the  
abrasive m edia, and i t  has been found th a t  tes ts  
made under these conditions and  th e  ac tua l ser­
vice tes ts  have approxim ately  th e  same figure, 
and are  an ind ication  of the  su itab ility  of the  
m ateria l for a definite purpose.

Corrosion tests, of course, could only be com­
para tive . The add ition  of nickel alone does 
definitely increase the  resistance of iron to  
m echanical erosion, and  th is  increased w ith  the  
am ount of nickel added, up to  3.5 per cen t., b u t 
b e tte r resu lts were obtained w ith  a sim ultaneous 
addition  of about 0.5 per cent, of nickel and  0.5 
per cent, chrom ium .

R esistance to  corrosion did no t seem to  be 
m ateria lly  affected by small add itions of these 
alloys. I t  was his experience th a t  cast iron 
w ith the nickel addition  alone was ra th e r  more 
viscous and  did n o t ten d  to  re ta in  en trapped  
gases, causing blow-holes, unless considerable 
care was taken . These difficulties appeared  to  
be overcome if a com bination of nickel and  chro­
mium were used, especially if th e  add itions were 
made th rough  th e  cupola. H e had  always found 
the  iron  to  which add itions had  been m ade 
through  the cupola was definitely b e tte r  th an



one to  which additions had been made in the 
ladle or spout of the  cupola. Was th is  Dr. 
E verest’s experience, and, if so, could he offer 
any explanation?

I t  was in teresting  to note th a t  nickel addi­
tions do no t have a m arked effect on the test- 
bar results, b u t the  engineer, who is probably 
the  chief consumer of cast iron, was no t so con­
cerned w ith  the  stren g th  of cast iron as an im­
provem ent for resistance to  wear, mechanical 
erosion and corrosion.

W herever anyth ing  stronger th an  the average 
cast iron was required, he usually used steel, 
e ither as a casting  or a forging. The addition 
of nickel to  cast iron for couplings was surely 
an expensive m ethod, and one would im agine 
troubles due to  porosity could be overcome by 
correct methods of moulding.

H e would be in terested  to  hear if Dr. Everest 
had any inform ation regard ing  the effect of 
higher percentages of nickel or nickel and chro­
mium for w ithstanding  corrosion. Also if there  
was any advantage to be obtained in the use of 
some form  of h ea t tre a tm en t of these alloys.

M r. J .  E . H u rs t w rote th a t  since D r. D onald­
son’s discovery, announced by him in 1925, of 
the rem arkable phenomenon of the shrinkage in 
volume a f te r  repeated  heatings of cast iron con­
ta in in g  chromium, they had looked forw ard to 
his fu r th e r  investigations in to  th is m atte r .

The present P ap er, contain ing  his fu r th e r in ­
vestigations along the lines which he has made 
fam iliar, confirm th is rem arkable phenomenon. 
Although he makes certa in  ten ta tiv e  suggestions 
by way of explain ing the  e rra tic  behaviour of 
the specimens of high chromium content, the 
most rem arkable fac t disclosed by the  experi­
m ents is the shrinkage in  volume in  the  low- 
cliromium irons. This in  spite of the decrease in 
combined carbon conten t am ounting to  47.3 per 
cent, in  the case of the  iron contain ing 0.39 per 
cent, chrom ium . I t  had  been supposed h itherto  
th a t  th is  decrease in  combined carbon content 
and the  com m ensurate increase in  g raph ite  is 
largely responsible for the  volume increase.

223
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The w rite r has always been in te rested  in  the  
tem p era tu re -s tren g th  curves of th e  ty p e  shown 
in F igs. 11 and 12. The tem p era tu re -s tren g th  
curves of the  m ate ria l in  th e  “ as cast con­
ditions pass through a m inim um , m  th e  case 
of th e  “ P la in  Iro n  ” a t  a tem p e ra tu re  ot ,iOU 
deg. 0 . and a s tren g th  value of about 14.5 tons 
peT sq. in. I t  appears to  be a m a tte r  of some 
significance th a t  th is  m inim um  is hard ly  ap p a ­
re n t in  th e  “  as cast ”  condition shown in  
F ig . 12 for the  0.39 per cent, chrom ium  iron. 
R eference to  D r. D onaldson’s P a p e r in  1925 
shows a m inim um  in  th e  tem p era tu re -s tren g th  
curves of th e  “ as cast ”  condition  in  all th e  
alloys exam ined w ith  th e  exception of th e  
chrom ium  irons.

The w rite r has always suspected th is  m inim um  
to  be connected w ith  some change in  th e  in - 
te rnal-stress conditions in  th e  iron. W hatever 
conditions i t  indicates, however, these are  
“  ap paren tly  alm ost absen t in  th e  chrom ium - 
bearing iron, and i t  m ay be possible th a t  a 
fu r th e r  investigation  of th is  p o in t will th row  
some lig h t on th e  observed behaviour of th e  
chrom ium  irons.

The w rite r desires to  add his apprecia tion  of 
th e  very g re a t value of th e  in fo rm ation  con­
ta in ed  in  th is P ap er.

Author’s Reply.
R eplying to  M r. H ow ard, Dr. Everest s ta ted  

th a t , in  his rem arks on th e  value of accelerated  
corrosion and wear tests , he had  in  m ind 
prim arily  tes ts  in  which, to  ob ta in  m easurable 
effects in a m inim um  of tim e, conditions were 
used which were no t s tric tly  com parable w ith  
those occurring  in  norm al service. I t  was u nder 
these conditions th a t  litt le  reliance could be 
placed in  th e  resu lts of such te s ts . I n  a te s t 
such as th e  m echanical erosion te s t  described by 
M r. H ow ard, service conditions were more nearly  
reproduced, and  consequently th e  resu lts were 
undoubtedly of g rea te r value.

The au th o r was very in te rested  in  M r 
H ow ard’s note th a t  the  add ition  of nickel alone
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increases the  resistance of iron to  mechanical 
erosion, b u t would po in t out, however, th a t  the 
suggested addition  of about 0.5 per cent, nickel 
and 0.5 per cent, chromium would m arkedly in ­
crease the  tendency of the  iron to  chill, and for 
th is reason could no t be recommended for general 
purposes. One-half per cent, of chrom ium  would 
require in usual conditions a sim ultaneous add i­
tion  of about 1.5 per cent, of nickel to elim inate 
th is effect.

S ligh t im provem ent in the  resistance of cast 
iron to  chemical corrosion may be obtained 
th rough  the  use of small additions of alloys. In  
general, however, there  is no very g reatly  m arked 
influence u n til th e  addition  is large enough to 
a lte r  th e  constitu tion  of the  casting.

I t  has no t been the  au th o r’s experience th a t 
nickel cast iron is more viscous th a n  ordinary 
cast iron, and, moreover, experim ents which 
have been conducted to  compare the  fluidity  of 
these m ateria ls have led to  the  conclusion th a t  
nickel cast iron is no t generally less fluid th an  
is the  ord inary  iron. This may be due to  the 
lengthening of the  freezing range. In  these c ir­
cum stances no difficulty would he an ticipated  
from the  inclusion of en trapped  gases in the  cast­
ings. I f  th e  nickel is added in  th e  ladle, then  
clearly a  ce rta in  chilling effect will be produced 
in th e  iro n ,' balancing the  heating  up of the 
nickel. I t  has been found, however, from  ex ten ­
sive experience, th a t  w ith in  o rd inary  practical 
lim its, th is  chilling effect does not lead to  any 
trouble in  ob tain ing  sound castings from  the 
iron. L im its which have been given elsewhere 
are  for the  add ition  of up  to  2 per cent, of 
nickel in a bulk of iron of over i  ton  when the 
iron is a t  norm al tem pera tu re . Clearly, when 
the  nickel is passed th rough  th e  fu rnace with 
the charge, th is  chilling effect is elim inated, and 
it  is possible th a t  for certa in  special castings a 
somewhat b e tte r  resu lt m ight be obtained by 
passing the  nickel th rough  the  cupola, due to  the 
slightly h igher casting  tem pera tu re . I t  m ight 
be m entioned in th is connection th a t , when 
larger quan tities of nickel cast iron are being

I
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marie up , for convenience in hand ling  the  
m ateria l, i t  is generally  recom mended th a t  the 
nickel should be added in a su itab le  form  w ith  
the charge in the  furnace.

R eferring  to  M r. H ow ard’s rem arks concerning 
couplings, i t  is a m a tte r  of common experience 
th a t  ce rta in  castings which have lig h t sections 
requ iring  to  he m achined, m ay have also heavy 
sections which m ust a t  th e  same tim e be sound. 
Sometimes i t  is possible, by carefu l con tro l of 
casting  conditions, to  m eet a ll th e  requ irem en ts 
for such a casting , b u t in  th e  use of n ickel iron 
i t  is found  th a t ,  th ro u g h  th e  la titu d e  of th e  
m ateria l, th e  desired effect m ay m ore easily be 
produced, and th a t ,  w ithou t any  special casting  
p recautions, and  frequen tly  w ithou t th e  use of 
denseners.

F inally , re fe rrin g  to  th e  corrosion resistance 
of the  h igher nickel cast irons, i t  is know n th a t  
ce rta in  alloy irons of th e  au sten itic  type  possess 
good corrosion res istance ; some of these irons, 
con tain ing  high nickel, w ith  or w ithou t also 
copper and  chrom ium , have been developed 
commercially. This subject, however, is receiv­
ing th e  active a tten tio n  of m any w orkers a t  th e  
p resen t tim e, and  more in fo rm ation  will probably 
shortly  be available on th is  sub ject. As in  th e  
case of steels, some of the  alloy cast irons a re  
am enable to  h ea t tre a tm e n t in  o rder to  produce 
certa in  desired effects, as, for exam ple, in  th e  
case of ce rta in  a ir harden ing  cast irons which 
have been referred  to  in  th e  technical P ress.*
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THE ELIMINATION OF SULPHUR FROM THE 
ALLOYS OF IRON.

By K. Gierdziejewski, Met. Eng.

[ P o l i s h  E x c h a n g e  P a p e r . ]

Sulphur is the  most de trim en ta l im purity  in 
iron, and its elim ination is extrem ely difficult, 
p rim arily  on account of its g rea t affinity for 
iron. The p re jud icial effects of su lphur are evi­
denced by th e  lowering of m echanical properties 
as well as by a deterio ration  in casting  properties 
(reduced fluidity  and g rea te r contraction), and, 
generally speaking, from  th e  physical po in t of 
view—brittleness of the  iron, especially a t  higher 
tem peratu res, and so fo rth . The lim iting  am ount 
of su lphur th a t  can be to lera ted  depends on the 
quality  of th e  m e ta l: for o rd inary  cast iron the 
m axim um  permissible con ten t is 0.15 per cent. ; 
for steel and w rought iron 0.05 per cent., b u t 
even these am ounts are  de trim ental.

Su lphur en ters cast iron from th e  pig and the 
coke. Because of the  presence of su lphur in 
coke, when cast iron, is produced by th e  rem elting 
of pig-iron in a cupola, its con ten t is raised by 
40 to  50 per cent. If  the  charge contains large 
q u an tities  of bought scrap i t  is possible to  obtain  
a very high su lphur content. D uring  th e  pro­
duction of steel in  the  open-hearth furnace i t  
can also be observed th a t  there  is an increase 
in the sulphur con ten t due to  fu rnace gases, bu t 
m etallurgical processes, especially in basic-lined 
furnaces, make i t  possible to  reduce the  su lphur 
to 0.03-0.02 per cent, in the  finished m etal. The 
ideal conditions for the maxim um  practical elim i­
nation  of su lphur are  to  be associated w ith  the  
electric-furnace process.

Sulphur forms the  following compounds with 
iron and m anganese:— (a) Iron  sulphide, FeS , 
which has a m elting po in t of 1,200  deg. C . ; (b) 
m anganese sulphide, M nS, w ith a m elting
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point of 1,620 deg. C . ; (c) iron-m anganese-
sulphide eu tectic (93 per cent. F e S + 7  per cent. 
M nS), which has a m elting p o in t of 1,181 deg. 
C. ; and (d ) iron-iron sulphide eu tec tic  (85 per 
cent. FeS +  15 per cent. F e), w ith a m elting  po in t 
of 980 deg. C.

Iron  sulphide is very easily dissolved in  m olten 
m etal, w hilst m anganese sulphide shows th e  
reverse phenomenon, and since i t  has a low 
specific g rav ity  (3.8-4.0), i t  rises easily to  th e  
surface of the  m etal b a th  and  th u s can  read ily  
be elim inated w ith the  slag.

The desulphurisation  of th e  b a th - is  based on 
th is p roperty , therefo re  th e  best conditions for 
allowing the  reaction , F e S + M n  = M n S + F e , to  
take  place, m ust be determ ined. P ro f. Grum- 
G rzym ajlof has stud ied  these conditions sys­
tem atically , founding his argum ents on physico­
chemical and therm o-chem ical d a ta . The au th o r 
proposes to  expound a sim ilar tre a tm e n t.

Desulphurisation of the Bath by Cooling.
This m ethod is based on th e  following exo­

therm ic reaction  — F eS + M n  —  M nS + F e+ 44 ,101  
calories, which, according to  Le C ha te lie r’s law, 
can only tak e  place in  a cooling bath .- D e­
sulphurisation  in  non-heated m etal-m ixers 
follows th is law, since, as th e  b a th  of m eta l cools, 
the above-m entioned reaction  takes place in  th e  
direction of the  upper arrow  and th e  m anganese 
sulphide form ed en ters th e  slag. In  o rd inary  
cast-iron foundry practice th is  m ethod canno t be 
generally employed, since a  m eta l cooled for too 
long will be unable to  fill th e  moulds. W hen 
the  cupola is operated  in  such a way th a t  the  
m etal reaches a h igh tem p era tu re , i t  is possible 
to allow the  m etal to  cool slightly , say, down 
to 1,350 deg. C., b u t th e  resu ltin g  desu lphurisa­
tion  is only p a rtia l and insignificant. W hen the  
m etal is to  be blown in  a converter i t  is also 
im portan t th a t  i t  should have a h igh  tem pera­
tu re , therefo re  cooling is n o t recom m ended, so 
i t  is only when producing steel w ith  an open- 
hea rth  furnace th a t  a p re lim inary  cooling of the

t  Prof. Qrum-Grzymajlo,“ Manufacture of Steel,"1925, page 209.
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m etal in the  m ixer is possible and even necessary. 
When the  m anganese con ten t and the tem pera­
tu re  of the  bath  are  correct, i t  is possible to 
remove 75 per cent, of the  to (al su lphur by th is 
method.

Desulphurisation using Higher Contents of Mn in 
the Metal and in the Slag.

This method is based on the following well- 
known law of so lu tions: “  W hen to  two
immiscible solutions (such as the  m etal and the 
slag) a solvent, which is soluble in both solutions, 
is added (FeS and M nS), th is  solvent divides 
itself between the  two solutions in such a m anner 
th a t  its p roportional concentration in th e  two 
solutions is co n stan t.”  In  o ther words,

FeS .M nS in  the  slag 
FeS .M nS in  the  m etal = K  (constan t)-

The best results are obtained when K  is 
a t  a maximum , th a t  is to say, when the MnS 
and FeS conten t of th e  slag is a t a m axim um ; 
m etallurgy postulates th a t  the  maximum solu­
bility  of sulphides in  slags is obtained when the 
slags contain large am ounts of the  oxides of the 
same elem ents, in th is case MnO and FeO. 
Therefore i t  would appear th a t  i t  is to  be recom­
mended th a t  the  slags contain a maximum 
am ount of these oxides.

U nder the  conditions ex is ten t in the cupola, 
i t  is possible to  raise the  MnO and FeO contents 
in th e  following m anners : (1) R aise the  am ount 
of m anganese in the  ch a rg e ; (2) introduce in to  
the  charge a m anganese-rich flux (such as m an­
ganese ore or m anganese-rich slags), and (3) by 
the use of basic slags.

By increasing the  am ount of manganese in the 
charge and by conducting the  m elting operation 
a t a high tem pera tu re  and in the  presence of an 
excess of oxygen, a g rea te r loss of m anganese is 
obtained which under the  form of manganese 
oxide passes into the  slag and fac ilita tes de­
sulphurisation . The same refers to  iron. The 
advantages of using charges runn ing  high in 
manganese cannot be questioned, therefore the
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use of high-m anganese pig should be strongly  
recommended, and especially th a t  of th e  qua lity  
employed for open-hearth steel furnaces. The 
au tho r has personally more th a n  once bad proof 
of the  advantageous effect of an increased Mn- 
con ten t in  the  charge, and strongly  advises th a t  
selection should he made in such a m anner as 
to  obtain  a minim um  of 0.7 per cen t. M n in  the  
cast m etal. Besides th is, th e  cast iron  ru n  from 
the  cupola should be sufficiently h o t to  be able 
to stand  for a tim e in  order th a t  th e  exotherm ic 
reaction, F eS + M n  = M n S + F e , may tak e  place 
under the  m ost favourable conditions.

In  1902 Reusch* tr ie d  o u t th e  effect of the  
in troduction  of high-m anganese fluxes in to  th e  
cupola; technically th e  resu lts w ere fa irly  good, 
b u t th e  process was too costly. F u r th e r  experi­
m ents by W edem eyer,f W iist,+ and o thers showed 
th a t  th is  m ethod was n o t practicable , fo r in 
order to  m elt th is  surplus of flux i t  was neces­
sary  to  increase th e  coke in  th e  charge, and  by 
th is very fac t increase th e  con tam ination  of the  
m etal w ith sulphur.

In  S tah l und E isen, 1925, page 197, th e re  is a  
note to  the effect th a t  the  G iiteboffnungshiitte 
works are  employing, on a large scales th e  de- 
su lp liurisation  of cast iron by m eans of open- 
h ea rth  steel slags; th e  economy of such a  p ro­
cedure can only be explained by exceptional local 
conditions.

Desulphurisation by means of Basic Slags.
This m ethod and the  form er one a re  based on 

the  same theoretical facts. From  th e  form ula 
cited one can p o s tu la te :
FeS .M nS in  slag = FeS .M nS in m etal X  “  K ,” 
th a t  is to  say th a t  the  concentration  of FeS.M nS 
in th e  m etal can be brought down to  zero when 
the  concentration  of FeS .M nS in th e  slag is made 
to  approach zero. The la t te r  can be obtained by 
replacing FeS  and M nS by o ther sulphides which 
are  no t soluble in  th e  m etal, such as, for 
instance, CaS or MgS. Calcium sulphide is not

* Stahl und Eisen, 1902, page 415. 
t  Stahl und Eisen, 1003, page 1134. 
j Stahl und Eisen, 1904, page 1316.
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soluble in  the  m etal, therefore, from the  above 
considerations, i t  follows th a t  its use also tends 
to  the  elim ination of sulphur.
. In  p ractice, however, complete desulphurisa- 
tion  by th is method is not feasible, since the 
therm al reactions—

M nS+ C aO = M nO + CaS —13,481 ca l............. (1 )
FeS + C aO  = F eO +C aS  —6,573 ca l...............  (2 )

are  not of g rea t in tensity .
The reaction  expressed by form ula (1) explains 

why i t  is th a t  desulphurisation  is best effected 
when th e  tem pera tu re  of the  furnace is high, 
since th is  produces the  best conditions for th is 
endotherm ie reaction.

E veryday practice en tire ly  proves the correct­
ness of th e  above theoretical conclusions. J .  W. 
Bolton, § in his very explicit artic le  developed on 
the  subject of cupola slags, shows diagram s 
giving the  re lation  between the  percentage of 
C aO +FeO  in  th e  slag and the  degree of 
desulphurisation , tak in g  the  to ta l su lphur con­
ten ts  of th e  b a th  as being 100 per cent. One 
of these d iagram s is reproduced in F ig . 1. From  
th is d iagram  one can g a ther th a t  the  best de­
sulphurisation  is obtained when using a slag 
runn ing  to  35 to  45 per cent, to ta l C aO +FeO  
contents. Bolton points out th a t  a slag of th is 
composition possesses, to a g re a t degree, the 
quality  of form ing w hat is called “  slag-wool ” 
when expelled from  th e  cupola, and since his 
experim ents show th a t  th is  “  wool ” usually con­
ta in s  more su lphur th an  the  slag, desulphurisa­
tion  is g rea tly  enhanced. R . Spodlers and F . 
Schultell also support th is  opinion.

However, complete desulphurisation cannot be 
effected by th is m ethod, since very basic slags are 
not easily m elted, and require, in the  cupola, 
additional fuel, which will in troduce more 
sulphur, w hilst in the  converter and open-hearth 
processes they cause practical difficulties which 
do not enable one to  reduce the  sulphur contents 
to less th a n  0.03 per cent, in the  finished metal.

I t  should here be noted th a t  in recent litera-

§ “ The Foundry,” 1921, page 875. 
|| “ Die Giesserei," 1924, page 281.
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tu re  re la tin g  to  foundry  practice i t  has m any 
times been m entioned th a t  calcium -fluoride, 
C aF 3, favours desulphurisation . This is easy 
to explain, since the  addition  of fluorspar g rea tly  
increases th e  fluidity  of slags, or, in  o ther words, 
enables one to  ru n  on more basic slags, th e  effect 
of which on desulphurisation  has ju s t been dis­
cussed.

E lectric  furnaces p resen t th e  best conditions 
for desulphurisation  w ith  basic slags, since (1 ) 
i t  is possible to  conduct th e  whole process a t  
very high tem pera tu res, and (2) th e  atm osphere 
of the  furnace is n eu tra l and  n o t oxidising. 
U nder these conditions i t  is possible to  keep up 
the reactions in  th e  presence of carbon. 
F eS + C aO + C  = C aS + F e+ C O  — 30,710 cal. ... (3) 
M nS + C aO + C  = C aS + M n+ C O  —74,811 ca l.... (4)

These reactions are  in tense in  th e  presence of 
the high tem p era tu re  of th e  electric fu rnace ,

S o lu b ility  o j S u lp hu r in re la tio n  to the  
C^O+FeO contents  

Fig . 1 .

and since CaS is no t soluble in  th e  m etal, i t  
is possible almost completely to  desulphurise the  
m etal. The slag th u s obtained has approxim ately  
th e  following analysis :— S i0 2= 31; C aO +M gO  = 
60.5; FeO +  MnO = 3 .5 ; and S = 0.15 per cen t., 
th e  su lphur con ten t in the  m etal being 0.008 per 
cent.
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In  iron foundries there  has been of la te  an 
increasing use of the  alkali m etal compounds, 
especially those of sodium, for desulphurising. 
Since in the  first place, a t the tem pera tu re  of 
the m olten b a th , sodium carbonate  is decom­
posed in to  th e  oxide of sodium and carbon 
dioxide, the  reactions which take  place a f te r ­
w ards can be sum m arised in the  following 
formulae : —

Na20 +  FeS=N a2S+Fe0-f36,313 cal................(5)
Na2S+2FeO =  2N a+ 2F e+ S 02—153,466 cal. (6) 
Na-f F e0= N a20 + F e  +  34,187 cal.....................(7)
S im ilar reactions also take  place w ith  m an­

ganese.
In  the presence of th e  silica contained in the 

slag, the  following reactions also tak e  place: — 
Na20 + S i0 a= N a20.S i02-l- 45,200 cal. . .  . .  (8)
Na2S-f-FeO -f Si02= N a20.S i02+FeS-|-8,887 cal. (9)

These la t te r  reactions can actually  cause the 
re tu rn  of p a r t of the  sulphur in to  the  m etal.

F o r all p rac tica l purposes, W alter solved the 
problem by m arketing  desulphurising briquettes 
the composition of which is such th a t  if added 
to the  ex ten t of 0.5 per cent, by w eight to  the  
charge, i t  is possible to  obtain  a to ta l reduction 
of 80 per cent, of the  sulphur in the  cast iron.* 

Effective desulphurisation is only obtained if 
the  “ desulphurising medium ” does no t come 
into contac t w ith the  slag contain ing S i0 2. F or 
th is reason the  m edium  should not be added 
through  th e  charging door. The elim ination  of 
su lphur in the  ladle also does not give good 
results on account of the  large quan tities of 
su lphur dioxide which are  evolved, contam i­
nating  the  atm osphere, and on account of the 
slag which is always present in the  ladle.

A t the  present the best means of overcoming 
these difficulties is to  employ cupolas of a special 
design w ith a slag reservoir, p a ten ted  by C. 
R ein, in  conjunction w ith a D urkopp-Leyken 
overflow arrangem ent. In  a cupola so designed 
the slag and the m etal are separated  in the 
furnace so th a t  only clean iron reaches the

* Stahl und Eisen, 1922, pag<5 f>U6.
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m ixer, th e  slag being collected in R e in ’s la te ra l
reservoir. .

The desulphurising m edium  is added to  tfte 
m etal in the  m ixer, which is surm ounted  by a 
flue for carry ing  off the  su lphur dioxide.

J .  M ehrtens* gives the  following resu lts  to r 
the elim ination of su lphur by th is —

Before adding b riq u e tte s: 0.099, 0.074, 0.107,

00Af0tePreradCdrng b riq u e tte s : 0.045, 0.053, 0.066, 
0.065 per cent.

Thus the  m ean reduction  of su lphu r is do to  
50 per cent.

W here cupolas a re  n o t provided w ith  m ixers, 
the  elim ination of su lphur is carried  o u t in  a 
specially-constructed tap p in g  spout hav ing  an 
overflow arrangem en t for th e  rap id  separa tion  
of th e  slag. This process is adopted  in  A merica, 
b u t exceptional resu lts cannot be expected, since 
th e  m etal comes in to  con tac t for only a  very 
short tim e w ith  th e  desulphurising  medium.

A tten tion  should be paid  to  th e  fac t th a t  one 
of th e  qualities of W a lte r’s desulphurising  
process is th a t  th e  in tensive ac tiv ity  of the  
reactions reducing F e  and MnO and  decreasing 
the chemical losses reduces favourable conditions 
for th e  elim ination  of th e  dissolved gases by 
m aking th e  m etal boil. This gives a superior 
casting  m etal possessing high m echanical 
p roperties.

DISCUSSION.
Inter-Relationships with Silicon and Manganese.
M e. F . J .  C o o k  said th a t , w hilst the  P ap e r 

would undoubtedly be an  in te resting  and useful 
one, he could n o t subscribe to  w hat he called 
th e  underly ing  idea of it . The au th o r seemed 
to  po in t ou t th a t  su lphur in  any degree is bad 
for cast iron, and  he personally could no t sub­
scribe to  th a t . G enerally speaking, he believed 
it  would be found th a t  i t  had  been proved by a 
good m any workers, and particu la rly  by Coe and 
the  la te  D r. S tead , th a t  th ere  is no gain  in 
physical properties in  cast iron  where th e  sulphur

* Stahl und Eteen, 1925, page 449.
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was below 0.07 per cent. A nother po in t which 
cropped up in connection w ith  th is m a tte r  was 
m entioned when Coe presented his P ap e r a t  the 
Cardiff Convention m any years ago, viz., the 
re lation  of the  sulphur to  the  silicon. In  getting  
out d a ta  in connection w ith  h igh-duty  iron, some 
33 years ago, he himself had  been struck  w ith 
the  fac t th a t  the  highest physical properties were 
obtained when the  su lphur was in the  proportion 
of one-tenth  the  silicon. T h a t was borne ou t very 
s trik ing ly  by Coe’s work, b u t he had  not noticed 
i t  a t  th a t  tim e, and he (M r. Cook) drew a tte n ­
tion  to  i t  in the  discussion on Coe’s P ap er. H e 
had had subsequent correspondence w ith Coe, 
who, as the  resu lt of checking over his results 
obtained during  a num ber of years, said he was 
surprised  to  find how frequently  th is ra tio  of 
1 to  10 was associated w ith the  h ighest physical 
p roperties of each series of tests. As th e  resu lt 
of p ractical observations in the  foundi'y, both 
w ith malleable iron and grey cast iron, th is  fac t 
had impressed him , and had continued to  do, 
a lthough he had no scientific proof why i t  should 
be so, and i t  would be of value if the  au tho r 
could give any d a ta  on the  subject, as well as in 
confirm ation of the  sta tem en t in  the  P ap e r th a t  
the  physical properties are im proved by the  to ta l 
e lim ination  of su lphur.

M r . John S h a w  said he was not in agreem ent 
w ith Mr. Cook’s suggestion as to  the sulphur 
being one-tenth  th e  silicon. This was satisfac­
to ry  when dealing w ith an  iron in  which the  sili­
con was 1.2 and  the  sulphur 0.12 per cent., b u t 
when dealing w ith a soft iron in which the  silicon 
was 3 per cen t., should th e  sulphur be 0.3 per 
cent. ?

M r . C o o k  : Yes.
M r . S h a w  s a i d  t h a t  w a s  c o n t r a r y  t o  a n y t h i n g  

h e  k n e w .  H i s  e x p e r i e n c e ,  e s p e c ia l ly  i n  t h e  
lo w e r  g r a d e s  o f  i r o n ,  w a s  t h a t  a  g r e a t  d e a l  m o r e  
d e p e n d e d  u p o n  t h e  r e l a t i o n  o f  t h e  m a n a g a n e s e  
t o  t h e  s u l p h u r  t h a n  u p o n  t h e  r e l a t i o n  o f  t h e  
s i l i c o n  to  t h e  s u l p h u r .

M r . J .  T. Mackenzie (American Foundrym en’s 
Association) said th a t  the  sulphur problem is not
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particu larly  keen in America a t  th e  m om ent, b u t 
a t  one tim e during  the  w ar i t  was very serious. 
In  the casting  of a pipe when the  m eta l m igh t 
fa ll 16 f t . ,  th ere  m ight be m otion a t  th e  bottom  
of th e  mould, and any th ing  like a su lphur ra tio  
of one-tenth the  silicon would resu lt in  the  
accum ulation of m anganese sulphide in  the  
bottom  of the casting  if th e  m eta l was sufficiently 
hot. I f  i t  were no t sufficiently ho t, th e re  would 
be blow-holes in the bottom . T hrough the  reduc­
tion  of the  su lphur from  0.12 to  0.07 per cent, 
th a t  difficulty was overcome. H e did no t th in k  
the  silicon /su lphur ra tio  was qu ite  th e  determ in ­
ing factor, and the  m anganese m ust be b rough t 
in.

M b . E .  J .  L .  H o w a r d  w rote th a t  he had  read  
w ith considerable in te res t th e  above P ap e r. 
Three years ago he had  occasion to  a tte m p t to  
reduce the  su lphur con ten t of th e  iron  being used 
in  th e  foundry , and th o u g h t th a t  th e  m ost 
simple m ethod to  adop t would be th e  use of 
soda ash. I t  was found th a t  J  lb. of soda ash 
to  each 1 cwt. of m eta l placed in  th e  bottom  of 
th e  shank affected a reduction  of 30 to  35 per 
cent, of th e  su lphur con ten t. The h igher the  
sulphur content, th e  g rea te r appeared  to  be the  
percentage reduction , and w ith  irons con ta in ing
0.06 per cent, su lphur only about 10 per cent, 
was reduced. A fter tre a tm e n t th e  m eta l seemed 
to  be much more fluid and appeared  to  ru n  
b e tte r, although considerable difficulty was en ­
countered  in ge ttin g  rid  of th e  slag, sodium  sili­
cate  being very th in , b u t if lime or fine sand 
were throw n on to  th e  surface of th e  m eta l i t  
could be readily  skimmed qu ite  clean. The 
lin ings of th e  ladle were badly c u t in to  by th is 
slag, and had  a very short life. H e understood 
th a t  there  is a lining, suitable for ladles in  which 
th is tre a tm en t is carried  out, now on the  m ar­
ket. H e would be in terested- to  know if  the  
au th o r considered there  was much advan tage  
to  be gained by de-sulphurising m etal con ta in ­
ing less th a n  0.66 per cent, su lphur, and if the  
m etal so tre a te d  has a lower viscosity th a n  the  
un trea ted .
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PRACTICAL POINTS FROM THE METALLURGY 
OF CAST BRONZES. 

By H. C. Dews (Member).
M etallurgy is no t always a welcome dish to 

serve before foundrym en. The environm ent in 
which the  foundrym an has to  grapple w ith the 
rugged problems of daily  production does not 
conduce to  th a t detached th ink ing  which 
scientific theories often  dem and. In  the 
foundry  considerations which appear to  offer no 
im m ediate prospect of fac ilita tin g  or cheapening 
the work in  hand  are a p t to  be ruthlessly p runed 
away and  a  short-sighted policy inim icable to  the  
well-being of th e  industry  is a p t to  develop. 
W ithout an occasional pause to  survey the  pro­
gress of knowledge, th e  foundrym an becomes 
in to le ran t of the  work of the  pure scien tist who 
is striv ing  to  advance the  borders of knowledge 
and u ltim ate ly  to  im prove practice in  the 
foundry.

The m eta llu rg ist is no t w ithou t responsibility 
for th e  unsym pathetic reception which his work 
often receives in the  foundry. The g rea test dis­
ab ility  under which most scientific workers suffer 
is th e ir  incapacity  to  present th e ir  work in 
language which the o rdinary  person can easily 
understand. Probably the  most difficult p a r t of 
any scientific research is to  explain i t  in non­
technical language. However clearly the 
scientist himself may see the  ligh t i t  appears 
invariably  to  be his lo t to  leave th e  laym an 
floundering in a w elter of words. The critical 
tes t of a scientific theory, however, can only be 
applied by pur,ting i t  to p rac tica l use, and  a 
scientific w orker m ust be m easured by his ability , 
not only to  m ake his work applicable to  practice, 
bu t to  make i t  understood by those whose practice 
i t  is intended to  modify. Befox-e he can do th is 
i t  is often necessary to  convert the  p ractical 
man to  a scientific m ethod of th ink ing , and



when the practical m an’s in te re s t is deepened in 
appreciation  of scientific reasoning his ab ility  
and  usefulness will be increased in  no sm all 
measure.

The essence of scientific th in k in g —th a t  there  
can be no effect’ w ithout a cause—does no t 
always appear to  perm eate foundry  technology, 
or else there  would be more searching for the  
cause of those ab undan t troubles now blam ed on 
the foundry “ im ps.” To discover th e  cause of 
a fa ilu re  is to  go a long way on the  road  to  
finding its rem edy and, w hat is more, i t  is th e  
s tra ig h t road. To t r y  and  rem edy a  fa u l t  in 
ignorance of its  cause is frequen tly  as p ro ­
gressive as ru n  ring  round  in  a circle.

The production of gun-m etal castings is a 
p rac tica l jo b ; b u t more th a n  p rac tica l knowledge 
is needed to  carry  ou t th e  job successfully. Some 
knowledge of the  underly ing  theory  is em phatic­
ally necessary, and  the  more these theo re tica l 
questions can be worked ou t alongside p rac tica l 
production th e  more will th e  p rac tice  benefit. 
The points which a re  to  be discussed in  th is  
P ap e r th e  au th o r believes to  be of p rac tica l im­
portance, and th e ir  theore tica l aspects are  dealt 
w ith for th a t  leason.

I t  is a commonplace a t  the  p resen t tim e th a t  
engineering science is progressing fa s te r  th a n  
the im provem ent in  m aterials. In  m any 
branches developm ent is re s tric ted  by th e  
ap p aren t lim itations of available m ateria ls , and 
new m ateria ls are  being eagerly sought. A t th e  
same tim e th a t  research in to  new alloys is being 
explored there  is still a dem and fo r im prove­
m ent in  the  old m ateria ls. This is particu la rly  
tru e  for bronze alloys. The choice of bronze for 
certa in  p arts  of steam  and  hydrau lic  m achinery  
is inevitable, w hilst a t  the  same tim e th e  h igher 
tem pera tu res and pressures a t which such 
m achinery is now being driven imposes consider­
ably more responsibility  on the  bronze p a rts . I f  
bronze is to  continue to hold its  unique position 
in these fields, the engineer m ust be satisfied of 
its im proved reliab ility  and  freedom  from 
in te rna l defects E lim inating  th e  u n ce rta in ty
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often  cherished by engineers in regard  to  the 
in te rn a l soliditv of a cast-p a rt would allow a 
reduction in th e  factors of safety, and thus 
autom atically  im prove the value of the  casting.

In  bronze-founding there  are  a m ultitude  of 
poten tia lities for fa ilu re , and  there  is need for 
a h igher degree of technical control th a n  is 
commonly realised. A casting  which on the ou t­
side appears to  be perfectly  good, m ay he dis­
tin c tly  weak in ternally , and th a t  such in ternal 
weakness leaves no indication  of its  presence on 
the  outside of the casting , is the  bronze foundry- 
m an’s chief p itfa ll. I t  is only by careful pro­
duction  and s trin g en t te s ting  th a t  failu res in 
service can be avoided. Furtherm ore , i t  is 
ap paren tly  only sligh t varia tions in  technique 
th a t  m ay in troduce such grave defects. Take, 
for instance, th e  provision of te s t bars in 
A dm iralty  gun m etal. The B ritish  A dm iralty 
specification calls for 16 tons per sq. in. tensile 
s tren g th , and th is resu lt can be readily  obtained 
in norm al foundry  practice. Y et wide v a ria ­
tions in  te s t resu lts a re  frequently  reported . 
I t  is easy, as a  m a tte r  of fac t, to  cast two test- 
bars ou t of the  same ladle of m etal, one of which 
will have a tensile s tren g th  of nearly  20 tons 
per sq. in ., and  the  o ther only about 8 tons per 
sq. in ., and  yet both on th e  outside will appear 
to be perfectly  good m etal. The different streng ths 
of the  bars will be due to  the  fac t th a t  one will 
be b u ilt up of solid and  continuous m etal, 
whereas, th e  o ther will be honeycombed w ith 
spaces. In  the  first case the  ap p aren t section 
is the  rea l section of m etal carry ing  the  load, 
while in the  second case the  load is carried 
actually  by a rea l section of m etal much less 
th an  the  ap p aren t section. In  F ig . 1 is shown 
a photom icrograph of a section cu t from  a weak 
bronze. The black areas are  holes in  the m etal, 
and from the  ex ten t of these holes i t  can be seen 
how little  solid m etal there  is to  ca rry  the load. 
A section from the same bronze, b u t cast 
correctly, is shown in F ig . 2, and i t  can be 
seen to  be perfectly good and sound.

I t  is necessary to  produce bronze which shall
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consistently  be free from  in te rn a l porous-places 
in order th a t  the  castings shall have th e  m ax i­
mum s tren g th  of which th e  bronze is 
capable, b u t before such a desirable s tan d a rd  
can be a tta in ed  one m ust know w hat causes 
some bronzes to  be porous. I t  can be said  a t  
once th a t  th e  porosity is due to  th e  effect of 
two peculiarities of th e  freezing. In  th e  first 
place bronze freezes over a range of tem p era tu re , 
and, secondly, i t  con tracts in  volume during  the

F i g .  1 .— P o r o u s  B r o n z e ,  x  2 5 .

process of freezing. These two fea tu res  account 
for the  m ajo rity  of troubles experienced in 
bronze founding, and i t  would appear to  be 
profitable, therefore , to  study  them  closely.

The Solidification Process.
W hen a mould is filled w ith  m olten m eta l and 

it begins to  cool, the  m eta l in  con tac t w ith  the* 
cold face of the mould cools quicker th an  
th e  in te rio r. The tem p e ra tu re  a t  which 
solidification commences is th u s  first reached by 
a layer of m etal near the  m ould face, and  each 
layer of m eta l will reach the  tem p e ra tu re  a t
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which solidification commences a t  a la te r  and 
la te r  tim e. In  the case of a pure m etal, which 
solidifies a t  a definite tem pera tu re , the  casting 
would thus solidify layer by layer as each layer 
reached the solidification tem pera tu re . Tn the 
case of bronze, the  alloy does not solidify a t  a 
definite tem pera tu re , b u t over a range of tem ­
pera tu re . I t  cannot, therefore , form  a wall of 
solid on the outside, gradually  th ickening to the

Fro . 2. Sound Bronze. x 25.

in terio r, as in  the case of a pure m etal. W hen 
the outside of a mass of molten bronze reaches 
the  tem pera tu re  of commencement of solidifica­
tion, only a portion  of the  outside layer solidifies, 
and th e ' bulk of the layer rem ains liquid u n til 
the  tem p era tu re  has fallen considerably below 
the tem p era tu re  of commencement of solidifica­
tion . In  the  m eantim e, the  nex t layer in to  the  
casting  has reached the  tem pera tu re  of solidifica­
tion and has s ta rted  to  form  solid, and so on. 
In  th is way i t  can be seen th a t  solid has sta rted  
to  form  a good way in to  th e  casting  before the 
first layer has passed th rough  its pasty  stage.

t

\l
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The first stage in  the  freezing of the  ou ter 
layer is the  form ation  of a netw ork of solid 
m etal, and from  th is netw ork arm s of solid m etal 
then  grow into the  liquid in te rio r. F rom  these 
first arm s, or dendrites as they  a re  called, as 
the tem p era tu re  falls sm aller dendrites branch 
off a t  r ig h t angles, first a t  the  base and  th en  
g radually  up the  length  of th e  shoot. F rom  
these secondary branches a. th ird  set of branches

F i g . 3 . — D e n d r i t e s  i n  B r o n z e , x  2 5 .

then  begin to  grow ou t again  a t  righ t-ang les. 
W ith  each fall of tem p era tu re  th e  spaces betw een 
the  branches are  being filled in  m aking  th e  trees 
of solid m etal g radually  th icker a t  th e  bases, 
while the  tops are continually  pushing onw ards 
into the  liquid. In  F ig . 3 is a photom icrograph 
of a section of bronze polished and etched to 
show th e  dendrites.

Now, during  th is process of freezing, bronze 
contracts considerably. The solid m etal occu­
pies less space th an  the  liquid from  which i t  is 
form ed. The form ation  of each b ranch  of solid
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m etal tends to  leave a space around it . W hile 
any liquid m etal is available, i t  will flow up to 
the dendrites and fill up the space le f t by the 
solidification contraction . Tf for any reason 
liquid m etal is not available, th en  voids will be 
le ft su rrounded by solid m etal. In  the  re su ltan t 
casting  these voids will be found in the  shape of 
the  outline of the  partly-form ed dendrites. This 
is illu s tra ted  in F ig . 1, where the  contraction  
cavity  shows a dendritic  outline. F u rth e r  proof 
may be obtained by break ing  open a bad casting, 
when the  dendrites m ay be frequently  seen pro­
jec ting  in to  space.

C ontraction  cavities will not form  if liquid 
m etal is continually  available to  flow up to  the 
solidifying dendrites. To ensure th a t  each sec­
tion  of a  casting, as i t  freezes, shall be in  com­
m unication  w ith  liquid m etal e ither from  a 
th icker section, from  a  section filled la te r, and 
therefore  contain ing  h o tte r m etal, or from  a 
ru n n er or riser is no small p a r t of the  foundry- 
m an’s difficult a r t .  Even when a supply of 
liquid m etal is available, i t  has to  flow th rough  
a maze of dendrites to  fill up all the  spaces. I t  
is advisable, therefore , to  shorten  its  p a th  as 
much as possible, to be sure th a t  i t  is adequately 
fluid and th a t  there  are  no m echanical obstruc­
tions to  impede its easy flow.

Thus, there  a re  m any factors which affect the 
proper filling up of th e  cavities le ft du ring  freez­
ing, and to  produce sound castings consistently 
all these factors m ust have th e ir  proper weight 
of a tten tion . U nfortunate ly , few of the  im por­
ta n t  details have been sufficiently worked out 
by research workers. The foundrym an, indeed, 
has a leg itim ate  cause for com plaint th a t  the 
essential d a ta  is greviously lacking. M uch of 
the work which should be p u t on a q u an tita tiv e  
and ra tiona l basis is still only guess-work, because 
th a t  portion  which can only be dealt w ith  in the 
research laboratory  has not been investigated.

The Contraction on Freezing.
The whole process hinges on the  contraction  

on freezing, but the exact value of th is  figure 
is conspicuously lacking. Recently a few figures
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for the  con traction  on freezing for some of the 
pure m etals h a re  been determ ined, and reliable 
figures for some of th e  common alloys, p a rticu ­
larly  those of low m elting-po in t, have been 
slowly m aking th e ir appearance. One s till w aits 
in  vain , however, for a series of determ inations 
to be m ade on a range of bronzes and  on a scale 
comparable w ith  th a t  w ith  which o ther physical 
properties, such as th e  tensile s tren g th , a re  now 
determ ined. There seems litt le  prospect of the 
foundrym an being provided w ith  d a ta  in  th e  same 
lavish m anner as th e  engineer. A mass of re ­
search work has been expended on th e  d e te rm in a­
tion  of the  m echanical p roperties of th e  common 
alloys, and i t  is by m eans of these values th a t  a 
choice is m ade of each p a rticu la r alloy for specific 
service purposes. The foundrym an is seldom con­
sulted  as to  his capacity  to  produce th e  necessary 
castings free from  flaws. I t  rem ains for him  to  
p ro test when unsu itab le  alloys a re  dem anded. 
B u t he can only p ro test feebly th a t  th e  alloy 
does no t cast well, and for lack of d a ta  to  m ake 
his p ro test convincing i t  is o ften  over-ruled w ith  
the  resu lt th a t  expensive and fau lty  castings 
find th e ir  way in to  service. F o r exam ple, an 
alloy w ith a con traction  on freezing of only 3 per 
cent, of its volume would be definitely easier to  
cast th a n  one w ith, say, 5 per cent, con trac tion . 
There is reason to  believe th a t  com paratively 
small varia tions in  th e  com position of th e  
bronzes m ay a lte r  th e  con trac tion  on freezing  to  
th e  ex ten t of 2 or 3 per cent., and  if a reduc­
tion  of th is  order could be secured, i t  would be 
a consideration of no small value to  th e  foundry­
m an. Besides increasing his chance of p roduc­
ing sound castings, th e re  would be o ther savings. 
F o r example, sm aller ru n n ers  and risers could 
be used. The saving in  m elting-costs on th is  
account alone would go a long way tow ards pay­
ing for some research on th e  value of th e  con­
trac tio n  on freezing.

The Temperature Range of Freezing.
If  th e re  were no con traction  on freezing, then  

i t  would be perfectly  easy to  m ake good, sound 
castings, regardless of the  cooling ra te  and  the
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freezing range. The effect of casting  tem pera­
tu re , am ongst o ther th ings, would cease to  be 
of much im portance. P rac tica l experience ind i­
cates, however, th a t  all commercial bronzes con­
t ra c t  on freezing to  a g rea te r or less ex ten t, and 
i t  is necessary to  take  account of the  freezing 
range. The longer th e  freezing range for a 
given value of contraction  and the  more difficult 
it  is to cast the alloy free from porosity. I t  
can be appreciated  th a t , if th e  freezing covers 
a wide range of tem pera tu re , then  a considerable 
dep th  of m etal will be freezing a t  the  same tim e, 
and the  feeding liquid will have to traverse  a 
th ick  maze of dendrites to fill up the  las t cavi­
ties. I t  is thus desirable th a t  the  freezing range 
should be as narrow  as possible.

F o rtuna te ly , there  are  more da ta  re la ting  to 
the freezing range th an  is the  case w ith regard 
to the value of the contraction  on freezing. The 
freezing range of bronze depends, of course, on 
its composition, and the subject is expressed in 
m etallurgical science by m eans of the equilibrium  
diagram . Such a d iagram  is shown in F ig . 4.

The tem p era tu re  of the beginning and the  end 
of freezing are  shown by the two th ick  lines pass­
ing across the d iagram . P u re  copper, i t  is seen, 
s ta rts  and finishes freezing a t the constan t tem ­
p era tu re  of 1,083 deg. 0 . The add ition  of tin  
lowers the  freezing tem pera tu re  and introduces 
a range of freezing. F o r instance, an alloy w ith 
5 per cent, t in  s ta rts  to  freeze a t  1,050 
deg. C. and an alloy w ith 10 per cent, 
tin  s ta r ts  to  freeze a t  1,000 deg. C. These 
tem peratures are  indicated  by the  points 
on the top th ick  line, which corresponds to  the 
compositions 5 per cent, and 10 per cent. tin . 
The tem pera tu re  of the  end of freezing cannot 
be read off a t  once in such a simple m anner on 
account of a ce rta in  sluggish behaviour of the 
bronzes. The d iagram  is an equilibrium  diagram  
•—th a t  is, i t  represents conditions which would 
eventually  come about if ample tim e were allowed 
for all the changes possible to  proceed to  th e ir 
conclusion. In  ordinary  foundry practice 
bronzes are cooled too quickly to reach equili­
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brium . In  fact, i t  would need such a slow ra te  
of cooling th a t  the  ac tua l solidification of a cast­
ing would be spread over several weeks in order 
to reach equilibrium  conditions. I f  such a slow 
ra te  of cooling were possible, th en  th e  alloy 
would finish freezing a t  th e  tem p era tu re  ind i­
cated  by th e  po in t on th e  lower th ick  line corre­
sponding to  the  composition of th e  particu la r 
alloy. A ctually, on account of th e  relatively  
rap id  cooling, th e  freezing finishes a t  a point 
fa r th e r to  the  r ig h t of th e  d iagram . In s tead  of 
the course of cooling fa lling  down th e  s tra ig h t

F i g . 4 . — B r o n z e  E q u i l i b r i u m  D i a g r a m .

do tted  lines, i t  follows a p a th , such as is shown 
by th e  lines bending off to  th e  r ig h t im m ediately 
a fte r  passing the. beginning of freezing. The 
exact po in t where th e  end of freezing is to  be 
found for any p a rticu la r set of conditions can­
not be worked ou t very easily ; i t  can only be
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in F ig . 4 for th e  5 per cent, and 10 per cent, 
alloys rep resen t fa irly  closely the course of freez­
ing for these two alloys when cast in medium- 
size sand castings under o rdinary  foundry con­
ditions. The 5 per cent, alloy is seen to finish 
freezing a t  about 875 deg. C., while the  10 per 
cent, alloy finishes a t 800 deg. C. The range of 
freezing for these two alloys is, therefore , about 
175 deg. C. and 200 deg. C. respectively.

Effect of Other Metals.
The copper-tin alloys are seldom used in p rac­

tice in  the pu re  sta te , b u t generally have added 
to  them  definite quan tities of o ther m etals. Few 
bronzes a re  cast, for example, w ithout the  addi­
tion  of e ither zinc or phosphorus. These addi­
tions all affect the freezing range of the  bronze, 
and  hence need to  be considered from  the point 
of view of assisting or re ta rd in g  the elim ination 
of contraction  cavities.

The effect of phosphorus on the freezing range 
of bronze is g rea te r th a n  th a t  of any of the 
o ther usual additions. Small am ounts of phos­
phorus m aterially  lengthen the freezing range by 
depressing the  tem pera tu re  a t which freezing 
is completed w ithout a proportional lowering of 
the tem pera tu re  a t  which freezing commences. 
The add ition  of 1 per cent, phosphorus to  a 
bronze contain ing  10 per cent, t in  lowers the 
tem pera tu re  of commencement of solidification 
from about 990 to  about 950 deg. C., th a t  is, by 
40 deg. C., and the tem pera tu re  a t  which solidi­
fication is completed is lowered from about 
800 deg. C. in the  pure 10 per cent, tin-bronze 
to about 630 deg. C. for the  phosphor-bronze. 
There is, therefore , a drop of 40 deg. C. in  the 
beginning of freezing and a drop of 170 deg. C. 
in the end of freezing. The ne t resu lt, then, 
of adding 1 per cent, phosphorus to  the  10 per 
cent, pure bronze is to  increase its freezing range 
by 130 deg. C. This is a very serious m a tte r  for 
the foundrym an. A freezing range of 300 deg 
C.—a common value for phosphor-bronze—makes

247
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i t  exceedingly difficult to  produce good, sound 
castings in sand moulds from  such an alloy.

C are m ust be taken  to  p reven t phosphorus in 
unexpected am ounts finding its way in to  gun- 
m etal, or i t  is liable to play havoc w ith  th e  te s t 
results. I t  is common practice in  some foun­
dries to add a little  phosplior-tin  or phosphor- 
copper for the  purpose of “ deoxidising ” 
bronze. G enerally good resu lts a tte n d  th is  p rac­
tice, bu t in some foundries no th ing  b u t d isaster 
follows such additions. This is due to  ap p re ­
ciable and unknow n q u an tities  of phosphorus 
being le ft in the  alloy, w ith  consequent len g th ­
ening of the  freezing range.

Zinc affects th e  freezing range  in  th e  first 
place by lowering the  tem p e ra tu re  of the  beg in­
ning of freezing. A rough idea of th e  effect 
of zinc can be had  by assum ing th a t  each 2 per 
cent, of zinc has the  same effect as 1 per cen t, 
of tin . Thus an alloy w ith  8 per cent, t in  and 
4 per cent, zinc would have a sim ilar freezing 
range to  an alloy con ta in ing  8 4- f  =  10 per 
cent. tin . The exact value of th e  freezing po in t 
can be obtained from  an  equilibrium  model con­
s tructed  on the  lines of the  d iagram  in F ig . 4, 
but, as th is is a ra th e r  com plicated m a tte r , it  
will no t be d ea lt w ith  fu r th e r  here.

The Fracture of Bronze.
The m etallurgical points which i t  is so v ita l to  

u nderstand  before sound bronze castings can  be 
confidently produced have no t been adequately  
discussed in the  past, and m any fa ilu res have 
been blam ed to m inor effects. The appearance 
of the  frac tu re  of a bronze casting  in  p a r tic u la r  
appears to  have been a f ru itfu l source of miscon­
ception, and, on account of the advan tage  to  the  
practical m an in  being able to  read  th e  frac tu re  
correctly, one m ight advisedly deal a t  length  
w ith th is subject.

I f  a bronze casting  is broken open, its fra c ­
tu re  will clearly ind ica te  w hether the  casting  is 
good and strong or w hether i t  is w eak and 
porous. In  the  la t te r  case, th e re  may be noticed 
some red and brown patches instead  of the
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clear yellow, somewhat silky appearance asso­
ciated  w ith sound m etal. An explanation  of the 
discoloration, which i t  would appear slightly 
ridiculous to  m ention were i t  not widely quoted, 
is th a t  the  bronze is not mixed properly. T rade 
lite ra tu re , e ither th rough  ignorance or w ith a 
deliberate in ten tion  of m isleading the  foundry- 
m an, does not hesita te  to  trad e  on th is fallacy. 
One sees advertisem ents of deoxidisers, fluxes 
and o ther rubbish the  use of which is alleged to 
promote proper m ixing of the  bronze, b u t which 
actually  have 110 such effect. F o r the same pu r­
pose one is advised to  cast in special moulds, to 
purchase ingots w ith a fancy name (and usually 
a t  an enhanced price), and to  indulge in  a 
varie ty  of o ther dodges. I t  can here be sta ted  
definitely th a t  i t  is impossible to  m elt and pour 
bronze in the foundry w ithout invariably  secur­
ing perfect m ixing. There is ano ther aspect of 
th is m ixing question. Some foundries make a 
practice of never using new m etal for castings 
w ithout first ingo tting  and rem elting it. Twice- 
melted m etal is supposed to  be b e tte r mixed. 
On the o ther hand, there  are foundries who dis­
like scrap or ingot m etal, and for all b u t the 
least im portan t work they  insist on new m etal 
only. F rom  the poin t of view of thorough m ix­
ing, there  is nothing to  choose between e ither 
method. I t  does n o t m a tte r  w hether one s ta rts  
off w ith new m etal, ingots, runners or a m ix ture  
of any proportion  of scrap and raw  m etal, the 
u ltim ate  alloy is bound to  be properly mixed.

A nother explanation  of the peculiar appear­
ance of the  frac tu re  of a  porous casting  is th a t  
the m etal is oxidised. I t  m ust be adm itted  th a t 
th is is a t any ra te  a reasonable explanation , 
since the frac tu re  does appear to  show oxide 
tin ts . B u t why should the oxidised m etal be 
confined, as these bad places generally are, to  
a local area  of the section? I f  the  m etal is 
oxidised, surely the  oxide tin ts  should perm eate 
the whole section. Sometimes they  do, bu t 
generally the discoloured area  is only local. To 
avoid th is so-called oxidation, one is recom­
mended not to  stew the bronze, to m elt it  rapidly
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and  to  use a deoxidiser. All these rem edies will, 
under ce rta in  circum stances, help in  producing 
sound castings, b u t th e ir  effect is n o t due to  
avoidance of oxidation , F o r instance, slow m elt­
ing is supposed to  produce oxidised m eta l. Now, 
in ac tua l practice, to  ge t rap id  m elting  in  th e  
o rd inary  bronze foundry , w orking w ith  n a tu ra l-  
d ra f t  coke furnaces, th e  d ra f t  p ressure m ust be 
high and the  fu rnace  atm osphere m ust be oxidis­
ing. As a  m a tte r  of fa c t, th e re  is p len ty  of 
experim ental evidence th a t  a n  oxidising atm os­
phere is essential to  produce good-quality bronze. 
A t least, one well-known foundrym an has p u t 
on record th a t ,  where an  oxidising atm osphere 
could n o t be secured in  th e  fu rnace , sound cast­
ings could n o t be m ade unless an  oxidising 
ag en t was added to  th e  alloy ju s t  before cast­
ing. H e found th a t ,  when bronze was m elted 
under reducing conditions, th e  add ition  of lead- 
oxide was necessary to  induce soundness.

A false analogy has been draw n betw een th e  
behaviour of copper and  bronze tow ards de- 
oxidisers, an d  th is  has led to  th e  ex tended  use 
of c e rta in  copper deoxidisers in  th e  bronze 
foundry . V ery frequently , however, m uch money 
is w asted on these deoxidisers, w ith  no techn ica l 
gain .

The oxide of copper, which is form ed when 
copper is m elted in  a n  oxidising atm osphere, is 
soluble in  m olten copper, and , a lthough  recen t 
researches have shown th a t  copper oxide is no t 
th e  bugbear th a t  less en ligh tened  m eta llu rgy  
believed i t  to  be, ye t still, fo r ce rta in  purposes, 
i t  is desirable to  remove th is  oxide from  th e  
m etal. To do th is, some elem ent is added which 
will reduce copper oxide to  copper and  ta k e  to  
itself the  oxygen to  form  an  oxide of th e  added 
m etal. I t  is th en  necessary th a t  th e  new oxide 
which is form ed should be easily rem oved as 
slag, or i t  should be sufficiently volatile  to  b u rn  
off. I f  the  new oxide is no t read ily  rem ovable, 
the las t s ta te  will be worse th a n  th e  first. There 
are  several available deoxidisers su itab le  for 
copper. F o r exam ple, th e re  is silicon, which, 
when added to  copper con ta in ing  oxide of copper,
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reduces th e  copper oxide to  form  copper and 
silicon oxide. The silica is insoluble in copper, 
and i t  is much ligh te r th a n  the  m olten m etal, 
so th a t  it  rises to the  surface of the m elt, and is 
e ith e r skimmed off or slagged off. There is also 
phosphorus, which will readily  reduce copper 
oxide, form ing an  oxide of phosphorus, which 
again  is insoluble in  th e  m elt, and  readily  rises 
to  the  top , e ith e r to  volatilise or to  form  a slag. 
M any o ther m ateria ls also m ay be used, such as 
m anganese, iron and zinc. The essence of the 
whole process is th a t  th e  oxide of copper is in 
solution, and a chemical reaction  can therefore 
readily  tak e  place.

Now, in bronze there  is an  en tire ly  different 
condition. There a re  no soluble oxides in  the 
alloy. I t  can be shown th a t  t in  and zinc both 
reduce copper oxide. In  the  m aking of bronze, 
therefore , copper oxide is reduced, and in  its 
place zinc or t in  oxide is formed. These 
oxides are  both insoluble in bronze. Zinc 
oxide is no t only insoluble, b u t i t  is no t even 
w etted  by the  alloy. I t  is very ligh t, moreover, 
and i t  quickly rises to  the  surface of th e  m elt, 
where i t  m ay be skimmed off. I t  is only when 
proper precautions are  no t observed in skimm ing 
and pouring th a t  zinc oxide will be found in the 
castings. These oxide inclusions are  readily 
ap p aren t w ithout the  aid of a miscroscope, and 
appear as patches of greenish-w hite sandy 
m ateria l or sometimes looking like a b it of paper 
which has been screwed up and th ru s t in to  the 
m etal. A p a rt from  th e  unsightliness of such 
patches of oxide on the  m achined surface of a 
casting, i t  m ust be rem embered th a t  the  oxides 
are  of low m echanical s treng th , and therefore 
they break  up th e  con tinu ity  of the  m etal and 
lower its  s treng th . Oxide inclusions may also 
impede the  liquid  flow during  th e  freezing and 
contraction  of the  casting , and th u s  lead  to  
porosity.

The elim ination of t in  oxide is no t so easy 
as i t  is to  free the  bronze from  zinc oxide, be­
cause th e  t in  oxide is nearly  as heavy as the  
m etal, and therefore does not readily  rise to  the
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surface of th e  m elt, b u t rem ains dissem inated 
th roughou t as insoluble partic les. F req u en t 
comm ent has been passed on the  fac t th a t  phos­
phorus, the m ost popular deoxidiser for bronze, 
will not reduce tin  oxide. As phosphorus is 
usually only added to  th e  ex ten t of abou t 
per cen t., i t  is difficult to  see how i t  can  be 
expected to  reac t w ith  any oxide d is trib u ted , as 
is the  tin  oxide in  th e  form  of fine insoluble 
particles. A much la rger p roportion  of any re ­
ducing m eta l would be requ ired  to  reac t u n d e r 
these conditions.

I t  is essential, therefore , to  p reven t oxide find­
ing its  way in to  th e  casting  by m echanical ra th e r  
th a n  chemical means. The first p recau tion  is to  
see th a t  th e  skum  from  th e  top  of th e  m elt is 
properly skimmed off. E ven th e n  th e re  is th e  
oxide which forms on the  stream  of m eta l as i t  
is being poured in to  the  casting , and  to  p reven t 
th is oxide being carried  in to  th e  m ould, choke- 
runners should be used. F inally , th e re  is a 
danger of oxide form ing du ring  th e  flow of m etal 
about th e  mould, p a rticu la rly  where large, flat 
surfaces are  exposed upperm ost. Only a modifi­
cation  of the  m ethod of ru n n in g  can avoid th is 
trouble.

I t  is th e  au th o r’s considered opinion th a t  a rg u ­
m ents which seek to  blame th e  cause of porosity 
in  bronze castings on to  oxides, gas occlusions, 
im proper m ixing or sim ilar secondary m a tte rs  
w ithout fu ll reference to  th e  volume change on 
freezing and th e  freezing range a re  liable to  be 
very m isleading; and  th a t  these two la t te r  effects 
a re  of suprem e im portance. There seems to  have 
been a  general avoidance in  th e  past of any dis­
cussion of such a po in t of view, and  on account 
of th is  rem ission th e re  is a t  p resen t a  d isappoin t- 
ing paucity  of im p o rtan t fu ndam en ta l d a ta  
thereon, b u t if foundrym en were to  develop a 
more sym pathetic a tt itu d e  tow ards research  and 
a g rea te r freedom in  discussing th e ir  troubles, 
the re  is li tt le  doubt th a t  research  could quickly 
be guided in to  channels of profitable incidence 
on practice.
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DISCUSSION.
Fracture Judging.

The President (M r. Wesley L am bert), em­
phasising M r. Dews’ rem arks w ith  regard  to  the 
in te rp re ta tio n  of the  frac tu res  of bronze, said it  
was his experience th a t  the  m ajo rity  of engineers 
could no t in te rp re t the  frac tu re  of a non-ferrous 
m etal. W hen a bronze of the  n a tu re  of, say, an 
Adrfiiralty gun-m etal was ru p tu red , i t  was not 
unusual to  hear such rem arks as “ I t  is no t even 
mixed properly ,” “  I t  is made up  w ith a lo t of 
scrap b ra s s ; look a t  those yellow and red 
patches,”  etc. Such rem arks evidenced the  fact 
th a t  the people who thus commented on a frac ­
tu re  could not in te rp re t the frac tu re  of a bronze. 
I t  was essential th a t  the  founder should have a 
correct knowledge of the  frac tu re  of each ind i­
v idual alloy, and  he should be able to  judge by 
the  fra c tu re  w hether the  m etal had been correctly 
compounded, w hether i t  had been cast a t  too 
low or too h igh a tem pera tu re , and  also w hether 
the mould was sufficiently dry. W ith  the  know­
ledge obtained from the  correct in te rp re ta tio n  
of the  appearance of the frac tu re , combined w ith 
the  knowledge obtained from  th e  tes tin g  labora­
to ry  of th e  tensile and o ther tests, one should 
get a good idea of th e  best s tan d ard  frac tu re  to  
work to . The P res iden t also emphasised the 
necessity of adopting  a s tan d ard  method of pro­
ducing the  frac tu re . I t  was quite possible, by 
varying the method of frac tu re , to  produce frac­
tu res of quite  different appearance from  one bar 
of uniform  character. I t  was qu ite  possible, in 
the case of both ferrous and non-ferrous m etals, 
to  break  a bar in such a m anner th a t  the  ru p tu re  
would occur around the  crystal grains, or in such 
a way th a t  i t  would occur th rough  the  crystal 
g rains, thereby  producing a  frac tu re  which 
appeared to  show th a t  the  s tru c tu re  was coarsely 
crystalline, or, on the  o ther hand, th a t  i t  was 
of an amorphous or of a fine g ran u la r struc tu re .

Two Types of Contraction.
Mr . A. H . Mtjndet said he was particu larly  

in terested  in M r. Dews’ work, especially in con-
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nectiou w ith  the  m echanism  of solidification, 
which had to  be studied  very closely in  connec­
tion  w ith  die casting. The con trac tion  of the 
m etal due to  crystalline con trac tion  d u rin g  soli­
dification, and the  con trac tion  which occurred 
a f te r  the  m etal became solid, were two sep a ra te  
functions. C erta in  m etals con trac ted  very li tt le  
due to  crystalline con traction , b u t they  all con­
trac ted  very considerably a fterw ards, according 
to  the simple law of lineal con trac tion—a fac t 
which was often  fo rgo tten . I t  had  been sug­
gested to  him  th a t  surely, seeing th a t  th e re  was 
such a m agnificent sharp  im pression of the  
mould, there  could be no such con trac tion . T ha t 
was no t tru e , however, and  th a t  second con trac­
tion  m ust he legislated  fo r m ost definitely. E very  
p a tte rn m ak e r’s ru le  had  a li tt le  spare— a 1-ft. 
ru le  was a li tt le  longer th a t  1 f t .—so th a t  he 
m igh t legislate fo r lineal con trac tion , b u t th a t  
lineal con traction  was qu ite  d ifferen t from  th e  
con traction  which occurred du rin g  solidification, 
because th e  la t te r  varied  according to  th e  con­
stitu tio n  of th e  alloy.

Equilibrium Diagram as a Basis.
M r. A. Logan, em phasising M r. Dews’ plea 

th a t  foundrym en should try  to  ta k e  an  in te lli­
gen t in te re s t in  equilibrium  d iagram s, said  i t  
was only by studying  such th ings and  try in g  
to grasp w hat actually  occurred d u ring  th e  soli­
dification of an  alloy th a t  they  could an tic ip a te  
w ith intelligence w hat would happen inside the  
mould, and  ca te r fo r it . M r. L ogan also em­
phasised the im portance of a study  of th e  liquid 
contraction  which occurred on freezing. I t  was 
undoubtedly a po in t about which we knew very 
little , and the  sooner we knew m ore abou t i t  
the  b e tte r.

M r. W. C a r t l a n d  poin ted  ou t th a t ,  a lthough 
a large num ber of P apers was published g iving 
th e  resu lts of investigations of th e  various alloys 
from  the  purely scientific p o in t of view, and 
occasionally some very severely p rac tica l P ap ers  
were published, there  seemed to  be very few 
links betw een the  theore tica l or scientific and  the



practical. M r. Dews was to  be congratu lated  on 
th is P ap er, because i t  did form  one of the  links 
between the  two extrem es, and it  was to  be 
hoped th a t  m any more P apers of the same 
charac te r would be published.

Effect of Virgin Metals.
Mb. Henry Milner, discussing the  relations 

between works m etallu rg ists and foundrym en, 
complained th a t  these two departm ents seemed 
to  be qu ite  d is tinc t in  aim and object. R efer­
ence had been made by the  P residen t to  the 
necessity for educating  th e  foundrym en to  a 
scientific in te rp re ta tio n  of frac tu res , b u t th e  only 
frac tu res  which th e  m eta llu rg ist p u t before the 
foundrym en were the  bad ones; he never showed 
and explained the  m etallurgical points of a good 
frac tu re .

R eferring  to a bronze consisting of, say, 10 per 
cent, tin , 0.5 per cent, phosphorus, and the 
rem ainder copper, he asked M r. Dews for 
inform ation w ith regard  to  the beads of w hite 
m ateria l which came back very often on the 
riser, b u t no t so often  on the  runner. Also, dis­
cussing a bearing  bronze, of a composition sim ilar 
to  th a t  of th e  bronze already referred  to, except 
th a t  i t  contained 8 per cent, less copper, for 
which 8 per cent, of lead was substitu ted , he 
said th a t  much slag was produced, and he had 
found i t  impossible to  elim inate it . I t  seemed 
to  form  on the  sides of the  pot, even though it  
had been skimmed. I t  had been sta ted  in  some 
quarte rs  th a t  th e  trouble  could be overcome by 
the  addition  of nickel, and he asked w hether M r. 
Dews had had any experience of the  use of nickel 
in bearing bronzes. W ith  regard  to  the exam ina­
tion  of bronzes, he said th a t , although the 
A dm iralty  called for a tensile stren g th  of 16 tons 
per sq. in ., and an elongation of 10 or 15 per 
cent., th e  inspectors acting  on behalf of other 
large customers did not worry about physical 
te s ts ; they had the  bars m achined and broken, 
and exam ined the frac tu res , and they  contended 
th a t  th a t  was sufficient. H e asked w hether Mr. 
Dews considered th a t  the  frac tu re  was a be tter 
guide th an  the  physical tests, or vice versa.

255
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AUTHOR’S REPLY. 
Phenomenon of “ Tin Sweat.

M r . D e w s , replying to  th e  discussion, said i t  
was u n fo rtu n a te  th a t  some works m eta llu rg ists  
got in to  th e  h ab it of te lling  the  foundry  w orkers 
about the bad work only. A t th e  same tim e, i t  
was the  m e ta llu rg is t’s job to  roo t o u t th e  bad 
work and to  try  to  p u t m a tte rs  r ig h t. F u r th e r ­
more, they  were sometimes re lu c ta n t to  say w hat 
was correct, because conditions constan tly  im ­
proved, and w hat they  one day regarded  as p e r­
fection would the  n ex t day be im proved upon. 
T heir a tt itu d e  was probably also due to  th e  
tra in in g  they received; in  science, no sooner did 
one look upon a th in g  as being a definite fac t, 
th an  someone would come along w ith  a new 
theory, which showed th e  old ideas to  he only 
p artly  true .

W ith  regard  to  th e  bronze con ta in ing  10 per 
cent, t in  and  |  per cen t, phosphorus re fe rred  to  
by M r. M ilner, who said th a t  du rin g  th e  cooling 
he noticed beads of w hite m a te ria l on th e  tops 
of th e  run n ers  and  risers, th e  au th o r said th a t  
th is  m ateria l was a tin-phosphorus rich  alloy, 
and i t  sw eated ou t of th e  bronze ju s t  as the  
bronze was cooling from  red  h e a t to  black. I f  
the casting  being m ade was a fa irly  lig h t one, 
and if a fa irly  heavy ru n n e r was used, one need 
no t w orry m uch if a few of these beads a p p e a re d ; 
b u t if  the  casting  were a heavy one, and beads 
appeared on th e  top  of the  ru n n e r , one could 
be certa in  th a t  the  casting  was useless. The 
beads appeared  only when phosphor bronze was 
cast too h o t; if i t  were cast cooler, th e  ru n n e r  
top, instead  of being level or bulging o u t like 
a cauliflower, would sink, and  th e re  would be 
no beads of tin-phosphorus-rich compound on the 
runner. In  th e  case of a ligh t casting , one could 
not cast phosphor bronze cold enough to  produce 
th is sinking on the  rise r and ru n n e r , which were 
necessarily heavier th a n  th e  casting . W ith  the  
heavier casting , one could pour the  m eta l cooler 
and could keep th e  t in  sw eat down. As a m a tte r  
of fac t, phosphor bronze of th is  description 
should be poured as cold as i t  was possible to
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ru n  the  casting  s h a rp ; th e  tem p era tu re  should 
be ju s t a litt le  above th a t  which would resu lt in 
a cold sh u t or m is-run.

Leaded Bronzes.
W ith  regard  to  the  bronze contain ing 8 per 

cent, lead and 0.5 per cent, phosphorus, he. said 
a slag was produced consisting of lead and  phos­
phorus—a complex lead phosphate. This slag 
was continually  being form ed, and would rise to 
the  top  of the  m olten alloy. I t  wa^ liquid a t  
tem pera tu res below th a t  a t  which the casting 
began to  freeze, so th a t  one could not 
th icken  i t  and skim i t  off th e  alloy be­
fore pouring. A t o rd inary  casting tem pera­
tu res  the  slag was so liquid th a t  i t  was 
liable to  rtfn in to  th e  casting. W hen cast­
ing a high-lead phosphor bronze in his foundry, 
i t  was the  practice to  use e ither a “  s tra in e r ” 
head or a fa irly  large cup w ith  a plug in  it , so 
th a t  one was able to m ain ta in  a good head of 
m etal in  the  ru n n er and to  allow only the  clean 
slag-free m etal to  ru n  in to  the work. H e did 
not believe th e re  was any th ing  in th e  proposal 
to use nickel for the  purpose of elim inating  th a t  
slag, and he knew of no Way of overcoming the 
trouble o ther th an  by preventing  the  slag get­
tin g  in to  the  work by m eans of special pouring 
devices.

Fractures of Physical Tests.
There was a good deal to  be said for the  prac­

tice of exam ining only the  frac tu re  of bronze 
and disregard ing  th e  physical tes ts. I t  was pos­
sible to  pour two test-bars from one pot of 
A dm iralty  gun-m etal, one of which would have 
a tensile s tren g th  of 8 tons and the  o ther 18 or 
20 tons per sq. in. I t  was obvious, of course, 
th a t  both of these were no t rep resen ta tive  of a 
casting  poured from  th a t  pot of m etal, nor rep re­
sen tative of th e  quality  of th e  bronze. The only 
way to  ensure g e ttin g  a tes t-bar to  rep resen t the 
quality  of th e  bronze was to  cast about six bars, 
commencing a t  a tem p era tu re  h igher and finish­
ing a t  a tem p era tu re  lower th an  th a t  a t  which 
one would cast the  work. One could then  plot

E
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th e  te s t resu lts on a curve and tak e  th e  peak as 
rep resen ting  the  best te s t one could g e t o u t of 
th a t  m ix tu re . T h a t m ethod was hopelessly in ­
convenient for p rac tica l work, however, and  
applicable only to  experim en ta l work. There 
was thus a good deal to  be said  for n ick ing  a 
piece of m etal and exam in ing  th e  fra c tu re , b u t 
one needed a good deal of experience before one 
could rely upon such a m ethod. Founders were 
fam iliar w ith  one type  of inspector who cam e to  
th e ir works occasionally, and, by encouraging 
such a  m ethod of te s t, we should have, sooner or 
la te r, a very inexperienced inspector v is iting  th e  
works, who would re jec t castings on w hat he 
considered to  be a bad frac tu re , and  w hich th e  
founders them selves m igh t consider to  be a good 
frac tu re .

Co-operation between Works and Laboratory.
The President said th a t  on several occasions 

he had  poin ted  ou t th a t  th e  founding of m etals 
was n o t an exact science, and , in  view of the  
m any variables th a t  were in troduced  in  th e  
m anu factu re  of castings, especially those of com­
plicated  shape, he doubted w hether th is  could 
ever be expected—a fac t which was often  over­
looked by th e  purchasers of castings. The p u r­
chaser seemed to  th in k  th a t ,  w ith  the  presen t- 
day science a t  our command, one ought to  be 
able to  tu r n  ou t perfect castings, b u t u n ti l  th e  
founding of m etals became an  exact science, one 
could no t always ensure s tan d a rd  conditions. 
Com m enting on th e  com plain t which had  been 
voiced to  the  effect th a t  the  works m e ta llu rg is t 
approached th e  foundrym an only when th ings 
w ent w rong, he poin ted  o u t th a t ,  a f te r  all, such 
a condition of th in g s was m ore or less to  be ex­
pected. On the  o ther hand , i t  was up to  th e  
foundrym an to  educate him self, and  th ere  was 
no reason why the  foundrym an should no t cul­
tiv a te  a sufficiently friend ly  feeling, between h im ­
self and th e  works m eta llu rg is t, to  ask assistance 
from th e  m eta llu rg ist. In  a good m any instances 
the m e ta llu rg is t took i t  for g ran ted  th a t  the 
foundrym an was able correctly  to  in te rp re t frac ­
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tu res , and  th a t  a good frac tu re  would give good 
te s t re su lts ; if th e  foundrym an did no t know 
w hat te s t resu lts to  expect from  a m etal, which 
he considered to  be good, he should ask the 
works m e ta llu rg is t to  m ake some te s ts  and  to 
fu rn ish  him  w ith  the  results. H e (the P res i­
dent) did n o t th in k  a works m eta llu rg ist, if he 
was w orthy of his position, would ever refuse 
such inform ation .

W ith  reg ard  to  the  equilibrium  diagram s, he 
said th e  o rd inary  craftsm an  could hard ly  be 
expected to  unders tand  or to  digest th e  many 
diagram s th a t  one found even in th e  technical 
li te ra tu re  devoted to  th e  foundry  c ra ft. As far 
as possible, he adopted the  practice, when lec tu r­
ing, of dealing only w ith th a t  portion  of the 
curve which had  re la tion  to  th e  usable foundry 
alloys, and he carefully  avoided dealing w ith 
the complete curve and its  ram ifications. I t  
was, however, advisable for the  foundrym an to 
study th a t  portion  of a curve which covered 
the alloy or range of alloys w ith  which he was 
likely to  have to  deal. In  th is  connection he 
(the P residen t) offered to  help any foundrym an 
who had difficulty in  m astering  an equilibrium  
diagram . I f  any such would w rite to  him  and 
explain th e ir  difficulty, he would be glad to  in ­
te rp re t th a t  portion of the curve which related 
to  th e ir  p a rticu la r alloy.

“ Tin Sweat ”
D iscussing the  “ tin  sw eat ” which appeared 

when casting  bronze as m entioned by Mr. 
M ilner, he confirmed th a t  the  constituen t which 
sweated o u t was obviously the constituen t which 
was the  la s t to  solidify. One m ust regard  the 
first-form ed tin-copper casting  as a sponge con­
ta in in g  in  its  in terstices a constituen t which 
had n o t solidified. As soon as the m a trix  or 
sponge had  solidified and had begun to  con­
tra c t, th ere  would be a tendency for the liquid 
constituen t rem aining in  th e  in terstices to  be 
squeezed out. Obviously, as M r. Dews had 
pointed out, i t  was best to  a rrive  a t  a tem pera­
tu re  fo r casting  the  bronze a t  which as much

k2
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as possible of the low -m elting-point co n stitu en t 
would be trap p ed  in  th e  casting . A t th e  same 
tim e, th ere  was som ething to  be said  in  favour 
of a litt le  of the  t in  co n stitu en t sw eating  out, 
because when th a t  occurred i t  ind ica ted  th a t  
the mechanism of solidification of th e  casting  
as a whole was proceeding along norm al lines.

D iscussing fu r th e r  th e  in te rp re ta tio n  of fra c ­
tu res, he suggested th a t  one should fra c tu re  
specimens in  various ways in  o rder to  a rr iv e  a t  
a stan d ard  m ethod, and  also ask  th e  m eta l­
lu rg is t to  favour w ith  a sho rt le c tu re tte  on the  
in te rp re ta tio n  of any  frac tu re s  so produced. 
He urged the  foundrym an to  m ake friends w ith 
the m e ta llu rg is t; if th is  was done both  the  
m eta llu rg ist and  th e  foundrym an would learn  
som ething to  th e ir  m u tu a l advan tage . Too often 
a foundrym an was inclined to  reg a rd  th e  m eta l­
lu rg is t as a  policeman, and in  m any instances 
foundrym en them selves were to  blam e fo r n o t 
m aking friends w ith  the  m eta llu rg ist. F o u n d ry ­
men d id  n o t always apprecia te  th e  in troduc tion  
of scientific in s trum en ts in tended  to  a id  them  in 
th e ir work. F o r instance, when a  pyrom eter 
w ent wrong they  were inclined to  say “  P y ro ­
m eters are  of no use,”  b u t if  a pyrom eter was 
handled as i t  should be handled, in stead  of m eet­
ing  w ith  th e  rough usage to  which i t  is o ften  
subjected, fa r  less trouble would be experienced 
and confidence in  th e  use of the  pyrom eter would 
soon be established.

Nickel Additions to Leaded Bronzes.
R eferring  to  the  bearing  bronze m entioned by 

M r. M ilner, and  con ta in ing  8 per cent, of lead, 
he said  th a t ,  w ith  all respect to  M r. Dews, he 
would have suggested less phosphorus in  th e  m ix­
tu re , unless bound by a specification figure. 
Personally , he could see no valid  reason for 
including a h igh am oun t of phosphorus in  a 
bearing  bronze con ta in ing  a heavy percentage 
of lead. M uch slag is invariab ly  form ed, which 
may, and sometimes does, find its  way in to  a 
casting  unless m eans a re  adopted  to  keep i t  
out. W ith  regard  to  the  add ition  of nickel in
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lead bronzes, he said th a t  snch practice was 
resorted to  more particu la rly  in  th e  case of 
alloys hav ing  a h igher lead con ten t th a n  th a t  
m entioned by M r. M ilner. N ickel was one of 
the  reagents which were sometimes in troduced 
in to  bearing  bronzes con tain ing  25 or 30 per 
cent, of lead, th e  ob ject of the  in troduction  of 
th e  nickel being to  “  hold up  ”  the  lead, i.e ., 
to  p reven t segregation, and  in  th is  respect i t  
was effective. S ulphur, p laster of P a ris , and 
o ther reagen ts were also used in  some foundries 
fo r a sim ilar purpose.

Soluble Oxides in Bronzes.
M b . A . L o g a x , com m enting on M r. Dews’ 

s ta tem en t th a t  th ere  were no soluble oxides in 
bronze, said  th a t  a lthough he d id  n o t dispute 
th a t  sta tem en t, i t  m ig h t be profitable to  con­
sider w hat happened when a bronze was m al­
trea ted . I t  was possible to  m elt in  a reverbe- 
ra to ry  fu rnace  a large am ount of scrap—borings, 
an d  o ther m eta l of th a t  type— and ob tain  thereby 
a m ix tu re  which a foundrym an would re fe r to  
as being oxidised. I f  th a t  m etal were ru n  in to  
a ladle i t  would look very pasty , and  a  casting 
m ade from  i t  would be fu ll of porous places, 
gas-holes, etc., even though  i t  were cas t a t  the 
correct casting  tem pera tu re . M r. Dews had 
s ta ted  th a t  th e re  were no soluble oxides in  the  
alloy, b u t th e  foundrym an w anted to  know the 
reason fo r the  s ta te  of affairs m entioned, and 
how i t  could be rem edied. In  such castings 
there  was a tendency to  excessive segregation, 
and  th ere  was evidence of th e  “  t in  sw eat ” to  
which M r. M ilner had  referred .

Remelted Bronze Borings.
M b . D e w s  said  th a t  th e  poin t raised by M r. 

Logan was very im p o rtan t indeed. H e  believed 
th a t  th e  sta tem en t in  th e  P ap e r, th a t  there  
were no soluble oxides in  bronze, was correct, and 
he m ade th e  s ta tem en t qu ite  definitely. The 
oxides which caused troub le in  th e  casting  of 
bronzes were, he believed, insoluble, and  were 
held in  suspension. M r. Logan had  v isited  his
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foundry  on th e  previous day and had  seen th ere  
a reverbera to ry  fu rnace  w hich was employe 
en tirely  in m elting  very fine bronze-bonngs 
which were taken  from  th e  la thes m th e  shops. 
These were tu rn ed  o u t in to  ingots, and th e  ingots 
were re-m elted—w ith new m etal, he ad m itted — 
and poured in to  castings, and  th is  m eta l never 
gave any more troub le  th a n  o ther m etal w ith 
oxides, blowholes, or any th in g  else. In  fac t, pro­
vided the  m etal were properly  m elted th e  second 
tim e, he defied any foundrym an to  te ll th e  d if­
ference betw een a casting  m ade from  new copper 
and tin  and one m ade from  th e  d ir tie s t old 
borings sw ept up from  th e  floor of th e  shop. I t  
was merely a question of allowing sufficient tim e 
for the  oxides, scum, d ir t ,  and  so on, to  rise  to  
th e  top  of th e  m etal, and th en  skim m ing i t  ofi. 
One could add a  li tt le  phosphorus, to  m ake i t  
more fluid in  order to  allow th e  oxides to  get 
to  th e  top so th a t  they  could he skim m ed off. 
H e had  never noticed any tendency  for t in  sw eat 
to  occur in  m etal m ade from  borings or scrap any 
more th a n  in  new m etal.

Gas Content in Metals.
M r. A. H . M u n d e t  said th a t  m any found ry  

men missed or overlooked th e  fa c t th a t ,  of th e  
oxides in  gunm etal, t in  oxide was no t deoxidised 
by phosphorus. Copper oxide was deoxidised by 
phosphorus, b u t t in  oxide m ust he coaxed to  th e  
top of th e  m eta l and  skimmed off. I t  had  been 
pointed  o u t by Griffiths, two or th ree  years ago, 
th a t  t in  oxide was some two and a-half tim es as 
ha rd  as tool steel, and th e  presence of li tt le  b its 
of i t  in  a bearing  bronze was bad . A gain, m etal 
which had  been m elted very quickly, or had  been 
stand ing  very h o t fo r a long tim e, occluded a 
very large q u an tity  of gas. T h a t gas had  to  he 
removed, b u t if th e  m eta l were cast badly or a t  
too h igh a tem p era tu re  i t  did  n o t g e t rid  of the  
gas. The conditions were th e  sam e as in  steel 
casting.

Reclaimed Scrap Metal Satisfactory.
The P r e s id e n t  said th e re  was a tendency 

among foundrym en, when hav ing  to  m ake a 
casting  wholly from  a scrap m ixing, and which
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casting failed to tu rn  out qu ite  rig h t, to  blame 
the  trouble  on to  the  use of scrap. The point 
to be considered, however, was the  n a tu re  of the 
scrap. I f , for instance, one had supplied a 
num ber of perfectly  good castings to  a customer, 
and for some reason or ano ther those castings 
were re tu rn ed , one could no t ju s tly  re fe r to 
those castings as scrap in  th e  general acceptance 
of th e  word. Foundrym en should be too proud 
to  a tt r ib u te  m any of th e ir  troubles to  the  use of 
s c ra p ; th e  fau lt was in  th e  tre a tm e n t of the 
m etal ra th e r  th a n  in h eren t in  th e  m etal itself. 
In  th e  ord inary  way one could m ake very good 
castings from  rem elted scrap.

Second Melting.Mr. A. H . Mundey agreed th a t  b e tte r results 
were obtained on second m elting th a n  on the 
first m elting, and emphasised the  po in t by means 
of an analogy. I f  one w ent to  a chem ist’s shop 
and asked for a bottle  of m edicine according to 
a p rescrip tion , the  chem ist would no t p repare it  
by p u ttin g  in to  the  bottle a teaspoonful of 
Epsom salts, fill th e  bo ttle  w ith w ater, and then  
add sugar and a litt le  cochineal, and charge
2s. 6d. I f  he d id  th a t , one would no t be p re ­
pared  to  pay the  2s. 6d. for it. W hat the  
chem ist did was to  pour in to  the  bo ttle  a strong 
solution of Epsom salts, and add to  th a t  a solu­
tion  of sugar and w ater and cochineal, and in
th a t  way produced a homogeneous solution. 
S im ilarly, a good foundrym an did not make up 
a copper-tin  alloy directly  by m elting copper and 
adding tin  to  i t ; he always p repared  w hat he 
called a w hite m ix ture—-which was analogous to 
the chem ist’s strong solution—and, therefore , he 
gave i t  a second m elting and obtained a b e tte r 
solution.

M r. Milner discussed th e  call in  the  specifi­
cations of some firms for the use of v irg in  m etals, 
and said th a t  his foundry  had had to  m eet Orders 
for very ligh t castings, of no t more th a n  4 or 5 
ounces, in  a m ix tu re  sim ilar to  a red  bronze,
i.e ., 8 5 /5 /5 /5 , and  th e  custom ers had  insisted 
upon the use of v irg in  m etal—electrolytic copper, 
electrolytic zinc, and so on. The results obtained
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w ith th e  new m etals, however, were no t so good 
as those obtained hy first m elting  th e  m etal, 
ru nn ing  i t  in to  ingots, and  ru n n in g  th e  castings 
from  the  second m elt wdth an  add ition  of zinc to  
m ake up th e  am ount lost by ox idation  on the  first 
m elt.

Twice Melting.
The P r e s i d e n t , discussing th e  problem _ of 

“  tw ice m eltin g ,”  said  th a t ,  when com pounding 
an  alloy, th e  m ajor portion  of w hich was copper, 
i t  was necessary n o t only th a t  th e  copper be 
rendered  m olten, b u t i t  m ust be superheated . 
All m etals, a t  h igh tem p era tu res , have a te n ­
dency to  absorb gas and  to  give off th a t  gas 
d u ring  solidification. I t  was fa r  b e tte r  th a t  the  
gas should be given off when the  m eta l was cast 
in the  form  of an  ingo t fo r rem elting  th a n  th a t  
i t  should be found in the  u ltim a te  casting . 
T herefore, i t  was considered b e tte r  p rac tice  to  
cast first in to  ingot form  and  to  rem elt a t  a 
lower tem p era tu re  for th e  u ltim a te  casting  in to  
shape th a n  to  a tte m p t to  m ake th e  m etal and 
cast d irect. The la t te r  m ethod was no t, how­
ever, im practicable, provided one exercised the  
g rea test care and  paid  p a rticu la r a tte n tio n  to  
re la tive  tem pera tu res.

M r. V ic t o r  S t o b if , said th a t  th e  P re s id e n t’s 
rem arks w ith  regard  to  gases coming off from  
the  m etals on solidification applied  to  th e  fe r­
rous as well as to  the  non-ferrous. I f  one m ade 
a steel by a highly oxidising process w ithou t 
fu r th e r  tre a tin g  it, one found th a t ,  th e  m om ent 
i t  solidified, carbon monoxide and  a  complex 
range of gases came off; roughly in  p roportion  
to  th e  severity  of ox idation  of th e  m elting  p ro­
cess. T h a t could be avoided in  th e  m ain  by de­
oxidising prio r to  casting . H e asked w hether 
the de-gasifving of a non-ferrous m eta l p rio r to 
casting  would be less advantageous th a n  a p re ­
m elting  and ing o ttin g  of the  m etal.

The P r e s id e n t  pointed o u t th a t  M r. Stobie 
had ra th e r  jum ped to  a. conclusion. H e (the 
P residen t) had no t m entioned oxygen, b u t had 
referred  to  “  gases.”  One could deoxidise an



alloy, b u t there  were o ther gases w ith  which 
i t  was no t so easy to  cope.

M r. A. L o g a n  said the  general concensus of 
opinion was th a t  a double m elting  was b e tte r 
th an  d irect m elting, and possibly th a t  was so in 
the m ajo rity  of cases, b u t i t  was no t absolutely 
necessary.

The P r e s id e n t  pointed out th a t  th a t  was 
w hat he had  s ta ted , namely, th a t  castings can 
be produced sa tisfactorily  w ithout reso rt to  
double m elting , b u t only when the  necessary 
precautions are taken .

M r . L o g a n  a g r e e d ,  a n d  s a i d  h e  m e r e ly  w a n te d  
t o  c o n f i r m  t h a t  s t a t e m e n t .

On the  m otion of the P r e s id e n t , seconded by 
M r. W. C a r t l a n d , a h earty  vote of thanks was 
accorded M r. Dews for his P ap er.
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DIE CASTINGS.

By A. H. Mundey (Member).
The a r t  of die casting  is of th e  g rea tes t in ­

te re s t to  th e  foundrym an, y e t i t  is fea red  th a t  
th is  in te re s t is n o t w holehearted  as a  general 
rule. The a tt i tu d e  is a p t to  be one of good- 
hum oured to lerance, n o t unm ixed w ith  a  trace  
of contem pt. I t  is easy to  u n d e rs tan d  th is , for 
th e  found rym an’s c ra f t  is essentially  th a t  of the  
m oulder in  sand  and  loam, and  any process which 
aim s a t  th e  disp lacem ent of th is  highly-skilled 
c ra f t  m ust of necessity be viewed w ith  suspicion, 
even if th is  displacem ent be only in  respect of 
a m inu te  frac tion  of th e  to ta l o u tp u t of the  
foundrym an.

I t  has been pointed  o u t several tim es recently 
th a t  when an  in te llig en t person, who has no 
in tim a te  knowledge of th e  work, v is its a  foundry  
and  sees th e  large and  beau tifu lly -p repared  
moulds ready  fo r a casting—moulds, so costly 
in  money as well as skilled effort and  tim e— 
and  th e  v isito r learns th a t  th e  m ould is used 
b u t once, th a t  i t  is destroyed in  g iv ing b ir th  
to  one casting  only, th e  n a tu ra l question arises, 
canno t moulds of a perm anen t or a t  least a 
m ore-lasting charac te r be employed? D ie c a s t­
ing, in  a lim ited  m easure and in respect to  small 
castings which a re  required  in la rge  num bers, 
is th e  a tte m p t to  fu rn ish  a p rac tica l answ er.

Die casting  has been stud ied  du rin g  recent 
years by a num ber of m etallu rg ists , both from  
th e  po in t of view of scientific research and  as 
a technical problem of industry . M any P ap ers  
have been read  and  lectures given and discussed. 
The au th o r has had  some small share in  these 
efforts to  ob ta in  and  disperse reliable in fo rm a­
tion . I t  will, therefo re , be impossible to  p resen t 
to  the  In s ti tu te  de ta ils which a re  en tire ly  new 
and unpublished, as the  investiga to rs have 
honestly reported  resu lts of experim en ta l and

i
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explorative work, w hether successful or not, to  
the  g re a t advan tage  of all engaged in  the  
industry .

Die Gasting may be defined as a method of pro­
duction  of castings in  a highly-finished or semi­
finished condition, accurate  to  form  and dim en­
sions, w ith  holes and  inserts  as required , screwed 
parts , bo th  in te rn a l and  ex ternal complete, by 
pouring or by forcing u nder pressure, molten 
m etal in to  well-finished perm anen t or long-life 
moulds. These moulds a re  frequently  called dies; 
th is  is probably on account of th e  fa c t th a t  they  
a re  produced by highly-skilled tool-fitters and 
die-sinkers and  n o t by th e  m oulder, as in  general 
foundry  practice.

The process is d istinguished from  th a t  usually 
known as ehill casting , in  th a t  th e  la t te r  usually 
requires a  subsequent m achining operation, or 
even forg ing  and  m achining before th e  artic le  
is ready  for use, on th e  o ther hand , die castings 
are  very largely  polished and  p lated  a f te r  cast­
ing  and  trim m ing .

D ie casting  is no t a new ly-invented process, 
for th e  ancien t arm ourers used more or less 
perm anen t moulds of stone or b u rn t clay for the 
p roduction of spearheads, axes and  other 
weapons, these castings being of bronze. The 
m ethod of production , by simply pouring  molten 
m etal in to  th e  mould, is now usually  called 
“  g rav ity  ”  die casting , as d istinguished from  
the  em ploym ent of pressure, e ither by a pump- 
plunger or high-pressure a ir  when i t  is desig­
na ted  “  pressure ”  die casting , thus excluding 
the  te rm  chill casting  altogether.

Type casting  is the  oldest-established branch 
of die casting , and  i t  is probable th a t  th e  p r in t­
ing industry  employs an am ount of die castings 
in th e  form  of type  and stereo-plates, which fa r 
exceeds in  w eight th e  whole o u tp u t fo r all o ther 
trades.

The early  dies were simple, consisting of th ree 
members, two form ing th e  mould fo r th e  body 
of th e  type , and th e  o ther the  m a trix  for th e  
tvpe face, th e  m etal being poured from  a small
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ladle, w hilst the  mould was held in  the  hand . 
Type-casting m achines a re  excellent exam ples of 
au tom atic  die casting . H ere, in  a b e lt or single­
u n it m otor-driven m achine, m olten m etal is 
pum ped in to  a th re e -p a rt mbuld, w hich is car­
ried  to  a nozzle to  receive it , th e  mould is 
opened, the  casting  ejected, th e  ta n g  rem oved, 
th e  cycle of operations is now repeated , each 
m ovem ent being effected by ap p ro p ria te  cam- 
mechanism . The composing m achines, of which 
th e  L inotype and  th e  M onotype a re  th e  m ost 
notable exam ples, a re  developm ents of th e  type 
casters.

A few specimens of th e  products of these 
m achines will be of in te re s t to  foundrym en, 
whose usual work is of such d ifferen t ch arac te r, 
one specimen only will be specially m en tio n ed ; 
a M onotype type, one-sixth of an  inch-square 
sectiop. On th is  small su rface th e  whole of the  
L ord’s P ra y e r  is cast, th e  definition being per­
fect, as viewed u nder a low-power microscope.

A t the  o ther end of th e  scale of castings for 
p rin te rs  th ere  is th e  stereo type foundry . In  the  
office of one g re a t London daily  new spaper no 
less th a n  40 tons of m eta l is cast in to  p lates (all 
of which are  of o u ts tand ing  m erit as to  w ork­
m anship) n igh tly . B ullet casting  was probably 
th e  n ex t operation  in  which die casting  was 
em ploying in  an  extensive way.

A nderson and Boyd, in an A m erican E xchange 
P ap e r to  th is  In s titu te *  gave an  excellent classi­
fication, and C apt. George M ortim er adopted  
th is  in  his P a p e r f  in  1926; i t  was as follows: —
( a ) Slush ca s tin g ; (b ) g rav ity  c a s tin g ; (c) cen­
tr ifu g a l c a s tin g ; ( d ) corth ias c a s t in g ; and
(e) pressure casting . C artlan d , in  a lec tu re  to 
th e  Coventry E ng ineering  Society, 1928, 
expanded th is , as set ou t in  Table I .

Die casting  can be classified in to  two m ain  
divisions, i.e ., pressure die casting  and  g rav ity  
die casting , b u t before passing on to  discuss 
these in de ta il i t  is proposed briefly to  describe 
th e  th ree  o ther processes.

* Proceedings, “ Inst. British  Foundrym en,” Vol. X V  I I . p. 4 6 . 
t  JournaV, “ Inst, of M etals,” Vol. X X X V , p. 371.



Slush Casting.
The first is slush casting , which is used for the 

production of articles of decorative ra th e r  th an  
engineering value, such as toy soldiers, s ta tu ­
ettes and chandelier fittings. The m etal is 
poured in to  the  mould, and th e  mould is then  
alm ost im m ediately inverted  and the m ajority  
of the  m etal poured out again , b u t a th in  lining 
solidifies against the  cool surface of the  mould, 
thus producing a ligh t hollow casting  w ithout 
any elaborate m ethod of “  coring .”

Table 1.— Classification of Die Castings.
Slush f  Tin base
Centrifugal Tin-antimony

'Plunger*» Lead base ' copper;
„ T, I hardened 

! _ Z in c  B a s e  ^  C o p p e r>  a l u m i .

,  . „ , I nium hardened| All above
Air Aluminium

(_Alloys _
f  All above

J Aluminium alloys
| Aluminium bronze :
[_Cast iron

Centrifugal Casting.
This is a m ethod by which cen trifugal force 

is employed to  bring  pressure to  aid in the  fil­
ling of the  mould. I t s  application  is very 
lim ited indeed, b u t castings of very close, even 
g ra in  can be produced.

Corthias Casting.
A m easured am ount of m etal is poured into 

the mould and  a tigh tly -fitting  core a ttached  to 
a plunger is th en  im m ediately forced in to  the 
mould w ith pressure. This gives the  effect of 
pressure die casting , b u t th e  process is na turally  
lim ited to  the  com paratively few designs in 
which th e  pressure can be applied by the  inser­
tion  of the  core.

Pressure Die Casting.
This is one of the  two m ain divisions of the 

die-casting industry , and by pressure methods

269

Corthias

P r e s s u r e

G r a v it y



270

eastings can be produced w ith  a h igh  degree of 
finish, a rem arkable dim ensional accuracy, and 
w ith  holes correctly  spaced, tru e  to  size, w ith 
in te rn a l and  ex te rn a l screw  th reads, w ith  bushes 
and inserts placed as requ ired  and  cast a t  a g re a t 
speed, when once th e  dies have been correctly  
designed, m ade and tested .

The a p p a ra tu s  used is sim ple in  p rincip le. 
Im agine a m elting-pot form ed essentially  like a 
te a p o t; the  vessel is filled, or nearly  so, w ith 
m olten m etal, th e  lid  is replaced by a  p lunger, 
the  mould or die is a ttach ed  firmly to  th e  spou t; 
a sharp  app lica tion  of pressure to  th e  p lunger 
forces a supply of m olten m eta l up  th e  spout 
and  in to  th e  die, which is so a rran g ed  as to  be 
capable of ready  opening fo r th e  release of the  
casting . A sm all hand-opera ted  m achine, 
p a ten ted  in  1872, w orked exactly  on these lines, 
and, a lthough  m odern m achines of th e  p lunger 
type  have become relatively  com plicated in 
design, th e  same general p rincip le  applies.

The general equipm ent fo r die casting  by th is  
m ethod usually  includes several m elting-pots, 
norm ally of cast iron , and  gas- or oil-heated, 
placed handily  fo r supplying m olten m eta l to 
the  ac tua l casting-m achine, w hich has a  reser­
voir con ta in ing  m etal, k ep t h o t by gas-burners, 
enclosed in  a cham ber lined w ith  firebrick.

The pum p w ith  p lunger is a ttach ed  to  the  
reservoir and the  p lunger is operated  by m eans 
of a  long lever. The mould or die is fastened  
to  a sw inging or h inged p la te  and  is b ro u g h t 
in to  com m unication w ith  th e  spou t by sw inging 
the  p late  in to  position and fa s ten ing  w ith  clips 
The mould, being in  two p a rts  a t  least, is held 
together by m eans of a togg le-jo in t which adm its 
of quick release, th u s  p a rtin g  the  m ould. The 
p a rts  of the  mould are  k ep t in  reg is te r by m eans 
of dowels. Holes in  th e  casting  a re  form ed bv 
m eans of cores which a re  removed by rack-and- 
screw m echanism . In te rn a l th read s  a re  formed 
by m eans of screw cores and ex te rn a l ones by 
screwed collars. The a ir  is displaced by th e  in ­
coming m etal th rough  vents which a re  placed a t 
suitable positions—th e  success of any p a rticu la r



casting  often depends largely 011 skilful venting  
of the  die. The vents themselves are  frequently  
very th in , fla t apertu res th rough  which a ir  can 
pass, h u t on account of th e ir  small sectional area 
the m etal is unable to  follow.

Dies are  generally of steel—the  m ain portions 
of m ild steel, th e  special p a rts  of alloy steel, 
such as nickel chrome, w hilst as much of the 
body of th e  die as can be, is made of cast iron. 
The choice of m ateria l is controlled by the  class 
of alloy to  be used and  th e  character of the 
casting.

The operation  of casting  in  a plunger type of 
m achine is as follow s:— The reservoir is filled 
w ith  m olten m etal and the  lip  of th e  nozzle 
cleaned from  dross and partly-solidified m etal. 
The die is opened, cleaned, oiled, and, in  some 
cases, dusted  w ith F rench  chalk, cores are racked 
and  screwed in to  position, and inserts or bushes 
placed in  position. The die is then  closed and 
by m eans of the  p late, on which i t  is fastened, 
is b ro u g h t w ith the  ap ertu re  pressed close 
aga in s t the  nozzle of the  m etal reservoir. The 
stroke of th e  p lunger is ac tua ted  by a bell-crank 
lever, the  long arm  being m anipu lated  by the 
operator. The k ind of pull on the lever is very 
im p o rta n t; in  some cases a sharp  stroke is neces­
sary, w hilst in others a steady, strong follow- 
th rough  is required . The workmen become re­
m arkably skilful in  m ain ta in in g  th e  k ind  of pull 
to  give th e  best resu lt as well as in  general 
m anagem ent of the  whole m achine. The dies 
and cores are  generally w ater-cooled; the  ad ju s t­
m ent of the  rate-of-circulation  to  m ain ta in  the 
best d ie-tem pera tu re  is im portan t.

A fte r com pletion of th e  casting, the  spout is 
severed and removed and th e  mould opened, a 
set of ejector-pins which lie flush w ith  the  sur­
face of the  die is operated  and th e  casting 
gently pushed o u t im m ediately a fte r  solidifica­
tion . The m arks of these ejector-pins are ju s t 
visible on practically  all zinc-base die castings. 
The die is now ready  for a fu r th e r  cycle of 
operations. The casting  is given a prelim inary 
inspection and then  passed on for trim m ing,
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polishing, p la ting , etc., if  requ ired , before final 
inspection.

The p lunger-type of pressure die casting  
already  described is su itab le  for all alloys of 
low m elting-point, th a t  is, up to  abou t 450 deg. 
C ., and  u nder th is  bead ing  a r e : —

(1) All tin-base alloys fo r bearings of every 
description. This section of th e  d ie-casting  in ­
dustry  is one which is alm ost complete in  i t s e l f ; 
castings can be produced w ith  g re a t precision 
and excellent finish. The sub jec t of die-cast 
autom obile-bearings is one which will probably 
be well known to  the  mem bers of th is  con­
ference.

(2) Special tin -an tim ony  alloys, which are  used 
for gas-m eter parts . These also produce castings 
of a h igh degree of accuracy and  finish.

(3) A ntim on ia l lead alloys fo r b a tte ry  p lates, 
grids, and  te rm ina l n u ts  for ba tte ries , and  also 
for ce rta in  w eather-resisting  w indow -fittings and 
other special purposes.

(4) Zinc-base A lloys.—This is probably the  
largest class produced as pressure die castings in 
the  plunger-type m achine. T heir app lication  
covers a v ast range of engineering  and  general 
comm ercial work, as will be seen from  th e  speci­
mens exhibited . G ram ophone and  o ther m usical 
in s trum en t parts , wireless details , autom obile 
accessories, domestic artic les, cam era and cine­
m atograph fittings and  general in strum en ts .

There are  two m ain  classes of alloys u s e d : —(a) Z inc-hardened w ith  t in  and copper, and(b) Z inc-hardened w ith  copper and  alum inium . 
The ac tua l composition varies w ith  th e  work to  
bo done. Special more-complex alloys a re  some­
tim es used, b u t th e  following can be regardedas typ ical of th e  two classes co ncerned : (a)
Tin, 7 to  10 per c e n t . ; copper, 4 to  7 per c e n t . ; 
and zinc, balance, (b) Copper, 3 to  5 p er c e n t . ; 
alum inium , 4 to  4.5 per c e n t . ; and  zinc, balance!

In  general, Class (a) are  used w here dim en­
sional accuracy is of th e  g rea te s t im portance; 
Class (b) where s tren g th  and toughness a re  the 
chief consideration.
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The m ost notable con tribu tion  to  th e  avail­
able inform ation  on die casting a t  the  moment 
is th e  series of P apers presented  to  th e  In s titu te  
of M etals a t  th e  A utum n M eeting a t Liverpool 
in  Septem ber las t year. The P apers rep o rt work 
carried  ou t by the  B ritish  N on-Ferrous Research 
Association, w ith  th e  active support of the  De­
pa rtm en t of Scientific and In d u s tria l Research 
and th e  valuable co-operation of the  m anufac­
tu re rs  and th e ir  associations.

The P apers deal w ith th ree  d is tinc t sections 
of the  in d u s try :— (1) D ie-Castings Alloys of 
Low M elting-Poin t by Russell, Goodrich, Cross 
and Allen, under th e  d irection  of Professor C. H . 
Ddfcch, of Sheffield U n iversity ; (2) P roperties 
and P roduction  of Aluminium-AUoy D ie-Castings 
by A rchbu tt, Grogan and Jenk ins, under the 
d irection  of D r. W . R osenhain a t  the  N ational 
Physical L abo ra to ry ; and  (3) D ie-Casting of 
Copper-R ich Alloys by Genders, R eader and 
Foster, under th e  d irection of D r. H arold  Moore, 
of th e  R esearch D epartm en t, Woolwich.

The P ap ers  are  a rranged  in  th is order because 
i t  is considered th a t  i t  corresponds w ith the 
re la tive  m agnitude and commercial im portance 
of present-day m anufactu re . The first P aper, 
dealing w ith alloys of low m elting-point confines 
itself to  zinc-base alloys of two types : (a) Those 
in which th e  hardening-constituen ts are tin  and 
copper, and (b) examples of alloys employing 
alum inium  and copper as hardeners, o ther con­
stitu en ts , such as nickel, cadm ium , lead and 
m agnesium , have been in troduced as individual 
cases, as shown in Table I.

P ressure-casting  was employed th roughout. 
F la t test-pieces were made in  six teen alloys. 
The exam ination  was for tensile s tren g th , h a rd ­
ness, bending, porosity, and also as to  the  effect 
of casting  tem pera tu re , tem pera tu re  of mould, 
size of g a te  and ven t and type of pull on lever. 
F u rth e r, th e  effects on the  s tren g th  and on the 
perm anency of dimensions a fte r  atm ospheric 
ageing and of accelerated ageing by th e  action 
of ho t a ir , hot m oist a ir  and steam  a t 100 deg. C. 
were examined.
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The form  of test-piece p a rticu la rly  in  respect 
to  th e  rad iu s a t  th e  ju n c tio n  of head and 
paralle l portion  is m ost im p o rtan t. The pieces 
having a  small rad iu s  broke a t  th e  shoulder. 
I t  was found th a t  th e  m ost su itab le  form  was a 
2-in. parallel te s t leng th  w ith  1.5-in. rad ius.

The alloys of th e  second class, hav ing  alu ­
m inium  and copper as hard en er, have about 
tw ice th e  tensile  s tre n g th  of those in  which 
copper and  t in  a re  so employed, tog e th e r w ith 
w hat is perhaps of m ore im portance, a useful 
m easure of d u c tility  and  toughness. V aria tions 
in th e  size and  form  of ga te  w ith in  reasonable 
lim its w ere found  n o t seriously to  affect the 
s tren g th  of th e  test-pieces, b u t, as was shown in 
th e  discussion, a re  of im portance in  connection 
w ith in d u s tria l p roduction . T em peratu res of the  
m etal in  th e  b a th  d id  n o t g rea tly  affect tensile- 
s tren g th  of test-p iece casting , b u t h igh tem pera­
tu res  gave rise to  surface pinholes.

I t  was elicited  in  th e  discussion th a t  th e  re la­
tive tem p era tu re  of the  b a th  and  mould is of 
im portance; w ith  m oderately  low tem p era tu re  
in  the  m etal b a th  and  a w arm  m ould good 
results are  obtained  in  usual circum stances. The 
type of pull leaves m uch to  th e  skill and  d is­
cretion  of th e  operator, who from  experience 
learns th a t  some castings requ ire  a short, sharp  
pull and  others a sustained  and  steady follow- 
th rough . V aria tio n  in  ac tua l composition in  the 
casting  was shown to  have been ob tained  by 
m anipu la tion  of the  lever when casting  m etal 
w hilst passing th rough  the  long tem pera tu re - 
range of solidification.

I t  was found  th a t  th e  alum inium -copper- 
hardened alloys a re  more difficult to  cast, requ ir­
ing  a stronger action  on th e  lever, and  in  th is, 
commercial m an u fac tu re  had  advanced beyond 
the  resources a t  th e  disposal of research  and 
had overcome the  difficulty. The influence of 
the  ex te rn a l surface which is chilled is very 
g re a t on th e  s tren g th  and  hardness of th e  cas t­
ing. M achining aw ay th e  surface a lte rs  the 
conditions in  a serious m anner.

*
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Permanence of Zinc Base Die Castings.
I t  was shown th a t  the  prejudice against 

alum inium -copper-zinc alloys, which formerly 
existed, is n o t justified  in  th e  high-grade alloys 
now being produced, and th a t  so fa r  as can be 
au tho rita tive ly  determ ined there  is little  dif­
ference between the  two types of alloy under 
exam ination . I t  was fu rth e r pointed ou t th a t  
a copper-tin-zinc alloy casting  of a difficult 
design had been in  use as a com ponent of a 
commercial in s trum en t for seven years, and
T a b l e  I I .— Composition of Alloys under Investigation.

Zinc Base.

Alloy.
Mark. Cu Sn Al Ni Pb Mg Cd Den­

sity.

6 RM 3.17 5.67 0.41 _ _ _ _ 7.148
7 RM 3.16 7.40 0.36 - — — — 7.143
8 RM 3.72 9.73 o:98 - — — — 7.085
9 RM 3.07 13.83 0.44 - — — — 7.070

10 RM 3.11 22.31 0.29 - — — — 7.202
11 1.2 9.7 0.98
12 1.06 8.35 0.37 1.09 — — — 7.131
13 3.66 9.65 0.86 — — — 0.97 7.128
14 2.72 — 3.95 — — — — 6.77
14B 3.07 0.28 4.64 — — — — 6.73
15 5.14 — 4.16 — — — — 6.85
16 7.02 — 4.02 — — — — 6.905
17 3.03 — 3.87 — 0.80 — — 6.78

17 AC 3.04 — 3.44 — 0.75 — — —
2 AE 3.02 — 4.07 — — 0.095 — —
2 AH 2.94 — 4.02 — — 0.107 — —

although required  to he accurate  to 0.001 in. 
was found to  be no t sensibly altered  in dimension 
or form.

I t  is found th a t  porous castings are more 
liable to  dim ensional change th an  sound castings. 
The ra te  of grow th depends prim arily  on the 
condition of th e  casting—namely, its  size and 
shape, its  mass per u n it  of surface, its porosity, 
crystalline size, etc. ; w hilst the  effect of com­
position alone is (w ithin fa irly  wide lim its) com­
paratively  small. I t  is considered th a t  the 
presence of ce rta in  im purities adversely affects



the perm anence of die castings in  these alloys 
in add ition  to  increasing the  difficulty in  the 
ac tua l casting  operation.

The second class of die castings, th e  alum inium  
alloys, so ably investigated  by A rch b u tt 
and his co-workers, is of increasing  in te res t. 
In  th e  investigation  grav ity -feed  was employed 
th roughou t, b u t here again  comm ercial p rac­
tice under scientific guidance is rac ing  ahead 
of research reports, and  pressure-feed is being 
employed w ith  s trik in g  success. N a tu ra lly  there  
is much to  le a rn ; unexpected  difficulties a rise ; 
extended experience in  tool and  m achine design 
as well as m an ipu la tion  is dem anded.

F ive alloys were employed in  th e  N atio n a l 
Physical L abora to ry  in v es tig a tio n ; th e  object 
was twofold. F ir s t  to  exam ine th e  p roperties 
of the  products and determ ine th e  best m ethod 
of p roduction . Second to  explore th e  phenome­
non of hot-shortness, w hich is th e  ever-present 
cause of anx ie ty  in  production . The alloys were 
4 per cent, copper, 8 per cent, copper, 12 per 
cent, silicon, 4 per cent, copper plus 3 per cent, 
silicon, and  Y-alloy (copper 4 per cent, nickel 
2 per cent., m agnesium  1.5 per cen t.) . Two 
types of casting  have been in v e s tig a te d : (a) a 
shouldered test-piece of c ircu la r section su itab le  
for te s tin g  d irec t w ithou t m ach in in g ; (b) a 
hollow tu b u la r casting , requ iring  use of cores in 
m oulding, and incorpora ting  flanges and  changes 
of section, fea tu res  which cause difficulties in 
casting. Design and tre a tm e n t of moulds, and 
conditions of w orking in  respect to  m ould-tem - 
pera tu res, pouring , s trip p in g , etc., and  th e  effect 
of the  d ifferent alloy compositions on these are 
described, together w ith  th e  te s tin g  and  p roper­
ties of th e  castings obtained. To overcome de­
fects due to  air-locks, sh rinkage, stick ing  of 
cores, etc., very carefu l control of th e  w orking 
conditions was necessary, includ ing  m etal and 
mould tem pera tu res, ra te  of pouring , in terval 
between filling th e  mould and  operations of 
draw ing cores, opening the  mould and  strip p in g .

By m eans of a p ractised  team  of w orkers these 
operations were carried  ou t w ith  the  degree of
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accuracy needed, and  considerable success was 
thus obtained. Satisfac to ry  castings were p ro­
duced in the  tu b u la r form  from  all th e  alloys 
studied . W ith  th e  test-piece form  castings of 
sa tisfac to ry  m echanical s tre n g th  were obtained 
in “ Y ’’-alloy, 12 per cent, silicon and  4 per 
cent, copper, plus 3 per cen t, silicon, b u t less 
sa tisfac to ry  resu lts were obtained  w ith  th e  b inary  
copper-alum inium  alloys owing to  hot-shortness.

The moulds were of grey cast iron  annealed , 
and the cores from  w rought 3-per-cent, nickel

Table IV.—Mechanical Properties of Die-cast Test- 
Pieces. Tested direct Without Machining.

Condition.
M.S. 

Tons per 
sq. in.

E.
Per cent, 
on 2 in.

“ Y ’’-alloy ..
Large Test-Piec 

/  As cast
e.

14-14.5 1.5-2
\  Heat-treated .. 17-17.5 2

Si 12 per cent. Modified 13-13.5 10
Cu 4 per cent, Si /  As cast 9.5-10 1.5-2
3 per cent. \  Heat-treated .. 14-5 2

“ Y ” alloy ..
Small Test-Piec 

f  As cast
e.*

14-14.5 1.5
\  Heat-treated . . 18-19 2

Si 12 per cent... Modified 13.5-14 10
Cu 8 per cent. .. As cast 9-10.5 3^1
Cu 4 per cent. Si /  As cast 9.5-10 4-5
3 per oent. \  Heat-treated . . 14.5 3

* Elongation measured on 1-in. gauge length.

steel. M organ crucibles were used. P y rom etric  
contro l was employed and  every p recau tion  was 
tak en  to  ensure un iform  conditions, an d  a de­
gree of scientific accuracy observed so th a t  any 
p a r t of the  experim ent m ay be repeated  under 
sim ilar conditions, a fe a tu re  which is so valu ­
able and  which is a ch arac te ris tic  of th e  work of 
the M etallu rg ical D ep artm en t of th e  N .P .L .

The moulds were dressed w ith  e i t h e r : — ( a) 
W hiting  11 lbs., plum bago 1 lb. and  w ater 
ga lls .; or (b) w hiting  11 lbs., w ater-g lass 18 fluid 
ozs. and w ater 4J galls. The cores were dressed
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w i t h P l u m b a g o  8 |  lbs., commercial rouge 
2± lbs. and w ater 4^ galls. The ra te  of pouring 
the  m etal was determ ined by tr ia l . O ver-rapid 
pouring causes air-locks, w hilst too slow pouring 
causes incom plete filling, cold shuts, bad skin 
and  flow m arks. The results of test-pieces are 
set ou t in  Table V.

These should be compared w ith results from 
1-in. chill-cast bars.

The test-bars were cast in form , thus avoiding 
subsequent m achin ing ; all w ent well excepting 
the  two b inary  alloys of alum inium  and copper. 
These were weak, or hot short, and, due to  con­
trac tio n  on solidification, suffered before they 
could be stripped  (see F ig . 1). The typ ical cast-

Table V.— Comparative Tensile Properties of the A lu­
minium Alloys Investigated, in the Form of 1 -in. diam. 

Chill-cast Bars.

Alloy.
M.S. 

Tons per 
sq. in.

E.
Per cent, 
on 2 in.

Cu 4 per cent., Si 3 per cent. .. 12 5
“ Y ” alloy .......................... 14 2
“ Y ” alloy (heat-treated) 20 5
Cu 4 per cent. 10 12
Cu 4 per cent, (heat-treated) 16 22
Cu 8 per cent. 10 4
Si 12 per cent, (modified) 14 12

ing was well chosen; i t  gave excellent com para­
tive resu lts and  in troduced m any of th e  diffi­
culties which occur in  commercial or works prac­
tice. I t  is ce rta in  th a t  th e  team  of skilled 
workers who p repared  the  specimens appreciate 
the troubles of the  works production m an very 
thoroughly.

Tubular Castings.- The general form of cast- 
iron mould is shown in the  illu s tra tion  F ig . 2. 
A lter experim ental work a set of conditions was 
reached which enabled the  operators to  over­
come such difficulties as incom plete filling of the 
mould, stick ing  of cores, air-locks, cracking and 
breaking and in te rn a l and external shrinking. 
To effect th is  i t  was found necessary to  regu late  :



(1) T em perature of the  mould ; (2) tem pera tu re  
of the  m etal on pouring  ; (3) tim e tak en  to  fill 
the  m ould; (4) period of w aiting , if any, before 
draw ing cores a f te r  solidification had occurred ;

•280

F i g . 1.

and  (5) period of w aiting , if any, before final 
stripp ing .

The Y-alloy gave less troub le  th a n  th e  others, 
as i t  was less ho t-short and  gave a g re a te r  la t i­
tude as regards tem p era tu re  lim its . The 12-per-
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cent, silicon alloy is rela tively  tough a t  high 
tem pera tu res, bu t is subject to  localised 
shrinkage.

F igs. 3, 4, 5, 6 and 7 illu s tra te  the  difficulties 
encountered in the  production of the  tubu la r 
casting . The tests  carried  ou t on these castings 
w e re :— (1) Tensile te s ts ; (2) density m easure­
m ents ; (3) microscopic and visual exam ination 
of sections ; and  (4) porosity tes ts  w ith w ater 
and  w ith  petro l under pressure. The results of 
tensile te s tin g  are  set ou t in Table V I : —

Table VI.— Mechanical Properties of Tubular Castings.

M.S. B.
Alloy. Tons per Per cent.

sq. in. on 0.44 in.

“ Y ” (as cast) 13.2 3.5
“ Y ” (heat-treated) 15.0 3
Cu 4 per cent, (as cast) 10.0 10
Cu 8 per cent.. 12.5 6
Si 12 per cent. 11.6 7

(modified)
Si 12 per cent. 10.6 8

(unmodified)
Cu 4 per cent., Si 3 per

cent. 10.7 2

The 12-per-cent, silicon and the  copper-silicon 
alloys yielded sound castings w ith good density 
values and an absence of cavities. All the cast­
ings were subjected to  a hydraulic pressure tes t, 
up to  1,000 lbs. per sq. in ., for 30 m ins. All 
w ithstood th is te s t w ithout leaking. M r. H . J .  
Lavender also perm itted  a t  his works a special 
te s t of all these castings (w ith the  exception of 
the copper-silicon alloy) w ith petro l a t  30 lbs. 
per sq. in. The 4-per-cent, copper alloy revealed 
a fine c ra c k ; the  others passed successfully.

Copper Rich Alloys.
The investigation  by Genders, R eader and 

Foster in to  the  die casting  of copper-rich alloys, 
dealt w ith a large range of alloys which had 
e ither been in ac tua l in dustria l use, or, from 
th e ir  known properties, offered a prom ising field 
for selection of m ateria l for th is  work. The



selection of mould m ate ria l was also investigated  
w ith  g re a t care. I t  was shown th a t  low carbon 
and  general engineering  steels were rap id ly  
a ttacked . H igh-carbon and h ea t-resisting  steels

S e c t io n  - x . y - '<z S e c t i o n  - P Q

% S ection

• v - w

F i g . 2 .

withstood the  action  of th e  m olten m etal, both 
still and in rap id  m otion, fa irly  well, b u t the  
h ighest-grade alloy-steels were requ ired  fo r severe 
service. C ast iron  in con tac t w ith  alum inium - 
bronze is requ ired  to  be low in phosphorus.

I
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The alloys used in  th e  very large series of 
tes ts  were : —A series of chill-cast test-bars was 
prepared under varied conditions and the ir 
mechanical properties closely investigated and

F i g . 4 .

compared w ith die-cast test-pieces, both fiat and 
round.

The chill castings w e re :— ( a )  A lum inium - 
bronzes w ith  added iron ; (b) alum inium -bronzes 
w ith added nickel and w ith nickel and iro n ;
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(c ) alum inium -bronzes con ta in ing  m anganese 
and m anganese and iron ; (d) complex alum inium  
bronzes ; (e) brasses w ith added iron  ; (f) brasses 
contain ing  nickel ; (g) h igh-tensile brasses ; and 
(h) niekel-brasses w ith added alum inium .

These were cast a t  about 150 deg. C. above 
the  liquidus of th e  alloy in to  a cast-iron  stick- 
mould g iving a casting of about 1 in. d ia ., 8 in. 
long, w ith a ta p e r of 0.1 in . The die-cast test- 
pieces were made so th a t  a round  and  a  flat 
test-piece were a ttached  ; one end was elongated 
in each case, which enabled a piece to  be cu t 
off for o ther tests. These were :— (1) A lum inium -

F i g . 5 .

bronze ; (2) alum inium -bronze, w ith  vary ing  p er­
centages of iron ; (3) alum inium -bronze con ta in ­
ing 2 per cent, of lead ; (4) alum inium -bronze 
contain ing  7.5 per cent, of n ickel; (5) alum inium - 
bronze contain ing  iron  and m anganese; (6) high- 
tensile brass (copper 58, zinc 35, a lum inium  3, 
m anganese 4 per cent.) ; and  (7) alum inium - 
nickel-zinc-copper alloy.

All of these alloys were also used in  th e  p re ­
p ara tio n  of die castings using moulds of various 
design as in  commercial p rac tice . The alloys 
contain ing  zinc showed less “  flu id ity  ”  th a n  
those based on “  alum inium -bronze,”  and  con-



sequently requ ired  in some moulds a ru n n er of 
la rger cross-section.

The resu lts of the  exploratory  work suggest 
th a t  a large range of useful alloys is available 
for ad ap ta tio n  to  die-casting m anufactu re , fu l­
filling requirem ents for m ateria ls e ither of low 
stren g th  or high ductility . The alloy contain­
ing 1.5 per cent, of alum inium  w ith iron and

285

Fig. 6.

manganese was observed to  give particu larly  
good surface-quality .

The effect of added iron up to  about 4 per 
cent, on “  alum inium -bronze ”  is to  increase the  
m axim um  proof-strëss and tens ile-strength  of 
the  die-cast alloy. N ickel added to  th e  ex ten t 
of about 10 per cent, raises the  m axim um  proof- 
stress to  a g rea te r ex ten t, b u t is accompanied 
by a m arked lowering of the  ductility . The 
addition  of iron and nickel together to  12-per-



cen t. “  alum inium -bronze ’ produces a strong  
alloy hav ing  a  tensile  s tren g th  of about 50 tons 
sq. in  ; th is  type  of alloy was th e  only one 
tested  showing" d is tin c t liab ility  to  crack ing  in 
th e  double test-p ieee m ould. The to ta l sh rink ­
age of th is  alloy (about 2.4 per cen t.) is g rea te r 
th a n  th a t  of a ll th e  rem ain ing  types tested  
(“ alum inium -bronze ”  abou t 2 p e r cen t., h igh- 
tensile  b rass abou t 1.9 per cen t.) , and  its  u tili ty  
would probably be lim ited  to  castings of simple 
form . “  A lum inium -bronze ”  is weakened 
slightly  by th e  add ition  of lead, w hich also 
appears to  in troduce sm all surface defects. The 
high-tensile brass included in  th e  te s ts  showed 
m echanical qualities as h igh  as those of th e  alloys 
re la ted  to  “ alum inium -bronze.”  The nickel- 
brass (Cu-Zn-Ni alloy), con ta in ing  alum inium , 
gave a  h igh ra tio  of proof-stress to  b reak ing  
load. The m achin ing  qualities of th e  alloys have  
n o t been considered in  d e ta il, b u t none of th e  
castings m ade gave any  g rea t difficulty in  tu r n ­
ing or saw ing. The alum inium -bronze ”  con­
ta in in g  lead  appeared  sligh tly  easier to  m achine 
th a n  th e  o ther alloys.

M any te s ts  on brasses, 70 Cu : 30 Z n  ; 
60 Cu : 40 Z n ; and  55 Cu : 45 Z n ;  each w ith  
added alum inium , were m ade w ith  bo th  60 per 
cent, copper and  70 per cen t, copper alloys 
w ith  about 4.0 p er cen t, of alum in ium  rep lacing  
a corresponding am ount of zinc, abou t 40 tons 
m axim um  load is obtained. Some com parative 
results of te s ts  of die-cast test-pieces a re  given 
in  Table V II.

The resu lts of these investigations, which were 
carried  ou t w ith  all th e  care  an d  precision of 
h igh ly-trained  w orkers in  th e  best scientific con­
ditions possible, confirm th e  a u th o r’s personal 
experience obtained in  prac tice . H e  finds th a t  
when a new die is p u t in to  operation  th a t  th e re  
is alm ost invariab ly  a period of t r ia l  w hilst 
small corrections a re  m ade, ad ju s tm en ts  of gates 
and  v en t effected, before th e  m ost sk ilfu l w orkers 
a re  able to  produce regu larly  an d  continuously 
satisfacto ry  eastings. As regards alum inium  
alloy, he is fa irly  convinced th a t  if  sa tisfac to ry
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castings canno t be produced u nder commercial 
m anu fac tu ring  conditions in  12-per-cent, silicon 
alloy, they  canno t be produced a t  all, for as a 
general ru le they are  less liable to  “ ho t-short- 
ness ”  ; they  are  easier to  cast, have good tensile 
streng th , generally g rea te r elongation  and  im ­
pac t values, and are more re s is tan t to  corrosion.

C apt. M ortim er compares alum inium -alloy die- 
castings produced by pressure and  g rav ity  
methods. In  his opinion g rav ity  castings will 
always have superior m echanical p roperties to  
those cast under pressure. This view is based 
upon the argum en t th a t  in  g rav ity  die castings
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F i g . 7 .

the flexibility of th e  pou ring -ra te  enables the  
crystalline shrinkage to  be tak en  up  by th e  au to ­
m atic  feeding from  the  m olten layer above. I n  
pressuie die castings th e  m eta l is shot in to  th e  
mould and th e  shell in  con tac t w ith  th e  walls 
of the die solidifies in s tan tly , leaving a space 
between two th in  castings which sets to  an  open 
porous s tru c tu re  w ith in  a beau tifu lly  finished 
ex terio r.

F rom  th is  i t  would appear th a t  ( a ) g rav ity  
die castings are  p referable when th e  m echanical 
properties of the  finished casting  a re  th e  chief 
consideration and (b) pressure die castings are  to
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be preferred  where accuracy of dimension and 
the  elim ination  of m achining are of first im­
portance.

In  spite  of these conclusions, w ith which one 
is bound to  agree in  some m easure, the very 
m arked success achieved by the a u th o r’s works 
in the  production of die castings in air-pressure 
m achines m akes one feel th a t  there  is little  to  
be desired as to  soundness of castings when 
prepared under the  best conditions. Much in ­
d u stria l research has been done to  overcome all 
the  difficulties by the  Doehler Die C asting Com­
pany in  th e  U .S .A ., by some firms on the  Con­
tin en t, and by the  au th o r’s colleagues in  F ry ’s 
M etal Foundries, L im ited.

Table VIII:

M.S. 
Tons per 

sq. in.

E.
Per cent, 
in 2 in.

Impact.
Ft.-lbs.

Specifi­
cation.

3L .11. . 9-1H 3-4 1.2-1.6 2.87
2L.5 .. 11-15 3-9 2.5-3.0 3.01
11 per 

cent. 
Si
mod. 13-14 10-15 6-8 2.66

A ir-pressure m achines are also employed with 
the m ost g ra tify in g  results w ith zinc-base alloys, 
especially those of the  copper-alum inium - 
hardened series, which possess h igh  tensile 
stren g th  w ith  good elongation. Some general 
working d a ta  for alum inium  pressure die cast­
ings is given by the  Doehler Company as u n d e r : 
M axim um  w eight, 5 lb s .; m axim um  lim its for 
wall thickness, ^  in. for sm all castings and 
a in. for large ca s tin g s ; variations from  drawing 
dimensions, 0.0025 in . per in . of leng th  or 
d iam ete r; holes, 0.093 in . m inim um  diam eter and 
no t deeper th an  1 in. (smaller holes may be 
“ spotted  ” ) ;  d ra ft, cores 0.075 in . in leng th  or 
d ia m e te r ; and side walls 0.005 in. These rules 
are good for general design purposes, b u t tbn 
lim its may be improved upon in certa in  cases.

i.
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I t  is largely due to the  work of D r. A. G. C. 
Gwyer, Chief M eta llu rg is t of th e  B ritish  A lu­
m inium  Company, th a t  th e  alum inium -silicon 
alloys have been developed so rap id ly . H e has, 
together w ith o ther em inent w orkers in  th is 
country  and in Germany and A m erica, studied  
w ith g re a t persistence th e  phenom enon know n as 
11 m odification.” I t  was found th a t  th e  addition  
of certa in  elem ents, particu la rly  sodium and some 
of its compounds, to  alum inium -silicon alloys 
when in th e  m olten condition caused a very 
m arked change in the  crystalline s tru c tu re  of 
the  m etal.

I t  was also found th a t  th is  m odification was 
accom panied by g rea tly  im proved physical p ro­
perties, to  a lim ited  ex te n t in  th e  tensile 
stren g th , b u t more p a rticu la rly  in  th e  elongation 
and  resistance of shock. These phenom ena 
belong to  th e  realm  of physical m eta llu rgy , and 
i t  is suggested th a t  mem bers who a re  keen to  
follow up th e  theore tica l consideration  of the  
subject should study D r. Gwyer’s P ap e r.*  
D r. Gwyer’s work emphasises the  value of the  
m ost advanced theoretical research  in  re la tion  to  
its application  to  industry .

The comparison between th e  modified 11-per- 
cent. silicon alloys and  th e  well-known in d u s tria l 
alloys 3 L . l l  and 2 L .5 as to  physical p roperties 
is shown in  Table V III .

I t  will be noticed th a t  th e  Izod im pact-figure 
shows a very m arked im provem ent. The to ta l 
linear contraction  is about th e  sam e in  each of 
these alloys, b u t th e  crystallisation  sh rinkage is 
much less in  th e  modified alloy. I t  is easier to  
make good castings as i t  fills th e  m oulds. I t  is 
not hot-short to  such an  e x te n t ; i t  is, therefo re , 
easier to  remove from  th e  mould. I t  is less cor- 
rodible th a n  m ost unmodified alum in ium  alloys.

M uch excellent work has been done w ith 
regard  to  these alloys by the  L ig h t Alloys Com­
pany, L im ited. M r. D eeley’s valuable P a p e r f  
on Alpax, d id  much to  in form  in d u s try  as to

* “ Journal, Inst, of Metals," Vol. X X X V I. 
t  Proceedings, Inst, of British Foundrym en, Vol. X X II.



th e  value of th is process in  the case of die cast­
ings as well as o rd inary  sand castings.

M agnesium  A lloys .—Two or th ree  years ago, 
M r. W . R . D. Jones presented an im portan t 
P ap er to  the  Royal A eronautical Society on 
“ M agnesium  and its  Alloys.”  In  i t  he com­
pared  th e  physical and m echanical properties of 
these alloys w ith those of alum inium  and also 
a  num ber of o ther m etals. The special a tt ra c ­
tions are  th e  low. density  and the  high specific 
heat, also th e  relatively  high conductivity  of 
hea t and elec tricity . M agnesium  is considerably 
ligh te r th a n  alum in ium ; i t  is 1.74 as compared 
w ith  2.7, w hilst th e  m elting points are  almost 
identical—651 deg. C. and 658.7 deg. C. respec­
tively.

M agnesium  in  th e  cast s ta te  is stronger th a n  
alum inium , b u t an  im portan t proposal of 
Rosenliain and A rchbu tt to  consider th e  “ spe­
cific tenac ity  ”  obtained by div id ing th e  tensile 
s tren g th  in  tons per sq. in. by the  w eight in 
pounds per cub. in. gave m agnesium  a much 
h igher value th a n  alum inium .

M r. E . P layer, of C oventry, recently reviewed 
a t  a jo in t m eeting of M etallurgical Societies a t 
B irm ingham  th e  properties of m agnesium  cast­
ings. H e s ta ted  th a t  by pressure die casting 
these alloys can be produced in fine sections. 
The s tren g th  of castings in  m agnesium  alloys 
is increased by forging. I t  is claimed th a t  the  
physical properties are  g rea tly  im proved by the  
addition  of calcium. Chill castings th u s  modi­
fied by th e  process invented  by M’. G. Michael 
are  said to  have lost the  characteristic  coarse 
g ra in  and to  have assumed a so-called fibrous 
condition. In  th is  s ta te  both therm al and elec­
tr ica l conductiv ity  a re  said to  be enhanced. The 
m etal tre a te d  by th is  process by th e  M axium  
Company is used for pistons w ith g rea t success

The well-known alloy, elektron, used largely 
by Germany d u ring  the  w ar for a irc ra ft, con­
ta in ed  from  5 to  6 per cent, zinc, together w ith 
small proportions of copper, alum inium  and iron, 
gave good chill castings, having a tensile streng th  
of 12 to  14 tons per sq. in. ; i t  forged and pressed
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well, and was capable of h ea t tre a tm e n t. M ag­
nesium  w ith  6 per cent, of a lum inium  is found 
to  be a good useful alloy. C asting  and m achin­
ing m agnesium  and  its alloys a re  a tten d ed  w ith  
m any workshop difficulties ; no t th e  least is th e  
inflam m ability of the  tu rn in g s  and fine cu ttin g s 
of th e  m etal. E lek tron  car and  tro lley  wheels 
are  largely used in  Germ any.

The circum stances connected w ith th e  produc­
tion  of die castings a re  such th a t  th e  industry  
never came in to  th e  hands of th e  orthodox 
foundrym an as a  p a r t  of his regu la r p ractice. 
I t  may in  view of th is  fa c t be well to  consider 
for a m om ent th e  type  of labour engaged.

D ie D esign .—This w ork is th e  m ost im p o rtan t 
of all, as engineering  draugh tsm en  of g rea t 
ingenu ity  and  experience a re  needed. They 
m ust possess im ag ination  as well as knowledge 
of p roperties and behaviour of th e  m etals w hilst 
in th e  fluid and  tran s itio n a l stages to  complete 
solidification. They m ust be adap tab le  and  have 
th e  knack of in te rp re tin g  th e  ideas of th e  cus­
tom er who sometimes asks for an a rtic le  which 
is e ither im practicable or a t  least uneconomic.

N ex t is th e  die-m aker, who m ust be a high- 
class f itte r and m achinist, who m ust be able to  
make ad justm en ts in  difficult conditions, and  to  
an tic ipa te , as well as to  overcome, “  snags ”  in 
production.

F inally  the casters. I t  is a  m istake to  
im agine th a t  tools and  m achines can be m ade so 
fool-proof th a t  any unskilled or casual opera to r 
can produce good, sound castings a t  an  economic 
ra te . A capable and experienced caste r is a 
valuable m an.

The m eta llu rg ist has n o t been m entioned, b u t 
i t  is w orthy of note th a t  th e  m en in  charge of 
all successful die-casting establishm ents are  
h igh ly-tra ined  m eta llu rg ists w ith  a good know­
ledge of engineering practice  or engineers w ith 
a sound knowledge of m etallu rgy . In  such cases 
a full use and appreciation  of th e  laboratory  
follows inevitably.

I t  is with a feeling of g re a t g ra tifica tion  th a t  
the au tho r is able to  rep o rt th a t  his company,
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Messrs. F ry ’s, recently  acquired a new process 
in th e  m an u factu re  of die-castings in  yellow 
m etals, which promises to  revolutionise th is 
section of the  industry . A t th e  mom ent of 
w riting  i t  is not possible to  give in tim ate  details, 
b u t i t  is an tic ipa ted  th a t  specimens will be 
shown a t  the m eeting and th a t  particu la rs of 
the  principle and methods will be available. The 
im provem ents and modifications have passed far 
beyond the  experim ental stage, and the  results 
in actual m anu fac tu ring  conditions are over­
whelmingly satisfactory .

DISCUSSION.
M r. A. H . Mundey, in presenting  his Paper, 

took the  opportun ity , as an  old friend  and 
com rade, to cong ra tu la te  M r. L am bert upon 
having a tta in ed  the  position of P res iden t of the 
In te rn a tio n a l F oundrym en’s Congress and of the 
In s titu te  of B ritish  Foundrym en, and also upon 
having been aw arded the  Oliver Stubbs Medal. 
I t  was a very g rea t pleasure, he said, to  find 
old friends and  colleagues so honoured by those 
w ith  whom they  had worked, and who were best 
able to  assess th e ir  value. M r. L am bert had 
a tta in ed  th e  respect of his colleagues in very 
full measure.

Special Steel Pots Used.Mr. A. J .  Shore, com m enting on M r. 
M undey’s reference to  the  solubility of 
alum inium  in cast iron, asked w hether, in  view 
of th a t , cast-iron pots were no t used for 
alum inium  pressure die casting, or w hether 
special cast-iron pots were used?
Mr. Mundey replied th a t  for pressure die cast­

ing he used pots made of steel of a very special 
character, and no t cast iron.

Relative Costs.
Mr. Henry Milner, discussing the pressure 

machine for die casting  of alum inium  bronze, 
said he had tr ied  the  use of alum inium  bronze 
grav ity -fed  die castings for the m aking of ball



race cages, brush  holders for elec trical m ach inery , 
and  products of th a t  k ind , and  had  found th a t  
sand castings coupled w ith  fac ilities for cheap 
m achining were cheaper th a n  grav ity -fed  die 
castings. The u sand cast ” job had  n o t so good 
a skin nor was it  as tru e  to  size as th e  one which 
had been die cast, b u t the  slow m ethod of p ro­
duction of the  la t te r  outw eighed these 
advantages.

H e fu r th e r  added th a t  w here a job could be 
sand-cast w ith a num ber of p a tte rn s  m ounted on 
a p late , and th e  castings afte rw ards tooled on 
au tom atic  chucking lathes, th e  final cost of p ro­
duction was lower th a n  th a t  of g rav ity -fed  die 
casting.

A New Die-Casting Process.
Mr. Mundey said  th a t  a t  p resen t th ere  were 

no m achines in  th is country  for th e  m aking  of 
die castings by th e  new process re fe rred  to  in 
the P ap er, h u t he was aw aiting  delivery of the  
first m achine. M r. P echal and him self had 
inspected the  new process in December, 1928, 
and had been nego tia ting  ever since ; th e  process 
had been modified ju s t a litt le , and  his Company 
had acquired  th e  B ritish  E m pire  righ ts . I t  
would be before the  public in  a very sho rt tim e, 
and he reg re tted  th a t  he was n o t yet able to  
invite those a tten d in g  th e  Congress to  see the  
process.

Mechanical Properties of Die Castings.
Mr. W. Cartland referred  to  th e  efforts th a t  

had  been made to  im prove th e  m echanical p ro­
perties of die castings. A t first, he said, die 
castings had a really  large sale. The zinc-base 
alloy die castings produced under pressure had 
a beau tifu l finish, b u t th e ir  physical p roperties 
were no t all th a t  could be desired ; th ey  were 
b rittle . G reat im provem ents were effected in 
the  zinc-base alloy die castings, so th a t  they 
were less b rittle , b u t from  th e  p o in t of view of 
m echanical p roperties they  were no th ing  special. 
A long tim e had elapsed before the  foundry  had 
been able to  produce pressure die castings in
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alum inium , applying the  pressure by m eans of 
a ir  instead of by p lunger, and th a t  represented 
a  g rea t advance ; there  was a g rea t difference 
between the  properties of the  zinc-base and 
alum inium -base alloy die castings. To obtain 
castings w ith h igher physical p roperties, however, 
i t  had  been necessary to  produce the alum inium - 
bronze or alum inium -brass g rav ity  die castings, 
which had definitely good physical properties, 
b u t w ith g rav ity  die casting one could not get the 
precision in finish th a t  was desired. I f  one were 
able, by th e  new process, to  produce, under 
pressure, die castings in alloys of the  yellow 
alum inium -bronze type w ith high physical pro­
perties and  first ra te  finish, i t  would appear th a t  
the foundry  had made ano ther g rea t advance.

Another New Process.
The P r e s i d e n t  said he had had the advantage 

of v isiting  G erm any a few weeks ago, and had 
seen in operation  th ere  a p lan t for the  m anu­
fac tu re  of yellow m etal die castings, the  machine 
used being, to  his m ind, unique. A rec tangu lar 
box, m ade of special steel, was suspended over 
the m olten brass or yellow m etal, the  m etal being 
contained in an o rd inary  plum bago pot. The 
rec tangu la r box was lowered in to  th e  yellow 
m etal and  filled itself by g rav ity . The box was 
then  lifted  out by m eans of a lever arrangem ent 
and was swung over and clam ped between two 
plates, one of which formed the orifice into the 
mould, the o ther being a blank plate. A ir was 
applied to  the rec tangu la r box contain ing  the 
m olten m etal, and by th a t means the  m etal was 
forced in to  the  mould. H e though t the 
ap p a ra tu s  was ra th e r  novel in its conception. 
H e was given to  understand  th a t  the contrivance 
was giving satisfaction , b u t he was to ld  th a t  
there  had no t been a very g rea t dem and up to 
th a t  tim e for pressure die castings in yellow 
m etal as compared to  the  dem and for gravity- 
poured yellow m etal die castings.

M r . M u n d e y  said he had heard of the process 
described by the P residen t. There had always 
been a tem p ta tion  to  adopt the vacuum method,



by which the  mould was exhausted  and allowed 
to  fill au tom atically . I t  was very difficult, how­
ever; the  filling m ust be very good, and  m ust 
he continuous.

The P k e s i d e n t  suggested th a t  M r. M undey 
m igh t have emphasised a litt le  m ore th a n  he 
had done the  necessity fo r constructing  th e  die 
so th a t  the a ir  was allowed to  escape from  it. 
One of the g re a t difficulties in die casting  was 
to  get rid  of the  a ir  in  th e  die, unless th e  die 
was properly constructed , b u t th e  difficulty had 
been overcome to  a large ex ten t. H e m entioned 
th is  m a tte r  for th e  in fo rm ation  of those who 
had broken up die castings, and  were not 
enam oured of them  because of th e  presence of 
one or two holes.

On th e  m otion of the  P res id en t, seconded by 
M r. Simm, a h earty  vote of thanks was accorded 
M r. M undey for his P ap er.



297

CRYSTALLINE GRAINS IN CASTINGS.

By Dr. Ing. A. Glazunov

[Presented ox Behalf of the Czecho-Slovakian Foundryhen’s Association.]
According to  Tam m ann, a crysta llite  is a 

crystal lacking in  erystallographically-oriented 
boundary-surfaces—th a t  is, w ithou t any definite 
crystallographie shape, the  so-called allotrio- 
morphic crystal, or o rd inarily  polyhedral grains. 
According to  Sauvenr, who expresses the 
A m erican view as to  the  conception of crystallite , 
i t  is a crystalline group or an  aggregate  of 
allotriom orphic crystals under the  condition, th a t  
they  rep resen t a definite complex, which may 
be described as “ D en d rite ,” “  S ta r ,”  “  C rystal­
line G ra in ,”  and so on.

As is evident, these two opinions as to  the 
conception of crystallite  are to ta lly  different. 
The view of Tam m ann, iden tify ing  the  concep­
tions of crysta llite  and of allotriom orphic 
crystal, m akes th e  denom ination of crystallite  
superfluous, and  the  definition of Sauveur is very 
ind istinc t. In  Europe Sauveur’s definition of 
crystallite  has spread very restric ted ly , whereas 
the opinion of Tam m ann has asserted itself.

The crystalline grains, of which norm ally a 
pure substance, obtained by m elting, is con­
s titu ted , are  homogeneous, which fac t m ay be 
concluded according to  the  reflection of the  ligh t 
from the  polished and etched surface of 
specimens. Every  g ra in  will have its  colour— 
white, black or grey (which is dependent on the 
direction  of its  optical axes in  comparison w ith 
the d irection of th e  optic ra y s ) ; b u t the  whole 
g ra in  will always be of one colour.

In  F ig . 1 th ere  is shown a m icrophotograph 
of pure iro n ; in  F ig . 2, th a t  of pure lead, and in 
F ig . 3, pure copper. As one m ay see from  these
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m icrophotographs, th e  crystalline g rains, of 
which norm ally pu re  m etal is constitu ted , are 
homogeneous and  polyhedral. This had  led to 
the  fac t th a t  conceptions of “ c ry s ta llite ,” 
“ allotriom orphic crystal ” and “ crystalline 
gra in  ” have become synonymous so fa r  as m etals 
are  concerned. Y et observing th e  macro as well

Fig. 1.—Microphotograph of Pure Iron. From “ Metaelographie,” by D r . W. Juertler.
as the  m icrostructures of some m etals under 
special conditions of crysta llisa tion—for instance, 
the  crystallisation  of zinc on th e  surface of iron, 
as in galvanised sheet (F ig . 4), or the  crysta llisa­
tion  on th e  surface of a pu re  antim ony casting  
(F ig . 5), th ere  is to  be seen a so-called “  s ta r-  
like ”  s tru c tu re , in which th e  m eta l-g ra in  is n o t
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homogeneous, b u t represents a considerably large 
q u an tity  (complex) of crystals, grown ou t from 
one crystallisation  cen tre . In  F igs. 4 and 5 
th ere  are  clearly shown the  physical hetero­
geneity  of the  individual star-like g rains and 
the  hom ogeneity of the  p a rticu la r rays.

A sim ilar s tru c tu re  m ay be also observed in 
the solidification of pure substances, crystallised 
in  th in  layers between two glass-plates, F ig . 6. 
H ere one sees not only a star-like stru c tu re , b u t

F i g . 2 . — M i c r o p h o t o g r a p h  o f  P u r e  L e a d . 
( I n s t i t u t e  o f  T h e o r e t i c a l  M e t a l l u r g y , 
P r i b r a m  Scnoou o f  M i n e s .)

also a ray-like s truc tu re . Such s tructu res 
are  often  obtained in th e  crystallisation  of pure 
substances. I f  there  is a crystallised substance, 
giving a solid solution, or if a pure substance 
has been crystallised from  some solvent 
(selective solidification by eutectics), then  in ­
dependently  of the  conditions of the crystallisa­
tion , one may obtain  e ither idiomorphic 
crystals, or dendrites, or also, as was in the case



300

in the  crystallisation  of pu re  substances, s ta r- 
like g ra ins or allotriom orphic grains.

Elementary Desiderata.
W h at can one definitely postu la te  as a c ry s ta l­

lite?  And to  which group should one leave 
S auveu r’s definition of “ group of c ry s ta ls ,” 
and where should one m ake use, according to  
Tam m ann, of th e  classification of c ry s ta llite  
and “ allotriom orphic crysta l ”  as synonymous

F i g .  3 .— M i c r o p h o t o g r a p h  o f  P u r e  C o p p e r .  
F r o m  “  T h e  M e t a l l o g r a p h y  a n d  H e a t  
T r e a t m e n t  o f  I r o n  a n d  S t e e l , ”  b y  
A. S a u v e u r .

te rm s? Is no t the  allo triom orphic crysta l only 
one of the  possible v a rian ts  of c ry s ta llite?  In  
order to  be able to  give reasons fo r one of these 
views as to  the  conception of cry s ta llite , i t  is 
proposed to  study  successively the  process of the  
form ation  of a crystal in  th e  c rysta llisa tion  of a 
pure substance, as well as in  c rysta llisa tion  from  
solutions. N orm ally, as is well know n, th e  
process of solidification takes place u nder the
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influence of two factors, which have th e ir  indi­
v idual values for every substance. These factors 
are  GK and K Z , th is  is, th e  linear crystallisa­
tion  velqcity (K ristallisatiosgeschw indigkeit) and 
the  num ber of crystallisation  centres (nuclei) 
form ing in  the  course of one u n it of tim e in  the 
u n it of volume (K ernzah l’s nucleus-num ber).

The crystallisation  velocity is o rd inarily  ind i­
cated  in  m illim etres per m inute, and th e  num ber 
of form ed crystallisation-centres per cm3 and 
m inute. I t  is self-evident th a t  for various 
crystallographic-axes of crystals there  also may 
be various values for K G  under the  same 
ex te rna l conditions. B oth these factors KG and 
KZ are  dependent on supercooling and th e ir 
in ter-re la tionsh ip  depends on th e  size of the 
crystalline g rains, and no t on th e ir  shape, as will 
be shown la te r. I t  is clear th a t  th e  fewer the  
crystallisation  centres form ed in  the  course of 
one m inute , and  th e  h igher the  linear crystallisa­
tion  velocity, the  la rg er th e  size of the  grains, 
and  inversely. In  o ther words, th e  size of the  
final g ra in s is directly  p roportional to  the  linear 
velocity of crystallisation  and, contrarily , 
proportional to  th e  num ber of crystallisation 
centres. The re la tion  between th e  supercooling 
tem pera tu re , betw een the  num ber of crystallisa­
tion  centres and the  linear crystallisation  
velocity (according to  Tam m ann) can be 
expressed as in  the  diagram  (F ig. 7).

Crystallisation of a Pure Substance.
D ependent on the  fac t how fa r  the  super­

cooling was carried , and  on w hether th e  m axim a 
of th e  crystallisation  centres and of th e  linear 
crystallisation  velocity a re  lying in  th e  same 
region, one obtains a fine-grained or a coarse­
grained  stru c tu re , or even glass-like struc tu re . 
In  m etals no one has yet succeeded in obtain ing 
th is las t type of stru c tu re . The question of the 
rationale  of crystallisation , a fte r  the  form ation 
of a crystalline cen tre  of a pure substance, has 
not yet been definitely solved. A rising from  th is 
are th e  following queries:
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(1) W hether th e  process spreads itself equally, 
th a t  is, w ith  the  form ation  of spherolite , or 
w hether the  action  proceeds according to  a  de­
finite o rien ta tio n , in accordance w ith  th e  crystal- 
lographic system of th e  su b s tan ce ; (2) w hether 
the  p roduct grown from  one c rysta llisa tion  cen tre  
will be physically homogeneous, th a t  is, mono­
crystalline or physically heterogeneous, or poly­
crystalline P

In  fac t, in c rysta llisa tion  processes th ere  has 
been observed in a series of substances, in add i­
tion  to  the  fo rm ation , of well defined crystals 
(for instance, d u ring  the  solidification of su lphur 
a f te r  th e  form ation  of a c ru s t has tak en  place 
on the surface, th is  c ru s t being broken and  the 
re s t of th e  still liquid  su lphur poured out, one 
finds in te rna lly  well defined acicular crystals, 
rep resen ting  th e  fo rm ation  of spherolites), for 
exam ple in  the  crysta llisa tion  of organic  sub­
stances, of some m inerals, or in th e  recrysta llisa­
tion  of glass, etc. As to  m etals, th e  question  of 
the  form ation  of m etal g ra ins rem ains unsolved.

T am m ann explains th e  fo rm ation  of these 
spherolites th rough  the  influence of surface 
tension  in th e  process of crysta llisa tion , th a t  is, 
th rough  the  re la tion  of the surface tension  a to  
the  crystallisation  forces. The au th o r has t r a n s ­
la ted  “ F es tig k e itsk ra fte  ”  as “  c rysta llisa tion  
forces,” because he is of opinion th a t  the  lite ra l 
tran s la tio n  forces of s treng th  would n o t be clear. 
By th is  te rm  one would und ers tan d  forces m a in ­
ta in ing  the cry stallo graphic form  of the crystal. 
I f  a is h igher th a n  / ,  th a t  is, if th e  surface 
tension is h igher th a n  the  c rysta llisa tion  forces, 
spherolites are  obtained. On th e  o ther hand , if 
a  is lower th an  /,  a c rysta l is ob tained  w ith  
regularly-defined surfaces. I f  th e  num ber of 
crystallisation  centres is sm all, and  the  
crystallisation  velocity re latively  h igh (im ­
m ediately below th e  freezing point) one m ay 
obtain  the  crysta llisa tion  of a la rg e r q u a n ti ty  of 
substance in th e  form  of one crysta l. T am m ann, 
in supercooling to  0.1—0.3 deg., definitely 
obtained, when crystallising  organic substances 
in glass tubes, crystalline cylinders, filling the
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whole volume and equally o rien ta ted  in each of 
th e ir  parts , th a t  is, each of them  constitu ted  
one crystal. Czochralski also obtained in his ex-

F i g . 4 .— M a c r o p h o t o g r a f h  o f  t h e  S u r f a c e  
o f  G a l v a n i s e d  I r o n  S h e e t . ( I n s t i t u t e  
o f  T h e o r e t i c a l  M e t a l l u r g y , P r i b r a m  
S c h o o l  o f  M i n e s .)

perim ents w ith the crystallisation  of m etals 
large allotriom orphic crystals. All these experi­
m ents show th a t  in the crystallisation  of pure
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substances one m ay ob ta in  spheroidal, as well as 
regularly  crystallised substances, yet thereby  the  
question is no t answered as to  how the  process is 
opera ting  in  m etals practically .

Crystallisation in a Block of Pure Metal.
In  the  norm al process of cry sta llisa tion  in  a 

m etal block, owing to  the  more rap id  cooling of 
the  ou ter walls, th e  first nuclei are  form ed on 
the face of th e  block in considerable q u an tities , 
alm ost contiguously. C onsequently, th e  crystals 
grow inw ards, th a t  is to  say, a t  r ig h t angles 
to  the walls of th e  block, and  only in  a sligh t 
degree in a vertica l d irection  in  reg a rd  to  th e  
la t te r , because th e  crystals , form ed from  
various nuclei, lying on the  sam e surface, will 
im pede th is  grow th. The resu lt of such a 
crystallisation  will be colum nar crystals, 
schem atically represen ted  in  F ig . 8.

W hen th is p rim ary  period of c rysta llisa tion  has 
proceeded so fa r  th a t  th e  th erm al influence of 
the  surround ing  space alm ost d isappears, th a t  is, 
when th e  tem p era tu re  of th e  rem ain ing  liqu id  is 
everyw here the  same, th e re  begins th e  fo rm ation  
of nuclei regu larly  d issem inated th ro u g h o u t 
all the  liquid phase ; the  grow th of th e  crystals 
will continue according to  F ig . 9. The 
crystallisation  u n its  form ed here a re  of a poly­
hedra l shape. As a final re su lt of th e  solidifica­
tion , tak in g  its  course according to  th is  scheme, 
one obtains a s tru c tu re  con stitu ted  of a series 
of columnal crystals ru n n in g  from  the  walls and 
closely touching one ano ther w ith  th e ir  long 
surfaces, w ith  th e ir  needle-shaped tops d irected  
tow ards the  in te rio r of th e  casting , and  a large 
q u an tity  of polyhedral crystalline g ra in s filling 
the in te rio r of the  block. Such a s tru c tu re  is 
shown in  F ig . 10, rep resen ting  th e  c rysta llisa tion  
of a block of brass.

I t  is tru e  th a t  brass is no t a pu re  substance, 
ye t because th e  block, designed in  accordance 
w ith its composition is lying w ith in  th e  lim its of 
a solid solution, th a t  one does n o t see the 
resu lts of liqu idation , one m ay use th is  m acro­
graph  as a su itab le  exam ple, because both kinds
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of crystalline g ra ins—colum nar and polyhedral 
gra ins—are homogeneous. In  th is  case there  
is a sim ilar s tru c tu re , as is norm ally the case 
w ith pure  m etals, w ith  th e  exception th a t  the 
size of th e  polyhedrons is larger. “W hat is the 
orig in  of these homogeneous gra ins?  According 
to  Desch, these gra ins are  produced from  the 
orig inal dendrites, whereby every dendrite  grows 
one g ra in , and  from  one nucleus one dendrite  is 
form ed. The scheme of producing grains, 
according to  Desch, is shown in F ig . 11.

Fig. 5.—Macrophotograph of Pure Antimony Casting. (Institute of Theoretical Metallurgy, Pribram School of Mines.)
Tschernoff also is of a sim ilar opinion, his views 

as to  the  form ation  of colum nar crystalline g rains 
being shown in F ig . 12. M any o ther au thorities 
have analogous views, S auveu r’s, for instance, 
being set ou t in  F ig . 13.

R osenhain, Tam m ann and Oberhoffer, whose 
opinions, i t  is though t, are  shared by most m etal­
lurg ists, have outlined the  fu r th e r  developm ent 
of the  dendritic  theory. They postu late th a t  in
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the  nucleus th e  elem entary  crystals a re  con­
s titu te d  according to  th e ir  crystallographic  axes, 
th a t  is, in the  form ation  of th e  g ra in  th e re  is 
always one properly  o rien ted  crysta l, w hilst 
its  final form  m ay be optional. H owever, all of 
th e  lim iting  lines will a rran g e  them selves 
reciprocally according to  definite angles as 
defined by crystallographic laws.

T am m ann supposes th a t  c rysta llisa tion , p ro ­
ceeding from  th e  nucleus, m ay con tinue 
spherolitically , or by the  deposition of crystals 
according to  th e  crystallographic axes. F o r 
m etals, on th e  basis of th e  hom ogeneity of the  
g rains, T am m ann considers th e  second process 
only possible. U nder special conditions (for 
instance, on th e  surface of a  casting ) Oberhoffer 
also adm its a  d end ritic  orig in  of th e  g rains. 
The scheme fo r th e  fo rm ation  of g ra in s , accord­
ing to  R osenhain, is shown in  F ig . 14, and  th e  
grains, constitu ted  in  th is  way (according to  
Oberhoffer and T am m ann), are  shown in  F ig . 15. 
R osenhain and  Beilby also s ta te  th e  hypothesis 
th a t  between th e  p a rtic u la r  g ra in s form ed from  
various nuclei, th ere  is produced a  very fine 
layer of am orphous cem ent, fo rm ing  th e  lim it­
ing  m em brane between th e  g ra ins. This film is 
produced on con tac t, as soon as th ere  is no room 
for the  form ation  of p rim ary  crystals. This 
hypothesis is shown in  F ig . 16.

Co-ordination of Data and Views.
All the  established d a ta , as well as differences 

in opinion, m ay be sum m arised in to  a  definite 
scheme.

H aving  observed the  crysta llisa tion  of organic 
substances in  th in  layers u nder th e  microscope, 
th a t  is, under the  condition  th a t  cry sta llisa tion  
takes place p ractically  on th e  surface (in a two- 
dim ensional space), and th a t  the  tem p e ra tu re  of 
th e  whole sam ple is th e  sam e (th is second con­
d ition  is-also  presen t du rin g  th e  crysta llisa tion  
in  th e  inner p a r t  of a large mass of m etal), th e  
au th o r found th a t  the  s tru c tu re  was always s ta r ­
shaped. Consequently, crystals grow sym m etric­
ally in  all d irections, th a t  is, w ith  a n  equal



velocity. In  o ther words, th e  curve, according 
to  which, a t  every m om ent du ring  whicn 
crystallisation  is proceeding (equilibrium  curve 
between th e  crystalline phase and the  liquid
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Fig. 6.—Stas-like Stbttcttjbe of Pure Substance crystallised in a Thin 
L a  yes. (Institute of TheoreticalMetallurgy, Pribram School of Mines.)

phase in  which *Fiiq z ^ F cr will be a circle). 
In  th e  th ree  dim ensional space one obtains for 
Fnq~  F cr a spheric surface, th a t  is a

* F a , signifies th e liquid phase, and F ,r signifies the 
crystalline phase.
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spheroid, the  section of which on th e  surface (in 
the  two-dim ensional space) will be a circle. The 
geom etrical cen tre  of th is  sphere w ill be the  
crystallisation  cen tre . Such a ra tio n a le , im peded 
in  its  evolution by rap id  quenching, w hereby the  
rem ainder of th e  liquid is quickly crystallised 
in to  small g ra in s (w ith a h igh  K Z ), is shown in 
F ig . 17.

C rystallisation , embodying a group of crystals 
grow ing from  various nuclei, where a reciprocal 
im pedim ent to  th e  norm al has developed, is 
shown in the m icrophotograph (F ig . 6). In  com­
paring  th e  m icrophotographs Nos. 1, 2, 3, w ith

F i g . 7 .— R e l a t i o n  b e t w e e n  S u p e r - c o o l i n g  
T e m p e r a t u r e  K Z —K G.

the m icrophotograph in  F ig . 6, one observes a 
considerable sim ilarity , as well as th e  difference 
between them . The shape of th e  p a r tic u la r  
g ra ins in  Figs. 1, 2, 3 and  6 is sim ilar. They 
are  m ade up of polyhedral g ra ins, ju s t as in 
m etal form ing th e  in te rio r of castings, as well as 
in organic substances crystallised in a th in  layer. 
Yet in m eta l i t  is noticed th a t  th e  p a rticu la r 
polyhedral g rains a re  physically homogeneous, 
whereas in organic substance (F ig . 6), which 
like m etal and according to  its  com position is
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chemically homogeneous, they will be physically 
heterogeneous, composed not of one allotrio- 
m orphic crystal, b u t of a series of independent 
crystals, grown from one nucleus—there  is a 
spheroidal crystallisation  instead of a polyhedral 
one (Tam m ann).

In  com paring the  re su ltan t heterogeneous 
grains w ith the  g ra ins obtained under conditions 
of crystallisation  embodying like conditions, th a t  
is in th in  layers having practically  the same tem-

F ig . 8.—Growth op Crystals.
p era tu re  for the  whole surface, i t  is to be noted 
th a t  in  m etals one also ob tains a star-like struc­
tu re  of th e  g ra in s constitu ted  from  crystals grown 
from one nucleus and variously o rien ta ted . One 
obtains a heterogeneous, crystalline gra in . In  
Figs. 5 and 6 are-shown for the  crystallisation  in 
th in  layers of zinc, or antim ony (on the  
surface of the casting) in certa in  grains hetero­
geneous, star-like shapes.



According to  Tam m ann, in spheroidal 
crystallisation  and in polyhedral c rystallisation , 
one obtains o ther boundaries betw een th e  p a r­
ticu la r grains, and th a t  in  th e  first case th e re  is 
an u n in te rru p ted  curved surface (the section of 
which will be a curve). In  th e  second case, a 
plain  surface (the section being a s tra ig h t line), 
corresponding to  the  crystallographic qualities 
of the  given substance. As shown by com paring 
Figs. 1, 2, 3 and F igs. 4, 5, 6, th e re  is no t such
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F i g . 9 . — C o l u m n a r  C r y s t a l s .

a difference. In  both cases th e  boundaries are  
of th e  same kind , and  th e ir  sections will be 
s tra ig h t lines. F ig . 18 is a  m icrograph  of the  
boundaries of th ree  polycrystalline g ra in s in  
spheroidal crystallisation .

The re la tion  between the  crystal-form ing  
energy and th e  surface tension, th a t  is betw een 
/  and a, is, in  th is case, n o t of any im portance
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for the  crystallisation  surface, form ing the 
region of th e  spheroid, as i t  is composed of the 
fro n t surfaces of a  series of crystals growing 
from  one nucleus. Because the  rap id ity  of the 
grow th, according to  equal crystallographic axes, 
u nder the  same conditions in  substances of 
sim ilar chemical composition is th e  same, one 
m ust ob tain  in  th e  crystallisation  of some series 
of crystals from  one centre, du ring  the  growth

Fig. 1 0 .—Crystallisation of a Brass Block. (Institute of Theoretical Metallurgy, Pribram School of Mixes.)
of the  crystals, a spheroid. I t  is tru e  th a t  some 
organic substances observed by th e  au thor, as 
well as zinc and antim ony, do n o t belong (as 
m ost of m etals do) to  the  cubic system (zinc 
crystallising, according to  the hexagonal system, 
and antim ony to  the  rhom boidal), to  which



adherence is always assumed in  exp lain ing  
dendritic  crystallisation , y e t th is  has no th ing  
to  do w ith it. I n  observing leaded iron-sheet, 
one can d is tingu ish  on its  surface star-shaped , 
crystalline g ra in s (resem bling those observed in 
galvanising iron-sheet), y e t norm ally lead, 
belonging to  the  cubic system, gives homogeneous 
allotriom orphic crystals, as do o ther m etals (see 
F ig . 2).
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Fig. 11.—Scheme foe producing Grains (Desch).
I t  is no t clear why in one case ( th a t  is, in 

the crystallisation  of the surface layer), from  one 
nucleus, there  should grow a series of crystals 
in various d irections, w hilst in  a second case 
(inside a massive casting) only one crystal 
grows, w hilst finally, in  the  case of the  regu la r 
system, th e  grow th should only ru n  in  th ree  
directions, vertical to  one ano ther, or why, 
accepting the  hypothesis on the  deposition of 
elem entary un its , in one case th is deposition does 
n o t tak e  place, w hereas in  the  o ther i t  does.
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Therefore the following hypothesis is postulated 
as to  the form ation of m etal g ra ins (allotrio- 
m orphic crystals). F rom  one nucleus there  
always begins to  grow a series of crystals, and 
th a t  in  all possible directions. F rom  the 
nucleus there  is always prim arily  produced a 
star-like form ation—a physically-heterogeneous 
g ra in —and from  th is, as th e  first period of the 
crystallisation  of pure substances, there  will 
always be form ed a spheroid, composed of a series

Grain (Tschernoff) .
of crystals grow ing radially . F u rth e r, indepen­
dently  of the  conditions under which the crys­
ta llisa tion  process is tak in g  place, th is  hetero­
geneity  of g ra in s rem ains (entirely  or partially) 
or i t  d isappears. In  the la t te r  case from  every 
gra in  an allotriom orphic crystal is produced.

Equalisation of Grain Size in Mass.
If  th is  hypothesis is accepted the rendering 

homogeneous of crystalline g rains would be a 
secondary process, which, dependent on external 
factors, would not take  its course, or i t  would



do so only p a rtia lly , or i t  would con tinue up 
to  the end—th a t  is, up to  the  absolute rendering  
homogeneous of the  g ra in . The essential m a tte r  
of th is  secondary process of the  rendering  of 
gra ins homogeneous inside the  casting , accord­
ing to  the  hypothesis proposed by the  au tho r, 
would be as fo llow s:— (1) The grow th from  one 
nucleus of th e  group of crystals inside the  ea s t­
ing takes its  course a t  the  m elting  tem pera tu res 
of pure m etals (or w ith  very litt le  super-cooling),
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Fig. 13.—Grain Growth (Sauveur).
th a t  is, a t  a relatively  h igh te m p e ra tu re ; (2) 
th is  process takes its  course in  a th ree-d im en­
sional space, so th a t  the  shape of th e  crysta llisa­
tion  surface (where the  equilibrium  Fiia- ~  F or is 
situa ted ) will be spheric and  th e  crystals ju s t 
form ed will be en tire ly  iso lated  from  the  o ther 
space by m eans of the  crysta llisa tion  su r fa c e ;
(3) in consequence of th is  fac t, th e  cooling in ­
fluence of the  su rround ing  space can influence 
only the crystallisation  surface : (4) as to  the  cry ­



stals already formed (reference is being made, 
of course, to  the period of the process) from  the 
nucleus up to  the  crystallisation  surface, the ir 
tem pera tu re  rem ains, du ring  the whole period of 
the process, constan t, and protected from losses 
(through the  influence of the surrounding space)
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F i g . 1 4 .— S c h e m e s  o f  t h e  F o r m a t io n  o f  
G r a i n s  ( R o s e n h a in ).

by m eans of the  la te n t m elting tem pera tu re , 
th a t  the crystallisation  surface steadily develops ; 
(5) the  individual crystals of the  growing grain  
are in  close con tac t w ith one another through 
the large crystalline surfaces of the  same che­
mical composition, having am ongst themselves



neither am orphous layers, nor even the  sm allest 
q u an tity  of w hatever th e  im purities o rd inarily  
contained even in  very pure m etals, because the 
rem aining liquid  will be cen trifugally  repulsed 
by the  grow ing crystals, th a t  is in  th e  direc­
tion  of th e ir  grow th ; (6) these therm al con­
ditions should be very favourable for the  fusion
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F ig. 15.— F o r m a t i o n  o f  C r y s t a l  G r a i n s  
( O b e r h o f f e r  a n d  T a m m a n n )  .

of the  individual cry s ta ls ; i t  is sim ilar to  the 
fac t th a t  two drops of m ercury  will im m ediately 
associate when touching one ano ther, of course, 
under the  condition of a pure surface. The d if­
ference will be in  th a t  the  m ercury  endeavours 
to decrease the  to ta l surface th rough  the  form a-



tion  of one spherical drop—th a t  is, i t  endeavours 
to  obtain  a geom etrical shape, having a minim al 
surface, whereas m etal du ring  crystallisation  only 
endeavours to  increase the  crystal, preserving 
a t  the  same tim e its  sh ap e ; (7) th is  endeavour
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P a r t ic u l a r  G r a in s  a c c o r d in g  t o  t h e  
H y p o t h e s i s  o f  R o s e n h a in  a n d  
B a il l y .
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to fuse together takes place in every system - 
every system endeavours to  ob tain  m axim um  s ta ­
bility . I t  tr ie s  to  decrease its  free energy (in 
th is case, th rough  the  decrease of the  surface 
area, to  decrease the  surface energy), th a t  is, 
to  increase its  en tropy, and (8) independently  
of the  rap id ity  of th is  secondary re-crystallisa­
tion  process one can ob ta in  such gra ins, in which

F i g . 17.— I n s t i t u t e  o f  T h e o r e t ic a l  M e t a l ­
l u r g y , P r ib r a m  S c h o o l  o f  M i n e s .

th e  crystallisation  u n its  a re  equally dissem inated, 
or a t  least th a t  a f te r  e tch ing  th ere  may be 
observed the  principal re-crystallisation  axes 
(pseudodendrites) whereby sometimes th e  loca­
tion  of the  p rim ary  nucleus m ay be defined, b u t 
not always.

In  considering th a t  by h ea tin g  finished cas t­
ings for a relatively  sho rt tim e  and a t  a 
not too high a tem p era tu re  (sometimes well be­
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n eath  the m elting point), i t  is possible to  obtain  
re-crystallisation—th a t  is, an increase of g rains 
by the fusing  together of the  indiv idual poly­
hedrons—the  process having to  overcome the  re-

F i g . 18.— M i c r o p h o t o g r a p h  op  T h r e e
P o l y c r y s t a l l in e  G r a i n s . ( I n s t i t u t e

o f  T h e o r e t ic a l  M e t a l l u r g y , P r ib r a m  
S c h o o l  o p  M i n e s .)



sistance of th e  tensioned m etallic  films between 
the  grains, as well as the  im purities accum u­
lated  there , whereby the la t te r  become segregated 
th rough  th is process in to  relatively  large accu­
m ulations. Obviously a t  tem p era tu res  n ear the 
m elting  po in t and under the  condition  th a t  the 
pa rticu la r crystals are  in  m u tu a l co n tac t w ith  
pure surfaces, th e ir  rap id  fusion is very probable.

Table I  details th e  lowest tem p era tu res  a t 
which re-crystallisation  can  still tak e  place ( th a t 
is, the  fusing of various g ra ins, div ided from  one 
ano ther by a layer of am orphous cem ent, or
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T a b l e  I.—Approximate Lowest Recrystallisation Tem­
perature (Z. Jeffries and R ■ S. Archer : “ The Science 
of Metals ” ).

Metal. Melting
point.

Approximate lowest 
re-crystallisation 

temperature.

Iron 1,528 450
Nickel 1,452 600
G o l d .......................... 1,064 200
Silver 961 200
Copper 1,084 200
Aluminium 658 150
Platinum 1,753 450
Magnesium 650 150
Tantalum approx. 2,950 1,000
Tungsten approx. 3,350 1,200
Molybdenum 2,620 900
Zinc 419 Room temperature.
Cadmium 321 Room temperature.
Lead 327 Less than room

\ temperature.
Tin .......................... 232 Less than room x

temperature.

maybe a layer of im purities). This tem p era tu re  
m ay be a few hundred , and  even a thousand  
degrees below the  m elting  po in t. The depend­
ence of the speed of g ra in  grow th on the  tem ­
pera tu re  is shown in F ig . 19. In * tem p era tu res  
approxim ating  to  the  m elting  po in t, th e  size of 
the grains ( th a t is, th e  fusion of various grains) 
has increased several tim es a f te r  th ir ty  m inu tes’ 
trea tm en t.



As to crystallisation  tak in g  place in th in  
layers, or on the  surface of the casting, there 
is here no longer any protection from  the cooling 
influence of the surrounding  space, as the crys­
ta llisa tion  equilibrium  Fi,q^ F cr takes place 
circularly , so th a t  the  already formed crystals, 
contained inside the  circle, are of a much lower 
tem pera tu re  th a n  is the crystallising part. 
Owing to the lowered tem pera tu re , the re­
crystallisation  process (rendering  homogeneous) 
does no t tak e  such an easy course as i t  does 
inside a mass du ring  the crystallisation.
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F i g . 19.— R e l a t io n s h i p  o f  G r a in  G r o w t h  
to  T e m p e r a t u r e .

D epending upon (1) the absolute tem pera tu re  
a t which re-crystallisation  takes place, (2) on the  
capacity  of the substance to  change a t  th is  tem ­
p era tu re  the o rien ta tion  of its crystalline un its,
(3) on the  degree of decrease of tem pera tu re  and
(4) from  the  rap id ity  w ith which, under these 
conditions, the  process of rendering  the crystals 
homogeneous takes place, th is  is to ta l or p artia l

u
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(decrease of the  num ber of rays branches owing 
to th e ir  fusion), or finally none.

The crystallisation  process itself, ac tu a tin g  in 
th e  th in  layers, or on th e  surface, would tak e  
the following co u rse : —(1) F rom  th e  formed 
nuclei th e re  begin to  grow in  d ifferen t directions 
star-like crystals w ith th e  same rap id ity  in  all 
d irec tio n s ; (2) depending upon th e  crystallo-
g raphic character of th e  crysta l and  its  definite 
angles in  reference to  its  axis th e re  a re  deposited 
crystalline un its . The crysta l will also grow in 
a vertica l d irection , in  reference to  its  n a tu ra l 
rad ia l d irec tio n ; (3) th e  rap id ity  of th is  process 
can also be d ifferen t from  th e  ra p id ity  of th e  basic 
axis. KG can be d ifferen t for every crystallo- 
g raphic ax is ; (4) th is  g row th will find a m u tua l 
obstacle in  th e  grow th of th e  ad jacen t c ry s ta l;
(5) if th is  rap id ity  resembles (according to  th e  
coefficient value) to  th e  speed of th e  grow th  of 
the  crystal according to  th e  rad ia l axis, th e re  is 
obtained a typical, circu lar, g row th ; (6) if th is  
speed were m uch sm aller th a n  th e  speed of th e  
rad ia l grow th, one would ob tain  an  acicular 
s tru c tu re . Such a  s tru c tu re  could be used to  
explain th e  form ation  of su lphu r needles from  
liquid, as previously c i te d ; (7) if th e  capacity  
for the  rendering  homogeneous of th e  substance, 
under these conditions, is considerable, th e re  is 
obtained a p a rtia l, or even an absolute, elim ina­
tion  of one so rt of crystal by th e  o thers—one is 
obtain ing  a star-shaped, cruciform , or even a 
pseudodendritic fo rm ; and  (8) if  th is  capacity  of 
the  substance is low under these conditions, one 
obtains a typ ical star-like s tru c tu re .

This scheme would explain  th e  o rig in  of various 
types of surface grains. An exam ple of a cruci­
form  s tru c tu re  is shown in  F ig . 20. All possible 
types of crystalline g ra in s of pu re  substance, as 
well as th e ir  successive tra n s itio n  from  one type  
in to  the  o ther are  rep resen ted  by th e  scheme 
(Table I I ) .  A s tru c tu re , in  which, in  pu re  sub­
stances, th ere  can be d istinguished  w ith in  the  
g ra ins a dendritic  s tru c tu re , has been term ed  by 
the  au tho r “ pseudodendritic ,” in co n trad is tinc­
tion  to  the  tru e  dend ritic  s tru c tu re  (form ation
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of a dend ritic  skeleton in the  course of prim ary 
crystallisation), ex isting  in  crystallisation  from 
solutions.

The process of th e  form ation of the  s tru c tu re  
in question always takes its  course to  the  rig h t, 
as ind icated  in  Table I I ,  and th a t  being so, 
in itia lly  th ere  is formed a star-like s truc tu re , 
which then , independently  from the  outside 
factors, e ith e r persists, or changes, and th a t, 
a t  such a distance to  th e  r ig h t, as is adm itted

F i g . 2 0 .— A  C r o s s - s h a p e d  S t r u c t u r e .
F r o m  D as  T e c h n i s c h e  E i s e n , ”  b y  
P .  O b e r h o f e e r .

by th e  crystallisation  conditions. I ts  homo­
geneity  may, under su itable conditions, effect 
itself so rap id ly , th a t  already during  the  form a­
tion  of star-like crystals, in itia lly  th ere  occurs an 
absorption of one crystal by the  o ther, so th a t  
s till early  on in  th e  crystallisation  process one 
m ay obtain  a unicrystalline composition of the 
g ra in  (pseudodendrite in cross-section).

I f  th e  crystallisation  process takes place from 
a solution, or, sim ilarly, from  a molten alloy, one

m 2
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will always have the  possibilities shown in 
Table I I I .  The type  of Group I I I  is n o t d ea lt 
w ith in  th is  P ap e r, for in  a chemically stab le  com­
b ination  th e re  will no t be any difference accord­
ing to  th e  crystallisation  process of th e  types 
of Groups I  or I I ,  and in  th e  case of th e  form a­
tion  of decomposing chemical com binations— 
th a t is, when these are  form ed in  th e  course of 
the  crystallisation  process by a reac tion  between

F i g . 21.— G r o w t h  o p  F i g . 22.— G r o w t h  o f  

B i n a r y  A l l o y . T e r n a r y  E u t e c t i c .

the  p rec ip ita ted  crystals and th e  liquid—one will 
ob tain , no t a  p rim ary  form ation  of crystalline 
grains, b u t a com plicated secondary process, 
which is ex traneous. E qually  th e  type  of 
Group I I ,  2, B (a) is n o t discussed, because i t  
is also a secondary process.

The types of the  G roups I I ,  2, A, and  I I ,  1, 
a re  no t different from  one ano ther in  th e  sense 
of the  crystallisation  process. Consequently the  
types of the G roups I , 1 ; I , 2 ; I I ,  1 and I I ,  2, 
B, b, alone rem ain.

Group I ,  1.—-The m ost im p o rta n t case is th e  
type of Group I , 1, th a t  is, th e  crysta llisa tion  
of a pure substance from  solution. As in  th is  
case, also in all of the  o ther cases, in  th e  c ry s ta l­
lisation  of alloys, except the  above-m entioned 
factors de term inating  the  crystalline process, an 
im p o rtan t p a r t  is played by th e  concentration  of 
the solution, the  change of its  concentration  
during  the  process of crysta llisa tion  and  th e  re la­
tion  between the  rap id ity  of diffusion in  th e  con­
cen tra tio n  and  the  linear crysta llisa tion  sp eed ;
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in  the  case of the  crystallisation  of a solid solu­
tion , the  diffusion in th e  already p rec ip ita ted  
crystals also plays an  im p o rtan t p a r t .

In  case I ,  1, when the  concentration  of solu­
tion  (under the  ex isting  therm al conditions) has 
a tta in ed  sa tu ra tio n , th e  crystals of the  pure  sub­
stance begin to p rec ip ita te  according to  the 
liquidus curve in definite in tervals of tem p era­
tu re , when the  tem p era tu re  will decrease and  a t  
a constan t tem p era tu re  in  th e  case of th e  crys-

F ig . 23.—Eutectic Structure— Radiatiform Structure.From “ Lehrbuch der Metallographie,” by J. Tammann.
ta llisa tion  from  the  solution, when the  solvent 
will g radually  disappear.

I f  the  crystallisation  takes a very slow course, 
th a t ,  is, when the  tim e betw een th e  beginn ing  
of crystallisation  and the final eu tec tic  solidifica­
tion  of the  solution is very considerable (the p ro­
cess evidences itself only w ith  a very low super­
cooling—low KG and low K Z ), and chiefly 
because the  absolute value fo r K G  will be low, 
one obtains large, well-developed, idiom orphic 
crystals.



Process of the Production of Idiomorphic Crystals.
Equally as in  the  crystallisation  process of the 

pure substances already outlined, nuclei are 
form ed very sparsely. One may suppose, pro­
vided the  hypothesis propounded is accepted, 
th a t  in itia lly , from the nuclei, crystals begin to 
grow in  all directions, ye t before they  reach any 
considerable size, equalisation is already 
tak in g  place and the crystal assumes its  innate  
crystallographic form. Moreover, if KG is low,
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F i g . 2 4 .— E u t e c t i c  S t r u c t u r e —  
F i n e - g r a i n e d  S t r u c t u r e .
F r o m  “  L e h r b u c h  d e r  
M e t a l l o g r a p h i e , ”  b y  J .  
T a m m a n n .

there constantly  will be deposited on th is  crystal 
new and fresh layers of c ry s ta l; from  the sa tu ­
ra ted  solution surrounding  i t  one thus obtains 
an idiom orphic crystal. I f  KG  is h igher th an  
the concentration  of the solution, the  solution 
in the im m ediate v icin ity  of the  surface will be 
poorer by the dissolved substance ; the  regu larity  
of the grow th will he in te rfe red  w ith and the 
form ation of dendrites s ta rted . The crystallis­
ing substance will require more m ateria l for its 
grow th in  o ther p a rts  of the  solution if i t  is 
not in the im m ediate v icin ity  of the surface. In



330

th is  m anner one obtains a tru e  d e n d i i t i c  

stru c tu re .
The influence of th e  im poverishm ent of the 

solution in  the  im m ediate v icin ity  of the  cry s ta l­
lisation surface—owing to  a h igh value fo r KG  
on the  p rec ip ita tin g  m eta l m ay be easily ob­
served in the  process of th e  electro ly tic p recip i­
ta tio n  of m etals on th e  cathode, w hich follows 
the same principles as th e  c rysta llisa tion  from  a 
molten b a th —th a t  is, according to  K G  and  K Z. 
On the  edges of th e  cathode (supposing i t  is 
being worked w ith  a m axim um  density  of cu r­
ren t, in  which a good cathode deposition may 
still be obtained there), whereby the  density  of 
the cu rre n t is still h igher, branches of a den­
d ritic  charac te r begin to  form , th e  p rec ip ita tin g  
m etal requ iring  more m a te ria l fo r th e  construc­
tion  of its  crystal.

I f  th e  crysta llisa tion  process reaches finality , 
th e  p rec ip ita tion  of th e  eu tec tic  begins a t  the  
eutec tic  tem pera tu re . This su rrounds the  p re­
viously-precipitated crystals, w hether dendrites or 
idiom orphic. N a tu ra lly  th is  will occur only if 
the  alloy chosen is of a composition app rox i­
m ating  to  the  eutec tic  composition, th a t  is if 
the  q u an tity  of eu tectic is g rea te r th a n  th a t  cf 
the  p rec ip ita tin g  p rim ary  crystals. On th e  con­
tra ry , i.e ., if th e  q u an tity  of p rim ary  crystals 
is la rger th a n  the  eutec tic , th e  p rec ip ita ted  
crystals will constitu te  an  obstacle to  each o ther 
as to  grow th. In  the  crysta llisa tion  of pu re  sub­
stances one obtains a  polyhedral s tru c tu re , 
whereby the  dend ritic  s tru c tu re  of th e  polyhe­
drons are  alm ost always clear. The rem ain ing  
q u an tity  of liquid solidifies eu tec tically  betw een 
the  ind iv idual polyhedrons.

Formation of Nuclei from Eutectic Alloys.
The type of Group I , 2, rep resen ts an  alloy 

of eutec tic  composition. F o r c la rity  i t  is p ro­
posed to  t r e a t  the  most usual case, th a t  is, an 
alloy composed of an indefin ite q u a n tity  of con­
s tituen ts , so th a t  th is  m ay correspond to  w hat­
ever eutectics exist. I t  is im m ateria l w hether 
th is eu tec tic  is mono-, bi-, tr i-  or “  n ’’-v a rian t.
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I t  is sufficient to  have an eutectic, i.e ., a com­
position, in  which the liquid will be sa tu ra ted  a t  
the same tim e w ith  some, or a t  least two, com­
ponents. In  th is case, the  p rec ip ita tion  of 
the sm allest partic le  of one constituen t will im­
m ediately be followed by the p recip ita tion  of the 
second component. This supersa tu ra tion  occurs 
in th e  im m ediate v icin ity  of the  precip ita ted  
partic le , so th a t  the p rec ip ita tion  of these other 
constituen ts of the  eutectic will tak e  place in 
the  im m ediate v icin ity  of the precip itated

Fig. 25.—Roozeboom’s Diagram, Type I.

crystal, th a t  is, near the same nucleus. The 
num ber of the  crystallisation  centres will depend 
on the  supercooling. The linear crystallisation 
speed will assume ano ther value for each of the 
constituen ts of the  eutectic.

The process of the  crystallisation  of the 
eu tectic itself will ac t in the  following m anner : 
For every tim e-unit, a definite num ber of nuclei 
will form, and from  these eutectics begin to  grow 
in all directions (spheroidally). These eutectics 
are constitu ted  of as m any constituents as there  
are in the  eu tectic. N atu ra lly  th e  crystals in

Liquid

B



332

th is case grow ing from  one nucleus will have a 
d ifferent chemical composition, so th a t  the 
ad jacen t crystals or branches will be of various 
phases.

In  th e  sim plest case, th a t  is, in  the  case of the 
b inary  eu tectic, a g row th is form ed according to  
the scheme represen ted  in  F ig . 21 (the w hite 
branches re fe r to  com ponent A, th e  black ones 
to  com ponent B). In  a te rn a ry  eu tec tic  (F ig.

22) there  are bi anches of th e  w hite com ponent 
A, of the  black com ponent B, and  of the  grey 
com ponent C. As a resu lt a star-like  s tru c tu re  
w ith a spheroidal grow th of th e  eu tec tic  g ra in s 
is obtained, constitu ted  no t only of crystals 
o rien ta ted  in  a d ifferen t way, b u t also of v a ry ­
ing chemical composition. I n  th is  case, the 
fusion of the ind iv idual branches is impossible 
w ithout an absolute overcrystallisation , th a t  is



333

w ithout the  change of the  size of the original 
g rains, and crystals of sim ilar chemical composi­
tion  will be separated  from each other through 
o ther crystals.

Sometimes, instead  of the typical star-like 
s truc tu re , the fine-grained s tru c tu re  of the 
eutectic is obtained, yet, as is shown in  F ig . 2-3 
and F ig . 24, the  difference in  the  s tru c tu re  is 
dependent on the  way in which the surface of 
the specimen in tersec ts the eutec tic  g rain . Con­
sidering th a t  the  eutectic g ra ins can be of 
very considerable dimensions (for instance, 
H argreaves obtained w ith lead-tin  eutectic 
g ra in s m easuring one inch), i t  is no t surprising  
th a t  the  in tersec tion  of the  individual branches 
of a crystal give a m icrostructure  sim ilar to  
small polyhedrons, as shown in  F ig . 23.

I f  a solid solution is formed, th a t  is of the 
type of the Group I I ,  1, the  process will take  
its course in a sim ilar way to the crystallisation 
of pure substance, except th a t  i t  is a little  more 
complicated. In  th is  oase, the  form ation of one 
or ano ther so rt of crystals will be dependent not 
only on the factore already m entioned above, 
b u t also on the rap id ity  of diffusion in the 
liquid, as well as in  the crystalline phase, and 
also on the  reciprocal distance a t  constan t tem ­
peratu res (in the  crystallisation  in terval) of the 
“  solidus ” and  “  liquidus ” curves.

Binary Systems.
In  the h igher systems there  will be the same 

as the  b inary , except th a t  instead  of the  
“ liquidus ” and “  solidus ”  curves there  will 
be e ither surfaces of double cu rva tu re  or spaces 
of higher dimensions. In  the  b inary  system the 
process of crystallisation , assum ing definite 
miscibility in  the  liquid sta te , as well as in  the 
crystalline one, takes its  course according to  
F ig. 25 (referring  only to  Type I  of Roozeboom, 
because I I  and I I I  do no t m ateria lly  differ from 
it). D uring  the  crystallisation  process of the 
alloy of some composition—for instance, of the 
composition X  in  F ig . 26.—its  tem pera tu re  will 
change from t i up to  t3l the  composition of the



liquid  phase from  X  to  a  (according to  curve L ), 
th e  composition of the  crystalline phase from  b 
to  X  (according to  curve S ), b u t the  composi­
tion  of the  p rec ip ita tin g  crystals every m om ent 
will change from  b to  a, according to  some curve 
b-a, whereby th e  com position of th e  first 
p rec ip ita ted  crystal, in th e  im m ediate v icinity  
of the  crystallisation  cen tre , or the  composition 
of the  nucleus, will correspond to  th e  po in t b,
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and the  composition of the  la s t p rec ip ita ted  
crystal on th e  periphery  of th e  g ra in  will corre­
spond to  the  composition of th e  po in t a.

I t  is obvious th a t  the  g rea te r th e  d istance of 
the points lying a t  the  same tem p era tu re  on the 
“  liquidus ” and  “ solidus ” curves, and  from  
the fac t th a t  the  g rea te r the  d istance between 
a and b, the  g rea te r is the difference in  the 
composition of the  crystallising  substance d u ring  
the  crystallisation  process and  th e  g re a te r  is



the  difficulty to  obtain  homogeneous (also in the 
chemical sense) crystalline grains.

As shown in  F ig . 27 and 28, the  difference in 
chemical composition between first crystalline 
germ  b and  its  p a rt, finally prec ip ita ted  (a) is 
in the  first case (F ig . 27) much less th a n  in the 
second one (F ig. 28). V ary ing  w ith the  rap id ity  
of cooling, the  diffusion in  the  crystalline sta te  
and on the  reciprocal distance of the points 
a and b one obtains homogeneous or hetero-
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X

F i g . 2 8 .

B

geneous grains. The shape of the g rains (either 
polyhedral o r pseudodendritic, etc.) depends on 
the  conditions of crystallisation , exactly as was 
the  case w ith the  solidification of pure 
substance.

In  the  case of solidification of the system 
according to  Type Group I I ,  2, B, b, crystals 
will be formed according to  the mono- or poly­
v a rian t process ( th a t is, tak in g  its course in  a 
therm al in terval), from  nuclei, from which 
spheroidal star-like crystals will grow. Thus
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one obtains e ither a fo rm ation  of an  idiom orphic 
crysta l or of polyhedrons in in tervals, between 
which will be a eu tec tic  or a d end ritic  stru c tu re , 
whereby the  ind iv idual polyhedrons or dendrites, 
independently  of the  composition of the alloy 
(on its  rem oteness from  th e  eu tec tic  composi­
tion) will have common lim its o r will be 
surrounded  by a eutec tic . The difference rests 
only in  th e  fa c t th a t  th e  grow ing grains, 
spheroidal or dendritic , du rin g  th e ir  grow th 
of various com position (and one obtains 
these p rim ary  crystals of th e  same differen t com­
position in  th e ir  various parts) depending on the 
rap id ity  of cooling, on the  ra p id ity  on the 
diffusion in  crystalline s ta te  and  on th e  distance 
between “  solidus ” and  “  liquidus ” curves. 
This process is illu s tra ted  in  F igs. 29 and 30.

Obviously in the  case illu s tra ted  in  F ig . 29 
th e  chemical equalisation  is more difficult th an  
in  th e  case of F ig . 30, p rim arily  due to  condi­
tions of cooling. The difference betw een the 
chemical com position of th e  first-p rec ip ita ted  
crystal elem ent and the  la s t one (a-b) is g rea te r 
in  th is  case. W ith  th is  case, th a t  is th e  d iag ram  
in which th e  “  solidus ” curve is of concave 
shape, the  crystallisation  of th e  p rim ary  
au sten ite  in  th e  iron-carbon d iag ram  can  be 
associated. The heterogeneity  of den d rite  in  the  
crystallisation  of iron alloys can th u s  be 
explained.

This chemical heterogeneity  of th e  ind iv idual 
p a rts  of d end rite  m akes th e ir  physical 
hom ogénéisation difficult, th a t  is i t  renders diffi­
cu lt the  form ation  of homogeneous polyhedrons, 
th rough  which th e re  is a reason why, in  iron  
alloys, even if  they  have been w orked, p rim ary  
dendrites m ay still be observed. The homo­
généisation of g ra in s requires in itia lly  in  th is  
case a chemical hom ogénéisation, and onlv 
afterw ards th e ir  fusion will be possible, th a t  is, 
the  physical hom ogénéisation.

Basically, the  course of crysta llisa tion  rem ains 
always the  same. There is alw ays form ed a 
nucleus from  which crystals grow in  various 
ways, ye t always in  every d irection . In ­
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dependency of the  circum stances whether the 
system has an absolute crystallisation , a home- 
geneous or a heterogeneous constitu tion , there  
are  always obtained gra ins of various shape 
(homogeneous or heterogeneous) whereby every 
g ra in  has been formed from one nucleus.

The au tho r suggests th a t  such a g rain , formed 
from one nucleus, should be called a “ crystal­
li te .”  I f  th is  definition is correct, one obtains

& a
Fro. 29.

thereby a clear conception of a “ c ry s ta llite ,” 
and a t  the same tim e there  will be no objection 
to T am m ann’s and  Sauveur’s conception of a 
crystallite . All crystallites could be in th is  case 
classified according to  the  following scheme: —

(A) Chemically homogeneous, th a t  is con­
s titu ted  of various crystals belonging to  one and 
the same phase, and possessing an equal 
chemical composition. This case is obtained in 
the crystallisation  of molten pure substances, in
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the crystallisation  of solid solutions, when the 
diffusion in  crystalline s ta te  takes its  course 
rap id ly , so th a t  th e  rap id ity  of cooling is low 
and th a t  the  d istance betw een a-b is n o t too 
g re a t ;  equally a chemically-homogeneous crysta l­
lite  is obtained in  the  crystallisation  of a 
substance from  solution in  a composition differ­
ing  from  the  eutec tic  composition. These

& aFig. 3 0 .

chemical-homogeneous crystallites m ay b e :— (I) 
Physically homogeneous, which occurs if th e  re ­
crystallisation  process is ra p id  du rin g  the  
crystallisation  process. D epending upon  the  
fact, w hether the pu re  substance crystallises 
from  its  m olten b a th  or from  th e  solution (in 
the la t te r  case according to  w hether th e  com­
position approxim ates th a t  of the  eu tec tic  or 
not), one obtains e ither idiom orphic crystals or
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allotrim orphic crystals, th a t  is monocrystallic
polyhedrons. The la t te r  may arise from  den­
d rites or from  branches.

( I I a )  The physically-heterogeneous crystallite, 
th a t  is the  polycrystalline crystallite , which con­
stitu tio n  one obtains under conditions, in which 
hom ogénéisation in  the  in te rn a l p a r t  of the 
crysta llite  is m ade impossible by the conditions 
of the  crystallisation  process. The s tru c tu re  
will be star-like. This s tru c tu re  is chiefly 
observed on the  surface of the casting  or in the 
crystallisation  of th in  layers.

(B) Chemically heterogeneous. This constitu ­
tion  of crystallites is obtained in the  crystallisa­
tion  of solid solutions (under such crystallising 
conditions which render impossible the equi­
librium  of the  constitu tion  of the  precip ita ted  
crystals), or in the  crystallisation  of eutectics. 
Chemically heterogeneous crystallites may be:-— 
(1) C onstitu ted  of crystals belonging to  the  same 
phase, w ith the  exception th a t  the in te rn a l p a rt 
of the crystal will be d ifferent (varying w ith the 
chemical composition) from the  surface, whereby 
there  will be from  the  in te rn a l p a r t  up to  the 
surface a continuous tran sitio n . This case will 
be obtained in  solid solutions.

( I l l )  C onstitu ted  of crystals belonging to 
various phases—a typ ical case being the solidi­
fication of eutectics. The constitu tion  is 
norm ally star-like, and  from  the same nucleus 
crystals belonging to  various phases grow. The 
boundaries between the indiv idual crystals of 
various chemical constitu tion  are very sharp.

This classification of crystals is outlined in 
Table IV .

Summary.
(a) Assuming the  m etal form ation of homo­

geneous polyhedrons (crystallites), such as 
grains of m etal. They are  always star-shaped.

(b) These can still, du ring  th e ir  grow th, be­
come homogeneous, and one obtains e ither an 
en tire ly  homogeneous crystallite , or e n tity  in 
which a dendritic  s tru c tu re  may be distinguished 
as a product of p rim ary  homogénéisation.
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(c) D endrites in  pure m etals (pseudo­
dendrites) a re  of secondary o rig in—the  product 
of hom ogénéisation of p rim ary  “ ray s .”

(d ) The tre n d  tow ards hom ogénéisation of 
g ra in s (tow ards the  fusion of th e  ind iv idual 
crystals) is the  tendency of every system  to 
increase its  en tropy , th a t  is to  decrease th e  free 
energy. H ere  th e  tendency is fo r th e  decrease 
of the  surface energy by the  decrease of the  
surface.

(e) This process only takes place w ith in  the 
boundaries of one crysta llite , because in  the  
fusion of various crysta llites i t  is necessary to 
overcome th e  resistance of th e  in tercry sta lline  
cem ent, as well as finally th a t  of th e  occasional 
residual im purities.

(/) I f  th e  c rysta llisa tion  process takes its  
course practically  in  a bi-dim ensional space, i t  
is very probable th a t  a polycrystalline (star-like) 
crysta llite  will be obtained.

(g) E very crysta llite , th a t  is every g ra in , 
independently  of w hether i t  is homogeneous or 
heterogeneous, grows from  one nucleus.

(h) In  the  crysta llisa tion  of pu re  substances 
from  the  b a th  there  is e ither a spheroidal 
grow th or one according to  the  cr3Tsta llographic  
o rien ta tion .

(i ) The dend ritic  constitu tion  which is some­
tim es shown on g ra in s of pu re  substances is no t 
prim ary, b u t i t  is th e  p roduct of hom ogénéisa­
tio n —and m ay be term ed “  pseudodend ritic .”

(j ) In  the  case of selective cry sta llisa tion  of 
pure substances from  solution, th e  grow th  of the  
crystals m ay be dependent on th e  conditions of 
crystallisation , e ith e r according to  th e  crystallo- 
g raphic  o rien ta tion , or spheroidal or finally 
dendritic .

(h) The same m ay be observed also in  solid 
solutions.

(I) In  the  case of crysta llisa tion  of alloy of 
eutectic composition, chem ically-heterogeneous 
g ra ins and a chem ically-heterogeneous crysta llite  
is obtained. In  th is case no hom ogénéisation 
w ith in  the boundaries of one crysta llite  is 
possible.
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DISCUSSION.
The President (M r. Wesley Lam bert), 

em phasised th a t  the  sub ject of the  crystal­
line g ra in  s tru c tu re  of castings was of 
param oun t im portance. Foundrym en did no t 
like to  ta lk  m uch about the  crystalline 
s tru c tu re  of a m etal, because the  reference 
to  i t  always gave th e  engineer a wrong im pres­
sion, b u t all m etals which had been m elted and 
founded e ith e r in the  form of ingots or castings 
exhib ited  a decided crystalline struc tu re . 
A lthough he had spoken of “ crystalline s truc­
tu r e ,”  he ra th e r  favoured th e  description “  g ra in  
s tru c tu re .”  Upon exam ining th e  frac tu re  of a 
casting , one was no t necessarily looking a t 
crystals, b u t a t  g ra in s of a crystalline form ation. 
The question of w hether a casting was weak or 
strong  was determ ined not so much by th e  size 
or order of the  g ra in  s tru c tu re  as by th e  inheren t 
properties of th e  g ra in , th e  mechanical dove­
ta iling  effect of one g ra in  w ith  another, and the 
cem enting together of individual grains. I n ­
cluded in the in h eren t p roperties of th e  grain  
was its  p lastic ity—is i t  likely to deform much 
under stress, or is i t  of a b rittle  character?  The 
crystalline g ra in  s tru c tu re  of m etals has less 
re la tion  to  the  tensile s tren g th  or resistance to  
frac tu re  under shock th an  m any engineers th ink  
i t  has. One can obtain  excellent te s t results 
from  a m etal having a crystalline g ra in  s tru c tu re  
of fa irly  considerable size. There was a good 
deal of ta lk , he continued, about m etals 
becoming crystalline th rough  fa tigue , b u t one 
could no t m ake crystal g rains grow by fa tigue  
stresses. Could one im agine any th ing  more 
ridiculous th an  to  suggest th a t  by stressing a 
m etal one could m ake th e  crystal g ra in s grow ; 
surely as th e  resu lt of repeated  stressing the  
gra ins would be much more likely to  become 
sm aller by a ttr i tio n . H e emphasised the  point 
th a t  the  crystal g rains found on visual exam ina­
tion of fa tigue  ru p tu res  pre-existed in the m eta l; 
one could not enlarge crystal g ra ins except by 
therm al tre a tm en t, and  the  fac t th a t  the  crystal 
grains were exposed in  a  frac tu re  was no indica­
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tion  th a t  the  m etal was necessarily w eak. In  a 
m anganese bronze hav ing  a tensile s tren g th  of 
40 to  45 tons i t  was no t uncomm on to  find fa irly  
large crystalline g ra ins. By therm al tre a tm e n t 
of a m etal w ith a s tru c tu re  such as th a t  exhibited  
in F ig . 3 of the P ap er, for instance, i t  was pos­
sible to  m ake one g ra in  absorb ano ther. This 
s ta tem en t did not m ean necessarily th a t  th e  
la rger g ra in s will absorb th e  ad jacen t sm aller 
grains. H e had  succeeded in  grow ing some very 
large gra ins as a resu lt of the rm a l tre a tm en t.

Star-shaped Crystals and Bearing Metals.
M e . A. H . M undey said  th e  au th o r of the 

P ap e r had p u t forw ard  m any im p o rtan t po in ts 
concerning the  physical p roperties of m etals, 
which points ought to  be m ore sym pathetically  
considered and  m ore thoroughly  understood  by 
foundrym en th an  they  actually  were. T here was 
a g re a t tendency to  decide th a t  a  m a te ria l wacs 
ro tten  because i t  showed a  h ighly  crystalline 
s tru c tu re , and  i t  was n o t fully  realised  th a t  th e  
crystals were always th e re  b u t w ere n o t always 
visible. R e fe rrin g  to  th e  tests , described by th e  
P residen t, on gun  steel, he said th a t  th e  effect 
of the final te s t was p ractically  th e  effect of a 
notched b ar te s t, in  which th e  stresses w ere con­
cen tra ted  and a p a r tia l shear was ob tained . In  
th a t  p a rticu la r case, because th e  stresses w ere 
concentrated  a t  one po in t, th e re  were no slip 
bands and th e re  was no m ovem ent of the  
c ry s ta ls ; the  fra c tu re  occurred in  th e  in te r ­
crystalline spaces. I t  was dependen t very largely  
upon the  charac te r of the  crystals, th e ir  physical 
p roperties, and th e  p a rtic u la r  k ind  of in te r ­
locking which existed.

R eferrin g  to  th e  star-shaped  crystals, he said 
th a t  in  connection w ith  th e  w hite  m etals, m eta l­
lu rg ists were careful to  a rran g e  th a t  those very 
crystals, in stead  of being a  source of troub le  and 
anxiety , were enlisted in to  eng ineering  service, 
and th a t  provided an in te re stin g  exam ple of the  
m anner in  which the  m eta llu rg is t was try in g  to 
help th e  foundrym an. In  th e  case of a w hite 
bearing  m etal, consisting of tin , copper and
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more th an  7 per cent, of antim ony present, 
cuboid crystals of antim ony would separate  o u t; 
these would segregate in to  groups, unevenly dis­
tr ib u ted , and if they were very large th ere  was 
a tendency for them  to  break around th e  crystals 
and exh ib it a large crystalline s tru c tu re . When 
copper was present in th e  correct and well- 
balanced proportion , however, the copper sepa­
ra ted  ou t first as a copper-tin crystal, or maybe 
even as a  copper-antim ony crystal w ith a copper- 
tin  crystal encasing i t  and isomorphous w ith it, 
and d is trib u ted  itself th roughou t th e  freezing 
mass in  dendritic  crystals—needle-shaped and 
star-shaped—so th a t  i t  form ed a nice netw ork on 
which th e  cuboid crystals, which separated  ou t a t 
a li tt le  lower tem peratu re , a ttached  themselves. 
Thus, if one could obtain  a section th rough  some 
of these w hite bearing  m etals as they were 
freezing, i t  would look som ething like a cobweb, 
on a sp ring  m orning, do tted  w ith little  diamonds 
of dew. The a ttachm en t of the  cuboid crystals 
of antim ony to  th e  copper-tin  and copper-anti­
mony netw ork prevented  the  cuboid crystals 
becoming segregated. ' The fibrous struc tu res of 
which one heard  so much did no t really exist in 
m etals. The stru c tu res  consisted of crystals, and 
the ends which were pulled ou t and made to  look 
like silky fibres were really th e  ends of crystals 
which had smoothed over one another.

False and Real Structure of Wrought Iron.
The Président, supplem enting his previous 

rem arks and those of M r. M undey as to  the  
existence of th e  crystal g ra in  s tru c tu re  of m etals, 
suggested a  simple te s t which may be carried  out 
on a  b ar of good w rought iron, of, say, 1 in. 
diam eter. I f  one nicked round such a bar and 
struck  i t  sharply  w ith a ham m er in  such a 
m anner as to  ja r  off the end of the  rod, the 
crystalline g ra in  s tru c tu re  of th e  m ateria l would 
be observable, although the  m ateria l was recog­
nised as being good w rought iron. One could 
then  nick the  b ar a litt le  fu r th e r  along its length 
and ham m er i t  over u n til i t  frac tu red  in such a
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m anner as to  show a b eau tifu l silky fibrous 
frac tu re .

C ontinuing, the  P res id en t recalled a fa ta l acci­
den t which had occurred some years ago as the  
resu lt of th e  break ing  of a  link  of a chain. I t  
appeared  from th e  fra c tu re  th a t  th e  m etal was 
very coarsely crystalline. The coroner, a t  the  
subsequent inquest, exam ined th e  broken link 
and inquired  w hether i t  was considered to  be a 
good i r o n ; th e  reply was th a t  th e re  was every 
reason to  believe th a t  i t  was qu ite  norm al. The 
link  was te s te d ; fu ll specification te s t resu lts 
were obtained from  it . A le c tu re tte  was then  
delivered to  th e  coroner on th e  production  of 
frac tu res  of d ifferent appearance from  th e  same 
bar of m etal. The coroner asked w hether i t  
would be possible, if he m arked  one of th e  links, 
to reproduce th e  same fra c tu re  as th a t  of the  
link which had broken. I t  was pointed  o u t to  
him  th a t  th is  would be som ewhat difficult, b u t 
not impossible. A fte r some litt le  troub le i t  was 
found possible to  break  ano ther link  of th e  chain 
and produce a sim ilar crystalline fra c tu re . H e 
m entioned th is  experience, in  order to  em phasise 
th a t  p ractically  all m etals were crystalline in  
stru c tu re , and th a t  th e  appearance of a f ra c tu re  
was dependent upon th e  m anner in  which th a t  
fra c tu re  was effected.

Strength with Grain>Size Reduction.
M e. T. H . Turner said th a t  in  considering th e  

effect of crystallisation  in  castings, i t  was well 
to  po in t o u t th a t  i t  was possible in  c e rta in  cases 
to  reduce th e  crystal g ra in  size. This had  been 
done especially in  th e  13 per cent, silicon alloy 
of alum inium , by an add ition  of elem ents causing 
w hat was term ed “ m odification .” C ast iron  
was, to  a sm aller ex ten t, being sim ilarly  tre a ted . 
Foundrym en, therefore , had  an im p o rtan t and 
novel means of decreasing th e  g ra in  size of th e ir  
alloys, and  the  liab ility  to  f ra c tu re  u nder shock, 
of the  type so ably described by th e  P res id en t, 
was much decreased when th e  g ra in  size was 
reduced. I t  was probable th a t  th e  m odification 
of o ther casting  alloys would be everyday practice 
in the  fu tu re .
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COAL-DUST AS APPLIED TO MOULDING 
SAND.

By Ben Hird (Member).
This P ap e r is an a ttem p t to  prove, by prac­

tica l experim ents, the  action of coal-dust du ring  
the pouring  of moulds which have been faced 
w ith sand contain ing  a percentage of th is 
m ateria l, and the changed condition of the sand 
and  coal-dust a f te r  use. So fa r, th e  au tho r has 
been unable to  find any d a ta  of sustained investi­
gations of th e  action of coal-dust in  sand moulds. 
P rac tica lly  every foundrym an has formed his 
own ideas as to  w hat actually  takes place, the 
most p revalen t idea being th a t  a slight film of 
gas, or smoke, on the  face of the mould, pre­
vents the  m olten m etal fusing the  silica grains, 
g iving to  th e  casting  a clean blue skin, instead 
of th e  rough grey appearance when no coal-dust 
is used.

P a rticu la rs  of the ingred ien ts used in these 
experim ents a re :.—•

S a n d .—The sand used, th roughout, was S tour­
bridge R ed sand, of medium grade, as received 
from  the  quarry . The sand was dried and passed 
through  a rg-i11- mesh sieve to remove lumps. 
Coal-dust was well m ixed in, and 5 per cent, of 
w ater added.

The sand was tested  as follows: —
Sieve Tests .— Sieve tests were made on the raw 

sand as received and on the dried raw  sand 
(dried  for one hour a t  110 deg. C.) w ith the 
following results. The sieves used were the  old 
B ritish  standard . This gives an idea of g ra in  
size.

— Red sand 
as received.

Dried red 
sand.

Left on 30 mesh 0.3 0.3
„ 60 „ 13.8 21.0

90 „ 34.1 37.0
„ 120 „ 27.5 23.5
» 180 „ 17.2 13.3

Passing 180 „ 6.1 4.2
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P erm eability  T e s ts — The perm eability  of the  
raw  sand ram m ed to  a density  of 1.6 in  the  
stan d ard  a p p a ra tu s  of th e  C ast Iro n  R esearch 
Association was 35. This is th e  tim e in  seconds 
tak en  by a gas to  p en e tra te  a s ta n d a rd  core 
8 in . long and  2£ in . d ia. con tained  in  a cylin­
der. The volume of th e  cylinder, and  hence 
of its  con ta in ing  core, is 800 c.c., and , th e re ­
fore, th e  density  of th e  core is read ily  obtained 
by d iv id ing the  w eight of th e  sand ta k e n  by the 
volume. In  th is  case th e  w eight was 1,280 gms. 
A lternatively , a given density  can be obtained 
by w eighing ou t a  p a rticu la r am ount of sand, 
and a litt le  experience soon enables th is to  be 
used in  ju s t  filling th e  cylinder w ith  a uniform  
ram m ing.

S tren g th  Tests .—The s tren g th  of the  sand 
taken  on a core 1 in. d ia ., 2 in . long, in  the  
s tan d a rd  compression a p p a ra tu s  of th e  C ast Iron  
R esearch Association, is shown in  F ig . 1. This 
gives th e  compression s tren g th  of th e  raw  sand, 
both in  the  unm illed s ta te  and a f te r  m illing  for 
ten  m inutes. The im provem ent a f te r  m illing 
will be noted. The s tren g th  is given fo r several 
ram m ing densities and, of course, th e  h igher 
the  ram m ing the  stronger th e  sand. The whole 
of the  s tren g th  tes ts  were tak en  on a s tan d ard  
m oisture con ten t of 5 per cent.

To elim inate any unknow n qu an titie s , used 
floor sand, i.e ., black sand, was discarded.

Coals.
Three coals were ground  separately  to  produce

the  d u st for these ex p e rim en ts : — Per cent.
Tirpentwys . Volatile 30.6

Ash 10.4
Carbon by difference .. 59.0

Treharris . .  Volatile 12.3
Ash 16.10
Carbon by difference .. 71.60

Anthracite . .  Volatile 6.6
Ash 9.70
Carbon by difference .. 83.70

Each of these coal dusts were divided in to  
th ree  grades, or g rists , as fo llow s:— (1) All th a t  
passed th rough  a 40 meshes to  the  lin ea r inch
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sieve ; (2) between 40 and  28, and (3) between 
28 and  12— th a t  is, fine, m edium  and coarse 
grists .

Experiments.
The first experim ents were m ade w ith  small 

castings, w eighing 6 lbs. each, from  th e  p a tte rn  
of a soleplate 5 in. x 7 in. x § in. th ick  
(Figs. 2, 2a and  2b) . The facing-sand con­
ta in ed  5, 15 and 30 per cent, of coal-dust, 
respectively. Three moulds of each g ris t enum e­
ra ted  above (1, 2 and  3) were m ade and  cast 
separately.

The resu lts of these tes ts  a re  se t o u t in  de ta il 
in  Table I . The num bers m arked on th e  sole- 
p lates in F ig . 2 re fe r to  th e  corresponding te s t 
numbei's in  Table I .

To explain  as briefly as possible the  d a ta  given 
in  Table I :— Tirpentw ys Coal comes w ith in  the 
lim its for volatile con ten t for a good coal-dust ; 
Treharris Coal has a volatile con ten t consider­
ably below th e  m inim um  for a good coal-dust, 
and A nthracite , w ith  its  very low volatile con­
te n t, was only carried  th rough  p a r t  of the  series 
—two only of these tes ts  are  given, as no com­
para tiv e  resu lts were obtained w ith  fu r th e r  tes ts. 
A n th racite  was used only to  prove th a t  th e  
volatile conten t is one of th e  essential charac­
teristics of a good coal-dust.

Percentages of coal-dust to  red  sand were 
chosen to  give low, m edium  and h igh m ix tu res 
for experim ental com parison. The gas given off 
when a mould was cast was judged  by th e  am ount 
coming away as a blue flame a t  tile  box jo in t. 
“  Sh iny  silver-grey ”  refers to  th a t  very b rig h t 
silvery appearance of the  skin when too m uch 
good coal-dust has been used, leaving a carbon- 
flake deposit on the  casting .

The appearance and  changed condition  of the  
facing sand, a f te r  th e  casting  has been removed 
from  the  mould, is very in te restin g , and  m erits 
a detailed  description and  analysis. The record 
of the  tests  shown in  Table I  prove very con­
clusively the  g rea te r efficiency of the  fine g rists  
and  the  h igh volatile coal.

Test No. 1, w ith  only 5 per cent, of high- 
volatile coal-dust added, gave a passable skin,
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whereas Test N o. 10, w ith the  same percentage 
of lower-volatile coal-dust, was very poor. Test 
No. 2 had  ra th e r  too much coal-dust for a perfect 
blue skin, w hereas the resu lts shown for Test 
No. 3 proved th a t  for coal-dust of th is  volatile 
con ten t and fineness the  percentage of coal-dust 
to  sand is very excessive. The comparison of 
the  casting  skin of the  rem aining tests is so 
obvious as to  requ ire  no emphasis.

Experiments with Heavy Castings.
The experim ents ju s t  described having been 

carried  o u t on small castings, w eighing only a 
few pounds, i t  was decided to  carry  o u t sim ilar 
tes ts on castings of th icker section, and the  fol­
lowing type of casting, and method of testing , 
was chosen :— A solid cylindrical casting, 11^ in. 
dia. x  10J in. long, was m ade (see F igs. 3, 
4 and  5).

The p a tte rn  was faced w ith  four different m ix­
tu res of red sand and coal-dust, each covering 
a q u a rte r  of the  circum ference to  the  full depth 
of the  mould. This ensured the same m ix ture 
and tem pera tu re  of iron for each set of facing- 
sand m ixtures. The moulds were all bottom- 
poured, the in-gates being placed about 1J in. 
up from  the  bottom . F ou r castings were made, 
one mould (Fig. 3) cast open and th ree  moulds 
closed. T irpentw ys coal-dust was used in  all 
these tests, vary ing  only in  fineness and  in per­
centage m ix tures w ith sand.

The results of these experim ents are given in 
Table II .

Com paring “  A ” (F ig . 3—mould cast open) 
w ith “  B ” (Fig. 3—mould cast closed), the 
effect of the coal-dust in each section is more 
pronounced in  the  la t te r  th an  in  the  form er. 
Is the reason for th is  due to  the  fac t th a t  smoke 
(from  the  coal) b u rn t in  fro n t of the  rising  
m etal in  the  open m ou ld ; whereas, in  the  closed 
mould, the  smoke could no t bu rn  owing to  the 
absence of free a ir, and was able thoroughly to 
coat the  face of the  mould w ith carbon deposit. 
This would explain  why th e  fins on Section V 
are deeper and more pronounced th a n  on Sec­
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tion  Z (F ig . 3). The castings shown in  F igs. 4 
and 5 were m ade in  closed moulds. They show 
clearly the  in fe rio r resu lts obtained  w ith  coarse 
g rists  from  the  same coal-dust.

A noticeable fea tu re  of these two series is the  
pockm arks and ra tch in g  which occur w ith  the  
add ition  of 30 per cent, and  15 per cen t, coal- 
dust, and do no t occur in the  10 per cen t, and 
5 per cent, m ixtures. This is due to  th e  in-

1  3

10 12 
F i g . 2 .— S o l e - p l a t e s .

creased percentage of coal-dust in  th e  mould 
skin, which, when transfo rm ed  by th e  action  of 
the  ho t m etal to coke, swells and crea tes p res­
sure th ro u g h o u t the  mould face. Some of the  
swelling coke, following the  line of least res ist­
ance, forces itself in to  th e  relatively  soft, ju s t- 
solidifying skin of the  casting . W ith  a lower 
percentage of coal-dust these coking-coal g ra in s 
have more freedom to  expand am ongst th e  su r­
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round ing  sand gra ins, therefore “ pockm arks,” 
ra tch ing  ” and “ m apping ” can be accounted 

for.

Pockmarks.

These unsightly  defects on the skin of the cast­
ing  re fe r to  small p its which can be seen in  N 
and R  in the  upper ha lf of F igs. 5 and 4 re­
spectively and also on sole-plates Nos. 7, 9, 16

4 6

13 15
F i g . 2 a .— S o l e - p l a t e s .

and 18 (Fig. 2). They are directly  due to  coarse 
coal-dust. W hen the  molten iron covers these 
g ra ins of coal, they a t once give off th e ir vola­
tile  m atte r , and  swell as they become coked. 
Being com paratively large, th is  swelling is con­
siderable in the individual grains. A portion  ex­
pands in to  the  soft, just-solidifying skin of the 
casting  and causes th is unsightly  inden ta tion , or 
pockmark.



352

Ratching.
When, th is  swollen piece of coke punctu res the 

th in  skin of m etal, th e  liqu id  m etal bleeds 
th rough  and  becomes m ixed w ith  th e  coke, caus­
ing those small e rup tions on th e  casting-skin  
which requ ire  filing, or chipping, to  remove^ 
Exam ples can be seen in  th e  lower p a r t  of N 
in F ig . 5, and  in Table I I  th ey  are  term ed 
“  ra tc h in g .”

7 9

1 6  1 8  
F i g . 2 b .— S o e e - p l a t e s .

Mapping.
M apping can be clearly seen in  sections Z and 

V of F ig . 3. The d irec t cause of th is  defect is 
due to  an  excessive am ount of fine, high-volatile 
coal-dust in  the  facing-sand. W hen th e  m olten 
iron is poured in to  the  mould the  fine specks 
of coal, thoroughly in term ixed  w ith th e  g ra in s 
of sand, give off th e ir vo la tile -m atter and change 
from  specks of coal to  small beads of coke. This
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change, which takes place instan tly , causes the 
specks of coal to  swell to  more th a n  twice the ir 
previous size. This combined action consider­
ably expands the  skin of the mould, which 
buckles inw ards, and cracks. The fluid portions

Sections V—S and Z—W.

Sections T—U and X —Y. 
F i g . 3 . — S o l i d  C y l i n d e r s .

of the casting  en te r into the  fissures and form 
fins on the face of the casting.

Experiments with Mica-Window Moulds.
A desire to  observe w hat actually  happens in­

side a closed-mould during  casting  led to  the 
adoption of a special mould w ith a mica window.N
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D etails are  shown in F ig . 6 and the  sket( 1) in 
F ig  7. The p a tte rn , w ith  s tr ip  of mica, is 
shown a t  A. This was ram m ed up in  the  usual 
way in a  th ree-parted  box, w ith  th e  mica, m  
position and  opposite the  opening in  th e  m iddle 
p a rt. Before the  p a tte rn  was w ithdraw n  the  
in terven ing  sand between the  m ica and  th e  slot 
in the  box was c u t away, care  being ta k e n  no t 
to  expose the  extrem e edges of th e  m ica. The 
in-gate  was c u t in  a t  the  bottom  jo in t, shown 
in casting  a t  B in  F ig . 6. The mould was cast 
on a low stool to  fa c ilita te  observation  and 
photographing.

W hen m olten iron  was poured  in to  th e  moulds 
made w ith  coal-dust facing-sand, smoke im m edi­
a tely  began to  rise  up  th e  sides of th e  mould. 
The th ickness of th is  smoke varies w ith  the  
am ount of coal-dust in  th e  sand, and  its  volatile  
con ten t. The top  of th e  r is ing  m eta l has th e  
form  of a  meniscus, th e  convex face upperm ost 
as shown in  d iag ram  F ig . 8. The m eta l rises 
w ith  a ro lling  action  ag a in s t th e  sides of th e  
m ould, due to  th e  fr ic tio n  of th e  sand  face. 
There appears to  he a clear space, abou t in . to  
J in. (which follows th e  shape of th e  meniscus) 
betw een th e  top  of th e  r is ing  m eta l and  the  
smoke. This is due to  th e  in tense  h e a t of th e  
m olten iron. I t  requ ired  very  close observation 
to  see th e  rising  m eta l tr a p  any  of th e  coal gas. 
I t  is c e rta in  th a t  th is  action  tak es  place because 
th e  coal specks a re  g iv ing  off th e ir  volatile  gases 
and  continue fo r some tim e  a f te r  th e  m eta l has 
covered them .

P ho tographs tak en  th ro u g h  th e  m ica window 
a re  shown in  F ig . 9. Owing to  th e  exposure re ­
qu ired  to  tak e  photographs, th e  m eniscus and 
space betw een th e  m etal and th e  smoke, re fe rred  
to , do n o t show very clearly. A d is tin c t d iffer­
ence in  th e  volume of smoke, due to  th e  q u a n tity  
and volatile con ten t of coal-dust used, can be 
seen.

Tests on an th ra c ite  coal gave resu lts  sim ilar to 
F ig . 9A. No smoke was visible, and  th ere  was 
no skin on the  casting . F u r th e r  experim ents 
were made to  prove th is  sm oking action . Two
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moulds as F ig . 7 were made, each having the 
lower half faced w ith sand contain ing 30 per 
cent, addition  of coal-dust, and the  upper half, 
raw  red sand, w ithout any coal-dust. The first 
mould was m ade as described w ith a mica

F i g . 6 .

window. Iro n  was poured in, and the  smoke 
could be- seen rising  up th e  mould faces. Im me­
diately  the  m etal reached half-way, as judged 
th rough  the mica window, pouring was stopped, 
and the  top- and middle p a rts  of the mould were 
ins tan tly  removed. On exam ination, the whole
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of th e  red-sand face of th e  upper half had  been 
coated w ith  a layer of black carbon.

The second mould was m ade in  th e  same way, 
b u t w ithou t the  window, using th e  sam e propor­
tion  of facing-sand. W hen th e  casting , F ig . 10, 
was rem oved, th e  lower ha lf in  th e  coal-dust and 
sand had a  b rig h t and silvery skin. The upper 
half in  raw  red  sand had a rough  grey skin  w ith 
sand b u rn t in.

A th ird  mould was m ade w ith  all raw  red- 
sand facing , hav ing  th e  ru n n e r c u t in  a t  the  
bottom  face and a rise r off th e  top . In  th is

F i g . 7 .

tes t, im m ediately th e  m olten m eta l en te red  th e  
mould, a small ball of p itch , abou t § in . d ia ., 
was dropped in to  th e  rising  m eta l th ro u g h  the  
riser. In s tan tly  th ick  black smoke came th rough  
the  riser. This was stopped w ith  a piece of core, 
which acted as a cork. P ou rin g  was continued 
un til th e  mould filled. A fte r rem oving the  
casting  from  th e  mould, th e  sand was carefully  
exam ined. M ost of i t  consisted of clear silica 
grains, b u t th e  sand from  th e  face of th e  casting  
contained about 5 per cent, black-coated silica 
grains. A fter cleaning w ith a  w ire brush , th e  
casting  had a fa irly  good blue skin. On one
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side, near the  bottom , there  was an indentation  
in  a patch  of silvery skin, w ith some shiny carbon 
flakes, where some of the  p itch  had m elted, run  
to  th e  side and been trap p ed  by th e  rising  m etal. 
This suggests th a t  th e  deposit of these shiny 
carbon flakes on th e  casting  and  mould-skins are 
due to  th e  excessive deposition of volatile m a tte r 
between the  two faces.

These experim ents seem to prove th a t  the 
carbon deposit on th e  skin of th e  mould, created

by the  smoke from  the  coal-dust, has only a p re­
lim inary  and sligh t influence on the  colour and 
quality  of th e  casting skin.

As the  previous mica-window tes ts  were all 
made on the  vertical faces of the  moulds, fu r th e r 
experim ents were carried  ou t to  find th e  action 
of coal-dust on the  bottom  horizontal faces. I t  
was impossible to  tak e  photographic records of 
these tests, because i t  was necessary to  make a 
lengthy tim e exposure. The impressions closely
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observed th rough  the  m ica window a re  shown in 
F ig  11 “ A ” rep resen ts th e  mould cavity ,
B the  flowing m etal, and  C th e  sligh t smoke from 
the coal-dust. The advancing  m eta l form s a 
very pronounced meniscus, which gives a rolling 
m otion to  th e  flow. B etw een th e  advancing  
m etal and  th e  sligh t coal smoke th e re  appeared  
to  be a clear space, sim ilar to  th a t  seen in  th e  
“ vertica l ”  experim ents. H ere , aga in , the  
trap p in g  of a  smoke pad by th e  advancing  m eta l 
is no t very noticeable.

Carbon Absorption.
A te s t was m ade on casting  F ig . 10 to  ascer­

ta in  if any  of the  carbon deposit from  th e  coal- 
d ust was absorbed in to  the  casting  sk in . A bout 
2̂ in. dep th  of sk in  was rem oved w ith  a  file from  

faces A and  B and  C and  D of F ig . 10. S ep a ra te  
analyses were tak en  fo r to ta l carbon, which 
gave the  following re s u l ts :—A-B (coal-dust and 
sand skin), to ta l carbon =  2.086 per c e n t . ; and 
C-D (red-sand skin), to ta l carbon  =  1.895 per 
cen t., showing a  g a in  of 0.191 per cent, to ta l 
carbon, or alm ost 10 per cent, in  th a t  p a r t  of th e  
casting  m ade in a facing  sand to  which 30 per 
cent, coal-dust had  been added. These resu lts 
suggest th a t  carbon is tak en  up from  th e  coal 
gas du rin g  th e  h igh  tem p era tu re  of th e  casting , 
before final solidification has se t in . This is 
probably th e  reason why coal-dust, added to  the  
sand for facing m ild-steel castings, does no t 
opera te  in  th e  same way as i t  does w ith  high- 
carbon steel and  grey-iron castings.

The Action of Coal-Dust on the Casting Skin..
The following exp lana tion  of th e  action  of 

coal-dust on th e  skin of th e  casting  is advanced 
as a resu lt of these experim ents.

The ra d ia n t h ea t im m ediately preceding the  
advance of the  m olten m eta l causes th e  coal-dust 
to  give off its  volatile m a tte r  in th e  form  of 
smoke. This condenses on th e  inner surfaces of 
th e  mould and coats them  w ith  a carbon deposit 
thus form ing a p relim inary  p ro tection  to  the  
sand grains. As the  advancing m etal covers
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t h i s  a c t i v e  c o a l ,  t h e  s m o k e  i m p i n g e s  u p o n  t h e  
s k i n  o f  t h e  c a s t i n g ,  t h u s  c r e a t i n g  a  c a r b o n  f i lm  
b e t w e e n  t h e  m e t a l  a n d  t h e  s a n d .  T h i s  r e a c t i o n  
o f  t h e  c o a l  c o n t i n u e s  t h r o u g h o u t  t h e  s o l i d i f i c a ­

t i o n  r a n g e  o f  t h e  m e t a l .
A s  t h e  h e a t  p e n e t r a t e s  d e e p e r  i n t o  t h e  f a c e  

o f  t h e  m o u l d ,  m o r e  c o a l - d u s t  is  d e c o m p o s e d ,

9 d .— M i c a  W i n d o w  P h o t o g r a p h .

F ig . 9d .—Red sand, 10 ; Coal-dust, 1 (10 per cent.). 
Grade 1 (Grist 40.) Tirpentwys coal. Smoke slightly 
less than 9b and 9c. Blue skin. No carbon flakes. 
Stripped fairly clean.

evolving more gas. U nder pressure of expan­
sion th e  smoke follows th e  line of least res ist­
ance. The bulk of the  smoke percolates th rough  
the pores and  vents of the  mould in to  th e  open. 
Some continues to  keep co n tac t w ith  the  casting  
skin, where, due to  the  h igh tem p era tu re , i t  is 
transform ed in to  fixed carbon, which is deposited



on to the  casting  and sand_ grains of the  mould 
skin when the  percentage of fine, high-volatile 
coal-dust exceeds a ce rta in  ra tio . A small per­
centage of carbon is absorbed in to  the  skin of 
the casting.
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9 e . 9 f .

M i c a  W i n d o w  P h o t o g r a p h s .

F iq . 9e .—Red sand, 10 ; Coal-dust, 3 (30 per cent.). Grade 1 (Grist 40.)
Treharris coal. Smoke considerably less than 9d . Dull-blue skin. 

F ig . 9f .—Red sand, 10 ; Coal-dust, 1 | (15 per cent.). Grade 2 (Grist 
28.) Treharris coal. Very little smoke. Poor dirty-blue skin.
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The Action of Coal-Dust on the Sand.
The sands referred  to in th is  P a p e r  as “  skin 

sand ”  and  “  behind skin sand  ”  app ly  to  the 
sand on the  face of the  m ould, and th a t  imme­
diately  behind the  face, say, from  £ to  \  in. 
thickness. These skin sands, being carbon- 
coated, will give a fa irly  good blue sk in  to  a

casting  when dam ped down and used again  
th ey  are useless as a facing sand by them selves’ 
because, having no bond, the  sand swills in  fro n t 
of the m etal. Therefore, i t  m ust have a certa in  
am ount of new sand added to  m ake i t  usable. 
The sand behind these two skins still re ta in s  
most of its bond, and the  whole mixed together

F ig . 10.



Table I.—Coal-Dust Tests on Small Soleplates.
Stourbridge Red Sand, Unmilled and Dried, used in all Tests. Water added, 5 per cent.

Name
of

coal.
Analysis. Grist.

Mixture 
of facing 

sand. 
C.D. 

to sand.

Test
No.

Gas given 
off when 

cast.
Colour of 

casting skin.
Quality of 

casting skin.
Carbon flake 

deposit on skin.
Appearance of skin 

sand from mould.
Appearance im­
mediately behind 

skin sand.
Amount of 

top.
Coking
bottom.

Appearance • of skin 
sand under magni­

fication.

Appearance of sand 
immediately behind 

skin sand, under 
magnification.

Volatile, 
30.6 per 
cent.

40
Per cent. 

5

15

30

1

2

3

Very slight

Slight flame 
at joint

As above ..

Dull blue ..

Blue centre, 
silver-grey 
outer edge 

Shiny silver- 
grey

Fair after wire-brush­
ing

Good, very little 
brushing required

Smooth but slightly 
mapped

Nil

Slight carbon 
flakes. Bottom 
face

Large amount ..

Slight carbon coating

Silver-grey coked, 
shiny carbon coated

Coked bright silver 
grey

Loose black 
grains

Grains matted, 
dull black

Well matted but 
not coked

Nil

-h i“ - 

*  in.

Nil 

i  in. 

1 in.

Slight coating of car­
bon, shiny black 
grains 

Bright silver grains, 
carbon covered

As above

Dull black, slightly 
matted sand and 
coal.

Shiny grains of dull 
black.

As above.

T
IR

PE
N

T
W

Y
S Ash, 10.4 

per cent.
28 5

15

30

4

5

6

Very slight 

As above ..

Moderate 
flame at 
joint

Dull blue- 
black 

Dull silvery- 
grey

Bright silver- 
grey

Poor, rough after 
wire-brushmg 

Fair, but slightly 
pockmarked when 
brushed 

Clean, but slightly 
pockmarked all 
over

Nil

Very slight ___

Large amount of 
carbon flake

Slight carbon coat, 
matted grains 

Silvery-grey

Coked bright silver- 
grey

Loose dark grains

Dark matted 
grains

Well matted, £ in. 
thick

Nil 

f t  in.

f t  in-

Nil 

f t  in-

i  in.

Shiny black grains and 
small beads of coke 

Silvery-coated grains 
of carbon and coke

Bright silver grains, 
carbon covered

Matted sand and coal 
grains.

As above.

Heavy masses of 
matted grains.

Carbon,by 
difference, 
59.0 per 
cent.

12 5

15

30

7

8

9

Very slight 

Slight

Medium
flame

Poor, dull 
blue-black 

Dull silver- 
grey

Silvery-grey

Poor, rough, pock­
marked after brushing 
Poor, pockmarked 

when brushed

Badly pockmarked

Nil

Very slight car­
bon flakes

Slight amount of 
carbon flakes

Matted grains, carbon 
coated 

Silvery-grey

Silvery-grey

Loose dark 
grains 

Dark matted 
grains

As above

Nil

f t  in-

f t  in-

Nil 

f t  in.

f t  in.

Matted dark grains and 
coked beads of coal 

Silvery-coated grains 
of carbon-covered 
sand

Silver carbon covered 
grains

As above, but less 
matted.

Dull matted grains 
of sand and coal.

Large lumps of sand 
and coal, all matted.

Volatile, 
12.3 per 
cent.

40 5

15

30

10

11

12

Very slight 

As above ..  

Slight

Rough grey

Dull blue- 
black

Dull blue ..

Very poor. Sand 
burnt on

Fair, after good wire- 
brushing

Fairly smooth after 
good brushing

Nil

Nil

Nil

No carbon coating 
clear silica grains

Dark grains slightly 
matted

As above

No carbon coat­
ing, clear silica 
grains 

Loose dark 
grains

As above

Nil

Nil

Nil

Nil

Nil

Nil

Clear silica grains

Some grains black 
smoked, some show­
ing dull red 

Grains of sand are 
dark smoked

Clear silica grains.

Same, but more un­
touched grains dull 
red.

Similar, but some un­
touched grains.

T
R

E
H

A
R

R
IS

Ash, 16.10 
per cent.

28 5

15

30

13

14 

16

Nil . .

Very very 
slight 

Slight

Very rough 
and grey

Dull black

Blue-black, 
sand stuck 
to  casting

Slight scab at centre. 
Very poor. Burnt 
on

Rather poor

Very poor. Rough, 
covered with small 
pockmarks

Nil

Nil

Nil

Grey silica grains, 
dark specks of burnt 
coal

Dark grains, very 
slightly matted 

Shiny black grains, no 
coking bonding

Grey silica grains, 
specks of coal

Loose dark grains

Dark lumps of 
matted sand and 
coal grains, dull 
black

Nil

Nil

Nil

Nil

Nil

Nil

Clear silica grains

Some dark grains, 
some dull red 

Shiny grains of sand, 
carbon covered, and 
small beads of coke

Clear silica grains.

Same, but more un­
touched red grains.

Matted lumps of sand 
and coal, partly 
fused.

Carbon,by 
difference, 
71.60 per 
cent.

12 5

15

30

16

17

18

Nil ..

Very very 
slight

Fair amount

Very rough 
and grey

Bad, greyish- 
blue

Bad, dirty 
blue-grey

Very bad. Rough and 
deeply pockmarked

As above

Extremely bad. 
Rough, very deep 
pockmarks

Nil

Nil

Nil

Grey, with large grey 
spots due to coal

Dull smoky black ..

Rough matted lumps 
of coked sand and 
coal slightly metallic

Same

Dull black grains 
and dirty red 
grains 

Rough matted 
dull grains

Nil

Nil

Nil

Nil

Nil

Nil

Clear silica grains and 
half-coked grains 
of coal 

Some dark grains 
matted and some 
dull red 

Fine grains have met­
allic coating

Same.

Same, but more half, 
smoked red grains.

Dark matted lumps of 
partly coked coal 
and sand.

W
Ht—tO

Volatile,
6 .6  per 
cent. 

Ash, 9.70 
per cent. 

Carbon,by 
difference, 
83.7 per 
oent.

40 5 19 Nil . . Rough and 
grey

Very poor. Sand 
burnt on

Nil Grey silica grains 
specked with grains 
of coal unchanged

Same Nil Nil Clear transparent sili­
ca grains and specks 
of unchanged coal

Same.

<1
m
W
H
5

30 20 Nil . . Rough,
darker
grey

Very poor. Sand and 
coal burnt in like 
emery cloth

Nil Same as above ; more 
coal specks

Same Nil Nil As above : more coal 
grains

-

Same.

Table II.—Coal-Dust Tests on Heavy Castings.
Stourbridge Red Sand, Unmilled and Dried, used in all Tests. Water added, 5 per cent.

Test-
piece.

Quarter-
section. Grist.

Percentage 
of coal- 
dust in 
sand.

Colour of skin. Quality of skin.
Carbon 

flake 
deposit on 

skin.
Appearance of skin sand. Appearance immediately 

behind skin sand. Skin sand magnified. Behind skin sand 
magnified.

A 
Open 
sand " 

mould

Y

X

W

40

40

40

40

30

15

10

5

Bright blue. Top 
portion slightly sil­
very

Deep blue

Dull grey with some 
dark blue patches

Light grey

Smooth, mapped. Fins 
of mapping -fg- in. high

Smooth good skin, no 
mapping 

Rough, sand slightly 
burnt on 

Very rough, sand fritted 
and burnt in. No skin

Very slight 
in upper 
portion of 
casting 

Nil

Nil

Nil

Coked silvery grey, f  in. 
deep

Dark grains matted to ­
gether, |  to f in. deep

Coked bluish-grey, ft in. Dark grains matted to- 
deep gether, 4 to § in. deep

No coking. Sand and coal grains matted, £ in. deep.

No coking or matting, sand grains clean white silica, 
very slight carbon coat on a few grains

Bright silvery grains, car­
bon coated, well-coked 
coal grains

As above

Grains of sand, black-carbon 
coated. Partly-coked 
coal grains.

As above.

Dull black smoked grains of sand and partly-coked coal 
grains.

Clear silica grains, with very few black grains, comprising 
coated grains of sand and specks of coke and coal.

B
Closed
mould

U

T

40

40

40

40

30

15

10

5

Silvery, with a few 
patches of blue

Bright blue

Dark blue

Light grey

Smooth, very badly map­
ped, fins of mapping 
\  in. high 

Very good smooth skin-.
No mapping 

Fairly good after wire 
brushing 

Very rough, sand burnt 
in. No skin

Considerable 
in upper 
half 

Nil

Nil

Nil

Coked silvery-grey, about 
f  in. deep

Coked bluish-grey, f t  in. 
deep

Shiny dark grains matted 
together, J  to J  in. 
deep

Dark grains matted to ­
gether, i  to f  in. deep 

No coking. Sand and grains of coal slightly matted

Bright silvery grains, car­
bon coated, and Well- 
coked coal grains 

As above

Sand grains with shiny 
black carbon. Partly- 
coked coal grains.

As above.

Very slight carbon coat­
ing on a few skin grains

Clear white silica, with 
few dark specks of coal. 
No matting

All sand grains slightly carbon coated. Coal grains 
partly coked.

Clear silica grains, with a few black grains comprising 
coated grains of sand, and specks of coke and coal, 
approximately 10 per cent, black.

R 28

28

28

28

30

15

10

Dull blue

Dull blue top portion. 
Dark dirty grey 
lower half

Dull dirty grey, slightly 
better skin upper 
half

Light grey

Poor quality, shallow 
pockmarks. Slightly 
ratched bottom

Poor. Pockmarks upper 
part. Slightly ratched 
bottom half

Very poor. Sand burnt 
on lower part. Slightly 
better skin upper half

Very rough. Sand burnt 
in. No skin

Nil

Nil

Nil

Nil

Slight coking, bluish-grey, 
about I  in. deep

No coking, very little 
matting of grains. Dark 
grey

No coking. Sand grains 
matted with partly- 
coked coal

No coking, or matting. 
Clean silica grains and 
some black grains

Shiny dark grains, matted

Dark grains of sand, car­
bon covered

No coking. Sand grains 
matted with partly- 
coked coal

No coking or matting. 
Clean silica grains and 
some black grains

Black carbon-coated grains, 
specks of coal and partly- 
coked coal.

As above.

Mixture of bright silver 
grains and shiny black.
Approx. 50 per cent, of 
each. Large pieces of 
coked coal 

Mixture of clear silica 
grains, with black car­
bon-coated grains.
Approx. 25 per cent, of 
black grains. Large 
coked grains 

Mostly clear silica grains.
Approx. 10 per cent, 
black grains, and a few 
coked grains

Clean silica grains with very few dark grains, comprising 
coated grains of sand, specks of coke and coal. Approx. 
5 per cent, black.

As above.

N

M

K

12

12

12

12

30

15

10

Dull blue

Dull blue

Dull blue

Grey, but slightly blue 
on upper half

Very poor. Very deep 
pockmarks and badly 
ratched.

Fair. Shallow pockmarks 
and slightly ratched

Fairly good. Best skin 
on casting. No pock­
marks or ratching

.Very poor. Sand burnt 
on, but slight sign of 
skin near top. No 
pockmarks or ratching

Nil

Nil

Nil

N il

Very slight coking, f t  in­
deep. Bluish-grey 
large cokes bedded in 
sand

No coking of sand, slightly 
matted

No coking or matting. 
Grey silica sand with a 
few black specks

As above

Coarse grains of coal bed­
ded in carbon-coated 
sand grains

Dark grains of sand car­
bon covered. Slightly 
matted

As above ..

As above

Few silvery grains, but 
mostly shiny black, with 
large pieces of coked coal

Mixture of silica grains 
and carbon-coated grains 
with large coked coal. 
75 per cent, coated grains 

Clear silica grains with a 
few dark grains and large 
specks of coked coal, 
10 per cent, coated

Black carbon-coated grains 
and specks of coal partly 
coked.

Mixture of silica grains 
with black carbon grains 
and partly-coked coal, 
75 per cent, coated.

Mixture of silica grains with 
black carbon grains and 
partly-coked coal, 50 per 
cent, coated.

Clear silica grains with a few black grains, comprising 
coated grains of sand and specks of coke and coal. 
Approx. 50 per cent, black.

[To face page 305
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is usable for a  period, becoming weaker and 
w eaker w ith  each succeeding cast.

“ Skin Sand.”
The condition and appearance of th is sand, 

which forms the  mould face, varies considerably.

A study of the  Tables I and I I  shows the in­
creased coking effect produced by the  fine coal 
w ith a high-volatile content. Also, th e  finer the 
coal-dust, th e  more com pact th is  coked skin 
becomes. F ig . 12 shows two pieces of shnd from 
sole-plate mould No. 3 (Table I and F ig . 2). 
The dep th  of the  coking can be seen in the sec­
tion , and the  b rig h t silvery appearance in the 
plan. W ith  Grades 2 and 3, th is  coking is more 
coarse, and much weaker in s truc tu re . Coking 
does no t occur w ith  the  lower volatile coals. 
There is a very d is tinc t difference of condition 
and appearance between th is skin and the  sand 
im m ediately behind it, w ith  the exception of 
some m ix tures contain ing  only 5 per cent, 
additions of coal-dust.

Immediately Behind the Skin Sand.
The exact position of th is  sand from  the  face 

of the casting  varies w ith  the  depth  of the cok­
ing or m a ttin g  (cohering) of the  skin sand. 
In  F ig . 12 i t  is the deep-black cen tra l portion 
in  th e  section. W here coking is p resen t in the 
“  skin ”  sand, i t  consists of carbon-coated sand, 
partly-coked coal, m atted  together by the ta r
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from the  partly-coked coal and th a t  le ft by the  
d is tilla tion  of th e  smoke from  th e  coked coal in 
the  skin sand, as i t  filters its way th ro u g h  to  
the open. W ith  th e  exception of th e  5 per cen t, 
coal-dust additions previously m entioned, these 
sand grains are  always more heavily coated  w ith  
deep-black carbon th a n  th e  g ra in s in  th e  skin 
sand. The photom icrographs, F igs. 13, 14 and 
15, show th is  very clearly. V a, R a and  Qa

F i g . 1 2 .

are taken  from the  “ skin san d ,” V b , R b and 
Qb from  “ behind-skin ”  sand of the  castings 
B and 0 , Table I I  and  F igs. 3 and 4.

Photom icrograph F ig . 16 of section “  0  ”  in 
Table I I  shows the  exceptions where th e  “  sk in  ” 
and  “  behind-skin ”  sands have th e  same 
characteristics. Photom icrograph  F ig . 15 rep re ­
sents sand from  Section Q, Table I I .  This shows 
ano ther pecu liarity . The “  skin sand  ”  (A) con-
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sists of a large proportion  of clear silica g ram s 
The grains of the “  behind-skm  sand 
all-black carbon-coated and  m a tte  . P
hag th is w ith  No. 5, Table I  (con tain ing  th e  same
facing-sand m ix ture) shows a v̂ f

S T i  S a n .  i T s  w ith  1 . o  w ith  4, K  .n ,i
M w ith  7 and 8. ,

These com parisons sup p o rt th e  s ta tem en t th a t  
superfine coal-dust is th e  m ost efficient to r

heavy as well as lig h t w o rk ; th a t  coarse-graded 
coal-dust, unless used in  large proportions, when 
they  cause o ther blemishes (such as pock­
m arks and ra tch ing ), a re  too widely d is trib u ted  
am ongst the  sand gra ins to  function  properly, 
and  leave much of th e  sand on the  mould faces 
unpro tected  or so slightly  covered th a t  th e  coat­
ing is b u rn t off by th e  h ea t of th e  m etal. 
T herefore, coal-dust, as its name implies, m ust

F i g . 16.— S e c t i o n  0 . C l e a r  S i l i c a  G r a i n s  
a n d  C a r b o n - c o a t e d  G r a i n s .



be the dust o f coal, and for all classes of work 
should be of a “ superfine ” quality  th a t  would 
pass th rough  a 40-mesh to the  linear-inch sieve; 
also, the  volatile con ten t should not be less th an  
30 per cen t., i.e ., a bitum inous coal. This 
action of the  volatile m a tte r  in the coal du ring  
the  casting  of the  mould explains th e  reason 
why used foundry sand is black, when coal-dust 
is m ixed w ith the  facing sand. This can easily 
be proved by burning th e  black “ used sand ” 
in a ir. The carbon film will burn  off, leaving a 
brown or grey silica g ra in , such as is le ft on 
th e  top  of an open sand p la te  when a th in  layer 
of black sand has been throw n on a f te r  casting.

The au th o r desires to  th an k  M r. W . R . D. 
Jones, of the D epartm en t of M etallurgy, U niver­
sity  College, Cardiff, for his assistance and the 
photom icrographs of the  san d s ; also the B ritish  
C ast Iro n  Research Association for the  tests of 
the  red sand.

DISCUSSION. 

The Origin of Pock-marking.
Mb. F . J .  Cook, in  a tr ib u te  to  M r. H ird , 

said th a t  those who knew him  appreciated  the 
uncanny orig inality  of his methods of approach 
to  any su b je c t; nobody b u t M r. H ird  would have 
though t of p u ttin g  a window in  a mould in  order 
to see w hat happened inside, b u t by th a t , as by 
some of his o ther unorthodox methods, he had 
proved m any th ings we did not know h itherto . 
R eferring  to  the  pock-m arking of the  skins of 
the  castings, he said th a t  th is  was a g rea t 
nuisance to  those who had to make articles such 
as stove gra tes, which had to  be used in  the 
condition in  which they  le f t the  moulds. On 
one occasion he had  been asked to  investigate 
the cause of th is trouble, and he had no t a t t r i ­
buted  i t  to  the  coal-dust in the  sand, b u t had 
proved conclusively th a t  i t  was due to  the 
presence of large grains of raw  sand in the  facing 
sand. O ften one found th a t  the  men engaged 
in sieving sand on to the face of the  p a tte rn  
were inclined to  push the sand th rough  the
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sieves; he had  found th a t  in  the  p a rticu la r 
foundry concerned th ere  was one m an whose 
work was more pock-m arked th a n  th a t  of the  
others, and th a t  th is  m an, no t hav ing  tim e to  
sieve th e  sand th rough , was pushing i t  th ro u g h ; 
in addition , some of the  s tran d s of th e  sieve were 
broken. The proprietors of the  foundry  con­
cerned were no t qu ite  convinced th a t  th e  pock- 
m ark ing  of the  castings was due to  th e  presence 
of large gra ins of sand. In  order to  prove the  
point, he had riddled  some sand and had  made 
a  mould partly  w ith  ridd lings and  p a rtly  w ith  
fine sieved s a n d ; when a casting  was m ade in 
th a t  mould i t  was found th a t  in  th e  p a r t  in  which 
ridd lings were used th ere  was pock-m arking, 
whereas in  th e  o ther p a rt , where th e  fine sieved 
sand, was used, th e re  was no pock-m arking w h a t­
ever. I t  was obvious, therefo re , th a t  pock- 
m arking was due not only to  th e  use of coarse 
coal-dust, b u t also to  the  presence of la rge  g ra in s 
of raw  red  sand. T ha t did no t disprove any th ing  
th a t  M r. H ird  had  said. H e considered M r. 
H ird  was wise in carry ing  ou t his experim ents 
w ith raw  red sand only and in  avoiding th e  use 
of black sand w ith  it , because he had  avoided 
contam ination  of th e  sand, and i t  was wise to  
in troduce as few variables as possible when 
carry ing  ou t research work. I f  he would give 
some idea, however, of th e  additions of black 
sand perm issible in order to  ob tain  th e  best 
results, the in form ation  would be a useful guide 
to  foundrym en generally.

Coarse Coal-Dust also Pock-marks.
M r. A. R . B a r t l e t t  (London) agreed w ith  M r. 

Cook th a t  the  pock-m arking of th e  skin of th e  
casting  was no t due altogether to  th e  use of 
coarse coal-dust, and said th a t  a  fa r  g rea te r 
degree of pock-m arking resu lted  from  a clay- 
bonded th a n  from  a  rock-honded sand  of th e  
red-sand type. H e used E r ith  sand, which was 
clay-bonded, and on castings which were m ade 
by men whose practice i t  was to  ru b  th e  sand 
th rough  th e  sieves there  was invariab ly  much 
deeper pock-m arking when a clay-bonded sand
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was used as compared w ith a red sand. 
N atu ra lly , on account of cost, he was anxious 
to  use the  local E r ith  sand as much as possible, 
and  in  order to  overcome th e  pock-m arking diffi­
culty  i t  was his p ractice to  use th e  clay-bonded 
sand m ixed w ith an equal p roportion  of rock- 
bonded sand. The use of a  coarse coal-dust in 
the  sand also produced pock-m arking, of course. 
A t his foundry they  ground th e ir  own coal-dust, 
and it  was noticed th a t  as soon as the sieves used 
for g rad ing  i t  became worn, considerable pock- 
m ark ing  of th e  castings resulted.

Mb. H. B. Hanley (U .S.A .) said he had come 
into contac t w ith so-called pock-m arking in 
America, and had found th a t  in m any cases it  
was due to th e  balling up of the  b inding sub­
stance of th e  m oulding sand when the  sand was 
im properly tam ped.

Coal-Dust and Venting Properties.
Mb. H . Field, who was anxious to  make it  

clear w hat was m eant by “ pock-m arking,” said 
he gathered  th a t  the appearance of the  pock­
m arks was sim ilar to  th a t  of B rinell impressions.

Mb, Hied said that was so.
Me . Field, continuing, said th a t  he had  ex­

perienced trouble  due to  the pock-m arking of the  
surfaces of highly-finished castings, b u t he did 
not th in k  i t  was due to  the use of coarse coal- 
dust, because i t  was alm ost impossible to  find 
any coarse particles in the superfine coal-dust 
used to-day. H e did no t say th is as a con tra ­
diction of M r. H ird ’s argum ent, b u t m erely to  
point ou t th a t  M r. H ird ’s exp lana tion  d id  not 
appear to  fit his own experience. M r. H ird  
had s ta ted  th a t  in  general i t  was best to  use the  
finest possible coal-dust in  order to  produce a 
casting  w ith a good skin. On the  o ther hand, 
we were told by researchers in to  sand problems 
th a t  i t  was inadvisable to  use sand m ixtures 
contain ing  sands of vary ing  g ra in  size, because 
the  fine g rains would fill up the  cavities between 
the coarser g rains, and less efficient ven ting  
would resu lt. H e asked w hether, if a  fine coal- 
dust were used, the fine grains of coal would fill
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the cavities between th e  sand gra ins, and, if so, 
why b e tte r  ven ting  properties were obtained  w ith 
a fine coal-dust th a n  w ith  a coarse coal-dust.

iVolatiles in Coal-Dust and Skin Effects.
M r. H . B. H a n l e y  (U .S .A .), in  expressing 

appreciation  of M r. H ird ’s valuable con tribu tion  
to  our knowledge of coal-dust as app lied  to  
m oulding sands, said th e  ground  was covered 
more thoroughly by th is P a p e r th a n  by any p re ­
vious con tribu tion  he had  seen. The use of 
coal-dust, he continued, was a m a tte r  of con­
siderable im portance in th e  foundry . I t  was 
very easy to  in troduce difficulties by th e  use of 
an excessive am ount of it, and also by th e  selec­
tion  of the wrong grade or partic le  size. H e was 
p articu la rly  in te rested  to  note M r. H ird ’s re ­
m arks concerning the  occurrence of pock-m arks, 
and his own experience was in  accordance w ith  
th a t  of M r. H ird . I t  was also qu ite  a  common 
experience to  find m anifesta tions of pin-holes in 
castings when coarsely-ground coal was used in 
fine moulding sand. M r. H ird ’s m ethod of p ro ­
cedure in  studying  th e  behaviour of coal-dust 
was very illum inating , and  th e  work had  been 
carried  ou t in a p a in s tak ing  and com prehensive 
m anner. H is theory  re la tive  to  th e  function  of 
coal-dust and its effect upon th e  surface of the  
castings was also in te resting . There had  always 
been difference of opinion am ongst foundrym en 
as to w hether the residual carbon contained  in 
the sand was responsible for th e  p roduction  of 
cleaner castings, or w hether th e  volatile  carbon 
generated  under the  action  of h ea t was the 
beneficial agen t. F o r th e  w an t of m ore in fo r­
m ation, he had regarded the  la t te r  reac tion  as of 
first im portance. F u rth e r , he believed th a t  th e  
chem istry of th e  reaction  betw een th e  bonding 
substance and the  volatile gases u nder th e  action 
of h ea t was very m uch responsible for th e  peel­
ing phenomenon observed in  m any sands. One 
had only to  note th e  colour of th e  changed mass 
a f te r  the  casting  was m ade to  recognise th e  in ­
fluence of the  carbonaceous m a te ria l upon the  
ingredients of the  facing. I t  appeared  qu ite



clearly th a t  a chemical change of considerable 
im portance occurred in the  reducing atm os­
phere.

R eferring  to  th e  g rade of coal to  be used in 
practice, he said th a t  Mr. H ird  leaned tow ards 
the  use of finely-ground coal. One advantage of 
th e  use of finely-ground coal—by which he m eant 
coal ground so finely th a t  90 per cent, or so 
would pass th rough  a 100-mesh sieve—was th a t 
less of i t  was used to  do the  work th a n  would 
be used if i t  were more coarsely ground, bu t, on 
th e  o ther hand, i t  was well known th a t  the  finer 
coal acted  as a filler in  the  facing, and conse­
quently  lowered the  perm eability . M easure­
m ents had shown th a t  finely-ground coal in green- 
sand practice con tribu ted  a sligh t increase in 
bond and a desirable smoothness to  the sand. 
The opinion had been expressed from tim e to 
tim e th a t  g round coal increased the perm eability 
of facing sand. No doubt the  coke produced by 
the incom plete combustion of the  coal increased 
the voids, b u t i t  was hardly  possible to  conceive 
of an increase in  perm eability . The am ount of 
gas generated  when ground coal was present 
rendered good perm eability  of the  sand more 
necessary th a n  ever. The more coarsely-ground 
coals were used as a rule only for the  m aking 
of m edium  and heavy castings. In  America five 
or more grades of sea coal were used in the 
foundry. The analysis conformed generally to 
the  following com position:—M oisture (as re­
ceived), 1.30; volatile m a tte r , 33.96; fixed car­
bon, 55.46; ash, 9.28; and sulphur, 1.27 per cent. 
The percentage of volatile carbon seemed to  be 
a litt le  h igher in  those coals th a n  in  the  coals 
he had seen in  M r. H ird ’s collection a t  the 
Foundry E xhibition . The average fineness 
numbers of the Am erican coals referred  to  were 
128, 142, 189 and 272, and  there  was a still 
finer grade called “  air-floated ”  m ateria l. The 
coarser grades were always used by the m anu­
fac tu re rs  of heavy castings in  grey iro n ; the 
medium and fine grades were used extensively in 
the medium grey iron and malleable shops. The 
finely-ground (bu t not air-floated) m ateria l was
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being used more and more, and th a t  was in 
accordance w ith  M r. H ird ’s recom m endation.

There were, of course, a num ber of n a tu ra l 
sands in America whose bond con ten t was so very 
low th a t  the  use of g round coal w ith  them  was 
no t called for. On the  o ther hand , some of the  
American sands, carry ing  a  sticky bond, would 
not produce clean castings in green-sand practice  
w ithout th e  addition  of one p a r t  of ground  coal 
to  ten  or twelve p a rts  of sand. In  m alleable 
foundries cleaner castings were produced when 
ground coal was used th a n  when i t  was n o t u se d ; 
the  g rea te r tem p era tu re  of th e  iron  m ade neces­
sary th e  use of sea coal.

The producers of sea-coal facing—as i t  was 
called in  Am erica—m arketed  th e ir  grades u nder 
s tandard  specifications, and generally  the  p roduct 
could be relied upon as regards u n ifo rm ity  of 
grade and chemical composition.

F inally , M r. H anley  expressed th e  hope th a t  
M r. H ird  could continue his investigations, in  
order th a t  we m ight apprecia te  fully  th e  role 
played by powdered coal in  its  various app lica­
tions to  foundry  practice. M r. H ird ’s work was 
of high calibre and of g re a t value to  the 
industry .

Cushioning Effect of Coal-Dust.

M e . J .  G. A. Skerl  (B ritish  C ast Iro n  R e­
search Association), in  cong ra tu la tin g  M r. H ird  
upon his work, carried  ou t m ore or less in  his 
spare tim e, said th a t  th e  in d u stry  could do 
w ith the  help of m any more men of h is tem pera­
m ent and ability , to  carry  o u t experim ents 
which m ight be th o u g h t to  be qu ite  simple, b u t 
which were necessary to  th e  advancem ent of 
foundry  technique. The technical l i te ra tu re  of 
the  foundry  industry  lacked P ap e rs  concerning 
the  addition  of m ateria ls to  facing m ix tu res. 
The work of the  R esearch A ssociation would be 
confined practically  to  labora to ry  w ork, because 
the  Association had no foundry  of its  own 
unless members and o thers in  the  in d u stry  
carried  ou t experim ental work in  connection w ith
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sands, and such co-operation was welcomed by 
th e  Association.

S tourbridge red  sand had been used by Mr. 
H ird  for th e  purpose of his experim ents, and i t  
was to  be expected, of course, th a t  when casting 
in to  v irg in  S tourbridge red  sand—which was 
a  good and strong sand—one would obtain 
a bad casting in  the  first p lace : the  m etal 
would not lie on th is  strong sand, and the  skin 
of th e  casting would be rough. I f  coal- 
dust were used w ith the  sand, undoubtedly 
the  m etal would lie on th e  mould, by reason 
of the  cushioning effect produced by the  coal- 
dust. M r. H ird  had the  honour of being the 
first to  have published the results of some per­
m eability  and s tren g th  tests carried  ou t by 
m ethods p u t forw ard by the B ritish  C ast Iron  
R esearch Association. Those methods would be 
published shortly.

Grading Difficulties,
Discussing th e  fineness of g rind ing , and 

sieving, he said M r. H ird  had used a fine, a 
medium and a coarse g rist. I t  would appear, 
however, th a t  his fine g ris t was equivalent to  
the m edium  g ris t of most coal-dust producers; 
the superfine g ris t produced by the  big firms 
was very much finer th an  the  fine m ateria l used 
by M r. H ird . W ith  regard  to  the  ra tch ing  effect 
re fe rred  to  in the  P aper, he suggested th a t  th is 
m ight be due to a large ex ten t to  the fac t th a t  
the  sand was too. strong, and, being green sand, 
the  action of the  r m etal would cause the  sand 
to shrink, so th a t  cracks were formed, in to  which 
th e  m etal could p enetra te .

Relative Carbon Absorption by Steel and Cast Iron.
In  the  section of the P ap er dealing w ith carbon 

absorption, M r. H ird  had proved satisfactorily  
th a t  a certa in  am ount of the  carbon was taken 
up by the  skin of the  m etal from  the coal gas. 
Then he had s ta te d : “  This is probably the
reason why coal-dust, added to the sand for 
facing mild-steel castings, does not operate in
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th e  same way as i t  does w ith  high-carbon steel 
and grey-iron castings.”  M r. Skerl asked for a 
more detailed  explana tion  of th is  s ta tem en t, 
because he believed th a t  a m ild steel would tak e  
up more carbon, inasm uch as i t  con tained  less 
in its  orig inal sta te . The probable reason for 
the  non-absorption of carbon in  m ild steel was 
th a t  its freezing range  was sho rter th a n  th e  
m etals con tain ing  h igher carbon percen tage.

D ealing fu r th e r  w ith  the  question of g ra in  
size, he recalled th e  claim  of research  w orkers— 
already m entioned by M r. F ield—th a t  th e  size 
of the  particles of coal-dust used should be p rac ­
tically  the  same as th a t  of th e  sand g ra ins, and 
said th a t  M r. H ird ’s resu lts had  confirmed th a t ,  
because the  grad ing  of his superfine or fine coal- 
dust was very sim ilar to  th e  g rad ing  of m ost 
m oulding sands.

The Tarry Constituent of Black Sands.
A poin t which M r. H ird  had n o t em phasised 

particu la rly  was th a t  much of th e  black m a te ria l 
in  black sand was m ainly ta r ry  m a tte r , and  n o t 
carbon. H e (M r. Skerl) had proved th a t  q u ite  
50 per cent, of th e  black m ateria l in  a m oulding 
sand which had  been used was definitely  ta r ry  
m a te ria l; i t  was soluble in  various reagen ts, 
whereas carbon was no t. H e u rged  M r. H ird  to  
continue experim ents on dry-sand m oulds, 
because i t  seemed to  him  th a t  in  th e  experim ents 
so fa r  carried  ou t no account had  been tak en  
of the  effect of m oisture. Ju d g in g  from  th e  
contents of M r. H ird ’s P ap e r, one would expect 
the  same th ings to  happen in  a dry-sand mould 
as in  th e  others, b u t one knew from  practice  
th a t  th a t  would no t be th e  case. The effect of 
m oisture in  th is  connection would have to  be 
considered sooner or la te r.

Coal-Dust in Green-Sand Castings.
The P ap e r did no t se ttle  th e  question as to  

w hether or no t the  use of coal-dust was advisable 
in green-sand m ix tures. V ary ing  opinions were 
held in th is  country  w ith  reg ard  to  th is  m a tte r . 
Some five years ago he (M r. Skerl) had  read  a
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P ap e r before the  Sheffield B ranch of the In s ti­
tu te  of B ritish  Foundrym en, in which he had 
discussed the  effect of coal-dust, horse m anure 
and o ther th ings on facing m ix tures, and had 
pointed  ou t th a t  there  was no real reason for 
the  add ition  of these m ateria ls to  a properly- 
p repared  sand. Since then  he had become more 
ce rta in  th a n  ever th a t  coal-dust, horse m anure 
and such m ateria ls were not so necessary in 
foundries to-day as we were inclined to  th ink  
they were. He had visited foundries in which 
green-sand castings weighing up to  2 tons were 
made w ithout the addition  of coal-dust to  the 
sand, b u t i t  was in te resting  to  note th a t  the 
m ixtures in  which these castings were made were 
always weak, as com pared w ith the  ordinary 
green-sand m ixtures used in most foundries. 
M ost foundrym en would consider such weak 
m ix tures unsu itab le  for the  class of work for 
which they  were used, b u t there  were some who 
held the  view—which he believed was held also 
by some of th e  Am erican visitors to the  Congress 
—th a t  m ost of the  o rd inary  green-sand m ixtures 
used in th is country  were very much on the 
strong side, having in view the  work for which 
they  were used. Some tim e ago an opportun ity  
had arisen to  te s t the  argum ent th a t  coal-dust 
was no t necessary in green-sand moulds. As 
p a rt of the  rou tine of the  Association, i t  was 
the  practice to  te s t the surfaces of castings as 
affected by the m oulding sands by m aking fairly  
large castings, weighing up to  nearly  1 cw t., and 
1, 2 and 3 inches th ick , in  the  v irg in  sands. 
E rith  sand was one of the  sands tested . There 
were five grades of E rith  sand—mild, very w'eak, 
yellow (weak), m edium -strong grade and ex tra- 
strong  grade. The m ild and yellow sands would 
not be accepted by any ironfounder because of 
the ir lack of bond. The castings m ade in the 
very weak sand had  as good a skin as one could 
wish for, b u t those made in the progressively 
stronger sands were badly m arked. W hen coal- 
dust was added to the  sands in varying propor­
tions, the skins of the  castings were not so good 
as th a t  obtained w ith the  weak sand alone, so
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th a t  there was some basis for the  view th a t  coal- 
d ust was no t definitely necessary in m oulding 
sands, and  th a t  th e  tre a tm e n t of a m oulding 
sand had  a fa r  g rea te r effect on th e  surface of 
the  castings th a n  we had  believed h ith e rto . A 
properly-prepared sand, w ithou t coal-dust, 
would produce as good a casting  as, and  often  
b e tte r  th a n , a sand con ta in ing  coal-dust.

M r. Skerl hoped th a t  m any m em bers would 
experim ent w ith  th e ir  green-sand m ix tu res by 
vary ing  the  percentage of new and  old sand and 
w ith vary ing  percentages of various grades of 
coal-dust, and  con trasting  th e  resu lts  obtained. 
I t  was only in  th is  way th a t  they  could ge t the 
best ou t of M r. H ird ’s P ap er.

Coal-Dust Deemed to be Unnecessary.
M r. J .  M. Primrose, discussing generally  

the  practice of adding  coal-dust to  m ould­
ing sands, pointed  o u t th a t  gas in  a mould 
was a source of g re a t troub le and  danger, ye t 
the  foundrym an added to  th e  sand som ething 
th a t  would produce m ore g a s ; fu r th e r  p er­
m eability  was very desirable in  a m ould, y e t the  
foundrym an added som ething to  the  sand which 
helped to  block up th e  v e n ts ; bond was an  im ­
p o rta n t fac to r, yet the  foundrym an added some­
th ing  which was de le te rio u s; economy was neces­
sary in  the  foundry—all castings were said to  be 
10s. per ton  dearer th a n  they  ought to  be, no 
m a tte r  how cheap they  were— (lau g h ter)—and 
yet we added som ething which would increase 
the  cost of the  castings. F o r generations 
foundrym en had been adding  coal-dust to  m ould­
ing sands, no t because th ere  was any sense or 
reason in  it, b u t because th e ir  g ran d fa th e rs  had  
done so, and  he was qu ite  positive th a t ,  so fa r  
as his business of producing lig h t castings was 
concerned, coal-dust was n o t required . One saw 
people p reparing  sand in  au tom atic  m ixing 
m achines for the  m aking of lig h t castings in 
moulding machines, and one saw them  adding  
coal-dust and  blacking, b u t he did no t th in k  
they  knew why they were adding those sub­
stances; he had  m ade ligh t castings fo r years
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w ithout the use of e ither coal-dust or blacking. 
H e m ight be asked “  W here is the  blue sk in? ” 
b u t his reply was th a t  he was producing grey- 
iron castings, no t blue ones. (L aughte r.) If  
we were going to  add blacking in  order to  pro­
duce a w onderful blue skin, why no t go the 
whole hog and produce castings w ith yellow, 
green, red  and o ther coloured skins? (L augh te r.1 
A t th e  same tim e, M r. H ird ’s P ap e r was valu­
able, because in  i t  a p rac tica l m an had  given 
reasons why he considered coal-dust was neces­
sary  in m oulding sand, b u t he would like ano ther 
p ractical m an to  w rite a P aper and to  s ta te  the 
reasons why coal-dust was not required, because 
he believed th a t  u ltim ately  sands would be 
properly prepared  and coal-dust would then  not 
be requ ired  a t  all.

An Inverse Action.
Mb. S. H . R u s s e l l  (P as t P residen t), whilst 

agreeing th a t  th e  investigation  carried  out by 
M r. H ird  was of extrem e value, joined issue 
w ith him  on w hat seemed to  be one of his funda­
m ental points. M r. H ird  had  failed to  convince 
him th a t  i t  was the  coking of th e  coal particles 
th a t  caused the  phenomenon to which he had 
referred . F o r instance, he could not agree th a t  
the  m apping, which had  occurred when using a 
m ix tu re  con tain ing  th ree  p a rts  of coal-dust and 
ten  of red  sand, was due to  th e  expansion of the  
coke form ed in the  sand. In  th is  case there  was 
a sphere or cylinder of m olten m etal in a closed 
mould w ith a head of molten m etal on it, and 
there  was therefore fluid pressure. In  the  sand 
surrounding  th e  m olten m etal th e re  was merelv 
the p ressu re . generated  by the gases; the  sand 
was more or less self-venting and the  pressure 
am ounted to  only a few pounds, and i t  was obvi­
ously very much lower th a n  the g re a t pressure 
exerted  by the  m olten m etal. I t  seemed to  him 
th a t  probably the  m ix tu re  of th ree  p a rts  of coal- 
dust and ten  p a rts  of sand was, from  a foundrv- 
m an ’s poin t of view, a ridiculous m ix ture . There 
was too much coal-dust. Was i t  not conceivable 
th a t , instead  of the  coke expanding and crack­
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i.e ., th a t  th e  m olten m etal rap id ly  a ttacked  the  
large surfaces of coal, p en e tra ted  betw een them  
and pushed the  sand before i t ,  so th a t  th e  action 
was outw ards and no t in w ard s; th a t  th e  m etal 
forced its  way th rough  the  bonded sand, b reak ­
ing i t  up, bu rn ing  the  coal ou t, and th en  forcing 
its  way fa r th e r . In  ano ther case, even when 
using w hat was called a  superfine coal-dust, M r. 
H ird ’s theory  was th a t  th is  coal-dust was con­
verted  in to  coke near the  skin, b u t he (M r. 
Russell) was no t so sure th a t  th a t  was so. I t  
was somewhat difficult to  criticise, because th e  
P aper contained no definition of “  superfine 
coal-dust,” and he did no t th in k  th a t  M r. H ird  
and himself would qu ite  agree as to  w hat was 
a superfine coa l-dust; w hat he him self called a 
“  superfine ” coal-dust was one so fine th a t  one 
could not re ta in  i t  in  th e  palm  of th e  h’and  in  a 
strong d rau g h t. M r. H ird  has s ta ted  th a t  super­
fine coal-dust was the  m ost efficient for heavy 
as well as for ligh t work, and th a t  coarse-graded 
coal-dust was not satisfactory , b u t if he (M r. 
Russell) used his superfine coal-dust in th e  
moulds for m aking castings w eighing two tons 
he could not tu rn  them  o u t a t  a l l ; i t  was no t 
used for castings w eighing more th a n  a few 
pounds.

Instantaneous Combustion of Coal-Dust.
H e visualised th a t  th e  process in th e  mould 

was somewhat sim ilar to  th e  process in th e  b u rn ­
ing of powdered fuel, i.e ., th a t  th e  combustion 
was almost in s tan tan eo u s; he suggested th a t  the  
particles of coal in  th e  mould were so m inu te  
th a t  they had not tim e to  coke, th a t  they  were 
converted alm ost en tire ly  in to  gas on th e  surface 
of th e  mould, and only a very small proportion  
of ash rem ained, and he could no t conceive th a t  
the  coal-dust could give rise to  th e  pock-m arks 
a f te r  th e  mould had filled. In  his view the  
pock-m arks were due to  the  presence in the  
facing of coarse pieces of sand which had been 
rubbed th rough  th e  sieves, which coarse pieces, 
he believed, contained a very large  percentage

382
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of clay bond ; the  action of the  m etal on the  
clay bond was to produce a small bubble, which 
was re ta in ed  th e re  from  th e  m om ent the  m etal 
had flowed over it , and could no t ge t away owing 
to  th e  large q u an tity  of clay there  and the  con­
sequent lack of perm eability . I t  seemed incon­
ceivable th a t  sufficient pressure could be produced 
in the  sand to  force any th ing  from  th e  sand 
in to  th e  casting  and produce the  pock-marks.

M r. Russell also joined issue w ith M r. H ird  
w ith regard  to  th e  refractoriness of black sand. 
M r. H ird  seemed to  have suggested th a t  i t  
became more refrac to ry  because i t  had been 
coated w ith  deposits from coal-dust, b u t he 
him self believed th a t  any refractoriness in black 
sand was due en tire ly  to  th e  enormous am ount 
of ac tua l coal-dust in  it . Anybody using 
m oulding machines, particu larly  of th e  hand- 
ram m ed or push-off varie ty , would notice the  
tendency fo r th e  men to  use an excess of facing 
sand because i t  contained a bond and the 
moulders more easily obtained a good lift.

Standardisation of Size Chaotic.
Mb. H . W i n t e r t o n  expressed g ra titu d e  to  M r. 

H ird  for hav ing  stud ied  the  action of coal-dust 
in m oulding sands so thoroughly  and  for having 
arrived  a t  conclusions which were likely to  lead 
somewhere. H e recalled th a t  in a P ap er he had 
presented to  the B irm ingham  B ranch of the 
B ritish  Foundrym en’s Association tw enty  years 
ago he had  s ta ted  th a t  a reasonable percentage 
of volatile m a tte r  in the  coal-dust was about 30, 
and he was pleased th a t  M r. H ird  had  confirmed 
th a t . W ith  regard  to  the  g rists adopted by M r. 
H ird , he suggested th a t  they  were somewhat 
weird, and  were certa in ly  very m uch coarser th a n  
those which he (M r. W in terton )—as a m anufac­
tu re r  on a large scale— had been endeavouring 
for m any years to  m ake standard . The chem ist 
a t  his Chesterfield laboratory  had sta ted  th a t  the 
tes ts  showed definitely th a t  all th e  superfine 
coal-dust they produced would pass th rough  a 90- 
mesh sieve, and  90 per cent, would pass th rough  
a 110-mesh sieve, so th a t  i t  was much finer th an
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the  superfine coal-dust referred  to  by M r. H ird  
There should be a s tan d a rd  to  work to  and  an 
insistence th a t  coal-dust, no m a tte r  by whom 
it  was supplied, should conform  to  th a t  s tan d a rd . 
H e believed th a t  th e  sea-coal facing  in  th is 
country  was of b e tte r  quality , considering the  
requirem ents of the  foundry , th a n  th a t  ob ta in ­
able in America. The grists  supplied in  th is 
country  to-day were more reg u la r th a n  th e  
American, judg ing  by the  specimens he had  seen 
there . The more we could co-operate in these 
m atters, th e  b e tte r for all concerned, and  he 
emphasised th a t  i t  was the  desire of all the  
suppliers of these m ateria ls  to  m eet th e  req u ire ­
m ents of th e  usex’s fu lly , and n o t to  fo ist upon 
them  any th ing  which m igh t add  to  th e  already 
too num erous troubles of th e  foundry . H e hoped 
sincerely th a t ,  as a re su lt of M r. H ird ’s fu r th e r  
investigations, coupled w ith  those which were 
being carried  ou t from  day to  day in  th e  labo ra­
tories of the  m anu factu rers, we should a rriv e  a t  
a sa tisfactory  basis in  th e  n o t fa r  d is ta n t fu tu re .

Me . F . J .  Cook, discussing the  phenom enon of 
m apping, said he did n o t th in k  a t r u e  exp lana­
tion  of i t  had  been p u t fo rw ard  e ith e r by M r. 
Russell or M r. H ird . I t  could be seen b e tte r, 
perhaps, in a di'y-sand mould th a n  in any o ther. 
If  one made a drv-sand mould—such moulds were 
usually m ade w ith very s trong  sands— and baked 
i t  rapidly , the  surface of th e  mould would ex­
h ib it the m apping which was exhib ited  on the  
casting  referred  to  by M r. H ird  and  unless i t  
were filled up  w ith blacking, th e  casting  m ade in 
th a t  mould would have a sim ilar m ark ing . I t  
was due to  th e  contfaction  of the  sand under th e  
influence of heat, and he believed th a t  was the 
tru e  exp lanation  in moulds o ther th a n  dry-sand 
moulds also.

AUTHOR’S REPLY.
Mb . H ie d , replying to  th e  discussion, said 

he had endeavoured to  record conscientiously 
the  experim ents he had  m ade, and his conclu­
sions were his sum ming up of th e  resu lts ob­
ta ined . H e adm itted  he had  only touched the  
surface of th is subject, and hoped th a t  o thers
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would carry  ou t fu r th e r experim ents with coal- 
dust facing sands, and give th e ir findings of its 
effect on the  casting skin and the  sand. They 
m ight prove, or disprove, some of his statem ents, 
bu t i t  would all add to  the  general knowledge. 
H e would be pleased to collaborate as fa r  as he 
could w ith anyone who took up the  subject. 
Specimens of his experim ents were exhibited in 
the  Science Section of the  E xhib ition , and he 
would like to  m eet there  anyone who was 
in terested  and discuss the  results. W ith  regard  
to the g rists , th e  th ree  grades used were adopted 
for experim ental purposes, and suited  the  sieves 
a t his disposal. H is P ap er represented  an ordi­
nary  foundrym an’s a ttem p t to  deal w ith one of 
the many troubles encountered in the foundry, 
and he sincerely hoped th a t  others w ith better 
facilities a t  th e ir  disposal would carry  fu rth e r 
the investigations he had begun.

Pock-marks due to Coal-Dust.
R eplying to  M r. R ussell’s criticism  about the 

cause of pock-m ark, he m ain tained  his s ta te ­
m ents in the  P ap e r and indicated  th a t  he would 
be pleased to  m eet M r. Russell a t  the  E xhibition  
to  exam ine the specimens exhibited  there  (subse­
quen t exam ination  of one of the  pock-marked 
castings convinced M r. Russell th a t  the  a u th o r’s 
sta tem ents were correct, as under low magnifica­
tion  a speck of coal transform ed to  coke could 
be seen embedded in a pock-m ark).

Dealing w ith  th e  rem arks of M r. Prim rose, 
he agreed th a t  coal-dust created  more gas, and 
therefore  i t  m ust ta x  the  perm eability  of the 
sand to  a g rea te r ex ten t. The addition  of coal- 
dust to  sand coated m any of the  sand grains 
w ith carbon, which destroyed the alum ina bond.

He did no t agree w ith M r. Skerl’s rem arks 
w ith regard  to  S tourbridge red sand. The grade 
used in  the tes ts  under discussion had been used 
in his (M r. H ird ’s) foundry for many years— 
i t  was of medium fineness of g ra in  and bond, and 
very seldom milled. Trouble on a certa in  job, 
where the  liquid shrinkage caused a drawhole 
owing to the unequal section of the casting, had

O
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been alm ost elim inated  by facing th e  heavy 
section w ith raw  red  sand. H is theory  was th a t  
the  coal-dust in  th e  sand helped to  m a in ta in  th e  
h ea t of the  m etal, and  there fo re  in  com parison 
the  raw  red  sand acted  as an  in c ip ien t chill. 
W ith  regard  to  ra tch ing , th e  troub le  was usually 
found on th a t  p a r t  of th e  casting  form ed by the  
bottom  and lower p a rts  of th e  m ould. H e  had 
carefully  removed some of th e  ra tch in g  and 
exam ined i t  under a low-power microscope, which 
revealed specks of coked-coal w ith  all th e  pores 
filled w ith  m etal, and on th is  he based h is con­
clusions. The theory  of carbon-absorption  by 
the  casting  from  th e  coal-dust in  th e  sand de­
veloped in  his m ind when th in k in g  over a s ta te ­
m en t m ade to  h im  by M r. W . B . L ake, of 
B ra in tree , to  th e  effect th a t  coal-dust in  th e  
sand gave no resu lts on m ild-steel castings, b u t 
M r. Lake had  found i t  operated  in  help ing  to  
skin and s tr ip  castings m ade of special high- 
carbon steel. The au th o r had  only m ade th e  one 
experim ent given in  his P ap e r, and  he would 
appreciate  i t  if someone w ith  b e tte r  fac ilities 
th an  he had would carry  o u t sim ilar experim ents 
to  check th is theory . Also if someone would 
define more clearly th e  difference of th e  th ree  
d is tinc t carbon deposits le ft in  th e  mould by th e  
decomposition of th e  coal, viz. :— (a) The free 
b rig h t silvery carbon flakes on th e  face of th e  
casting, (b) the  silvery carbon coating  th e  sand 
gra ins in  the  coked portion  of th e  skin  sand, and 
(c) the  dull-black ta r ry  deposit on th e  sand g ra in s 
behind th is  p a rt. This would m ateria lly  help 
the foundrym an to  und ers tan d  th e  composition 
of his black sand, which composed th e  bulk of 
the  sand used in  most foundries. W ith  regard  
to th e  am ount of coal-dust le f t in  th e  black sand, 
he had had an analysis m ade for free coal-dust, 
taken from  a sam ple off th e  foundry  floor : th e  
resu lt showed th a t  th e re  was only 0.5 per cent, 
free coal-dust le ft in  th e  sand, a lthough in 
appearance i t  was qu ite  black.

Com m enting on M r. F ie ld ’s suggestion th a t  
pock-m arking was due to  som ething o ther th a n  
coal-dust, ho said th a t  in  his experim ents he had
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not discovered any th ing  o ther th an  coal-dust to 
account for th e  pock-m arking. The red  sand was 
carefully  dried and sieved th rough  the  same fine- 
mesh sieve for all experim ents, and, w ith the  ex­
ception of w ater, no th ing  o ther th a n  coal-dust 
was added, and the  la t te r  was the  only varian t. 
The resu lts he had obtained fully supported  his 
theory, and he suggested th a t  M r. F ield and he 
m ight, w ith  advantage, study  together the 
specimens being shown a t  the  E xhibition .

W ith regard  to  the  venting , or increased 
porosity of the  sand, due to  the  addition  of coal- 
dust, he though t th is was a subject for fu r th e r 
research. In  his opinion the  idea of adding coal- 
dust to  sand to  increase the  porosity was wrong. 
The addition  of very fine coal-dust, such as he 
advocated, m ust block some of the  pore spaces 
formed by the  sand grains, and the  gases given 
off would also add ex tra  du ty  to the  pore spaces. 
A gain, the  swelling of the  specks of coal, when 
suddenly changed to  coke, tended to  pack the 
sand grains closer together (as instanced in the 
case of m apping). F u rth e r , these beads of coke, 
when crushed to  fine particles by the  working of 
the sand, form  fine s ilt (or dust). On th e  other 
hand, the  specks of coke rem aining whole would 
have a fa r  g rea te r porosity th an  the  g ra ins of 
quartz  sand. Y et, despite the  above points 
against very fine, high-volatile coal-dust, in the 
whole of the  tests made 011 soleplates, only 
Nos. 13 and 16 showed any sign of scabs. These 
were made w ith 5-per-cent, additions of coarse 
g rist, low-volatile coal-dust.

R eplying to  M r. B a rtle tt , he agreed w ith  him 
th a t  th e  coarse coal-dust would produce more 
pronounced pock-marks in the  casting when a 
tough clay-bonded sand was used. The strong 
sand would offer g rea te r resistance to  the  sudden 
swelling of the  coal g ra in  as i t  changed to coke, 
causing i t  to swell outw ards from  the mould face, 
and press deeped into the skin of the  casting.

R eplying to  M r. H anley, he did not encounter 
th is balling up of the  bonding clays in  strong 
facing-sand, b u t nevertheless could no t see how

o'i
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th is  would cause the same type  of pock-m arks 
which he had obtained w ith  coarse coal-dust.

C oncluding, M r. H ird  said he could n o t find 
words to  express adequately  h is th an k s  fo r the  
very k ind  appreciation  which th e  mem bers— p a r­
ticu larly  M r. H anley—had given to  his P ap er, 
and i t  m ade him  feel recom pensed for all th e  
work he had p u t in to  it . F ina lly , M r. H ird  paid  
a  tr ib u te  to  M r. Cook, and  said th a t  i t  was due 
to  his in tu itio n  th a t  th is  P a p e r was presented  
to th e  Congress. H e (M r. H ird ) had  in tended  
to  p resen t th e  P ap e r to  a B ranch  m eeting , b u t 
M r. Cook had urged th a t ,  in  view of th e  im por­
tance of th e  sub ject m a tte r , i t  ough t to  be p re ­
sented to  th e  Congress. H e wished publicly to  
acknowledge th e  help he had  received from  M r. 
Cook in  connection w ith  his experim ents.

On the  m otion of th e  Chairman, a h e a rty  vote 
of thanks was accorded M r. H ird  for his P ap er.



THE PROBLEM OF FOUNDRY MOULDING SAND.

By H. Van Aarst

[ P r e s e n t e d  o n  b e h a l f  o f  t h e  D u t c h  F o u n d r y  
T e c h n i c a l  A s s o c i a t i o n . ]

F o r several years the au thor has made many 
experim ents w ith m oulding-sand, and as a result 
p refers synthetic m oulding-sand, as all n a tu ra l 
sands, both as regards grain-size and the clay 
con ten t, a re  very ir re g u la r .f  F rom  the  begin­
ning of 1928 the  au tho r has prepared loam, 
m oulding-sand and core-sand, using only river- 
sand, sea-sand, dune-sand and clay. The compo­
sition of these sands are outlined in Table I.Table I.

— Si02 H20 A120 3 Fe20 3 CaO

River-sand 94.00 3.70 1.10 1.00 trs.
Sea-sand 98.01 3.86 2.04 0.46 4.50
Dune-sand 90.60 5.39 2.44 trs. 1.40
Clay] 65.00 20.99 10.26 2.92 0.78

X This shows many variations and consequently it  m ust be 
regularly controlled. ■

The loam consists of fine river-sand, which is 
mixed up w ith undried  clay, to  which flax-waste 
and fine coal is added. Figs. 1 and 2 show two 
castings, made w ithout a p a tte rn , and cast in 
th is loam. F ig . 1 is the  half of a centrifugal 
pum p (principal dim ensions: leng th  4,250 mm., 
w idth 1,600 mm., he igh t 2,750 mm., d iam eter 
of delivery tube  1,400 mm., w eight 9,000 k g . ; 
tim e required  for casting, 45 sec.). The other 
casting  is a stern  tube for a m otorship, which 
was cast vertically  (tim e required for casting, 
3'- m in .; length  6,600 mm., w eight 11,000 kg.).

M oulding-sand for dry  moulds is made of fine 
river-sand, clay, flax-waste and fine coal, mixed 
dry. In  th is sand both locomotive cylinders

X “ De Gieterei,” 1927, pp. 30-36.



and the heaviest type of foundation -p la tes are 
cast. I t  is also used for lig h te r castings, b u t 
i t  is then  m ade up of a finer g ra in  and w ithou t

F o r core-m aking sea- or dune-sand is alm ost 
exclusively used, b u t for very la rge  cores fine

F i g . 1.

F i g . 2 .

river-sand is prepared. The sand is d ried  u n til 
quite  free from  w ater. Linseed-oil is m ainly 
used as a b inding-m aterial.

•i Routine Testing of Sand.
The sand is tested  daily fo r contro lling  the  

grain-size. All the  various m ix tu res of loam or
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sand a re  controlled to  conform to  fixed dim en­
sions, and, according to  th e ir  u ltim ate  use, su it­
able samples are  d ried  a t  the  same tem pera tu re  
as the  moulds. The tem p era tu re  of the  stoves 
is reg istered  au tom atically  on a  “  Cambridge- 
T herm ograph .”  The drying-stoves are  heated 
w ith coke-breeze in  a “  H errm ann  ”  furnace. 
W ith  some few exceptions, the  tem pera tu re  of 
sand- and  loam-moulds is no t h igher th an  400 
deg. C., w hilst for th e  cores 225 deg. C. is no t 
exceeded.

The au th o r has designed an ap p a ra tu s  for 
te s ting  th e  density  of sand which resembles th a t  
of Shaw (see F ig . 3). A fter opening the cock 
B the compressed a ir  stream s th rough  the  coil 
A and th rough  th e  cake of sand under te s t. The 
nozzle, placed on th e  cake, has a rubber ring  
a t  the  lower side. B ound th e  coil, above the 
nozzle, a piece of lead is a ttached , so th a t  the 
rubber rings completely sh u t off the  sand. On 
the scale D the  resistance in  mm. can be read 
which is imposed on th e  a ir  in  passing through  
the  sand. In  Table I I  some differences in  pres­
sure are  s ta ted  fo r loam, clay and core-sands. 
In  the  second column all figures a re  the  same. 
Possibly in  rea lity  these figures are  h igher, b u t 
h igher figures canno t be m easured w ith  the 
appara tu s.

In  the  F o u n d r y  T r a d e  J o u r n a l  of Decem­
ber 6, 1928, M r. C. Presswood deals w ith the 
various con trad ictory  opinions regard ing  the 
porosity of m oulding-sand. The following expla­
n a tion  m ay commend i ts e l f : th e  blackened skin 
of th e  mould alm ost en tire ly  prevents the  gases 
from  exhausting  th rough  the  sand to  th e  open 
space of the  mould, so these gases have to  find 
th e ir  way chiefly th rough  th e  v e n ts ; fu r th e r, 
they  press on the  mould and consequently partly  
p reven t th e  gases behind the  blackened skin (the 
gases which have developed there) from  exhaust­
ing  to  the  inside of the  mould or th rough  the 
liquid  iron.

Thus such a mould can be compared w ith a 
chill mould, in  which steel is cast, or w ith  a 
perm anen t mould. The sand behind the
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blackened skin canno t be too porous. This is 
best seen when pouring a casting  of some im­
portance, moulded in  the floor. The gases ex­
hausting  from the coke-bed very often  have such 
a velocity th a t  they  escape from  the  exhaust- 
tubes w histling. W hen these gases encounter

T a b l e  II.

— Untreated Black washed.

Loam 370 950
Loam for hot melted iron 460 950
Sand for dried moulds 300 950
Core-sand for large moulds ., 60 950
Core-sand for light moulds . 110 950
Core-sand for hot melted iron 450 950

obstructions one may count on having a fau lty  
casting. Table I I ,  therefore, is of much im­
portance.

F ig . 4 shows the  D oty ap p a ra tu s  for control­
ling the  s tren g th  of the  moulding-sand. This 
te s t takes place before the moulds are dried in 
the  stove. The samples have the  following 
dimensions : 30 X 30 mm. sq. and 250 mm. long, 
w eight of B : 750 gram s. The value of A (being

u _ « S .  _  -

the po in t a t  which the  b ar will break) depends 
more or less on th e  oil con ten t and on the 
fineness of the  sand. F o r instance, 300 litres of 
sand, w ith  5, 6J, 8 and litre? of linseed oil, 
th e  test-pieces broke, and when made of river- 
sand , 73, 95, 103, 122 mm., and when made of
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sea-sand, 95, 118, 143, 147 mm. respectively. 
Room tem p era tu re  also has an  im p o rtan t in ­
fluence. ,

F ig . 5 is an  ord inary  transverse  ap p a ra tu s . 
The d istance between th e  supports  is 200 
w hilst the  test-pieces have a section of 30 x 
30 m m ., and in  th e  m iddle of th e  sam ple a  small 
bucket is suspended in to  which w ate r is poured 
u n ti l th e  sam ple breaks, and  th en  th e  q u a n tity  
of w ater is weighed. The test-pieces^ are  d ried  
a t  a  tem p era tu re  betw een 150 and  175 deg. C. 
The following resu lts have been o b ta in ed : 300

F i g . 5 .

litres of sand w ith 5, 6 |,  8, 9 |  and  11 litres  
of linseed oil broke w ith  13,500, 20,000, 25,700, 
27,800 and  32,400 gram s of w ater respectively.

WRITTEN CONTRIBUTIONS.
M u. F . Hudson w ro te : This P a p e r  contained 

in te resting  work re lative to  th e  effect of black- 
washing m ould-surfaces upon perm eability , and  a 
contention  as to  th e  theory  of perm eability . U n­
fo rtu n a te ly  the  figures shown by M r. V an  A ars t 
in Table I I  a re  no t of general app lica tion . To 
exem plify th is  fact, he would particu la rly  like



to draw a tten tio n  to the appended table of 
perm eability  te s t figures as found by himself 
d u ring  a study of a sim ilar question. I t  will 
be noticed th a t  th e  large differences in  perm ea­
bility  found on the  same core before and afte r 
blacking by M r. Y an A arst do no t exist when 
tested  in  a d ifferent m anner. The te s t results 
shown in  Table I I I  were obtained by draw ing 
600 c.cs. of a ir  th rough  a 1-in. d ia. core as 
shown in  F ig . 6. They show th a t  the thickness 
of the  black-wash coating, together w ith the 
composition of the  black-wash used, will vary 
the perm eability  figure, b u t a t  the same tim e 
little  v a ria tion  is probable if these two factors 
are controlled.

In  regard  to  the use of synthetic sands for 
loam moulding, th is  has been more or less s tan ­
dard  practice on the  Clyde for m any years. A 
coarse river-bottom  sand, no t unlike gravel, is 
heavily milled w ith  or w ithou t sligh t fireclay 
addition , no saw dust, cow-hair, coke-dust or 
horse-m anure being added whatsoever. A pproxi­
m ately 17 per cent, of w ater is required  to  obtain 
the condition for strick ling  or working. Such a 
m ix ture  gives a transverse te s t of 151 ozs. per 
sq. in. w ith a perm eability  of 3,142 seconds. On 
the o ther hand , the practice on the  Tyne is to 
use a m ix tu re  of E r ith  loam, black sand, horse- 
m anure, saw dust, etc., milled w ith about 25 per 
cent, w ater and giving a transverse te s t of 
511 ozs. per sq. in ., w ith a perm eability  figure 
of 1,230 seconds. So fa r  as te s t results go the 
Tyne m ix ture  is certa in ly  the  be tte r, although 
in practice excellent results are obtained from 
each.

The Clyde sand is nearly  2J tim es more dense 
th an  the Tyne practice* b u t the  increased 
perm eability  of the  Tyne sand is offset by the 
ex tra  am ount of gas generated  on casting 
th rough  decomposition of the  organic m atte r 
added.

I t  would appear th a t  the  degree of perm ea­
bility  required in  moulding-sands is determ ined 
by the am ount of gas generated  a t  casting, to­
gether w ith the ease of removing displaced a ir
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from  the mould. If  no gas is generated  and 
the displaced a ir has easy m eans of escape, then 
perm eability  in a m oulding-sand is a very minor 
consideration indeed. In  closing, he thanked 
M r. Van A arst for draw ing a tten tion  to a foun-

dry poin t which is often overlooked in the study 
of m oulding-sands.

M e. J .  G. A. S k e r l  (B ritish  C ast Iron  R e­
search Association) w rote th a t  th is short 
b u t in te resting  P ap e r raised the  im portan t
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issue of te s tin g  methods. The au th o r of 
the P ap er had tak en  te s t m ethods from  various 
sources, methods which in  th e  countries of th e ir  
orig in  have n o t received th e  unqualified suppo rt 
of the  com m ittees dealing w ith  the  question  of 
sand testing . Is  i t  too much to  ask th a t  from  
th is in te rn a tio n a l g a thering  th a t  some a tte m p t 
be m ade to  form  some in te rn a tio n a l com m ittee 
to  discuss th is  problem P The need for such 
a  com m ittee m ay n o t be a p p a re n t to  m any 
foundrym en a t  the  p resen t tim e, b u t in  th e  near 
fu tu re  th e  issue will have to  be faced. F or 
exam ple, in  th e  steel in d u stry  of th is  coun try  
the developm ent of syn thetic  sand m ix tu res  is 
coming to  the  fore, b u t u n ti l  sand -testing  
methods are  in te rna tiona lised  we will n o t be 
able to  m ake th e  fu llest use of th e  published 
results of A m erican and Germ an, w orkers on 
these syn thetic  sands.
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THE APPLICATION OF PULVERISED FUEL 
TO METALLURGICAL FURNACES.

By H. W. Hollands, B.Sc., A.M.I. Mech. E. and 
E. C. Lowndes, F. Inst. F.

The au thors present th is  P ap er w ith a certa in  
am ount of diffidence, since i t  deals principally 
w ith the  application  of pulverised coal to  steel 
furnaces. A large am ount of research and ex­
perim enting has been done in  th is  country w ith 
regard  to  iron processes, b u t difficulty has been 
experienced in ob tain ing  inform ation, w hilst it 
has no t been found possible to  obtain  permission 
to publish any of the  results. I t  is, therefore, 
fo r tu n a te  th a t  work has been carried  ou t on the 
C ontinent, and much available inform ation with 
regard  to  m elting and annealing  of malleable 
iron has been obtained from France and 
America. Before dealing w ith specific applica­
tions, i t  would perhaps be as well to give some 
details of the  basic principles essential to  the 
successful application  of powdered fuel to  m etal­
lu rg ical processes.

There are  two m ain  divisions in the  type of 
p lan t th a t  can be installed , namely, the “  bin- 
and-feeder ”  system or the  “  direct^fired.” Both 
have th e ir  advantages and disadvantages, and 
i t  is en tirely  a question of local conditions which 
m ethod is utilised. Obviously, in  the  case of 
one or two small furnaces, there  is little  or 
nothing to  be said for the  cen tra l system, whilst 
equally, on a p lan t having, say, twelve or more 
furnaces, i t  is difficult to  ju s tify  the u n it 
system.

Advantages of the Bin-and-Feeder Method.
W ith  regard  to  the  systems themselves, the 

direct-fired system has nothing to  commend i t  
when com pared w ith the  cen tra l-sta tion  a rrange­
m ent. The essence of the  successful application 
of pulverised coal to  m etallurgical furnaces is 
fine pulverisation, and th is is difficult, if not
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impossible, to  ob tain  w ith  u n it  pu lverisers for 
reasons which will be explained la te r. Briefly, 
the advantages of “  bin-and-feeder ”  system 
are  as follow s:— (1) Coal can be accurately  dried 
(using the m odern form  of ro ta ry  d rier, th e  cost 
of d ry ing  varies between 18 to  30 lbs. of coke 
per ton  of coal, depending on th e  in itia l mois­
tu re  c o n te n t) ; (2) the  fineness of pu lverisation  
rem ains constan t th ro u g h o u t th e  life of th e  rolls 
and can accurately  be ad ju sted  to  su it th e  p ar­
ticu la r conditions o b ta in in g ; (3) th e  mills, w hat­
ever .their type, are of th e  slow-speed varie ty  
and the  m ain tenance cost, therefo re , is lower 
th an  w ith u n it m ills ; (4) pulverised coal is stored 
in small bunkers over each fu rnace  and  is de­
aera ted  before storing . This resu lts in  an accu­
ra te  degree of coal and  a ir  m ix tu re  and , a t  the  
same tim e, gives a m easure of re liab ility , in as­
much as fa ilu re  of the  pulverising  p la n t does no t 
necessarily sh u t down one or more fu rn a c e s ; 
(5) inasm uch as supply of pulverised coal is 
always available, un u su a l or peak loads can be 
m et in s ta n t ly ; (6) lower power consum ption, due 
largely  to  the  m uch lower speed a t  which the  
mills operate.

Disadvantages of the Unit System.
A lternatively , the  d isadvantages of th e  u n i t  

system a r e :— (1) F a ilu re  of th e  mill o r m otor 
means th a t  the  fu rnace  in  question is definitely 
ou t of a c tio n ; (2) pu lverisation  rap id ly  deterio ­
ra tes from  the  first m om ent th a t  th e  mill is p u t 
in to  o p e ra tio n ; (3) m oisture has a  serious effect 
no t only on the  fineness of th e  pu lverisation  
b u t upon the  mill m ain tenance and  power co s ts ;
(4) any a ttem p t to  m eet an  unusual or peak load 
usually resu lts in  ¿ ta ilin g  th e  mill or m o to r ; and 
(fi) the  p la n t is incapable of supplying a m ix tu re  

.of coal and a ir  as accurate  as th a t  ob tained  w ith 
the cen tral system.

W ith  regard  to  the degree of pulverisation  re ­
quired, the finer the  coal can be ground  the  
better from  the  combustion p o in t of view, b u t 
obviously, th e re  m ust be a po in t beyond w hich’ 
on account of economical questions, i t  is n o t pos-
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sible to go, and i t  may be perhaps convenient to 
define the  degree of pulverisation required as 
follow s: The coal m ust be ground to  such a
poin t th a t  combustion is practically  in s tan ­
taneous ; the m inim um  am ount of unconsumed 
carbon m ust be le f t in  the ash, w hilst i t  m ust 
be possible to  ob tain  m axim um  am ount of CO„ 
in the  flue gases a t  the  conclusion of the opera­
tions. In  one experim ent which has come under 
the au th o rs’ view the  coal was ground so th a t  
95 per cent, would pass th rough  a 300-mesh. 
W hilst th is  is ideal from  the  combustion 
po in t of view, i t  was obviously obtained a t  a 
very high cost which would elim inate the other 
savings to  be obtained from the  use of pulverised 
coal.

Importance of Dry Fuel.
Generally speaking, the coal needed for hea t­

ing and m elting furnaces should be dried to 
less th a n  1 per cent, and pulverised so th a t  
98 per cent, passes th rough  100-mesh screen. I t  
is no t the percentage th rough  300- or 200-mesh 
th a t  gives efficient operation  in th is  work bu t 
the lack of cobble-stones le ft on the  100-mesb 
screen. A t the  same tim e all th rough  a 100- 
mesh would no t be commercial. The ash-content 
and the  n a tu re  of the  ash is a fu r th e r serious 
consideration for the designers of the furnaces. 
In  operations such as puddling  or any process 
where the m etal is in a molten sta te , i t  is nearly 
always possible to flux the  ash which necessarily 
settles on the  m etal, and th is  can be tapped  off 
w ith the furnace cinder. Obviously, w ith pro­
cesses such as billet- or p late-heating , no such 
a rrangem ent is possible, and very careful con­
sideration  m ust be given to  where and in w hat 
form  the  ash will be deposited and the effect, 
if any, i t  will have upon the m etal trea ted  and 
upon the  brickwork.

In  one p a rticu la r case, which the  au thors will 
describe la te r  in th e  P aper, very serious trouble 
was caused th rough  the  m elting of the  furnace 
bottom, th rough  th e  action of the  acid ash on 
the basic bottom . A fter very much trouble and 
expense a bottom  made of chrome-brick was p u t
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in, and no fu r th e r  trouble  has been experienced. 
H ere, again , no definite laws can be enuncia ted , 
bu t each application  m ust be considered on its 
own m erits, and in  no case should i t  be impos­
sible to  design p lan t in  such a way th a t  th e  ash 
will give no serious troub le  or re su lt in  h igh 
m ain tenance charges. Obviously, however, the  
b e tte r  policy is to  buy coal w ith  as low an  ash 
con ten t as possible, having due reg a rd  to  the
B .T .U .s per penny.

Advantages of Pulverised Fuel.
Before describing in d e ta il ac tua l applications, 

i t  would, perhaps, be as well to  se t o u t th e  
theoretical advantages to  be ob tained  from  th e  
use of pulverised coal. These a re  as fo l lo w s —

(1) The ab ility  to  u tilise  efficiently a cheaper 
g rade  of fuel. This does n o t necessarily m ean 
a poorer grade, b u t inasm uch as i t  is possible to  
use a very sm all slack, th e  price is invariab ly  
lower th a n  th a t  ob ta in ing  for fu rn ace  coal. The 
difference in  price obviously depends upon th e  
locality, b u t i t  m ay be tak en  th a t  reduc tion  in 
price will no t be less th a n  betw een 7s. and  10s. 
per ton  of coal.

(2) F le x ib il ity : Coal, if pulverised sufficiently 
finely, is as flexible as oil or gas, and  w hilst 
th is  po in t is no t so im p o rtan t on furnaces as i t  
is on boilers, i t  .is certa in ly  one w orthy of con­
sideration .

(3) The tim e requ ired  for hea tin g  th e  p a r­
ticu la r m etal u nder consideration  is usually  
reduced, th e  reduction  am ounting  to  probably 
20 per cent.

(4) B anking, s ta r tin g  up and stopping  losses 
m ateria lly  reduced.

(5) In  view of th e  perfec t com bustion which 
can be obtained, ac tua l q u a n tity  of coal per ton  
of m etal consumed is reduced to  th e  ex te n t of 
from  25 to  50 per cent, below th a t  ob ta in ing  
w ith hand-fired furnaces.

A gainst these advantages i t  is necessary, of 
course, to  bear in  m ind th a t  pu lverisation  and 
m aintenance account for a ce rta in  am oun t of 
money, th e  ac tua l figure depending upon the
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type of p lan t installed, the  na tu re  of the coal 
to be pulverised and o ther local conditions, but 
a figure varying between 2s. 6d. and 5s. could 
reasonably be taken  and would, w ith one excep­
tion , cover every case which has had the  a tte n ­
tion  of th e  au thors. Coming to  actual applica­
tions, which would probably be of more in terest 
th an  mere theorising , the  au thors have had 
experience in  th e  application  of pulverised coal 
to furnaces for skelping, billet and plate 
heating , m alleable-iron annealing and puddling, 
and, to  a much lesser ex ten t, w ith open-hearth 
furnaces.

Examples from Practice.
W ith regard  to skelping furnaces, an existing 

furnace a t  the  works of Messrs. E dw ard Smith, 
L im ited, W ednesbury, was p u t into operation 
approxim ately  five years ago, and has, w ithin 
reasonable lim its, proved extrem ely satisfactory . 
The d irectors of th is  concern very kindly pu t 
th e ir furnace a t  the  disposal of the  authors, who 
posed fourteen  questions as follows : — (1) How 
long has the  furnace been in operation? (2) 
o u tp u t per hour of finished m ateria l?  (3) Coal 
consum ption? (4) T em perature  requ ired? (5) Is 
heating  un iform ? (6) Coal consum ption when 
hand fired? (7) H as o u tp u t increased? (8) 
How does the present cost of coal per hour 
compare w ith hand  firing? (9) How has in sta l­
lation  of pulverised coal affected : ( a ) labour
charges and (b) quality  of m ateria l?  (10) H .P . 
consumed by pulveriser m otor? (11) M ain­
tenance costs on furnace and pulveriser? (12) 
H as ash affected the operation  m aterially , and 
has m oisture affected th e  operation m aterially?
(13) H as the  application  of pulverised coal m ate­
rially  affected the  life of the  fu rnace? (14) Are 
you satisfied th a t , in  installing  th is  equipm ent, 
you came to  the r ig h t decision?

To these several questions the  answers are 
given below :— (1) A pproxim ately five years.
(2) 35 cwts. per hour. I t  will be observed th a t  
the ac tua l tim e for heating  the  m ateria l is bu t 
p a r t of th e  period occupied from  the  tim e of 
charging u n til i t  is w ithdraw n from the furnace.



404

(3) F ou r and a-half cwts. per hour, or 2.56 cwts. 
per ton . This consum ption du rin g  th e  actua l 
period of w orking is 6 cwts. per hour, or 
3.4 cwts. per ton . This is th e  average consum p­
tion  charged to  w orking hours, h u t includes 
fuel used g e ttin g  fu rnace  up to  w orking tem ­
pe ra tu re  before 6 a.m . This fu rnace  is in  opera­
tion  for two sh ifts  a  day, and  th e  firm  is con­
vinced th a t , if i t  was able to  work fo r th ree  
sh ifts a day, both of the  above coal-consum ption 
figures would be m ateria lly  reduced. (4) 1,200 
to 1,400 deg. C. (5) Subject to  w aste gas ports 
being clear and ad ju s ted  properly , combined 
w ith  su itab le  ad ju s tin g  of deflection valve, a 
good uniform  h ea t is obtained. (6) (a) 5 cwts. 
and (b) 7 \  cwts. (7) A pproxim ately  5 to  6 per 
cent. (8) Fuel now used costs 14s. 6d. per ton , 
aga in s t w hat would be presen t cost of previous 
fuel 22s. 6d. per ton . (9) ( a ) A dditional labour 
charges owing to  d ry  fuel being necessary and  for 
cleaning of fu rnace more frequen tly , and  ( b ) 
less oxidation  of m ateria l, saving app rox i­
m ately 1 per cent, of w eight.

(10) A pproxim ately  10 h .p .
(11) Includ ing  cost of renew als and  spares, 

labour, bricks and bricklayers tim e, i t  is e sti­
m ated  to  be 2s. 8d. per to n  of fuel pulverised. 
This may appear to  be ra th e r  h igh , b u t as an 
explanation  i t  should be recorded th a t  renew als 
have cost £30 per annum  since th e  m achine was 
purchased, and, in add ition  to  th is , th e re  has 
been purchased a spare  ro to r sh a ft (no t included 
in  these figures). We find th a t  th e  f i tte r ’s and 
bricklayers’ tim e has been heavier th a n  estim ated  
by suppliers of th e  m achine and  fu rnace .

(12) (a) Yes. All ports have to  be daily 
cleaned and w orking bed of th e  fu rnace  sc ra p e d ; 
also th e  com bustion cham ber has to  be cleaned 
weekly; ( b ) if fuel con tains over 6 per cen t, 
m oisture, the  tem p era tu re  and  th e  effective 
working of th e  fu rnace is in te rru p te d .

(13) N othing appreciable.
(14) Y es; the  firm is satisfied w ith  its  decision, 

bu t i t  would like to  add th a t  i t  has been found 
by experience th a t  a low-grade fuel w ith high
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ash con ten t will n o t do the work or perm it the 
fu rnace to  be heated  to proper w orking tem ­
pera tu re , and dust would be a serious hindrance 
to  carry ing  on.

The au thors have many tim es inspected this 
furnace in operation . The m ateria l to  be welded 
consists of s tr ip  steel or w rought iron which, 
a f te r  leaving the  furnace, is bent and subse­
quently  welded to  form  a welded tube. 
Obviously, th e  question of ash is im portan t, since 
extensive deposit would not only m aterially  
affect the  life of the  m andrels, bu t also it  would 
affect the  s tren g th  of the  weld. N either of these 
troubles have been experienced a t  Messrs. Edward 
Sm ith, L im ited , and tubes produced from the 
powdered-coal furnace are equal to  the usual 
high s tan d a rd  which is always m ain tained  a t 
these works.

I t  will be observed from the  answers to the 
questions th a t  the  p rincipal saving is from  the 
lower price of coal. Saving from  weight of coal 
consumed is probably offset by the  wear and  te a r  
of the pulveriser and m aintenance of the furnace. 
I t  is, however, ce rta in  th a t , in the ligh t of 
modern experience, the  furnace could be so de­
signed th a t  the troubles th a t  they have had 
through  ash deposit can be m ateria lly  reduced. 
F ig . 1 shows several views of Messrs. Edw ard 
Sm ith ’s furnace, which is fired on the  u n it 
system.

A Billet Furnace.
The same set of questions was subm itted  to  

Messrs. F . R . Simpson & Company, L im ited, 
who seven years ago p u t in to  operation  a 
pulverised-coal-fired continuous re-heating  fu r­
nace for billets. T heir answers to  these ques­
tions are  as follow : —

(1) Powdered-fuel-fired furnace has been in 
operation  about seven years.

(2) M axim um  possible ou tp u t, 6 tons per hr. 
This furnace supplies a 9-in. m erchant mill 
rolling a g rea t varie ty  of finished product, neces­
s ita tin g  frequen t roll changes, and bringing 
down average th ro u g h p u t to  about 2-J- tons per



hr., and the eoal consum ption n a tu ra lly  varies 
according to  size of finished product.

(3) The m ill is w orking five days per week, 
16 hrs. per day, and th e  fu rnace  has to  be k ep t 
in the  o ther e igh t hours. Inc lud ing  h ea tin g  up
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th e  fu rnace and keeping in du ring  th e  idle sh ift, 
the  coal consum ption is 2.93 cwts. per ton  of steel 
heated . Less the fuel used in keeping in  the  
furnace during  the  idle sh ift, th e  consum ption 
is 2.55 cwts. per ton  of steel heated . Less the  
fuel used in heating  up and keeping in, i.e ..
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ac tua l working hours, th e  consum ption is 2.16 
cwts. per ton  heated . These figures are  the 
average for six m onths’ w orking, w ith an average 
th ro u g h p u t of 2.57 tons per hour. W ith  a 
th ro u g h p u t of 4 tons per hour, there  is a coal 
consum ption of 1.6 cwts. per ton of steel heated, 
and 6 tons per hour, 1.3 cwts. per ton.

(4) The tem pera tu re  a tta in ed  about 1,300 deg.
C., w hilst the combustion cham ber tem pera tu re  
reaches 1,600 deg. C.

(5) The billets are  uniform ly heated and well 
soaked.

(6) The coal consum ption before installing 
pulverising coal, about 44,- cwts. of coal per ton.

(7) O u tpu t has increased slightly.
(8) Coal costs have decreased.
(9) ( a ) L abour charges about the  sam e; and 

( b ) li tt le  or no difference in quality  of m aterial 
compared w ith th a t  from gas-fired furnace 
billets uniform ly heated  and well soaked. The 
waste is the  same.

(10) The power consumed by the pulveriser is 
approxim ately 19 u n its  per h r., i.e ., 7.6 pence 
per ton .

(11) E epair Costs.—On installa tion  rep a ir costs 
were g rea t owing to severe refractory  troubles, 
due principally  to  fu rnace design. By using 
suitable refractories, suitable furnace design and 
suitable pulverising and blowing equipm ent, th is 
trouble has been very much lessened. The repair 
costs a r e :—M ateria l, 7s. 9d. per ton  of coal, less 
undeterm ined c red it for stocks of m aterials 
and labour, l i d .  per ton of coal.

(12) (a) No ill-effects from dust are  experi­
enced, although th is depends upon the  quality  of 
the  fuel used. Using a good-quality fuel, 
screened beans w ith an ash conten t of 5 per cent, 
or 6 per cent., yet fusible, most of the  ash is 
ex trac ted  in a fused condition from the combus­
tion  cham ber. Trouble has arisen when using 
in ferio r fuel w ith 20 per cent, ash, of an in­
fusible character, when the dust more or less 
chokes up the furnace and insulates the billets. 
( b ) M oisture.—No ill-effects experienced. The
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fuel as purchased contains about 9 per cent, 
m oisture, d ried  by flue gases to  abou t 4 per cent, 
before en te ring  pulveriser.

(13) L ife  of F urnace .—This is qu ite  sa tisfac ­
to ry , b u t i t  is necessary to  do a  li tt le  pa tch ing  
to  th e  refrac to ries in  th e  com bustion cham ber, 
say every six m onths.

(14) Satisfied.
Considerable troub le  has been experienced by 

M essrs. F . R . Simpson, due to  fa ilu re  of th e  
furnace bottom , b u t by p la tin g  th e  fu rn ace  w ith 
chrome bricks they  appear to  have overcome th is 
trouble, and, as will be seen from  th e  answ er 
to  question (13) very li t t le  w ork is now necessary 
to keep th e  fu rnace  in  w orking condition. The 
fu rnace in  question is abou t 30 f t .  long by
5 f t .  6 in . wide, and  has end charg ing  side d is­
charging. In  view of th e  fa c t th a t ,  before 
equipping w ith  pulverised coal, th e  fu rnace  was 
gas-fired, th e  saving shown is considerable, since 
i t  is usually  difficult to  show any appreciable 
saving in favour of pulverised coal when com­
pared  w ith gas-producers. H ere , again , th is  
furnace is direct-fired w ith u n it pulveriser.

Coming to  a sub ject which is probably of 
g rea te r in te re s t to  founders, nam ely, app lica­
tion  of pulverised coal fo r annea ling  m alleable 
cast iron, i t  is w ith  re g re t th a t  th e  au tho rs  are  
unable to  publish any figures ob tained  from  
B ritish  p ractice, b u t th e  p la n t described below 
is actually  in  opera tion  in  F ran ce , a n d , 'su b je c t 
to  m aking due allowance fo r th e  difference in 
the  quality  of th e  coal ob tainab le  in  F ran ce  and 
th is country , i t  is th o u g h t th a t  th e  descrip tion  
will be of in te rest.

F ig . 2 shows th e  fu rnace  and  ty p e  of equip­
m ent in  operation . Before applying pulverised 
coal, th e  details of th e  opera tion  were as 
follows -.— W id th  o f oven, 12 f t . ;  leng th  o f oven, 
10 f t .  6 i n . ; height from  floor to curve o f arch,
6 f t .  The ovens are  lit, th e  doors sealed-up, 
b rought up to  h ea t and k ep t a t  a  co nstan t h ea t 
for 120 hours. E ach  oven holds 5 tons of castings. 
Total actual consum ption fo r  120 hours, say,
7 tons of coal, costing 29s. per ton delivered.
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The cans endured two heats only on account 
of th e  fac t th a t ,  a t  one stage in  the  process, 
there  was heavily reducing atm osphere, whilst 
la te r on there  was a heavily oxidising atm o­
sphere. D rau g h t was regulated  by the  opera­

tion of the dam per a t  th e  base of the  chimney. 
F ir s t  of all, th e  chimney was removed, and two 
la te ra l furnaces were used in  order to  arrange 
two gas-discharge ducts to  take  the  gas to  a 
m ain flue connecting up the  various furnaces in 
th e  b a tte ry  and leading to  a brick chimney
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situ a ted  outside the  building. A dam per, which 
could be operated  from  th e  outside of the 
furnace, was fitted  a t  each end of th e  flues 
above indicated , and th is  allowed the  flow of 
the gases in the  fu rnace to  be correctly  reg u ­
lated.

A burner, sim ilar to  th e  one shown in 1 ig. 2, 
was fitted  to  the fro n t of each of the  furnaces, 
a t such a d istance from  the  h ea rth  th a t  the  
flame ju s t passed well over th e  boxes con ta in ing  
the  castings to  be tre a ted . The coal is b rought 
to the  b u rner by a screw-feeder and a ir  by a 
pipe, fitted w ith a valve, which allows combus­
tion  to  be regu lated .

In  th e  case of m alleable cast iron , th e  re ­
heating  operation  is divided in to  th ree  phases.

(1) R aising  the tem pera tu re .—The ap p rox i­
m ate d u ra tio n  of th is  is 36 h rs ., a t  th e  end of 
which tim e a tem p era tu re  of 870 to  880 deg. 
should be registered . I t  will be obvious th a t  the  
am ount of coal to be consumed will vary  accord­
ing to  th e  design of th e  fu rnace, rad ia tio n  losses, 
tonnage of th e  castings to  be tre a te d , and  also 
the  w eight of th e  cast-iron annealing  boxes. The 
dam pers are  so regu la ted  th a t  the  fu rnace  is well 
filled by th e  gases. In  th e  case u nder discussion, 
the coal-feeder fed 60 to  66 lbs. of coal per hour 
to the  burner.

(2) M aintenance of the tem p era tu re .—The 
d u ra tion  of th is period is 120 h rs ., a t  a tem p era ­
tu re  fluc tuating  between 870 and 880 deg. C. 
The am ount of coal consumed du rin g  th is  period 
depends above all upon a judicious hand ling  of 
the  dam pers, so as to  reduce to  a m inim um  losses 
th rough  th e  chim ney and those due to  rad ia tio n  
conditions in the  walls of th e  fu rnace . In  the  
case under discussion, the feeder supplied coal to 
th e  b u rner a t  the  ra te  of about 20 to  22 lbs. of 
coal per hour.

(3) Cooling.—The du ra tio n  of th is  stage  is 
about 48 hrs. Cooling is sp lit up in to  two 
phases, which depend m ainly upon the  conditions 
of m anufactu re . This cooling is ca rried  ou t 
w ith the  burners sh u t off, and can be dismissed 
from  the  question. I ts  underly ing  principles



411

are  as follows : — (1) Tbe ra te  of cooling is 5 to  
6 deg. per h r. to  about 650 deg. wben the 
dam pers of th e  furnace are  sh u t; (2) cooling is 
th en  m ade more rap id  by opening the  dampers, 
u n til th e  completion of th e  operation.

Results Obtained.
The w eight of th e  castings to  be tre a te d  is 

abou t 5 tons, and associated w ith th is  is a  coal 
consum ption of about 15 cwts. per ton  of m etal 
tre a ted , these results being obtained w ith good- 
q u a lity  coal of calorific value of about 7,500 
calories.

The boxes in which castings a re  stacked stand  
up m uch b e tte r , th e re  being a  difference of a t 
least 5 to  1, w hilst cases a re  reported  where 
boxes have showed no signs of stress even a fte r 
having been 15 tim es th rough  th e  pulverised 
coal fu rnace, as com pared w ith  two or the 
m axim um  th ree  tim es when th e  furnaces were 
hand  fired.

I t  is highly im portan t, however, th a t :  —
(1) V ery fine coal be used.
(2) V ery efficient regu la ting  dam pers are 

supplied, so as to  obtain  exact regulation .
(3) The charging boxes he piled up very regu­

larly  on th e  hearth , and enough space left 
between them  to  ensure being well enveloped by 
the  gases.

The resu lts obtained require very close a tte n ­
tion  to  firing operations, especially in regard  to 
co-ordinating  th e  ra te  of combustion w ith  the 
operation  of th e  gas-discharge registers, and i t  
is a p p a ren t th a t  th e  best way is to  determ ine 
by experim ent such ra te  of combustion as 
follows : —

(1) T em peratu re to  be raised  by about 20 deg. 
per hour using a m inim um  am ount of fuel and 
the fu rnace rem aining under sligh t pressure.

(2) T em peratu re  to  be m ain tained  under the  
same pressure conditions w ith a minim um 
am ount of fuel.

(3) S tr ic t observation of the fineness and  
m oisture conditions of the  pulverised coal used.

In  malleable m elting furnaces the  coal requires
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dry ing  down to  abou t th ree -q u arte rs  of 1 per 
cent, m oisture to  p reven t agglom eration  of the  
particles as they  go to  th e  bu rners, as th e  add i­
tion  of carbon and su lphur have been preven ted  
by its proper drying.

In  m alleable annealing , w ith  coal p roperly  
dried and  pulverised to  fineness as above, ra tio s  
of 4 to  5 to  1 a re  being secured, an d  th e  in ­
creased life of boxes is n o t th e  least saving.

Plate Heating Furnace.
Messrs. Thomas P ig g o tt & Company, L im ited , 

of B irm ingham , have applied pulverised fuel to  
two p la te-heating  furnaces, b u t, beyond th e  fac t 
th a t  th e  installa tions a re  both  sa tisfac to ry , the  
au thors have little  or no knowledge of th is  p lan t. 
I t  is known, however, th a t  they  have found  it  
necessary to  use p a rticu la rly  dry  fuel pulverised 
as fine as m achines will perm it.

Steel Melting Plants.
O pen-hearth  p lan ts  using pulverised coal are  

unknow n in th is country , b u t a num ber of them  
are  in successful operation  in  A m erica, and  a t  
th is  tim e the  sub ject is being given m arked  
consideration.

Owing to  early  difficulties w ith  checkers and 
h igh fu rnace  m ain tenance, in  add ition  to  th e  
fac t th a t  open-hearth  furnaces have been long 
ago brough t to  a h igh s tan d a rd  of efficiency, for 
gas and oil, th ere  has been very li t t le  progress 
as to  th e  num ber of p lan ts  changed to  pulverised 
coal from  o ther fuels. H ow ever, m ost of th e  
early  troubles have been overcome, and , w hilst 
one p lan t has been in  operation  fo r six years, a 
large num ber of p lan ts have been in operation  
for shorter periods of tim e. The elim ination  of 
expensive checkers and  the  ab ility  to  use low- 
grade, high-sulphur, high-ash coals in pulverised 
form , added to  th e  increased tonnage possible, 
due to  more uniform  operation  of fu rnaces, will 
m ake th e  change in fuel well w orth  while in 
m any cases.

F requen tly  the  difference in  price betw een 
high-grade coal used for gas-producing operation
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and the  screenings possible to  use in pulverised 
form  shows savings sufficient to  pay for the 
in sta lla tion  in  one year. Savings per gross ton 
of ingots produced in some cases ru n  as high as 
7s. 6d.

W hen pulverised coal was first used in open- 
h ea rth  furnaces, i t  was found th a t  the  checkers 
were rap id ly  filling up  w ith  ash. I t  was believed 
a t  th a t  tim e th a t  th is could no t he prevented, 
and, therefore, arches were substitu ted  for the 
checkers because of the  g rea ter space. The 
arches are  placed about 18 in. ap a rt, in  rows, 
one above the  other, w ith about 3 ft. between 
the  rows. Slag pockets are equipped with re­
movable s tru c tu ra l steel boxes, which fill up in  
about 15 days. The tim e ordinarily  required to 
pull two boxes and  to  get fuel in the  furnace 
again  is about 5 hrs.

The average analysis desired for coal suitable 
for pulverisation for open-hearth furnaces is 
abou t:-—-Volatile, 36 per c en t.; fixed carbon, 52 
per c e n t .; m oisture, 1.25 per c e n t .; ash, 6 to  8 
per c e n t.; and sulphur, under 1.25 per cent.

The operation  of the  open h earth  does not 
p resen t more difficulty th a n  w ith producer gas, 
although it  is no t so simple as w ith oil.

Economies Effected.
A cold charge is used, and the  tim e for charg­

ing is about 4 hrs., w hilst a hea t takes about 
12 hrs.

The life of a fu rnace roof is about 200 heats, 
although th e  use of a  fla t suspended arch would 
probably increase th is m aterially .

There is a m illing p lan t on the cen tral-station  
system, consisting of a b a tte ry  of Raymond 
mills, coal being delivered to  th e  furnace by 
means of a shooting tan k , situa ted  450 ft. from 
the  furnace. The coal required runs as low as 
500 lbs. and as high as 600 lbs. per to n  of ingots.

The wide varia tion  is partly  due to  the  grade 
of coal, p a rtly  to  the  charge, to  th e  analysis 
required  in the product, and a little  to  the  age 
of the  furnace, although the tim e from ta p  to
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ta p  varies less th a n  was form erly th ough t 
possible.

The tem p era tu re  m ain ta ined  in  th e  furnaces is 
essentially  the  same as th a t  w ith  producer gas.

O ther applications of pulverised fuel which 
have had successful resu lts a re  soaking p its, 
spelter furnaces and, in  fac t, alm ost any m eta l­
lurgical process, p a rticu la rly  in the  ferrous 
trade .

Puddling Furnaces.
The application  of pulverised fuel to  puddling  

furnaces is an excellent illu s tra tio n  of th e  advan ­
tages to  be gained by th is  m ethod of firing 
applied to  m eta llu rg ica l furnaces. The puddling  
process consists of the  conversion of pig or cast 
iron in to  w rought or m alleable iron , and  th e  
tem pera tu res required  on th e  fu rnace  h ea rth  
vary  from  about 500 deg. C. up  to  1,500 deg. C., 
and, fu r th e r, these tem p e ra tu re  fluctuations are  
requ ired  w ith  extrem e rap id ity .

I n  1923, when th e  au thors first applied  p u l­
verised fuel to  puddling furnaces, th e  s tan d a rd  
or accepted m ethod of b u rn ing  pulverised coal 
was employed, th a t  is to  say, a very la rge  and 
deep combustion cham ber of ca thedral-like 
dimensions was erected , displacing the  fire g ra te  
of the  previously hand-fired furnaces. In to  th a t  
massive edifice th e  pulverised coal was in tro ­
duced w ith  th e  whole of th e  a ir  necessary for 
complete combustion, and th e  fu rnace  h ea rth  
itself con tain ing  th e  m etallic bu rden  was heated  
by th e  p roducts of com bustion draw n over a fire 
bridge in to  the  fu rnace  proper. The tem p era ­
tu re  in  th e  com bustion cham ber was obviously 
h igher th a n  th a t  ob ta in ing  over th e  fu rnace  
hearth , because com bustion was being actually  
completed before th e  fu rnace  h ea rth  was 
reached. The tem p era tu re , in  fac t, in  th e  com­
bustion cham ber rose to  such a  po in t as to  m elt 
ou t completely the  re frac to ry  lin ing  of th e  com­
bustion cham ber. The u n it there fo re  suffered 
from  two obvious d isadvantages, one of which 
was en tire ly  d isastrous. F ir s t  of all, th e  life 
of the  combustion cham ber was lim ited  to  a few
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hours, and secondly, the  developm ent of the 
tem pera tu re  was tak in g  place a t  a  poin t other 
th an  th a t  where i t  was required . V arious means 
of cooling the  refractories of the combustion 
cham ber were tr ied  in  hope of curing the m ajor 
trouble, b u t obviously on such a  small u n it as a 
puddling furnace, which has an o u tp u t of only 
about 3 cwts. of m etal per hour, any frills in 
the  design of the combustion cham ber were com­
m ercially impossible owing to the  cap ital cost of 
construction . I t  was necessary, therefore, com­
pletely to  abandon all accepted practice in the 
firing of reverberatory  furnaces w ith pulverised 
fuel, and to  s ta r t  afresh w ith a view to 
arran g in g  the  u n it in  such fashion th a t  the 
combustion cham ber should be a t  a low tem pera­
tu re , and th a t  the  m axim um  h ea t should be ob­
ta ined  over the  working h earth  of the furnace. 
This was eventually  effected by reducing the 
combustion chamber in  cubical content to a 
po in t not only less th an  th a t  of the  pulverised 
fuel-fired furnace, b u t considerably less even 
th an  th a t  obtain ing on the  furnace as arranged 
for hand firing.

The whole combustion end of the furnace was, 
therefore, re-designed on the  principle th a t , 
although th e  space required  for th e  complete 
combustion of pulverised fuel is relatively large, 
nevertheless, if th e  pulverised coal was first 
gasified and the  producer gas arising  from  th a t 
operation  was b u rn t over the  furnace hearth , 
such producer gas could be completely b u rn t 
over the  h ea rth  of the furnace, and in such 
burn ing  the  highest tem p era tu re  could be de­
veloped a t  th e  po in t where i t  was required, 
namely, in contac t w ith the m etallic burden of 
the  furnace.

To p u t the  m a tte r  briefly, if th e  pulverised 
coal could first be gasified, i t  was obvious th a t 
no separa te  combustion cham ber a t all was 
required , b u t th a t  the  hearth  of the furnace 
itself would serve as a combustion chamber for 
the  developm ent of the  highest tem perature . 
However, th e  gasification of pulverised coal is a 
very different proposition from th a t of solid or
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lump coal, which can be gasified in any com­
m ercial type  of gas producer, w hereas in  th e  
case of pulverised coal where th e  coal is in tro ­
duced in to  th e  fu rnace  a t  a more or less high 
ra te  of travel, an  obvious difficulty th a t  arose 
was the  re ten tio n  of the  pulverised coal in  th e  
gasify ing zone for an  in te rv a l of tim e sufficient 
to tu rn  i t  in to  producer gas. Such operation  
would requ ire  a  long len g th  of trav e l, and  a 
cham ber of considerable dim ensions, b u t by ex­
perim ent th is d isadvantage was overcome, as 
i t  was discovered th a t  if th e  pulverised coal was 
in troduced in to  a com paratively  sm all cham ber 
in such fashion th a t  th e  stream  of coal and 
p rim ary  a ir  s truck  a  bridge w all and  recoiled 
in to  th e  oncoming stream , then  a  v io lent ag ita ­
tion  or tu rb u le n t effect was se t up in  the  
gasify ing zone, enabling  th e  m inu te  partic les 
of coal to  be re ta ined  in  suspension th e re in , in 
contac t w ith  th e  deficiency of a ir  for an  in te rva l 
of tim e sufficient to  enable th e  whole of th e  coal 
to  be tu rn ed  in to  producer gas, th e  producer gas 
passing over th e  fire bridge and th e re  coming 
in to  contac t w ith  a supply of secondary a ir 
(preferably  pre-heated), sufficient to  effect com­
plete combustion of th e  gas over th e  w orking 
hea rth  of th e  furnace.

I t  is also found by observation th a t  ano ther 
g re a t advantage has been obtained , inasm uch 
as the  pulverised ash con ten t of th e  coal was 
largely dropped in the  gasify ing  cham ber th rough  
the  ag ita tio n  tak in g  place th e re in , and th a t  
only a very small percen tage of th e  ash con­
ta ined  in th e  coal passed over th e  fire bridge 
in to  th e  fu rnace  itself. These discoveries cured 
m any troubles. F ir s t  of all, th e  overall dim en­
sions of the  furnace were considerably reduced 
for th e  same ou tp u t. Secondly, th e  life  of the  
combustion cham ber was prolonged indefinitely , 
owing to  the  fac t th a t  th e  tem p e ra tu re  th e re in  
did no t rise above 800 deg. C. The ash was 
collected before i t  reached th e  m etal bu rden , 
and rad ia tio n  losses were largely  elim inated  by 
reason of th e  very re s tric ted  dim ensions of th e  
p rim ary  cham ber. In  short, a revolution  has
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been effected in th e  m ethod of applying 
pulverised coal to  a m etallurgical furnace.

I t  is essential in th is m ethod of applying 
pulverised coal th a t  th e  coal should be pulverised 
finely and uniform ly, because if th ere  are coarse 
partic les of coal in the  stream , these fall to the 
foot of th e  gas-producing cham ber. I t  is tru e  
th a t  these can then  be gasified by the  in troduc­
tion  of steam  and a ir , b u t th is  m eans fu rth e r 
cap ita l cost and consum ption of steam , both 
serious points on a small m etallurgical furnace. 
The au thors consider, therefore, th a t  th e  coal 
p repara tion  for m etallurgical furnaces should, 
if possible, be effected in cen tral mills ra th e r 
th an  in u n it mills, where there  is a ra th e r rapid  
deterio ra tion  in the  fineness of pulverisation.

Pulverised Fuel Marketed.
A p art from  th is  fea tu re , th e  power and m ain­

tenance costs on cen tral mills are very much 
lower th a n  on u n it mills, bu t, on the  o ther hand, 
the com paratively small coal-user is unable to 
employ cen tra l mills as his coal demand is in su f­
ficient to  w a rra n t th e ir  in sta lla tion . This diffi­
culty  is already overcome in  certa in  foreign 
countries by organisations m arketing  coal in 
already pulverised form.

I t  has been suggested th a t  in the  firing of 
m etallurgical reverberatory  furnaces w ith pu l­
verised fuel, no ex te rna l combustion chamber a t 
all need be employed ; in fact, experim ents have 
been m ade w ith  a view to discharging the 
powdered coal d irectly  on to th e  working h earth  
of the  furnace. Theoretically, such application 
has m erit, inasm uch as rad ia tion  losses are re ­
duced owing to  the  elim ination of th e  prim ary 
chamber. I t  has, however, been found th a t  two 
disadvantages arise : first of all a cold zone
exists in th e  furnace chamber im m ediately in 
fro n t of the  pulverised-fuel burner, owing to 
space being required  for the  developm ent of the 
flame ; and secondly, the  ash con ten t of the  coal 
is d is tribu ted  over the  m etal in the  furnace.

The au thors have shown the d isadvantages of 
firing in  a large combustion chamber on the one

p



hand, and on th e  o ther hand , of firing  d irectly  
on to  a fu rnace  h earth .

The gasification system ju s t  described elim i­
n ates th e  troubles and comm ercial draw backs of 
both those methods. I t  has a fu r th e r  g re a t 
advantage, th a t  scaling losses of th e  m etals are  
g rea tly  reduced, owing to  th e  fa c t th a t  excess 
a ir  is p ractically  e lim inated , and  a  sligh tly  re ­
ducing atm osphere can be m ain ta ined  over the  
h ea rth  of the  furnace.

DISCUSSION.
Differences in British and Foreign Fuel.Me. F . J .  Cook said th a t  pulverised-coal 

firing would be applied more widely in  th e  foun­
dry  in  th e  very n ear fu tu re , for the  claim s th a t  
could be p u t forw ard and proved w ith  regard  to 
i t  were such th a t  no foundrym an could ignore. 
H e asked the  au thors to  augm ent th e  P ap e r by 
s ta tin g  w hat they considered the  tendency would 
be in  regard  to  th e  application  of pulverised- 
coal firing to  m elting  and annealing . M ost of 
the applications of pulverised-fuel firing to  foun­
dry  work had  been applied in  o ther countries 
th an  our own, and  he had  heard  i t  s ta ted  th a t  
there was a considerable difference in  th e  resu lts 
obtained w ith  some foreign coals and  w ith 
B ritish  coals. H e believed th a t  th e  m oisture 
con ten t of B ritish  coals was a source of trouble, 
and if the  au thors had  any d a ta  available as to 
the  results obtained  w ith  coals from  th e  various 
coalfields of th is  coun try  in  pulverised form , i t  
would be of g re a t help to  foundrym en. P u l­
verised-fuel firing was being used very success­
fully in a t  least one instance in th is  country  for 
m elting and annealing . A t first th e  app lication  
of th e  system h ad  appeared to  be alm ost hope­
less, b u t he believed th a t  was due largely  to  the 
difference in  the  n a tu re  of the  coal used here 
as com pared w ith th a t  used abroad  in  a sim ilar 
installa tion .

Difficulties in Slag Removal.
W ith  regard  to  slag trouble , he said th a t  th a t  

was one of th e  first snags in  connection w ith  
steam  g e n e ra tio n ; he believed th a t  th e  first
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boiler which was fired w ith pulverised fuel 
had become one mass of rock in the 
course of about six weeks, and had had 
to  be blasted and  pulled down. We had 
got fa r  beyond th a t  stage, b u t he believed th a t  
trouble was likely to  arise w ith the slag if pul­
verised fuel were used in a cupola; the fuel used 
would have a com paratively high sulphur-con­
te n t, and he asked w hether the sulphur would 
no t so contam inate  the  slag th a t, when the m etal 
fell th rough  it, there  would be considerable sul­
phur pick-up. H e was not afra id  of su lphur in 
quite  large am ounts, b u t there  was a lim it be­
yond which one could not go in th is direction.

Powdered Fuel for Receivers.
Mr . B. H ied  asked if pulverised-fuel firing 

could be used in  a foundry for the purpose of 
m a in ta in ing  the  tem pera tu re  of a q u an tity  of 
m etal in  a receiver or for raising  the  tem pera­
tu re  of the m etal from th a t  a t  which i t  was 
poured in to  the  receiver to a h igher tem perature  
for use continuously on a casting p lan t. He 
also asked how fa r  the fuel could be carried 
successfully from  an existing  p lan t to  operate 
in a receiver such as he had referred  to.

Feeding of Pulverisers.
Mr . B. W i n t e r t o n  asked for fu r th e r 

inform ation w ith regard  to  the pulverisers. In  
F ig . 2 the  pulveriser seemed to  be so small as 
to  rep resen t an alm ost negligible p a r t  of the 
to ta l outlay. Reference was made in the P aper 
to  pulverising coal so th a t  98 per cent, would 
pass th rough  a 100-mesh screen, and to an ou t­
p u t of 4 |  cwt. per h r. Presum ably, if the pro­
cess were to  be economical, i t  would be necessary 
to  have a hopper a rrangem ent for feeding the 
coal in, because i t  would appear th a t  if one had 
to feed a pulveriser by hand a t  the  ra te  of 
cwts. per h r., th e  cost would be high. H e also 
asked w hat type of pulveriser was referred  to, 
and w hether it worked a t slow speed or high 
speed ; if the la tte r , he suggested it  would be

p2
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necessary to  pass the  coal th rough  a m agnetic  
separa to r before pulverising , because no one re­
ceived coal which d id  no t con ta in  tram p  n o n , 
and if i t  were n o t rem oved i t  would have a 
serious effect upon the  pulveriser.

Powdered Fuel for Annealing Furnaces.
M r. J .  W. G a r d o m  said i t  was su rp ris­

ing, and som ewhat disconcerting, to  hear 
th e  au thors s ta te  th a t  th e  g rea te s t fac to r of 
economy, when pulverised-fuel firing  was 
adopted, was th e  difference between th e  price 
of high-grade coal and of th e  screenings which 
could be used in  pulverised form . T h a t m igh t 
have been so a few years ago, b u t even m eta l­
lu rg ists were g e ttin g  sufficient commercialism 
knocked in to  them  to  recognise th a t  as soon as 
there  was a dem and for any th in g  th e  price of 
it  would increase, and a t  th e  p resen t tim e the 
difference in price is n o t g rea t. In  those c ir­
cum stances, he suggested th a t  th e  use of a 
pulverised-coal fired system would n o t be eco­
nomical. H e was in terested  p a rticu la rly  in the 
application  of pulverised-coal firing to  th e  an ­
nealing fu rnace. I t  m ust be rem em bered th a t  
when the  fu rnace  was fired w ith  o rd in ary  coal 
the fireman could leave i t  qu ite  safely fo r a 
couple of hours or so, b u t i t  seemed to  him  th a t  
if i t  were fired w ith  pulverised coal th e  m echanic 
would no t be able to  leave i t  fo r a m om ent; the  
fac t th a t  sh ifts could n o t be broken increases 
th e  num ber of pay-hours per day, and  th e re  is 
also th e  increased w age-rate betw een a fireman 
and a m echanic. There m ust be added to  th a t  
ex tra  cost ano ther 2s. 6d. per to n  of coal for 
pulverising. H e did n o t agree w ith  th e  a u th o rs’ 
figures rep resen ting  th e  costs of annealing  in  an 
ord inary  coal-fired furnace. I t  was s ta ted  th a t  
7 tons of coal were used to  anneal 5 tons of 
malleable iron, b u t he him self—using  th e  same 
tim es and figures as th e  au thors—was able to 
anneal in  one fu rnace  w ith  only 0.75 to n  of 
coal per ton  of castings. H e need hard ly  say 
th a t  th a t  resu lt was obtained w ith  forced- 
d raugh t, and  th a t  system had m any advan tages
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over pulverised-f uel firing. W ith regard  to 
the  two m ain  types of pulverised-f uel sys­
tem s, he disagreed w ith the au thors’ re ­
m arks as to  the disadvantages of the u n it 
system. I t  had  the  g rea t advantage th a t  
its  cost was lower th an  th a t  of the  bin-and- 
feeder system, and i t  was more flexible and  
could be changed from  one furnace to  another. 
The au thors had m entioned as one of its  dis­
advantages th a t  the failu re  of the mill or motor 
would resu lt in the furnace in which it  was 
used becoming definitely ou t of action. He be­
lieved, however, th a t  the present-day electric 
m otor was very  reliable. This being established 
leaves the  suggestion by the authors th a t  the 
mill breaks down, and he asked for confirmation 
of th a t .

Air-Separation and Drying Systems.

As to  the  s ta tem en t th a t , w ith th e  u n it 
system, pulverisation  rapidly  deterio rated  from 
the  first m om ent the mill w'as p u t in to  opera­
tion , he said he saw no reason why th a t  should 
be so, if one used a fa irly  good pulveriser pro­
vided w ith an air-separa tion  system. Again, i t  
was sta ted  th a t  m oisture had a serious effec t; 
bu t th a t  was so in both systems. There were 
m any pulverisers on the  m arket which would 
deal w ith coal contain ing  up to  8 or 10 per cent, 
of m oisture, and it  was quite  easy to  reduce the 
m oisture conten t to th a t  ex ten t by simple air- 
drying. A nother d isadvantage of the u n it sys­
tem , according to  the authors, was th a t  the p lan t 
was incapable of supplying a m ix ture  of coal 
and  a ir  as accurately  as th a t  obtained w ith the 
cen tral system. He pointed out, however, th a t  
the  conveyance of the coal from the pulveriser 
was effected by m eans of prim ary a ir, and then 
secondary a ir  was added, and he saw no reason 
why i t  should not be capable of ad justm en t a t 
any tim e. W ith  regard  to  the lay-out of the 
annealing  furnace, he said th a t  although the 
au thors had given th e ir reasons for no t using 
a fire-box, he believed they were wrong. They 
had sta ted  th a t  the heat in the fire-box was so
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intense th a t  i t  had m elted aw ay; y e t they were 
going to  p u t the  burner s tra ig h t in to  the  fu r ­
nace and b u rn  th e  annealing  boxes and  pierce 
the  work by th e  in tense h ea t. H e considered i t  
b e tte r to  have a fire-box, to  place the  b u rn e r 
in the fire-box and b u rn  th e  coal there , and  to 
a d ju s t the  dam pers in  order to  draw  the  h ea t 
in to  the  furnace. By such m eans one could 
ob tain  a more even annealing  tem p era tu re  
th roughou t the  whole of th e  oven.

AUTHORS’ REPLIES.
In  reply to  M r. Cook, the  app lica tion  of 

pulverised coal to  iron-m elting  cupolas has no t 
so fa r , w 'ithin th e  knowledge of the  au tho rs, been 
a ttem p ted , though  a c e rta in  am ount of experi­
m ental work has been carried  ou t on b last 
furnaces in  G erm any, th e  resu lts of which the  
au thors are  no t fam ilia r w ith . Pu lverised  fuel 
is h ighly successful when applied  to  m elting  and 
annealing  furnaces, a fa irly  full descrip tion  of 
the  la t te r  being contained in  th e  P ap e r.

Effect of Different Coals.
There are  very noticeable differences betw een 

foreign and B ritish  coals; even though  th e  
analyses appear the  same, i t  is possible to  have 
two coals of p rac tica lly  iden tica l analyses, the  
one being “  b rig h t ” coal and th e  o ther “  dull ” 
coal. These physical differences depend largely 
upon w hether th e  m ain  constituen ts of th e  coal 
are  fusian , v itra in , c la rian  or du ra in . W ith  the  
exception of lign ite  a n d 'o n e  or two coals from  
P russia , A m erican and  E u ropean  coals are  
generally  more friab le  th an  B ritish  coals, the  
resu lt being lower power costs, cheaper m a in ten ­
ance and g rea te r o u tp u t from  mills of supposedly 
sim ilar capacity .

Slag and ash do p resen t c e rta in  difficulties, 
and  i t  never pays to  buy coal purely  on price 
w ithou t due regard  to  th e  calorific value, and 
therefo re  to  the  ash con ten t. A n excess of 
su lphur will con tam inate  liquid m eta l, and  th e  
su lphur con ten t should therefo re  be k ep t down 
to under 1.25 per cent.



R eferring  to  the  points raised by M r. B ird , no 
difficulty would be experienced in applying 
pulverised coal to  m etal m ixers, and in the event 
of such an application  being m ade, the powdered 
coal could be used e ither to  m ain ta in  a certa in  
fixed tem p era tu re  or to  raise the tem pera tu re  as 
and  when required. In  th is connection the  
pulverised coal could be carried  about a thousand 
feet. I f  it  were desired to  convey the coal 
fu r th e r  i t  would be necessary to  in troduce a 
booster a t  th is  point, when th e  coal could be 
conveyed ano ther thousand feet.

Coal Handling Cost.
The application  of pulverised coal certain ly  

does no t increase coal handling costs. On a large 
in s ta lla tion  i t  would he possible to ju s tify  au to ­
m atic coal handling p lan t, w hilst on a small job 
employing one pulveriser, the hopper above the 
pulveriser could be made to  hold, say, an h ou r’s 
supply. I t  is custom ary to  use m agnetic 
separators, b u t these are  no t stric tly  necessary 
on u n it mills, m ost of which are equipped with 
autom atic  separators working on the g rav ity  and 
a ir suction principles.

R eferring  to  M r. G ardom ’s rem arks, w hilst it 
is tru e  th a t  there is no longer such a gap in price 
between lum p coal and slack, the re  is still a 
difference sufficiently big to  ju s tify  the  use of 
pulverised coal. I t  is still possible in th is 
country  to  buy coal as low as l i d .  per ton  a t  the 
p it head. The calorific value of the particu la r 
coal in question is 7,000 B .T .U .’s, and  its 
economic value from a m etallurgical process point 
of view is doubtful. On the  o ther hand, no 
difficulty should be experienced in  buying a slack 
a t  a price which would save a t  least 10s. per ton 
over the  price of lum p coal. M r. Gardom also 
raised  th e  question of a m an s tand ing  by, and, 
as pointed out above, th is  is not necessary if the 
coal hopper is made of a sufficiently large 
capacity .

Bin-and-Feeder System.
The au thors are unable to  agree w ith M r. 

G ardom ’s rem arks on the subject of the u n it

423
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system, and still adhere to  th e  po in t of view 
th a t  unless one is considering one fu rn ace  or 
boiler only, th e  bin and  feeder system  is the  
b e tte r proposition, and they  offer th e  following 
reasons aga in s t the  u n it  system  for th is  
decision : —

(1) The power consum ption is equal to  th a t  
requ ired  to  drive the  u n it  a t  no load plus a 
variab le  fac to r increasing w ith  th e  o u tp u t;  (2) 
th e  capacity  is affected by th e  ch a rac te r of th e  
fuel and its m oisture co n te n t; (3) th e  pulverised 
product varies in  fineness w ith  th e  o u tp u t, th e  
g rea te r th e  o u tp u t the  coarser th e  p ro d u c t; (4) 
all have a m axim um  o u tp u t beyond which, if th e  
ra te  of feed is increased, th e  u n it  chokes and 
ceases to  fu n c tio n ; (5) all a re  sub ject to  wear 
which, as i t  continues, resu lts in  a decrease of 
m axim um  capacity  and  in  a coarser p roduct a t  
any given o u tp u t, and  (6) all have the  
characteristic , in h e ren t in  high-speed m achines 
subjected  to  severe service, of being sub jec t to  
breakdow n w ithou t notice.

Com bustion in  th e  pulverised-fuel fu rn ace  is 
essentially  an  instan taneous process, so nearly  so 
th a t  for any m om entary  v a ria tio n  in  th e  ra tio  
of fuel to  a ir  en te rin g  th e  fu rnace  th e re  can be 
no com pensation. U n ifo rm ity  of a ir  supply 
th rough  the  u n it is easily obtained . C orrespond­
ing un ifo rm ity  of coal feed, however, is m ost 
difficult, in fac t well-nigh impossible, owing to 
v a ria tion  in size and  th e  effect of m oisture con­
te n t. To th e  ex ten t th a t  a  v a ria tio n  in  coal feed 
takes place, a loss in  efficiency resu lts . The loss 
due to  unburned  carbon in  th e  flue d u st increases 
w ith  the  ra te  of com bustion in  th e  fu rnace , a 
condition which is agg rava ted  in  th e  direct-fired 
system by th e  fac t th a t  th e  pu lverisers are  
opera ting  a t  th e ir  m axim um  o u tp u t u nder such 
conditions, and therefo re  supply coal of the  
m axim um  coarseness. This resu lt is fu r th e r  
aggravated  as the  pulverising  elem ents become 
worn.

In  the  discussion th e  p o in t was raised  th a t  in  
foundry  operations, presum ably annealing  opera­
tions, a firebox was necessary, otherw ise th e  tern-
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p era tu re  would be too high in the  furnace. The 
au thors en tirely  agree as to  the necessity, or a t 
all events the  desirability  of a firebox, though 
for ra th e r  different reasons.

The po in t is dealt w ith a t  some length com­
m encing w ith the  section “  P uddling  F urnaces,” 
p. 414. In  fac t the  rem ainder of the  P aper is 
indirectly  an argum ent in favour of the  firebox. 
The ob ject of those pages being to  describe the 
revolution which the au thors have effected in 
the m ethod of bu rn ing  pulverised fuel for m etal­
lurgical operations.

Burning of Producer Gas.
The au thors desire briefly to  re ite ra te  th a t  the 

h ith e rto  accepted practice of heating  by means 
of pulverised fuel has been to  hea t the m etal- 
carry ing-furnace by m eans of the b u rn t gases 
a rising  from  the  complete combustion of 
pulverised coal in a combustion-chamber. U nder 
the au th o rs’ system the m etal burden is heated 
not by rad ia tio n  from the b u rn t gas passing over 
or th rough  the  burden, bu t by the  actua l burning 
in the  fu rnace of producer gas generated  in a 
small p rim ary  cham ber a ttached  to  and form ing 
p a r t  of the  s tru c tu re  of the furnace proper. I t  
is well known th a t  the  range of tem pera tu re  in 
a fu rnace employing producer gas can be made 
p re tty  well any th ing  th a t  is desired. In  fac t the 
au thors specially refer to th is aspect of the 
m a tte r  on page 414, th a t  is to say, the p a ra ­
g raph  commencing “ The application of pul­
verised fuel to  puddling fu rnaces.”

The au th o rs’ method is to employ the furnace 
proper as the  combustion cham ber, burn ing  pro­
ducer gas generated  from pulverised fuel, and the 
s tan d a rd  m ethod is to  employ a separate  and 
voluminous combustion cham ber, where the 
pulverised fuel is completely b u rn t, and the 
b u rn t gases a re  subsequently employed to  heat 
the  m etallic  burden in the  furnac?.

Obviously of the two methods the  au tho rs’ is 
much more economical, because by th e ir method 
the hea t value of the coal is employed in heating  
m etal, and no t brickwork.
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THE CRITICAL EXAMINATION OF STEEL 
CASTINGS.

By G. F. Gillott, B. Met.

(Communication from the Research Dept., Woolwich.)
The la s t few years have been m arked  by 

decidedly increased dem ands on th e  q u a lity  and 
service expected of th e  products of th e  steel 
foundry. W ith  th e  tendency tow ards h igher 
stresses, h igher tem p era tu res  and  reduced w eight 
in  th e  zealous quest a f te r  h igher the rm al and 
m echanical efficiency, th e  eng inee r’s requ irem ents 
have, on th e  one hand , become extrem ely exact­
ing. On th e  o ther hand , th e  com petition  of old 
rivals of steel castings has become m ore keen. 
The anc ien t a r t  of cast-iron  founding  has a t  la s t 
been p u t on a more scientific basis u n d e r precise 
m etallurgical control, w hilst the  sm ith ’s a r t  has 
progressed u n ti l qu ite  large and  in tr ic a te  
forgings of lower cost and  superior ch a rac te r­
istics have been m ade possible by recen t develop­
m ents in  d rop-stam ping and m aehine-forgings. 
The new problems can only be m et by basing 
advances in  steel foundry  prac tice  on ex is ting  
knowledge and on th e  resu lts of special investiga­
tions in te rp re ted  in  th e  lig h t of such in fo rm ation  
as is available from  a critica l exam ination  of 
steel castings. The long-stand ing  p rac tice  of 
break ing  up an occasional casting  and  exam ining 
the fra c tu re  gives a lim ited  am ount of in fo rm a­
tion  ; b u t th e  recen t developm ents of radiology 
enable an  equal or g rea te r am oun t of in fo rm a­
tion  abou t the  presence and  d is tr ib u tio n  of 
defects to  be ob tained  w ithou t th e  necessity of 
destroying th e  ca s tin g .f  By in terposing  the  
casting  to  be exam ined betw een a piece of photo­
graph ic  film and a very pow erful X -ray  tube , a 
shadow p ic tu re  is ob tained  which shows on the

t  V. E. Pullin. Proceedings Inst. British Foundrym en. Volxxi r.
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positive p r in t less-dense patches corresponding 
to the  defects, which offer less resistance to  the 
passage of the rays th a n  sound m etal. To yield 
the  “  h a rd ,” short w avelength X -rays necessary 
to pen e tra te  such a dense substance as steel, a 
very powerful hot-kathode tube  is used w ith an 
applied po ten tia l of 200 to  400 kilovolts. W ith 
the  m axim um  power available i t  is possible to 
pene tra te  about 4^ in. of solid steel and to  detect 
in  th is  a flaw equivalent to  3 per cent, of the 
thickness of the  section. Typical radiographs 
are shown in F igs. 1, 2, 3 and 4, in  which various 
defects are  denoted by ligh t areas.

F i g . 1 .— R a d i o g r a p h , s h o w i n g  C a v i t y  a n d  
C h a p l e t .

Of still more im portance th an  knowing the 
presence of a defect is learn ing  the  source of 
its  origin. In  m any cases th is is no t revealed 
w ith ce rta in ty  by X -ray exam ination  and de­
ta iled  exam ination  of sectioned castings is 
essential to  arrive  a t  a solution of the  problem 
of e lim inating  the defects. Steel ingots have 
been intensively studied  for m any years and the 
resu lts applied w ith g re a t advantage to  the  pro­
duction of sound ingots showing a m inim um  of 
segregation. The question of soundness in steel 
castings is a d ifferent and, in  m any respects, a 
more difficult problem, b u t m ethods which have 
profitably been employed for the  exam ination
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of ingots are applicable w ith suitab le  modifica­
tion  to  castings also.

Briefly, the  m ethods employed in  studying  
sectioned-ingots have been macroscopical and 
microscopical exam ination , chemical analysis 
and hardness tes ting . The app lication  of the 
first two of these to  steel castings will be con­
sidered.

Macroscopical Examination.
The m achined-surface of the  section is ground , 

or g round and  polished, w ith  fine em ery and  is

F i g . 2 .— R a d i o g r a p h , s h o w i n g  T r a n s v e r s e  
C r a c k s  i n  C y l i n d e r .

then  ready for the  fu r th e r  tre a tm e n t. This con­
sists, in  the  first place, of su lphu r-p rin ting . Gas­
lig h t photographic-paper, soaked in  5 per cent, 
solution of su lphuric  acid, is la id  face down­
w ards on the  specimen, and close con tac t p re­
served for about tw o 'm inu tes . On rem oval from  
the  specimen, th e  p r in t shows brown coloration 
of silver sulphide a t positions where the  em ul­
sion has been in con tac t w ith  sulphide in the  
specimen. The record is perm anen t a f te r  fixing



with “ hypo.” and washing in the  usual way. 
The su lp h u r-p rin t gives a g raphic  rep resen ta­
tion  of the degree of heterogeneity , based on 
an unequal d is tribu tion  of sulphide. I t  is known 
th a t  su lphur, carbon and phosphorus segregate 
together and, therefore, the sulphur p r in t in ­
dicates the  general heterogeneity  of the  steel. 
Typical su lphu r-p rin ts are  shown in  F igs. 5, C 
and 7. F ig . 5 indicates the  tendency of segre­
gation  to  occur in the  th icker section a t  the 
junc tion  of four walls. F igs. 6 and 7 show 
V -segregations of sulphide, which on a larger 
scale are a common fea tu re  of steel ingots.

F i g . 3 .— R a d i o g r a p h ,  s h o w i n g  C i r c u m ­
f e r e n t i a l  C r a c k s  i n  C y l i n d e r .

Fig . 7 shows an in te resting  type of heterogeneity 
which is common in  steel castings, consisting of 
a surface layer of m ateria l differing from the 
res t of the  casting. All these types of hetero­
geneity  are  also shown by o ther methods of 
exam ination  and discussiou of th e ir  m eaning is, 
therefore, deferred  u n til la ter.

The surface of the section a fte r  sulphur- 
p rin tin g  is usually etched w ith some suitable 
etching-m edium . This may b e :— (a) 10-per-cent, 
solution of n itric  acid in alcohol; (b) H eyn’s 
reagent, consisting of 8- to  10-per-cent, solution 
of copper-amm onium-chloride in w a te r ; and (c)



H um frey’s modification of H eyn ’s reagen t, s ta r t­
ing w ith th e  n eu tra l reag en t and following w ith 
H eyn ’s reagen t con ta in ing  progressively increas­
ing percentages of hydrochloric acid, up to  5 to 
10 per cent, by volume of concen tra ted  acid.

Of these reagents, n itr ic  acid, depending  for 
its action  on the  carbon segregation , fa ils to  show 
up the  p rim ary  crystal s tru c tu re  if th e  casting  
has received an efficient annealing  resu ltin g  in 
uniform  d is trib u tio n  of th e  carbide. H u m frey ’s 
reagen t, however, depends on charac te ristics 
which are  less affected by annealing  and  has the
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F ig . 4.—R a d i o g r a p h ,  s h o w i n g  C r a c k s  a t  
B a s e  o f  B r a c k e t s .

advan tage  th a t  the  surface need not be so care­
fully p repared . I t  is very suitab le  for deep 
etching of fa irly  coarse s tru c tu res . S ince the  
selective action of th is  reag en t depends on the 
d is tribu tion  of phosphorus and  possibly also of 
oxygen, both of which ex ist as solid-solutions in 
cast steel, a more continuous record of the  
p rim ary  s tru c tu re  is revealed th a n  by sulphur, 
which is p resen t chiefly in  isolated globules of 
sulphide. The resu lt of etch ing  is, therefo re , 
to  show no t only the  general heterogeneity  b u t 
also th e  dend ritic  s tru c tu re  of the  p rim ary-
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austen ite  crystals. The reagen t first a ttacks the 
pu rer m ateria l in the  cores of the prim ary den­
d rites, so th a t  if the  dendrites are very small, 
they are ob literated  by deep etching, owing to 
the  in te rd en d ritic  m ateria l being dissolved away 
by outw ard a tta ck  from the  core. E quiaxial 
crystals show only as indefinite dots. F ig . 8

F i g . 5 . — S u l p h u r  P r i n t , s h o w i n g  
S e g r e g a t i o n  a t  t h e  J u n c t i o n  o p  
F o u r  W a l l s .

shows a photograph of a section etched by th is 
m ethod. An advantage of th is process is th a t  the 
stru c tu re  stands ou t in relief and direct-con­
ta c t p rin ts  can be obtained on “  glazed a r t  ”
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F i g . 6.—Sulphur Print, showing V-Segregation.



t

paper by m eans of p r in te r’s ink, as illu stra ted  
by F igs. 9, 10 and 11, which are photographs 
of such p rin ts . The segregates stand  ou t in 
relief on th e  etched surface and, a fte r  rubbing 
w ith fine em ery paper, appear ligh t. In  the  ink-

433

F i g . 7 . — S u l p h u r  P r i n t , s h o w i n g  
V - S e g r e g a t i o n  a n d  “  C h i l l  ”  
E f f e c t .

p rin t, the  segregates are  represented by the dark  
areas, as in the sulphur p rin ts.

Macroscopical exam ination  frequently  indicates 
the regions which may profitably be examined 
more m inutely  by m eans of the  microscope.
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Microscopical Examination.
C erta in  fea tu res  of th e  general s tru c tu re  of 

a casting  are  revealed by microscopical exam ina­
tion  of ^specimens tak en  from  any convenient 
position in  th e  casting , fo r exam ple, from  th e  
cast-on test-bars. The m ost im p o rtan t ind ica­
tions of microscopical exam ination  applied as a 
rou tine  te s t have reference to  th e  efficiency of 
th e  annealing  received. The s tru c tu re  of the  
cast steel before annealing  consists of large 
gra ins of pearlite  in  which an g u la r fragm en ts 
of fe r r ite  have separa ted  along th e  cleavage

Fig. 8.—Illustration showing Macro- structure, including Cavities, Cracks 
and Segregates.

planes, g iving a  coarse “  la ttic e  ”  ty p e  of 
s tru c tu re  possessing poor m echanical p roperties. 
The object of annealing  is tw ofold : (1) To cause 
a recrystallisation  and refinem ent of th e  large 
g ra in  size, and (2) to  relieve in te rn a l stress. 
The form er necessitates h ea tin g  for a consider­
able tim e above th e  upper lim it of th e  critica l 
range  ; th e  la t te r  is effected a t  a m uch lower 
tem p era tu re  and is alm ost complete a t  about 
550 deg. C. The danger of insufficient annealing  
lies no t so much in persistence of in te rn a l stress 
as in  the  in fe rio r m echanical p roperties of the



steel, shown particu larly  in a low true-elastic- 
lim it and poor im pact figure. The incompletely, 
annealed  s tru c tu re  shown in  F ig . 1 2  w a s  a s s o c i -
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F i g . 9 . — I n k  M a c r o p r i n t , s h o w i n g  
V - S e g r e g a t i o n .

ated  w ith sligh t b u t u n im portan t stress, bu t 
the lim it of p roportionality  and im pact figure 
were both low and were restored by a more effi­
cient annealing. The actua l test-figures before



re-annealing  w ere: L im it of p roportionality ,
7 tons per sq. in .;  Izod im pact-figure, 5J ft.-lbs. 
A fter re-annealing  these im proved to  11 tons per

F ig . 10.- I n k  M a c r o p i u n t , s h o w i n g  

V - S e g r e g a t i o n  a n d  “  C h i l l  ”  E f f e c t .

sq. in. and 18 ft.-lbs. The y ield-point and
elongation were also im proved, w hilst th e  tensile 
s tren g th  only increased slightly . The s tru c tu re  
a fte r  re-annealing  is shown in F ig . 13. The
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as-cast ” s tru c tu re  of ano ther casting  is shown 
in F ig . 14, w hilst F ig . 15 shows the refined 
s tru c tu re  resu lting  from  an efficient annealing. 
A fu r th e r  effect of annealing  is the  p artia l 
balling-up of sulphide films which may form

F i g .  1 1 .— I n k  M a c r o p r i n t ,  s h o w i n g  

“  C h i l l  ”  E f f e c t  a n d  D e n d r i t i c  

S t r u c t u r e s .

in itia lly  round fe rrite  and pearlite  grains, and 
which in th a t  position are  very detrim ental to  
the m echanical properties. Such films, some 
practically  continuous and some p a rtia lly  balled- 
up, appear in  the  fe rrite  bands in F ig . 16.

; '-.V



The annealed casting  may show two d is tin c t 
types of m icro struc tu re , one which may be 
term ed the  norm al s tru c tu re  of p e a rlits  g ra ins 
embedded in  a ground  mass of fe r r ite  (F igs. 13 
and 15), and th e  o ther a pea rlite  netw ork su r­
rounding  th e  aggregates of sm all fe r r ite  g ra in s 
(F igs. 17 and 18). P iw ow arsky* a ttr ib u te s  the  
netw ork s tru c tu re  to  th e  influence of alum inium  
or some o ther elem ent such as vanadium , added
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F i g . 12.— M  i c n o  s t r u c t u r e  o f  a n  I n ­

c o m p l e t e l y  A n n e a l e d  S t e e l  C a s t i n g . 

x 100.

to th e  m olten steel as a deoxidiser, and  the  
p resen t au th o r has only observed th is  netw ork 
s tru c tu re  well developed in  e lec tric-furnace steels 
to which alum inium  has probably been added in 
all cases. F ig . 17 also shows extensive décar­
burisation  round blowholes caused by steam  from  
a green-sand mould which blew th ro u g h  the  
p lastic m etal. The blowholes appear as dark

* S ta h l u n d  E ise n , 1928, 45 /1665 .
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areas in the  decarburised region. The reverse 
effect is shown in F ig . 19, which illustrates 
surface-carhurisation  of a steel casting occur­
ring  when th e  very ho t m etal lay in contact 
w ith a carbonaceous mould-dressing. R ather 
deep surface decarbonisation has la te r  occurred, 
probably owing to  th e  access of a ir to  the  anneal­
ing furnace. Such décarburisation  by mould 

washes ” may conceivably be one cause of

}

*

*
" i f  %  • '

f. A *
F i g .  13. M lC R O STR U C TU R E OF E F F IC IE N T L Y

A n n e a l e d  C a s t i n g , x 100.

difficulty in  m achining the  surface skin of a 
casting.

The • use of microscopical exam ination  as a 
rou tine  te s t and the  keeping of system atic 
records of th e  m iscrostructu ie  of th e  test-bars, 
along w ith the  analy tical and m echanical d a ta  
they  provide, wTill tend  to  throw  ligh t on such 
points as have been m entioned and lead to 
g rea te r un iform ity  and im proved quality  of the 
product.



440

F o r purposes of investiga tion  i t  is usital to  
complete a m acroscopical exam ination  before 
selecting small specimens for polishing, etching 
and microscopical exam ination  from  th e  positions 
which show promise of g iving m ost inform ation . 
In  illu s tra tin g  some of the  s tru c tu re s  so en ­
countered , i t  w ill be convenient to  rev e rt to  the  
exp lana tion  of th e  indications of th e  rad iographs 
and  of th e  macrosectious.

F i g .  1 4 . — M i c u o s t k u c t u r f .  o r  S t e e l  C a s t i n g ,  
,  ”  a s  c a s t . ”  X 1 5 .

The Occurrence of V«segregates.

D uring  the  last stages of freezing of an  ingot, 
as sinking of th e  liquid  steel occurs to  compen­
sate for con traction , the  segregates in th e  a d ja ­
cent viscous m ateria l are  d raw n down w ith  it, 
and the  sagging effect gives rise to  th e  V-shaped 
segregates ch aracteristic  of th e  ax ia l region of 
an ingot. In  a casting  the  m etal rising  steadily  
in the  mould begins to  solidify a t  th e  mould su r­
faces, form ing dend ritic  crystals, which grow a t 
right-angles to  the  surface of th e  m ould. As the
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dendritic  grow th proceeds, the  tem pera tu re  of 
the m etal continues to fall u n til th e  conditions 
are  such th a t  free grow th of crystals can take  
place from  nuclei form ed in the  rem aining liquid. 
The solidification of th is liquid will no t be com­
plete u n ti l a fte r  the  mould has been filled, and 
will be accom panied by a considerable movement 
to com pensate for contraction . The V-segregates 
ind icate  m ovem ent of the  solidifying m etal to-

F i g .  1 5 .— M ic k o s t r u c t u r e  o f  S t e e l

C a s t i n g , a f t e r  A n n e a l i n g , x  25 .

w ards the  portion  of the casting where solidifi­
cation  is first completed. Such Y -segregates are 
shown in  the  sulphur prints?, Figs. 6 and 7, and 
in th e  m acroprin ts, F igs. 9 and 10. In  o ther 
words, feeding occurs in the d irection of the 
po in t of the  V, and any cavities present below 
the  V  indicate th a t  feeding from th is direction 
cannot be adequate, and th a t  i t  is desirable to 
provide additional feeding a t ano ther position.
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Contraction Cavities and Blowholes.

A lthough the  word “  blowhole ” is frequen tly  
used as a general te rm  to  include all k inds of 
cavities in  steel castings, such use is q u ite  u n ­
justified. Voids a re  of two kinds a t  least. 
Blowholes, excepting th e  sm all pinholes seen in 
oxidised m etal, a re  ra re ly  due to  th e  evolution 
of gases from  th e  m etal, since the  steel supplied

F i g . 1 6 .— M  i  c  it o s  t  it u  c  t  u  r  e  o f  S t e e l  
C a s t i n g , s h o w in g  S u l p h i d e  F i l m s . 
x 100.

for foundry  purposes is usually  well deoxidised. 
Blowholes due to  gases evolved by th e  m eta l a re  
usually b rig h t on th e ir  inner surface. The more 
usual cause of biowholes is steam , a ir  and  organic 
gases given off by the  sand of th e  m ould or 
core in con tac t w ith  th e  ho t m etal, and unable 
to ge t away th rough  th e  sand, e ith e r owing to  
inefficient ven ting  or to  unforeseen tra p p in g  by 
some in tric a te  p a r t of the  casting . P a tch in g



of the  mould w ith damp sand ju s t before cast­
ing is ano ther cause of th is type of blowhole. 
Such blowholes usually exhib it an oxidised scaly 
inner surface, as the  gases involved are  of an 
oxidising character. This type of defect may be 
accom panied by th e  decarburisation  already 
m entioned in connection w ith F ig . 17.

M ore serious th a n  blowholes, and usually more 
difficult to  avoid, are contraction  cavities. These

F i g . 1 7 .— M ic r o s t r u c t u r e  o f  C a s t i n g , 
s h o w i n g  D e c a r b o n is a t io n , B l o w h o l e s  
a n d  N e t w o r k  S t r u c t u r e , x  25 .

arise from  the  same causes as p iping in steel 
ingots, namely, the  liquid shrinkage of the 
metal, together w ith the  large contraction  on 
freezing. Since these cavities occur generally 
in  the  portions of the casting  which solidify 
last, they  are frequently  associated w ith the low 
m elting-point segregates of the steel, and the 
surrounding  segregated area is frequently 
porous. Such a contraction  cavity  in an acid



open-hearth  casting  is illu s tra ted  by th e  rad io ­
g raph  F ig . 1. On cu ttin g  in to  th is  cav ity  th e  
whole of the  inner surface was b r ig h t w ith  the  
exception of a few adhering  partic les of greenish 
slag. The upper surface was fa irly  smooth, b u t 
the lower surface, being covered u n til a la te r  
stage of cooling w ith  a pool of still-liquid  m etal, 
allowed free grow th of the  dendrites to  proceed
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F i g . 1 8 .— P h o t o m i c k o g b a p h , s h o w i n g  
P e a k l i t e  N e t w o r k . x lO O .

u n til th e  liquid was exhausted . The photograph 
(F ig . 20) of the  floor of th e  cav ity  shows the  
dendrites in relief. On th e  bottom  of th e  cavity  
were also several small shots of lower m elting- 
po in t m ateria l squeezed o u t from  between the  
grow ing dendrites by con trac tiona l movem ents. 
The m acrosection (F ig . 8) was c u t from  th e  wall 
of a long hydraulic-cylinder cast in  a horizontal 
position. N ear one end, th ree  shrinkage-cavities 
appear, p artly  filled in th e ir  lower p a r t  w ith



segregates which form  a horizontal row along 
the middle of the section.

The characteristics of these contraction  cavi­
ties indicate the  desirability  of casting where 
possible w ith the heavier sections upperm ost and 
of providing large feeding-heads over such 
sections.

F i g . 1 9 . P h o t o m i c r o g r a p h , s h o w i n g

S u r f a c e  C a r b u r i s a t i o n  a n d  D e c a r -  
BUTÎISED 1/AYER. X 25.

Interdendritic Weakness.
Cracks such as are revealed by X -ray exam ina­

tion  (Figs. 2 and 3) and shown in  the  m acro­
section (F ig . 8) are frequently  localised in  the 
in te rd en d ritic  segregation. These regions would 
rem ain fluid and plastic longer th an  the sur­
rounding  m aterials and would form  surfaces of 
weakness a t  high tem peratures, along which 
cracking would he likely to  occur under the in ­
fluence of tensile stresses set up by the resistance
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of the sand to the  con trac ting  casting  and by 
unequal sections in the casting  itself. F ig . 21 
is a photom icrograph of the region round one 
of these cracks, polished and  etched w ith S tead ’s 
copper-reagent. I t  will be seen th a t  th e  copper 
has not deposited on the  m ateria l im m ediately 
round the crack, ind ica ting  th a t  th is  contains 
segregated im purities which are* extrem ely weak 
a t  high tem pera tu res. T h a t ac tua l in terden -

F ig . 20.— P h o t o g r a p h , s h o w i n g  D e n d r i t e s  
i n  R e l i e f  o n  S u r f a c e  o f  C a v i t y , x 10.

d ritic  separa tion  m ay be presen t in  th e  casting  
is shown by the  frac tu re  of th e  tensile test-piece 
(F ig. 22), in  which a flaw showed the  contours 
of the  dendritic  surfaces. In  th is  way arises the 
serious defect known as “  h o t-tea r ”  or “  p u ll.-’ 
The recen t work of K orber and  Schitzkowski* 
has confirmed th a t  these cracks occur d u ring  
cooling down of the  casting  a f te r  freezing, in 
the region of 1,350 deg C. I f  th e  stresses which

* Stahl und Eisen, 1928, 48, 129 and 172 ; F .T .J ., 1928, 39, 47.
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give rise to  ho t-tearing  are  to be minimised, the 
sand of the mould m ust be loosened before the 
casting  has cooled to  th is range, th a t  is, w ithin 
3 to  5 m inutes of the finish of casting. Since 
the ho t-tears arise in the segregated m aterial, 
considerable im provem ent is obtained by using 
a pu rer m etal. This explains the relative free­
dom from  such cracks of electric-furnace refined- 
steel as com pared w ith converter m etal. In  par-

F x g . 2 1 .— P h o t o m i c r o g r a p h  o f  C o p p e r - 
E t c h e d  S p e c i m e n , w i t h  C r a c k  i n  
S e g r e g a t e d  R e g i o n .

ticu lar, th e  steel should be as free as possible 
from sulphur, phosphorus, and oxygen, which are 
the chief offenders.

Further Explanations of the Radiographs.
R everting  to F ig  1, the cavity  has already 

been considered. The edges of a long chaplet 
are  outlined by fa in t horizontal parallel lines 
of less density, ind icating  slight discontinuity . 
The two stems of the chaplet are outlined by
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rough dark  circles, caused by th e  coating  on 
the chaple t of some heavy m etal (probably tin  
or lead-zinc) which is more opaque to  X -rays 
th an  steel. The sca ttered  dark  spots along the  
chaple t probably arise from  th e  sam e cause. 
The d a rk  shadow a t  one end is due to  a heavier 
section of th e  casting . The w hite spots are  small 
voids, possibly blowholes, and  th e  black square 
m arked w ith  th e  le t te r  “  C ” is a lead  index- 
m ark  a ttached  to  th e  casting  for identification  
purposes. The rad iog raph  (F ig . 2) shows a n e t­
work of fine transverse  cracks, which caused

F i g . 2 2 .  - F r a c t u r e d  T e n s i l e  T e s t  
P i e c e , w i t h  F l a w  s h o w i n g  O u t l i n e  
o e  D e n d r i t e s .

copious leakage from  th e  walls of a  hydraulic  
cylinder, although the  defects were n o t notice­
able on a superficial inspection. F ig . 3 shows 
circum feren tia l cracks or ho t-tears n ear a  change 
of section in  th e  same casting . F ig . 4 is a 
rad iograph  illu s tra tin g  a possible danger in  th e  
use of tem porary  brackets or fins to  stren g th en  
a change of section w ith  the  ob ject of avoiding 
“  pu lls.” This has had  th e  effect of localising 
cracking a t  the  end of th e  brackets, which were 
ended-off too ab rup tly . A sim ilar type  of crack 
can be caused by a heavy chill, applied  w ith  th e  
object of im proving th e  soundness of th icker 
sections, if th e  chill is no t tap e red  off sufficiently 
a t  th e  edges. F ig . 8 shows a m acro-section 
th rough  the  transverse cracks sim ilar to  those 
shown in the  rad iograph , F ig . 3, and  ju s t  to  
the r ig h t of the  crack can be seen several b rig h t
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streaky  segregates which form likely paths to r 
the  form ation  of cracks a t high tem peratures.

The “ Chill ” Effect.
, A peculiar surface effect is often  noticed in 

sections of steel castings, illu s tra ted  in  the 
su lphu r-p rin t, F ig . 7, and  in  the ink-prin ts, 
F igs. 10 and 11, as a layer of m ateria l differing 
in m acrostructu re from  th e  in te rio r of the  cast­
ing. This layer is often  separated  from the  in­
te r io r by a layer of pu re r m ateria l, shown in 
the  ink-m acroprin ts as a w hite line. In  F ig . 10 
th is line separates the  V -segregated in te rio r 
region from  th e  surface layer. In  F ig . 11 the 
line is crossed by colum nar dendrites. A lthough 
th is  “  layer ” effect is probably connected w ith 
the  sligh t chilling-action of the  sand-mould, no 
complete exp lana tion  has ye t been offered to 
account for it.

Conclusion.
Some fea tu res of the s tru c tu re  of steel castings 

have been discussed, b u t i t  is not considered 
to  be w ith in  the  scope of th is P ap e r to  indicate 
or suggest rad ical modifications of the methods 
of casting  designed to  overcome some of the 
defects which have been illu stra ted . Although 
steel-founders have devoted much tim e and study 
to investigating  the problem of securing the  best- 
possible castings, i t  rem ains an ever unsolved 
problem in  view of th e  continually  more exact­
ing dem ands of the engineer. The only hope 
of continuing to  m eet these dem ands is by in­
te lligen t application  of the  results of critical 
exam ination  carried  o u t on lines such as those 
suggested in  the  p resen t P aper, coupled with 
practical observations m ade in the  foundry.

DISCUSSION.
The P r e s i d e n t  expressed reg re t th a t  so little  

tim e was le ft for the  discussion on th is Paper, 
and he asked those who desired to discuss the 
P ap e r to  com m unicate th e ir comments in w rit­
ing. H e said th a t he sincerely hoped th a t th is 
course would be followed, because the efforts of

Q
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au thors who prepared  P ap e rs  were g rea tly  ap p re­
c iated  and  th is  subject in  p a rticu la r was of 
special im portance.

U nfortunate ly , in th e  com plete exam ination  
of steel castings one had  generally  to  w ait u n ti l  
th e  casting  was scrapped. I f  some m eans could 
be devised which would enable a casting  to  be 
thoroughly exam ined before despatch, i t  would 
be an extrem ely useful th in g . Such m eans 
m ay be w ith in  the  scope of X -ray  exam ination . 
H e had  v isited  the  R esearch D ep artm en t a t  
Woolwich and  had  witnessed one or two dem on­
stra tio n s showing w hat could be done in  th a t  
direction . H e th o u g h t i t  well to  say, however, 
th a t  we m ust n o t be too hopeful, because i t  
appeared  to  him  th a t  th e re  is a  long way to  go 
before th is  te s t could be accepted fo r ro u tin e  
purposes in  workshops or foundries. I t  would 
seem to  requ ire  a body of m en tra in e d  in  
foundry p ractice  to  get th e  best resu lts from  th is  
m ethod of exam ination . W here new designs of 
castings are  concerned, i t  m igh t be th a t  good 
use could be m ade of th e  m ethod of exam ination  
by X -rays. H e understood th a t  the  g rea te r p a r t 
of the  w ork done so fa r  had  been done on p a rts  
which were known to  be defective or in  which 
a defect was an tic ip a ted , and  th e  . location of 
the  probable defect ind icated  beforehand. 
W hether X -ray  exam ination  would ever become 
p racticable in the  foundry  for exam in ing  large 
and in tric a te  castings generally  he would not 
ven tu re  to  say. N evertheless, i t  was steadily  
advancing as a m ethod of investigation , and 
some very good p rin ts  had  been obtained.

M r . H . O. S l a t e r  said th e  P a p e r  was so 
im p o rtan t th a t  he th o u g h t a li tt le  tim e  ought 
to  be given to  th e  discussion of it. H e asked 
the  au th o r w hether he had  had  any h and  in 
designing th e  b rackets 011 th e  casting  to  which 
he had referred , or w hether they  were p u t on 
by the  founder according to  his own ideas of 
e lim inating  cracking. H e was w ondering 
w hether there  was any re lation  between the  num ­
ber and  size of th e  brackets and  th e  thickness 
of the  m etal, because he rem em bered th e  case
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of a steel casting  upon which 30 brackets had 
been found sufficient to  prevent cracking, where 
a fa r  g rea te r num ber, of different dimensions 
and differently  placed had been unsuccessful. 
H ad  the  au th o r found any difficulty in th is con­
nection in sim ilar cases?

The A u t h o r  said th a t  in the case referred  to, 
and  in most cases, all th e  brackets were placed 
by th e  m aker of the  castings, who was given 
freedom to  place brackets and sim ilar additions 
w here he though t they  would preven t defects. 
H e had no doubt M r. S la ter was quite righ t 
in suggesting th a t  the  cracks in th is p articu la r 
case were due to  incorrect p roportioning of the 
thickness of the  brackets to  the  thickness of the 
casting . I f  th a t  had been given a tten tio n  the 
cracks would probably no t have occurred.

M r . S l a t e r  said his point was th a t  the prac­
tica l m an m ight be able to  p reven t a casting 
from cracking by judicious use of brackets, 
easing corem aking, etc.

The A u t h o r  agreed, and said th a t  was a con­
dition  which X -ray  exam ination  was intended 
to remove. In  the case in  point, the crack had 
produced ano ther defect in  a different position, 
and, although th is la tte r  wras no t such a dan­
gerous one, the casting  would have been rejected 
because of it .

M r . J .  T. M acK en zie  (A .F .A .)  rem arked th a t  
in the case of a high-pressure boiler in the 
U nited  S tates, th e  specification called for X -ray 
exam ination  of each individual casting.

M r . H . A. S c h w a r t z  (A .F .A .) said th a t  had 
been done in m any cases in Am erica and p a r­
ticu larly  w ith oil stills. F or small castings it 
was a very sa tisfactory  method.

The P r e s i d e n t  agreed th a t  for small castings 
X -ray  exam ination  was very useful, b u t the diffi­
culties he had suggested were in  regard  to  large 
castings. H e was wondering w hether the  defects 
m entioned in the  P ap e r had been found inde­
pendently  by those m aking the X -ray  exam ina­
tion , or w hether they  had been prom pted as to 
where to  look for the defects in  castings which 
had been rejected . In  the  case of a large and

Q 2
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in tr ic a te  casting , he assum ed i t  would ta k e  a 
very long tim e to  explore th e  whole of i t  by 
m eans of X -rays to  ascerta in  if th e re  were any 
in te rn a l fau lts” before such a casting  was p u t 
in to  service.

On th e  m otion of th e  P r e s i d e n t , seconded by 
M r . J .  E .  F l e t c h e r , a cordial vote of th an k s  
was passed to  th e  au thors of th e  P ap ers  read 
a t  th e  Congress and  to  those who had  tak en  p a r t  
in  th e  discussions. The P res id en t sa id  i t  was 
lam entable th a t  so sho rt a tim e was available 
for th e  discussion of th e  m any im p o rtan t P ap ers  
presented . The re su lt had  been th a t  some of 
the  P ap ers  were n o t discussed to  th e  e x te n t they  
w arran ted . H e earnestly  asked th a t  anybody 
who was in  th e  position to  do so should con­
tr ib u te  his quo ta  by w ritten  com m unication, so 
th a t  the  record of th e  P a p e r and  th e  discussion 
thereon m igh t be as complete as possible.



THE VOCATIONAL TRAINING OF FOUNDRY 
WORKERS, FOREMEN AND ENGINEERS IN 

BELGIUM.

( P r e s e n t e d  o n  b e h a l f  o f  t h e  B e l g i a n  

F o u n d r y m e n ’ s  A s s o c i a t i o n . )

The following notes give an account of the 
efforts m ade in  Belgium to  solve the  problems of 
vocational tra in in g , th e  im portance of which is 
fully recognised by the  leaders of the  foundry 
industry .

I .—Boys who are desirous of tak in g  up mould­
ing as a tra d e  are  afforded facilities for sys­
tem atic  tra in in g  a t  th e  following centres : — 
(a) The L abour U niversity  of C harlero i; (6) The 
School of M echanics a t  Liege (as from  1930) ; 
(c) The A pprentice Section organised a t  the 
W orks of the  “  Compagnie G énérale des Con­
duites d ’E au  ”  of L iège; (d) Sections sim ilar to 
th a t  m entioned above created  by im portan t 
works a t  G hen t; and (e) The Vocational T ra in ­
ing School a t  Verviers.

I I .— Qualified young m oulders desirous of 
com pleting th e ir  technical tra in in g  can a tten d  :
(a) The Sunday Courses of the  Liège School of 
M echanics; (6) The Courses organised by the 
M alleable F oundry  Owners’ Federa tion  of 
H ersta l ; (c) E vening courses organised by the 
L abour U niversity  of C harlero i; and (d) Corre­
spondence courses organised by the  Foundry  
In s titu te , of Liège, which are  also available to 
foundry  forem en and  m anagers.

I I I .—The Labour U niversity  of Charleroi is 
considering the  developm ent of its vocational 
section w ith  a view to  tra in in g  foremen.

IV.-—F oundry  m anagers are tra in ed  a t  the 
A rts and C rafts  School of P ierrard-lez-V irton .

V .—Finally , the  Foundry  Technical Associa­
tion  of Belgium, a large organisation  em bracing 
foundry  technologists of all grades, from the 
hum blest to  the  most em inent, is m aking g rea t
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efforts to  cu ltiva te  th e  vocational ab ility  of all 
its  members, to  encourage en te rp rise  and  to  
m a in ta in  a very h igh s tan d a rd  of technical 
ab ility  am ong all its  members.

The Vocational Training of Moulders at the Labour 
University.

The Labour U n iversity  affords fac ilities for the 
vocational tra in in g  of m oulders a t  its :-

(A ) D ay-tim e V ocational School; and
(B) E vening  Classes.

Day-Time Vocational School.
O bject.— The tra in in g  of appren tices likely to  

qualify  rap id ly  as com petent m oulders.
Conditions o f A dm ission .—Age 13. M ust have 

a tten d ed  elem entary  school for 6 years.
D ura tion  o f the Complete Course o f T rain ing. 

—Three years.
T ra in ing .—This is of a general, technical, 

vocational and  educational charac te r. The com­
plete course is divided as follow s: —

F irs t Y ea r .—The courses are  common to  all th e  
sections of the  day-tim e vocational school, the  
weekly division of tim e being as fo llow s: ■— 
G eneral and educational courses, 16 h o u rs ; 
d raw ing lessons, 5 h o u rs ; and  p rac tica l and  tech ­
nical foundry  work, 24 hours.

Second Y e a r .— S tuden ts  who have completed 
the  curriculum  for th e  first year are  divided in to  
two d ifferent sections according to  th e ir  capacity . 
The first, or so-called “  In d u s tr ia l S ection ,” con­
sists of those s tu d en ts  who have shown th e  
g rea te s t degree of a b il i ty ; th e  second, or so- 
called “  V ocational S ection ,”  is composed of s tu ­
dents who have shown no g re a t ap titu d e  for theo­
re tica l study.

I n  the  In d u s tria l Section, th e  weekly tim e­
tab le  comprises 22 hours devoted to  theore tica l 
courses and  24 hours employed in  p rac tica l work, 
while in  the V ocational Section 5 hours per week 
are  given to  general and  educational classes, 8 
hours to  technology and draw ing, and  35 hours 
to p rac tica l work.



Third  Y ea r .—A p art from  the  In d u s tria l and 
V ocational Sections a ttended  by second year 
s tuden ts who will norm ally continue th e ir  tr a in ­
ing  in  the  th ird  year, there  is a th ird  or so- 
called “ Special Section ,”  consisting of pupils 
who have shown special ability  and desire to 
p repare for the Special Technical Engineering 
School.

The th ird  section no longer deals w ith the 
tra in in g  of workers as such, as i t  is designed to 
give studen ts a first y ear’s p repara tion  w ith  a 
view to  jo in ing  the Special Technical E ngineer­
ing School, th e  m ain  object of the curriculum  
being to  assist in  the general tra in in g  of the 
pupils.

S tuden ts holding certificates issued by the 
various Sections of the  D ay-tim e Vocational 
School may complete th e ir  vocational and 
technical tra in in g  a t  the Labour U niversity, 
because while *the pupils who hold a V ocational 
Section certificate are  adm itted  to  the evening 
continuation-classes, those holding Industria l 
Section certificates are adm itted  w ithout pass­
ing an exam ination  to  the H igher Industria l 
School where, a f te r  four years’ fu r th e r study, 
they can obtain  a diplom a as qualified tech­
nicians in th e ir  pa rticu la r speciality.

Scheme of Theoretical Courses.
F rench .—T uition  in  the  m other-tongue, having 

as its  object to  enable pupils clearly to  express 
th e ir  own thoughts, to  draw  up reports on 
m atte rs  re lated  to  th e ir  trade , and clearly to 
understand  th e  ideas expressed by others. The 
courses include read ing , talks, g ram m atical exer­
cises in conjunction w ith selected readings and 
tex ts  in which the  ta lks are sum m arised, and 
tra in in g  in  th e  w riting  of essays and reports 
dealing w ith  various subjects, such as th e  inspec­
tion  and reception of m aterials, com plaints, etc.

M athem atics, A rithm etic  and A lgebra .—The 
course is fram ed so as to  tr a in  workers in work­
ing ou t sums w ith  accuracy and readily  solving 
the problems which they may encounter in every­
day life and in th e ir  particu la r trade . The



theo re tica l tu itio n  is lim ited  to  essentials, while 
th e  algehra course is in tended  to  enable workers 
to m ake adequate  use of formulae (or handbooks 
contain ing  formulae) and u n d ers tan d  technical 
dem onstrations.

G eom etry .— G eom etrical forms a re  always 
referred  to  ac tua l m achinery p a rts  or castings, 
and, when necessary, th e  applica tion  of th e  
geom etrical p roperties of th e  casting  is em pha­
sised so as to  show pupils th e  necessity of th e  
pu re  sciences.

Physics and C hem istry .—These courses deal 
more p a rticu la rly  w ith th e  principles which are  
being constan tly  applied  in  th e  daily  p rac tice  of 
m oulding.

E le c tr ic ity .—As in  th e  case of physics and 
chem istry, tu itio n  is again  confined to  th e  p r in ­
ciples applied in  o rd inary  in d u s tria l p rac tice , and 
deals only w ith  w hat should now adays be fam ilia r 
to  every qualified w orker or forem an engaged in 
any tra d e  where e lec tric ity  is employed.

D raw ing .—In  th e  first year, one teacher sim ul­
taneously in s tru c ts  th e  s tu d en ts  in  geom etry, 
geom etrical pro jection  and vocational d raw ing. 
The subjects are  judiciously divided, all app lica­
tions being carefully  stud ied  so as to  em phasise 
the properties stud ied . Sketch ing  exercises are  
g rad u a ted  w ith  p a rtic u la r  care and chosen 
so th a t  th e  draw ing of th e  p lan  or ou tline  of 
each casting  m ay involve th e  p rac tica l app lica­
tion  of the  geom etrical figures and  princip les of 
projection  th a t  have been stud ied  previously.

Technological tu itio n  reg ard in g  th e  p a r­
ticu la r p a r t shown to  th e  pupils is also given 
a t  th e  same tim e. Thus in  th e  case of a pack- 
ing-gland, for exam ple, th e  teacher gives 
tu itio n  in  : —

(1) Sketching (technique of d raugh tsm ansh ip  
and  rud im en ts of technology) ; (2) d raw ing  on 
the  board (use of T-squares, try -squares, etc .) ; 
(3) se ttin g  ou t work on trac in g  boards, and  (4) 
m ark ing  o u t for m achining (use of th e  m ark ing  
gauge, m echanical m ark ing ). D raw ing is thus 
ta u g h t in a m anner which is simple, easy, p ro­
gressive, a ttra c tiv e  and educational.

456
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In the first year, tuition is essentially collec­
tive.—The teacher always explains th e  theory 
and th e  outlines and elem ents of projections, 
b u t the  p rac tica l exercises a re  a rranged  so as 
to  allow studen ts to  exercise increasing in itia tive , 
b u t always in p roportion  to  the  knowledge 
acquired and  th e  degree of ind iv idual advance­
m ent.

First S tage.-—The first p rac tica l exercises are 
draw n on th e  blackboard by the  teacher, who 
makes a detailed  and system atic analysis of the  
c a s tin g ; the s tuden ts reproduce th e  p lan  in 
pencil, b u t w ith  the  use of instrum ents, in the ir 
notes-books, stric tly  following the instructions 
given. This is in te lligen t copy-work.

Second Stage.—Commencing w ith the  first 
half-year, th e  teach er’s first lessons are  lim ited 
to  the  general technological rudim ents, to  an 
analysis of forms and  to  the  solution of diffi­
culties as they  arise (geom etrical draw ing). 
A fter th is, th e  pupils have to  make a sketch in 
the ir note-book of th e  casting  which is handed 
to them , while two or th ree  of them  execute the 
work on th e  blackboard. The work is then  
criticised by the  whole of the  class under the 
d irection of th e  teacher, and the  pupils rectify  
th e ir  notes in the  ligh t of th e  rem arks and 
observations m ade. A fa ir  copy of th e  sketch is 
subsequently m ade, e ither in  the  class-room or a t 
home.

Third Stage.—The last lessons are devoted to 
individual tu itio n , the  pupils being allowed a 
g re a t m easure of personal la titu d e  b u t the  m ain 
principles of the  m ethod are  observed. A fter 
one y ea r’s tu itio n  on th e  above lines, pupils are 
able to  sketch simple parts , draw  the  plans for 
these, reason ou t and make prac tica l use in the 
workshop of the usual geom etrical outlines and 
technological rud im ents acquired in the  draw ­
ing classes.

Teaching Equipment.
To give such tu itio n  as is described above the 

teacher has a t  his d isposa l:— (1) A num ber of 
identical and judiciously selected wooden or 
m etal p a tte rn s  (one for every two p u p ils ); (2) a
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wooden p a tte rn  of large dim ensions, which can 
be tak en  to  pieces if requ ired , so as to  give 
prac tica l dem onstration  of th e  ind iv idual com­
ponents of th e  p a r t ; (3) a rough c a s tin g ; (4) a 
completely-finished c a s tin g ; (5) p a tte rn s  and
core boxes used in  p ractice , and  (6) th e  equip­
m ent requ ired  for im p artin g  th e  technological 
rud im ents (se tting  ou t tools, e tc .).

Second and Third Years.
In  the  two subsequent years, s tu d en ts  are 

given tu itio n  in foundry  d raugh tsm ansh ip  of a 
more advanced charac te r. I t  has been tru ly  
said th a t  d raw ing is th e  language of th e  c ra f ts ­
m an. I t  is necessary, therefo re , th a t  the  
c raftsm an  should be able to  m ake use of it  
w henever occasion arises, n o t only in  th e  execu­
tion  of his work, b u t also in  his re la tions w ith  
his chiefs, his equals and  his subordinates.

The m oulder m ust accordingly be able 
accurately  to  express his ideas reg ard in g  m ould­
ing and  p a tte rn -m ak ing  by m eans of adequate  
draw ings, and  to  p repare  d iagram s and  sketches 
of the  tools which he will requ ire  to  use for his 
work. Exercises in foundry  draugh tsm ansh ip  
m ust therefo re  consist in th e  read ing  of plans 
and  the  ad ju s tm en t on th e  draw ing boards of 
ideas re lative to  pa tte rn -m ak in g  and  m oulding. 
A t th e  Labour U niversity , th is  tu itio n  is given 
by the  “  appren tice  m aster ”  of th e  P a tte rn -  
m aking Section, assisted in  th e  technological 
p a r t by th e  “  appren tice  m aste r ”  of the  
F oundry Section.

The study  of any given casting  com prises: — 
(1) P lan-draw ing  of th e  casting  (exercises in 
sketching and  p lan-read ing , according to  the  
degree of advancem ent of th e  pupils) ; (2) w ork­
ing draw ing of th e  p a tte rn  (showing any loose 
p a rts  and  o ther pecu liarities), and  (3) com plete 
study of m oulding, including th e  d iag ram m atic  
rep resen ta tion  of th e  various phases of th e  work, 
location and shape of th e  runners , risers, etc.

A m ongst the p rinc ipal subjects stud ied  by 
th ird -yea r pupils in th e  d raugh tsm ansh ip  classes 
las t year one m ay cite  th e  fo llow ing :—L athe
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beds, g rinder fram es, g rind ing  m achine and 
la the  headstocks, bench feet, grooved pulleys, fly­
wheels, sundry  sweeps, etc. I t  should he noted 
th a t  all th e  above studies deal w ith  work sub­
sequently produced in the  foundry, and th a t  the 
tu itio n  in  foundry  draughtsm anship  is in tim ately  
bound up  w ith  prac tica l work in the  shop.

Foundry Technological Course.
In s tru c tio n  in foundry technology is en trusted  

to two teachers, one of whom is the  “ apprentice 
m aster ” of th e  section, the  o ther being m anager 
in charge of the  foundry  of a large works in  the 
d is tric t. The “  appren tice  m aster ” gives prac­
tica l in struction  in the  c ra f t and  everything

F i g . 1 .

re la ting  to  the  m ateria l aspects of the trade . 
H is in struction  is given exclusively in th e  work­
shop, du ring  the  prac tica l carry ing  on of the  
work. This is su itably  selected so as to  present 
all th e  difficulties usually encountered in ordinary  
moulding, coring, moulding w ith  p a tte rn s  th a t  
can be taken  to pieces, strickle m oulding, linear, 
circular, oval, p it m oulding, etc.

As regards the  m anager’s tu itio n , th is  deals 
exclusively w ith  th e  technical and scientific 
aspect of the c ra f t. H is teaching deals chiefly 
w ith the  follow ing: —

(I) S tu d y  o f Sands, th e ir  composition, quality , 
tests, u ses ; th e  use of coal-dust in green-sand 
and dry-sand m oulding and in co rin g ; the  study 
of special sands, incorporating  m anure, clay 
wash, coke, silicious and bonded sand, w ith a



study of c e rta in  binders, and  the  use of such 
m ateria ls  in  o rd inary  mould coring. A p p ara ­
tu s  used in  the  p rep a ra tio n  of sands; c ritica l 
s tudy  of th e  various types of a p p a ra tu s : p r in ­
ciples, u tilisa tion , advantages and  draw backs. 
M iscellaneous m ateria ls  used in foundry  w o rk : 
m ineral blacking, vegetable blacking, plum bago 
or g rap h ite , black-wash, coke blacking, etc.
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F i g . 2 .

(II) C asting .—G eneral conditions for success­
fu l casting.

S tudy  of casting  in  reg a rd  to  : — (a) The 
preservation  of the  m ould; (b) th e  question  of 
slag and  d ir t, and (c) un iform  cooling.

(a) P reservation  o f the M ould .— S tudy  of th e  
pressures in  th e  various m ethods of casting . 
Position  of th e  ru n n er.

(b) Slag and D ir t.—O rigin , analysis and  con­
sideration  of the  different cases ; m eans u tilised  
to  p reven t d ir t  from  p en e tra tin g  th e  m ou ld : —
(1) S topper type of pouring  basin  ( “  G erm an ,” 
num ber of smajl runners , and  “  basin  ”  pour­
in g ); (2) decan ting  device w ith  th e  m echanical 
elim ination  of im purities (G erm an pouring  w ith  
baffle (?), gy ra to ry , ta n g e n tia l an d  “  m acaron ”  
pouring); (3) filters (B runelli, filterer, g ra in , 
circle of small runners, and “  G erm an ”  pour- 
*ng) > W  the  cause of holes : analysis, com­



461

parison and discussion of the in te rp re ta tions 
given by the  leading foundry specialists 
(B runelli, R onceray, Gougon, M athu , e t c . ) ,  and 
(5) the  study of feeding heads, blind risers, risers, 
etc.

(c) Uniform, Cooling .—P rep ara tio n  of the 
moulds and  casting  operations w ith a view to  
ensuring  uniform  cooling. Use of chills 
and h ea te rs ; “ cham bering,” and rap id  exposure 
of heavy sections.

P i g . 3 .

( I l l )  D efects in  Castings.—Causes and 
remedies.

Method of Instruction.
All the  questions tre a te d  by the  foundry 

m anager-teacher are  dem onstrated  by means of 
num erous experim ents carried  out in the work­
shops. P igs. 1 to  6 illu s tra te  the  methods of 
in struction . F ig . 1 represents 6 th in  plates cast 
w ith a view to  studying the p a r t played by coal 
d ust in  sand. I t  is found, for instance, th a t  
the g rea te r the q u an tity  of coal used, the more 
rap id ly  is cooling effected, and i t  is thus shown 
th a t  w ith p lates cast in green sand contain ing
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coal-dust, one p la te  has rounded off edges, while 
in the  case of ano ther the  mould is incom pletely 
filled.

F ig . 2 shows two 400 x  400 x 5 mm. p lates, 
one cast w ith  sand con ta in ing  an excessive p ro ­
portion  of coal and  plum bago, th e  o ther cast 
w ith  sand free from  added constituen ts. In  th e  
first case, th e  p la te  is perfectly  free  from  sand, 
b u t has a cav ity  caused by a well-defined accum u­
la tion  of plum bago. In  th e  second case th e  p la te  
is sound, b u t th e  sand is adhering  firmly to  it.

F ig . 3 shows te n  250 x 100 x 60 mm. blocks 
cast in green sands of d ifferent n a tu re  and  com­
position. The rem arkable  differences observable 
in th e  appearance of th e  p a rts  a re  analysed and 
discussed in the technological course.

F i g . 4 .

F ig . 4 represen ts a  group of six cast-iron  250 
x 100 x  60 mm. blocks separa ted  from  one 
another by layers of sand, th e  thickness of which 
varies from  8 to  48 mm. This experim en t was 
m ade w ith  a view to  study ing  th e  behaviour of 
th in  sand layers surrounded by masses of m etal. 
I t  should be noted th a t  where th e  thickness was 
8 mm ., i.e ., between blocks 1 and  2, th e  sand 
yielded u nder th e  pressure exerted  by th e  m ould.

F ig . 5 shows a num ber of blocks ob tained  by 
m eans of runners, the  diam eters of which vary  
from  15 to  40 mm. This experim en t was m ade 
in order to  determ ine th e  m ost favourable section 
th a t  can be adopted  for casting  a given p a rt.

In  F ig . 6 are  a num ber of castings of different 
shapes, which were system atically  stud ied  in  the 
foundry technological course, ac tua l experim ents
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being carried  ou t in  the  case of m any castings. 
C onsiderable im portance is a ttached  to  the  
study  of casting  processes, and  th is  item  in the  
m oulder’s technological tra d e  course receives a 
g re a t deal of a tte n tio n  on th e  p a r t  of the  
teacher. In s tru c tio n  in  th is  connection is both 
experim ental and  scientific.

Practical Work.
The following is th e  princip le  of th e  m ethod 

of tra in in g  for a p p re n tic e s : C onstan t co-opera­
tion  on the  p a r t  of th e  patte rn -m ak ers  and  
moulders. Close association of th e  d raw ing  and 
the technological courses, w ith  p rac tica l w ork in



the  shop. As an  exam ple, a study of the produc­
tion  of a lathe-bed will be outlined.

P relim inary W ork.— (1) A lathe-bed already 
cast is sketched by two students—one moulder 
and  one pa tte rn m ak er (th ird  y ea r) ; (2) the  plan 
is draw n ; (3) consideration of possible m oulding 
methods. Selection: th e  m ethod is selected by 
the  m oulder and  the  p a tte rnm aker under the 
supervision of th e  teach e r; (4) consideration of

F i g . 7 .

the  construction  of the p a tte rn  and of the core 
boxes (see plans).

P roduction .— (5) A ctual production effected in 
the  schoolshops.

Inspection  and Critical Analysis.— (6) A fter 
th e  casting  has been actually  m ade, i t  is 
inspected and  subjected to  critical analysis 
by the  teachers and the  pupils of both sections 
brought together, and  (7) discussion of all 
peculiarities and defects noticed in  course of
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m anufactu re  by the  m ark ing , m achining and 
inspection departm ents.

The Labour U niversity  has definitely 
abandoned the  system of classical exercises, which 
is still held in g re a t honour in certa in  vocational 
in s titu tio n s, because w hilst these stud ies may 
very well be carefully  g rad u a ted  they  a re  devoid 
of p rac tica l value. The shops for vocational 
tra in in g  constitu te  a works of m edium  im port-

F i g . 8 .

ance, in which all th e  Sections opera te  for 
ac tua l production . Consequently, all th e  
foundry work produced th ere  from  th e  first-year 
is of p ractical u tili ty . All th e  p a rts  moulded 
are  cast and subsequently inspected by o ther de­
partm en ts of the  establishm ent.

Every  casting  or set of castings is th e  resu lt 
of a regu lar order, and production  is ca rried  on 
under s tr ic t supervision, ju s t  as would be th e
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case in  a modern, well-organised commercial 
foundry. Every piece of work produced by the 
pupils is aw arded m arks in respect of the  tim e 
tak en  for m oulding, also for the  finish of the 
mould and th a t  of the  actual casting.

S tuden ts are  in structed  in  the  moulding and 
casting  of iron, steel, bronze and ligh t alloys. 
A fter casting , each pupil m ust ge t his castings 
together, m ake a c ritica l study of them , and fill 
up  cards, a model of which is shown in C hart I. 

C h a r t  I.
Province de Hainaut

U n i v e r s i t y  b u  T r a v a i l  C a s t  o n  t h e .................... 19....
Charleroi.

CRITICAL STUDY OF THE PARTS CAST.

Name of p a r t: ..........................  No................

Moulded by...................................

Cast by............................. ............

Analysis made by.......................

1. ;i v r E  o f  M o u l d in g ........................................

2 . C o r e  M a k in g

3 . M e t h o d  o f  Ca s t in g

Defects noticed. Probable causes.

Recommendations:
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These cards are  analysed and  critic ised  in  the  
course of a lesson in which th e  foundry  m anager, 
the  foundry  and  m oulding appren ticesh ip  
assistan t-m aster, and the  student-m oulders and 
patte rn -m akers all tak e  p a rt . The principal 
defects are  photographed and  p rin ts  a re  given 
to  th e  pupils, who have to  append  such p rin ts  
to  th e  cards filled up by them . F igs. 7, 8, 9 and 
10 illu s tra te  th e  procedure.

F i g . 9 .

In  the  th ird  year, th e  pupils who a re  being 
tra in ed  as m oulders a re  given in s tru c tio n  in  the  
production  of p a tte rn -p la te s  of d ifferent types. 
H ere again , fa r  from  being produced a t  random , 
th e  plates are  made so as to  comply w ith  ac tua l 
production requirem ents. Several of such plates 
m ade in  the  course of th e  school year ju s t  elapsed 
are  detailed  in a la te r  section of th is  P ap e r.



Evening Vocational Courses.
The evening vocational courses constitu te  one 

of the  divisions of the  Labour U niversity , the ir 
object being to  enable apprentices and workers 
employed in local in dustria l concerns to  complete
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th e ir  vocational tra in in g . The norm al du ration  
of the  foundry  classes is 3 years. To be 
adm itted , s tuden ts m ust be a t least 14 years of 
age, have had a complete prim ary education, 
and been in the  trad e  fo r no t less th a n  th ree 
months.

01 
•0L>1
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F irs t Y ea r .—The tim es devoted every week to  
the various subjects ta u g h t are  as follows: — 
M athem atics and  geom etry, 2 h o u rs ; d raw ing, 
2 h o u rs ; vocational technology, 1 hour, and 
p rac tica l work, 4 hours.

Second Y ear.—D raw ing, 2 ho u rs ; technology, 
2 hours, and  prac tica l work, 4 hours.

Third  Y e a r .—Technique of foundry  work, 2 
h o u rs ; m oulding, 5 h o u rs ; p rac tica l work, 4 
hours, and  social education , 1 hour.

S tuden ts having obtained  th e ir  diplom a can 
a tten d  the  advanced foundry-courses which will



be shortly  organised a t  the  Labour U niversity. 
The theore tica l and practical in s truction  given 
in th e  above course is conceived absolutely in the 
same sp ir it as th a t  governing the  Day-tim e 
V ocational School, duly tak in g  in to  account, 
on the one hand , the  difference in the general 
education  of the  studen ts, and, on the  other 
hand, th e ir  age and in itia l p rac tica l knowledge.

Plant.
The foundry  ru n  by the  Labour U niversity

comprises the  following p la n t : A cupola having a 
30 cwt. per hour capacity , which can be used for 
the production of cast iron or steel, as required. 
This furnace feeds a \  ton  converter.

A second J  ton  per hour cupola is used for the 
production of medium-sized castings for experi­
m en tal purposes. This furnace was in  fac t 
specially constructed w ith  th is end in view, and 
i t  m akes i t  possible to  carry  ou t research work 
in connection w ith  semi-steel m ixtures, the  h ea t­
ing of the  h earth , the  study of oombustion, the 
analysis of the  gases, the  study  of tem pera tu res 
in  the  d ifferent zones, etc. O ther equipm ent in ­
cludes d ry ing  stoves and a modern shop for the 
p repara tion  of s a n d ; a series of p it  fires for 
m elting  bronze and  o ther a lloys; several mould­
ing machines, and a m achine for rem oving sand 
from  castings. M echanical handling is effected 
by m eans of a 5-ton electric overhead crane. 
P igs. 11, etc., show various views of the Labour 
U niversity .

Communal Vocational School of Mechanics at Liege.
The V ocational School of M echanics was estab­

lished in  1902 upon the in itia tiv e  of indus­
tr ia lis ts  in the m etallu rg ical d is tric t of Liege. 
The prac tica l Sections a t  present organised are 
as follow s: —F ittin g , erecting  and machine 
shops, forge and pattern-shop.

W ant of available space has made i t  im­
possible to  organise the  foundry section, the 
necessity for which has long been recognised by 
th e  A dm inistration  of the School. A room about 
27 m etres long by 15 m etres wide has accord­
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ingly been set a p a r t  for the  foundry  section in 
new prem ises, th e  construction  of w hich has ju s t 
been commenced by th e  C ity of Liege. These 
will be ready  in  1930.

In  view of th e  im possibility for the  tim e  being 
of establishing a w ell-organised foundry  section 
in connection w ith  th e  day-tim e school, and 
recognising th e  u rg e n t necessity of doing some­
th in g  tow ards th e  vocational tr a in in g  of com­
pe ten t foundry  w orkers, th e  m echanics in s ti tu te  
in 1915 organised a  foundry  technology course, 
which is held every Sunday  m orning, from  8 to  
12 a.m ., in  the  w in te r m onths. This course, 
which takes two years to  com plete, is open to  
moulders whose ages ra n k  from  18 to  25, or even 
to  older m en in  c e rta in  cases.

N o tw ith stand ing  all th e  efforts m ade, th is  
foundry course is n o t sufficiently well a ttended . 
M oulding as a tra d e  has g radually  grow n in  dis­
favour am ongst th e  younger mem bers of th e  
w orking classes, who p re fe r to  ta k e  up  trad es 
which are  e ith e r more fashionable (such as au to ­
mobile or e lectrical engineering) or cleaner 
(fitting , pa tte rn -m ak ing , m achine-tool m inding). 
The evil is a rea l one, b u t th e  dem onstration  
foundries which m ake ra tio n a l tra in in g  possible, 
and  have m et w ith  such conspicuous success a t 
Charleroi and  V erviers, give th e  C ity of Liege 
every hope of a g rea tly  im proved a tten d an ce  in  
the  fu tu re .

Foundry School organised by the “ Compagnie 
Générale des Conduites d’Eau ” at Liège.

This School, which was founded in  1927, pro­
vides for theo re tica l and  p rac tica l in s tru c tio n  
ex tending  over a period of th ree  years.

I.—Theoretical and Practical Courses.
Classes a re  held for e ig h t hours every day, 

i e ither one, one and  a-half, or two hours of which 
tim e a re  devoted to  theo re tica l in s tru c tio n , th e  
rem ainder being occupied by p rac tica l in s tru c ­
tion . This is given in  two shops, one fo r m ould­
ing and  one fo r p a tte rn -m ak in g , according to  
the  special line chosen by th e  appren tice . B u t
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all studen ts m ust a tten d  every theoretical course, 
irrespective of the  speciality  selected.

(o) Theoretical Courses.—'The object and 
tendency of these courses is to  give the  appren­
tice some general tra in in g  and such instruction  
as will be sufficient to  enable him  to  qualify  as 
a  w orker of ou ts tand ing  ability . B oth in  the 
selection of the subjects ta u g h t and in the  mode 
of th e ir  p resen tation , g re a t care is exercised to  
avoid any th ing  which could give the  pupil the 
dangerous illusion th a t  he will become a 
scien tist in a sm all way. This is indeed a peril 
th a t  m ust be elim inated , because a p a r t from 
pedan try  which is so highly undesirable in  itself, 
it  would ten d  to  awaken in the  stu d en t the 
desire to  give up m anual work, and  have the 
two-fold d isadvantage of fru s tra tin g  the  object 
of th e  foundry  school—which is to  succeed in 
tra in in g  good and com petent workers—and of 
tu rn in g  the  appren tice in to  a so rt of 
déclassé for whom the  fu tu re  m ight have painful 
disillusionm ents in  store.

The object of th e  theore tica l courses is to 
develop the  p u p il’s critica l capacity , sagacity 
and in te lligen t judgm ent qu ite  as much as—if 
no t more th a n —to  im p art the  rudim ents which 
are  the  sub jec t-m atter of the  courses. The 
instruction  also embraces everything calculated 
to favour the  developm ent of a “  professional 
conscience ” in  the  appren tice . I t  is thus seen 
th a t  m oral education, in tellectual tra in in g , and 
the acquisition of useful knowledge constitu te  
the  th ree  m ain  objects pursued by th is 
theoretical tu itio n .

In  th e  first two years, in s truction  is given 
in  d raw ing and geom etry, pq tternm aking , 
scientific rud im ents indispensable in foundry 
work, F rench  and arithm etic . The th ird  year 
curriculum , which is no t to  be organised u n til 
October, 1929, will be designed merely to  develop 
the  p u p il’s knowledge of the above subjects.

(b) Practical Courses. — P rac tica l instruction 
is given in two separa te  workshops (pa tte rn - 
m aking and moulding), in accordance w ith  the 
special line chosen by the apprentice. D uring
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th e  first two years, th e  s tuden ts  a re  n o t b rough t 
into con tac t w ith  th e  m en employed a t  th e  works. 
In  th e  th ird  year (regarded  as a  tra n s ito ry  
period d u ring  which the  pupils a re  expected to  
ad ap t them selves to  fac to ry  life) they  a re  placed 
in various d epartm en ts  of th e  works and  p u t 
u nder th e  charge of forem en, while s till rem ain ­
ing u nder th e  a u th o rity  of th e  school in s tru c to r 
(who m ust see th a t  each app ren tice  duly con­
tinues his vocational education), and  also u nder 
the v ig ilen t supervision of th e  p rinc ipa l of th e  
school, who will th u s  be able to  g u a rd  th e  pupils 
aga in s t any d e trim en ta l influence exerted  by the  
older men.

This p rac tica l in s tru c tio n  con tinued  over 
periods which vary  according to  th e  circum ­
stances of each pupil indiv idually , and , as 
d irected  by the  p rinc ipa l of th e  school, has for 
its sole aim  the  qua lity  of th e  work w ithou t any 
regard  to  rap id ity  of execution. W hen th e  
pupil has a tta in e d  a sufficient degree of p ro ­
ficiency, he is encouraged to  execute the_ work 
more rap id ly  by th e  paym ent of a bonus. 
R ap id ity  of execution, however, is tak en  in to  
consideration only if a sufficiently h igh  stan d ard  
is m ain ta ined  in th e  quality  of th e  work.

Remuneration of Apprentices.
This rem unera tion  consists of a  basic w age, as 

fixed by the  regu la tions, in  respect of each of 
th e  th ree  years. The m axim um  ra te s  m ay be 
exceeded in th e  case of appren tices showing 
exceptional ab ility . To th e  basic wage a re  added 
m onthly prem ium s, calculated  in  p roportion  to  
the  num ber of m arks aw arded in any one m onth 
a t  the  theo re tica l and  p rac tica l courses. These 
prem ium s may be as h igh as 30 per cen t, of the  
basic wage. In  add ition , a  fixed prem ium  is 
payable (1) upon the  signing of th e  ap p ren tice ­
ship ag reem en t; (2) a t  the  end of each year of 
school a tte n d a n c e ; and  (3) two years a f te r  the  
com pletion of th e  appren ticesh ip , if th e  w orker 
is still employed a t  th e  works. F inally , prizes 
are  also aw arded a t  the  end of each year of school 
a ttendance .



A pprenticeship  A greem en t.—This agreem ent 
m ust be signed by the  appren tice and his paren ts 
a t  th e  end of the  first period of th ree m onths. 
The agreem ent is worded as follows: —

Apprenticeship Agreement.
Between the  undersigned : —

(1) The “ Compagnie G énérale des Conduites
d ’E a u ,” represen ted  by M r. ------ , P rinc ipal
of th e  aforesaid Com pany’s Foundry  School, 
of Q uai de Condroz, Vennes, Liège, of the 
first p a r t ;  and

(2) M r. ------ , ac ting  in his own name and  in  the
capacity  of fa th e r (or guard ian ), of the 
second p a rt.

I t  H a s  B e e n  A g r e e d  a s  F o l l o w s : —

A rt. 1.—The con trac ting  p a rty  of the  second 
p a r t gives on behalf of his son (or w ard), 

, an und ertak in g  to  the  effect th a t  his 
son (or w ard) shall undergo tra in in g  as appren­
tice for a period of th ree  years as from 
a t  the  aforesaid Com pany’s School.

A rt. 2.—H e also undertakes to  cause his son 
(or w ard) to  comply w ith the  clauses of th is 
A greem ent and to  perform  all the app ren tice’s 
obligations and duties tow ards the  m anagem ent 
of the works and the school au thorities, and 
more particu la rly  : — (1) To show due regard  and 
respect to  all persons in au th o rity  ; (2) to  devote 
himself w ith  assiduity  to the acquirem ent of 
such knowledge, both theoretical and practical, 
as is obtainable from  the  courses ; (3) to  comply 
w ith all th e  regu lations of the school; and (4) 
to deport himself honestly and respectably.

A rt. 3.—On its own p a rt, th e  Company under­
takes to  ensure th a t  the appren tice  signing th is 
A greem ent shall be given such vocational tr a in ­
ing as should be possessed by a com petent 
m oulder or pa tternm aker.

A rt. 4.—Any accident befalling the  apprentice 
shall be dealt w ith in conform ity w ith  the  provi­
sions of the  Belgian W orkm en’s Compensation 
Act of December 24, 1903.



A rt. 5.—In  add ition  to  th e  basic wages and  th e  
prem ium s set ou t in  th e  School’s regu la tions, th e  
Company shall pay th e  appren tice  sign ing  th is  
A greem ent a prem ium  of 2,200 fcs. The said 
prem ium  shall be payable as follow s: 250 fcs. 
a t  th e  end of th e  th ree  m onths’ tr ia l  period

referred  to  in  A rt. 6 hereof, if th e  appren tice  
is deemed to  be fit to  continue a tte n d in g  th e  
courses; 250 fcs. a t  th e  end of th e  second y e a r; 
700 fcs. a t  th e  end of th e  th ird  year, provided 
always th a t  th e  said app ren tice  be s till a mem ber 
of th e  School a t  the  aforesaid tim es. M oreover,
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a sum of 1,000 fes. shall be allowed to  every 
s tu d en t who, a f te r  due completion of th ree  years’ 
a ttendance a t  th e  School, shall have continued 
in  th e  Com pany’s employ for ano ther two years.

A rt. 6.—This A greem ent may he rescinded by 
e ith e r p a rty  w ith in  th ree  m onths a f te r  th e  signa­
tu re  thereof, sub ject to  15 (fifteen) days’ prior 
notice. This A greem ent m ay also be determ ined 
a t  any tim e and  w ithou t p rio r notice in th e  event 
of serious breach of any of th e  obligations arising  
out of its  clauses. The fac t th a t  an apprentice 
has failed to  obtain  half of th e  m arks obtainable 
fo r a period of two consecutive m onths may he 
tre a te d  as a  serious breach.

A rt. 7.—The app ren tice’s basic wage shall be 
a t  th e  ra te  of one fran c  per hour in itia lly , and 
increase up to  th ree  francs in  the  case of th ird - 
year pupils. The ac tua l increase shall be pro­
po rtiona te  to  th e  degree of ab ility  shown by th e  
appren tice. All tim e spen t in  theore tica l study 
shall be paid  for a t  th e  same basic ra te s  as for 
th e  tim e devoted to  p rac tica l tu itio n . In  addi­
tion  to  his basic wage th e  appren tice  shall, in 
conform ity w ith th e  School’s regulations, receive 
a m onthly prem ium  calculated on th e  num ber of 
m arks obtained by him . The said prem ium  may 
am ount to  as much as 30 per cent, of the  basic 
wage. The above ra te s  may be increased in  the  
case of specially deserving pupils, if approved by 
the P rin c ip a l of th e  School. A pprentices will 
never be required  to  stop work a p a rt from  causes 
of force m ajeure, such as general suspension of 
work in  th e  Com pany’s general foundry  or 
p a tte rn  shops.

Made in  duplicate in  .................................................

Signa ture o f the A p­
pren tice’s fa th e r  or 
guardian.

For the Compagnie 
Générale des Con­
duites d ’E au  :
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D ECLARA TION  BY T H E  A P P R E N T IC E .

I, , app ren tice  m oulder or
p a tte rn m ak er, hereby declare th a t  I  was p resen t 
when th is  A greem ent was read  over and signed, 
th a t  my a tte n tio n  was particu la rly  d irec ted  to  
th e  ap p ren tice ’s obligations and du ties specified 
there in , and th a t  I  u n d ertak e  to  perform  the  
said obligations and du ties fa ith fu lly  and loyally.

A pprentice .

Teaching Corps.

This consists in  th e  first place of two in ­
s tructo rs, who d irec t th e  p rac tica l w ork carried  
o u t in  each of th e  workshops. The theore tica l 
courses (w ith which th e  p rac tica l w ork m ust be 
b rough t in to  harm ony) are  conducted by members 
of the  Com pany’s staff, who, by reason of th e ir  
respective functions, have an  ex p ert knowledge 
of th e  p a rticu la r branch ta u g h t. In  connection 
w ith  each course th ere  is also an exam iner occu­
pying a h igher position on th e  C om pany’s staff 
th an  the  regu la r teacher, who gives th e  la t te r  
general d irections and sees th a t  his in s truc tions 
a re  duly carried  ou t. F ina lly , th e  school’s p r in ­
cipal co-ordinates th e  whole of th e  work and 
exercises a so rt of benevolent guard iansh ip  over 
the  appren tices, whose m oral w elfare and in te l­
lectual tra in in g  is looked a f te r  by him . The 
P rin c ip a l receives his in s truc tions from  the  
general m anager as fa r  as th e  technical side of 
the  in s truc tion  given is concerned, and from  the  
Staff Supervisor as regards questions of a m oral 
and educational charac te r. There is th u s  
specialisation in the  lower ranks of th e  teach ing  
body, co-ordination by th e  p rincipal, and  m u tu a l 
control to  p reven t the  tra in in g  given from  being 
of a “  bookish ” n a tu re . To p rep are  th e  ap p ren ­
tice for his fu tu re  life, “ non  scholce sed vitce,” 
such is th e  object pursued, and  every th ing  con­
tr ib u te s  to  th e  rea lisa tion  of th is  aim .



The Vocational School of the City of Verviers.
The object of th e  foundry school is to  enable 

owners to  find apprentices, who have already 
received some m easure of tra in in g , and also to 
enable engineering studen ts to  become fam iliar 
w ith foundry  work. To be adm itted  students

m ust be from  14 to 17 years of age, hold a 
prim ary-school education-eertificate, enjoy a 
sound constitu tion , sign an apprenticeship agree­
m ent and effect a deposit of 50 fcs. as a 
gu aran tee  for the  equipm ent en trusted  to each 
appren tice. In s truc tion  is free in the case of
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s tuden ts  living in  V erviers, b u t those who live 
in o ther communes have to  pay ce rta in  fees. In  
c erta in  cases, some civic au th o ritie s  m ake a 
p ractice of helping local young men to  pay th e ir  
fees.

The complete course occupies one y ear only, 
classes being held for 36 hours every week, of 
which tim e six hours is devoted to  theo re tica l 
in struction , and 30 hours to  p rac tica l work under 
the d irection  of a forem an m oulder. M oreover, 
the pupils m ust a tte n d  th e  vocational school’s 
evening classes. The foundry  technological 
course is iden tica l w ith  th a t  adopted  by sim ilar 
o rganisations. The ac tua l castings produced are 
e ither m arketed  in  th e  d is tr ic t, or used fo r local 
m unicipal works or in  th e  School’s engineering  
section. The in s ta lla tion  consists of a  m oulding 
shop w ith  cupola, m oulding and core-m aking 
machines, dry ing  oven, and tools for hand  work. 
A nother shop is used for sand -p rep ara tio n  p u r­
poses. The exam ination  to  be passed by th e  
pupils on com pletion of th e  course comprises a 
m oulding-operation w ith  a p a tte rn  selected by 
draw ing lots, and questions of a  theo re tica l 
n a tu re  in  connection w ith  foundry  technique. 
The pupils num ber about a dozen.

Courses organised by the Malleable-Foundry 
Owners’ Federation of Herstal.

The M alleable-Foundry Owners’ F edera tion , 
whose mem bership em braces all th e  m alleable 
foundry owners of H ersta l, ac ting  on a suggestion 
m ade by its  p residen t, resolved in  1928 th a t  an 
effort be m ade w ith  a view to  tra in in g  and  per­
fecting  th e ir  forem en and  operatives.

Pre-war P osition .—In  pre-w ar days, “  hand- 
m oulding ” was alm ost th e  only m ethod u tilised  
a t  H ersta l, and  the  local m oulder was then  
thoroughly conversant w ith  all th e  aspects of 
his c ra f t. In  m alleable-iron foundries the  work 
was apportioned among various team s, acting , 
more or less, as reg u la r con trac to rs and very 
frequently  composed of th e  mem bers of one 
fam ily, each team  consisting of one m oulder, 
one “ first lad ” (core-m aker), and one “  second



lad (assis tan t labourer). No one could become 
a m oulder w ithou t having gone th rough  a long 
period of severe tra in in g  extending  over many 
years, as “ second l a d ”  a t  first, and subsequently 
as core-m aker. The assistan t labourers and core­
m akers were tra in ed  by the moulder, who

devoted a portion  of his tim e (frequently  a fte r 
regu lar w orking hours) to  teaching his assistants 
w hat he was w ont to  describe as the  “  secrets of 
his c ra f t .” This m ethod had the  resu lt of estab­
lishing a regu la r hierarchy among the  w orkers; 
vacancies in the  ranks of the core-makers were
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filled by th e  best “  second lad s ,” and  th e  m ost 
com petent core-m aker would au tom atically  tak e  
the  place of th e  re tir in g  m oulder. This m ethod 
of recru itin g  labour was extrem ely advantageous 
to  th e  m asters who, when requ ired , were able 
to  find qualified labour among th e  m en already  
in  th e ir  employ.

Post-war P osition .— These efforts w ere reduced 
to n au g h t as the  consequence of th e  w ar, from  
1914 to  1918 ; a num ber of m en gave up  th e  tra d e  
a ltogether and  o thers g radua lly  d isappeared . 
The adven t of m oulding m achines increased 
specialisation  in  production , and  th e  e ig h t ho u rs’ 
day, in troduced  a f te r  th e  A rm istice, completely 
upset pre-w ar m ethods of work. I t  g radually  
became more difficult to  find com peten t m oulders, 
and th e  tra in in g  of appren tices was completely 
a rrested  owing to  th e  ever-increasing use of 
m achinery and also owing to  th e  unse ttled  s ta te  
of th e  workers themselves.

A lthough i t  is ev iden t th a t  th e  new m ethods 
of work no longer necessita te  th e  em ploym ent of 
com petent workers in  such large num bers as in  
pre-w ar tim es, i t  is nevertheless tru e  th a t  th e  
hand-m oulder is still badly needed in  all m alle­
able-iron foundries, were i t  only for th e  produc­
tio n  of small castings and  th e  p rep a ra tio n  of 
“ p a tte rn  p la te s .”

The Problem  th a t C onfronted the F ederation .
■—In  view of the  foregoing considerations, the  
F edera tion  were faced w ith  th e  following prob­
lem :— (1) How to  ob ta in  com peten t m oulders by 
tra in in g  young m en a t  p resen t employed in  the  
foundries, whose knowledge is obviously below 
th e  s tan d a rd  th a t  p revailed  in  pre-w ar tim es 
among th e  m oulders ; (2) how to  encourage young 
men to  jo in  the  m alleable-iron in d u s try  by show­
ing them  th e  fu tu re  possibilities afforded by th is  
p a rticu la r tr a d e ; (3) how to  im prove th e  
stan d a rd , prevailing  am ong labourers, by im p a rt­
ing  to  them  some useful general know ledge of 
m alleable-iron foundry  w ork ; and  (4) how to  
p ropagate  a sp ir it  of observation and  m ethod 
among young operatives in  th e  foundry  tra d e s . 
The above sta tem en t sum m arises th e  problems
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which the  m alleable-iron industry  will have to 
solve as fa r  as the  rec ru itm en t of th e  necessary 
personnel is concerned.

So lu tion  o f the P roblem .— To solve these diffi­
culties in  such a specialised cen tre  as H ers ta l 
requ ired  courage, b u t th e  ta sk  was certa in ly  
well w orth  try in g . The F oundry  O wners’ F edera- 
tion  alm ost im m ediately ob tained  th e  suppo rt 
of th e  w orkers’ unions and  of th e  P e rm an en t 
D epu ta tion , which la t te r  body placed th e  P ro ­
vincial Technical School prem ises a t  its  disposal 
I t  was, of course, qu ite  impossible to  deal w ith 
such a vast p ro jec t sim ultaneously in  all its 
aspects, so th a t  i t  was decided to  o rganise in 
1928-1929 a series of courses or lectures which all 
workers, young and old, forem en, foundry 
m anagers and  owners, were in v ited  to  a tten d .

The m ain  object of th is  procedure was to  de­
term ine w ith  accuracy both th e  ex ten t and  the  
quality  of th e  a ttendance , and  also to  gauge 
w hat m easure of in te re s t would be evinced by 
those who were expected to  a tte n d  these popular 
lectures. I t  was agreed, however, th a t  there  
should be form ed a special category  fo r “  regular 
s tu d en ts ,” recru ited  from  th e  persons a tte n d ­
ing. A p a rt from  fixing the  m inim um  age a t  18, 
no res tric tio n  was m ade as to  th e  reg is tra tio n  
of the  regu la r studen ts. The p rincip le  of 
exam inations was provisionally re jec ted ,' and  it 
was resolved th a t  scholarships should be g ran ted  
a t  the  end of the  year to  those s tuden ts  who had 
a tten d ed  four-fifths of th e  lectures. The Com­
m ittee  deoided th a t  the  courses would be held 
every Tuesday from  7 to  8.30 p.m ., th e  first 
hour being devoted to  a fu ll exposition of the  
sub ject and  th e  rem ain ing  half-hour to  a general 
discussion. A sum m ary of each course or lec tu re  
was to  be handed to  each of th e  persons 
attend ing .

The program m e consisted of th e  following 
le c tu re s :— (i) In au g u ra l address on “ The 
H istory  and Evolution  of M alleable-iron 
F oundryw ork ,”  (ii) and  (iii) th e  study  of sands; 
(iv) th e  elem ents of m ou ld in g ; (v) hand  m ould­
ing (lecture given in  th e  local d ia lec t by a w ork­
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ing  m oulder) ; (vi) th e  m oulding of special cast- 
ings (lecture given in  the  local d ialect by a 
w orking m oulder) ; (vii) the  production of p laster 
casts ; (viii) th e  m anufactu re  of “  pa ttern- 
plates ” ; (ix) th e  u tilisa tion  of “  p a tte rn - 
plates ’ ’ ; (x) m oulding m achines ; (xi) core-mak- 
ing (lecture given by a w orking core-m aker), 
(xii) com parative study of various m elting 
m ethods ; (xiii) raw  m ateria ls for malleable iron, 
first stage ; (xiv) core-boxes and core-making 
m achines ; (xv) the  pouring of moulds ; (xvi) raw 
m ateria ls  for malleable iron, second stage ; 
(xvii) annealing  fu rnaces; (xviii) accidents and 
precau tions ; (xix) the  control of production ; 
te s ts  ; (xx) foundry  w asters ; (xxi) upkeep and 
m ain tenance of p lan t ; (xxii) shrinkage and blow­
holes ; (xxiii) B lack-heart malleable iron ; the 
fu tu re  of m alleable iron ; and (xxiv) Taylorism 
in foundries.

The first 21 lectures were a ttended  by 764 per­
sons altogether, i.e., 406 regu lar studen ts and 
358 others, which gives an average of 36 a tten d ­
ances a t  each lecture. The varie ty  of the  sub­
jec ts tre a ted  and the  fairly-advanced character 
of th e  courses were bound to  bring  about a 
certa in  falling-off in  the  a ttendance of regular 
studen ts. Thirty-five regu lar studen ts were 
en tered  a t  the  first lecture, and a f te r  the tw enty- 
first lec tu re  th ere  rem ained 17 students alto ­
gether, 10 of whom had  a ttended  four-fifths and 
7 seven-tenths of the  lectures.

The Foundry Institute of Liège.
The Foundry  In s titu te  of Liege, under the 

d irection  of M r. Iv an  Lam oureux, a re tired  
foundrym an, has created  a correspondence course 
for in s truc tion  in  the  technical side of foundry 
work. The studen ts are  given a very complete 
course, issued in  th e  form  of a quarto  volume, 
con ta in ing  270 pages of m a tte r  and 325 illus­
tra tio n s . The course is divided in to  34 lessons, 
w ith 34 questionnaires. Each questionnaire is 
d raw n up  in  such a  form  as to  compel reflec­
tion  and application  of th e  lessons on th e  p a r t 
of the  pupil. The replies sen t in  by each pupil
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are corrected and  commented upon by tlie 
F oundry  In s titu te . The essential p a rt of the 
in s truc tion  bears upon m oulding practice. The 
norm al d u ra tion  of the  course is one year. A t 
the  end of the  course, the  studen ts have to  pass 
a viva-voce exam ination  a t  the  F oundry In s ti­
tu te , and if they  are  deemed to  have acquired a 
sufficient knowledge of th e  subjects tau g h t, they 
are  aw arded a foundry technologist’s certificate. 
The object of th e  Foundry  In s titu te  is to give 
technical tra in in g  to  m anagers, owners, fore­
men and  workers living too fa r  away from  the 
various schools in  existence to  a tten d  there , or 
hav ing  no tim e to  avail themselves of the  in ­
struction  given a t  ce rta in  centres. The Foundry 
In s titu te  works in  conjunction w ith corre­
spondents in  F rance, Spain  and Ita ly , who co­
operate  in  the  d is tribu tion  of its  courses and 
in  the  p ropagation  of technical knowledge in 
connection w ith foundry  work.

The Arts and Crafts School of Pierrard-lez-Virton.
The P ierrard -lez-V irton  A rts and C rafts  School 

was founded in  1900 on the  lines of sim ilar 
tra in in g  centres already existing  in  F rance, so 
th a t  in the  same m anner as Chalons, Aix and 
Angers, P ie r ra rd  was equipped w ith a foundry, 
a pattern-shop , a forge and  an engineering sec­
tion . I ts  founders in s titu ted  hold guiding p rin ­
ciples, which have been followed by the  School 
up to  the  presen t day. T heir in ten tion  was 
th a t  the  workshop^ should be organised on com­
m ercial lines, for they were convinced of the 
im possibility of producing practical operatives 
and production  engineers if th e ir  tra in in g  was 
d irected  only in  order th a t  th e ir  work m ight 
be shown a t  an  exhibition  held a t  th e  end of 
the  year. The studen ts are accordingly tra in ed  
so th a t  u ltim ate ly  they  may specialise in 
foundry  work. This tra in in g  extends over a 
long period, du ring  which the  studen ts have to 
deal w ith  every branch  of the trad e , such as 
sand p repara tion , core-making, m oulding, cupola 
work, p reparing  th e  charge and the  cleaning of 
castings for fou r hours a day for a couple of
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years, under the  supervision of expert foremen 
hav ing  sufficient technical knowledge to  enable 
them  to  apply in actual foundry  practice the 
theories expounded in  the  lessons by the  two 
g rad u a te  engineers. These lessons, among other 
th ings, deal w ith  th e  calculation  of m ixings for 
cast iron  and general o rganisation , also covering 
ce rta in  subjects such as casting, ra te  fixing, 
costing, etc. A course in  m etallurgy, conducted 
by a un iversity -tra ined  m etallu rg ist, is provided 
for th e  purpose of g iving a general technical 
tra in in g . F inally , laboratory  work, a ttended  by 
the  s tuden ts for ha lf a day every week, complete 
the  tra in in g  received by the  fu tu re  foundry 
m anager.

I n  order th a t  the  foundry  may produce com­
m ercially, i t  is necessary th a t  the  studen ts should 
have th e  prac tica l assistance of experienced 
workmen, for i t  is ev iden t th a t  the  work tu rned  
ou t by the  pupils themselves cannot be rem unera­
tive. As a m a tte r  of fac t, such is no t the object 
pursued by th e  School, since the  studen ts a ttend  
in order to  obtain  tra in in g  and no t for gain.

The A rts and C rafts  School has been able to 
fu rn ish  foundries in  Belgium, F rance  and the 
Congo w ith  a num ber of w ell-tra ined foundry 
m anagers, who have proved a g re a t c red it to  the 
School. The studen ts them selves have also 
realised th a t  special tra in in g  in  foundry work 
offers good openings for the  fu tu re , and they  are, 
accordingly, tak in g  up foundry  work as a 
speciality  in  increasing num bers. I t  is, th ere ­
fore, proposed shortly  to  enlarge the  School’s 
foundry  on up-to-date  lines, while re ta in in g  the 
tra in in g  principles and methods of instruction  
h itherto  applied.



490

METHODS OF TESTING CAST IRON. 

By A. Le Thomas and R. Bois.

[ F r e n c h  E x c h a n g e  P a p e r . ]

The question of te s tin g  cast iron , which has 
so g rea tly  in te rested  foundrym en of all coun tries 
for several years, has long been stud ied  by 
num erous investigators, b u t th a t  ag reem ent 
which is so desirable as to  th e  choice of th e  
tes ts  to  be adopted  and  th e  m ost su itab le  m ethod 
of carry ing  o u t te s ts  on castings has n o t y e t been 
reached. O ught th e  te s ts  employed to  be tensile, 
shock, shear, s ta tic -tran sverse  or hardness te s ts?  
O ught th e  test-pieces to  be cast separa te ly  or 
tak en  from  th e  castings?

The question a t  p resen t is to  ascerta in  how 
a m achinery casting  ough t to  be tes ted . One 
of the  au thors has a lready described his m ethod ,1 
which consists in  app ly ing  th e  shear te s t  or the  
s ta tic-tran sverse  te s t to  bars tak en  from  the  
castings, or by ball-testing  th e  castings them ­
selves. The old m ethod, which is upheld  in 
opposition to  th is , is to  c a rry  o u t tensile , s ta tic - 
transverse  and shock te s ts  on bars cast sepa­
ra te ly .

In  order to  define th e ir  s tan d p o in t on the  
questions form ing th e  sub ject of th is  P a p e r , th e  
au thors find i t  necessary to  exam ine th e  views 
which a re  opposed to  th e ir  convictions and  which 
are  fo r th e  m ost p a r t  con ta ined  in  a  P a p e r  
presented  by M r. J .  G. Pearce , D irec to r of the  
C ast Iro n  R esearch Association, to  th e  Sheffield 
branch  of th e  In s ti tu te  of B ritish  Foundrym en. 
The search fo r t r u th  on th is  subject, a t  p resen t 
b u t im perfectly  understood, dem ands, in  fac t, 
absolute freedom  of ju d g m en t and  an  absence 
of all prejud ice, and  i t  is in  th is  sp ir it  th a t  th e  
au thors have quoted  a num ber of passages from  
P ea rce ’s P ap e r for th e  purpose of critic ising  
them .



The Choice of Mechanical Tests capable of Deter­
mining the Intrinsic Characteristics of Cast Iron.
The principal tes ts  th a t  occur to  one when it  

is desired to  study the  properties of a sample 
of m eta l are  the  tensile, transverse, shock, shear, 
compression, torsion and hardness tests. All of

F i g . 1.

(A) H a l f -C y l i n d e r  F ix e d  i n  S o c k e t  ;
(B) S o c k e t  ; (C )  F k e e  S e m i -
C y l in d e r  ; (D )  T i g h t e n i n g  S c r e w .

these have been used indiscrim inately  for cast 
iron by experim enters, who, un fo rtunate ly , have 
no t always considered the  significance of the 
resu lts of th e ir  tests.

A brief review of the  exam ination  of the shock 
and  tensile te s ts  which F rem ont and Portevin



had  absolutely condem ned in the  course of th e ir  
work is given below. The force of h a b it and 
rou tine  is so g re a t th a t  i t  is deemed necessary 
to  give a  short sum m ary of th e ir  argum ents, for 
nothing is more difficult to  g e t accepted th a n  
evidence regard ing  orig inal research, while the  
au tho rs  will be well satisfied if they  succeed in 
reducing th e  too-large num ber of foundrym en 
who persist in  th e ir  erro r.

Examination of the Tensile and Shock Tests.
The d ifferent m echanical te s ts  a t  p resen t in  

use provide a ce rta in  num ber of coefficients as 
shown in th e  following tab le2 : —
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Tests. Elastic
deformations.

Permanent deformations.

Resistance to 
deformation.

Deformation
capacity.

Tensile Mf Ef Rf A
Transverse . . M/ E/ R / /
Shear Ec Rc -
Hardness — — -
Shock — — a

v------------- \r -----*
P

M ind ica tes th e  m oduli, E  th e  elastic  lim its, 
R  th e  b reak ing  s tren g th , A th e  elongation , /  th e  
transverse-b reak ing  deflection, p th e  resilience, 
The tensile te s t should give th e  m odulus of elas­
tic ity , th e  elastic  lim it, th e  b reak ing  tensile  
s tren g th  an d  elongation  a t  th e  p o in t thereof. 
In  th e  case of cas t iron , however, as th e  elastic  
lim it is alm ost th e  same as th e  b reak ing  load 
and th e  elongation  is alm ost n il, th e  only resu lt, 
which th e  usual te s t can give, is th e  b reak ing  
s tren g th . “  The elastic  deform ations being very 
small (the m oduli a re  som ething like several 
thousandths) they  canno t be determ ined  by th is 
type of te s t  except by hav ing  recourse to  deli­
cate  processes (such as th e  m irro r m ethod, 
e lasticim eters or th e  G uillery m ethod). The use 
of these processes shows th a t  pu re  ten s ility  is 
an  illu s ion ; i t  is enough to  observe elastic  de­
form ations on one or more of th e  jaw s associated
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w ith th e  same cylindrical tes t-bar to  find th a t  
th e re  a re  always unequal differences in  the  value 
and  even in  th e  d irection of th e  deform ations 
produced, which shows the  existence of parasitic  
stresses which com plicate the  ten s ility .” 3 I t  
follows, moreover, th a t  these paras itic  stresses 
completely m ask the  resu lt of th e  te s t ;  the ru p ­
tu re  alm ost invariably  takes place in  the  jaw  
where the  head is held, and i t  is due to  th is 
stress which th e  cast-iron tes t-b ar will resist 
the  less in proportion  to  the lowness of its 
q u a lity .4 The tensile tes t, therefore, which is of 
in te re s t only inasm uch as i t  gives, in  the  case of 
any m etal, th e  elastic lim it and the  contraction  
of a rea  (and not, as is generally believed, the 
b reaking stren g th  and elongation),5 is not merely 
incapable of doing so in  th e  case of cast iron, 
b u t i t  also gives a b reak ing  s tren g th  which is 
en tire ly  incorrect. I t  is, therefore , absurd to 
continue its  use. I t  is no t though t, moreover, 
th a t  such a change in  practice would cause any 
p articu la rly  serious inconvenience to  the  in ­
spection and control services or the  laboratories 
a lready equipped for these tests. I t  is tru e  th a t  
th is  opinion is no t generally accepted. “  These 
d isadvan tages,” according to  Pearce, “  m igh t be 
considered sufficient to  condemn th e  testile  te s t 
for cast iron. The tensile te s t, however, is 
specified by certa in  engineers, ce rta in  foundries 
are equipped for th is te s t and  the  inspectors 
are fam iliar w ith  it , so th a t  there  is no ap p aren t 
reason why the  te s t should no t be re ta in e d .”

The au thors have excluded i t  en tire ly  from  the 
P ia t  Concern’s laboratory , and they  only reg re t 
th a t  ce rta in  public bodies have re ta ined  i t  for 
th e ir  inspection of castings.

Like the  tensile tes t, th e  shock te s t has been 
used for cast iron in  the same way as for steel, 
which is a  serious m istake. “  The ru p tu re  of 
cast iron is always in te rc ry s ta llin e ; i t  separates 
th e  crystals w hether the  shear, transverse, 
tensile or shock te s t is employed. W hen any 
one of these te s t methods is applied th e  energy 
b rought in to  action is always of the same k in d .”
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This is n o t th e  case in  reg a rd  to  m ost of th e  
o ther alloys; for exam ple, in  th e  very  common­
place case of th e  ru p tu re  of steel, th e  fra c tu re  
is in te rc ry sta llin e  (as in  cas t iron) when the  
shock te s t  is applied , w hereas i t  is in tra c ry s ta l­
line u nder th e  tensile te s t. In  steel, therefo re , 
the  stresses se t up  a re  of a  d is tin c t n a tu re  in  
th e  two cases in  question and  th e  to ta l work is 
also different. Thus, th e  necessity of p roviding 
aga in s t the  possibility of ru p tu re  d u rin g  service 
will he ap p a ren t, e ith e r th ro u g h  a dynam ic 
stress or a s ta tic  stress, by carry ing  o u t these 
two tests , which, roughly, b rin g  abou t th e  con­
ditions which usually  accom pany such ru p tu res ,
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hence th e  presence of both  tensile  and  shock 
te s ts  in  specifications re la tin g  to  steel.

B u t, as in  th e  case of cas t iron , th e  energy 
indispensable fo r s ta tic  ru p tu re  and  fo r dynam ic 
ru p tu re  is iden tica l, a t  leas t as regard s its  
n a tu re , i t  is useless to  c rea te  a new m ethod 
of tes ting , particu la rly  in  view of th e  difficulties 
experienced when th is  te s t  is effectively carried  
out. In  fac t, th e  use of a  small-scale ro ta tin g  
ham m er, a 3-kilogram m etre C harpy hamm er, 
for exam ple, which elim inates th e  more serious 
fau lts  to  be found w ith  th e  chem in de fe r  type 
of ap p a ra tu s , does n o t give sufficiently accu ra te  
resu lts to  d is tingu ish  two irons of d ifferen t



quality . The energy required to break a test- 
bar of 55 X 10 x 10 mm. is 0.45 kilogram m ètre, 
or 15 per cent, of the  applied energy. The 
errors are  also excessive in  re la tion  to  the 
s tren g th  varia tions resu lting  from  the  differences 
of composition or stru c tu re . The shock te s t also 
should, therefore , be excluded from  industria l 
or research laboratories.

In  a previous Paper* i t  has been explained 
why the  compression te s t has been elim inated.
This in itself is perfectly  justifiable, as i t  gives 
an exac t idea of the  value of the  m etal under

F ig . 3.—Two L ines op Contact
BETWEEN TeST-BaE AND SHEAR­
ING E lements. One L ine  op 
Contact between the Test- 
Bar and Shearing E lements.

exam ination . I t  is useless, however, if th e  shear 
te s t has been carried  out, as i t  gives an equi­
v alen t resu lt and requires a m achine which is 
very much more bulky and costly. As regards 
the torsion tes t, i t  appears to  be employed only 
in  G erm any, where P ro f. Rudeloff has selected 
i t  as the  basic te s t in  his work on the  m erits 
of the  shear te s t. The au thors do no t use i t  
because, as in  the case of the  tensile tes t, i t

Compression and Torsion Tests.
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appears difficult to  g e t rid  of p a ra s itic  stresses 
and to  tw is t a cylindrical te s t-b a r accurately 
about its  axis. In  any case, i t  is much more 
com plicated th a n  th e  shear tes t.

Shear, Static Transverse and Hardness Tests.
The au thors have already  explained a t  len g th 7 

why they  have adopted  these tes ts . They will 
here consider th e  new m achines used in c a rry ­
ing them  out, and  re fu te  adverse criticism s. 
F or th e  m om ent i t  is proposed to  exam ine these 
tests only from  an in trin s ic  po in t of view, re ­
serving u n til la te r  th e  study  of th e ir  app lica­
tion  to  the  problem of te s tin g  castings, which is 
en tire ly  different from  th a t  now under con­
sideration .

Shear Test.
F o r te s tin g  cast iron , th e  shear te s t is carried  

o u t on th e  G uillery m achine, which consists of a 
ball-test m achine, to  which two loose pieces for 
the  shear and  th e  s ta tic  tran sverse  tes ts  can  be 
fitted . The device for th e  shear-tes t consists of 
a guillo tine form ed of two half-cylinders, one of 
which is fixed in  a  cylindrical socket, while the  
o ther slides in  th e  space le f t free in th e  socket. 
Each of th e  half-cylinders is pierced w ith  two 
holes, one square and  th e  o ther round  for te s tin g  
th e  two types of tes t-bars. These are  sm all bars 
about 20 mm. in  leng th , w ith  a section of 25 
m m3, the  round  being 5.64 mm. d iam eter and 
the  square 5 mm. on th e  side (F ig . 1).

As the  two half-cylinders have a tendency to  
separa te  in  shearing , th e  movable half-cylinder 
of the  guillo tine has a  vertica l row of balls, so 
th a t  its  displacem ent in  th e  socket produces only 
a  rolling fric tion . To carry  ou t the  te s t the  b ar 
is in serted  in  th e  re s t and  th e  screw is tigh tened  
hy hand  or very gently  w ith  a spanner, th e  end 
of which is fitted  w ith  a  depth-gauge, which 
serves to  ad ju s t the  position of the  b a r  so th a t  
th e  shear takes place exactly  a t  th e  cen tre . 
H aving  been prepared  in  th is  way, th e  device 
is placed beneath  th e  ball-testing  m achine be­
tw een the  upper and  lower balls; an  increasing 
pressure is induced u n til ru p tu re  takes p lace ; a



pressure-gauge w ith  m axim um  ind icator shows 
th e  b reaking load, which is th en  converted to 
the  sq. mm. of section. W hen the  te s t is 
properly carried  ou t no p rem atu re  ru p tu re  by 
bending ever occurs. F or th is  i t  is necessary 
th a t  th e  te s t bar, taken  w ith a trep an  drill, 
shall be quite  cylindrical, and th a t  the  screws of 
the ap p a ra tu s  shall no t exert too g rea t a pressure 
on i t  in  its  bearings. The shearing ru p tu re  is 
always very clean. This appara tu s , which is 
rem arkably  convenient to  handle (its w eight is 
1.65 lbs. and  its  dimensions 114 x 40 m m .), 
enables a  te s t to  be m ade in a few seconds, and 
gives accurate  and constan t results.

Criticisms of the Shear Test.
The use of th e  Guillery m achine elim inates all 

causes of fa ilu re  in  th e  shear te s t, and  i t  is 
probably th e  use of defective systems th a t  have 
led to  the  belief th a t  i t  is difficult to  obtain  a 
correct te s t. The objections raised  a re  in fac t 
num erous. In  th e  first place i t  has been said 
th a t  i t  is impossible to  ge t rid  of parasitic  
stresses (Pearce). I n  a paper presented  to  the 
In te rn a tio n a l Foundry  Congress of 1927 
H erm ann and H enguin , of the  F .N .A . of 
H erstal-lez-L iége, quote in  suppo rt of th is 
objection the  fac t th a t  th e  sheaf s tren g th  w ith 
the  punching te s t is 20 to  40 per cent, g rea te r 
th an  w ith  the  o rd inary  shear te s t, which, they 
say, m ust therefore be accom panied by a parasitic  
stress. B u t in  th e  punching te s t the  field-of- 
force of the  reactions developed in the  sample 
is differently  d is trib u ted  as com pared w ith  th a t  
produced by th e  shear te s t, and the  ru p tu re  
instead  of tak in g  place along the  cylindrical 
surface takes place along th e  conical surface 
A B FE , th e  angle of opening being 45 deg. (Cf. 
H ypothesis of m axim um  slide). In  ru p tu re  by 
shearing , on th e  o ther hand, he fra c tu re  takes 
place paralle l to  th e  stress imposed. The two 
te s ts  are  n o t therefore  com parable (F ig. 2).

In  th e  o ther shear tes ts studied  a t  H ersta l, 
moreover, “  owing to  tolerances in  m aking the 
test-bars used, transversa l fissures characteristic



of ru p tu re  under transverse  load occurred in the 
course of the  te s ts  considerably in  advance of 
ru p tu re  by sh ea rin g .” The au tho rs  have never 
been able to  observe any th in g  of th e  k ind  w ith  
test-bars which were obtained  w ith  th e  tre p a n  
drill. P earce  has fu r th e r  critic ised  th e  shear 
te s t on the  g round th a t  i t  gives a resu lt which 
varies w ith  th e  conditions of th e  te s t— th is 
opinion heing based on th e  following experi­
m e n ts :—Shear te s ts  were ca rried  o u t on bars 
15.5, 9.5 and 5.64 mm. d iam eter in  a double­
shear device combined w ith  a  tensile  m achine.

The resu lts ob tained  a re  set o u t in  Table I : —
F rom  th is  Pearce  concludes: “ a  shear-test

thus does n o t m easure an absolu te value, b u t 
one which depends upon th e  conditions of th e  
te s t .” The au tho rs  a re  n o t of th is  opinion. A 
double shear is d ifferent from  a single shear as 
regards th e  d is trib u tio n  of th e  stresses in  the  
sheared sections, th e  more so as they  a re  closer 
together, and  th e  two can n o t there fo re  be com­
pared. I t  is enough, however, to  choose once 
for all betw een these two tests . F rom  these 
results, m oreover, i t  is ap p a re n t th a t  th e  double 
shears a, b and  c a re  very concordant. The 
d  and  /  tests, in  th e  au th o rs’ opinion, a re  
suspect, for a shear-tes t ca rried  o u t in  th is  
m anner ought ce rta in ly  to  show a considerable 
am ount of bending, as shown d iagram m atically  
in  th e  accom panying sketch (F ig . 3). F o r th is 
reason th e re  is a reduction  of abou t 15 per 
cent, in  th e  s tren g th s shown, v iz . : 25 kg. in  
place of 33.2 in  th e  case of th e  double shear, 
and  25.5 kg. in  place of 30.2 in  th e  case of the  
single shear.

I t  is no t by any m eans proved, there fo re , th a t  
th e  shear-test gives variable resu lts according 
to  the  m ethod of operation  employed provided 
i t  en tire ly  elim inates the pa ras itic  stresses. I t  
has even been m a in ta ined  th a t  even when th e  
same m ethod is employed th e  re su lt of th e  te s t 
may be variable. I f  th is  objection w ere well- 
founded, i t  would suffice to  e lim inate  th e  shear- 
te s t a ltogether, for i t  would no longer possess 
the  fundam enta l cha rac te r of every c rite rion , 
nam ely th a t  of being constan t. F o rtu n a te ly
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th is  is no t th e  case. According to  P earce in 
the  P ap e r already  m en tioned : “  To see w hether 
a regu la r re la tionsh ip  existed betw een the 
tensile te s ts  and the  shear te s t a  v a rie ty  of bars 
tested  in  tensile  a t  20 mm. (0.798 in .) d iam eter 
were also tes ted  in  double shear a t  12.5 mm. 
(0.5 in .) d iam eter. The tensile  shear ra tio  
varied  betw een 0.52 and  0.93. The constancy of
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th is  ra tio  is an  im p o rtan t po in t in  th e  F rench  
proposals for supp lan ting  th e  tensile  te s t  by th e  
shear te s t .” The au tho rs  have never claim ed to  
establish th e  value of th e  shear te s t  in  th is  
way, and  the  inconstancy of th e  tensile  te s t is 
sufficient to  explain  th e  varia tio n s of th e  tensile  
shear ra tio  betw een 1 and  2.

F o r th is  reason also i t  is illusory to  look for 
any re la tio n  w hatsoever betw een shear s tren g th  
and  tensile s tren g th . C erta in  w rite rs  have 
tho u g h t, m oreover, th a t  th e  m achin ing  of the  
tes t-b ar m ust be very accura te  (Pearce) and  th a t  
th e  tre p a n  d rill is incapable of en su ring  th e  
necessary precision. A ccording to  E llio tt*  
“  T repann ing  gives ra th e r  inaccu ra te  test-bars. 
. . . E ven when grooves w ere m ade to  release 
th e  sw arf in  th e  d rill i t  was found  som ewhat 
difficult to  ob ta in  accu ra te  te s t-b a rs .”  F o r th e ir  
p a r t , th e  test-bars which th e  au tho rs  ta k e  daily  
from  th e  castings a re  always exceedingly 
un iform , and fit perfectly  in to  the  holes of the  
shearing  guillotine.

* Paper presented to  th e D etroit Congress in 1926.
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F inally , th e  sligh t tool m arks le ft on the 
shear core by the hollow drill has been regarded 
by some as a fa ta l defect. “  The d rill ,” 
according to  Pearce, “  does not leave the  test- 
piece w ith  sufficiently good finish for a shear 
te s t, which should be m achined as fine as 
possible; w hilst M r. W alter Wood, in  a le tte r , 
d a ted  October 7, 1926, to  the C ast Iro n  Testing 
Commission of the  Association Technique de 
Fonderie, s ta te s : “  We all know th a t  a test-bar 
tak en  w ith  a d till shows tool m arks to  a g rea ter 
or less ex ten t. I t  appears to  me th a t w hatever

STSFL
PUNCH,

T E ST  - P /E C £ .

S///A ? //////

F i g . 5 .

th e  dimensions of the  tes t-b ar taken  may be, the 
tool m arks ought to  be rem edied.”

Tool m arks, however, as P o rtev in  has pointed 
out, which have a considerable influence when 
the  surface undergoes longitud inal extension, 
exercise only a  secondary influence in the shear­
ing  of cast iron. “  No one th in k s ,” he says, 
“  of asking th a t  th e  accuracy of th e  direction of 
the  tensile stress, which is fundam ental in cast 
iron, should be controlled, yet there  are those 
who worry themselves about tool m arks on shear- 
te s t b a rs .” The au thors cannot do be tte r than



express th e ir  approval of th is  observation  w ith ­
ou t m aking  any  com m ent.

I t  should be poin ted  ou t, however, th a t  M r. 
W alte r W ood’s criticism  is perfectly  justified  
if th e  d rill used cu ts badly, for in  th a t  case 
the  tool m arks a re  no longer m ere traces b u t 
ac tu a l holes and  furrow s all over its  surface. A 
d rill th a t  has been properly  m ade produces 
alm ost perfectly  smooth test-bars.

The Shear Test by Punching.
The G erm ans have stud ied  and  perfected  a 

m ethod of shearing  by double punching , and  a 
sum m ary of th e ir  work on th e  sub jec t has been 
published by Rudeloff, in  two P ap ers  which 
appeared  in  “  S tah l und  E isen ,”  on J a n u a ry  28 
and  D ecember 23, 1926.

K a rl Sipp had  exam ined a  new shearing  
process fo r cast iron in  a P a p e r  published in 
“ S tah l u nd  E isen ”  (X L, pp. 1697-1704, 1920), 
under th e  ti t le  of “  The S hear T est and  its 
A pplication to  th e  S tudy  of th e  M echanical 
P ro p erties  of C ast I ro n .” The te s t w hich he 
recommended was th a t  of shearing  a disc by 
punching, th e  resu lt being to  form  a  flange 
round th e  disc (F ig . 4).

Rudeloff made certa in  m odifications in th is 
te s t. To ob ta in  a b e tte r  d is trib u tio n  of the  
sti esses he tr ie d  d ifferent kinds of surfaces (AB) 
and  adopted a surface w ith  raised  edges. M ore­
over, as th e  flange form ed by punching  was 
always break ing , and as the  ad d itiona l work 
involved m arked the  m easurem ents, he decided 
to saw i t  rad ially  in  th ree  d irections as fa r  as 
the  vertica l of the  sheared section. F in a lly  he 
reduced th e  h e igh t h of th e  flange in  order to  
elim inate  p a ras itic  stresses. This m odification 
of the  m ethod was stud ied  system atically  sim ul­
taneously w ith  th e  torsion  and  double-shear te s ts  
on a M artens m achine, which very m uch re ­
sembles th e  small F rem on t m achine, and  Rudeloff 
m ade the  following deductions from  his experi­
m e n ts :—Double-shear s treng th  =  0.946 x  to r- 
sional-shear s tre n g th ; S ipp-punching  s tren g th  = 
0.981 X to rsional-shear s tren g th , and  Tensile
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streng th  =  0.81 x torsional-sliear s tre n g th : and 
he concludes: “  I t  m ust be adm itted  th a t  the 
tru e  value of th e  shear s tren g th  is given by the  
torsion te s t ”  (because i t  is th e  grea test) . . . 
and  “  I f  th e  te s t conditions a re  well chosen the  
modified Sipp te s t is capable of giving a  value 
closely app rox im ating  to  th e  tru e  (?) shear 
s tren g th . This te s t  gives more exact values 
th a n  the  double-shear process on cylindrical 
test-pieces and  rings w ith  an  in te rn a l d iam eter 
equal to  the  ex ternal d iam eter of the  test- 
p ieces.”

The te s t  was th en  slightly modified, th e  test- 
piece being a  p la in  disc, sawn rad ially  and 
sheared w ith  a steel punch (F ig . o). H aving  
experim ented  on a  ce rta in  num ber of different 
cast-iron  bars, Rudeloff found th a t  Punch in fi­
sh ear streng th  =  0.91 x  S ipp-shear streng th , 
and  from  th is  ra tio  and those established by him 
for th e  Sipp-shear tes t he determ ined all the  
ra tio s  enabling  all th e  constants of the m etal 
tes ted  to  be calculated from  th a t  tes t.

These two P ap ers  describe a m ethod of shear 
te s tin g  which is n o t w ithou t in te rest, a t  least 
theoretically . The ex ten t of th e  first experi­
m ents by th e  Sipp m ethod was, according to 
Rudeloff him self, som ewhat lim ite d ; the  tests 
were n o t num erous and  th e  conclusions are  based 
on calculations which a re  too precise fo r a 
m ateria l so lacking in  homogeneity as cast iron.

This c ritica l study  of th e  Sipp m ethod, never­
theless, leads to  im provem ents which elim inate 
ce rta in  p aras itic  errors (bursting  of the  flange). 
I t  does not, however, e lim inate a bending which 
is due to  th e  disc n o t being supported  in  the 
in te rio r of th e  m atrice  and  which is n o t entirely  
suppressed by the  fa c t th a t  the  shearing force 
is applied alm ost a t  r ig h t angles to  the  m atrice. 
(The ra tio -punch  d iam eter : m atrice  d iam eter 
varies betw een 0.97 and 0.98.) This, however, 
is n o t th e  princ ipal objection (F ig . 6).

W hy select th e  te s t which gives the  streng th  
th a t  has th e  h ighest value? I t  does n o t on th a t 
account possess any g rea te r value as a criterion  
th an  a  te s t which determ ines a  p roperty  show­
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ing a lesser figure. W hat, then , is th is  “  tru e  
shear s tren g th  ” of Rudeloff? I f  th e  Sipp te s t 
comes nearer th is  re su lt for th e  alleged reason 
th a t  Rsipp =  0.981 Rtorsion, while R  double shear =  
0.946 Rtorsion, why n o t adop t as c rite rio n  th e  
torsion te s t itself, which is sim pler and  more 
definite? The special value of th e  F rem on t 
shear te s t is th a t  i t  enables cas t irons to  be 
classified according to  th e ir  m erits  in  service 
and  th a t  i t  is extrem ely simple. E ven ad m it­
tin g  th a t ' th e  Sipp te s t  constitu tes a good 
crite rion , the  fa c t nevertheless rem ains th a t  i t  
is m uch less easy to  apply (la the m achining the  
test-piece, rad ia l saw ing of th e  p lunger, th e  
em ploym ent of a load of 5 to  10 tons). The 
test-p iece sheared w ith  a steel punch is no doubt 
a li tt le  sim pler. B u t th e  su b stitu tio n  of a punch 
for a piece applied to  th e  cylindrical extension 
pa rtia lly  rem edies a bad d is trib u tio n  of the  
stresses. I t  leaves th e  p a ras itic  bending  still 
ex isting . I t  appears, m oreover, to  b rin g  the  
hardness of the  test-p iece in to  play, fo r the  
punch m ust p en e tra te  th e  disc before the 
shearing.

F inally , th e  ra tio  betw een th e  two stren g th s 
th u s ob tained  is u n tru stw orthy . I t  is based on 
only a few experim ents, of which th e re  a re  no 
details. I t  is, therefore , hazardous to  calculate  
the  transverse, tensile and  compression s tren g th s 
as a function  of the  double-punch stren g th , p a r­
ticu la rly  in  the  case of m ateria l of such im per­
fect hom ogeneity as cast iron  and w ith  th e  help 
of b u t a few ex p erim en ts; and th is , m oreover, 
is perfectly  useless if th e  double-punch te s t  is 
an  adequate  c rite rio n  for th e  classification of 
iron.

E ven if double punching were found to  be a 
good c rite rion  as a re su lt of very prolonged ex­
perim ents, such as one of th e  au thors ca rried  
ou t a t  In d re t in  reg ard  to  th e  shear te s t, th e  
difficulty in  m achining th e  test-p iece would still 
rem ain . In  the  case of a c ircu lar disc a few 
m illim etres th ick  and  a few cen tim etres in 
d iam eter, sawn rad ially  as fa r  as th e  circum ­
ference of the  punch, th e  difficulty is much
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g rea te r th an  in th a t  of the F rem ont trepanned  
core. I f  the  shear te s t appears of service in 
in te rp re tin g  the m echanical p roperties of m etals, 
i t  is useless to  recast F rem o n t’s researches and 
to seek for a method of applying th is  te s t which 
has the  appearance of being original, b u t which 
is, in  fac t, much more complicated.

Static Transverse Test.
A t p resen t the  au thors u tilise  the  s ta tic  tra n s ­

verse te s t  on F rém ont test-bars 8 X  10 x 35 mm., 
w ith  th e  Guillery ap p ara tu s adap ted  to  the  ball- 
te s tin g  m achine. This s ta tic  transverse appa­
ra tu s  consists, roughly, of a m ain  body, composed 
of two supports 30 mm. ap a rt, on which the

two ends of the tes t-bar rest, a knife-edge, which 
rests upon i t  a t  th e  middle, and a cylindrical 
socket, which takes the  lower p a r t of the m ain  
body, Belleville washers being interposed.

The sem ispherical hollow head of the  knife 
edge receives directly  the  force exerted  by the 
ball-testing  m achine, while the  lower socket bears 
against a fixed block. The breaking load is ind i­
cated  by th e  m axim um  gauge of the  ball-testing 
m achine (see Figs. 7 and 7a).

The trac in g  of the  deflection-load d iagram  and 
consequently the  m easurem ent of the  breaking
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deflection a re  effected as follow s: A fram e, which 
is covered for each te s t w ith  a paper coated w ith 
b ary ta , is m ounted movably abou t a  fixed hori­
zontal spindle a ttached  to  th e  m ain  body of th e  
ap p ara tu s . By m eans of a  spindle carry ing  a 
geared piece and res ting  on a conical piece w ith  
rack-too th  incline i t  is caused to  ro ta te  to  an 
ex ten t p roportionate  to  th e  re la tive  d isplacem ent 
of th e  lower socket and th e  m ain  body, th a t  is 
to say, p rac tica lly  p ro po rtiona te  to  th e  loads 
tran sm itted  by th e  b ar to  th e  m ain  body. The 
deflection to  which th e  b ar is subjected  is, m ore­
over, tran sm itted  by m eans of a con tac to r and 
an am plify ing lever in teg ra l w ith  th e  m ain  body 
to  a brass reg is te ring  stylus. The m ovem ents of 
the  stylus and  th e  fram e tak e  place in  two rec­
ta n g u la r  d irections, th e  sty lus finally tra c in g  on 
the  sensitive paper th e  deflection-load d iag ram  
in  th e  form  of a system  of cu rv ilinear co-ordi­
nates. A tra n sp a re n t g rap h  placed over it  
enables th e  b reak ing  deflection to  be read  w ith  
an e rro r less th a n  0.1 mm. The b reak ing  load 
m easured by th e  gauge is given w ith in  about 
2 kg. (F ig . 7 a ) .

The play of th e  p a rts  is elim inated  th ro u g h o u t 
by an ap p ro p ria te  a rran g em en t of springs, and 
the  accuracy of th e  m easurem ent is superio r to 
w hat is necessary commercially. L ike th e  shear­
ing m achine, the  Guillery s ta tic  transverse  
m achine is very convenient in u s e : its  dim en­
sions a re  225 X 120 X 80 mm. and  its  w eight 
about 5 kg. The te s t takes a few m inutes, and 
th e  constan ts requ ired  can be rap id ly  and easily 
read , while th e  m achining of th e  test-p iece is 
quick and inexpensive owing to  its  small 
dimensions.

The s ta tic  transverse  te s t in  th is  form , th e re ­
fore, possesses in  th e  h ighest degree all th e  qua li­
ties requ ired  for a  comm ercial t e s t : economy, 
rap id ity , sim plicity and precision, and  i t  is used 
in  ro u tin e  work w ithou t the  least difficulty. I t  
is now proposed to  reply to  th e  objections raised 
to  th e  transverse  te s t on a  b a r m easuring  
8 X 10 X 35 mm.



In  a paper presented  to  the  E uropean  Foundry 
Congress of 1927, P ro f. P isek , of th e  Czech Poly­
technic a t  B rno, has published th e  resu lt of a 
series of experim ents w ith  transverse tests on 
unm achined bars of d ifferent d iam eters varying 
from  15 to  40 mm ., th e  distance betw een supports 
being shown in Table I I  (Group A indicates the 
G erm an m ethod and Group B the  American) : — 

F o r each of these test-pieces different methods 
were tr ied , th e  unm achined bars being cropped 
a t  both ends. The resu lts obtained by the 
G erm an and A m erican methods gave almost 
parallel curves. The F rem ont te s t was carried

Table II.
Group a. Group 6.

Diameter 
in mm.

Distance
between
supports.

Diameter 
in mm.

Distance
between
supports.

30 600 40 400
25 500 30 300
20 400 25 250
15 300 20 200

ou t on test-pieces tak en  from  th e  lower p a r t ,  a t 
the cen tre  or near th e  surface of the  bar, and 
the course of th e  F rem ont curve differs from  the  
two others. F rom  th is Pisek concludes th a t  the 
F rem ont te s t is irregu la r.

The exp lanation  of th is  ap p a ren t irregu la rity  
is, however, qu ite  different. In  the first place, 
the F rem ont test-bars were taken  from th e  cu t­
off ends, and therefo re  varied  in  soundness; in 
any case they  differed slightly  from  th e  m ain 
body. F u rth e r , th e  unm achined bars transverse 
tested  by th e  A m erican and German methods 
were no t homogeneous, th e ir  surface being cer­
ta in ly  stronger th a n  the  centre, while the  re ten ­
tion  of the  skin in the te s t also played a p a rt 
in th e  values of the  results obtained. On the 
o th er hand , the  F rem ont tests gave in  place of 
th is  aggregate  resu lt the  value of the  transverse 
s tren g th  a t  a p a rticu la r po in t in  th e  test-bar— 
a t  one tim e th e  centre, a t ano ther the  surface.
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The tests, m oreover, were carried  o u t w ith  a 
sm all F rem o n t m achine, w hich, according to  the  
au th o r, showed considerable play. The Guillerv 
ap p a ra tu s  is en tire ly  beyond such criticism .

V arious w riters, Pearce  in  p a rtic u la r , have 
proposed the  adoption of th e  m odulus of ru p tu re  
to express th e  resu lts of th e  tran sverse  te s t, and  

PTj
suggest the  form ula R  =  - in  which R  is th e

breaking s tren g th  per u n it  of section surface, 
P  the  break-load, L  th e  d istance betw een sup­
ports, and K  th e  modulus of ru p tu re , a coefficient

D E fL E C r / o n s

dependent on the  shape and size of th e  te s t-b a r. 
I t  m ust be observed th a t  K  canno t be ca lc u la ted ; 
i t  m ust be defined as th e  m odulus of a  te s t-b a r 
of a  given leng th  and form  of section, and i t  
m ust be given an a rb itra ry  value for th a t  p a r­
ticu la r bar. In  th e  case of varia tio n s of th e  first 
degree in the  dim ensions of th e  section—the 
shape of the  la t te r  rem ain ing  unchanged— it  may 
be assumed th a t  K  is p ropo rtiona te  to  th e  surface

of the  section, and — ma y  be calcu lated  in 4K J
advance for dim ensions app rox im ating  to those 
of th e  s tan d a rd  tes t-bar. E ven if th e  transverse  
te s t has been carried  o u t on a  te s t-b a r slightly
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too th ick  or too small, th e  value of R correspond­
ing to  an accurate  test-piece can then  be given.

This m ay be serviceable when the  te s ts  are 
m ade on unm achined bars, which are  always 
more or less variable. B u t i t  is useless in the 
case of a F rem on t transverse te s t on a test-bar 
m achined to  the  required  dimensions. The 
au thors consider i t  sim pler to  rep resen t the re ­
su lt of th e  te s t by th e  b reaking load. The adop­
tion  of the  m odulus of ru p tu re  has also the  dis­
advantage of' re fe rrin g  the  breaking stren g th  to

Fig. 8.
th e  u n i t  of section surface, which is liable to  
m ake i t  be th o u g h t th a t  th is  s tren g th  is propor­
tio n a te  to  th e  section. W hatever P earce may 
say, i t  is n o t desirable th a t  “  because th e  te n ­
sile te s t is expressed in  kg. per mm3, or its 
equivalents the  transverse te s t shall be expressed 
in th e  sam e w ay.”

F inally , the  transverse te s t, which is the best 
te s t fo r cast iron, as i t  enables the  resistance of 
the  crystals to  separa tion  and th e  elasticity  of 
th e ir  a rrangem en t to  be m easured, ought to  take  
the  first place among all o ther tes ts  on account
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of its g re a t sim plicity , its c e rta in ty  and  its 
w ealth  of in te rp re ta tio n . The G uillery m achine 
renders its  execution sim pler th a n  th e  tensile  
te s t has ever been, and  infin itely  m ore accura te .

In  regard ing  i t  as the  te s t fa r  excellence for 
cast iron, moreover, we a re  m erely following the  
teach ing  of Monge in  1794 in  th e  descrip tion  of

F i g . 9 .

his “ m achine for ascerta in ing  th e  s tre n g th  of 
cast iron ”  ( “ D escrip tion  of th e  A rt of M aking 
Cannons ” ).

Hardness Test.
The au thors cannot m ention  th e  hardness te s t 

w ithout describing th e  very ingenious m achine 
which they  regularly  use for te s tin g  sm all repe­
titio n  castings, the  princip le  of which has been



described by M. Guillery in a P ap e r to  the 
Académie des Sciences on October 8, 1917. The 
object of his ap p a ra tu s  is to  e lim inate the in­
fluence of th e  d u ra tio n  of th e  te s t on the h a rd ­
ness num ber ascerta ined. The theore tica l tes t 
consists in  applying a  pressure of 3,000 kg. for 
a t  least five m inutes to  the  ball p ene tra ting  the 
m etal under exam ination , i t  is practically  im­
possible to  observe th is  condition outside scien­
tific laboratories where the  value of tim e is not 
tak en  in to  account. I f  only ten  seconds more or 
less accurately  reckoned are  taken , the resu lt 
m ay con tain  erro rs am ounting to  some 8 per 
c en t.8 (F ig . 9).

A very simple m echanical device enables th is 
e rro r to  be elim inated . I f  th e  stress is sup­
pressed im m ediately the pressure of 3,000 kg. 
is reached, the d iam eter of the  impression will 
be too sm all by a q u an tity  dD. If , on the  o ther 
hand, instead  of a rrestin g  the  stress a t  3,000 kg., 
i t  is continued to  3 ,000+ dP , the  d iam eter of the 
impression will be increased. F o r a reasonable 
value of dP  th e  e rro r resu lting  from the  insuffi­
c ien t d u ra tio n  of the  action of pressure m ay be 
exactly  com pensated. I t  gives practically  the 

. '  dP  2dD 
ra t l° : 3,000 = ~ D ~

I t  is possible to  construct an  ap p a ra tu s  in 
which th e  m axim um  pressure reached is au to ­
m atically  regu la ted  by the  speed w ith which the 
load is applied. Supposing th a t  the  pressure is 
tran sm itted  to  the  ball by a hydraulic piston 
w ithout fric tion , the  w ater-tigh tness of which 
is ensured by rubber packing. The pressure 
exerted  on th e  piston is lim ited by the  raising  
of a valve consisting of a sphere S (F ig . 10) re s t­
ing on a  sea t a t  an acute angle. The pressure 
required  to  raise the  valve is then  rigorously 
determ ined by th e  free section of the  seating  
and by the  stress exerted  on the  sphere. This 
stress is produced by springs, th e  tension of 
which can be varied  a t  will by m eans of tension 
screws V, and the  useful leng th  by in te rna l 
screw n u ts  E , which screw on to  the  spirals of 
the  sp ring  when a t  rest. This gives two inde­
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pendent variables for th e  reg u la tio n : the  leng th  
and the  tension of the  sp ring . The stress oppos­
ing th e  lif tin g  of the  valve is dependent on th e  
heigh t of the  lif t , which increases th e  s tre tch  
and  consequently th e  tension of th e  sp ring . The 
ap p a ra tu s  is regu la ted  by tr ia l  and  e rro r, so as 
to  have on any given m eta l th e  norm al im pres­
sion d iam eters for two loading speeds vary ing  
w ith in  th e  ra tio  of 1 to  30. The a p p a ra tu s  is 
sim ultaneously regu la ted  for all in te rm ed ia te  
speeds, as shown by th e  figures in  Table I I I :  —

Loading speed in :
Kilos

per sec. 100 200 300 600 1,000 1,500 3,000
Dia. of

impression 4.38 4.37 4.40 4.39 4.40 4.39 4.39

This m achine (F igs. 10 and  11) consists of a 
fixed fram e provided w ith  a  ball, and  th e  shear 
and  sta tic -tran sverse  te s t appliances already  
m entioned a re  placed betw een th e  two balls of 
the  m achine. Thus a rran g ed , i t  constitu tes  a 
sm all te s tin g  m achine fo r cast iron , enabling  th e  
th ree  fu ndam en ta l te s ts—shear, s ta tic  transverse  
and  ball—to  be carried  o u t rap id ly  and  economic­
ally, and  therefo re  w orthy of a place in  all 
foundries, however small.

The ball te s t, u n fo rtu n a te ly , is very frequen tly  
misused, and, as i t  can be m ade extrem ely  easily 
and  quickly, th e re  is a  tendency to  deduce from  
i t  m echanical constan ts which i t  is incapable of 
giving. The ra tio s  betw een hardness num ber, 
tensile s tren g th , shear s tren g th , com pression 
s tren g th  and  transverse  s tren g th , as given by a 
large num ber of w riters, generally  differ to  some 
ex ten t and give rise to  sterile  and tedious dis­
cussions. P o rtev in 9 very clearly gives th e  
rea so n : —

“  The compression te s t which gives th e  com­
pressive s tren g th  and  th e  hardness te s t  which 
acts by localised compression are  prim arily  
affected by th e  com bined-carbon con ten t, and 
secondarily by th e  g rap h ite , which behaves as an  
incom pressible substance, w hereas in  th e  tensile 
te s t i t  constitu tes so m any fissures, as i t  were
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th roughou t the  mass. I t  is n a tu ra l, therefore, 
to  expect paralle l resu lts as between shear 
s tren g th  an d  hardness num ber. As regards te n ­
sile streng th , even presum ing th a t  th e  tests are 
carefully  carried  out, i ts  value is affected by 
elongation : when i t  is very small as a  resu lt of 
g rap h ite  in  p la te  form  there  is a p rem ature ru p ­
tu re  owing to  p a ras itic  bending and  a fictitious 
reduction  of tensile streng th . According to  the 
m ateria ls under exam ination , even w ith accurate 
tensile tes ts, a very d ifferent ra tio  between hard ­
ness num ber and  tensile  s tren g th  m ust be ex­
pected .”

X or is the  ball te s t designed to  m easure “  the 
m achining hardness or the  abrasive hardness,” 
as P earce appears to  require. There is, in  fact, 
a re lationship  as y e t im perfectly defined between 
B rinell hardness and difficulty in  m a c h i n i n g

A nother criticism  directed aga in s t the  ball te s t 
by Pearce is th a t  “  th e  resu lts a re  meaningless 
unless the position of the  im pression is clearlv 
defined : a fe r r itic  cen tre  will give a lower
B rinell hardness th a n  a  h a rd e r sk in .”  This is 
precisely th e  g re a t m e rit of th is  tes t, which en­
ables th e  regions differing in  composition to  be 
ascertained  w ith  g re a t accuracy, so th a t  the 
homogeneity of a  casting  can be exam ined or 
castings produced in  series com pared. I t  is for 
th is  reason th a t  th e  ball-test is, more th a n  any 
other, a comm ercial te s t and specially indicated  
for th e  te s tin g  of castings.

In  view of th is  exam ination  of th e  different 
m ethods of te s tin g  which can be regarded  as pos­
sible, i t  would ap p ea r th a t  th e  shock and tensile 
tes ts ought to  be elim inated , th a t  the  compres­
sion and  torsion tes ts , while being definite in 
th e ir  indications, are  n o t sufficiently simple for 
rou tine  use, and  th a t  the  shear, sta tic -tran s­
verse and  ball-tests m ust be regarded as the  s tan ­
dard  te s ts  which enable the  characteristics of a 
sample of iron  to  be perfectly  determ ined. A p art 
from  th e ir  scientific character, they  have all the  
qualities required  in  any commercial te s t : they 
are  economical, accurate  and  rap id , and since 
the production of th e  G uillery machine, which

s
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F i g . 1 0 .

is very desirable to  supplem ent w ith  m icro­
g raphie  exam ination  and  chemical analyses such 
as th e  au thors have already  had  occasion to  
discuss a t  length  in  a  P a p e r p resented  to  the  
F if th  F rench  F oundry  Congress u nder th e  ti tle  
of “  Personal Experiences of th e  A pplication  of 
the  New M ethods of T esting  C ast I ro n .”

makes i t  so easy to  carry  them  out, i t  would 
seem th a t  no fu r th e r  critic ism  can henceforth  be
directed  aga in s t them . , . .

I t  m ust be understood th a t  only m echanica 
tes ts  are  being considered a t  p resen t, w hich 1
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Effects of the Individuality derived by Castings from 
their Thermal History on Methods of Testing them.

In  the  first p a r t  of th is  P ap er the effects of 
the  heterogeneity  of cast iron and  its special 
characteristics on the  choice of the  tests designed 
to  in te rp re t i t  were exam ined. I t  is now pro­
posed to  discuss the effects due to  th e  ind i­
v iduality  which every casting  derives from  its 
therm al history  in  order logically to  utilise the 
m easuring  methods described for the  purpose of 
determ in ing  th e  m echanical properties of the 
casting , which is, a f te r  all, th e  end to  be 
a tta in ed . How is the  problem to  be s ta ted ?  
There are  available shear, sta tic-transverse and 
ball-testing  ap p a ra tu s  which give an exac t idea 
of th e  re la tive  m echanical value of a certa in  
num ber of samples of cast iron—bars, for in ­
stance, fo r the  sake of precision. P rom  the 
classification obtained, i t  is logical to  conclude 
th a t  m achines en tire ly  constructed of m etal 
iden tical w ith  th a t  of each sample will he classi­
fied when in  use in  the  same order. In  other 
words, th e  figure resu lting  from  the  te s t carried  
o u t on the  sample will enable the relative value 
of the  casting  when in  use to  be predicted : the 
te s t will enable the characteristics of the casting 
to  be determ ined.

All th is  assumes, however, th a t  the casting  in 
question is composed of m etal identical w ith 
th a t  of the  sample tested , and iden tity  means 
the  same chemical composition and the same 
crystalline struc tu re . B ut, for any given chemi­
cal constitu tion , th is  s tru c tu re  is dependent upon 
the predom inance during  the  course of cooling 
following the  pouring of e ither the stable or the 
m etastable system of the iron-carbon combina­
tion . The au thors have already had occasion to 
po in t ou t the  influence of the various constituents 
which then  arise upon the  m echanical properties 
-—graph ite , fe rrite , eem entite and pearlite— and 
will n o t rev ert to them  again here. Be i t  noted 
m erely th a t  according to  th e ir relative propor­
tions the stren g th  will vary  considerably, as also 
elasticity , frag ility , hardness and  m achinability. 
The law of cooling which governs the  crystalline

s 2
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stru c tu re , and  consequently the  m echanical p ro­
perties, is dependen t upon no less th a n  twelve 
factors, some of which in  p a rticu la r are  in h e ren t 
in  the  casting , such as w all-thickness and  d is tr i­
bu tion  of the  masses in  th e  casting , o thers being 
peculiar to  th e  m ould, such as tem p era tu re  and 
hum id ity  of th e  sand, while y e t o thers are  in ­
h e ren t in  th e  ex te rn a l conditions, such as th e  
su rround ing  tem p era tu re . I t  follows in  the  
first place th a t  two iden tical castings poured 
from  the  same m etal tak en  a t  the  sam e tem p era­
tu re  m ay be sub ject to  d ifferen t laws of cooling 
and  m ay therefo re  have a  d ifferen t crystalline 
s t r u c tu r e ; and  also th a t  th e  d ifferen t p a rts  of 
a single casting  m ay undergo th e  same cooling 
only exceptionally  and  m ay therefo re  have d if­
fe ren t m echanical p roperties. E ven th e  chemical 
com position will no t be un iform , as th e  solu­
b ility  of th e  d ifferen t im purities such as su lphur 
and  phosphorus and th e  gases in  th e  alloy will 
vary  w ith  th e  more or less advanced s ta te  of 
solidification, and  as th e ir  concen tra tion  will be 
g rea te r in  th e  p a rts  which a re  th e  la s t to  
solidify. I t  should also be noted  th a t  to  these 
num erous causes of heterogeneity  m ust be added 
th e  influence of in te rn a l stresses which, m ore­
over, a re  th e  more dangerous, a? they  a re  less 
understood and are  impossible to  discover and 
measure.

A fte r all, th e  problem to  be solved is to  fore­
tell th e  m echanical p roperties and  th e  behaviour 
in use of a casting  of vary ing  chem ical com­
position. and heterogeneous crysta lline  s tru c tu re , 
th a t  is to  say, m echanical p roperties vary ing  a t  
its d ifferen t po in ts and, finally, sub jec t to  
unknow n and variab le  in te rn a l stresses.

METHOD FOR FREMONT TESTS. 
Application of Fremont Tests to Castings.

Be i t  noted, in  the  first place, in  o rder to 
sim plify th e  question th a t  chemical he tero ­
geneity  is no t very ap p a re n t and  may be dis­
regarded in the  in itia l exam ination . In te rn a l 
stresses will also be le f t o u t of consideration , 
although they are  of considerable im portance
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and th e ir  effects are  frequently  unexpected, 
because up  to  th e  present th ere  has been no 
m eans of studying  them , and all th a t  is done 
is to  try  to  reduce them  by a judicious choice 
of design and thickness and, possibly, by su it­
able hea t-trea tm en t.

a . _____________________
j. .................................
4-, ___________

F i g . 1 2 .

(1 ) P e a r l i t i c  C a s t  I r o n ; (2 ) E q u a l  H a r d n e s s  
C u r v e s  ; (3) E q u a l  T e n s i l e  S t r e n g t h

C u r v e s  ; (4) A l o n g  A - B ,  H a r d n e s s  i n ­
c r e a s e s , T e n s i l e  S t r e n g t h  d e c r e a s e s  ; 
A l o n g  C -D ,  H a r d n e s s  i s  c o n s t a n t , T e n ­
s il e  S t r e n g t h  in c r e a s e s  ; A l o n g  E - F ,  
H a r d n e s s  in c r e a s e s , T e n s il e  S t r e n g t h  
d e c r e a s e s .

Since i t  is no t possible to  make a casting  of a 
well-defined m ateria l, which can be tested  sepa­
ra te ly  in  order to  know it  accurately, i t  is pro­
posed to  reverse the problem and take  from a 
finished casting  a sample capable of defining the
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properties of the  m ate ria l co n stitu tin g  it. I t  
m ust be noted, however, th a t  by so doing in ­
form ation  will only be available as to  th a t  p a r t  
of the  casting  from  which the  sam ple is taken  
or a small portion  in  its  v icin ity . One may 
then consider th e  applica tion  of th is  method 
to th e  problem posed and  to  th e  more general 
problem of finding th e  best param eters to  adop t 
for th e  production  of p a rtic u la r  castings from  
th e  po in t of view of design, th ickness, shape, 
m ethod of casting , etc.

The problem of de term in ing  th e  p ropertie s of 
castings, and , there fo re , th e  problem  of inspec­
tion  by th e  buyer w ill be solved as follows:-—• 
Among th e  po in ts subjected  to  th e  g rea te s t 
m echanical stress, several ta k e n  a t  random , or 
selected am ong those w hich always tu r n  o u t 
w eakest in  casting , will be exam ined. The cast­
ing  will th u s  be sounded a t  th e  w eakest p a rts  
am ongst those requ ired  to  show a  good s tren g th  
figure. I f  th e  te s ts  in  reg a rd  to  these a re  sa tis­
fac tory , th is  w ill co nstitu te  a g u a ran tee  to  th e  
buyer, and  i t  w ill no t p rev en t th e  te s tin g  points 
from  being sufficiently d is tr ib u ted  to  give a tru e  
idea of th e  casting  as a whole.

As regards th e  problem of im proving th e  design 
and th e  m ethod of casting  which concern the  
foundry  engineer, i t  w ill be a lready  half-solved, 
since he will have a t  his disposal a c e rta in  and 
easy m eans of know ing th e  qu a lity  of th e  castin g  
designed by him  in  its  various p a rts . The 
m ethod of tak in g  test-pieces from  th e  casting , 
therefo re , appears to  th e  au tho rs  com pletely to  
solve th e  question of te s tin g  eng ineering  cast­
ings. Before exam ining and  re fu tin g  th e  
criticism s th a t  have been d irected  a g a in s t it , 
showing why the  o ther m ethods p u t fo rw ard  
a re  w orthless, and subm itting  th a t  i t  is th e  only 
te s t of any value, i t  is proposed to  describe in 
de ta il how th e  te s t is carried  o u t in  p ractice.

Method of Carrying Out the Fremont Tests on Castings.
The test-pieces are  small, e ither a cylinder 

abou t 20 mm. and  5.(34 mm. in  d ia . for the  
shear te s t, or a prism  8 x 10 x 35 mm. for th e
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sta tic-transverse  tes t. F o r the shear tes t, the 
test-piece will be taken  w ith a trep an  drill, by 
m eans of a portable boring machine, from  all 
the  p a rts  desired, the  hole being stopped w ith  a 
plug. As th e  la t te r  is only 11.5 mm. in  d ia ., 
th e  operation  does not, as a rule, affect the 
s tren g th  of th e  casting. I t  should be noted 
th a t  i t  is possible to  go to  any depth , so th a t 
in  th is  way a sample of the  m etal can be taken  
from  the  in te rio r of a th ick  wall. As the  shear 
te s t is the  rou tine  te s t  i t  is, as will be seen, 
very easy to  carry  out.

The sta tic-transverse te s t, i t  is tru e , requires 
ra th e r  a la rger test-piece, although i t  also is 
small. As i t  is used only for castings generally 
of large dim ensions (see typical specification 
given a t  the  end of the  P ap er), i t  is easy to 
take  i t  also d irectly  from  th e  casting.

There a re  cases, however, where owing to  the 
trep an  drill being tem porarily  unavailable, where 
the  casting  is such th a t  i t  would be unwise from 
considerations of s tren g th  to  drill it , or where 
the p a r t  in  question is particu larly  delicate and 
its  s tren g th  m igh t be affected by the  insertion  
of a plug, i t  is impossible for th e  sample to  be 
taken  from  th e  casting. I t  is in  th a t  case neces­
sary to  produce a t  the  p o in t selected a small 
boss form ing p a r t of the  casting, its  length 
along th e  axis being a few centim etres and its 
section approxim ately  the  thickness of the  wall. 
This boss will be c u t in  the  mould during  mould­
ing by m eans of a cylindrical tube of the  re ­
quired  diam eter, which is le t in to  the  mould- 
wall to the  necessary depth . A fter stripp ing  
the  casting  the  boss is detached and the  test- 
piece is tak en  from  the  cen tre  and as close as 
possible to  the  face which adjoined the  casting. 
As the  mass of the boss is very small in relation  
to  th a t  of th e  casting  and as the  ra tio  of the ir 
calorific capacities is also very small, th e  cooling 
of the casting  is p ractically  unaffected and th a t  
of the  boss is identical w ith th a t  of the wall 
to  which i t  was joined. Thus carried  out, there­
fore, the  te s t is en tire ly  justified and may be 
substitu ted  for the  method of tak in g  the  test- 
piece from  the  in te rio r of the  casting.
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As regards the  ball-test, i t  is obvious th a t  it  
can be carried  o u t a t  any po in t in  th e  casting  
desired by m eans of th e  portab le  B aum ann 
m achine or any o ther a p p a ra tu s  ensu ring  suffi­
c ien t precision. This te s t will enable th e  homo­
geneity  of the  casting  and  its  genera l soundness 
to  be ascerta ined . In  th e  case of several castings 
in series, cast from  th e  same ladle, i t  will enable 
th e ir  un ifo rm ity  to  be com pared ; no t, of course, 
th a t  id en tity  of hardness proves id en tity  of sub­
stance, b u t because id en tity  of substance im plies 
equality  of hardness. The B rinell te s t  will give, 
if n o t th e  ce rta in ty , a t  least a s tro n g  p resum p­
tion  reg a rd in g  th e  equivalence of th e  m echanical 
p roperties of several iden tica l castings poured 
u nder th e  same conditions, and  will sim plify the  
m ethod of th e ir  inspection . P o rtev in  has given 
th e  best proof of th e  efficacy of th is  te s t by 
reclassifying du rin g  th e  w ar sem i-steel shells in 
lots which la te r  were found  perfectly  sa tisfac to ry  
when fired, w hereas th e ir  classification according 
to  th e  cast produced a  m ost heterogeneous 
collection.

I t  should be rem em bered, m oreover, th a t  th e  
m icrographie exam ination  and chem ical analysis 
which is recom m ended in  add ition  to  the  
m echanical te s ts  can  be ca rried  o u t very easily 
on shear and s ta tic -tran sverse  test-pieces, and 
th is will ex tend  th e  field of investiga tion  of th e  
microscope to  th e  very cen tre  of th e  castings.

To sum  up, th e  inspection and  specification 
tests for castings will be the  shear, s ta tic - tra n s ­
verse and  ball-tests. A t th e  end of th is  P a p e r  
is given a specification based on th e ir  use. The 
long series of tr ia ls  of th e  F rem o n t te s ts  has 
justified  th e ir  p rincip le and th e  m ethod of apply­
ing them  which has ju s t  been described. I t  
comprises thousands of resu lts  confirm ing p e r­
sonal conclusions.

Criticisms of Methods outlined for Testing Castings.
The solution ju s t  described, which se ttles th e  

problem of th e  charac te risa tion  of engineering  
castings so simply and surely, has no t been gene­
rally  adopted in  m any foreign countries, p a rtic u ­
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larly  E ngland and the U nited  S tates. In  these 
countries the  F rem ont methods have as yet been 
little  studied , and the  te s ting  of finished castings 
is done on bars cast separately  by means of the 
tensile, shock and transverse tes ts. Before 
exam ining the  characteristics of th is m ethod and 
dem onstrating  th a t  i t  is bad, i t  is proposed to 
review th e  various objections th a t  have been 
raised  aga in s t th e  F rem ont m ethods. They are 
nearly  all included in  a  P ap e r on “ The Test- 
B ar Problem  and Some R ecent Developm ents,” 
presented  by Pearce  to  th e  Sheffield B ranch of 
th e  In s titu te  of B ritish  Foundrym en.

The first objection—and i t  is th is  which appears 
to  trouble  th e  m ajo rity  of objectors—is th a t  it  
is impossible to  judge a casting  by a te s t made 
a t a single po in t of it . According to  Pearce, 
when re fe rrin g  to  the  shear t e s t :-—“ The objec­
tion  to  th e  F rem ont te s t lies m ainly in  the  fac t 
th a t  i t  a ttem p ts  to  te s t th e  casting  by such a 
small size of bar. On a single small piece, 
several shear tes ts can be m ade and averaged, 
from  the  skin of the  casting  inw ards, b u t such 
an average is meaningless when applied to  cast­
ings of d ifferent thicknesses. The te s t appears 
ingenious for research purposes . . . b u t for
rou tine  te s tin g  i t  cannot be recom m ended.” 
H ere is proof of the  complete m isunderstanding 
of the  F rem ont m ethod. No one ever thought 
of classifying a casting by a figure obtained from 
a single te s t. This is one of th e  m any reasons 
for which te s ting  on a separa te  bar was rejected. 
The te s t carried  ou t a t  one po in t only gives the 
m echanical value of the  casting a t the  particu lar 
po in t in  question, and our method of tes ting  
makes no o ther claim b u t th a t  of exam ining the 
im portan t points, sufficiently num erous and ju d i­
ciously d is tribu ted  to  fu rn ish  an  index of its 
m echanical physiognomy. M oreover, i t  has been 
fully dem onstrated  th a t  a m achinery casting  is 
heterogeneous, and i t  would therefore  be absurd 
to  judge i t  on the  exam ination of a p articu la r 
point. I t  will, perhaps, be objected th a t  the 
specification postu lated  provides for the  tak ing  
of a  num ber of test-pieees in proportion  to  the
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w eight of th e  casting , and th a t  th e  s tr ic t app li­
cation of th e  ru le  la id  down leads to  only one 
test-piece being tak en  in  th e  case of smal 
castings. B u t in  th a t  case th e  casting  is charac­
terised  by th e  resu lt of th e  shear te s t  and by the  
ball-tests, of which a  sufficient num ber a re  m ade 
in  add ition . This is n o t in  con trad ic tion  w ith 
the  principle enuncia ted  th a t  a  single figure 
resu lting  from  a  te s t canno t give th e  c h a rac te r­
istics of th e  casting . F o r, assum ing th a t  th e  
po in t chosen is one of th e  w eakest am ong those 
which will he subjected  to  h a rd  w ear, th e  shear 
te s t guaran tees a  m inim um  s tre n g th  as regard s 
all th e  o ther p a rts  of th e  casting , when th e  te s t­
ing  p o in t is judiciously chosen and  th e  casting  
is roughly homogeneous, which is ascerta ined  by 
th e  ball-tests.

The second objection ra ised  is th a t  th e  tes t- 
piece is too sm all, w hether in  th e  shear or the  
sta tic -tran sverse  te s t.

A gain, according to  P e a rc e : “ The suggestion 
to  te s t  a b a r of such sm all d iam eter can n o t be 
viewed w ithou t apprehension ,” and  th e  expres­
sion “  such a  sm all test-p iece ”  is repeated  
several tim es in  th e  P ap e r. The au thors are  
unable to  see why th e  use of such a  sm all te s t- 
piece is un justifiab le . W hat, then , m ust P earce  
th in k  of th e  ball-test w hich m akes use of 
25 mm2, of th e  su rface of th e  casting , or of a 
m icrographical exam ination  which em braces an 
area  one-ten th  as la rg e?  Y e t'th e se  te s ts  appear 
to  him  leg itim ate  because a sufficient num ber of 
them  are  carried  o u t a t  all po in ts desired  in  th e  
casting . The same is th e  case w ith  th e  shear 
te s t. To those who may be disposed to  ob ject 
th a t  th e  g rap h itic  aggregates or even th e  p la tes  
of cem entite or fe rrite , which som etimes a tta in  
the  dim ensions of some ten th s  of a m illim etre , 
are  n o t sufficiently small in  p ropo rtion  to  th e  
dim ensions of the  test-piece, i t  m ay be poin ted  
cu t th a t  according to  Czochralski a  m eta l te s t- 
piece m ay be regarded  as quasi-iso tropic w hen a 
tran sversa l dim ension encounters te n  p a rtic le s .10 
By adopting  5 mm. as the  tran sverse  dim ension 
of the  te s t th is  condition is fulfilled. I t  is th e re ­
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fore qu ite  leg itim ate  to  m ake tes ts  a t  one point 
even of a large casting  w ith small F rem ont test- 
pieces.

I t  would seem, however, th a t  th is B ritish  
w rite r has no t entirely  freed his m ind from  recol­
lections of the old theory, which consisted in te s t­
ing a large casting  by means of a large test- 
piece, th e  only purpose of which, however, was 
to  ob tain  in th e  two cases ra tes of cooling which 
were only too dissim ilar.

O bjection is also tak en  to  the  F rem ont test- 
pieces on the  ground th a t  i t  is impossible to 
tak e  them  from the castings, a t  least in rou tine 
w ork: “  The design of a castin g ,” according to 
Pearce, “  is based on the  s tren g th  of the 
m ateria l of which i t  is composed, b u t th is  can­
not o rd inarily  be checked by te s ting  the  casting 
itself. I t  is necessary to  make the  te s t by a 
te s t-b a r .” And, a little  fu r th e r  on : “ O rdi­
narily  i t  is no t practicable to  te s t the casting 
itself. F u rtherm ore , in o rd inary  cases i t  is not 
practicable to  cu t the  tes t-bar from the casting. 
This being so, there  are  two a lte rn a tiv e s : (1) 
A tes t-b ar can be cast as an in teg ra l p a r t of the 
ca s tin g ; and  (2) th e  tes t-bar can be cast 
separately , b u t w ith  the  same ladle of m etal as 
th a t  from  which the  casting is m ade.”

The methods hab itually  employed when tak ing  
test-pieces from  the castings are  extrem ely 
simple, w hether the casting  is drilled directly 
w ith a trep an  m ounted on an electric boring 
machine or w hether a sawn-off boss is used. 
Since employing th is method the slightest diffi­
culty  has never been experienced, w hatever may 
have been the size or shape of the  casting. I t  is, 
therefore , reg re ttab le  th a t , as the  tak in g  of test- 
pieces from  the  castings appears to  have been 
found impossible in E ngland, most of the  work 
carried  ou t under the  direction of the  C ast Iron  
R esearch Association has been done on separate 
bars.

Test-pieces tak en  from  the casting  or cast 
in tegrally  w ith i t  are also criticised on the 
ground th a t  th e ir  cooling is affected by th a t  of 
the  casting . “ In  the  case of a cast-on b a r ,”
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according to  Pearce, “ th e  cooling is com plicated 
by th a t  of the  mass of th e  castin g ,”  and, la te r :
“  The logical procedure, therefo re , is to  cast 
a bar from  the  same m eta l a t  th e  same tim e  as 
the castin g ; th is  m ethod excludes th e  influence 
of the  p roxim ity  of th e  ca s tin g .”

The au thors have sufficiently dem onstrated  
how, on the  con trary , th is  cooling influence of 
the casting  is necessary, since th e  object in  view 
is to  obtain  a test-piece w ith  precisely th e  same 
ra te  of cooling. This, m oreover, is why we re ­
jec t the  princip le which consists in  ta k in g  pieces 
connected w ith  th e  castings by m eans of two or 
more sm all channels and hav ing  dim ensions inde­
pendent of those of th e  castings, th e  re su lt of 
which is th a t  th e  influence of th e  cooling of th e  
casting  on th a t  of th e  test-p iece is to  a  g re a t 
ex ten t e lim inated , and th e  sole u ti li ty  of which 
is to  prove th a t  th e  test-piece an d  th e  casting  
were actually  cast together.

W ith  regard  to  tak in g  test-pieces from  an 
a ttached  boss, th is  m ethod m eets w ith  th e  se ri­
ous criticism  on th e  p a r t  of P earce  th a t  i t  gives 
an inaccura te  re su lt: “ E xperience m ay enable 
a cast-on b ar to  be so placed and dim ensioned 
th a t  i t  does in  effect give a s tre n g th  sim ilar to  
th a t  of th e  casting , b u t such cases m ust be very 
ra re .”  I t  is very rem arkable , th en , th a t  these 
ra re  instances should have occurred regu la rly  in 
thousands in  practice  d u ring  th e  la s t five years. 
The extended tes ts  m ade using th is  m ethod of 
tak in g  test-pieces constitu tes a form al re fu ta tio n  
of th is  criticism .

F inally , according to  Pearce, the  m ethod of 
tak in g  test-pieces from  the  casting  preven ts any 
comparison being m ade betw een th e  resu lts 
obtained in  d ifferent foundries. “  Com parison 
betw een th e  resu lts from  cast-on b a rs ,” he says, 
“ is im possible.” A nd ag a in : “ W ith  such a 
bar (cast separately) i t  becomes possible to  com­
pare the  results from  d ifferent foundries and 
from  th e  same foundry  on d ifferen t days.”  I t  
m ust n o t be fo rgo tten  th a t  the  in d iv idua lity  of 
each casting  m akes i t  difficult to  com pare i t  even 
w ith  a casting  of the  same type  poured w ith  th e
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same m etal from  the  same ladle. I t  would, 
therefore , be absurd to  a ttem p t to  compare in­
trinsically  d ifferent m etals when one m etal is 
not even com parable w ith  itself. A comparison 
of the  m etals m ust be m ade on different well- 
defined test-pieces, which will be real test-pieces 
of the u tm ost sim plicity, and for th a t  reason 
com parable. This comparison of the  m etals, 
however, has no th ing  to  do w ith th a t  of the cast­
ing, and if th a t  of test-pieces taken  from  the 
castings is n o t possible, i t  is for the  simple 
reason th a t  these castings themselves are  not 
com parable.

To sum up regard ing  the  objections raised 
against the  F rem ont m ethods as used by the 
au thors, viz., th e  isolated n a tu re  of th e  tes t, 
the smallness of the  test-piece, the impossibility 
of tak in g  the  piece from  the  casting, th e  in ­
accuracy of th e  results given by pieces taken  
from attached  bosses, and the non-com parability 
of the  results obtained—some of them  are re ­
fu ted  by the  long-continued use of the tests, 
while the  others fall to the  ground if one will 
only consider for a m om ent the  principle and the 
im port of the  m ethod.

METHOD OF TESTING CASTINGS ON SEPARATE 
BARS. 

Description of the Method.
As to  the  te s ting  method which is upheld 

against those outlined, the principle of th is is 
to m ake the  tes ts  on separa te  test-bars cast in a 
special mould w ith the  same m etal as the cast­
ing. I t  is favoured chiefly by B ritish  and 
American founders, whose specifications are  very 
sim ilar, and i t  will again  be P earce’s P aper from 
which its definition is d e riv ed :— “ The logical 
procedure, therefore, is to  cast a bar from the 
same m etal a t  the same tim e as the  casting (in 
a green-sand mould for a green-sand casting, in 
dry  sand for a dry-sand casting ).” The dim en­
sions and shape are  specified for th ree standard  
types recommended by the  B ritish  Engineering
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S tandards Association, and  a re  given in  the 
following tab le  : —

Shape. Diameter.

Distance 
between sup­

ports in 
transverse 

test.

Maximum 
thickness of 

castings 
represented 

by test-pieces.

In. In. In.
Cylindrical .. 0.875 12 1
Cylindrical . . 1.2 18 2
Cylindrical .. 2.2 18 >  2

The m edium  tes t-b ar has been adop ted  as the 
s tan d ard  type  in  A m erica, u nder th e  nam e of the  
“ a rb itra tio n  b a r .” The cylindrical form  was 
chosen because in  the  tes ts  i t  gave resu lts  show­
ing h igher values th a n  bars w ith  a square or 
rec tan g u la r section. The cause of th is  pheno­
menon has been ascribed by N orbury  to  a differ­
ence in crysta llisa tion  a t  th e  angles. In  rea lity , 
all th a t  can be proved by his experim ents—th e  
results of which a re  given in  P ea rce ’s P a p e r— 
is th a t  th e  influence of angles, if th ey  have any, 
does not opera te  a lo n e ; b u t the  g re a te r  s tren g th  
of round  test-bars m ay equally well be due to  a 
difference in  th e  d is trib u tio n  of th e  stresses in  
the  two types.

The tensile  test-bars m ust necessarily be 
m achined, b u t n o t the  transverse  b ar, which 
would show a h igher s tre n g th  figure in  conse­
quence. As regards the  dim ensions chosen, th ere  
are  th ree  categories. “ I t  is n o t sa tis fac to ry ,” 
according to  Pearce, “  to  cast bars less th a n  
0.875 in. th ick , and th is is th e  d iam eter of the  
sm allest b ar in  the  specification. I t  is ta k e n  as 
rep resen ting  castings up  to  f in . across th e  m ain  
section. V ery heavy castings canno t be rep re ­
sented by too big a b ar, as th e  b reak ing  load 
m ust be w ith in  the  lim its of o rd inary  te s tin g  
machines. The la rger b a r recom m ended is, 
therefore , 2.2 in. d ia ., to  rep resen t castings 
whose m ain  section exceeds 2 in . The m edium  
bar of 1.2 in. probably rep resen ts th e  bulk  of 
eng ineering castings.” I t  is on these test-pieces
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th a t  the  tensile, transverse and shock tests are 
carried  out.

Criticism of the Method.
I t  has been shown in the  first p a r t of th is 

P ap e r th a t  th e  shock and tensile tests were 
adopted  w rongly. The B ritish  tes t-bar is cast 
separately . I t  is, therefore, possible th a t  i t  may 
have the  same composition as the casting . There 
is no possibility of its having the  same crystal­
line s tru c tu re , as the  conditions under which the 
cooling of the  casting  and  th e  test-bar m ight be 
sim ilar a re  system atically discarded. The resu lt 
is th a t  two castings en tirely  differing in form 
and in the  d is tribu tion  of th e ir  masses, b u t cast 
from  the  same ladle, and such th a t  th e ir  th ick ­
nesses classify them  in the  same type of tes t, will 
be represen ted  by th e  same test-bar, which is 
absurd, for they are as dissim ilar mechanically 
as two castings produced from  two m etals 
chemically different.

This objection is in itself sufficient to  ju s tify  
the rejection  fo rthw ith  of the  m ethod of testing  
eastings by separa te  test-bars, and no argum ent 
will ever be able to  prove the  con trary . How 
can a casting  be in te rp re ted  by a single resu lt?  
F or th is th e  m ateria l composing i t  would have 
to  be homogeneous, and the  te s t would have to 
be applied to  the  m ateria l. N either of these 
conditions, however, is fulfilled. Pearce c r i ti­
cises th e  F rem ont m ethod for te s ting  a casting 
w ith  a single test-piece. A te s t a t  a single 
point, he says, “  is m eaningless if i t  is intended 
to rep resen t castings w ith different sections or 
d ifferent sections of the  same castin g .” The 
au thors do not appreciate  how the separa te  test- 
piece is capable of doing th is. Y et th is is p re­
cisely th e  function  which its advocates claim 
th a t  i t  perform s.

They would also like to  know w hat are  the 
reasons th a t  governed the  choice of the  num ber 
of kinds of tes t-bar and th e ir  dimensions. How 
ought a casting  w ith a m axim um  thickness of 
2 in. to  be tested—w ith the small or the medium 
b ar?  The results in these two cases will be
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different, and even incapable of com parison, as 
the transverse te s t is m ade w ith  a d istance of 
12 in. between supports in  th e  first case and 
18 in. in th e  second. S im ilarly , how are  cas t­
ings to  be classified according to  m echanical 
value when some will have to  be te s ted  on the  
medium  and  others on th e  sm all te s t-b a r ?

I t  m ust be noted besides th a t  th e  reasons 
which determ ined the  choice of th e  b a r ’s dim en­
sions have no relationsh ip  w ith  th e  castings 
which they are  requ ired  to  rep resen t. In  the  
case of th e  large one, fo r exam ple, “  n o t too big 
a b ar was chosen, as th e  to ta l b reak ing  load 
m ust be w ith in  th e  lim its of o rd inary  te s tin g  
m achines.”  All th e  conditions govern ing  th e  
casting  of th e  test-bars, m oreover, were laid  
down a f te r  discussions in  which one im p o rtan t 
consideration  seems to  have been th a t  of ob ta in ­
ing from  the  te s t th e  h ighest possible figure, 
w hatever its  significance m ig h t be. Thus, w ith  
reference to  th e  transverse  te s t, P earce  s ta te s  : 
“ I f  deflection is w anted, th e  b ar should be 
m achined, b u t if stiffness (high b reak ing  load) is 
required , i t  should be tes ted  as c a s t.”

F inally , separa te  tes t-bars  are  subjected  to  
the  special condem nation of cast-on pieces ex­
pressed by Pearce, viz., th a t  special a tten tio u  
is given them  by the founder to  the  d e trim en t 
of th e  casting  itself. I t  is m uch easier, in  fac t, 
to fake a  separa te  tes t-bar. To sum up , the 
separa te  tes t-bar is incapable of rep resen ting  a 
casting , and no argum ents can ex is t to  ju s tify  
the  m ethod of te s tin g  based on its  use. The 
work done in  E ngland  on these lines has no t 
therefore solved the  problem of te s tin g  castings. 
I t ,  however, furnishes in te res tin g  d a ta  for the 
establishm ent of a m ethod of te s tin g  th e  m etal 
as such. This, moreover, is of considerable value 
from  the  po in t of view of research— as regards 
im proving the  composition of a charge, for 
example. B u t th is in te rp re ta tio n  of “  th e  m etal 
in  the  ladle ” has no th ing  in  common w ith  th a t  
of the  castings themselves, and  one m ust be very 
careful no t to  assume th a t  because a m eta l has 
given excellent results on separa te  bars i t  will
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produce castings of excellent quality . The two 
th ings are  en tire ly  different.

Specification for Engineering Castings.
In  a previous P ap er the au thors published a 

model specification for te s ting  the m anufacture  
of engineering castings. They have been led to 
modify slightly the conditions required for each 
category of m etal. The following are the pro­
visions a t  p resen t in  force :

Tests.
General Soundness of C astings.—The castings 

shall he free from  flaws, cracks, pipes, gas-holes, 
cold shut, or any o ther defects which m ight 
in ju re  th e ir stren g th  or render e ither the ir 
s tren g th  or su itab ility  in  use doubtful.

Scabs, if slight, few in  num ber and such as 
not to jeopardise the  stren g th  and proper work­
ing of the  casting , shall be to lerated . In  the 
exam ination  of defects, moreover, the directions 
given below regard ing  the d ifferent qualities of 
m etal shall be followed.

C astings showing defects in any p a r t intended 
to  rem ain  visible a fte r  i t  is erected, which would 
disfigure th e ir appearance w ithout in ju rin g  the ir 
s tren g th  or th e ir fitness in  use, m ay either be 
repaired  as described below or form the subject 
of a proposal for acceptance w ith a discount.

I f  the  castings may not appear absolutely 
sound the  inspector may, before authorising  
despatch, require the  castings to be lightly 
m achined a t  those p a rts  where th is is recognised 
to be necessary and possible, even if such p arts  
a re  no t in tended  to  be m achined u ltim ately , and 
sub ject to  the  thickness no t being reduced below 
the  m inim um  tolerances fixed above. Should 
such m achining no t be practicable the  inspector 
may have the doubtful p a rts  subjected to  pick­
ling w ith d ilu te  acid or to  any other equivalent 
process; he may also, if he considers i t  p refer­
able, ascerta in  the  im portance of the  cracks, 
scabs, pipes, etc., by a te s t w ith petrol or w ater 
under pressure.
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C astings requ ired  to  be w a te r- tig h t or steam - 
t ig h t shall be subjected to  a w ater or steam  te s t 
for a m inim um  of fifteen m inu tes a t  th e  pres­
sure specified in  th e  con trac t.

In  castings in tended  to  receive steam  no 
defect, w hether repa ired  or no t, shall be ad ­
m itted , w ith  the  exception of sligh t and localised 
defects, which shall be repa ired  as ind icated  
below in respect of th e  d ifferen t qualities of 
m etal.

All castings in tended  to  be erected , in  which 
subsequent work m ay disclose defects p re jud ic ia l 
to  th e ir  use, shall be re tu rn e d  to  th e  supplier. 
The la t te r  shall no t refund  th e  cost of m achining 
or o ther charges incu rred  by th e  N avy, b u t shall 
refund  the  cost of th e  re tu rn  tra n sp o rt , for 
which he shall be responsible. Such castings 
shall be replaced, or repa ired  if th e  inspector 
authorises th e ir  rep a ir. In  the  la t te r  case steps 
shall be tak en  a f te r  th e ir  re p a ir  to  ensure, by 
carefully  checking th e  m easurem ents, th a t  th e ir  
dimensions are  sufficient to  p erm it of th e ir  being 
incorporated  in to  an engine.

Nature of the Tests.
The following tes ts  shall be m a d e : —
(1) Shear tests, p referab ly  on a te s t-b a r taken  

w ith a tre p a n  d rill from  th e  casting , h u t if 
necessary on a  piece tak en  from  a  cast-on boss.

(2) H ardness tests  fo r th e  purpose of ju d g in g  
homogeneity, m ade on p a rts  w ith  th e  sk in  re ­
moved.

(3) I f  required , and  u nder th e  conditions 
specified below, sta tic  transverse tests  on a bar 
taken  from  the  casting  or from  a cast-on boss.

(4) I f  necessary, and  u nder th e  conditions 
specified below, compression tests  on a te s t-b a r 
tak en  from  th e  casting  or from  a cast-on boss.

Classification of Engineering Castings.
E ngineering  castings shall be classified in  th ree  

ca teg o ries :— (1) E x tra  strong, (2) strong , and 
(3) o rdinary .
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Special Conditions relating to Extra-Strong Castings.
The to ta l num ber of tests, w ith the  exception 

of the  ball-test, shall be the  whole num ber im­
m ediately below the  quo tien t of the  w eight of 
the  rough casting , serving as the  basis for pay­
m ent, divided by 200 kg., b u t such num ber of 
tes ts shall n o t be less th a n  2 or g rea te r th a n  5. 
I f  i t  does n o t exceed two the  tes ts  shall be exclu­
sively shear tests. I f  i t  is equal to  or g rea ter 
th an  th ree , one of th e  tests shall be a static- 
transverse te s t and the  others shear tests. All 
the shear bars m ust show an average streng th  
of a t  least 25 k g ./m m 2. The static-transverse 
bar m ust stand  a t  least 550 kg. and the  breaking 
deflection m ust no t be less th a n  30/100 mm.

In  case of need, as when the  shear-test m achine 
used in the  foundry is tem porarily  unavailable, 
th e  shear tes ts  m ay be replaced by an  equal 
num ber of compression or sta tic-transverse tests 
on a tes t-b ar taken  from  the  casting  or a ttached  
to  it. The m inim um  compression s treng th  shall 
in th a t  case be 78 k g ./m m 2, and the  m inim um 
sta tic-transverse s tren g th  of the  bar, the  deflec­
tion  no t being m easured, 550 kg.

B all-tests d is trib u ted  over the  casting , the 
num ber of which prescribed by the inspector 
shall be sufficient to  enable the  homogeneity to  be 
verified (on a basis of about one-ball te s t per 
sq. m etre  of surface), shall in principle give a 
B rinell hardness between 170 and 240. An excess 
in hardness, however, shall no t involve rejec­
tion  unless i t  occurs a t  a p a r t  which is to  be 
m achined, and a m achining te s t made a t  such 
p a r t (by file or machine) gives a negative re su lt; 
while a deficiency in hardness shall not involve 
rejection  unless a te s t made on a test-bar taken  
in  the  v icin ity  of the  ball-test gives an  average 
shear s tren g th  below the  m inim um  allowed (the 
test-piece being taken , if required, w ith  a trepan  
drill and replaced by a plug unless the  streng th  
of th e  casting  prevents th is).

In  th e  case of repetition  castings moulded in 
the  same m anner and cast w ith  the  same m ix­
tu re  (taken  from  the  same ladle), the mechanical 
tests prescribed above shall be made on only one
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casting  of th e  series a t  the  option of th e  in ­
spector. The o ther castings shall be subjected 
to ball-tests a t  leas t equal in  num ber to  the  
shear (or sta tic -transverse  or compression) te s ts  
carried  out on th e  same casting . The B rinell 
hardnesses m ust rem ain  w ith in  th e  lim its in d i­
cated  above. I f  any of th e  te s ts  m ade on the  
type casting  should n o t be sa tisfac to ry , each 
casting  shall th en  he subjected  to  th e  en tire  
series of tes ts.

Repair of Defects.
Only defects of extrem ely  s ligh t im portance 

shall he allowed, and  only when they  qu ite  
obviously could no t prejud ice e ith e r th e  stren g th  
or th e  sa tisfac to ry  service of th e  casting . If  
they im pair th e  ou ter appearance they  m ay be 
repaired , b u t only by plugging.

Special Conditions relating to Strong Castings.
S hear and  sta tic-transverse  te s ts  shall he ca r­

ried  o u t in  th e  same m anner as for ex tra -s trong  
castings, except th a t  th e  to ta l num ber of them  
shall he equal to  th e  whole num ber im m ediately 
below th e  quo tien t of th e  w eight of th e  casting  
divided by 500 kg., b u t th is  num ber shall no t he 
nil or g rea te r th a n  five. I f  i t  is less th a n  th ree  
the  tes ts  shall be exclusively shear tes ts . I f  i t  
is equal to  or g rea te r th a n  th ree , one of th e  
tests shall be a sta tic-transverse  te s t, th e  o thers 
being shear tests. All th e  shear bars m ust show 
a m inim um  average s tren g th  of 20 k g ./m m 2. 
The sta tic-transverse  b a r m ust stan d  a  m inim um  
load of 450 kg. and  its b reak ing  deflection shall 
not be less th a n  25/100 mm.

I f  necessary, as in  th e  case of ex tra -strong  
engineering cast iron the  shear te s ts  m ay be re ­
placed by an  equal num ber of compression or 
sta tic-transverse tests. The compression s tren g th  
shall in  th a t  case be a t  least 63 kg. / mm2, and 
the  sta tic-transverse s tren g th  of th e  b ar shall no t 
be less th a n  450 kg., th e  deflection n o t being 
m easured. B all-tests d is trib u ted  over th e  cas t­
ing, as in  the  case of ex tra -strong  cast iron , 
shall in  principle give a hardness betw een 150
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and  240. An excess or deficiency in hardness 
shall no t involve rejection  u n til it  has been ascer­
ta in ed  th a t  m achining is practically  impossible, 
or unless th e  shear stren g th  is insufficient, as in 
the  case of ex tra-strong  castings. In  the  case 
of rep e titio n  castings, the provisions specified 
above for ex tra-strong  castings shall be applic­
able to  strong castings.

Repair of Defects.
Only defects of slight im portance shall he 

allowed, and only when they cannot prejudice 
either the  s tren g th  or the  satisfactory  service 
of the  casting . I f  they  im pair the appearance 
they  may be repaired  by plugging, or the  in­
sertion of special alloy (monel or an equivalent).

Special Conditions relating to Ordinary Castings.
In  each lo t of castings, w hether sim ilar or 

not, b u t cast from  the  same ladle, two castings 
selected by the  inspector shall be subjected to 
shear tests. Both the  test-bars shall show a m ini­
mum stren g th  of 15 k g ./m m 2. I f  they  do not 
do so, each casting  shall be subjected to  the 
shear te s t, and  only those which fulfil th e  fore­
going condition shall be passed. I f  necessary, 
the foregoing tests may be replaced by an equal 
num ber of compression or s ta tic  transverse tests 
m ade on test-bars taken  from  the  castings or 
a ttached  to  them . The compression streng th  
shall in  th a t  case be a t  least 48 kg. and the 
sta tic-transverse  stren g th  of the bar a t  least 
350 kg. Moreover, if the  tes t made on the two 
type castings is favourable, all th e  other castings 
shall be ball-tested, th e ir  hardness shall be above 
130 and  below 240, b u t an excess in hardness 
shall no t involve rejection  unless, a fte r tr ia l, 
th e  p a rts  in tended for m achining are not capable 
of being m achined p rac tica lly ; while deficiency 
in hardness shall not involve rejection  unless 
the  shear s tren g th  of the  casting  in question is 
below 15 k g ./m m 2.
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Repair of Defects.
D efects of sligh t im portance which could no t 

p rejudice the  s tren g th  or th e  satisfac to ry  service 
of th e  casting  shall be allowed. They m ay be 
repaired  by plugging, th e  insertion  of special 
cem ent or a special alloy, the  app lica tion  of 
m etal of su itab le  com position, or by any o ther 
process sanctioned by th e  inspector.
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THE INFLUENCE OF SIZE OF SECTION ON THE 
STRENGTH OF GREY CAST IRON.

By J. G. Pearce, M.Sc., M.I.E.E. (Member).

Introduction.
The au th o r has previousl)’- suggested* th a t 

there is a continuous change in streng th  of cast 
iron as the  section alters, and th a t  the transverse 
te s t is a cheap and simple m ethod of following 
th is change, provided the results are expressed 
as transverse ru p tu re  stress and not merely as 
breaking load. The experim ents oh which these 
conclusions were based were somewhat lim ited 
in scope, the  sizes of bars used being largely 
the th ree specified in B .E .S .A . Specification 321 
for grey iro n ; 2.2 in ., 1.2 in. and 0.875 in. 
diam eter round bars. The in te rest they  aroused 
has enabled the  au tho r to  obtain  d a ta  on a wider 
range of sizes and compositions, and although 
the  whole of th e  work in progress is no t yet 
completed, some fu r th e r  points of in te rest have 
emerged.

I f  a cylindrical transverse bar is cast and 
tested , the  transverse ru p tu re  stress R  is readily

2.5 WL ,
obtained by the  usual form ula -----^ —  where
W is th e  cen tra l break ing  load, L is the span, 
and d is the  d iam eter. I f  W  is in tons and L and 
d in  inches, R  is in tons per sq. in. In  all tests 
recorded below, unless otherwise sta ted , L is 
21 in. H eavy bars do no t give a suitable deflec­
tion  a t  the  usual 12 in. and 18 in. spans recom­
m ended in B .E .S .A . Specification 321. In  view 
of the  sligh t change in  ru p tu re  stress w ith span 
i t  seems desirable th a t  th is  should be 
standard ised  for all sizes of te s t bar.

I f  a pig-iron is m elted and a set of separately- 
cast, cylindrical bars made of varying diam eters,

* “ Journal Iron and Steel In s titu te ,"  1928, II , p. 73, and 
F oundry T rade J ournal, January  24,1929.
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the  s tren g th  of th e  bars can be re la ted  to  the  
size, as shown in  F ig . 1, where th e  line AB 
represents a  m ean curve draw n th ro u g h  the  
ac tua l poin ts showing th e  transverse  ru p tu re  
stress a t  various d iam eters from  0.8 in. to  4.7 
in. As would be an tic ip a ted , th e  sm allest b ar 
(0.8 in. diam eter, which rem ained  grey) was 
strongest ( ju s t over 35 tons per sq. in .) , and  the  
la rger bars became progressively w eaker per sq. 
in. of th e ir  section, th e  4.6-in. b a r being only 
22 tons per sq. in. AB is th e  size-strength  
curve for the  p a rticu la r m ix tu re  and  set of 
m elting conditions employed.

Influence of Machining.
The au th o r has previously suggested th a t  

although  th e  skin is norm ally th e  strongest 
p a r t  of a casting , th e  increase in  s tren g th  
following on skin-m achining m ay be due to  the  
fac t th a t  m inu te  fissures and  skin  cracks resu lt 
in p rem atu re  fra c tu re  when th e  b a r  is te s ted  as 
cast in transverse. In  F ig . 1 th e  curve AB re ­
ferred  to  above rep resen ts th e  s tren g th  of a set 
of bars tes ted  a f te r  sk in-m achining, while CD 
represents th e  s tren g th  of a  se t of bars cast from  
the  same m etal a t  th e  sam e tim e  from  th e  same 
p a tte rn s, b u t te s ted ' as cast. The ac tua l figures 
obtained for the  various bars  of th e  unm achined 
set are  shown by th e  broken line as well as the 
m ean curve CD. The am oun t removed in 
m achining varied  from  0.02 in . to  0.05 in. I t  will 
be noticed th a t  th e  m achined series is th e  stronger, 
the  difference being abou t 8 per cent. F u r th e r  
m achining would doubtless have shown a reduc­
tion  in s treng th , the  am oun t depending on the  
composition and  s tru c tu re  of th e  m etal, for some 
irons weaken tow ards th e  cen tre  more rap id ly  
th a n  others.

The favourable effect of sk in-m achining 
is, of course, well-known, b u t th is  case 
is quoted because th e  poin ts rep resen ting  
the streng th s of the  m achined series lie 
much more closely on th e  curve th a n  those 
of the more e rra tic  unm achined series. In  
o ther words, the varia tions from  the  m ean are  
less pronounced in th e  m achined th a n  in  th e  u n ­



m achined series. Local heterogeneity  and other 
differences inevitable in o rd inary  cast iron, as 
well as sligh t varia tions in  tes ting  procedure, 
cause sligh t varia tions from  the  expected even 
on m achined bars, b u t there  is no doubt th a t  
more uniform  resu lts a re  obtained from  skin- 
m achined bars, and the  difference shown in 
F ig . 1 has been repeatedly confirmed for other 
series of bars. The rem aining tes ts  given in  the 
paper, unless otherwise specified, refer to  skin- 
m achined bars, and the  stren g th  given is based 
on th e  tested  d iam eter taken  a t  the frac tu re . 
There is much to  be said for te s ting  m achined in 
preference to  unm achined bars, and the  use of 
the round te s t bar renders th is  a much more 
practicable proposition th a n  was the  case for the 
old square or rec tan g u la r b ar. In  the  series 
shown in  F ig . 1, tested  as cast, a 0.5 in. d iam eter 
bar is included, and the  fall in stren g th  on th is 
is probably due to  m ottling . I t  is particu larly  
difficult to  determ ine w hether m ottled  or white 
iron is or is no t actually  stronger th an  grey iron 
because of its brittleness. Analysis is given in 
Table I : — '

T a b l e  I.

Curve. Fig.
T.C.
Per

cent.

Si.
Per

cent.

Mn.
Per

cent.

S.
Per

cent.

P.
Per
cent.

1a , 1b , 2 a 1 & 2 3.51 1.03 0.61 0.14 0.73
2b 2 3.44 1.13 0.50 0.16 0.95
3a 3 3.55 1.95 0.50 0.08 0.72
3 b 3 3.71 1.29 0.62 0.09 0.59
3c 3 3.50 0.68 0.35 0.18 0.64
5 a 5 3.16 2.06 0.39 0.14 1.12
5 b 5 3.24 1.41 0.56 0.10 0.55
5c 5 3.42 1.17 0.39 0.13 0.60

7a  & 7b 7 3.46 1.57 0.45 0.10 0.43

I t  was possible to  obtain  a set of bars made 
from  iron very sim ilar in general character to 
th a t  used for the bars in  F ig . 1, except th a t  
the  phosphorus was slightly increased. The 
resu lt is given in  F ig . 2 as curve B, and for 
comparison the  curve AB of F ig . 1 is reproduced 
as curve A. The two irons differ, as will be seen
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from  the  analyses of Table I , only slightly  in the 
o ther elements.

Influence of Melting Conditions on Strength.
D r. A. L. N orbury  has recen tly  shown* in  the  

laboratories of th e  B ritish  C ast Iro n  R esearch 
A ssociation th a t  cast irons m ay presen t m arked 
differences in  m echanical p roperties in  sp ite  of 
sim ilarity  of chemical com position, due to  differ­
ences in  m elting  conditions resu lting  in 
differences in  s tru c tu re . T h a t such differences 
are  experienced in  o rd in ary  cupola-m elted irons 
is ev iden t from  d a ta  given by M r. W . Jo lle y ,t 
and indeed th e  conclusion is borne o u t by 
p rac tica l experience, for unaccountable differences 
and  anom alies n o t explained by chemical com­
position and  often  ascribed to  gases, small 
q u an titie s  of ra re  elem ents and  so on, a re  m et 
by m ost foundrym en. In  these circum stances i t  
m igh t appear erroneous to  suggest any re la tio n ­
ship betw een com position and  s tren g th , and 
indeed a. considerable body of foundry  opinion 
views pessim istically any a tte m p t to  re la te  th e  
two, since these differences occur in  castings 
which have com positions as close to g e th er as 
o rd inary  practice perm its. This in  some 
q u a rte rs  also has th e  u n fo r tu n a te  effect of dis­
cred iting  chemical analysis and  th e  guidance 
which i t  can give. I t  can  now be ta k e n  as 
established th a t  the  differences re fe rred  to  are  
due to  differences in  m elting  conditions, and 
th e ir effect on the  m etal is n o t always recognised.

An o rd inary  foundry  m elting  a sim ilar 
m ix tu re , say a pig and  scrap m ix tu re , day a f te r  
day in  the  sam e furnace, works u n d er a se t cf 
m elting conditions which is sub jec t only to  com­
para tive ly  m inor varia tions. The p roduc t of 
such a foundry  rem ains, so fa r  as th e  composi­
tion  and s tru c tu re  of th e  m etal is concerned, 
w ith in  p ractical lim its, th e  same. The foundry , 
however, may unconsciously a lte r  the  s tru c tu re , 
and hence th e  s tren g th  and  o ther p roperties of

* “ Journal. Iron and Steel Institute,"  1929, Vol. I ., p. 413. 
t  F o u n d r y  T r a d e  J o u r n a l , April 4  a n d  1 1 , 1929.
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its castings, by in troducing  a change in  m elting 
conditions, even when an a tte m p t is m ade by 
scientific m ixing to  produce the  sam e composi­
tion  as b e fo re ; th is  m ay arise  from  an  a lte ra ­
tion  of the b rand  of pig-iron, by in troducing  
steel in to  the  charge, by the  use of foreign 
scrap of unusual com position, by changing  tem ­
porarily  from  one composition of ferro-alloy to 
ano ther (i.e ., from  a  lean  to  a rich  ferro-silicon), 
or by changing from  a cupola to  a crucible or 
a ir  fu rnace . The effect of such changes can 
now, w ith some m easure of accuracy, he fore­
cast. They m ay affect composition in  th e  ab­
sence of scientific m ixing, b u t in  any  case they  
affect s tru c tu re— m ainly  th e  size and  d is trib u ­
tion  of th e  g raph ite .

An illu s tra tio n  of th e  differences betw een irons 
of som ewhat sim ilar composition m ade in  ways 

T a b l e  II .—Analyses.

T.C. Si. Mn. S. P.
Per Per Per Per Per
cent. cent. cent. cent. cent.

A 3.2 1.37 0.94 0.09 0.18
B 3.5 0.98 1.01 0.09 0.21

which m any founders -would consider calculated  
to give sim ilar resu lts was recen tly  fu rn ished  by 
M r. Jo h n  Shaw, who kindly  arran g ed  fo r the  
B righ tside F ound ry  & E ng ineering  Company, 
L im ited, to  m elt two m ix tu res in  th e  same 
cupola and  cast them  in to  1.2 in . (M) and 
2.2 in. (L) bars, as fa r  as possible u nder iden tical 
conditions. The first charge was m ade up  of 
equal proportions of steel and  w hite iron  w ith  
enough 12 per cent, ferro-silicon and  fe rro ­
m anganese to  yield a strong  grey iron . The 
second charge was m ade of the  same m ateria ls  
w ith the  exception th a t  40 per cent, ferro-silicon 
was used in  the  place of 12 per cen t., th e  pro­
portion , of course, being a ltered  to  give the  
same silicon con ten t in  th e  m elt. U n fo rtuna te ly  
the silicon contents differed slightly in  th e  bars, 
which were tested  s tric tly  in  accordance w ith 
B .E .S .A . Specification 321. The resu lts are
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given in Tables I I  and I I I .  The combined 
carbon was about th e  same, 1 per cen t., in  each. 
The difference in  to ta l carbon should be regarded 
as due to  m elting  conditions ra th e r  th a n  compo­
sition. M icro-exam ination showed a slightly 
coarser g rap h ite  s tru c tu re  and  a ra th e r  la rger 
q u an tity  of g rap h ite  in  B, which is th e  w eaker 
iron m echanically and  th e  lower in  silicon.

Thus a change in  m elting  conditions which 
m any foundrym en would assume would n o t p ro­
duce any  m arked  difference in  th e  p ro d u c t is 
shown to  produce a decided difference in 
s tren g th . This exam ple shows th a t  differences 
occur in  cupola-m elted irons as well as in 
crucible-m elted irons found  by D r. N orbury . 
C riticism  d irected  ag a in s t a ttem p ts  to  correlate  
composition and  s tren g th  is o ften  based on ex­
perience in  which differences arise from  a lte ra ­
tions in  th e  m elting  conditions. I f  these rem ain  
the  same com parison is possible, and  th e  illus­
tra tio n s  used in  th e  paper a re  all based o n  th e  
m elting  conditions rem ain ing  th e  sam e fo r all 
irons com pared on a basis of com position.

I t  is, of course, n o t possible to  com pare, u n til 
a good deal more w ork has been done, s tren g th s 
of irons produced u n d er vary ing  m elting  con­
d itions, b u t from  th e  same raw  m a te ria l a curve 
of the  type  shown in  F igs. 1 and  2 enables d if­
fe ren t foundries to  com pare th e ir  m elting  con­
ditions. Bad conditions give poor resu lts  and 
vice versa. F u rtherm ore , in  th e  sam e fu rnace  
the  resu lts of d ifferent raw  m ateria ls  can be com­
pared , and  so on. No very definite conclusions, 
however, can be draw n from  curves p repared  for 
differen t raw  m ateria ls  m elted in d ifferen t ways.

Influence of Composition on Strength.
A dhering  rig id ly , therefo re , to  one type  of 

raw  m ateria l m ix tu re  and one cupola, size- 
s tren g th  curves have been p repared  for irons of 
vary ing  silicon contents. F ig . 3 shows curves 
A, B and  C for th ree  such irons. I t  will be 
noticed th a t  they  are  approxim ately  paralle l, b u t 
th a t  a drop of 0.5 per cent, silicon from  2 per 
cent, to  1.3 per cent, increases th e  s tren g th  less
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th a n  the  drop from  1.3 per cent, to  0.7 per 
cen t., th e  sm aller bars of the  la t te r  series being 
w hite. In  F ig . 4 silicon con ten t has been con­
nected w ith s tren g th  for various sizes of bars, 
4 in ., 2.2 in. and  1.2 in. being chosen. F rom  
th is  curve can be read  off the  s tren g th  of a 
cylindrical b ar of any silicon con ten t and  con­
versely the  silicon required  in  a given b a r  to  
give a specified s tren g th . F o r in te rm ed ia te  
sizes of bars values m ay be e ith e r tak en  from  
the size-strength  curves or judiciously  in te r­
polated.

In  F ig . 5 size-strength  curves A, B and  C have 
been draw n for th ree  foundry  m ix tu res of vary ­
ing silicon con ten ts, analyses being given in 
Table I . I t  was n a tu ra lly  n o t possible to  keep 
to ta l carbon and  o tber elem ents w ith in  th e  same 
lim its as fixed for irons in F igs. 1, 2 and  3, where 
only one pig-iron was m elted, b u t here again  
com position-strength curves have been d raw n  in 
F ig . 6 connecting silicon and stren g th , and  the  
general sim ilarity  betw een th e  curves in  F igs. o 
and 6 w ith  corresponding curves fo r irons much 
closer in  com position shown in  F igs. 3 and  4 will 
be noted. The reason for th is  probably is th a t  
differences in  chemical composition (o ther th a n  
silicon) a re  of com paratively  m inor im portance 
com pared w ith  differences in  m elting  conditions. 
H ence the  reason for ignoring  small composition 
differences between irons m elted u nder sim ilar 
conditions, such as those shown in  F ig . 3, as 
well as the  more considerable ones shown by the 
irons in  F ig . 5.

On the  o ther hand , when th e  m elting  con­
ditions differ, th e re  are  considerable differences 
in stren g th  even where com positions are  sim ilar, 
as m ay be seen by exam in ing  F igs. 1 and  2 and 
com paring the  results w ith those shown in  F ig . 3, 
and com paring the  resu lts of each of these w ith 
those of F ig . 5. The com parison is best shown 
by F igs. 4 and 6 and illu s tra tes  th e  v ir tu e  of 
rem elting.

W hen such differences can arise from  factors 
o ther th a n  composition i t  will be appreciated  
th a t  differences in composition, such as those be-
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tween A and B in F ig . 2, between A, B and  C 
in F ig . 3 or between A, B and C of F ig . 5, 
are of com paratively m inor im portance.

Size-strength  curves sim ilar to  those shown in 
Figs. 1, 2, 3 and 5, and  com position-strengtli 
curves for a given set of m elting conditions sim i­
lar to  those in F igs. 4 and 6, have been obtained 
on a num ber of sets of bars. L ittle  useful pu r­
pose, however, is served by m ultip ly ing  illus­
tra tio n s  which only apply to  one set of m elting  
conditions. The aim  of the  P a p e r is to^ suggest 
a method which enables com parisons to  be m ade 
between d ifferent irons m elted u nder th e  same 
conditions and  the  same irons m elted u nder d if­
fe ren t conditions.

The transverse tes t, of course, is only one 
mechanical te s t and may offer li tt le  guidance as 
to  the ability  of th e  m etal to  w ith s tand  fa tig u e , 
fluid pressure, abrasive w ear, corrosion or heat.

Tensile and Transverse Strength.
I f  a series of bars from  a  cast be tes ted  in 

tension on the  same-sized test-piece, th e  values 
will not, under o rd inary  conditions, d e p a rt fa r  
from  the m ean, and the  same applies to  tr a n s ­
verse tests. F or the  p a rticu la r m ix tu re  and  the  
sizes of test-bars chosen there  will, therefo re , be 
a definite ra tio  of transverse to  tensile s tren g th . 
For o rd inary  irons and  the  usual s tan d a rd  bars 
th is ra tio  is about 1.8 to  2. T hrough th e  
courtesy of V ickers-A rm strongs, L im ited , B a r­
row -in-Furness (M r. W. M achin and  M r. W . B. 
Goudielock), the  au th o r tes ted  bars of 1.2-in. 
and 2.2-in. cylinder iron  in  transverse, averag ing  
th ree  results in each case. The broken bars were 
then  tu rn ed  to  tensile pieces of d ifferen t d ia ­
m eters varying in the  1.2-in. bars from  1.0 in. 
to  0.2 in. and in  the  2.2-in. bars from  1.9 in. 
to  0.2 in. The v a ria tion  in tensile s tren g th  w ith 
d iam eter is shown in  F ig . 7, A rep resen ting  the 
2.2-in. and B the  1.2-in. bars, and  Table I  gives 
the  analysis. I t  will be seen th a t  tensile  stren g th  
falls off very rap id ly  as the  m achined d iam eter 
decreases, b u t th a t  a t  the  specified B .E .S .A .
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d iam eter for each size of bar, the tensile streng th  
falls w ith in  the  range represented  by transverse 
s tren g th  divided by 1.8 to  2.0. Clearly the ra tio  
of transverse to  tensile depends on the  size of 
the test-piece, and tes ts  on o ther compositions 
will enable the  influence of composition to  be 
determ ined. In  a set of bars of four composi­
tions kindly provided by M etropolitan-V ickers, 
L im ited  (M r. W. Jolley), a 1.2-in. transverse bar 
was broken and one half tu rn ed  to the  s tandard  
tensile d iam eter of 0.564 in. and the o ther to the 
s tan d ard  tensile d iam eter of 0.798 in. The tra n s­
verse /tensile  ra tio  varied  between 1.59 and 2.18, 
and the question undoubtedly dem ands fu rth e r 
exam ination . The m echanical tests of the last- 
m entioned set are  given in Table IV .

Conclusion.
The au tho r would again  stress the fa c t th a t  

the curves shown have no general valid ity  and 
apply only to  one type of charge m elted under 
one group of conditions. The aim  in  view is to 
suggest a m ethod which will enable a foundry 
to  compare d ifferent m elting conditions by using 
the  same charge, and to  com pare d ifferent m ix­
tu res  by using the  same m elting conditions. 
Such tests should enable the best melting-con- 
d itions to  be established, and in some respects 
th is problem is more u rg en t th an  th a t  of ob­
ta in in g  good raw  m aterials. I t  can afford little  
satisfaction  to  m akers of high-class pig- and 
refined-irons to  have th e ir  m ateria ls degraded in 
quality  under poor m elting-conditions, and the 
cheaper the  grade of pig-iron used the  more im­
p o rta n t does i t  become to  m elt i t  so as to  get 
the best ou t of it.

The au th o r thanks the  Council of the B ritish  
C ast Iron  Research Association for permission 
to publish th is  P ap er, and, in addition  to the 
acknowledgm ents m ade in the  P aper, has to  ex­
press his indebtedness to  the Lilleshall Company, 
L im ited (M r. T. E . F reeston), for the  large 
am ount of work willingly undertaken  in p repar­
ing the bars on which F igs. 1 to  4 inclusive are 
based, and to  Lee, Howl <fe Company, Lim ited
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(M ajor C. Howl), for sim ilar help in p reparing  
bars on which Figs. 5 and 6 are based.

Summary.
The stren g th  of cast iron is determ ined by its 

composition and its  stru c tu re , these factors being 
fixed in p a r t  by constitu tion  of the  charge and 
in p a r t  by the m elting  conditions. F o r a given 
type of charge m elted under the same condi-

U l t im a t e  T e n s il e  S t r e n g t h , T o n s  p e r  s q . i n .

tions and  poured in to  a series of cylindrical 
bars, transverse stren g th  increases continuously 
as section dim inishes. Skin-m achined bars are 
not only stronger th a n  bars tested  as cast, but 
the resu lts a re  less erra tic .

Illu stra tio n s are  given of size-strength curves 
for two series of irons, both cupola-melted, one 
series being pig-irons and the o ther foundry 
m ixtures. Each series has th ree silicon contents 
and its own set of m elting conditions. From
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each set of size-strength curves composition- 
s tren g th  curves are  deduced. The curves are of 
the same type in  each series of m ixtures.

F o r a cylinder iron the  ra tio  of transverse 
s tren g th  to  tensile streng th  is shown to  fall 
w ith in  the range 1.8 to  2 for s tandard  B .E .S .A . 
conditions of testing .

JOINT DISCUSSION ON THE 
FOLLOWING PAPERS.

Methods of Testing Cast Iron and The Influence of 
Size of Section on the Strength of Grey Cast Iron.

M r . J o h n  S h a w  said the  Convention was 
indebted  to  MM. Le Thomas and Bois for a clear 
sta tem en t of th e ir  views concerning tes ts  for 
cast iron. This discussion could b u t clear the 
a ir . H e said a t  once th a t  the lim itations of the 
separately  cast b ar were recognised, b u t to  say 
“  T h a t in  no case will these bars give reliable 
inform ation as to the casting  be made from i t  ” 
was b u t th e  exaggeration  of a biased m ind. So 
fa r  as B ritish  experience w ent, while they recog­
nised its  lim its, they  had received more inform a­
tion  regard ing  physical properties of a casting 
by te s ting  a suitably-sized b ar cast on the cast­
ing th an  by any o ther m ethod, except testing  
the whole casting . Any te s t cu t from the  cast­
ing, a t  best, b u t represents th a t  portion of 
the  casting. The num ber th a t  could be 
taken  were lim ited, and often  the  places most 
liable to  segregation, etc., such as the thick 
places in  the ports of an engine, could no t be 
tried .

Controlled Conditions Yield Constant Shear-Tensile 
Ratio.

There was also no doubt th a t  under the 
very closely controlled conditions such as were 
specified by Le Thomas and Audo in  th e ir ex­
cellent P ap ers  on foundry control, the  shear 
tes ts  would give fa irly  concordant results or th a t  
these results m igh t have a fa irly  constan t ra tio  
to  the tensile results on the same m aterial. B ut
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th a t  ra tio  would only hold good for the  specified 
m etal under consideration. T h a t was the  crux 
of th e  whole m a tte r . E ngineers th e  world over 
used the  tensile s tren g th  fac to r to  com pute the  
thickness of th e ir  scantlings. In specting  engi­
neers also depended on th is  and  th e  transverse  
resu lt to  pass w ith  confidence th e  m ateria l 
exam ined, so fa r  as the  s tren g th  of the  m etal 
p u t in to  the  casting  was concerned. Could the 
shear te s t resu lt be converted in to  th e  tensile 
result by a single constan t?  Or if no t, could 
the shear te s t resu lt be used for designing 
machine requirem ents? The answ er to  both  these 
questions was in  th e  negative. I t  was claim ed 
th a t  tensile resu lts for cas t iron  were never cor­
rect. This, however, he d id  n o t ad m it if  done 
carefully  in  a proper m achine. A fte r te s tin g  
e igh t d ifferen t bars i t  was found th a t ,  on te s tin g  
again  the  broken halves, no re su lt of any half 
varied  more th a n  0.5 tons from  the  o rig inal b ar. 
N orbury, before s ta r tin g  a recen t investigation , 
also tr ied  o u t th is  m a tte r . F rom  each of the 
two m ix tures he cast four bars. H is  resu lts were 
as f o l l o w s 12.8 tons, 12.7 tons, 12.4 tons, 12.9 
tons. The o ther m ateria l gave 18.9 tons, 18.2 
tons, 18.7 tons, 18.3 tons. Surely these figures 
are  near enough for p rac tica l requirem ents. 
Even if i t  were g ran ted  th a t  th e  m achine or 
s tru c tu re  of the  bar did n o t re tu rn  tru e  tensile  
results, the te s t would always be below th e  tru e  
stren g th  figure and would th u s  only give an 
add itional factor of safety  to  th e  engineer. On 
the o ther hand, i t  was always found th a t  where 
shear and tensile resu lts of m etal of vary ing  
composition were given, the re  was a prem ium  
accorded to poor m ate ria l by th e  shear te s t. 
Take b u t one exam ple from  ex p erien ce : Mac- 
K enzie sent him a 2-in. by 1-in. b ar of acknow­
ledged poor iron. The m odulus of ru p tu re  figure 
was 14.4 tons, w hilst the  shear te s t  gave 26.4 
tons. Such results m igh t enable foundrym en 
to  ge t poor m ateria l accepted, b u t i t  would 
recoil on them  and deal a blow a t  the industry  
in  which they were all in terested .
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History of Frémont Test.
E xam ining the h istory  of the  F rem ont shear 

te s t, M r. Shaw said th a t  th is  engineer was not 
satisfied w ith the te s t methods in  vogue 28 years 
ago, and tu rn ed  his a tten tio n  to  the shear test. 
A fte r designing a small m achine for th is  pu r­
pose he collected 140 bars of known tensile and 
im pact values and compared these results w ith 
shear tes ts  tak en  from  small pieces cu t from 
these bars. F rom  these resu lts he drew certain  
conclusions. I t  was known now th a t  these con­
clusions were open to  serious doubt ; in  th e  first 
place, it  was known th a t  even the  improved and 
modified F rem ont shear m achine shown a t  the 
last E xh ib ition  held in  London was no t perfect. 
A tten tion  was draw n to  th is by both E llio tt and 
R other. The au tho r adm itted  th is in his reply 
to  Professor P isek  and  also the  fa c t th a t  he did 
not use th is type of m achine himself. I t  was 
known th a t  in  the  foundries of 25 years ago the 
tensile m achine was of a very crude character 
and its  resu lts not dependable. There was no 
inform ation given of the  chemical composition of 
the bars, nor if all were cast and tested  in one 
size, and certa in ly  th ere  was no knowledge of 
th e ir  s tru c tu re , and i t  seemed to  him  th a t  the 
whole of F rem o n t’s work was so doubtful, owing 
to  causes over which he had  no control, th a t  it  
would be b e tte r  le ft ou t of any argum ent. 
Surely, a f te r  six years’ in tensive propaganda 
such as had  been m ade, more recent and depend­
able inform ation  could be produced. U nfo rtu ­
nately , th is  was n o t so, or a t  least i t  had not 
been published. There was th e  excellent 
unbiassed P ap e r by Professor Siegle given in 
1923, whose conclusions were much in line w ith 
our own. There were also the  two American 
reports by E llio tt and R other. They both agreed 
th a t  on th e  same bar on the  same machine the 
shear resu lts were fairly  concordant, b u t, as 
R o ther pointed out, both workers obtained a 
d ifferent ra tio  of shear to  tensile. R o th e r’s 
figure was 0.75, w hilst E llio tt’s was 1.3. N either 
of them  noticed th a t  shear ra tio  to  tensile in ­
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creased in both cases w ith  th e  lower tensile 
results, b u t i t  was so. B olton’s Table also demon­
stra te d  the  same fea tu re . I f  th e  1.2 bars only 
were abstrac ted , th e  low tensile  resu lts a ra tio  
of 1.5, w hilst th e  h ighest showed 1.26. P isek  
also produced confirm atory evidence, b u t he per­
sonally had  n o t a copy of his figures. R onceray 
gave a P ap e r on th e  sub ject, b u t i t  con tained  no 
o ther d a ta  b u t F rem o n t’s o rig inal figures. T here 
were also two excellent foundry-contro l P ap ers  
by Audo and  Le Thomas, in  bo th  of which th e  
same type of m ateria l was used, nam ely, a low- 
phosphorus, low -sulphur iron , and  each strove to  
ob tain  a fu ll p earlitic  m a trix . V ery complete 
control was exercised from  th e  in itia l raw  
m ate ria l to  th e  m achined casting . As already 
s ta ted , u nder these conditions concordan t resu lts 
m igh t be expected, b u t th is  was for one type  of 
m ateria l only and  was of li tt le  use in  a rr iv in g  
a t  a conclusion as to  th e  value of th e  shear te s t 
when applied to  th e  large v a rie ty  of work both 
in  design and  m ix tu res th a t  were now in  use, 
where te s ts  were called for. A fte r all, i t  was an 
in te rn a tio n a l te s t and no t a works ro u tin e  te s t 
th a t  was sought for. I t  m ust be rem em bered 
also th a t  both  in  F ran ce  and in  th is  country  
th ere  were large q u an titie s  of useful iron  ca rry ­
ing 1 per cent, phosphorus. T ha t, to  his m ind, 
summed up th e  available in fo rm ation  outside 
B rita in , b u t th e re  was no doubt th a t  m ore work 
on a scale dealing w ith  varied  compositions had 
been done here th a n  elsewhere, and these resu lts 
were open for anyone to  check in th e ir  own 
works.

British Opinion Crystallised.
Briefly, the  findings, as the  resu lt of the  work 

done on shear te s tin g  in  th is  country , w ere ;.—
(1) The m achine would need to  be s tandard ised  

if sim ilar readings, even from  th e  sam e sam ple, 
a re  to  be o b ta in ed ; also the  least w ear affects the  
results.

(2) T h a t trep an n in g  o u t a  sam ple is useless 
unless th a t  sample is e ith e r ground  or m achined 
to  dead-size. Jolley has shown th a t  w ith  every 
reduction  per in. the  resu lt per square inch 
and ra tio  alters.
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(3) T ha t the  0.22-in. d ia. bar is too small to 
give tru e  results and is sensitive to  graphite- 
size much more th an  0.5 in. dia. Pearce found 
an increase of over 4 tons between 0.22 in. and 
0.5 in. d ia ., th ree  of each being tested  from  the 
same bar and position. A glance a t Jo lley’s 
resu lts also confirmed th is. As the  finer-struc- 
tu re  m etal is tes ted  th is  difference ceases.

(4) I f  te s t bosses were drilled, as suggested by 
Le Thomas, i t  was found i t  depended again  on the 
s tru c tu re . E llio tt s ta ted  one te s t tak en  from  
the  cen tre  of th e  boss gave 14.2 tons, w hilst near 
the  edge i t  showed 17.2 tons. H yde obtained 
from  the  m iddle of the  end section of a 2-in. by 
1-in. bar, 15.4 tons, w hilst tes ts from  e ither side 
gave 18.6 and 19.5 tons respectively. A second 
bar from  the  same boss showed the  same resu lt. 
I f  th e  sample were tak en  from  the  casting itself 
i t  was found th a t  by tak in g  shears |  in. each 
tim e th a t  th e  resu lts were as follow s:—15.3 tons ; 
14.6 to n s ; 13.8 tons. R eversing the  same sample 
so as to  s ta r t  again  w ith an outside edge, b u t 
tak in g  cuts § in. each tim e, the  results dropped 
to  the  fo llow ing:—15.3 to n s ; 13.5 tons ; and 
12.9 tons. Le Thomas m entioned the  danger of 
separately  tested  bars being faked. W ith  bosses 
cast on as he suggested, th is  was a much more 
real d a n g e r ; a chill p late  on the  end or a few 
flat-headed nails flush w ith the  mould would a lte r 
the  boss s tru c tu re  entirely , and the  fraud  would 
be very difficult to  discover.

(5) The dom inating  factors were th a t  the 
shear-test resu lt had no constan t ra tio  to  e ither 
tensile or transverse w ith varying composition. 
T ha t in  every case by th is te s t a prem ium  is 
placed on poor m ateria l, w hether i t  be soft or 
b rittle . In  th e  case of Jo lley’s results, which 
extended over twelve m onths and covered a t least 
150 tests, th e  m etal was always ru n  in to  castings, 
and the  tes t-bar used th roughou t was 14 in. by 
1 in. by 1 in ., th e  tensile and shear being taken  
from the  broken transverse, yet the  shear ra tio  
to  tensile varied from  1.37 to  1.84. P earce’s 
figures were from  1.07 ra tio  to 1.92; H yde’s 
figures on two m ixtures only were 1.2 ra tio  to
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1.42. Personally derived figures on tu rb ine  
m ix tu re  were 0.99 ra tio  to  1.91 on hard  b u t 
m achinable ir o n ; C am eron’s figures on six 
m ix tures were 1.04 ra tio  to  1.17. In  every case 
the  h igher ra tio  w ent w ith the  low tensile result. 
In  conclusion M r. Shaw assured the  C ontinental 
visitors th a t  the  B ritish  had no o ther object th an  
to  serve our common trad e . I t  d id not m atte r 
from  w hat source a be tte r te s t procedure could 
be p roduced ; if fully approved i t  would receive 
th e ir  whole support.

In  justification  of his conclusions, M r. Shaw 
subm itted  Tables A to  C.

The P r e s i d e n t  rem arked th a t  the discussion 
revolved round w hether a ce rta in  section of the 
foundry  industry  approved of the  shear te s t or 
w hether they  d id  not. H e hoped subsequent 
speakers would be as brief as possible. There 
was no necessity to  stress the  fa c t th a t  different 
resu lts were obtainable from  d ifferent th ick ­
nesses of sections; such a condition of th ings 
was common to all and every te s t applied to  cast 
iron. W hat i t  was desired to bring  ou t in  the 
discussion was w hether the  shear te s t as sub­
m itted  by our F rench colleagues was a reliable 
and practica l te s t for use in the  exam ination of 
castings.

The Function of Testing Defined.

Mb. J .  T. M a c k e n z i e  (American Foundrym en’s 
Association) said th a t , speaking for himself, i t  
seemed to  him  th a t  the B ritish  and the  French 
had arrived  a t  some unanim ity  of opinion on 
th is m a tte r , although in different directions, bu t 
there seemed as m any different opinions on th is 
m a tte r  in  America as i t  was possible to  have. 
The principal exponent of the shear te s t in the 
U nited  S tates was M r. Bolton, who found i t  
very useful for surveying castings, as he called 
it, b u t personally he did not th ink  the fac t th a t  
the  shear te s t did n o t show a rec tangu lar func­
tion  of the tensile m eant th a t  i t  was not a func­
tion  of the tensile. H e was certa in  th a t  in  the 
case m entioned by Mr. Shaw there  was a pipe 
in the centre, and the tensile te s t on such a bar
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would necessarily be low. H e would never have 
used th a t  exam ple, because he was ce rta in  there 
was a pipe. In  one case m entioned by Mr. 
Shaw he had a transverse te s t of 24 tons and 
20 tons shear, w ith  2 per cent, carbon and 1.4 
per cent, silicon, and if th a t  bar were taken  
from  the  cen tre  of the  casting  he did no t see 
how one could expect to  g e t a good shear test. 
In  ano ther case m entioned by M r. Shaw the 
transverse was only 14 tons and the  shear was 
26 tons, the  analysis being carbon 3.1, silicon 
2.0 and  phosphorus 0.85 per cen t., and in th a t  
case 14 tons transverse appeared to  be a very 
poor resu lt indeed.

Mr . Shaw said these results were obtained on 
a sample supplied by M r. M acKenzie.

M r. M acK enzie said his idea was th a t  the test- 
bar was the  evaluation  of the m etal in  the ladle, 
and all the  engineers could do was to  take  the 
service records of p a rticu la r m etals and try  to  
assure themselves th a t  new castings were the 
same quality  as the  one th a t  had given good ser­
vice. The endeavour was now being made to find 
th a t  out in  a litt le  b e tte r way th a n  formerly, 
b u t the  fa c t th a t  a shear or a tensile or a  tra n s ­
verse te s t showed the  properties of a casting  did 
no t m ean th a t  any one of them  was good enough 
to  set down as a complete engineering specifica­
tion . A t the same tim e, i t  was fe lt in America 
th a t  all the  tes ts  now in  existence were too 
valuable to  be disposed of by adverse criticism .

Official Belgian Attitude.
The following com m unication from  the Scien­

tific Comm ittee of the Liège Section of the Asso­
ciation  Technique de Fonderie de Belgique was 
then  read : —

This in te rim  rep o rt acknowledges th a t  tests 
made on separately  cast test-pieces do not give 
an absolute g uaran tee  of the value of a casting.

Blowholes, slag inclusions, porosity, shrinkage 
cavities and in te rn a l stresses are amongst the 
m any factors which reac t adversely upon the 
value of th e  casting, and which a te s t from a 
test-piece, even if of sim ilar thickness as th a t  of
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th e  average section of the casting, cannot reveal 
w ith  ce rta in ty .

The Com m ittee cannot re jec t the  declarations 
of repu tab le  foundrym en and painstak ing  en­
gineers, se ttin g  fo rth  the  whole value of the 
in form ation  obtained during  th e  last 15 or 
20 years, based on the  one side on tests made 
on separately  cast test-pieces, nor, on the  other 
hand , can they  d isregard  th e  corresponding 
resu lts obtained from  daily practice established 
over very long periods.

The tim e necessary for the  collection of such 
inform ation  is, in some degree, a m easure of the 
fully justified  fears of engineers w ith regard  to 
any change in  th e  type  of te s t to  be u tilised.

The problem posed has th ree  possible objects: —
(1) To establish th e  value of a c a s tin g ; (2) to  
establish th e  value of a type or m ix tu re  of cast 
ir o n ; and (3) to  establish the  value of a new 
method of testing .

To Establish the Value of a Casting.
From  th e  foregoing the  Comm ittee believe th a t  

th e  value of a casting  (ap a rt from  such fau lts  in 
the  casting  as have been m entioned above) may 
be judged  from  th e  properties of the iron, as 
ascertained by tests on separate  test-pieces.

The Com m ittee fully recognise the  ingenuity  
of the  shear te s t as applied to  test-bars obtained 
by trepann ing , and consider i t  as an in teresting  
m ethod w orthy of fu r th e r  study and of being 
carried  to  the  po in t of efficiency. The opinions 
of its  members, however, differ on th is subject. 
The test-bar obtained by trep an n in g  is very 
irregu la r, and on th a t  account gives only ap ­
proxim ate results.

The princip le of u tilising  transverse or shear 
tests is excellent under the  condition of being 
applied to  machine-finished specimens. The 
test-bars obtained by trep an n in g  can only ind i­
cate local conditions existing  in a small p a rt 
of the  m ateria l, th e  therm al history  of which 
may be as d ifferent from  th a t  of the  whole 
casting  as in th e  case of a separately  cast test- 
bar.



The Com m ittee has not re jec ted  th is  m ethod 
of testing . A series of experim ents a re  to  be 
made shortly , so as to perm it of the  g iv ing of 
an opinion based upon figures.

To Establish the Value of a Type of Iron.
Our Com m ittee have th o u g h t i t  useful to  study  

the  two B ritish  and A m erican suggestions, both 
accepting the  idea of a transverse  te s t  on a 
large-sized bar, and differing only as to  applica­
tion.

The B ritish  method provides th ree  d iam eters 
of test-piece according to  th e  average thickness 
of th e  cas tin g s ; th e  A m erican (and also th e  
German) m ethod, prescribes only one size of 
test-piece.

In  order to  be able to  judge  of these two 
methods, six foundries in  th e  Liege d is tric t, 
represented  on th e  Com m ittee by th e ir  tech ­
nicians, undertook to  cast a series of test-pieces, 
in different qualities of iron , according to  th e  
three B ritish  dim ensions. The resu lts a re  sum ­
m arised in  th e  d iagram  annexed (F ig . A).

W hat are  the  purposes to  be served by the  
ideal test-piece? Is  i t  to  determ ine th e  p roper­
ties of different types of iron, cast in  m oulds for 
sim ilar test-pieces, w hilst ac tua lly  these irons 
will have entirely  d ifferent therm al h istories?

Or is i t  to  determ ine th e  m axim um  tensile 
th a t  can be given by th e  iron—a question which 
supposes an inquiry  in to  th e  m ost favourable 
therm al conditions?

The first d irection  leads us to  th e  single tes t- 
piece (the A m erican solution). The second to  
types of test-pieces of d ifferent dim ensions, or to  
the  B ritish  solution.

Conclusions.
In  th e  m ajo rity  of cases, where irons of 

inferio r or medium quality  are  employed, the  
varia tion  of results according to  th e  size of the  
test-pieces is regular. F rom  th e  resu lts given 
w ith one test-piece one can an tic ip a te  w ith in  
reason the results given by test-pieces of ano ther
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F or ce rta in  special irons the  varia tion  follows 
ano ther law. The medium-sized test-piece gives 
h igher results th a n  th e  two others.

I t  m ust be adm itted  th a t , according to  the 
therm al h istory  of the test-piece, the  streng th

reaches a maximum , all o ther th ings being equal, 
for a definite d iam eter of test-bar. F or the 
m ajo rity  of th e ir  tes ts th e  Comm ittee find i t  on 
th e  falling  branch of the  curve of the d iag ram ; 
for o ther cases, the  maximum corresponds to a

20 
OlA. OF 

T e s t  P iece.
0.875in$. I-20 ins. 2-2  ins 

F i g .  A.—B e l g i a n  E x p e r i m e n t s  o n  
t h e  B r i t i s h  T e s t - B a r  S c h e m e .
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diam eter of about 30 mm. These observations 
conform ing to  theory, have led us to  conclude in 
favour of th e  B ritish  specification, since a te s t 
on a single dim ension, applied to  a ll cases, will 
no t p erm it one to  draw  conclusions as to  the  
quality  of the  m etal when cast in  a g rea te r or 
lesser thickness. I t  appears to  us useful, if not 
necessary, to  determ ine th e  qua lity  of th e  m etal 
when cast a t  a  g rea te r or less thickness. I t  
appears to  th e  Com m ittee decidedly useful, if 
no t essential, to  determ ine th e  qu a lity  of th e  
m etal under conditions approx im ating  to  those 
m et w ith  in  th e  ac tua l castings.

To Establish a New Method of Testing.
W ith  reference to  a new stan d a rd  te s t to  be 

tak en  as a  basis of com parison, th e  very g re a t 
varie ty  of resu lts obtained w ith  th e  sam e type  
of iron, according to  th e  differences of its  
therm al h isto ry , induces th e  C om m ittee to  
foresee th e  necessity of tak in g , as a basis of 
comparison, a m easure corresponding to  a single 
po in t of the  curve of possible s tren g th s of th e  
iron, viz., th a t  of m axim um  tensile s tren g th , 
a consideration which brings us back again  to  
th e  B ritish  thesis.

Fundamental Differences in French and British Views.
Mr . J .  G. P e a rc e  (B ritish  C ast I ro n  R esearch 

Association) said th a t  th e  divergence between 
the  B ritish  and F rench points of view on the 
tes t-bar question was so fundam enta l th a t  i t  
was really very difficult to  discuss th e  p resen t 
P ap er w ithout e ither a p p a ren t discourtesy o r the 
use of methods of controversy th a t  were n o t in  
the  best in terests of technical progress. H e fe lt 
th a t  both countries were aim ing a t  th e  sam e goal 
b u t were approaching i t  by two en tire ly  d ifferent 
ways, and m utual criticism  m igh t serve a  very 
useful purpose in  preven ting  the  lim ita tions of 
e ither country’s methods being overlooked. H e 
thought, however, th a t  th e  au thors of th e  p re­
sen t P ap e r dam aged th e ir  case by lectures on 
th e  “  force of h ab it and  rou tine  ”  and  on the 
errors of the  foundrym an. The nam es of F re ­
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m ont and Portev in  were well known and 
esteemed in  G rea t B rita in , b u t the fa c t th a t  
they have “ absolutely condemned ” the tensile 
te s t did no t ju s tify  us in  abandoning the tensile 
te s t unless our experience supported  th e ir con­
clusions. This, however, was n o t the case. I t  
was un fo rtu n a te , too, th a t  the  au thors should 
so frequently  brush aside the objections and d if­
ficulties raised by o ther experim enters by the 
rem ark  th a t  “  the  au thors are n o t of th is 
opinion ” o r “ have no t been able to  observe 
any th ing  of th e  k in d .”

The P a p e r of his own so much criticised by 
the au thors d id  n o t find any place in  the ir 
bibliography, b u t was reported  in the  Proceed­
ings,* and  he was fla ttered  to  th in k  th a t  i t  should 
have been tre a te d  so fully, for only a cogent 
s ta tem en t of the  objections to the shear tes t 
could have m erited  so much a tten tio n . So fa r 
as criticism s of th e  transverse and tensile tests 
and of the  cast-off b ar were concerned, the con­
siderations he had  p u t forw ard were no t per­
sonal views b u t were the views which had guided 
the Grey Iron  Com m ittee of the  B ritish  E ng i­
neering S tandards Association in  issuing the 
general specification 321-1928. This specification 
embodied both transverse and tensile tests, and 
the au th o rs’ criticism s were therefore criticism s 
of a B ritish  national specification, in the pre­
p a ra tio n  of which every responsible body con­
cerned had  been consulted.

Development of the B.E.S.A. Specifications.
F o r m any years the quality  of particu la r cast 

irons for pipes, automobile, aeroplane and oil­
engine p a rts  had  been governed by B .E.S.A . 
specifications. The p repara tion  of a general 
specification issued in  1928 was the  logical ex­
tension of th is work, and the movement for a 
general specification was in itia ted  by M r. John 
Shaw before 1920. The general specification was 
being very widely adopted, and the testing  pro­
visions, which were the p a r t which concerned us 
most a t  the present moment, would doubtless

* Proceedings, Inst. British Foundrymen, Vol. X X I., p. 517.



very soon be adopted for all B ritish  na tiona l 
specifications for cast iron. We were n o t seek­
ing to  impose the tensile and the transverse  te s t 
on any o ther country , and  we were p repared  to  
discuss th e ir  d isadvantages very fran k ly  w ith  a 
view to  im provem ent. W e were p repared  to  
exam ine any new tests b u t we could n o t adop t 
them —and thereby  undo all the  work th a t  had  
gone before—w ithou t overwhelm ing evidence of 
th e ir  advantages. T h a t evidence was n o t fo r th ­
coming, e ith e r in  th e  case of th e  shear te s t  or 
in the  p a rticu la r form  of th e  single shear te s t 
on a small b a r advocated by F rem ont. I t  would 
be in te resting  to  know w hether th is  te s t was 
used th ro u g h o u t F ra n c e ; w hether i t  was speci­
fied by consulting engineers, or w hether i t  found 
a place in th e  na tio n a l specifications of F rance , 
Spain , I ta ly , Belgium  or Czechoslovakia. Surely 
tests proposed for in te rn a tio n a l use should first 
of all find general acceptance in  a na tiona l 
specification.

Shear-Test Rarely Specified.
The au thors were very c ritica l abou t th e  drop 

or im pact te s t, b u t since th is  te s t found  no place 
in  B ritish  na tio n a l specifications we should never 
seriously suggest i t  fo r an  in te rn a tio n a l speci­
fication. Equally, however, we should no t in te r ­
fere w ith  those who desired to  use i t  fo r special 
purposes, for research work, and  so on. The 
shear te s t was no t new in  th is  country . I t  was 
fam iliar to  te s ting  engineers and  th e re  was no 
dem and for the  single shear and  only a very 
weak dem and for the  double-shear te s t on any 
m ateria l. The d isadvantages of th e  tensile  te s t 
given in his (M r. P ea rce ’s) Sheffield P ap e r 
applied in some cases (such as th e  necessity for 
accurate m achining) even more to th e  shear tes t, 
and he therefore  took exception to  the  au thors 
quoting  his comments a f te r  th e ir  own sta tem en t 
of the  disadvantages of th e  tensile  te s t, which 
could, w ith  proper care, be corrected . The 
au thors also quoted some of his te s t figures and 
concluded th a t  there  was li tt le  difference in  shear 
value between 0.22-in. and 0.5-in. bars, qu ite  
overlooking the specific s ta tem en t given in the
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Sheffield P ap e r th a t  the  piece of iron taken  was 
specially chosen to  try  out the  te s t and  was 
very uniform  th roughou t the section. There was 
ample evidence th a t  in  o rdinary  irons the 
0.22-in. b ar gave a shear value m arkedly lower 
th a n  the  0.5-in. bar. The work of M r. W . Jolley 
showed th is clearly. In  view of sta tem ents made 
and diagram s published in recent Papers, i t  was 
particu la rly  in te resting  a t  th is  stage to  learn 
th a t  “  i t  is illusory to  look for any relation  
between shear s tren g th  and tensile s tren g th .” 
O ther speakers would deal w ith the  difficulties of 
the  shear te s t and trep an n in g , and he could 
safely leave to  B elgian, G erm an and Czecho­
slovakian members to  deal w ith criticism s of 
work done in  th e ir  respective countries. He 
also took exception to  the  wholesale condemna­
tion  of the  use of the  ru p tu re  modulus. D oubt­
less, if th is  could be discouraged, th e  use of a 
single tes t-bar would be brough t n earer to  
realisa tion , and on the  single F rem ont tra n s ­
verse m achined bar th e  breaking load was 
enough, b u t when various sizes of tes t-bar were 
used, an inheren t fea tu re  of the  B ritish  pro­
posals, the  ru p tu re  modulus was th e  only 
ra tiona l way of com paring the  stren g th  of one 
size w ith  th a t  of another.

There appeared  to  be a slight error, possibly 
in tran sla tio n , w ith regard  to  the  section 
m odulus K . This is described as tbe  modulus 
of ru p tu re  and as no t being calculable. K , of 
course, is the  section modulus and is susceptible 
of m athem atical calculation for any given section.

The P ap e r continued by a logical process of 
developm ent to  im practicable conclusions to 
which we have been accustomed in previous 
P apers on th is tes t, w ith  regard  to the  necessity 
for small pieces, trepann ing , etc. H is (Mr. 
P earce’s) view w ith  regard  to  the  ball- tes t aiid 
m icro-exam ination was perfectly consistent, and 
he though t of them  exactly as he though t of the 
shear tes t, as a useful m ethod of exam ination 
in  investiga ting  a casting for any purpose, bu t 
he would no t for a m om ent consider p u ttin g  
the  ball te s t or m icro-exam ination in a com­
m ercial specification, any more th an  he would
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th ink  of including the  shear tes t. The au thors 
did no t dispose of the small test-piece difficulty 
by quoting Czochralski.

French Shear-Test Specification Analysed.
H e would, however, be con ten t to  leave the  

consideration of the  value of the  new tes ts  to 
be assessed by th e  specifications given a t  th e  end 
of th e  P ap er, th e  first specification which had 
been available embodying these new tests . The 
tests are shear, hardness and transverse , w ith.

Fig. B.

under certa in  considerations, the  compression 
test. The num ber of test-pieces m ay vary 
according to  the  w eight of the  casting , b u t is 
between two and five. C astings u nder 4 cwt. 
have two tests and these a re  both shear tes ts, 
b u t for 3, 4 or 5 test-pieces one is a transverse  
tes t. The ball te s t specified is such th a t  by 
itself i t  carries practically  no w eight a t  all. Thus 
for o rd inary , strong and ex tra  strong  castings 
the range of Brinell hardness is 130-240, 150-240, 
and 170-240. The figures given for the  o ther 
tests are shown in Table D. They have 
been obtained by converting th e  figures to  
E nglish m easurem ents and assum ing a ra tio
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of shear to  tensile of 1.3. In  the transverse 
test, since the load on the  bar, only one-eighth 
of a sq. in. section, tested  a t  1 in. centres would 
be meaningless to  B ritish  readers, the load is 
expressed as modulus of ru p tu re , which is 
usually 1.8 to  2 tim es the tensile. H e was not 
clear w hether th e  transverse tes t-bar was tested 
in  the  u p rig h t or the  fla t positions, b u t had 
assumed the case m ost favourable to  the  authors, 
th a t  i t  was tested  flat. In  th is case the tra n s­
verse te s t was ra th e r  high compared w ith the 
tensile which, incidentally , agreed very well with 
the compression tes t. The conclusion draw n from 
these figures was th a t  as specification figures for 
e x tra  strong, strong and ordinary  castings they 
a re  extrem ely low and would not be acceptable 
to B ritish  engineers. The tensile figures quoted

Table D.
Extra
strong. Strong. Ordinary.

Tensile—tons/sq. in. 12.2 9.8 7.3
Transverse rupture

stress—tons/sq. in. 27.0 22.2 17.3
Deflection—in. 0.01 0.01 not l

specified
Compression—tons /

sq. in. 49.6 40.0 30.5
Brinell 170-240 150-240 130-240
in the  F rench specification would probably re­
quire under B ritish  conditions, to be, say, 16, 
12 and 9 tons per sq. in. A deflection figure 
of 0.01 in. would seem alm ost meaningless.

The figures quoted in the specification suggest 
th a t  they refer to the weakest portions of the 
casting  taken  on small bars trepanned  from 
th ick  sections, thereby tac itly  adm itting  w hat 
has so often  been criticised as the draw back to 
the F rem ont shear and transverse tests.

Assessing Relative Importances.
M b. W. J o l l e y  said th a t  MM. Le Thomas and 

Bois had given a good account of the shear-test 
m ethod for tes ting  cast iron. A lthough he did 
not fully agree w ith th e ir  views i t  was realised 
in th is country  th a t  the shear-test method was
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worthy of fu ll exam ination , and  i t  had  been 
given every consideration  before s ta tin g  th a t  the 
B ritish  did no t consider i t  a sa tisfac to ry  tes t 
for cast iron. A pparen tly  th e  views of the 
suppliers of steel castings were th e  same. M. Le 
Thomas s ta ted  th a t  th e  transverse  te s t was the  
best te s t fo r cast iron, and ought to  ta k e  th e  
first place am ongst a ll o ther tests , y e t th e  speci­
fications in the  P ap e r placed the  shear te s t  as 
first te s t and  suggested a s ta tic  tran sverse  te s t 
if required . D id no t th e  au thors consider th e  
transverse  te s t, coupled w ith th e  deflection te s t, 
to  be the  best te s t fo r g iving an  ind ication  of 
the  quality  of the  cast iron ? The tensile  te s t 
appeared  to  be th e  m ost sa tisfac to ry  for giving 
an indication  of the  s tru c tu re  of cast iron . No 
engineer would consider buying castings on a 
tensile te s t only, b u t they  bought castings w ith 
a deflection and transverse  te s t. All foundry- 
men realised they  could ob tain  h igh tensile  tes ts  
w ith  low transverse  and  deflection, also high 
shear te s t w ith  low transverse  and  deflection. 
The au thors considered th e  tool m arks le f t  on 
th e  shear-test-core did n o t v it ia te  th e  resu lt. 
H is experience when ob ta in ing  shear-test-cores 
from  large castings, especially w ith  portab le  
d rilling  machines, was th e  lack of un ifo rm ity  
in  th e  d iam eters of th e  specimens, and  in  some 
instances a difference of 0.007 had  been obtained, 
necessita ting  the  m achining of th e  test-pieces 
to  0.22 dia.

Problem of Choice of Location of Tests.
As th e  au thors poin ted  ou t, i t  would seem 

absurd to  judge a  casting  by its  exam ination  
of a  p a rticu la r point, b u t th e  d ifferent points 
m ust be sufficiently num erous and  judiciously 
d is tr ib u te d ; he would like to  ask th e  au thors 
who would decide these points and  w hat would 
be th e  varia tions allowed in  th e  te s ts?

F ig . B showed a bottom -half tu rb in e  casing. 
The black spots show th e  positions from  where 
shear-test-pieces were trepanned .

Table E showed th e  physical and  chemical 
results of the bars cast separately , also th e  shear-
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te s t results of th e  trepanned  test-pieces th a t  had 
to be m achined owing to  the  wide varia tion  in 
the d iam eter of the  test-cores, due to  the use 
of a portable drill and the  grinding action of 
the  cu ttings.

W here did the  au thors suggest, asked Mr. 
Jolley, the  test-piece to  he trepanned  from in 
a casting  of th is  description? I f  there  were to 
be a test-piece for every different section, he 
was a fra id  the  inspecting engineers would object 
strongly  to  the  num ber of plugs req u ired ; also, 
w hat specification would cover a casting such as 
th is w ith  so m any varying sections.

F ig . C showed the  results pbtained from bars 
m achined to  reduced diam eters varying by 
0.001 in. and  tested  in  the  0.5 in. dia. tes ting  
ap p ara tu s, published in The F o u n d ry  T rade 
J o u r n a l  of A pril 4, 1929. I t  would be seen th a t  
any sligh t reduction  in  size from an exact fit 
in th is  m ethod of testing  was a g rea t factor. 
An exam ination  of the frac tu res showed a clear 
shear for the  bars m achined to size, b u t those 
under size had a frac tu re  th a t  indicated a bend­
ing action had  tak en  place. D id th e  authors 
consider th a t  the  shear-test-piece as trepanned 
was sufficiently accurate to  be the  controlling 
te s t for the acceptance of large and in trica te  
castings ?

T a b l e  E .— Tests from a Large Turbine Casing on Cast-Off

and P, 0.61.
Physical tests. (Bars cast 1,1 in. sq., machined 1 in. sq., 

tested 12 in. centre .)
Transverse. Tensile. Deflection. Brinell. Shear.

Shear test. (Bars trepanned from 3-in. and lj-in. sections, 
machined to 0.22 in. dia.)

Lbs. Ton>. In. 
3,130 14.6 0.128

Tons. 
229 21.4

3-in. section 
U-in. „

14.8 tons. 
17.2 „
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Brinell Hardness and Mpchinability.
R egard ing  the B rinell hardness-test specifica­

tion of 170 to  240, had not the  authors had the 
experience th a t  steel m ixtures w ith 250 and 
over gave castings readily  m achinable? Owing 
to  the  lack of d a ta  on th is  m ethod of tes ting  
he did no t consider it  advisable to  introduce it 
yet in a specification for cast iron.

Table P  showed the  relationship  th a t  had been 
found to  ex is t between the shear te s t and te n ­
sile tes ts tak en  from  daily tes ts over a period 
of six months. As the same specimens were 
used for shear and tensile the question of errors 
in composition and physical condition of castings 
were elim inated .

Table P .—Shear Relationship to Tensile.
Shear 0.22 in. dia.

Bar cast 1 in. square and machined to 0.5 in. dia 
tensile, afterwards tensile test bar machined and use! fo 
shear tests.
10.5 tons tensile 1.61 ratio 17.0 tons shear.
13.5 „
16.5 „
19.4 „

1.47 „ 20.0
1.39 „ 23.0
1.34 „ 26.0
1.31 „ 28.021.3 „

Shear 0.5 in. dia.
Bar cast 1 in. square and machined to 0.5 in. dia. 

tensile, afterwards tensile bar used for shear tests.
9.5 tons tensile 1.84 ratio 17 tons shear.

12.5 „ „ 1.60 „ 20 „
15.5 „ „ 1.47 „ 23 „
18.5 „ „ 1.40 „ 26 „
20.5 „ „ 1-37 „ 28 „

These ra tio s were from  the  curves p lo tted  from 
over 150 tests. F rom  th e  results i t  was found 
th a t  the  lowest tensile resu lt' 9.5 tons showed 
a ra tio  of 1.84 to  the  shear tes t, whereas the 
ra tio  for the tensile te s t of 21.3 tons was 1.31. 
I t  appeared  th a t  the  ra tio  between shear and 
tensile te s t was definitely, inversely proportional 
and was no t a constan t figure for cast iron.

A curve p lo tted  from over 150 tests showed 
th a t  i t  was practically  impossible to  obtain a
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line for the  transverse tes ts  ag a in s t shear tests, 
and if one com pared the  chem ical composition 
no th ing  b u t confusion arose as resu lts were so 
con trad ictory . Some exam ples were given in  
Table G.

Graphite Size and Small Test-Pieces.
F ig . D showed an  a tte m p t to  dem onstra te  the  

results obtained  from  an  8-in. block of cast 
iron w ith  a core cast in  to  allow fo r vary ing  
wall thickness. I t  would be seen th a t  th e  wall 
thicknesses were f  in ., f  in ., 2 f in. and 3 in. 
A 1-in. slab was cu t off th e  bottom  of th e  casting  
and  th en  shear-test specimens w ere tak en  from  
th e  e igh t positions as shown by rings. Two 
0.5-in. test-pieces were tak en  from  each wall 
so as to  obtain  dup licate  tes ts  on each thickness. 
In  the  bottom  righ t-hand  corner would be seen 
the  analysis of the  cast iron which was obtained 
from  drillings tak en  a t  various points. I n  the  
cen tre  space of the  block would be seen th e  shear- 
te s t resu lts , and  th e re  was a very  noticeable 
difference between th e  3-in. and  f- in . sections, 
although th ey  were both  from  th e  same m eta l 
and  th e  same casting .

R ound th e  edge of th e  block could be seen 
m icrographs showing th e  size and s tru c tu re  of 
g rap h ite  a t  th e  p o in ts ' where th e  shear-test 
specimens were tak en  from . These were self- 
exp lanatory , especially when one com pared th e  
large  flakes in  th e  3-in. w all w ith  th e  sm aller 
one in  th e  f- in . wall.

I t  would probably be of in te re s t to  visualise 
the  volume space the  g rap h ite  flakes would 
occupy in  a 0.22-in. shear-test specim en tak en  
from  the  3-in. wall ju s t w here th e  g rap h ite  flakes 
bunched together, and would i t  be a rep resen ta ­
tive piece for the  m etal used in  th e  casting?

From  the  resu lts shown in  F ig . D and  fu r th e r  
tests th a t  had  been carried  ou t, i t  was con­
sidered th a t  th e  position on th e  casting  and 
section where th e  test-pieces were tak en  from  
would govern th e  resu lts . To explain  th e  v a ri­
able results th a t  would be obtained in  a casting  
i t  would be necessary for all inspectors to  be
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thoroughly fam iliar w ith all carbon changes in 
cast iron due to  d ifferent section s tru c tu res  
which did n o t appear in  steel castings.

Where the British Test Fails.
Mb. H . J .  Y o t j n g  said th e  F ren ch  F rem o n t 

tes t is a genuine a tte m p t to  find ou t w hat a 
casting  is like. I t  m ust be g ran ted  th a t  one 
m ight need to  tak e  a  few tes ts  from  each com­
plicated  castin g ; i t  m ust be g ran ted  th a t  in 
c e rta in  castings i t  would n o t be p rac ticab le  to  
do th is. N evertheless, th e  F rem o n t te s t is, 
w ithou t any doubt w hatsoever, a definite and 
commendable effort to  provide a  te s t which will 
ind ica te  th e  p roperties of th e  iron  as i t  appears 
in  p a rts  of the  casting  itself. M r. Jo lley  had 
shown a slide of a casting  hav ing  four sides of 
very d ifferent th icknesses; he could no t have 
chosen any more u n fo rtu n a te  exam ple, because 
th e  B ritish  te s t would fa il en tire ly  to  ind ica te  
the  properties of th a t  p a rticu la r casting , w hereas 
the F rench  F rem on t te s t m ight— and if p e r­
form ed accurately , undoubtedly  would—do so.

The P resident : I  had  m ade a no te  to  the  
same effect myself.

Cast-Off Bars Disparaged.
M r . Y oung, con tinu ing , said we needed some­

one half-way across th e  C hannel to  censor th e  
correspondence on th is sub ject passing between 
the  two countries. I t  should be possible to  agree 
to w hat th e  F rench  F rem on t te s t is designed to  
show ; its  value and th e  best m anner of carry ing  
i t  ou t could come la te r. I f ,  however, we agree 
to  recognise the  m ain  idea behind th e  F rem on t 
tes t, i t  is no less necessary to  disclose th e  same 
purpose w ith regard  to  th e  B ritish  te s t and  to  do 
so in  no d ifferent sp irit. A grave e rro r had 
c rep t in to  our p ro ced u re ; an  e rro r w hich m ay 
well explain, and certa in ly  excuses, any ill- 
feeling on the  p a r t of our C on tinen ta l friends. 
H e (M r. Young) had been a  mem ber of the 
original tes t-bar com m ittee of th is  In s titu te , 
of the  nex t tes t-b ar com m ittee ru led  by the  
B ritish  C ast Iron  R esearch Association, and  of
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th e  com m ittee la te r form ed under the  auspices of 
the  B ritish  E ngineering  S tandards Association. 
H e had followed closely everyth ing said and done 
by all th ree  com m ittees, and having, for fifteen 
years, m ade thousands of separately-cast test- 
bars, having m ade hundreds upon hundreds 
of cast-on bars to  A dm iralty  specifications 
and those of m any classification societies, 
having likewise—for his own protection 
and inform ation—invariably  cu t ou t test- 
bars from  th e  casting  heads, runners, risers, 
flanges, and so on of all im portan t cast­
ings, he was in a fa ir  position to  know the  tru th . 
The t r u th  is th a t  a separately-cast bar does not 
represent the m eta l in  the casting and is value­
less as a comparison of w hat d ifferen t works are 
doing. F o r instance, many different qualities of 
iron will, on a separately-cast test-bar, give 
11 tons tensile and 2,500 lbs. transverse (on the 
A dm iralty  square bar), b u t only a few of those 
m any irons will produce any one p a rticu la r type 
of casting  so th a t  i t  possesses the desired h a rd ­
ness and s treng th .

B.E.S.A. Specification Examined.
The one and sole way by which the results 

from  a separately-cast bar can be valuable as a 
comparison from  works to  works or as showing 
the  p roperties of the  casting, is when the  compo­
sition  of th e  m etal and the  components of the 
cupola charges are known factors. This is com­
mon knowledge which the  new B ritish  S tandard  
Specification ignores and which the  A nnual 
S ta tem en t of th e  B .E .S .A . denies. L et us clear 
up th is po in t and s ta r t  afresh  w ith  our French 
friends. Clause 2 of our S tandard  Specification 
says th a t  “  the  composition of the  iron as cast 
shall be le ft to  the  discretion of the  m anufac­
tu re rs , b u t the  m axim um  percentage of phos­
phorus may be specified by the engineer or p u r­
chaser if he so desires.” Clause 5 says th a t  
“  th e  engineer or purchaser may also specify 
cast-on bars where the design of the  casting and 
method of ru nn ing  p e rm it.” I t  is to  be noted 
th a t  the  above wording has not by any means

v  2
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th e  same m eaning as if i t  had  said : The engineer 
or purchaser m ay specify cast-off bars where the  
design o f the casting does n o t perm it them  to be 
cast on. T herefore i t  is clear th a t  th e  B ritish  
Specification no t only allows b u t inclines towards 
separately-cast bars of unknow n composition. 
L et us tu rn  now to  th e  sta tem en t of th e  T en th  
A nnual M eeting of th e  B ritish  E ng ineering  
S tandards Association, which, on page 13, reads : 
“  The problem of securing a tes t-b ar which  
would accurately represent the m echanical pro­
perties o f the m eta l in  the casting  has been one 
of the  difficult problems in d u s try  has h ad  to  
face, and  th is  has involved a large am ount of 
experim ental work on th e  p a r t  of th e  B ritish  
C ast Iron  R esearch A ssociation, to  whom the  
thanks of th e  A ssociation are  d u e .” W hen th e  
w rite r, as an active m em ber of those com m ittees, 
as one who, like m any others, w illingly gave his 
tim e to th em , saw th a t  s ta tem en t he fe lt th e  whole 
th in g  was spoiled and th a t  we were, in  th e  eyes 
of th e  scientific world, no m ore enligh tened , no 
more w ishful for the  tr u th ,  th a n  before. H is 
(the speaker’s) feelings do no t m a tte r , b u t w hat 
about those of th e  F rench  people ? They know 
th e  m eaning of w hat we suggest in  th a t  last 
sta tem en t. They know th a t  th e  suggestion is 
m isleading and inaccura te . C an we com plain, 
then , if they  find them selves unable to  accept 
w ith g rea t pleasure our critic ism  of th e ir  own 
a ttem p t to  solve a problem which we wrongly 
claim  to  have solved by m eans of our separately- 
cast bars of unknow n com position? H ad  we not 
made th is unfounded claim  th e  B ritish  S tan d ard  
Specification would have gone down to  h isto ry  as 
a praisew orthy endeavour to  m eet th e  m any and 
diverse in terests  involved in  th e  commerce of th is  
country , and, moreover, B ritish  criticism s of th e  
F rench  te s t would have come, no t from  “  com­
p e tito rs ,” b u t from  fellow-seekers a f te r  tr u th .

H e (M r. Young) believes th e re  is no common 
ground for discussion of B ritish  and the  F rem ont 
test. In  its  correct pigeon-hole and  properly 
labelled, th e  new B ritish  Specification is excel­
lent for the use of B ritish  founders and engineers
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as they  are to -day ; as a  solution to  the  problem 
of “  securing a tes t-b ar which would accurately 
rep resen t the  m echanical properties of the m etal 
in  th e  castings,”  i t  is ludicrous. The Frem ont 
te s t in its  p resen t youthfu l s ta te  appears to be 
ju s t  the  opposite. H e did no t th in k  i t  would 
su it our engineers and founders of to-day, bu t, 
nevertheless, i t  was a definite step tow ards 
Securing test-bars which rep resen t the  m etai in 
various p a rts  of a casting. I t  is a very welcome 
move in  th e  r ig h t d irection , and he (M r. Young) 
has no hesita tion  in  suggesting th a t  had the 
idea of trep an n in g  test-bars o u t of the  castings 
been advocated in th e  first place by a B ritish  
in s titu tio n , we should have been “  as proud as 
P unch  ”  about it . I t  is difficult indeed to  see 
where our claims for i t  would have ended, con­
sidering w hat we have claimed for the  sepa­
ra te ly -cast test-bars. L e t us assess our own test 
a t  its  tru e  value in order th a t  th e  F rench  may 
welcome our efforts to  assess the value of theirs, 
and have sound reason to  believe th a t  we are 
unbiassed and as anxious to  learn  as to teach.

British and Fremont Tests not Comparable.
H e (M r. Young) said he contributed  th is 

criticism  of ourselves in order “ to  bring the war 
in to  our own co un try .”  H e deplored greatly  
the in te rn a tio n a l acrim ony which appeared to 
have sp rung  up on th is question and which he 
fe lt had  arisen d irectly  from an atm osphere 
which ended by insp iring , or perm itting  to  pass 
uncorrected, th a t  u n fo rtu n a te  sta tem en t, as 
quoted above, of th e  T enth  A nnual M eeting of 
th e  B .E .S .A ., concerning the new B ritish  specifi­
cation. I t  was his belief th a t  i t  was advisable 
to  form  an  in te rn a tio n a l tes t-bar committee, 
composed of those who, having no prejud ice on 
m a tte rs  scientific, would be as critical of th e ir 
own and of th e ir  own n a tio n ’s work as th a t  of 
anyone else or of ano ther nation .

The Polish Attitude.
Mb. B banson, speaking on behalf of the 

Polish D elegation in  general and M r. K . 
ftierdziejew ski in particu la r, said i t  was hoped
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to  con tribu te  som ething to  th is  sub ject of te s t­
ing m ateria ls  in  th e  n ear fu tu re  as w ork was 
being s ta r te d  in W arsaw. As regards th e  p re­
sen t discussion, i t  was fe lt th a t  i t  would be 
very useful in  p rep arin g  an  in te rn a tio n a l 
s tan d a rd  to  in troduce a new shock te s t fo r cast 
iron, since the  ex isting  shock te s t, tensile  te s t 
and  shear te s t did n o t appear to  be very sa tis­
factory. The reason was th a t  ce rta in  classes of 
castings, such as crank  cases, had  to  s tan d  up 
to  continued shocks, and  in  such cases b r i t t le ­
ness was a g re a t d isadvan tage . I t  would be 
an  advan tage  to  find a shock te s t  in  which the  
resu lts would be m ore concordant, no tw ith ­
stand ing  th e  shape of th e  section, th a n  is now 
the  case. F u r th e r , i t  m igh t be a good th in g  
to  do aw ay w ith  the  no tch  in  th e  shock te s t. 
I t  would th en  be possible to  found some re la ­
tionship betw een b rittleness , bending, etc. This 
was th e  po in t of view th e  Poles w ere ta k in g  up, 
because th ey  had found o u t th a t  shear tes ts  
were n o t sa tisfac to ry , and  th a t  a lthough  tensile 
tes ts  were very good th ey  also were not 
a ltogether sa tisfactory . Therefore th ey  w ere in ­
tend ing  to  t r y  and find a shock te s t.

Transverse Testing Commended.
Mr . J .  E . F l e t c h e r  said he took very much 

the same view of th is  m a tte r  as his confreres. 
This sub ject had  been th rash ed  ou t m any  tim es 
and, a f te r  all, th e  final th in g  th ey  w ere all 
in terested  in  was th e  ob ta in ing  of a good cast­
ing. O ur F rench  colleagues had, like ourselves, 
been try in g  to  find a m ethod which would in d i­
cate  th e  value of th e  s tru c tu re , u n d er vary ing  
conditions, of a casting , and he fe lt  th a t  the  
F rench  were to  be cong ra tu la ted  on hav ing  
b rought forw ard th is  tru ly  in te res tin g  po in t.

H e agreed w ith M r. Young th a t  we w an t some­
th in g  which will enable us to  know m ore of th e  
s tru c tu ra l s tren g th  of d ifferent poin ts in  a cas t­
ing, and several th ings had  been stud ied  by him  
in connection w ith  th e  transverse  te s t which 
m any of them  th o u g h t gave th e  best crite rion  
as to  the  s tren g th  of the  m eta l used in  a casting
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Founders m ust, for example, consider more 
carefully  the  ra tio  between the  shear stress and 
w hat we call ru p tu re  stress or modulus of ru p ­
tu re , which is an  estim ated  value.

In  cast iron th ere  was a  continually  varying 
ra tio  betw een the  compressive and the  tensile 
s tren g th s of th e  m ateria l, and he though t the 
tables in  th e  P apers should be extended so as 
to  express no t only th e  ra tio  between th e  esti­
m ated  ru p tu re  stress in the  transverse te s t and 
the  shear stress in th e  F rench  te s t b u t also, in 
the  old-fashioned way of p u ttin g  it , between 
th e  cen tre  b reak ing  load and th e  shear stress 
on the  stan d ard  test-piece or bar. I f  one 
exam ined the  work of F rem ont and Portev in  it 
would be found th a t  th ere  was a close re lation­
ship between transverse  deflection and the  shear- 
stress values. I t  was very difficult to  say w hat 
these relations should be, b u t all such parallel 
comparisons were of g rea t use.

We should look seriously a t  our transverse- 
te s t results , no t a ltogether in the  ligh t of a 
simple estim ated ru p tu re  stress—which he did 
n o t consider was a sa tisfactory  figure a t  all for 
cast iron—b u t in re la tion  to the  cen tre  breaking 
load which was not an  estim ated b u t a definite 
value.

H e would no t like our F rench  friends to  feel 
th a t  we in th is  country  did not appreciate  to 
the fu ll th e ir  a ttem p t to  deal w ith th is most 
difficult problem. As a m a tte r  of fact, our 
appreciation  is one of thankfu lness for th e  bold­
ness they  had displayed in facing th is problem, 
and he hoped th a t  the  In s titu te  would not 
neglect to  show th e ir  g rea t appreciation  of the 
splendid work done by M. P ortev in  and his 
associates.

Formality Not Yet Reached.
M e. W. H . Poole expressed the  view th a t  the 

discussion had  ra th e r  d rifted  away from  th e  real 
po in t a t  issue. W ith  regard  to  test-bars, in 
looking a t  a large num ber of results there  was 
a lack of un iform ity  in them  although taken  
from  the same source and produced under the
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sam e m an u fac tu rin g  conditions. I t  was su r­
p rising  th a t  sound tes t-bars  could be m ade in  
the ord inary  comm ercial way. H e also agreed 
w ith M r. Young th a t  th e  shear te s t has some 
advan tage  in enabling  us to  ascerta in  som ething 
about th e  in te rn a l s tru c tu re  of a  casting , 
although he was a fra id  th a t  th e  founders in th is 
country  would seriously object, from  th e  casting  
po in t of view, to  hav ing  such te s ts . I t  was a 
difficult th in g  a t  tim es to  persuade foundrym en 
to m ake as m uch use of th e  tran sverse  te s t  as 
they  should on account of th e  add itiona l cost. 
W hilst he fe lt th a t  we had  to  th a n k  th e  F rench  
for th e ir  efforts in  th is  m a tte r , however, his 
experience of te s tin g  w ork generally  in  th is 
coun try  led him  to  agree th a t  our te s ts  were 
more likely to  be usefu l as a  s ta n d a rd  of com­
parison th a n  th e  shear te s t. A t th e  sam e tim e, 
he fe lt we have a long way to  go yet before we 
a re  likely to  devise a  m eans of te s tin g  which 
would give an ind ica tion  of w hat is likely to  
happen under p rac tica l conditions in  reg a rd  to  
all sections and  w eights in  a m an n er th a t  would 
su it everybody.

French Proposals are Tentative.
M. R o n ceray  said i t  would be very sa tisfac ­

to ry  if we could devise some m eans of asce rta in ­
ing the  quality  of th e  casting  itself. A lthough 
in  F rance  they  had suggested th e  shear te s t, 
they  would be only too w illing to  adop t any 
s tan d a rd  te s t agreed upon by all th e  o ther 
Associations. The F rench  Association had abso­
lu tely  no desire to  impose th e ir  views upon th e  
o ther nations. They were m erely try in g  to  find 
w hat is a  good te s t, and  th e  P a p e r  was an 
a tte m p t in  th a t  d irection , w ithou t any sugges­
tion  th a t  w hat was suggested should be accepted 
as final. I f  any th ing  b e tte r  was devised and 
was universally  agreed, th e  F ren ch  would be 
delighted to  adopt it . The difficulty came 
through  m ixing the  technical and  comm ercial 
sides, because th a t  inevitab ly  in troduced  differ­
ences of opinion.
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Elastic Materials Present Difficulties.
The P re s id e n t  rem arked th a t  cast iron is by 

no m eans an  easy m etal to tes t. One m ust have 
a perfect testing  m achine, and the  te s t speci­
mens m ust be held th ere in  in  absolute alignm ent 
if concordant tensile results were to  be obtained 
from  th e  same m ateria l. I t  was possible to 
tak e  bars which were practically  homogeneous 
and alike one w ith th e  o ther, b u t when the 
te s t figures were received qu ite  different results 
would be found unless th e  conditions of tes ting  
were as near ideal as possible. Any m ateria l 
which had practically  no ductility , or so little  
d u c tility  as cast iron, was a difficult m ateria l to 
tes t. In  these circum stances he fe lt th a t  our 
F rench  colleagues had  really done som ething in 
an a ttem p t to  solve a very difficult problem. 
They had  in s titu ted  th e  shear te s t w ith the  one 
desire he believed, of in troducing  means to 
enable one to  find ou t w hat is th e  relative 
quality  of th e  m etal in  a casting. U nfo rtu ­
nately , i t  is considered by some research workers 
th a t  for such a te s t to  be tru stw orthy  the  bars 
m ust of necessity be of so large a d iam eter th a t  
i t  often  m ean t spoiling the  casting. I t  was not 
a simple operation  to  trep an  a  tes t-bar of the 
requ isite  d iam eter, and there  was always the 
difficulty of g e ttin g  an  accurately dimensioned 
specimen. I t  was necessary, therefore, fu r th e r 
to  m achine the  trepanned  piece in order to secure 
a tes t-b ar for th e  shear te s t which will afford 
really  reliable te s t figures. H e did no t propose 
to say any th ing  of a controversial n a tu re  as to 
w hether a single or double shear te s t was the 
b e tte r, although he personally favoured the 
double shear tes t. In  e ither case, however, the 
test-pieces should be of accurate dimensions, and 
the  bushes, especially th e  shearing edges, m ust 
be kep t up to  concert p itch. I f  the test-bar did 
no t fit as accurately as practicable, i t  would be 
impossible to  get a tru e  shear.

We in th is country—and he believed he 
could speak also for o ther nationalities.— 
tru ly  realised th a t  our F rench  colleagues had 
made an honest a ttem p t to  provide a te s t which 
would really indicate th e  qualities of the  casting.
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C erta in  recom m endations had  been p u t forw ard 
which we a t  th e  m om ent could no t adop t on 
account of the  difficulties th a t  were foreseen, 
and have now, to  a ce rta in  ex ten t, been proven, 
b u t th is  fa c t gave n o t th e  sligh test reason for 
any suggestion of hostility . On th e  con tra ry , he 
fe lt  th a t  all o ther countries should be very 
th an k fu l to  th e  F rench  for hav ing  done such 
a g re a t am ount of pioneer work.

The P re s id e n t  th en  proposed from  th e  C hair 
th a t  the  Congress express its  sincere apprecia tion  
of the  researches of th e ir  F rench  colleagues in 
connection w ith  the  proposed shear te s t. This 
was carried  w ith acclam ation. A t th e  sam e tim e 
the  P res id en t expressed th e  hope th a t  com plete 
harm ony would exist betw een th e  various 
members in  any fu tu re  discussion of th e  m a tte r .

Basic Principles Outlined.
M r . J .  E . H u r s t  w rote th a t  in  a ll these dis­

cussions on the  m ethods of te s tin g  cast iron  i t  
seemed to  him  th a t  th e  m a tte r  of th e  definition 
of th e  purpose of th e  application  of m echanical 
tests was involved. Two definitions presen ted  
themselves. One m igh t define th e  purpose of th e  
application  of m echanical tes ts  as a m eans of 
ascerta in ing  the  s tren g th  of th e  m etal in  the  
castings, or a lte rnative ly  as a m eans of s ta n d a rd ­
ising th e  quality  of m ateria l which w ent in to  th e  
casting . W hilst i t  is no t clearly  s ta ted , the  
F rench  m ethod for which MM. Le Thomas and 
Bois are  sponsors in  th is  F rench  Exchange P ap er 
appears to  have for its  object a  m eans of ascer­
ta in in g  the  s tren g th  of th e  m etal in  th e  casting . 
N atu ra lly , tes tin g  applied w ith  th is  object is con­
fron ted  w ith the  m any practica l difficulties which 
are  fam iliar to  all foundrym en, and  a re  amply 
discussed in  th e  P ap er. F u rth e rm o re , in  o rder 
to m ake some a ttem p t a t  an adequate  rea lisa tion  
of th is  object, some such special forms of te s tin g  
did appear to  be necessary.

W hether i t  was desirable for comm ercial p u r­
poses even to  a ttem p t to  ascerta in  th e  s tren g th  
of the  m ateria l was ano ther m a tte r . The s ta te ­
m ent of P earce, used by th e  au thors, th a t  the
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design of a casting  was based on the  stren g th  of 
the  m ate ria l of which i t  was composed, used 
broadly and unqualified, was wrong and mis­
leading. M ost generous concessions have to  be 
made in practice on the  score of reliability , and 
the value of any s tren g th  determ ination  of the 
m ateria l, however determ ined, was largely de­
preciated  on th is account.

The very first clause in  th e  model specification 
proposed by th e  au thors covered these sources of 
un re liab ility , and, short of te s ting  the  casting as 
a whole under the  conditions which i t  had to 
sustain  and m ain ta in  in practice, there  was no 
o ther method of being absolutely certa in  as to 
th e  re liab ility  of any casting.

However carefully  carried  out, the commercial 
value of any m echanical tests of the  stren g th  of 
cast iron in th e  casting  was of little  or no use 
in determ in ing  the  reliab ility  of the  casting, and 
goes no fu r th e r  th an  establishing the  quality  of 
m ateria l of which th e  casting  is made. This 
b rough t one to  th e  second definition of the 
purpose of m echanical tes ting , i.e ., a means of 
s tandard ising  th e  quality  of m ateria l which went 
in to  th e  casting. F rom  a commercial po in t of 
view, th e re  could be no doubt th a t  the  separate 
tes t-bar satisfies th is object in  the  simplest pos­
sible m anner.

This being g ran ted , the  logic of the  series of 
tes t-bars p u t forw ard in  the  B .E .S .A . specifica­
tion  could no t be d isputed . This m atte r , how­
ever, had received ample consideration in other 
q uarte rs .

Variation of Tensile Test with Composition.
D r. A. L. N o r b t jr y  (B ritish  C ast Iron  R e­

search Association) w rote th a t  there were many 
sta tem en ts of the authors w ith which he dis­
agreed, p articu la rly  th e ir suggestion th a t  tensile 
tes ts on cast iron were unreliable. H e had 
tested  several hundreds of grey-iron test-bars 
in tensile du ring  the past year, and the  system­
atic  varia tion  of tensile streng th  w ith composi­
tion  and the close agreem ent between duplicate
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resu lts was such as to  prove th a t  th e  te s t  was 
an accurate  and  reliable one.

The au thors re fe rred  to  some te s ts  he (D r. 
N orbury) m ade on round  and square transverse  
bars,* b u t they m is-read or m isunderstood 
w hat he had  w ritten . The object of th e  tes ts  
was to  show th a t  th e  g rea te r m odulus of ru p tu re  
transverse  s tren g th  of round  bars th a n  square 
bars was, in  the  te s ts  in  question, en tire ly  due 
to  a difference in  the  d is trib u tio n  of stresses 
in the  two types, and was n o t due to  a difference 
in  crystallisation  a t  th e  angles.

•  Bulletin, British Cast Iron Research A ssociation, July, 1928.



A Symposium on Steel Castings.

•Joint M eetings of Scottish B ranch of the  In s ti­
tu te  of B ritish  Foundrym en, and  Glasgow and 
\ \  est of Scotland B ranch of th e  In s titu tio n  of 
M echanical E ngineers.

The first m eeting of th e  series was presided 
over by M r. Jam es R ichardson, B .Sc., chairm an 
of th e  Glasgow and W est of Scotland B ranch of 
th e  In s titu tio n  of M echanical Engineers.

ADMtRALITY REQUIREMENTS IN STEEL 
CASTINGS.

By Engineer Commander Sedgwick, R.N.
E ng .-Cohslixder Sedgwick said  he took it 

th a t  th e  common desire was to  obtain  a  final 
unders tand ing  between th e  founder, th e  engineer 
and  th e  user.

Requirements to be Met.
The m ateria l su itab le  for the  production of 

castings to  s tan d  up  to  superheated  steam  m ust 
(a) be free from  “ g row th  ” when exposed to  h igh 
tem pera tu res ; (b) possess high s tren g th  a t
elevated  tem p era tu res ; (c) possess the  necessary 
properties fo r a casting  m a te ria l; and  (d) be 
cheap.

There were a num ber of m etals th a t  would 
m eet th e  first two of these requirem ents, a 
varie ty  of alloys, both ferrous and non-ferrous, 
which were, however, objectionable in  varying 
degrees as regards non-fulfilm ent of th e  two 
final conditions. T ha t was to  say, they  could 
ne ith er be cast nor, if  they  could, th ey  were by 
no m eans cheap. Cast steel alone appeared to  
m eet all these needs, and th e  A dm iralty  had 
decided te  encourage in  every possible way 
th e  use of th is  m ateria l, and  i t  was specified 
to  be used to  th e  fu llest possible ex ten t for all
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action of superheated  steam , as well as fo r bed­
p lates, engine columns, etc. The re levan t speci­
fications were worded so as to  requ ire  th e  use of 
th is  m ateria l to  th e  fu llest ex ten t. In  req u ir­
ing  th e  more genera l use of cast steel, th e  
A dm iralty  was encouraged by th e  ap paren tly  
sound and frequently  in tr ic a te  castings th a t  had 
been m ade of th is  m a te ria l, n o t only in  th is  
country , b u t also abroad. H e p a rticu la rly  
stressed “  abroad ” because he had  seen some 
rem arkable foreign castings of fine appearance, 
b u t for th e  in te rn a l condition he could not 
answ er. No doubt was fe lt, however, b u t th a t  
these could be fully  equalled, if n o t surpassed, 
by B ritish  steel foundries.

The increasing use of steel castings for naval 
purposes, and p a rticu la rly  for p a r ts  exposed to  
high pressure and  superheated  steam , d a ted  from  
about 1923, and engineers and founders were 
probably b e tte r aw are of the  resu lts of th a t  th a n  
th e  speaker. D uring  th e  succeeding years large 
sums m ust have been expended, w hilst ce rta in ly  
m uch anx ie ty  has been experienced, and  th e re  
had  been a g re a t deal of delay in  a ttem p tin g  to 
produce castings which would m eet th e  specified 
requirem ents, and  which could be accepted for 
th e  exacting  services dem anded of them .

Specification for Machinery Castings.
The N aval requ irem ents for m achinery  cast­

ings w e re : — (a) The designed dim ensions m ust 
be adhered to  th ro u g h o u t th e  finished artic le  
as closely as possib le; (b) th e  m a te ria l m ust be 
everywhere homogeneous and of th e  specified 
quality , and m ust be free from  in te rn a l cavi­
ties and cracks; (c) th e  a rtic le  m ust be free from  
p o ro s ity ; and (d ) in te rn a l stresses m ust be 
reasonably absent.

I f  we could ge t castings like th a t ,  i t  would be 
a very fine business indeed. A deta iled  analysis 
has been made of th e  various types of fa ilu re  
th a t  have come to  A dm iralty  notice th ro u g h  th e  
medium of the  overseeing b ranch , b u t th is  did 
not tell th e  whole ta le , for th e  founders’ re jec­
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tions m ust aggregate  a t  least as m any as those 
of th e  overseers, and probably more. The per­
centage of re jec ts in  th e  best p ractice had  been 
as low as 3 per cent, of th e  num ber p u t forw ard 
for in spec tion ; in o ther cases th e  re jects m ight 
be 10 per cen t., or even more. I t  was evident, 
however, th a t  a small percentage of re jec ts m ight 
none th e  less be accompanied by appreciable 
d ep artu res  from  th e  designed th ickness; th is  
la t te r  po in t could in  general be investigated  by 
th e  overseer, b u t m ight none th e  less lead to  
undesirable increases in  w eight. M any castings 
th a t  had  been accepted showed surface im per­
fections of an apparen tly  superficial n a tu re . In  
sp ite  of reassuring  sta tem en ts by th e  founders 
th a t  these surface im perfections were b u t sur­
face im perfections and did no t m a tte r , he hoped 
to  illu s tra te  la te r  th a t  so-called “ surface im per­
fections ” were certain ly  no t “  surface im per­
fections,” and m ost certa in ly  did m atte r . 
W hether all surface im perfections were like th a t  
or no t one had  no m eans of ascertain ing.

Common Failures.
D r. P u llin  would dem onstrate th e  best means 

available, nam ely, th e  X -ray  exam ination. The 
su itab ility  of th e  p roduct and the  perfection of 
the  technique cannot be judged entirely  by the  
percentage of re jects m ade as the  resu lt of the 
ex isting  methods of inspection. The general 
charac te r of th e  failu res reported  w ere :— (1) 
blowholes; (2) draws, generally a t  flanges or 
changes of section, etc. (very few are known 
in  bosses); (3) porosity u nder pressure te s ts ;
(4) contraction  c rack s; (o) sand inclusions; (6) 
scabbing; and (7) fa ilu re  on physical tes ts. The 
failu res on physical tes ts  were com paratively 
small, and  nearly  all th e  troubles were e ither 
draw s or blow-holes, porosity of some so rt or 
o ther. G eneral defects, such as sh ifting  of cores, 
shortage of m etal when pouring, cold shortness, 
etc., were no t included in the  foregoing, as these 
were obvious foundry  fau lts , and, as such, were 
no t germ ane to  th e  discussion.

The experience w ith these castings du ring  the 
past few years had  been none too happy, in
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m any cases i t  having been found impossible to  
ob tain  th e  desired artic le  in  cast steel, so th a t  
eventually  some o ther m a te ria l has had  to  be 
employed as a su b s titu te . I n  o ther cases th e  
thickness had  been increased to  such an ex ten t 
th a t  one m igh t as well have used cast iron. In  
o ther instances w here th e  p roduct appeared  
generally  sound (a p a r t from  m inor im perfec­
tions) perm ission has been g ran ted  to  employ 
the  welding to rch  or some o ther m eans to  render 
th e  p a r t  available for service.

Danger of Laxity in Patching.
This policy of pa tch ing  was d ic ta ted  by the  

eventual urgency of th e  s itu a tio n , b u t i t  was 
realised th a t  such a course involved th e  accept­
ance of ce rta in  risks, and  was in  any case in im i­
cal to  th e  best in te rests  of th e  foundry  tra d e  
and of th e  A dm iralty  alike, because if pa tch ing  
is p erm itted  to  continue, one was no t asking 
anybody to  tak e  m uch troub le  over his casting . 
I t  has been frequen tly  s ta ted  th a t  undue im ­
portance was a ttached  to  the  soundness of cast­
ings destined for p a rts  of naval m achinery, and 
th a t  m any of those w hich w ere re jec ted  could, 
subject to  a li tt le  pa tch ing , safely be employed 
for th e ir  in tended  service. T here was, however, 
ano ther po in t of view which i t  is proposed to  
outline.

Steel castings employed fo r m achinery purposes 
in H .M . N avy differ from  those designed for 
o ther uses, in th a t  the  form er were alm ost in ­
variab ly  subjected  to  h igh tem p era tu res  ami 
pressures—th e  first of these factors reduced the  
s tren g th  of th e  m ateria l, while the  second en ta ils 
en tire  freedom from  p o ro s ity ; cracks and spongi­
ness not only im paired  the  steam  tigh tness of the  
finished artic le , b u t also gave rise to  grave doubts 
as to  its  soundness. No responsible person would 
care to  tak e  needless risks w ith p a rts  th e  fa ilu re  
of which m ight cause loss of life and m ay even 
endanger the  u ltim ate  success of a m ilita ry  
operation . T ha t po in t was so obvious th a t  i t  
was certa in  to  be g ran ted .
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Underlying Reasons.
In  insisting  upon sound castings tlie engineer- 

in-chief had, in fact, two m ain objects in  view, 
namely, m a in ta in ing  the  very high s tandard  of 
re liab ility  h ith e rto  associated w ith  th e  m achi­
nery  of B ritish  w arships, and, secondly, im prov­
ing th e  m ilita ry  qualities of th e  vessel by reduc­
ing th e  w eight of h er m achinery, which was 
one of th e  few ways in  which she could enhance 
her m ilita ry  qualities. R ig id  inspection had 
one fu r th e r  ind irec t object in  view, namely, th a t  
of im proving the  quality  of the product, thus 
enhancing B ritish  prestige among the  users of 
m achinery  all over th e  world. This was an im­
p o rta n t service rendered to  the  m anufacturers 
of th e  coun try  by those funds of which the 
A dm iralty  controlled th e  expenditu re . I t  was 
the  most im p o rtan t du ty  p u t upon the  A dm iralty 
to  spend the  funds not only to  produce fine ships, 
b u t also to help forw ard the  trad e  of the  country, 
and  if .one d id  no t do one’s best to  produce the 
finest artic les th a t  were possible, one was fa il­
ing in  one’s du ty .

The use of th e  welding torch  m ight possibly 
be a leg itim ate  m ethod of fa irin g  up prospective 
jo in tin g  surfaces, and was, of course, a valu­
able a id  for rem oving w aster m ateria l, b u t its 
recognition as a proper tool for any o ther p u r­
poses tended  to  lower th e  s tan d ard  of the product 
and was detrim en ta l to  progress tow ards per­
fection of technique. This pallia tive was open 
also to  th e  grave objection th a t , w ith present 
methods of inspection, i t  m ight be used to  cover 
defects of apparen tly  superficial n a tu re , w ith 
possibly disastrous results.

[The lec tu rer here showed a num ber of slides 
which revealed defects which were not shown on 
th e  surface.]

Hidden Defects Revealed.
C ontinuing, Comm ander Sedgwick said th a t 

in the  cases shown th ere  was no evidence on the 
surface of any definite cracks, sligh t m arkings 
being all th a t  appeared of the  severe in ternal 
defects subsequently discovered by m eans of
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X -rays. These p a rticu la r castings would have 
been passed by any inspector, and i t  was im ­
possible to  say bow m any p a rts  now on service 
contained sim ilar defects, which m igh t rem ain  
unsuspected till they  gave rise  to  even tua l 
fa ilu re . E xam ination  of castings by X -ray  and 
by m agnetic m ethods is being rap id ly  developed 
—m agnetic m ethods mostly in  th e  U n ited  S tates. 
H e th o u g h t i t  had  n o t been adopted in  th is  
country , b u t X -rays in  D r. P u ll in ’s hands for 
some 12 years had been carried  on, and he would 
s ta te  th e  progress achieved was unquestionable. 
A fte r exam ining a la rge  num ber of castings, 
w ith  th e  resu lts ou tlined , th e re  m ust be in s ti­
tu te d  a m ethod of inspection to  ind ica te  w hat 
the  in te rn a l ch aracteristics were. The general 
adoption of some such m ethod should do m uch 
to  remove th e  p resen t u n ce rta in tie s  in  th e  m inds 
of engineers, and  should prove economical by 
saving th e  heavy expenses inc iden ta l to  the  
rem oval of defective p a r ts  on service.

Present Position of Steel Castings.
The ex isting  position w ith  reg a rd  to  steel cast­

ings was : The requirem ents, fo r m achinery  p u r­
poses a t  least, were th a t  definitely sound, homo­
geneous castings of th e  th in n e s t possible 
scantlings were desired. H e insisted  th a t  they  
were no t fo rthcom ing ; th e  founders d id  no t 
appear to  be able to  m eet th e  dem and. These 
m eetings were held w ith  th e  object of discover­
ing th e  reason. The logical a lte rn a tiv e  reasons 
w e re : —

(1) The designer was asking  too m uch of the  
founder. I f  so, why d id  no t th e  la t te r  p ro test 
instead of w asting  tim e and money in  a ttem p tin g  
th e  impossible?

(2) The standard o f soundness set hy the 
A dm ira lty  fo r th is service aim ed too high. T ha t 
may be, b u t th e  user had  th e  r ig h t to  set his 
own stan d a rd , and if  i t  could no t be fulfilled, 
well, he would probably go on to  ano ther m a te ria l 
and endeavour to  ob tain  his s tan d a rd  fulfilled 
w ith th a t.

(3) That the founder had n o t fu lly  explored 
the possibilities of his a r t  in  th is  p a rticu la r
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direction . This appeared very likely in  view of 
th e  extrem e excellence of some steel castings 
th a t  were produced both  here and abroad. I f  i t  
could be done in  one case, why no t in  o thers? 
H e was a t  the  m om ent having to  exam ine some 
very fine m alleable and  steel castings, and th is  
appeared  to  he borne ou t very well. They did 
n o t come from  th is country, b u t he hoped to 
com pare w ith  them  a very fine example of 
B ritish  steel casting , because he wished to  know 
w hether the  foreign steel castings were as good 
as B ritish , or be tte r. I f  they were b e tte r, we 
should probably find a  way to  m ake ours as good. 
I f  th ey  were no t b e tte r, and  if th e  demand 
existed, we should continue w ith  our own as they 
were.

The technique of th e  m odern chem ist and 
m e ta llu rg is t was available for th e  assistance of 
th e  p rac tica l m an, and  progress would be need­
lessly re ta rd ed  a t  th e  cost of eventual economy 
if these aids were n o t employed. I t  has been 
suggested th a t  founders were too much in the 
hands of the  “  ru le  of thum b ”  expert, and th a t 
m odern needs required  th e  adoption of modern 
m ethods of control and investigation .

(4) The product m ig h t already he up  to the 
required standard, as w itness th e  very small per­
centage of re jec ts  experienced in  some cases.

In  th e  face of th e  difficulties th a t  had  some­
tim es been m et in producing sound castings a t 
all, and  in  view of th e  unsuspected weaknesses 
sometimes revealed by complete exam ination  of 
apparen tly  good castings, he did no t th ink  th is 
view could be seriously contended. I f , however, 
i t  was tru e  th a t  the  required  s tandard  was 
regularly  a tta in ed , then  th e  u ser’s nex t step was 
to  ask for th in n e r castings—and he doubted if 
one would g e t them  under the  existing  condi­
tions, save a t  prohibitive expenditu re  of tim e 
and money.

All th a t  was requ ired  from  th e  u ser’s po in t of' 
view was definite evidence regard ing  the  p rac­
tical lim itations which determ ine the  m inim um  
thickness of reliable steel castings suitable for 
a given purpose. Give th a t  inform ation  to  the
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designer and  he would then  know where he was. 
I t  was a very simple m a tte r . Nobody was ask­
ing for th e  impossible. The A dm iralty  d id  w ant 
th e  th in n es t castings m ade of steel th a t  th e  
founder could give them , and i t  was up to  the  
la t te r  to  te ll us w hat was the  th in n es t castings 
they  could produce.

More Co-operation Needed.
A critica l exam ination  of th e  ex is ting  s itu a ­

tion  led one to  th e  opinion th a t  a  fa r  b e tte r  
liaison betw een th e  foundry  and th e  user, 
th rough  th e  in te rm ed iary  of th e  designer, was 
probably th e  m ain in g red ien t of success in  th is  
m a tte r . H e suggested th a t  th e  founder and 
the  designer were o ften  unacquain ted , and  th is 
was o ften  due to  th e  com plicated chain  of p e r­
sons betw een them , th e  designs frequen tly  being 
grea tly  modified a f te r  they  had le f t th e ir  o rig i­
na to r. I t  was too often  th e  case th a t  foundries 
accept work known to  be alm ost impossible to  
ca rry  ou t in  a sa tisfac to ry  m a n n e r ; if  one 
foundry  did no t tak e  the  job, th en  a  r iv a l one 
would, b u t in  e ith e r case th e  w aste of tim e, fuel, 
m ate ria l and money appeared  to  be appalling . 
Co-operation undoubtedly  on na tio n a l lines was 
going on in  o ther countries, p a rticu la rly  in 
countries like G erm any, and  if  we w ere to  com­
pete and not have steel castings bought in  G er­
m any, i t  looked as though  som ething of th a t  
so rt would have to  happen . I t  was to  th e  
general in te re s t to  ge t th e  very  best casting . 
In  th e  ex is ting  s ta te  of comm ercial r iv a lry  be­
tw een firms i t  was difficult to  suggest any 
rem edy, and if a  solution was to  be found, i t  
would appear to  lie in  co-operation on more 
n a tio n a l lines, using every available m odern 
method of investigation  to  ensure th a t  th e  fu n ­
dam ental laws underly ing  th e  casting  operation  
were really  known.

The products of the  foundry  tra d e  in  th is 
country  are  o ften  of unsurpassed quality , b u t 
no one would deny th a t  th is  fine s tan d a rd  was 
by no m eans invariab le . M odern dem ands were 
becoming more and more exacting , and th e  rap id



ra te  of advance of th e  past cen tury  could now 
l)e expec ted ; instead , every new step will be 
made w ith  increasing difficulty and the  cost was 
likely to  be more th a n  com paratively small 
organisations could meet.

In  conclusion, the  speaker pointed  ou t th a t  
th is  m a tte r  was w orthy of p u rsu it qu ite  a p a rt 
from  naval1 requirem ents. The steam  engine 
could only hope to  compete effectively w ith the 
in ternal-com bustion engine by employing steam 
a t  th e  h ighest possible tem pera tu re , and the  
steel casting  was about the  only m ateria l th a t  
one can use fo r casting in  the  same line a t  a 
reasonable price, so th a t , if a sound steel cast­
ing can be produced, th ere  was no question about 
the  dem and. F u r th e r  th a n  th a t , th e  oil engine 
itself was likely to  require  such castings in  order 
to  reduce w eight, so th a t  between the two it  
appeared  as though th e  founder was in  a very 
happy position. F inally , the  user required  the 
th in n es t casting  possible, and he hoped th is 
m eeting would provide evidence as to  w hat were 
th e  th in n es t castings procurable or w hat other 
th in g s th e  user m ust n o t ask the  founder to  pro­
duce. D r. P u llin  would probably enlarge on the 
question of exam ination  of castings, and would 
am plify w hat he had said about how he found 
these surface m arkings covering very grave 
defects.



X-RAY EXAMINATION OF STEEL CASTINGS.

By V. E. Pullin, O.B.E., D.Sc.

The C h a i r m a n , in  calling upon D r. P u llin  
to explain  th e  la te s t m ethod of investiga tion  on 
behalf of the  engineer to  see th a t  his wishes were 
being fully  carried  ou t, said  he had  been fo r­
tu n a te  enough to  have had  th e  oppo rtu n ity  of 
seeing a t  Woolwich A rsenal th is  X -ray  process 
under w orking conditions, and  w hilst one’s first 
th o u g h t was one of sym pathy w ith  th e  steel 
founder whose products were being subm itted  to  
th e  searching exam ination  of th e  pow erful 
X -rays, yet, probably, in  th e  long ru n , no th ing  
was ever to  be gained  by h id ing  th e  t r u th  and, 
h i r i n g  the  resu lt of D r. P u llin ’s un ique investi­
gations on th is  subject, th e  g a th e rin g  would 
agree th a t  th e  t r u th  could no t be h idden  u n d er 
th is  system.

D r. P u l l i n  th o u g h t Com m ander Sedgwick had 
adequately  ou tlined  th e  A dm ira lty ’s need, and 
he proposed to  ind ica te  how th e  A dm ira lty  and 
the  W ar Office and  th e  A ir Force proposed to  
exam ine requirem ents, or ex isting  supplies. H e 
proposed to  ind ica te  w hat can be done, w hat 
th e ir  p resen t lim its were, w hat they  hoped they  
would be able to  do and  w hat they  th o u g h t th e ir  
u ltim ate  p rac tica l lim its were.

Technical Details of X-ray Work.
X -rays are  m erely a p a r t  of th e  rad ia tio n  of a 

spectrum , and they  were th e  same exactly  in 
n a tu re  as o rd inary  ligh t, b u t they  had  a  wave­
leng th  which was very m uch less, th e  average 
being about 10,000 tim es sho rte r th a n  th e  wave 
leng th  of o rd inary  ligh t. Owing to  th a t  p a r t i ­
cu lar p roperty  they  could p en e tra te  m ateria ls  
which were opaque to  o rd inary  ligh t. The ques­
tion  of technique arose, and  th a t  precluded very 
largely th e  p rac ticab ility  of th e  use of X -rays.



X -rays were absorbed by opaque m aterials, 
according to  th e  o rd inary  exponential equation. 
1 = 1 ''* . The opacity  of th e  m ateria l by X -rays 
was m erely defined by its  place in th e  atom ic 
table. Thus, bones were more opaque th an  flesh, 
iron  was m ore opaque th a n  wood and brass was 
more opaque th a n  iron . I n  th e  laboratory  the  
pen e tra tiv e  power of X -rays depended upon th e  
shortness of the  w ave-length or th e  frequency of 
rad ia tio n , which depended practically  upon the  
voltage which one was able to  apply to  the  
term inals of th e  X -ray  tube.

Limiting Conditions.
A t th e  presen t tim e one was no t able, under 

th e  best possible conditions, to  produce X -rays a t  
a  voltage h igher th a n  300,000. I t  has been 
s ta te d  th a t  in  America, in  C alifornia, they  p ro­
duced X -rays a t  1,000,000 volts. H e saw th a t  in  
th e  paper and  he w rote to  th e  gentlem an who 
did  i t  to  te ll h im  how he d id  i t ,  b u t he had  had 
no rep ly  y e t. (L augh ter.) B u t in  E ngland, a t 
any ra te , X -rays cannot be produced a t  any 
h igher voltage th a n  300,000, and  one cannot do 
th a t  very  long because th e  X -ray  tube  broke. 
Such voltage exists, of course, b u t the re  were 
experim ental difficulties in  the  way of producing 
an  X -ray  tube  th a t  would stand  a higher 
voltage th a n  th a t .  T hat was p a r t  of his research. 
W ith  a  voltage, however, of 300,000, and  with 
suitab le  technical p recautions, one could penetra te  
five inches of m ild steel and  could reveal a cavity 
in  i t  which was about 3 p er cent, of its  th ick  
ness; th is , however, was n o t applicable in  the  
workshop. One was dealing w ith  a  se t of con­
ditions th e re  th a t  were essentially laboratory 
conditions. So fa r  as th e  speaker had  been able 
to  accomplish p rac tica l exam ination  of m etals, 
one could n o t ex tend  th e  voltage more th an  
abou t 220,000 volts. B u t th a t  gave a p rac tica l 
p en e tra tio n  of th ree  inches of m ild steel and, 
again , enabled one to  see a  flaw of abou t 8 per 
cent, of th e  thickness of th e  m ateria l. E xperi­
m ental evidence w ent to  show th a t  as one in ­
creased in  voltage one would be able to  p ene tra te  
th icker m etals up  to  7 or 8 in. th ick . Those
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figures em braced m ateria ls  of considerable im­
portance to  the  services, fo r exam ple, tubes of 
guns and certa in  o ther forgings th a t  did some­
tim es con ta in  flaws, although one was told 
forgings d id  not.

The Phenomenon of Scattering.
I t  should n o t be im agined th a t  one could ju s t 

b ring  up th e  X -ray  tube , place th e  casting  in i t  
and press a b u tto n  and tak e  a  p ic tu re  as one 
would w ith  a K odak. One could, b u t fo r th e  
phenomenon which always occurs when p e n e tra t­
ing opaque m ateria ls  w ith  X -rays, nam ely 
sca ttering . I t  was very sim ilar to  th e  pheno­
menon of sca tte rin g  o rd in ary  lig h t th ro u g h  a 
fog and, un fo rtu n a te ly , w ith  X -rays, when the  
sca tte ring  rad ia tio n  from  th e  surface, was 
atom ic, i t  affected th e  photographic p la te  so th a t  
if one increased th e  sca tte rin g  very m uch, as 
one did w ith  sho rt rad ia tions, one so fogged th e  
p la te  th a t  one was liable to  do aw ay w ith  any 
useful con trast. The m ethods adopted  to  elim i­
n a te  th is sca tte rin g  and creeping rad ia tio n , con­
s titu te d  one of th e  g re a t difficulties in  th is  work, 
p a rticu la rly  when dealing  w ith  irregu la rly - 
shaped castings which had  to  be d ea lt w ith  by 
th is m ethod so as to  be of p rac tica l u tility .

Desensitised Films Used.
One was very often  asked w hether visual 

X -ray  exam ination  of steel castings was possible. 
The answ er to  th a t  is th a t  for very th in  
m aterials, m aterials up to  \  in . in  thickness, 
visual exam ination  for fine cracks and flaws and 
cavities was possible and practicable . F o r th ic k ­
nesses over ^ in. u nder p rac tica l conditions i t  was 
no t possible. The reason for t h a t  was obvious. 
If  one was rising th e  fluorescent screen m ethod 
of visual exam ination  th e  action  of th e  rays, 
if passing th rough  th e  specimen, had  to  be 
ins tan taneous, w hereas, on a photographic  film 
th e re  was an exposure, and  th e  action  of th e  
rays passing th rough  th e  specimen was cum ula­
tive. The speaker doubted w hether one would 
be able to  increase visual inspection of m ateria ls 
beyond 1 in ., b u t th o u g h t in  a sho rt tim e i t
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would be practicable to  exam ine steel m ateria ls 
of 1 in . in  thickness visually w ithou t any neces­
sity  for photography. A nother difficulty was 
th a t  of producing or finding an X -ray dark  room 
in  a  factory . There had been done a g rea t deal 
of work on th e  de-sensitisation of films, and they 
now used films which had been de-sensitised to 
o rd inary  ligh t, w hilst a t  th e  same tim e re ta in ing  
th e ir  sensitiv ity  to  X -rays. W hen th a t  was 
developed a litt le  more they  would be able to  do 
photographic work in  th e ' factory w ithout any 
necessity for a dark  room.

Practical Considerations.
The n ex t p rac tica l question was one of ex­

posure. How long did these exposures tak e  for 
th ick  castings? W hen tak in g  X -ray p ictu res one 
always took advantage of the  fac t th a t  there  
were certa in  chemicals which fluoresce under the 
action  of the  X -rays. P latino-cyanide, calcium 
tu n g s ta te , and  a  few o ther chemical compounds, 
.all fluoresced under the  influence of X -rays, so 
th a t  they  used in  close contac t w ith  the  X -ray 
film one of those screens coated w ith calcium 
tu n g s ta te  or one of these o ther fluorescent 
m ateria ls  and th a t  had th e  effect of reducing 
the  norm al X -ray  exposure some 30 or 40 times, 
so th a t  th e  actua l exposure for, say, 2-in. steel 
need no t be more th an  2 or 3 m ins., w ith  the 
proper equipm ent. T ha t gave a  rough idea of 
w hat so rt of tim e an  X -ray  exposure ought to 
take . Of course, i t  was not tru e  for the  very 
th ick  ones—the  exposure was very much higher— 
b u t for p rac tica l conditions such as had been 
ou tlined  the  norm al exposure was any th ing  up 
to  five m inutes and very rarely  any more.

X-rays to Aid Co-operation.
The rad iography  of specimens by X -ray had 

now reached the  stage where i t  could be applied 
practically  in  th e  factory , ye t he fe lt th a t  the 
real use of X -rays from  the  poin t of view of the 
foundry  would be no t so much as a rou tine 
inspection, b u t in his experience, where i t  would
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be useful was when a  batch  of castings was to  be 
produced. The very first of these should be 
X -rayed im m ediately and  th e  foundrym an should 
see th e  X -ray  p ic tu re  and have i t  explained to  
him , and  if he saw w here th e  fau lts  were and 
knew w hat so rt of fau lts  they  were, th e  proba­
b ility  was th a t  while i t  was fresh  in  his m ind he 
would be able to  modify his technique so th a t  he 
would ge t b e tte r  results . W hen th ey  had  th is 
X -ray  exam ination  th e  designer should be there  
also to  see w hat the  p rac tica l effect on his design 
was. I t  was th e re  th a t  X -rays would really  
ju s tify  th e ir  use. The im m ediate exam ination  of 
castings by X -ray  had  o ften  enabled a  foundry ­
m an to  correct m istakes and im m ediately to  p ro ­
duce good castings.

X-ray Crystal Analysis and Strain Removal.
By using X -rays in  ano ther way one was able 

to  see how the  atom s of th e  atom ic la ttices  in 
m etal were ranged  and orien ted . Now atom ic 
o rien ta tio n  in  m eta l was s tra in , and  he would 
like to  be a b it p rophetic  a t  th is  po in t. H e 
could exam ine a  casting  by one of th e  m ethods 
of crystal analysis and  could determ ine th e  
o rien ta tion  of th e  atom s. In  o ther words one 
could see if s tra in  was p resen t. I t  could be 
annealed and a  second X -ray  crysta l analysis 
p ic tu re  taken , and th en  one could s ta te  w hether 
the  s tra in  had  vanished, p a rtly  vanished, or 
w hether i t  was still th e re . Now i t  was ra th e r  
early  to  speak of these experim ents, b u t some of 
the resu lts were positively am azing. H e th o u g h t 
th a t  th e  foundrym an had no idea as to  th e  value 
of annealing , u n til i t  was shown by X -ray . In  
the  fu tu re  X -rays would probably be used to 
exam ine new designs of castings, and th en  one 
would be able to  say to  th e  designer perhaps 
“  T h a t would no t do ; th ere  was too m uch s tra in  
in  th is p a r t ,” or “  This was a  specially weak 
p a r t  in  the  casting , and i t  was liable to  break 
or crack u ltim a te ly .” W e were also placed in  a 
position to  s ta te  to  th e  annealer, “  Y our anneal­
ing which you said was so efficient, m igh t ju s t 
as well be done in  cold w a te r.” T h a t sounded
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exaggei'ated, b u t i t  was no t qu ite  so exaggerated  
a f te r  all.

DISCUSSION.Mr. George Ness said i t  was ra th e r  difficult 
to  discuss the  addresses presented, because to 
him  they had come largely as a revelation. H e 
was not a steel foundrym an, and his experiences 
up to  then  had  been very largely w ith smaller 
types of castings, probably steam  ends of tu r ­
bines, valves for carry ing  superheated  steam , 
b u t no t highly superheated  steam , not steam  a t 
high pressure w ith  h igh superheating , b u t w hat 
he regarded  as good average m odern practice 
in land work particu larly . There had been a 
g re a t deal of common sense in w hat Commander 
Sedgwick said w ith  regard  to  the  requirem ents 
and to  the  acting  of the  steel foundrym en in 
co-operation w ith  the  designer. A fter seeing the 
X -ray  photographs he fe lt very largely th a t  any 
am m unition  he had p repared  had  disappeared, 
for th e  simple reason th a t  these X -ray  photo­
g raphs have exhibited  definite weaknesses which 
could not have been really apprehended by ord i­
nary  visual exam ination . Up till th en  he 
th ough t one had been very largely guided in 
inspection work by visual exam ination, accom­
panied, where possible, by ord inary  testing  
m ethods. H is  experience in  connection w ith 
works where he was once a d irector was th a t  he 
found th a t  th e  percen tage of rejects so fa r  as he 
was ac tua lly  concerned was very small. They 
had a large num ber of ra th e r  sm aller castings 
m ade on the C ontinen t, and found th a t  they  were 
excellent, b u t they were all more or less done by 
the electrical process. These castings m ight 
have been slightly superior to  the  B ritish  cast­
ings, b u t la tte r ly  they found th a t  the  B ritish  
castings were becoming alm ost equally good, and, 
w hat was more to  the point, they bought them  as 
cheaply as they were ge ttin g  them  from the 
C ontinent.

W ith regard  to the larger castings, he 
did not know so much about the  English castings 
because his works were in Scotland. H e had had
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no th ing  b u t splendid m ateria l. H e had  occa­
sionally found a blowhole or two, b u t very 
slight. I n  te s tin g  valves, fo r instance, he regu ­
larly  applied th e  paraffin te s t, anyw here from  
1,000 lbs. to  1,500 lbs. to  the  square inch, and  it  
was a rem arkable  th in g  th a t  u nder th e  searching 
effects of paraffin a t  th a t  h igh  pressure he had 
a  very very sm all percen tage indeed of rejects. 
I t  was a pecu liar fac t, of course, th a t  one did 
ge t sligh t fa ilu res u nder th a t  te s t w here th e  skin  
of th e  casting  was broken. T h a t was to  say, 
where one had  to  sub ject i t  to  m achining, and 
i t  was som ewhat difficult probably in  these cast­
ings to  trace  th e  course of th e  le ak a g e ; the  
ex te rn a l leakage m ig h t be very  fa r  aw ay from  
th e  in te rn a l defect. H e wished to  record th a t  
in  these castings which he had  had  to  deal w ith  
they had  been excellent, and  th e  re jec ts had  been 
alm ost a t  a m inim um , w hilst th e  price was p rac ­
tically  th e  same as those ob tained  from  the 
C ontinent.

The X -ray  photographs shown gave an  
insigh t in to  th e  la te n t unsuspected defects. B u t 
he could see very g re a t difficulty in  applying 
some of these tes ts  to  m any of th e  c u rre n t eng i­
neering  subjects. The possibility of applying 
them  to  welding is one th a t  m igh t be approached 
w ith  some considerable success, p a rticu la rly  
w here th e  p lates were som ewhat th in , and  if 
the re  were available te s tin g  sets of a lig h t 
portab le  n a tu re , su itab le  for p la tes up  to  th ree- 
q u a rte rs  or one inch, i t  m igh t be a very g re a t 
advantage. Somebody recently  asked th e  speaker 
if he would like to  exam ine a boiler by m eans of 
an X -ray , b u t he th o u g h t eyen th e  m ost a rd en t 
boiler inspector would sh rink  from  such a du ty . 
H e expressed his th an k s  to  bo th  Comm ander 
Sedgwick and D r. P u llin  for th e  excellent way 
they had outlined th e ir  case, and citizens of th is  
g re a t E m pire  reg ard  th e  B ritish  A dm ira lty  as 
having an all-seeing eye and being an om niscient 
body.
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METALLURGY OF STEEL CASTINGS.

By A. M’Cance, D.Sc. (Member).
[The second m eeting of the series was presided 

over by M r. J .  Longden, P residen t, Scottish 
B ranch, L B .P .]

The subject to  be dealt w ith  is a m etallurg ical 
one, and is m ainly concerned w ith  those physical 
p roperties of steel w ith which the  steel founder 
has to  deal in  the  practice of his a r t : th a t  is, 
physical laws governing those happenings which 
resu lt in  some steel castings not showing on the 
outside w hat they  really  are  like in  th e  inside. 
Thus i t  reduces itself down from th a t  po in t of 
view to  qu ite  a simple m a tte r , since the  m ain 
causes of the  difficulties in  th e  m anufactu re  of 
steel castings are  concerned w ith  problems of 
con traction . The subject lends itself to  division 
in to  th ree  sections. In  the  first case we have 
w hat is term ed  th e  liquid co n trac tio n : th a t  is, 
th e  con traction  of th e  m olten m etal in th e  mould 
down u n ti l i t  reaches its freezing tem pera tu re . 
In  the  second case th ere  is the  freezing contrac­
tion , which is th e  con trac tion  which takes place 
when th e  m eta l passes from  the  liquid to  the 
solid c o n d itio n ; and finally, in th e  las t stage, 
there  is the  cooling con traction , which is th a t  
con traction  which takes place during  the  cooling 
down of th e  casting  from  the  solid condition a t 
a high tem p era tu re  to  its condition a t  ordinary  
tem pera tu res.

Liquid Contraction.
All liquids expand when they  a re  heated, and 

it  is necessary to  superheat th e  steel a  certa in  
degree above its m elting  po in t or freezing point 
in order to  ru n  the  casting, th e  degree of super­
h ea t above the  m elting  po in t determ ining the 
am ount of contraction  natu ra lly  which will take  
place in the  liquid condition. H ere, however; 
steel, as in m any o ther respects, suffers always 
from  disadvantages, because the  liquid con trac­
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tion  of steel is ra th e r  h igh. I n  th e  case of 
o rd inary  m ild steel th e  figure is 0.00039 per deg. 
C., whereas for cast iron i t  is only 0.00019 per 
deg. C. This, of course, proves th a t  steel is 
much more sensitive to  tem p e ra tu re  differences 
th an  cast iron is, and  gives rise correspondingly 
to  g rea te r difficulties. In  p rac tica l work i t  m ay 
be taken , so fa r  as liquid con trac tion  is con­
cerned, th a t  the  colder th e  steel is ru n  th en  the  
less con trac tion  is obtained, always bearing  in 
m ind th a t  i t  is necessary to  ra ise  th e  tem p e ra tu re  
above its freezing po in t in order to  ru n  the  
casting.

Solidifying or Freezing Contraction.
P u re  iron in passing from  th e  liquid condition 

a t  its  m elting  po in t to  th e  solid condition  im me­
diately  beneath  th a t ,  con trac ts  by an  am ount 
which is roughly about 5£ per cen t. In  th e  case 
of cast iron th e  figure is only 3.6 per c e n t . ; b u t 
in  th e  case of cast iron th e re  a re  th e  m odifying 
expansions which tak e  place la te r  which coun te r­
ac t very largely  th e  effect of th is  con trac tion . 
In  steel th e re  is no such allev ia ting  circum ­
stance, and the  a r t  of th e  founder is so to  a d ap t 
his processes to  tak e  charge of th is  con traction . 
This con trac tion  can be seen very  clearly  in  th e  
case of th e  steel ingot, and  F ig . 1 shows th e  
section of a rec tan g u la r ingot th a t  has been 
sectioned down th e  cen tre , from  which i t  w ill be 
seen th a t  solidification takes place from  th e  o u t­
side in  para lle l sheets. F ig . 2 is a d iag ram m atic  
rep resen ta tion  of w hat is tak in g  place. On the  
outside th ere  is th e  m ould surface, an d  th e  steel 
solidifies approxim ately  para lle l to  it . I f  i t  
solidified exactly  para lle l m any of our troubles 
would d isappear, b u t u n fo rtu n a te ly  i t  solidifies 
w ith an irreg u la r surface, and  they  finally touch 
a t  various points and u ltim ate ly  leave li tt le  con­
trac tio n  cavities which a re  le f t to  tak e  care of 
them selves. In  the  m anu fac tu re  of steel cas t­
ings, therefore , th is  con trac tion  has to  be taken  
care of, and  th e  m ethod of doing th a t  is by fixing 
a head on the  portions where th e  con trac tion  is 
likely to  tak e  place. These heads, rem ain ing  
liquid fo r a longer period th a n  th e  m ain  body of
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the casting , allow the  liquid m etal in them  to 
d ra in  down in to  th e  casting  underneath . I t  will 
be seen, therefore, th a t  any change in  section 
which m ay tak e  place in  a steel casting  is likely 
to  give rise to  such a contraction  cavity . F o r 
instance, if a roll section were cast on end i t  is 
obvious th a t  the neck and wobbler p a r t  would 
solidify much quicker th an  the cen tra l body, and

A

B

F i g . 1.

so all th e  con traction  which takes place would 
be le ft as a cavity  in  the cen tre  of the roll.

I t  is sometimes supposed th a t  to  tak e  care of 
th is  contraction  all one has to  do is to  p u t a 
head on the  top, but u n fo rtuna te ly  th a t  is not 
borne ou t in practice. F or any size of head 
there  is a definite dep th  of m etal only th a t  can be 
fed by th a t  head, and if th a t  depth  is exceeded 
then  i t  gives rise to  unsoundness down the 
cen tre . In  the  case of an ingot such as is shown
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in Fig. 3, the  last portion to  solidify is th e  m etal 
which is moving down from  th e  m olten  m etal, 
leaving sundry  o ther m inor con trac tion  cavities, 
generally  as a V angle to  th e  cen tre  line. F ig . 4 
shows th ree  small ingots which the  au th o r p re­
pared to  illu s tra te  still more clearly th is  fac to r. 
In  th is  case th e  sm all ingots were cast in  sand, 
and they  were all ru n  from  th e  sam e charge and 
a t  the  same tim e, and  i t  will be noted  th a t  the  
size o f . head on the  sm allest body is sufficient to  
m ake the  ingot com pletely sound. The same 
size of head on a sligh tly  la rg er ingot has le ft

F i g . 3 .

one or two cavities down the  cen tre , an d  on the  
still longer ingo t i t  w ill be seen th a t  th e re  is a 
considerable area  of unsoundness r ig h t down the  
cen tre , so th a t  th e re  is a definite size of body 
th a t can be fed from  any definite size of head. 
This question is of g re a t im portance in  m a tte rs  
of design, because in the  case, say, of two gear­
wheels w ith different b read ths of rim , one like 
F ig . 5, which is of com paratively  sm all dep th , 
can be fed w ithout any difficulty, and  will resu lt 
in a completely sound casting , w hereas a design 
with g rea te r dep th  is too g rea t in th is  dim ension



in the  norm al way to  feed, w ith the resu lt th a t  
there  is a cavity  left a t the junction of the last
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F i n .  4.

portion which solidified. Some designs are p ar­
ticu larly  bad in th a t  respect (F ig. 6). A casting

x  2
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of such design is difficult to  get com pletely 
sound, and  th e  only m ethod by w hich a steel 
founder could assure soundness would be to  get 
i t  redesigned.

The only way in  w hich th is  con trac tion  can  be 
avoided is to  ta p e r  th e  in go t in s tead  of hav ing  
i t  paralle l. Obviously, since th e  m eta l is solidify­
ing  in  para lle l sheets to  th e  outside surface, if 
a section is tap e red  i t  w ill s till solidify paralle l, 
b u t th e  con trac tion  space le f t w ill be reduced. 
The am ount of ta p e r  th a t  is requ ired  varies, of 
course, according to  th e  dim ensions of th e  artic le  
in  question, b u t th e re  is a genera l ru le  which 
th e  au th o r has devised which can  be expressed in  
a curve which gives th e  am ount by w hich th e  
pipe is ra ised  by differing degrees of ta p e r  (F ig .

" \ y  - V

/ / . / /
( \ V  1

F ig . 5.

T hat curve shows how ta p e r reduces t
pei'centage pipe.

The nex t question which arises i s : H ow does 
th e  composition and  p roperties of th e  m e ta l affect 
th is  ab ility  to  feed and  so p reven t those con trac­
tio n  cavities, and  to  exp la in  th a t  i t  is necessary 
to  consider w hat is generally  known as a typ ica l 
freezing d iagram ? (F ig . 8). I n  th e  case of pu re  
iron w ith  th e  m elting  po in t as shown, th e  am oun t 
of th e  added elem ent is increased, as shown in  
F ig . 8. I t  will be obvious th a t  th e  object of th e  
head - being to  keep a po rtion  of th e  casting  
liquid as long as possible, th e  longer th e  tim e 
tak en  from  th e  comm encement to  th e  end  of th e  
freezing, the  b e tte r  chance i t  has of feeding, and 
so i t  is necessary to  know how th is  freezing  range
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is affected by changes in  composition. I t  can be 
tak en  th a t  for any given carbon con ten t th is 
•range is m ainly  affected by th e  percentage of 
phosphorus, su lphur and  oxygen, while m an­
ganese and  silicon affect i t  hard ly  a t  all, and 
so the  behaviour of steel m ade by various pro­
cesses is really  shown up by th e ir  con ten t of 
im purities. I n  Table I  a re  given some approxi­
m ate figures which m ay be taken  as average. 
F rom  th is  d iagram  i t  w ill be noted th a t  those

im purity  contents do ind icate  the p roperties of 
th e  various steels from  the  steel founder’s point 
o f view. I t  is well known th a t  electric furnace 
steel is difficult to  feed, whereas, on th e  o ther 
hand , Tropenas steel feeds much more readily, 
and consequently the  heads do no t require  to  be 
so large. There is ano ther factor which is 
affected by th e  im purity  content, and  th a t  is 
w hat m igh t be term ed  the f lu id ity ; th a t  is, 
fluidity  as d is tin c t from  viscosity. The viscosity

F i g . 6 .
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of a liquid is th e  in te rn a l friction, which i t  
possesses ag a in s t m ovem ent a t  a co nstan t tem ­
pera tu re . In  th e  case of steel foundry  work, 
w hat is required  is flu id ity ; th a t  is, th e  ab ility  
to  ru n  a given leng th  under cooling conditions, 
and i t  will he observed th a t  as th a t  freezing 
range increases th e  ab ility  to  ru n  a ce rta in  
d istance before solidification is complete under 
given cooling conditions w ill depend on th e  
length  of th a t  freezing range, and consequently 
on th e  con ten t of im purities. T herefore, electric 
fu rnace  steel as aga in s t T ropenas steel will no t

Fo r  I?q u n o  In g o t s  It  ig  f o u n o  t h a t  o t h e p  s h a p e s  f p l i -ow

t h e  S a m e  law

F i g . 7.

ru n  so w ell; i t  will be stick ier, while acid open- 
h ea rth  steel occupies an  in te rm ed ia te  position. 
The con ten t of im purities, there fo re , in  those 
steels is of very g re a t im portance, and  i t  is 
u n fo rtu n a te  th a t  ju s t those factors which give a 
good steel from  th e  steel-founder’s po in t of view 
have o ther d isadvantages when i t  comes to 
m echanical properties.

Cooling Contraction.
The mass of m eta l being en tire ly  solid a t  a 

tem p era tu re  ju s t im m ediately below th e  freezing 
point, and  i t  has to  cool down to  o rd inary  tern-
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pera tu res, most m etals show a perfectly smooth 
con traction  curve as they cool down from  a high 
tem p era tu re  to  a low tem pera tu re , b u t here 
again  steel is an exception, and i t  does not 
co n trac t uniform ly. Owing to  the presence of 
the  change point, th e re  are ab ru p t changes in 
con traction  as i t  is cooling down. F ig . 9 ou t­
lines the  expansion of pure iron. The change 
which is tak in g  place in the neighbourhood of 
1,400 deg. C. is of a very aw kward n a tu re . The 
casting  is held in the  sand, which is heating  up 
in contac t w ith the  casting, while a t  the  same 
tim e th e  m etal is cooling down. The two effects, 
therefore , a re  antagonistic , and on reaching a 
tem p era tu re  of 1,400 deg. C. there is th is  ab ru p t 
con traction  which m ust throw  an added s tra in  on 
the  m etal, which it  m ay or may not resist. H ere

T a b l e  I.

Process. Electric
furnace. Acid O.H. Bessemer.

Sulphur 0.020 0.045 0.060
Phosphorus 0.020 0-040 0.055
Oxygen 0.025 0.040 0-080

Total 0.065 0.125 0.095

the  a r t  of the  foundrym an again enters if the 
consequences of th is ab ru p t expansion and con­
trac tio n  are  to  be obviated. The to ta l con trac­
tion  of the  steel le ft to  itself, proceeding from  
the  m elting  po in t down to  o rd inary  tem pera tu re , 
is approxim ately  2.4 per cent. The p a tte rn ­
m aker allows a figure of approxim ately  1.6 per 
cen t., so th a t  th e re  is 0.8 per cen t, in o rdinary  
practice which has to  be tak en  up  by th e  stre tch  
of the  m etal, and in com plicated castings even 
the  1.6 per cent, allowance for the  p a tte rn  dis­
appears a ltogether and no p a tte rn  allowance has 
to  be made, which means th a t  the  whole of the 
contraction , am ounting to  roughly 2.4 per cent., 
has to  be taken  up by the  stre tch  of the  m etal. 
I f  th e  m etal can adequately deal w ith  th a t  con­
trac tio n  everything is well, and the casting comes
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ou t whole. I f , on the  o ther hand , i t  canno t deal 
w ith it , then  it  has to give way and  te a r  in some

F i g . 8 . — F r e e z i n g  D i a g r a m .
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place, and in com plicated castings th is is one of 
the  m ost difficult fea tu res  to  avoid, especially in
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a th in  casting , because the ra tio  of the  area  of 
m eta l to  the  surrounding  mass of sand is all 
ag a in s t the  casting  w ithstand ing  its own cooling 
stresses.

W hat we have been considering is the  case of 
pure iron, b u t a diagram  can be evolved to  show 
how th a t  ab ru p t con traction  varies, or how the  
delta  point, as i t  is called, varies w ith  conten t 
of carbon. (F ig . 10.) This d iagram  indicates 
how th e  change po in t which takes place a t  1,400 
deg. C. varies w ith  the  carbon, and i t  will be 
noted th a t  the  tem p era tu re  a t  which i t  takes 
place rises appreciably w ith  the small con ten t 
of carbon, u n ti l i t  joins up w ith the  m ain  freez­
ing line, when the  contraction  d isappears a lto ­
gether. Carbon therefo re  minimises and 
dim inishes the  effects of th is  contraction , 
a lthough  the  v a ria tion  of th is contraction  w ith 
composition is, u n fo rtuna te ly , no t very g rea t. 
(F ig . 11.) Table I I  shows the to ta l contraction
T a b l e  I I .— Contraction of Plain Round Bars (Korber 

and Schnitzkowski).

Dia.
m/m.

Temp, of 
casting. 
Deg. C.

Total 
contraction 
Per cent.

Contrac­
tion to 

All;,.

Contrac­
tion after

a r 3.

20 1,480 2.20 1.19 1.01
30 1,460 2.18 1.21 0.97
40 1,450 2.13 1.06 1.07
50 1,490 2.16 1.20 ' 0.96

in a b ar which is perfectly  free to  move in the 
sand. M any experim ents have been recently  
carried  ou t to  find how th is- cooling contraction  
varies w ith  different conditions of casting  and 
of m oulding. F ig . 12 shows some of the  results 
of K orber and  Schnitzkowski. These were 
obtained by K orber and Schnitzkowski, and the 
m ethod they  employed was to  cast plain  or 
flanged bars in green-sand and d ty-sand moulds 
and to  m easure by m eans of a suitable in strum ent 
the  varia tion  in  the  length  of th e  bar as it  
cooled, the  tem pera tu re  also being observed 
separately . In  th e  figure, the  num bers refer tp  
the  d iam eter of the bar, used in the experim ent,
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and th e  vertica l scale gives th e  p e r c e n t a g e  con­
trac tio n  in  leng th . The to ta l con trac tion  which 
was obtained, even w ith  th e  b ar cast freely  in

% C a r b o n

F i g . 10.

F i g . 11.

green sand, only averaged 2.2 per cen t., irrespec­
tive of the  d iam eter of th e  bar. I t  takes place 
in practically  two equal portions. The portion  
of im m ediate in te re s t is th a t  which takes place
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before the m etal really cools, and consequently 
takes place a t  a tem pera tu re  when the iron is

RATIO “  PlAWCTEg
2 0  li.~-.TH .

F i g . 1 2 .

weak and least able to  s tan d  it. The ab ility  of 
the steel to  w ithstand  th is contraction  will 
depend upon its streng th , therefore  under



620

o rd inary  conditions i t  is independen t of th e  
dimensions.

Considering the  case (F ig . 13 and  Table I I I )  
of a small b ar w ith  a big flange a t  th e  end, it 
will be seen th a t  in th e  dry-sand mould hard ly  
any con trac tion  took place a t  all, only abou t 0.3 
per cen t., w hereas in th e  green-sand mould, even 
w ith th e  flanges, p rac tica lly  th e  fu ll con trac tion  
occurred. W ith  la rg er d iam eter bars (F ig . 14) 
there  is no t such a  g re a t difference, a lthough  
even here th ere  is a difference betw een th e  dry- 
sand-cast b ar and th e  green-sand-cast bar. These 
results exp lain  th e  g re a t difficulty th e re  is in 
casting  th in  sections, when th e  con trac tion  which

Table I I I .— (Korber and Schnitzlcowski).

Dia.
m/m.

Temp, of 
casting. 
Deg. C.

Contrac­
tion total
Per cent.

Before
a r 3.

After
a r 3.

Mould.

20 1,470
1,460

2.03
0.34

1.01
0.21

1.02
0.13

Green.
Dry.

30 { 1,500
1,470

2.13
0.61

1.12
0.18

1.01
0.43

G.
D.

40 | 1,480
1,460

2.07
0.89

1.06
0.41

1.01
0.48

G.
D.

50 | 1,470
1,490

2.19
1.78

1.18
0.89

1.01
0.89

G.
D.

follows a f te r  the  cooling is no t allowed to  tak e  
place. The con trac tion  occurring a t  th e  h igher 
tem pera tu res  is of by fa r  th e  g rea te s t im p o rt­
ance, and  i t  is in te re s tin g  to  exam ine th e  
s tren g th  of the  steel a t  such tem p era tu res  to  
ascerta in  w hat chance i t  has of resisting .

F ig . 15 gives th e  tensile s tre n g th  of m ild 
steel as th e  tem p era tu re  is increased, from  which 
i t  w ill be noted  th a t  i t  falls very rap id ly  u n til 
in  th e  neighbourhood of the  change po in t, when 
i t  rises, and th en  falls rap id ly  again . In  th e  
neighbourhood of 1,000 deg. C. th e  s tren g th  is 
less th a n  2 tons per sq. in. ; in  th e  neighbourhood 
of 1,300 deg. C. i t  is less th a n  £ ton  per sq. in .,
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so th a t  in th is region, which is the danger zone 
when m etal is cooling down (from  1,500 deg. C. 
to  approxim ately  1,300 deg. C.), th e  steel has 
only a s tren g th  of approxim ately  to  4 ton  per 
sq. in. to  resist any stress which is prodnced by 
the  cooling. W hen th is is realised i t  is sur- 
•prising th a t  any castings s tr ip  whole a t  all. The 
au th o r well rem embers a casting  w ith  which he 
had difficulty, where the  thickness was approxi­
m ately  1 | in ., and  unless th e  core irons were 
broken w ith in  four m inutes a fte r  casting, tea rin g  
took place, showing th a t  th e  rea l danger zone 
so fa r  as ho t te a rs  are  concerned is in  th a t  region

F i g . 1 4 .

im m ediately below th e  freezing po in t down to  
approxim ately  1,200 or 1,300 deg. C.

Since th e  composition affects the  to ta l contrac­
tion  very little  one can consider w hat effect the 
composition has in resisting  those stra in s , and 
here one cannot hope for very much assistance, 
because th e  increase in  s tren g th  which the  
m oderate quan tities of alloy i t  is possible to 
add, give to  th e  steel is inappreciable. There is 
one detrim en ta l elem ent, however, and th a t  is 
su lphur. The ab ility  to  te a r  readily  is g reatly  
enhanced by a high sulphur content. This, 
however, is a very com plicated question, since 
the oxygen con ten t is also concerned in  i t  as well.

The difficulties which are produced by the 
physical actions described, and which have to  be
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allowed for, have to  be wholly overcome by th e  
a r t  of th e  founder. The physical laws a re  th e re  
defin ite ly ; they  cannot be rem oved, they  have 
to  be circum vented, and i t  is th is  which m akes 
the  a r t  of steel founding so very  difficult, 
because each ind iv idual casting  has to  be 
separately  considered.

The steel founder has no choice in  th e  physical 
p roperties of his m etal, b u t the  designer always 
has some choice in th e  m anner of ca rry ing  out 
his designs. T herefore th e  designer should 
consult w ith  th e  steel founder in  th e  early  stages 
of th e  design, and  no t m erely a f te r  th e  design is

F ig . 15.—Strength of 0 16 per cent. 
C. Steel at H ig h  Temperatures.

com pleted, if the  best resu lts a re  to  be obtained 
and sa tisfac to ry  castings a re  to  be m ade. Steel 
castings should be designed as steel castings, and  
no t used as one sometimes im agines th ey  are , 
judging from  some b luep rin ts, as a m eans of 
developing a love for th e  fa n ta s tic  in  a d raw ing- 
office staff. I f  the  steel founder and  designer 
g e t together more they  will ce rta in ly  produce a 
“ p roduction  job th a t  is, a job th a t  w ill give 
the  m axim um  am ount of saa tisfac tion  w ith  the 
m inim um  am ount of loss and fa ilu re  to  all 
concerned.
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STEEL CASTINGS FROM THE MOULDER’S 
VIEWPOINT.

By ]. Jefferson, A.R.S.M. (Member).
The tes ts  or experim ents m ade have n o t been 

very elaborate, b u t they were simple, and  would 
convey an idea of some of the  difficulties which it 
is alm ost impossible to  overcome. On the ques­
tion  of fau lts  as considered from  the  foundry- 
m an ’s point of view, those causing practically  
all th e  trouble can be expressed in two words, 
and th a t  is “ d ra w n ” and “ to rn .”  These 
cover the  examples p u t forw ard by Commander 
Sedgwick, and also m ost of those p u t forw ard by 
Dr. P u llin .

Classification of Defects.
The custom er generally  calls all defects due to 

holes “ blowholes.”  The com plaint would convey 
more inform ation  and would stand  a b e tte r 
chance of being rectified in fu tu re  if the 
custom er s ta ted  more definitely th e  type 
of defect. The more common fau lts  can 
be classified as follows, and  would prob­
ably cover 99 cases o u t of 100: F irs t, there  
are  m echanical tes ts  which are  no t to  require­
m ents, due to  e rro r of m anufactu re  of the  steel, 
low elongation, poor bend, fau lts  in  annealing, 
or the  casting  insufficiently fed. Then there  are 
blowholes globular in  shape, th e  in te rio r surface 
being smooth and  silvery. They m ay occur ju s t 
below the  surface, and in  bad cases th roughou t 
the  body of th e  m etal. These are  due to  fau lty  
steel. There are  also blowholes sim ilar to  the 
above, b u t w ith the surface tarn ished , generally 
made ev iden t when the  skin is broken on m achin­
ing, these are  due probably to damp moulds. 
Then there  are  sandholes, w ith p a r t  of the  mould 
broken off or washed from the runner and car­
ried  to  ano ther p a r t  of the  mould. These may 
be a t  the  surface, or ju s t below the  surface.
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D raw n holes, ir reg u la r in shape w ith rough 
surface, found in  th e  heavier p a rts  of the  
casting, are  due to  insufficient feeding. Then 
there  are  “  ho t pulled ” or “  to rn  ”  holes, shown 
by w hat appears to  be a crack sometimes so fine 
t i ia t  i t  only appears when ta k in g  th e  finishing 
c u t when the  casting  is m achined. These are  due 
to  ir reg u la r con traction , or th e  con trac tion  being 
in te rfe red  w ith , and  ta k e  place soon a fte r  
solidification of th e  steel.

Briefly, fa ilu re  of m echanical tes ts  and  trouble 
w ith  blowholes are  of com paratively  ra re  occur­
rence. The engineer will say th a t  th e  blowhole 
is n o t com paratively  r a r e ; b u t th e  au th o r m ain ­
ta in s  th a t  fa ilu res of m echanical tes ts  a re  com­
para tive ly  ra re . Twenty-tw o consecutive tes ts  
from  the  a u th o r’s te s t  book gave th e  following 
re s u lts :—The average was 30.3 tons tensile  and 
31.3 per cent, elongation, w hilst w hat was re ­
qu ired  was 26 to  35 tons tensile, w ith  15 to  20 
per cent, elongation. The m axim um  was 31.8 
tons tensile and  35 per cent, e longation , while 
th e  m inim um  was 28.2 tons and  29 per cent, 
elongation. Thus th e  ac tua l m a te ria l of the  cast­
ing  causes no trouble . Blowholes due to  dam p 
moulds a re  probably m ore common, b u t so long 
as th e  hum an elem ent has to  decide when the  
mould is d ry  enough and  the  forem an takes risks 
to  expedite delivery, they  are  liable to  occur. 
Sandholes are  due to  carelessness and  to  bad 
technique. The engineer canno t help in  any of 
these cases, and  i t  is a question of foundry  orga­
n isation  and  technique to  reduce them  to  a m in i­
mum. The insufficiently fed and  the  hot-pulled 
or to rn  holes are the  real troubles, th e  others 
being m erely pinpricks. The difficulties arise 
from  certa in  definite physical p roperties of the  
steel, which founders can  no m ore a lte r  th a n  one 
can p reven t sugar from  being sweet. The h igh  
m elting  point, say, 1,470 to  1,480 deg. 0 .,  plus 
enough supex-heat to  allow for the  ru n n in g  
of an in tric a te  casting , m ay bx-ing the  
tem peratuxe to  over 1,600 deg. C. This high 
tem p era tu re  is n ear th e  refractoxy lim its of some 
of tlxe components from  which the m oulding sand
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is m ade. I f  there  is a small section of sand 
surrounded  by a com paratively large mass of 
m etal the  form er becomes semi-fused and is very 
difficult to  remove completely, so th a t  i t  is 
generally  cheaper to  drill from  the  solid in  such 
cases, while spaces requiring  a fea ther edge of 
sand should be avoided.

Steel is very weak mechanically soon afte r 
solidification, and th is  is clearly shown when 
casting  ingots. I f  the  side of th e  mould 
is touched by the  stream  of m etal and it  
leaves a small portion  overlapping the  top 
of th e  mould, the  o ther end being a ttached  to 
the top  of the  ingot in  cooling and contracting , 
th is  small section will pull the  ingot, although 
the  section of the  ingo t m ay be hundreds of 
tim es th e  area  of the  “  ash .” The same hap ­
pens in th e  mould if the  sand is no t sufficiently 
weak to  allow free con traction  ; in  th is case the 
casting  is pulled, and the more complicated the 
design th e  more likely is th is  to  take  place.

A nother fac to r is th e  high coefficient of con­
trac tio n , which from  solidifying point to  normal 
tem pera tu re , is about 0.25 in, per linear foot. 
S ir R . H adfield, in one of his Papers, m entioned 
the  case of a cylinder which was 7 in. shorter 
th an  the  mould. T aking th is  high contraction 
along w ith the  fac t th a t  the steel is very weak 
soon a fte r  solidification, i t  is easily seen th a t  if 
there  are sudden varia tions of cross section the 
casting  is liable to  be pulled, because the th in n e r 
p a rts  will have passed th e ir  weak stage and are 
con trac ting , while the th icker section is still a t  
the  weak stage. Thus there  exist weak and 
strong  links being stressed by the  casting  con­
tra c tin g  and overcoming the resistance of the 
sand, and  i t  is likely to  fra c tu re  a t  its w eakest 
spot, th a t  is to  say where the  th in  section joins 
the th icker. Accordingly, the designer should 
avoid as much as possible these sudden changes 
in cross section.

C ontraction  from  the  liquid to  the solid 
s ta te  is a cause of trouble. C alculating from 
figures in  B erlin ’s P aper, the  au thor took a
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cube of 5-iti. edge and calculated  th a t  in solidify­
ing if th ere  he a th in  skin all th e  way round , 
the draw n hole would be som ething less th an  
2 cub. in . As a m a tte r  of fa c t i t  w as a litt le  
over 1 cub. in ., the  outside, of course, was com­
paratively  good. This, in con junction  w ith  th e  
high solidifying tem p era tu re  (by th a t  is m ean t 
th a t  one does no t fill th e  mould and  get i t  all 
liquid, for as the  mould is filled th e  sides are  
beginning to  solidify), probably causes th e  most 
serious . difficulty, especially in  com plicated 
designs. I f  th ere  be a th ick  section on th e  cast­
ing, unless the  shape and  position is such th a t  a 
feeling head can be placed in a su itab le  position 
to give a supply of m olten m eta l to  th e  p a r t  as 
i t  con tracts due to  changing from  liqu id  to  solid, 
th ere  will be a d raw n hole, or, if n o t showing an 
actua l cavity , th e re  will be a lack of solidity , 
indicated  by low elongation, poor Izod, bad  bend, 
and  in  severe cases, low tensile tonnage.

Position of Test Bars on Casting.
A p lain  cylindrical rod would appear to  

be abou t as simple a casting  to  m ake sound as
one could wish, b u t in  rea lity  i t  is very difficult
to  cast, and if tu rn ed  to  a te s t  b a r will
scarcely give a reasonable resu lt. To o b ta in  
a good resu lt m eans a pouring  ra te  su itab le  to  
the  tem p era tu re  of th e  m etal and th e  d iam eter 
of th e  rod. T h a t is p rac tica lly  impossible in  a 
foundry , because, especially in casting  small
work, th e re  are  so m any differen t castings to 
pour. Sometimes specifications call for such a 
bar to  be a ttached  to  th e  casting , b u t th e  
mechanical s tren g th  of th e  b ar would generally  
be in fe rio r to  th e  casting . In  a case w here a 
s tru c tu re  is streng thened  by m aking  i t  like a T, 
it  is im p o rtan t, if possible, to  p u t the  
s treng then ing  rib  on th e  side so th a t  a feeding 
head could be placed on the  opposite side, o th e r­
wise th ere  will be a weakness along th e  line 
represented  by the cen tre  of mass where the 
two plates m eet. As a T-shaped casting  can be 
considered as being rep resen ta tiv e  and 
modifiable, the  au th o r u tilised  i t  for his experi-
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merits. In  one case he assumed th a t  the shape 
of th e  casting  was such th a t  it  was impossible 
to p u t the  head on the back. The only othei
place to  feed i t  then  was as indicated  in F ig . 1, 
and  a te s t b ar was taken  ju s t bordering on the 
cavity , and gave 30 tons tensile and 15 per cent, 
e longation, w hereas a t A, F ig . 1, away from  the 
cen tre  of mass, i t  gave 30.4 tons tensile, and  34 
per cent, elongation, w hilst the works bar gave 
31 tons tensile and 33 per cent, elongation. Thus 
away from  the cen tre  of mass one is actually  
g e ttin g  a b ar as good as i t  was possible to  make 
from  the  works bar. The o ther one where i t  is

m -
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F ig . 1.

possible to  get a feeding head in its proper posi­
tion—th a t  is, a feeding head capable of supply­
ing liquid m etal (F ig . 2) as the  casting  solidified 
—was 29.5 tons tensile and  25 per cent, elonga­
tion . Thus i t  is necessary in  designing an object 
to  place any connecting bars so th a t  there  can 
be proper feeding to  the  p a r t where there  is an 
ex tra  mass of m etal.

In  ano ther case (Fig. 3) the au thor had  
an u n fo rtu n a te  experience w ith  a series of 
castings. The castings were made and in­
spected by b ar tes t. They were 3 f t . long by 
6 in. by 4 in. The te s t bar was p u t on the 
bottom , where it  registers the  best resu lt. No
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objection was tak en  to  th is, and a g rea t 
num ber of these links were m a d e ; th e  te s t 
called for 26 tons m inim um  tensile , h u t 
the actua l tonnage was 31. W hen the  
custom er got these links he c u t one or two 
up and  took a b ar from  the  cen tre , and  he 
said  to  us, “ You have n o t given me th e  correct 
m a te ria l.” Of course, we said i t  was inspecte 1 
and passed, b u t actually  th e  link  gave a h igher 
tensile th a n  26 tons would have done from  th a t  
a re a : th a t  is to  »ay, the  b a r p a r t  was less th a n  
the  excess we had  given over the  26 tons. The 
question n a tu ra lly  arises, can these castings be 
m ade, say, to  m eet th e  A dm ira lty  requirem ents,

th a t  is, th e  simple castings illu s tra ted ?  The 
answ er is in  th e  affirm ative, b u t th e  b a r would 
have to  be cast horizontally  w ith  a head on its  
length . I f  the  m achining be ra te d  a t  2s. 6d., 
th a t  m eans th a t  th a t  would give an  increase of 
70s. per cwt. as an  e x tra  which no doubt the  
au tho rities  would question. S im ilarly  th e re  
would have been an  increase of 10s. per cw t. in 
the  link . The T-piece could have been m ade 
sa tisfactorily  by th icken ing  i t  down to  th e  cen tre  
of th e  mass and feeding th a t  way, which would 
have increased th e  price of th is  sm all casting  
by 12s. per cwt.

29 • S  Tons 2 5 Z  
£LO H G PT/O N .

Pig. 2.
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The au th o r agrees th a t  steel is the most likely 
to  give th e  best resu lts for th e  modern requ ire­
m ents of th e  engineer, b u t m etallu rg ists do net 
know definitely th e  effect of high tem peratures 
and pressures on steel, so th a t  the  fac to r of 
safety  has necessarily to  be high. The effect is 
probably cum ulative, and when such is the  case 
i t  is very difficult to  p red ic t w hat the  eventual 
resu lt will be. P erhaps members of the  engineer­
ing dep artm en t of Glasgow Technical College or 
U niversity  can say w hat is being done in th is 
line and  when definite results are likely to be 
forthcom ing.

F i g . 3 .

Loosely-Worded Specification.
R egard ing  th e  requirem ents for naval 

m achinery castings, the  au th o r has ex tracted  
w hat he considers th e  im portan t adjectives, 
namely, “ everywhere homogeneous,”  “ specified 
q u a lity ,” “  free from  in te rn a l cav ities ,” 
“  cracks,” “  porosity ,”  “  in te rn a l stresses,” 
and, as he m entioned before, “  cheap .”  The 
ad jective “ cheap,”  to  th e  steel founder ju s t 
now, is like rubbing sa lt in to  an open wound, 
and from  the  examples given i t  will be seen
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th a t  th e  price for these conditions m ust neces­
sarily  he h igher. I t  m ay appear good business to  
reduce the  w eight of a casting , b u t th e  economy 
is not so rea l as one would expect if sold by the  
cwt. One is a p t to overlook th e  fac t th a t , 
for exam ple, on a steel casting  a t  40s. 
per cwt;, one is reducing a p a r t  rep re ­
sented by about 8s., and  increasing  the 
ra te  per cwt. on th e  rem ain ing  32s. As 
Comm ander Sedgwick poin ted  out, th e  value of 
decreasing the  non-com batant p a r t  of a b a tt le ­
ship now is of a value which cannot be m easured  
in term s, of money. The thickness of s tan d a rd  
valves and pipes has been a rrived  a t  by tr ia l  and 
e rro r over a long period, and  th e  thickness of 
com paratively sm all d iam eter fittings is, for cas t­
ing purposes, m uch g rea te r th a n  th a t  requ ired  
to  resist th e  stress. No doubt founders could 
ru n  a much th in n e r m etal, b u t th e  thickness has 
to  be such th a t  i t  w ill w ith stand  the  b u rs tin g  
action of the  core as th e  m eta l con trac ts . The
am ount of reduction  on these and  o ther castings 
can only be found by experim ents, and  to  cover 
the  cost of these, Com m ander Sedgw ick’s sugges­
tion  th a t  these m igh t be done on a  co-operative 
princip le seems to  be one solution. Such a series 
of experim ents, fo r valves alone, could easily ru n  
in to  £1,000, and  for 20 to  30 firms each to  spend 
th a t  am ount' on th e  sam e type  of research  would 
be folly. As th ere  is no such o rgan isation , th ere  
would be some difficulty in p u tt in g  th e  suggestion 
in to  p ractice. I t  is suggested th a t  such experi­
m ents could best be carried  ou t a t  W oolwich, 
were th e  X -ray  a p p a ra tu s  is available.

On the  question of homogeneous castings,
i t  ,is impossible to  m ake a com plicated cast­
ing  homogeneous in  th e  s tr ic t sense of 
the  word, and i t  is suggested instead  
th a t  no p a r t of th e  casting  should give
tests in ferio r to  the  specification. I f  th e  specifi­
cation  calls for 26 tons tensile and  20 per cent, 
elongation, and different p a rts  of th e  casting  give 
30 tons tensile and 30 per cent, elongation , and 
28 tons tensile and 20 per cent, elongation, it 
would seem to  be u n fa ir  to  re jec t it, b u t one 
could not say i t  was homogeneous. In  reference
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to  the  m aking of hollow cylindrical castings 
homogeneous, sufficient care has not been given 
in try in g  to  m ake th e  sand outside more con­
ducting  th an  the  core. In  the  case of round, 
hollow ingots cast in an iron mould, they can 
be m ade solid w ithout feeding heads, due to  the 
ou ter skin con trac ting  quicker th an  the  inner, 
th u s m aking up  for the  difference in volume 
between the liquid and the  solid.

Summary.
(1) The dimensions in  the  design m ust be 

adhered to  th roughout, as closely as possible.
This is quite  a reasonable requirem ent.

(2) The casting  m ust be completely homo­
geneous.

This canno t be guaran teed  in  complicated 
designs, th e  a tta in m en t of the specific quality  
gives p ractically  no trouble, most customers 
are  a lready receiving th is. The requirem ent 
th a t  the  m ateria l m ust be free from  in ternal 
cavities can be fulfilled if the  design is su it­
able, th a t  is to  say, if i t  is of such a n a tu re  
th a t  founders can tak e  precautions to  prevent 
cavities. F reedom  from  cracks can generally 
be achieved.
(3) The artic le  m ust be free from  porosity.

This requ irem en t is usually complied w ith.
(4) In te rn a l stresses m ust be reasonably absent.

The founder canno t do more th a n  a ttem p t
to  correct by annealing . I f  th is  does not 
remove the  inequalities, th en  the problem is 
one for th e  designer.
(5) The n ex t requirem ent is “ cheapness.”

I t  is difficult to  m ake castings cheaper con­
sis ten t w ith quality . The term  “ cheap ,” 
however, is a relative one, and  if Commander 
Sedgwick m eans by “ c h e a p ” a reasonable 
profit over cost of production, then  the au thor 
agrees w ith him.
(6) R eduction  of thickness.

As previously indicated , experim ental work 
would be beneficial in th is connection, and it  
is suggested th a t  such experim ents should be 
carried  out a t  Woolwich.
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M e. L i n d s a y  F o s t e r  said th a t  they  had  now 
had the  second of a very in te re s tin g  series of 
m eetings which undoubtedly  offered such a wide 
field of th o u g h t as betw een qu ite  d is tin c t bodies, 
th e  In s titu tio n  of M echanical E ng ineers and  the  
In s titu te  of B ritish  F oundrym en. I t  has been 
ra th e r  in te res tin g  to  see how both  of these 
speakers have em phasised th e  fa c t th a t  the  
in d u stry  is in  nearly  every case betw een two 
stoo ls; and  to  achieve th e  desired resu lt and  to  
ge t good steel castings m eans th a t  one has more 
or less to  reconcile th e  irreconcilable. Both 
speakers have em phasised th a t  th e  p rac tice  in 
th e  steel foundry  to-day, despite th e  much 
vaun ted  claims of science, is s till fau lty . In  
conclusion, he proposed a  vote of th an k s to  the  
lecturers.

GENERAL DISCUSSION.
The th ird  and la s t m eeting  of th e  series was 

devoted to  th e  discussion of th e  various P apers , 
and  M r. Jam es R ichardson, B .Sc., again  
presided.

In  opening the  discussion, th e  C h a i r m a n  said 
he had noted  six points th a t  occurred to  him  as 
having arisen  o u t of those P apers . Possibly, 
however, his s ta tin g  these six po in ts m ay be 
coloured from  th e  po in t of view of th e  eng ineer 
or of the  user of steel c a s tin g s :— (1) W h a t 
prospect has the  eng ineer of m ore reliable steel 
castings, more p a rticu la rly  to  m eet th e  h igher 
requirem ents as ind icated  by Engineer-C om - 
m ander Sedgwick, and  th e  m ore deta iled  and 
closer exam ination  as foreshadowed by D r. 
P u llin  ? (2) W hat prospect is th ere  of th in n e r
steel castings, also to  be reliable, because if 
engineers can rely on th in n e r steel castings being 
reliable, th en  undoubtedly  th ere  is an  un lim ited  
m ark e t for steel castings to  replace iron castings 
in all those branches of eng ineering  where w eight 
is of some im portance? (3) Is  th e  X -ray  evidence 
p u t forw ard by D r. P u llin , for the  first tim e  to  
his knowledge, accepted by th e  steel-founding 
industry?  (4) C an the  com position of th is  steel 
no t be varied  to  su it the  p a rticu la r type  of cast­
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ing to  be produced? H e p u t th is forw ard in 
ignorance of the  m etallurgical aspect of the pro­
duction  of sound steel castings, bu t he did know 
th a t  for different types of ships different types 
of engines had to  be designed, ju s t as for 
different m aladies d ifferent medicines had to  be 
tak en . Possibly various compositions of steel 
could be used to  produce sa tisfactory  results and 
to  m eet the. vary ing  degrees of complication. (5) 
I t  cannot be w ithou t in te res t to  th e  steel-found­
ing industry  to  know to  w hat ex ten t X -ray  
analysis will be specified by those au thorities 
who were responsible for the  purchase of large 
q u an tities  of steel castings per annum . (6) 
L astly , how is th e  engineer best to  co-operate 
w ith th e  steel-founding industry?  Should there  
not be b rought in to  being some cen tral 
au th o rity , some clearing-house as i t  were, to 
deal w ith  th e  various problems w ith  which the 
founder and the  engineer are  beset?

Steel Castings can Show Properties Equal to Foreign.
M r . J .  S. B r o w n  said the  P apers which had 

been presented  to th is conference formed a very 
valuable sum m ary of the  position of steel cast­
ings in  B ritish  industry . i t  had  been shown 
th a t  th e re  was an  increasing dem and for such 
p a rts  in m odern power p lan ts, and  th a t  progress 
in th e  developm ent of these power p lan ts was
being res tric ted  by certa in  lim itations in the
founders’ a r t .  In  reply to  th is th e  steel m akers 
had explained the  exact n a tu re  of th e ir  present 
difficulties, classified as lying in the  charac­
te ris tics  of the  steel du ring  cooling in the  mould, 
in the  destruction  of the  refrac to ries form ing 
th a t  mould, and in the  ever-present question of 
costs. W hile i t  was not possible to  make sugges­
tions which would remove lim itations, i t  re ­
m ained necessary to  po in t ou t th a t  the  rep re­
sen tatives of the  users had raised little  objection 
to  increased costs; and  th e  evidence they  had 
subm itted  of excessive w asters discloses in itself 
th a t  a fa ir  re tu rn  could be earned on any 
increased care which would insure th a t  the 
moulding costs only arose once for each casting.
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To encourage developm ents in th is  d irection  i t  
m ight be of some service to  the  steel founder 
again  to  review the  qualities in  his p roduct which 
the  user found of va lue ; and  th e  following was 
a resum e of th a t  position. The steel casting  
took the  place of both cast iron  an d  gun-m etal 
on en te rin g  the  range of th e  h igher steam  tem ­
pera tu res  in  boiler w o rk ; i t  appeared  in  the  
pistons and  cylinder heads of the  Diesel eng ine; 
and i t  had a wide and  increasing  scope in  all 
s itu a tio n s where th e  w eight was im p o rtan t. I ts  
m erits in th e  h igh -tem pera tu re  field arose from  
a definite superio rity  in  its  s tre n g th  q u a li tie s ; 
and  th e  D ep artm en t of Scientific and  In d u s tr ia l 
R esearch had recently  published detailed  repo rts  
on te s ts  of a series of cast steels showing tensile, 
creep and  o ther qualities which a re  alm ost id en ti­
cal w ith  th e  corresponding forged steels of sim ilar 
carbon conten t.*  F rom  th is  position th e  user 
would be w illing to  su b stitu te  steel castings in 
alm ost every position where forged steel is being 
used, and  would find immense advan tage  in  the  
flexibility of form  given w ith  th e  ca s tin g ; and 
if he d id  no t proceed fully in  th is  d irection  i t  
was because of experience th a t  th e  ac tu a l cast­
ings fell below th e  s tan d a rd  of th e  small tes t- 
pieces on which the  above te s ts  were m ade.

Continental Competition and the Electric Furnace.
There was ano ther side to  th e  question of the  

quality  of steel castings in  th e  fa c t th a t  ce rta in  
C on tinen ta l foundries were able to  m a in ta in  a 
position in  th e  m arkets of th is  c o u n try ; and  in 
the  case of m otor vehicle item s, such as axle 
casings and  wheels, th is  m a rk e t con tinued  in 
spite  of the  33 per cent, im port du ty . There 
was no use in  disguising th e  fa c t th a t  B rita in  
was an im porting  country , ra th e r  th a n  ex p o rt­
ing. This showed th a t  th e  C on tinen ta l founder 
can offer a p roduct which b e tte r  m et the  requ ire ­
m ents in  certa in  d irections.

Does th is  arise from  ce rta in  differences in  tech ­
nique such as th e  C on tinen ta l use of electric

* Engineering 'Research Report, Nos. 1 and 2, May and 
Ju ly , 1927
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m elting? I t  had been sta ted  th a t  the electric 
fu rnace may actually  increase the  difficulties due 
to the  charge being too p u re ; bu t th is could not 
be a complete exp lanation , for the  pu rity  could 
be ad justed  in  a downward direction  w ith g rea t 
ease. And, fu r th e r, the firm of Leyland Motors, 
L im ited , have installed th e ir  own electric steel- 
m elting furnaces, and experience a brisk demand 
for th e ir  supplus capacity  from  o ther branches of 
the eng ineering industry .

Review ing th e  position as a whole, it  would 
appear th a t  th is  country  had  some leeway to 
m ake up  in  th e  progressive developm ent of cast­
ing in steel. The user had been pressing the 
founder to  th is end since 1885, when the In s titu ­
tion  of N aval A rchitects had a P ap er on C ast 
Steel C ran k sh a f ts ; b u t these crankshafts had 
not ye t a rrived , And one was led to  ask w hether 
there  was n o t scope for some intensive research 
in to  all th e  problem s; w hat detailed  analysis is 
present p ractice being subjected to  in  the . ligh t 
of C on tinen ta l resu lts?

This would doubtless involve a considerable 
financial expend itu re , b u t the  industry  could 
expect to  be supported  by the  Governm ent re ­
search organisations. Indeed, th is position was 
already arising , for the  la te st R eport of the  work 
a t  the  N ationa l Physical L aboratory  showed th a t  
they  are  investiga ting  gas inclusions in steel 
castings, and th a t  they were using electric m elt­
ing in p reparing  the  steel. I t  would be of g rea t 
service for the  industry  to  encourage th is work ; 
to see th a t  its scope included the actual difficul­
ties m et w ith  in  p ractice, and tp  broadcast the 
final conclusions as fixing definite lim its to  the 
sections and proportions which can be obtained 
w ith  success.

An Inspector’s Views.Mr. J .  L. Adam said i t  was largely against his 
own convictions th a t  he joined in the discussion, 
because he represented  an inspection departm ent, 
and, while he found defective castings, he was 
rarely  in  a position to  say how they should be 
avoided. One of the  th ings he liked in  Dr.
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P u llin ’s lecture  was his reference to  th e  service 
which m igh t be rendered by the  use of th e  X -ray  
in  exam in ing  the  first few specimens of a large 
batch  of castings, and so discovering a m ethod 
of rem edying any  defects which m igh t appear. 
H e had  the  same troub le  as th e  A dm iralty , only 
to  a different degree, probably due to  th e  fac t 
th a t  he had  more la titu d e  in th e  m a tte r  of 
w eight, b u t he had  troub le  where conditions 
approxim ated  to  those of th e  A dm iralty , as, for 
instance, in hollow castings of com paratively  low 
scantlings, such as steam  pistons of th e  box- 
p a tte rn .

Steel Castings for the Merchant Marine.
Engineer-C om m ander Sedgwick d id  n o t deal 

w ith  ship castings, b u t to  some ex ten t these are  
even more troublesom e in  m erchan t service th a n  
a re  engine castings. L arg er masses of m a te ria l 
were d ea lt w ith  hav ing  m ore rap id  changes of 
section, and, as a consequence, steel castings for 
stern fram es of th e  “  U ” or tro u g h  section 
earned  a  doubtfu l rep u ta tio n , and  he was n o t 
sure th a t  in  some m inds the  doubtfu l d id  no t 
s till rem ain . In  p a rticu la r th is  applied  to  cas t­
ings form ing th e  heel of stern fram es where th e  
section changed from  a “  TT or trough-shaped  
form  w ith two arm s in to  th e  solid mass form ed 
by th e  shoe of th e  ste rn fram e. All M r. 
Jefferson’s rem arks on the  necessity fo r avoiding 
rap id  changes of section a re  no doubt perfectly  
tru e , b u t in ships of th e  o rd inary  design for 
m erchan t service i t  was a li tt le  difficult to  see 
how such castings could be avoided, and  th is 
applied also to  the  design of spectacle brackets.

Futility of the Hammering Test.
In  the  o rd inary  specification re la tin g  to  steel 

ship castings, the  pious opinion was given th a t  
steel castings, wdiere in tended  to  be used for 
forgings, should be so designed as to  avoid a b ru p t 
changes in  sectional area. E ach  casting  m ust be 
thoroughly  annealed and  subjected  to  percussive 
and  ham m ering tests , as well as te s ts  for tensile  
s treng th , ductility , etc, I t  was also s tip u la ted
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th a t  the test-pieces were to  form  p a r t  of the 
ac tua l casting  subm itted  for approval, and are 
to  be subjected to  sim ilar and sim ultaneous 
annealing . I f  he understood M r. Jefferson 
correctly , despite such precautions the  results 
ob tained  from the test-piece may give little  or no 
indication  of the  ac tua l s tren g th  of the  casting. 
E ngineers had all experienced cases where the 
tensile tes ts  from  a casting  had been perfectly 
sa tisfactory , and  ye t when th e  casting  (in the  
p a rticu la r case in m ind, i t  was a heavy fore-foot 
casting) was dropped th rough  an angle of 45 deg. 
i t  broke thi'ough th e  “  U ” section. H e would 
apprec ia te  some inform ation  as to  th e  value of 
ham m ering tests. The usual specification in 
regard  to  ship castings required th a t  they should 
be slung clear of the  ground and well hamm ered 
all over w ith  a heavy sledge ham m er. So fa r, 
a t  least in  recen t years, he had no t been able 
to  ob tain  particu la rs  of any casting  being 
re jec ted  as th e  resu lt of th is  ham m ering tes t, 
although rejection  of castings on account of 
defects, mostly understood to  be due to  “ d raw ,” 
were common enough.

A g re a t deal had  been said about defects found 
under te s tin g  conditions, and various tests had 
been described. If  such inform ation w^s to  be 
of any use for the  purpose of these discussions i t  
could only be by an analysis of the  results of the 
tests which would show the why and the where- 
for of any defects, because m any engineers could 
find a  defect and no t be able to  say how i t  could 
be avoided.

Co-operation as Basis for Improvements.
M r. W . E . L e w i s  said th a t  Engineer-Com- 

m ander Sedgwick had  p u t forw ard the  po in t of 
view in favour w ith  the  A dm iralty , and probably 
m ercan tile  and m arine engineers as well. 
U ndoubtedly, however good steel castings were a t 
present, there  was room for im provem ent, and 
any possible im provem ent would be the  result 
of the  co-operation in itia ted  by th is Jo in t M eet­
ing. I f  we could find some m ethod by which 
defects could be traced  and localised, m any of
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th e  difficulties confron ting  both  engineers and 
steel founders would d isappear. R efe rrin g  to 
the ch a irm an ’s P o in t No. 6, how was th is  im­
provem ent to  be ob tained? The secret of the  
whole business was co-operation. E veryone of 
the speakers m entioned th a t ,  and only by co­
operation  betw een the  d epartm en ts  in terested  in 
the  production  of steel castings could the  most 
efficent resu lts be obtained.

D r. P u llin  had  shown th a t  i t  was possible 
now to  have an  a p p a ra tu s  by which th e  
in te rio r of a steel casting  could be exam ined. 
The problems th a t  were facing  the  in d u s try  
recalled the  problems th a t  w ere facing  the  
users and  th e  m akers of steel chains and 
cables before th e  passing of th e  Cable 
and Chain Act. U sers were no t satisfied w ith  
th e  product, b u t th e  users and  th e  m akers got 
toge ther and  a specification was draw n up, 
various centres (the P rov ing  Houses) w ere estab­
lished to  assist the  m ain tenance  of th is  s tan d ard , 
w ith  the  resu lt th a t  in a very  sho rt tim e a f te r ­
w ards th e  qua lity  of B ritish  chain  cables became 
second to none in th e  whole world. H e sug­
gested th a t  the  A dm iralty , as th e  b iggest usens 
of steel castings, m igh t do som ething in th a t  line 
themselves. I t  was impossible to  ask th e  steel 
founder to  erect X -ray  a p p a ra tu s  in  his foundry , 
bu t would i t  n o t be possible to  establish  X -ray  
centres, in Glasgow, say, and  in  o ther large 
in d u s tria l centres, t o , w hich the founder could 
send his casting  and  have i t  exam ined by an  
expert and a rep o rt thereon  p repared  and  sen t 
to  h im ? T h a t would th en  form  a basis by which 
both m akers and users could ge t together. 
A nother m a tte r  in  reg ard  to  which co-operation 
is very necessary, is between th e  designer and 
the founder. The th ird  person to  whom co­
operation  was m ost im p o rtan t is the  independent 
p a tte rn m ak er. The la s t was th e  m ost im ­
p o rta n t of all, because he had  to  tran sfo rm  the  
engineer’s wishes on paper in to  som ething con­
crete for th e  foundrym en to  work upon, and  he 
knew from b itte r  experience how g re a t th e  need 
was for th is co-operation. H e had had p a tte rn s
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sen t in to  the foundry when he was engaged in the 
business from  which i t  was really  impossible 
w ithout a g rea t deal of modification to  make 
a decent casting. The more the  m eta llu rg ist and 
the steel founder co-operated the  b e tte r would he 
the  resu lts reflected in th e  product.

.Finally, the founder should co-operate w ith 
all the  others, so th a t  the  results of the ir 
work should no t be lost. Unless care is 
taken  in th e  foundry , the efforts of all 
th e  others, th e  designer, the pa tternm aker, 
and the m eta llu rg ist a re  absolutely throw n away, 
and  he th o u g h t there  was no p a r t of tlie work 
where th a t  neglect receives more d rastic  re tr ib u ­
tion  th a n  in steel fo u n d in g ; and from  experience 
w ith castings he had found th a t  the  g rea te r num ­
ber of replacem ents th a t  he had was due to  such 
fau lts  as sand holes, etc. I f  these fau lts  could he 
elim inated , and according to  M r. Jefferson’s 
P ap e r they  could be elim inated, then  50 per cent, 
of the  eng ineer’s troubles would d isappear, and 
the people whose du ty  i t  was to  a tten d  to  the 
castings would find th a t  the  o ther 50 per cent, 
would disappear.

Mb. T. M. S e r v i c e  lim ited  his rem arks to  the 
P a p e r given by Comm ander Sedgwick, for the 
reason th a t  he dealt w ith the A dm iralty  views 
which were the  resu lt of large experience. 
F u rth e r , in  the  case of A dm iralty  castings for 
high pressure purposes, no patching, e ither by 
welding or o ther means, was perm itted , conse­
quently  the  castings as cast m ust be perfect both 
superficially and in ternally . Commander Sedg­
wick in th e  early  p a r t of his P ap er, outlined the 
A dm iralty  requirem ents, and, a t  a la te r  stage, 
showed how the  steel founder failed to  m eet the 
specification, and gave seven types of failures as 
illu stra tions. A t a still la te r  stage in his P aper, 
Com m ander Sedgwick pointed o u t the A dm iralty 
desired to help the  steel casting  industry , dnd bv 
th e ir s tr in g e n t supervision tr ied  to  im prove the 
quality , and as a resu lt reduced the  weight of the 
various p a rts  in naval ships.

He, th e  speaker, had  condensed the A dm iralty 
requirem ents into th ree  m ain issues and proposed
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assisted, or otherw ise, in a tta in in g  th e ir  ideals. 
The th ree  points were : —(1) Q uality  of m a te r ia l ;
(2) reduction  in  w eigh t; (3) hom ogeneity.

Admiralty Specification Deemed to be Low.
As to  th e  q u a lity  of m ateria l, i t  was in te re stin g  

to note th e  following specifications: —
Adm ira l ty :— U ltim ate tensile streng th , 26 to  35 

tons per sq. i n . ; elongation  on 3 in ., 15 per c e n t . ; 
and  bend, 60 to  90 deg. on 1 in. sq. bend.

Lloyd’s and B.E.S .:— U ltim ate tensile streng th , 
26 to  35 tons per sq. in .;  elongation  on 3 in ., 20 
per c e n t.; bend, 120 deg. on bend, 1 in . x  f  in.

In  th e  case of two valves, th e  walls were only 
|  in . th ick  and  th e  walls com prised th e  g rea te s t 
area. The founder had  to  cast a te s t-b a r suffi­
ciently  la rge  to  ob tain  a  1 in. x  1 in . b a r for 
bending purposes. H e had  been u nder the  im ­
pression th a t  the  ob ject of te s tin g  was to  ob ta in  
the average physical p roperties of th e  bulk of the  
m ateria l and  th is could be m ore nearly  m et by 
te s t bars of the  dim ensions given u nder L loyd’s 
and B .E .S . specification.

I f  th e  A dm iralty  requ ired  th e  h ighest quality  
of steel, would Com m ander Sedgwick explain  
why the  A dm iralty  Specification was th e  lowest 
of all th e  B ritish  Surveys?

Lightweight Valves and Heavy Brackets Exhibited.
As to  reduction  in w eight he exhib ited  models 

of two valves, one 10J in. and  th e  o ther 11?,- in. 
The .w eight of th e  fii’s t, w ithou t b rackets, was 
7 cw ts., and  the  w eight of th e  b rackets was I f  
cwts. The second valve, w ithou t b rackets, 
weighed 10J cw ts., and  th e  b rackets weighed 2£ 
cwts. T h a t m ean t, in  order to  a tta c h  th e  valves 
to  the  sh ip ’s s tru c tu re , a  fu r th e r  ad d itiona l 20 
per cen t, in w eight was required . The thickness 
of the  valve walls, w hich were exposed to  high- 
tem p era tu re  h igh-pressure steam  was f  in ., while 
the thickness of th e  brackets which were requ ired  
to  a tta ch  the  valve to  th e  sh ip ’s s tru c tu re  was as 
follow s: —
10lr in. valve ... S upports f  in. and  base I f  in. 
11£ in . valve ... S upports f  in ., base I f  in.

th ickened in  places to  I f  in.
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I f  the  A dm iralty  were serious in th e ir a ttem p t 
to  reduce w eight, why should the im portan t p a rt 
of the  casting  be sacrificed? Surely i t  was w ithin 
the  skill of th e  designer so to  design the valve 
th a t  th e  im p o rtan t p a rts  should no t be harm fully  
reduced b u t the  m ajor reduction  in weight 
carried  ou t on the  less im portan t.

Homogeneity of Steel Castings.
Designers do no t seem to  apprecia te  the  physi­

cal changes which tak e  place in  steel when cool­
ing from  the  fluid to  the  solid. In  addition  to 
lineal con traction  there  was also volume contrac­
tion , and accom panying th is volume contraction 
th ere  were also the chemical changes which, w ith 
c e rta in  compounds, lead to  heterogeneity , the 
degree of which depended on the mass and speed 
of cooling.

T h a t th e  above laws were no t understood by 
designers was illu s tra ted  in the  10I-in . valve, 
w here two 7 |- in . brackets m et a t  a po in t on the 
¿-in. wall, w ith  th e  resu lt th a t  an area  of 
re ta rd ed  cooling is produced which becomes a 
p o ten tia l source of ho t tea rin g . In  addition  to 
the  danger m entioned there  was also the possible 
danger of an in te rn a l weakness, due to  the  fac t 
th a t  th e  surround ing  m etal was solid before 
volume contraction  in th is area  was finished. By 
an  a lte rn a tiv e  in design th is difficulty could be 
minim ised.

I f  one exam ined the  valves in ternally , one 
found a c ircu lar valve sea t which, w ith m achining 
allowance, has a  cross-section of 2 ins. x 2 ins. = 
4 sq. ins. This seat was connected to  the  valve 
opening by a f- in . th ick  wall. I t  was obvious 
th a t  th e  f- in . wall would be solid before the 
volume con traction  was completed in the valve 
sea t and consequently a contraction  cavity  would 
occur.

These rem arks were based on the two models 
subm itted , b u t m any more A dm iralty  designs 
could be discussed and shown to  have equally bad 
fea tu res. H e was aw are th a t  some of the  defects 
m entioned could be m inim ised by the  use of chills, 
a  point on which he had no t touched, b u t one

Y



m ust rem em ber th a t  the A dm iralty  ask for cast­
ings free  from  defects ex ternally  and  in ternally , 
and  chills in m any cases set up defects equally as 
serious as th e  ones m entioned, and  as welding or 
o ther forms of rep a irin g  were n o t allowed, the 
castings, even if chills had  been used, would 
be equally unserviceable. The steel founder was 
to  blam e in th e  respect th a t  he had  blindly 
accepted designs w ithou t question, while he 
should, in stead , have poin ted  o u t the  objection­
able fea tu res . As a case in po in t, his firm took 
a very strong  s tan d  in th e  case of an  A dm iralty  
design, and  had  i t  a lte red  to  b ring  i t  w ith in  
m an u fac tu rin g  capab ility  and  accessibility for 
inspection, w ith  th e  resu lt th a t  sa tisfac to ry  cas t­
ings, both  from  th e  A dm ira lty  and  fou n d er’s 
po in t of view, have been produced.

Steel Gearing for Sugar Machinery.
M e. A. A. A r n o l d  said th a t  one of th e  m any 

uses fo r steel castings in th e  construction  of 
sugar m achinery  was for th e  heavy spu r wheels 
and pinions used for th e  reduction  gearing  
driv ing  the  sugar mills, and  for pinions on the  
m ill rollers them selves. The te e th  of such gears 
were now universally  m ade as steel castings, 
e ith e r w ith  m achine-m oulded cast te e th  or 
m achine-cut tee th , and i t  was n o t only on account 
of its  s tren g th  th a t  steel should be used, b u t 
for its w ear-resisting  properties. The service in  
th e  case of pinions on mill rollers was most 
strenuous, am ounting, in some cases, to  estim ated  
pressures of, say, 2,000 lbs. per in. w idth  of 
too th  face, or possibly more, and  u nder very 
difficult conditions, because th e  cen tres betw een 
th e  shafts  m igh t change sligh tly  in  th e  course 
of w orking, due to  increased openings betw een 
th e  rollei's. The too th  speeds w ere low, being 
betw een 20 and 40 ft . per m in ., b u t the  service 
in  m any cases was continuous th ro u g h o u t a 
whole week. The reduction  gearing , however, 
had  fixed centres betw een shafts , also low tooth  
speeds, the  first m otion being in th e  neighbour­
hood of 300 f t .  per m in ., w ith  too th  pressures 
up to  1,600 or 2,000 lbs. per in. of w idth , and
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the  second m otion about 100 f t .  per m in. w ith 
tooth  pressures up to  as much as 3,000 or 4,000 
lbs. per in. of w idth . There were, of course, 
cases of much h igher too th  speeds, w ith machine- 
cu t tee th , and the  present tendency is in  th a t 
d irection . Steel gears w ith machine-moulded 
tee th , a fte r  a service of nearly  20 years (five to 
six m onths’ season per year), have shown very 
little  s ig n s . of w ear, which indicates th a t  both 
s tren g th  and w ear-resisting requirem ents had 
been satisfied. The defects to  which such cast­
ings m ay be subject is more ap p aren t th a n  real, 
bu t in some cases one would like to  see smoother 
surfaces, especially for the  con tac t surfaces of 
the tee th  in machine-moulded wheels and pinions.

Resistance to Wear.
F u rth e r , castings m ade by steel founders of the 

highest repu ta tion  were sometimes very ragged 
along the  edges of the  wheel arm s as though the 
m etal were sluggish in  the  mould. R egard ing  re ­
sistance to  w ear, he had, on the  o ther hand, seen 
m any cases of m achine-cut cast-steel gears work­
ing u nder sim ilar conditions of service a t  the 
low too th  speeds already given, and in some 
cases actually  alongside the  machine-moulded 
gears on ad jacen t sugar mills in the  same 
fac to ry ; th e  m achine-cut gears had  shown signs 
of distress by the  tee th  edges spreading sidewise, 
ind ica ting  th a t  th e  m ateria l was somewhat soft, 
possibly due to  th e  cast surface being removed 
and  exposing the  in te rn a l m etal which m ight 
have been of a softer character. Some pinions 
had  been, in a short tim e, so much worn in  th is 
m anner th a t  they  had  to  be reversed on th e ir 
shafts  so as to  p resen t the  opposite face of the 
tee th  as th e  driv ing side. There was usually 
no th ing  objectionable in th is procedure except 
the  expend itu re  of tim e, which was im portan t in 
a  sugar factory , and the  labour of doing so. 
W hen th is spreading o u t takes place, obviously 
the contour of th e  tee th  becomes altered  and im­
perfect, under which conditions rap id  w ear m ust 
tak e  place. In  one case in point, th e  first motion 
gears were s ta ted  to  require en tire  replacem ent
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every season a f te r  w orking about six m onths. I t  
was only fa ir  to  s ta te  th a t  in a ll th e  cases m en­
tioned  th e  m achine-cut steel wheels and  pinions 
were supplied by m anufac tu re rs  in  th e  U nited  
S ta tes  and  n o t from  th is  country . H e would 
no t say th a t  th is  was th e  reason of th e  w an t 
of du rab ility , perhaps o thers could say.

One defect, if i t  may be called such, was th a t  
some steel founders, and only some of them , re ­

move core p rin ts  from  the  p a tte rn s  and om it cores 
so th a t  hollow p a rts  are  cast ap paren tly  solid and 
add itiona l m achining was therefo re  necessary. 
I t  saved th e  inconvenience of badly-cored cas t­
ings, b u t inciden tally  i t  reduced the  anx ie ty  of 
the  steel-founders of th e  risk  of m isplaced and 
displaced cores and saved them  the  necessity of 
exercising care while increasing  th e ir  w eight o u t­
p u t and  th e  cost of the  casting  to  th e  m achinery 
m anufac tu re r. I t  also produces “  fuzzy ”  places 
or hollows in  the  in te rio r, such as M r. Jefferson 
had  outlined . Cores of sm all cross-section may 
be fused up , i t  is tru e , b u t i t  was n o t to  these 
th a t  he referred . W as th e  designer to  be blam ed 
or n o t for defects a rising  from  th is  cause?

As a m a tte r  of in te re s t he would like to  raise  
the  question of the  s tren g th  specification for steel 
castings. I t  would be rem em bered th a t  in  the 
days gone by, for w rought steel i t  was specified 
th a t  the  tensile s tren g th  should n o t be less th an  
so m any tons per sq. in . and  no t m ore th a n  so 
m any tons per sq. in. w ith  a c e rta in  m inim um  
elongation in a ce rta in  length . In  m ost s tan d a rd  
specifications th is style seems to  have d isappeared 
and the  tensile s tren g th  is requ ired  to  be between 
ce rta in  lim its or to  have a m inim um  value w ith  a 
corresponding m inim um  elongation . T here were, 
however, exceptions, as in th e  case of c ran k  webs 
for m arine  engines if m ade of cast steel.

Both Lloyd’s and the  B oard of T rade rules 
s ta te  th a t  th e  tensile s tren g th  m ust no t exceed 
32 tons, and  fu r th e r  th e  sum of th e  tensile 
s tren g th  in  tons per sq. in. and  corresponding 
elongation on a s tan d a rd  te s t piece shall n o t be 
less th a n  50 per cent. F rom  th is  i t  would seem 
th a t  steel castings of th e  h ighest tensile s treng th ,
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w ith suitable elongation for all grades A, B and 
C which were in  accordance w ith  the  B ritish  
E ng ineering  S tandards Association specification 
for m arine purposes, were unsuitable, because 
th e ir  tensile s tren g th  exceeds th e  figure already 
s ta ted . Should the  inspector re jec t such castings 
for th is  purpose, even supposing th a t  the 
obtained tensile s tren g th  of 35 tons was reckoned 
only 32 (the lim it) when added' to  an elongation 
of 20 per cent, m aking a sum of 52 against the 
50 required , th a t  was to  say, was steel of 32 tons 
and  20 per cent, elongation suitable and steel of 
35 tons and th e  same elongation—20 per cen t.—■ 
considered unsu itab le , and if so w hat was the 
reason? Commercially i t  was no t possible to 
have tensile and o ther tes ts  m ade for all castings, 
how, then , was th e  engineer to  know when the 
castings supplied have been satisfactorily  
annealed  ?

H e was surprised  to  lea rn  from  Com­
m ander Sedgwick’s P ap e r th a t  steel castings, for 
superheated  steam , were first used by the 
A dm iralty  in 1923, as 20 years before th a t  there 
was occasion to  p u t in  a stop valve for super­
heated  steam  which was specified to  be of gun- 
m etal, because the  A dm iralty  always had gun- 
m etal stop valves. The consulting engineers to 
th e  A dm iralty  ( i t  being a land  job) were re ­
quested to  allow a stop valve w ith  cast steel body 
to be supplied instead , and  th a t  was done.

Views of a Locomotive Engineer.
M r. C. H . Robinson said the  subject of steel 

castings was one of g rea t in te res t to  locomotive 
engineers. A considerable proportion  of the 
w eight of th e  present-day locomotive was com­
posed of steel castings, which am ount to  from 
15 to  20 tons, in  the  case of s tan d a rd  gauge 
express engines, such as th e  L.M . & S .R . “  Royal 
Scot ”  and L. & N .E .R . Pacific ” classes. 
This figure tended to  increase to the elim ination 
of heavier iron castings, which were being sub­
s titu te d  by steel of ligh ter sections, and of plate 
and angle stre tchers which were not so rigid. 
In  th is  country  the  p late  fram e was universal,
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b u t in  the  U .S.A . the  b a r fram e held th e  field. 
The la t te r  was always m ade of steel castings 
in  th a t  country , b u t where used on D om inion or 
foreign railw ays, which were controlled by B ritish  
boards and engineers, th ere  seemed to  be a 
diffidence to  use th is  m ate ria l, and  i t  was alm ost 
universally  specified th a t  th ey  m ust be ripped  
ou t of solid rolled steel slabs. A p a ir  of b ar 
fram es for a medium-sized locomotive weighed 
about 10 tons in  th e  finished condition.

Some few years ago some very heavy engines 
of th e  bar-fram e type  were b u ilt in  th is  country  
for South  A ustra lia , and  th e  fram es were cast 
in Am erica. W hether th is  was a question  of 
price or diffidence to  u n d ertak e  th e  work on the  
p a r t  of home founders, he did no t know, b u t it  
was no t very insp iring  to  see such w ork going 
abroad. R ecently  inquiries were c ircu la ted  for 
some heavy locomotives for an o th er A ustra lian  
railw ay, and  i t  was specified th a t  th e  fram es 
and  stre tche rs should be “ cast in  one.”  The 
whole s tru c tu re  was designed as a “ box sec tion ,”  
and  the  to ta l w eight of the  casting , a very com­
plicated  one, was 16 tons. These were ac tua lly  
specified to  be cast in  th e  U n ited  S ta tes.

Steel Castings from the Machine Shop.
Considering steel castings from  th e  m achine- 

shop po in t of view, he had  noticed a consider­
able difference in the  qua lity  of home as aga in s t 
co n tinen ta l castings. The co n tinen ta l casting  
was usually  “  m ilder ” and  seldom suffered from  
two defects, serious from  th e  machine-shop 
aspect, which were frequen tly  m issing in home 
eastings, namely, “  h a rd  spo ts,”  and  “  sand 
inclusions.” The “  h a rd  spo ts,” which occurred 
in segregated patches were a serious draw back, 
as a reasonable cu ttin g  speed was impossible 
owing to  th e  liab ility  of b reak ing  th e  tool, and  
they often  had  to  be chipped o u t w ith  a sharp- 
pointed chisel, causing a g re a t w aste of tim e. 
“  Sand inclusions ”  were also th e  cause of serious 
delays, as the  tools were b lun ted  and  had  to  be 
removed frequently  for reg rind ing . These two 
defects p revented  th e  use of m illing  processes,
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owing to  th e  risk  of ru in in g  expensive cu tters. 
Ju d g in g  from  machine-tool m akers’ catalogues 
and  artic les in  th e  technical Press, which boom 
the successes of the  m illing m achine in America 
for finishing steel castings w ith w onderful pro­
duction tim es, one im agined th a t  castings free 
from  these defects m ust be th e  general produc­
tion  in th a t  country .

H e had  noticed th a t  th e  contraction  allowance 
on p a tte rn s  for con tinen ta l foundries was very 
m uch g rea te r, sometimes alm ost double, th a t  re ­
qu ired  in  th is country . I t  would be in teresting  
if  D r. M 'C ance could enlarge upon th is.

F a ilu res  of steel castings in locomotive opera­
tion  were, in so fa r  as his experience w ent, in fre ­
quen t. H e had  known of one or two cases of 
s tre tche rs  cracking, b u t these appeared  to  have 
been “ ho t te a r s ,” which had  no t come through  
the  skin, u n ti l subm itted  to  stresses in service. 
H e once inquired  of a friend , who was chief 
m echanical engineer of a railw ay which possessed 
a large num ber of locomotives, w hether he had 
had  any experience of a cast-steel wheel centre 
fa iling  in  service, and  the  reply was “ never.” 
This was certa in ly  to  th e  cred it of th e  steel 
founder, as he im agined th a t  a wheel centre, w ith 
its heavy boss and  spokes tap e rin g  in to  a com­
para tive ly  lig h t rim , m ust be the very w orst type 
of casting  to  m ake good, judg ing  from  the 
rem arks m ade by M r. Jefferson.

H e reg re tted  th a t  none of the Papers had dealt 
in any way w ith  alloy steels. Ju d g in g  from  the 
technical Press re la tive  to  locomotives, they were 
being much used and discussed in the  U nited 
S ta tes , pa rticu la rly  for b ar fram es and heavy 
stre tch e r castings. I t  would be in te resting  to 
know th e  effects of th e  various alloying consti­
tu en ts , and to  w hat ex ten t they  were being used 
in th is country.

M r. F r a n k  H u d s o n  said th a t  the  experience of 
Glenfield and K ennedy w ith steel castings, in 
hydraulic engineering, was no t altogether a 
happy one, especially in ligh t valve castings 
having relatively  th in  sections. On the other 
hand they  had  little  to  complain about in  the
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heavier work, and  qu ite  recently  some 54-in. 
valves w ent th rough  th e  shops w ithou t any 
defects in  th e  castings coming to  lig h t d u ring  
m achining operations or u nder hydrau lic  te s t. 
In  ligh t valve castings, however, they  usually 
re tu rn ed  a t  least 50 per cen t, of th e  castings 
received to the  foundrym an as scrap or for some 
a tten tio n , such as welding, etc.

Value of Statistics.
H e drew a tte n tio n  to  F ig . A, which gave a 

sectional d raw ing of a 3-in. cast-steel valve, and 
typ ica l of th e  genera l ru n  of lig h t castings. The 
g rea te st num ber of defects ex isted  as porosity 
in  th e  top  flange which one soon found  o u t when 
d rilling  flange bolt holes, followed by blow- or 
sand-holes on th e  valve faces, and  lastly  h a rd  
spots on th e  valve faces. M r. Jefferson suggested 
th a t  i t  would be very help fu l for th e  steel 
founder, when castings were found defective by 
the  custom er, to  have th e  correct in fo rm ation  as 
to  th e  ac tu a l cause of th e  defect ra th e r  th a n  the  
general te rm  “ blowholes.”  This in fo rm ation  to  
be of any value m ust of necessity be determ ined 
by those responsible for th e  m an u fac tu re  of the  
casting . A t th e  same tim e  he would like to  see 
all foundries m ake a b e tte r  analysis of defective 
castings. A dm ittedly  they  can all say w hat the  
percentage of defective castings was for the  last 
financial year, b u t how m any could say th a t  ou t 
of th is  percentage they  had  had  so m any defective 
to  shrinkage cavities, so m any defective to  hot- 
tea rs , etc.

F rom  personal knowledge of one firm who k ep t 
carefu l s ta tis tic s  th ey  now found th a t  th e ir  
g rea te st m achine-shop-rejects were due to  sh rin k ­
age holes, followed by d ir t  and  slag inclusions, 
th en  hot-cracks. The ac tua l percen tage of bad 
castings due to  shrinkholes was 36 per cen t, of 
to ta l machine-shop rejects. This confirmed D r. 
M 'C ance’s rem arks, and  a t  th e  same tim e gave 
added em phasis to  th e  need of very in tim a te  co­
operation  betw een th e  designer and  founder. In  
th is question of design uneven d is trib u tio n  of 
m etal and  im proper filleting produced castings 
which were an  eye-sore to  th e  engineer.
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The porosity found in the  top  flanges of the  
lig h t steel valve shown in  F ig . A was due to  
th is. In  th e  heavy valves, a lthough  th e  change 
of section was ju s t as pronounced, his firm so fa r  
had  not been bothered w ith  porosity  or shrink- 
holes, due to  in te llig en t p lacing of su itab le  fillets 
as shown in  F ig . B. The fillets shown a t  “ a ” 
and “ b ”  proved unsa tisfac to ry , w hilst “  c ”  was 
in  general use for th e ir  heavy valves. “  d ”  was 
the  ac tua l section of a 54-in. valve w here the  
flanges jo in  th e  body and show th e  fillet. No 
cav ity  had  ever been found when d rilling  flange 
bolt holes. This, to  his m ind, showed th e  a d v an t­
ages to  be gained by co-operation betw een th e  
designer and  founder, w hilst a t  th e  sam e tim e 
i t  should be particu la rly  noticed th a t  in  m any 
cases th is  co-operation would resu lt in  th e  produc­
tion  of sound castings w ithou t a rad ica l a lte ra ­
tion  of design.

Comm ander Sedgwick would no doubt be in te r ­
ested to  learn  th a t  i t  would ap p ear from  his 
experience th a t  th e  ligh te r or th in n e r  the  casting  
th en  th e  g rea te r th e  num ber of re jec ts  in  th e  
m achine shops. H e was m ore or less in  agree­
m ent w ith  th e  eng ineers’ requirem ents, as o u t­
lined by Com m ander Sedgwick, b u t suggested 
th a t  surface finish was also of im portance for 
ob ta in ing  b e tte r  steel castings. I t  seemed to  him  
th a t  mould surface played only a m inor p a r t  in 
this m a tte r , and  th e  roughness of some steel cast­
ings was m ainly due to  th e  viscous n a tu re  of 
m olten steel.

In  conclusion he drew th e  eng ineer’s a tte n tio n  
to the  price question. I t  would appear th a t  i t  
was no t qu ite  app recia ted  th a t ,  a p a r t  from  the  
ac tua l value of th e  founder’s a r t ,  over 200 tons 
of m ateria l and tack le  m ust be used and Handled 
in th e  average steel foundry  to  produce one ton 
of castings. This could no t be done for no th ing , 
and no doubt le ft the  steel founder very little  
surplus to  play w ith.

Elastic and Plastic Strains.
Mr . G. F . Gillott, B .M et., said th a t  for the  

past year he had  been engaged in  research work
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on steel castings a t  the  R esearch D epartm ent, 
Woolwich. D r. P n llin  had given an  illum inating  
account of X -ray  methods applied to  the  ex­
am ination  of steel castings. A g rea t advantage 
of th is system was of course th a t  i t  was rap id , 
accurate, and did n o t in ju re  the  castings. As 
D r. P u llin  had explained, in te rp re ta tio n  of the 
X -radiographs requires considerable experience. 
As a rule, cracks, excepting the  finest, were 
fa irly  readily  identified, b u t w ith cavities some 
difficulty occurred. The radiologist usually 
described these as “ blowholes.” F o r m any 
purposes such a general description was quite  
adequate, b u t to  th e  m eta llu rg ist, a more exact 
knowledge of the  n a tu re  of these voids was 
essential. A t present i t  was necessary for th is 
purpose to  supplem ent the  indications of the 
X -rad iographs by a  critica l m etallurgical ex­
am ination  of th e  sectioned casting . This un 
fo rtu n a te ly  m ean t destroying th e  casting  am: 
took some tim e.

A nother po in t w orthy of m ention in connection 
w ith  X -ray  exam ination  was the question of 
s tra in  in  castings. I f  th is  was “  plastic ” i t  was 
harm less, provided th a t  i t  had not been so g rea t 
as to  develop flaws in the  m etal. If , however, 
i t  was “  e lastic ,” th is im plied the  existence of 
stresses in various p a rts  of the  casting, balancing 
each o ther, and possibly concentrated  in some of 
the  angu la r sections. These “ elastic ”  stra in s 
m igh t be serious since they may be stressing the 
casting  in  the  direction  in which i t  will be 
stressed in  service and  so dim inishing the  factor 
of safety . I t  would be of g rea t assistance if 
radiologists could d iscrim inate between stra in  
accom panied by stress (i.e., “ elastic ”  stra in ) 
and s tra in  w ith no rem anent stress (i.e., 
“ plastic ”  stra in ).

H e thanked  D r. M 'Cance for draw ing a tte n ­
tion  to  the  loose use of the term  “  blowhole.” 
Blowholes caused by gases evolved by the  m etal 
could generally  be p u t down to  steel of poor 
quality  or insufficiently deoxidised, a com para­
tively ra re  com plaint in the  m odern steel 
foundry. This po in t deserved m ention in  view of
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gases in steel as a  “ casting  d efec t.”  I t  is 
ra th e r  a “ steel-m aking ” defect. The m ajo rity  
of serious voids were not blowholes, b u t shrinkage 
cavities. These could usually  be avoided by cast­
ing w ith th e  heavier sections upperm ost and  by 
providing large feeding heads over th e  heavy 
sections. U nfo rtunate ly , as M r. Jefferson had 
pointed out, the  add itiona l expense necessary to  
ensure soundness was considerable, and on th a t  
accpunt m any foundries were obliged to  tak e  the  
risk of “ d raw s.” ,

Strength of Elevated Temperatures.
However, these, and  o ther defects, w ere of a 

com paratively m inor n a tu re  com pared w ith 
cracks. These were of a m ost p ers is ten t n a tu re , 
and difficult to  rep a ir  sa tisfac to rily . M ost cracks 
m igh t be described as “  pulls ” or “  h o t te a r s .” 
As the  steel was cooling down from  th e  m olten 
sta te , the  con trac tion  stresses were g radually  
increasing in  m agn itude . A t the  same tim e  th e  
steel was becoming stronger, so th a t  th e  m a tte r  
resolved itself in to  a race betw een th e  two 
factors. There were two possible m ethods of 
a ttack in g  th e  prob lem : F ir s t ,  by reducing or 
releasing the  stresses before they  become 
dangerous, and  second, by increasing  th e  
s tren g th  of th e  steel a t  h igh tem p era tu res , as 
for exam ple, by carefu l a tte n tio n  to  its  p u rity , or 
by th e  use of alloying elem ents such as nickel or 
chrom ium . The la t te r  m ethod also had  th e  effect 
of g rea tly  im proving the  m echanical p roperties of 
the  finished castings. No doubt m uch rem ained  
to  be investigated  in  th e  way of providing moulds 
and cores which yielded readity  on the  cooling of 
th e  m etal, h u t which possessed th e  in itia l 
m echanical s tren g th  and  refrac to riness to  w ith ­
stan d  the  pressure and erosion of th e  m olten 
steel. To elim inate  the  h o t-tea r, some m eans 
m ust be found to  decrease th e  con trac tion  stress, 
or increase the  s tren g th  (or both), so th a t  a t  any 
tem p era tu re  du ring  cooling the steel has adequate  
stren g th  and duc tility  to  deal w ith  the  stress 
which was being imposed on it.
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In  conclusion, he rem arked th a t  his thanks 
were due to  D r. R . H . Greaves, of the  Research 
D epartm ent, Woolwich, for permission to take  
p a r t  in the  discussion.

M b . J ack  C u r r i e  said th a t  as a foundrym an, 
his rem arks were necessarily directed tow ards the 
au tho r of the  first P aper. I t  was ra th e r  a diffi­
cu lt m a tte r  to  criticise, as Commander Sedgwick 
had clearly s ta ted  w hat he w anted, and surely 
if he was pi'epared to  pay for i t  he would get 
it , if i t  was a t  all possib le; b u t he himself was 
ra th e r  a fra id  th a t  in a few isolated cases i t  was 
the  impossible Commander Sedgwick had de­
m anded. I t  was ra th e r disconcerting to  the 
steel-founder to  hear from  the authorised  rep re­
sen ta tive  of the  A dm iralty  th a t  the  quality  of 
B ritish  steel castings was no t quite up  to  the 
h igh s tan d a rd  required.

D r. M ‘Cance and  M r. Jefferson both came to 
the  common conclusion th a t  more co-operation 
m ust ex is t between designer and founder, and 
M r. C urrie  suggested one line of though t th a t  
such co-operation m igh t follow. In  cases where 
in trica te  castings were required, difficult to 
mould and  feed properly  and  the  only beneficial 
p roperty  seemed to  be one of cost, he though t 
th a t  the  idea of m aking a composite casting 
should be considered. By composite, he m eant 
the m aking of the casting  in two or more pieces 
and build ing  up to  produce the  finished article. 
In  m any cases th is m ight not be possible, b u t in 
some i t  would be qu ite  feasible, and although 
increased cost m ight be incurred, increased 
quality  would certa in ly  be th e  result.

Comm ander Sedgwick did no t m ention much in 
his P aper regard ing  alloy-steel castings, and to 
his m ind such castings represented  the answer 
to  the engineer’s dem and for steel of improved 
quality , as by the  proper application of alloying 
elements it  was possible to obtain  increased 
physical properties. Alloy steel, however, could 
not be considered a panacea for all the  troubles 
th a t  arise in the use of steel castings, and owing 
to the difficulties in m anufactu re  and increased 
service such castings necessarily demanded a
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higher price th a n  was asked for o rd inary  steel 
castings.

Unification of Standards Desirable.
M r. C urrie , con tinu ing , said  th a t  m uch trouble 

and  expense would be avoided if th e re  was a 
co-ordination of specifications, as a t  p resen t it  
seemed to  the  founder, a t  least, ridiculous th a t  
two castings of the  same p a tte rn  for th e  same 
purpose should be m ade to  en tire ly  d ifferent 
specifications, thus causing increased trouble to 
the  m an u fac tu re r w ith  no increased service to  
th e  user. This m igh t seem a m inor po in t, b u t 
if a foundry  had  to  c a te r in  th e  sam e day for 
m ateria l to  m eet specifications such as 26 / 32, 
28/32, 30/37, 35/40 and  38 tons m in. per sq. 
in ., th e  trouble  en ta iled  could be p a rtly  realised. 
Surely a s tan d a rd  steel of, say, 34/36 tons per 
sq. in ., w ith  a m inim um  elongation  of 15 per 
cen t., would m eet th e  case for a ll purposes, and 
a t  the  same tim e m ake i t  possible to  cast 
in tr ic a te  castings, which when requ ired  in  th e  
softer qualities of steel were alm ost impossible to 
produce w ithout flaws appearing  in some place 
or other.

H e would also have liked to  have heard  Com­
m ander Sedgwick pass an  opinion on the  quality  
of castings ob tained  from  th e  various processes 
hy which steel castings were now commonly m ade, 
or a t  least the  th ree  m entioned by D r. M 'C ance, 
namely, the  electric, acid open-hearth  and  con­
v e rte r. H e understood th a t  w hilst the  A dm iralty  
were p repared  to  accept general castings from  
any of these processes, they  would no t allow the  
converter process to  be used in  th e  p roduction  
of castings which had  to  w ith s tand  fluid 
pressure. This was ra th e r  difficult to  u n d e r­
s tand , as by tak in g  proper p recau tions steel 
could he produced hy th e  converter process 
capable of complying w ith  any te s t requirem ent. 
I t  was fluid enough to  ru n  th e  th in n e s t types of 
castings, and w hilst th e  im purities, as shown by 
D r. M 'Cance, were as a  l’ule h igher th an  in the  
o ther two processes, th is  had  th e  advan tage  of 
nullify ing to  a ce rta in  ex ten t th e  evil effect of
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fluid con traction , although it had to be adm itted  
a t  the  same tim e increasing the  tendency of the 
m ate ria l to  develop flaws during  solid contrac­
tion . The only point to  his m ind which m ight 
rule ou t the converter process was th a t  the 
hum an elem ent en tered  in to  i t  to  a g rea te r ex ten t 
th a n  was the  case in e ither the  electric or open- 
hea rth  furnaces, b u t he did not th in k  th a t  th is, 
in  face of the  results obtained by th is type of 
furnace, should debar a steel-founder from  m anu­
fac tu rin g  m ateria l which was well w ithin his 
scope.

R egard ing  the  lim it of th inness asked for, 
th is  is ra th e r  a . difficult and dangerous ques­
tion  to  answer, as thinness could only be taken  in 
conjunction  w ith  som ething else, and m ust be 
re la tive  to  the  size and shape of the  casting 
desired. M r. C urrie  said th a t  he had diverged 
in some of his points from  the  actual P aper, 
bu t as they  were th ings in which he was very 
in terested , he would like to  hear Commander 
Sedgwick’s opinion on these m atters.

Limitations in Co-operative Activities.
Mu. W a l t e r  W e s t  (Leyland) said th a t  it  was 

well to  recognise th a t  th ere  were lim itations 
which beset the  designer as well as the  foundry- 
main, a fa c t th a t  accentuated  the  g rea t need for 
a closer working between the  two. The 
designer, of the  desirable type of m ind, urns only 
too anxious to  assist when the an tic ipated  diffi­
culties created  by the design had been pointed 
out. In  like m anner, it  was also essential th a t  
the  p a tte rn m ak er should also join in the  dis­
cussion. Co-opefative effort 011 a large scale 
would be of immense value to  investigate many 
phenomena which affected the  broad principles 
of steel founding, b u t som ething deeper than  
any work which a na tional body of research 
workers could effect was u rgently  needed. In  the 
first place, i t  would not be possible for a national 
association to  look in to  w ith precision, problems 
which arose w ith every different p a tte rn . H ere, 
was called for th a t  personal in itia tiv e  from the 
foundry m anagem ent which would take  him to
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th e  user, a f te r  very carefu l consideration  of the 
work to  be carried  ou t, and  boldly s ta te  any 
difficulties which presented  them selves. A m an 
insp ired  w ith  such enthusiasm  would s tr ik e  the 
r ig h t note fo r a fran k , am icable discussion w ith 
the  m ost conservative of designers. This m ethod 
of a tta c k  would produce d irec t results , which no 
na tiona l effort could possibly accomplish, and it 
would be an assembly of such individuals, who, 
being in im m ediate touch w ith the  needs of the  
A dm iralty  or th e  engineering  tra d e  in  general, 
could advise and  d irec t the  ac tiv ities of th e  
proposed association w ithou t unnecessary loss of 
tim e or money.

I t  was m isleading for foundries to  p u t the ir 
en tire  hope in  such an association, and  in  th e ir 
own circle of ac tiv ity  they, themselves, should 
therefore  display a sim ilar sp ir it  of co-operation 
w ith  th e ir  customers.

Assum ing th a t  every step had  been tak en  to  
produce a design to  the  sa tisfac tion  of designer 
and  founder, and  th a t  such had  been correctly 
in te rp re ted  by the  p a tte rn m ak er to  give the  
easiest and m ost effectual m ethod of production  
from  the  view of coring up th e  m ould, im me­
d ia te  release of th e  casting  a f te r  pouring , and 
commercial profit, th e  resu lt th en  depended to 
a la rge  ex ten t upon th e  foundry  technique. 
T h a t such was n o t simply confined to  the  
m oulder was easily proved. Solidity  or homo­
geneity  of a casting—hav ing  already  assumed 
th a t  the  question of design was settled—de­
pended p rim arily  upon the  disposition and  size 
of feeding heads. O ther factors, such as the  
method of ru nn ing  and the  size of the  runners, 
had  a g re a t influence over th e  results, b u t the  
fluid pressure exerted  by an  am ple num ber of 
liquid-steel reservoirs could n o t be replaced by 
any of the  expedients which were so often  
adopted in  the  foundry . F u r th e r  to  th is, in 
sp ite  of much excellent research a tte n tio n  which 
the  m an u fac tu re r of steel had  been given, i t  had 
to  be adm itted  th a t  th is  w ork had  been 
d irected  more tow ards th e  m aking of steel ingots 
th an  steel for castings. There was m uch yet
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to learn , and for a na tional association to take 
up such a question would be of g rea t assistance.

Properties of Electric Steel.
Broadly speaking, there  were th ree processes of 

m anufactu re—open-hearth, the  converter and the 
electrical furnace, each of which would produce 
steel of iden tical chemical composition, b u t w ith 
w hat difference in  physical behaviour during  
solidification, only those who had a wide experi­
ence or had worked the  th ree  methods could 
describe. T h a t steel had certa in  definite physi­
cal p roperties which founders could not a lte r was 
correct as a broad sta tem ent, but, for example, 
in the  electric furnace, where an unlim ited 
am ount of h e a t energy was available, the con­
ditions, on the  face of m atte rs, would appear to 
be adm irable for the  production of th in  section 
castings. The tru th , however, was th a t  th is 
flexibility of operation  was a source of danger 
in disguise, for steel produced w ith degrees >,f 
super-heat, changed in its physical behaviour 
du ring  th e  period of solidification. Experience 
showed, w ithou t the  theoretical exp lanation  to 
give th e  reason, th a t  such steel has inherent 
te a r in g  o r cracking properties, and no m a tte r 
to  w hat tem pera tu re  the  m etal m ight be cooled 
the  same phenomenon was observed. This was 
sufficient evidence to the p ractical m ind th a t  the 
thickness of the section was no t only lim ited by 
the  possibility of runn ing  the  m etal to  every 
ex trem ity  of the  mould, b u t also by the degree 
of super-heat which could be given to the molten 
steel.

Furtherm ore , they, as founders, had no t ex­
ploited all th e  possibilities in  the m anufacture  
of steel for high-pressure steam  castings. The 
physical characteristics of molten steel were not 
entirely  derived from  the chemical composition, 
b u t could be affected by the m anner in which 
the molten bath  was trea ted  during  the refining 
period. E xperim ents had shown th a t  by an 
unusual m ethod of “  k illing  ”  or finishing the 
m etal—a difference in the behaviour and con­
sistency could be obtained. W hile definite in for­
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m ation could not, as yet, be given w ith  sufficient 
surety  for general broadcast, th e  following te s t 
results obtained would ind ica te  th a t  the  steel 
differs sufficiently from  the  usual as to  w a rra n t 
the  conclusion th a t  fu r th e r  knowledge could still 
be obtained  from  research on these lines : -—

C. Y.P. M.S. E. R.A. Brinell
P. cent. Tons. Tons. P. cent. P. cent. No.

A8073 0.30 28.5 40.4 22.5 31.5 170
A8093 0.27 27.3 41.0 21.5 30.0 187
A8079 0.26 28.4 39.8 23.5 38.5 170

Ignoring  the  te s t  resu lts here given, the  cream ­
like appearance of the  steel m ade in  th is  m anner 
a t  the  norm al tem p era tu re  of casting  in  foundry  
p ractice called for d is tin c t notice. The behaviour 
also d u ring  solidification in the  mould more th a n  
ind icated  th a t  if  th e  shrinkage, is as g re a t as th e  
usual ru n  of steel of sim ilar com position, the  
liquid  m etal had  a life sufficiently long to  ca te r 
well for it.

Oil-Sand Cores and Hot Cracks.
The extensive use of b rackets in  foundries to 

p reven t cracks occurring  in steel castings in d i­
cated  th a t  sufficient a tte n tio n  was n o t pa id  to  
the m ate ria l used in  th e  m aking  of th e  in te rn a l 
sand cores. H ere, consideration  could well be 
given to  the  use of oil-sand cores in  place of 
those m ade in  naturally -bonded  sand. L im ita ­
tions accom pany such a suggestion, in  view of 
w eight and size of the  casting  required , b u t 
the re  was little  doubt now le f t in  the  m inds of 
those m anufac tu re rs  who had  adopted  such m ix­
tu res, th a t  ho t cracks were thereby  g rea tly  re ­
duced in num ber.

In  conclusion, M r. W est said th a t  the  sugges­
tion  regard ing  an advisory com m ittee, composed 
of engineers and foundrym en, fo r th e  purpose 
of discussing the  question of steel castings, was 
g rea tly  to  be recom mended, and  was anxiously 
aw aited by progressive members.

Pointers in Relation to Competition.
M r . D. S h a r p e  th o u g h t for the  type  of cas t­

ings being discussed th ere  were two types of
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steel founders—one good and one bad. The bad 
steel founder who tu rn ed  o u t steel castings w ith 
th e  m ain  aim  of profits should not give con­
sideration  to  the  m anufactu re  of the  high-duty 
castings called for under discussion, b u t should 
leave them  to  the steel founder who could be 
classed as good for th is type of work. The so- 
called bad steel founder m ight be quite compe­
te n t to  deal w ith the  class of casting  which was 
his norm al product, probably b e tte r and cheaper 
th an  the  m an m aking the  good quality  of steel 
casting . Occasionally, however, w hilst passing 
th rough  periods of dull trad e  the  lower grade 
founder was tem pted  to  ven ture  in to  the high- 
quality  m arket, send in a quotation  which was 
so a ttra c tiv e  to  the  buyer th a t  he jum ped a t  it. 
The n e t resu lt was trouble all round. H e was 
p u ttin g  forw ard th is po in t of view in  the belief 
th a t  i t  would be helpful to  the discussion.

One o ther po in t he brought forw ard was in 
regard  to  th in  section steel castings. He had 
d ea lt w ith in his experience a very wide range 
of th in  sections, in th is  country, in  Belgium, 
and in  the  U nited  S tates, and he believed th a t  
the  real difference between these com petitors and 
the  average B ritish  firm was the process, the 
Belgian and German m akers producing a green- 
sand casting  while B ritish  founders still re­
m ained firm for a dry-sand casting. They were, 
however, g radually  developing the green-sand 
casting , and of the  good steel founders here 
m any were able to  get green-sand castings equal 
to  those produced 011 the C ontinent. W ith re­
g a rd  to  a rem ark  made about the electric fu r­
nace, th is  was lim ited to  the smaller m arine- 
engine casting, and could no t in  its present stage 
deal w ith  large hull castings.

A g re a t p a r t  of the  discussion was related  to 
w hat m igh t be called pipe-line work, high-pres­
sure and  high-service castings. The electric fu r­
nace had a g re a t advantage in producing such 
castings. D efects in steel castings had been en­
larged upon, b u t he though t i t  would be very 
helpful to  a fu tu re  discussion of the same kind 
if the engineers, on the other hand, would make
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a careful tab u la tio n  of the  defects occurring  a t  
the ir p lan ts, and  m ake a  lis t of headings, in ­
cluding blow holes, slag, and sand inclusions, 
te a rs  and draw s, and suppo rt th a t  w ith a per­
centage scale w ith which to  shock th e  steel 
founder. l i e  was able to  tra ce  in  h is owrn ex­
perience of abou t 25 years in  steel founding  
the im provem ent th a t  had  been m ade in  steel 
castings over th a t  period, and he believed th a t  
if the average engineer now adays was to  secure 
a casting  like the  average sen t o u t 25 years ago 
th ere  would be a revolution. The im provem ent 
has been going on steadily  from  y ear to  year, 
and  he th o u g h t th a t  from  a good steel founder 
one could obtain  h igh-grade castings of any 
reasonable design.

Inarticulate Founders Create Trouble.
D r. J .  W . D o n a l d s o n  w ro te :—The four 

P ap ers  on steel castings were of considerable im ­
portance and  dem onstrated  the  difficulties of 
steel founding. E ngineer-C om m ander Sedgwick 
had  given qu ite  definitely th e  A dm ira lty  requ ire­
m ents for steel castings, and th en  p u t forw ard 
four possible reasons why those requ irem ents 
were n o t heing m et.

As regards the  first of these, w hether th e  de­
signer was asking too m uch of th e  founder, the  
designer, as a ru le  only asked w hat th e  founder 
s ta ted  he was qu ite  p repared  to  give. I f  th e  
designer asked too m uch th e  founder should re ­
fuse to  a ttem p t those designs, and  th e  designer 
would be forced to  m eet th e  founders’ requ ire­
m ents. Pounders seldom did th is , and  th e  
designers’ conclusion was th a t  m oulders did 
n o t know till they tr ie d  w hether a p a rtic u la r  
design could be cas t successfully or otherwise. 
I f  the  m oulders did n o t know i t  could n o t be 
expected th a t  the  designers should know.

I t  was agreed th a t  th ere  were frequen tly  de­
signs th a t  could be simplified or im proved, and 
i t  was equally tru e  th a t  the  suggestions of foun­
ders would be m et, if a t  all possible, b u t the  
tim e for th is  was before the  castings were a t ­
tem pted. There were designs, however, so in t r i ­
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cate  th a t  th e  founders should refuse to  make 
them  in  cast steel, and  engineers should be asked 
to  accept them  in  cast iron, and would find 
them  more satisfactory , especially if th e  h igher 
grades of cast irons now available were adopted.

R egard ing  the  second and  th ird  reasons, the 
s tan d ard  of soundness se t by th e  A dm iralty  was 
one w ith  which engineers generally would agree, 
as th e  s tan d a rd  m ust necessarily be high, if  such 
castings were to  serve th e ir  engineering purpose. 
W hile D r. M 'Cance and M r. Jefferson’s Papers 
showed th a t  some founders a t  least had  done 
th e ir  best to  perfect th e  a r t  of steel founding, 
D r. M ‘Cance’s P ap er, in  th e  first instance, left 
an  im pression th a t  the  difficulties of steel found­
ing were so very g re a t th a t  success can only be 
achieved in  the  sim plest castings. M r. Jeffer­
son’s P ap e r was, however, a com plem entary one 
an d  corrected  such an  im pression to  some ex ten t, 
b u t i t  was hoped th a t  founders would supply 
facts to  remove th is  im pression altogether.

The fo u r th  reason th a t  steel eastings were 
already  up  to  the  required  s tandard  would not 
be endorsed by users in  general. The percentage 
of defective castings passing th rough  the  average 
engineering  works was still too high to  give con­
fidence, and  m any engineers looked w ith the 
g rea te s t suspicion on steel castings, and th is 
suspicion should be allayed as much as possible. 
Comm ander Sedgwick deprecated th e  patching 
of unsound castings, and  he (Dr. Donaldson) 
agreed w ith  him , as welding was n o t only a 
pallia tive, b u t was too often  used to  cover up 
defects, which, if seen in  the  first instance by 
th e  user, would lead to  the  im m ediate rejection 
of the  casting .

D r. P u llin ’s P ap e r on th e  X -ray  exam ination 
of steel castings opened up  a new field of tes ting  
of considerable in te re s t to  th e  m etallu rg ist, and 
gave an  in s ig h t in to  th e  possibilities of th is  
m ethod of te s ting  fo r castings of all types and 
m aterials. H is rem arks about crystal analysis 
and s tra in  rem oval were extrem ely in teresting , 
and, when developed, would form  a very valu­
able addition  to  the  p resen t mechanical and
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m etallographic m ethods of te s tin g  fo r sa tisfac­
to ry  annealing .

In  dealing w ith cooling conditions D r. 
M ‘Cance s ta ted  th a t  in  castings of com plicated 
design the  usual p a tte rn  allowance of 1.6 per 
cent, con trac tion  d isappears. D id  he m ean th a t  
the  p a tte rn m ak er could n o t m ake such a n  allow­
ance owing to  design, or th a t  th e  allowance was 
made b u t could n o t be tak en  advan tage  of owing 
to  th e  physical conditions of th e  m olten  m etal 
when cooling?

Quality and Price Considerations.
M r. Jefferson s ta ted  th a t  sa tisfac to ry  steel 

castings could be m ade, b u t a t  prices w hich he 
ind ica ted  m ay be h igher th a n  those generally  
quoted. I f  th a t  was so, why was i t  th a t  sa tis­
fac to ry  castings can be ob tained  from  foreign  
sources and  a t  prices averag ing  40 per cen t, less 
th an  those obtained a t  home. A recen t exam ple 
which came to  his (D r. D onaldson’s) notice was 
of a cast steel s te rn  fram e w here th e  C ontinen tal 
price was one-th ird  of th e  lowest B ritish  price— 
th a t  is, 66 per cent, less— and  where a sound and 
sa tisfac to ry  casting  was supplied  a t  th is  price.

I t  was also s ta ted  by D r. M 'C ance and  M r. 
Jefferson th a t  if  th e  design of castings were im ­
proved more sa tisfac to ry  castings would resu lt, 
and general agreem ent would be expressed in  a 
la rger am ount of rea l co-operation betw een th e  
designer and  th e  founder. One fe lt, however, 
th a t  in  add ition  to  th e  fou r P ap ers  read  a fifth  
one from  th e  designer’s p o in t of view was neces­
sary  to  complete th e  series.

Definite Improvement in Technique Recorded.
M r .  R o b e r t  S c o t t  w ro te :— C om m ander Sedg­

wick’s P ap er in troduced  such a v a s t field for 
discussion th a t  i t  appeared  to  him  th e  best way 
would be to  a tte m p t to  discuss th e  one or two 
special points which p a rticu la rly  in te rested  him 
or applied to  any special knowledge of the  trad e .
(1) The designer asked too m uch of th e  founder, 
and (2) th a t  the  founder had n o t fully  explored 
the  possibilities of h is a r t .  The founder was
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unable to  say w hether he could m eet the  design 
or n o t w ithou t actually  a ttem p tin g  to  produce 
the  casting  called for. This was the only way 
a t  p resen t th a t  the  founder had  of fu rthering  
his research work and advancing his technique. 
H e had  also the  spur behind him  to  a ttem p t 
those new designs by the  knowledge th a t  if he 
d id  n o t his com petitors would. Speaking of 
founders’ experiences, they  were daily producing 
castings which six or seven years ago they would 
have refused as being impossible to  make, and 
they  fe lt th a t  they  were im proving th e ir  tech­
nique every m onth. They could assure Com­
m ander Sedgwick th a t  they  are no t standing 
still, b u t were using every effort to  improve the ir 
productions.

The soundness insisted upon by the A dm iralty 
m ust necessarily be high, b u t small defects in 
the  casting , which did n o t affect streng th  and 
u tili ty  of casting , should receive reasonable con­
sideration , as no one could expect perfection, 
and  especially 100 per cent, perfection.

As regards m inim um  thickness, i t  was thought 
th a t  the  p resen t sections asked for were the 
m inim um , and in  some cases under i t  (consider­
ing the num ber of foundry rejections), b u t no 
doubt any steel founder would undertake to  a t- 
tem p t much th in n e r sections for the  A dm iralty 
on a tim e and line basis. In  the  present finan­
cial position i t  was alm ost impossible for any 
steel founder to  undertake  research work for the- 
A dm iralty  unless on such a basis, as, a fte r all, 
a steel foundry  was a commercial undertak ing .

W ith  regard  to  D r. M 'C ance’s and M r. Jeffer­
son’s P apers , being confreres, the  m ajo rity  of 
these contentions is n a tu ra lly  agreed w ith, and 
especially w ith  one rem ark  by M r. Jefferson th a t  
the  A dm iralty  need not expect good steel cast­
ings to  be cheap.

[A /te r  the Sym posium  a jo in t Committee  
was appointed  to summarise the findings w ith  
a view to form ing a basis fo r fu r th e r  dis­
cussions. This sum m ary is detailed in  the 
following pages.]
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This conference extended over a series of even­
ings d u ring  th e  w in ter of 1928-29, and  was 
b rought together by th e  jo in t action  of the  
Scottish branches of the In s titu tio n  of 
M echanical E ngineers and  th e  In s t i tu te  of 
B ritish  Foundrvm en. The scope of th e  confer­
ence was extended to  include th e  in te rests  of 
the  users of th e  castings, and  also of th e  inspec­
tion  societies, in  add ition  to  th e  m ore in tim a te  
in terests  which connect the  founder who p ro­
duces the  castings and the  engineer to  whom 
they a re  supplied.

The conference recognised th a t  the  produc­
tion  of castings in  steel is m ore difficult th a n  
in the  more common engineering  m ateria ls , b u t 
it  d irected  a tte n tio n  to  a num ber of cases where 
th e  percentage of w asters was undu ly  h igh , and 
i t  was concerned to  lea rn  th a t  th e  experience 
w ith  steel castings in  th e  N aval Service was such 
as ad m itted  th e  position to  be sum m arised as 
follows, by Com m ander S edgw ick : —

“  The experience w ith  these castings in  the  
N aval Service has been none too happy , in  m any 
cases i t  has been impossible to  ob tain  th e  desired 
artic le  in  cast steel, so th a t  eventua lly  some 
o ther m a te ria l has had  to  be employed as a 
su bstitu te . In  o ther cases th e  th ickness has 
been increased to  such an  ex ten t th a t  one m ight 
as well have used cast iro n .”

C ontinuing, Com m ander Sedgwick suggested 
th a t  there  were fou r logical a lte rn a tiv e  reasons 
for th is position : —

(1) The designer was asking too m uch from  
the  founder. I f  so, why d id  n o t th e  la t te r  
p ro test in stead  of w asting  tim e and  money in 
a ttem p tin g  the  impossible?

(2) The standard of soundness set by the  
A dm ira lty  for th is service aim ed too high. T h a t 
m ay be, b u t the  user had  th e  r ig h t to  set his own 
stan d ard , and if i t  could no t be fulfilled, th en  he 
would probably go on to  ano ther m a te ria l and  
endeavour to  have his s tan d a rd  fulfilled w ith  
th a t .

(3) That the founder had no t fu lly  explored  
the possibilities o f his a r t  in  th is  p a r tic u la r
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direction . This appeared very likely in view of 
the extrem e excellence of some steel castings 
th a t  were produced both here and abroad. I f  
i t  could be done in one case, why not in others?

(4) The product m igh t already be up to the  
required standard, as w itness the  very small 
percentage of rejects experienced in  some cases.

A t an early  po in t in the  proceedings Dr. 
P u llin  described the  use of X -ray  methods for 
tra c in g  h idden defects in  the castings, and he 
was able to  present a series of examples which 
showed conclusively th a t  hidden defects of im­
p o rta n t proportions could be found in certa in  
types of castings.

The case for th e  founder was presented by 
D r. M ‘Cance and  M r. Jefferson, who described 
the  exact n a tu re  of the  difficulties they  were 
called on to  work under, due to  the  properties 
shown by th e  steel du ring  th e  tim e i t  is fluid, 
and  again  w hilst i t  is cooling. I t  was sta ted  
th a t  p ractically  all th e  defects are  traceable to  
questions of g a ting  and feeding the  moulds so as 
to  overcome shrinkage and co n trac tio n : b u t th a t 
in  some cases the  designer asks for p arts  which 
do no t allow any satisfactory  system of feeding. 
The questions involved in  the  casting of th in  
sections were discussed. The general tren d  of 
the  discussion is reviewed in the  following 
sta tem en t under the  eigh t separate  headings, 
as below: —

(1) Commercial in te rest of cast steel; (2) 
general requirem ents and  typical defects; (3) 
production of the  casting ; (4) th in  sections; (5) 
specifications; (6) trac in g  hidden fa u l ts ; (7)
conclusions, and (8) fu r th e r  action.

(1) Commercial Interest of Cast Steel.
The m echanical qualities of cast steel compare 

closely w ith th e  forged m ateria l of sim ilar 
chemical com position; th e  tensile stren g th  a t 
elevated tem pera tu res, and o ther properties of 
the  two m ateria ls have been quoted in the R e­
ports issued by the D epartm en t of Scientific and 
In d u s tria l Research—E ngineering  Research Re­
ports Nos. 1 and 2 of May and Ju ly , 1927. In
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view of these qualities the  user would be w illing 
to  su b s titu te  steel castings in alm ost every posi­
tion  where forged steel is being used, and  would 
find immense advantages in  the  flexibility  of 
form  given w ith  the  casting .

(2) General Requirements and Typical Defects.

The general requirem ents in  steel castings 
were sum m arised by C om m ander Sedgwick, and 
he also ind ica ted  th e  n a tu re  of th e  usual ru n  of 
fau lts  which came under th e  notice of the  N aval 
Inspection  Service.

The N aval requirem ents for m achinery  cas t­
ings w e re : — (a) The designed dim ensions m ust 
be adhered to  th ro u g h o u t th e  finished a rtic le  as 
closely as possible; (6) th e  m a te ria l m ust be 
everyw here homogeneous and  of th e  specified 
quality , and m ust be free from  in te rn a l cavities 
and cracks; (c) the  a rtic le  m ust be free  from  
porosity, and  (d) in te rn a l stresses m ust be 
reasonably absent.

F u rth e r , th e  N aval Inspection  Service have 
reported  defects of th e  following general
ty p e s :— (1) Blowholes; (2) draw s, generally  a t 
flanges, or changes in  sections (very few are 
known in  bosses); (3) porosity u nder pressure
te s ts ; (4) con traction  c ra c k s ; (5) sand inclusions ;
(6) scabbing, and  (7) fa ilu re  in  physical tes ts  
(com paratively few).

The foundrym en took th e  view th a t  th e ir  
real troubles were covered by the  two words 
“  draw n ” and “  to rn ,” and  these a re  th e  resu lt 
of insufficient feeding or th e  effects of ce rta in  
physical properties of th e  steel which the  
founder is unable to  a lte r  and  which have to  be 
overcome by his experience and  a r t .  The 
foundrym en also drew a tte n tio n  to  th e  general 
use of the  te rm  “  blowhole ” to  describe alm ost 
every k ind  of defect. I t  was explained  th a t
blowholes proper are  a com paratively  ra re
occurrence, and when they  do occur i t  is due to  
the  fa ilu re  of the  hum an elem ent in the  foundry . 
Sand-holes and sand-inclusions come u nder the  
same category.
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(3) Production of the Casting.
The pouring tem p era tu re  of m olten steel 

approaches closely on the  fusing  tem pera tu re  of 
the m oulding sands and causes certa in  lim ita ­
tions in the methods of m oulding. In  addition 
th e  con traction  allowances are  about twice th a t  
requ ired  for cast iron, th a t  is, th e  contraction 
while in  th e  liquid s ta te  is twice th a t  of cast 
iron, and again , du ring  freezing i t  is again 
tw ice th a t  of cast iron, and, .finally, du ring  cool­
ing  the  case of cast iron is favourably assisted 
by m odifying expansions, which «are no t m et w ith 
in cast steel. Thus the  characteristics of the 
steel, du ring  solidification and subsequent cool­
ing, m ade i t  impossible to  avoid a tendency 
tow ards local weakness a t  all changes in the 
sectional thickness of the  casting  : the  , th icker 
section cooling more slowly, and being then 
dam aged by the  o ther p arts  draw ing away the 
m ate ria l from  the  h e a rt of the  th ick  portion. 
In  practice th is de trim en ta l influence dictates 
the  position in which the  p a rt will be moulded, 
and in the more complicated castings it  leads 
to  the  provision of add itional heads to  feed the 
th ick  portions.

This tendency to  draw  is so very real th a t  i t  is 
alm ost impossible to  promise th a t  a casting will 
be of en tirely  uniform  com position; the Izod 
values and tensile elongation tend ing  to become 
reduced a t  all changes in the  section. I t  was 
pointed  ou t th a t  even in the  case of a simple 
1-in. tes t-b ar the core-m aterial would be superior 
w ith  a side head on the  bar, instead of the 
usual end feeding h e a d ; bu t, in practice, i t  is 
alm ost impossible to  work out an ideal system 
of feeding the  more com plicated castings, and 
each casting  has to  be separately  considered.

The ex ten t of th e  porous m ateria l in  a simple 
rec tan g u la r b ille t casting  was given by Dr. 
M 'Cance in  a g rap h ; th is showed th a t  50 per 
cent, m ight have to  be cropped from a billet 
two d iam eters in length. Thus, in order to 
secure sound m aterial in a casting  it  is neces­
sary to  provide large gates and headers, and 
i t  is only by working in th is direction th a t  the
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m oulder can im prove his product. As th e  cost 
of these e x tra  heads had  to  be included in  the 
price of th e  casting , i t  would seem th a t  the  
skill of th e  m oulder lies in  deciding which of 
the  desirable heads can be om itted  w ithou t lead­
ing th e  purchaser to  find reason to  re jec t th e  
casting  as being defective.

(4) Thin Sections.
E xperiences were quoted  w here a design had  

to be increased in thickness before a sa tisfactory  
casting  could be^ obtained , and  in  some cases 
th e  thickness became so g re a t th a t  th e  p a r t  
m ight as well have been m ade in  cast iron. 
H ere  the  defect showed as a h o t-tea r, where the  
restric tions imposed by the  mould caused in ­
te rn a l stresses d u ring  th e  early  p a r t  of cooling, 
when th e  solidifying steel has such a  low 
stren g th  and  d u c tility  th a t  the  stresses were 
relieved by frac tu re . These frac tu re s  m ay be­
come difficult to  locate in  th e  finished casting , 
as they  close again  w ith  th e  cooling of the  
heavier sections. H ere  th e  founders took the  
view th a t  all progress tow ards th in n e r sections 
was a m a tte r  of experim ent, and  th a t  m uch 
could be done by th e  b reak ing  of th e  core-irons 
shortly  a f te r  pouring  th e  steel. E v iden tly  i t  
is largely  a m a tte r  of ob ta in ing  a softer m a te ria l 
for use in  th e  moulds, and  th e re  would appear 
to  be scope for in v es tiga ting  th e  rem ark  th a t  
the  C on tinen tal foundries are  able to  use about 
tw ice the  allowance for con trac tion  which 
obtains in  th is  country .

(5) Specifications.
The founder finds in  th e  case of castings 

whose form s lend them selves to  the  m oulding 
process, th a t  there  is no difficulty in  ru n n in g  
a steel of re la tively  h igh-tensile s tren g th , and 
he, therefore , regards i t  as confusing to  be 
asked to  work to  such a series of specifications 
as are  quoted below, where th ere  is a consider­
able am ount of overlapping betw een th e  d if­
fe ren t tensile streng ths. F u rth e r , the  view was 
expressed th a t  th ere  can be no sound reason
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behind the rejection  of a casting  on the ground 
th a t  i t  is too strong, where the  tensile streng th  
falls slightly above the upper lim it and all the 
o ther p roperties fall w ith in  the  specification.

Range of Specifications:—
(a) 26-32 tons per sq. in.
(b) 28-32 tons per sq. in.
(c) 30-37 tons per sq. in.
(d ) 35-40 tons per sq. in.

38 minim um.
H ere i t  was suggested th a t  34/36 tons m ini­

mum, w ith  15 per cent, elongation, would pro­
vide a su itable s tandard  specification which 
would m eet all the requirm ents of the  above 
range.

A gain, the specifications of the A dm iralty and 
of Lloyd’s show the  same streng th  b u t differ in 
the  o ther particu lars.

Admiralty. Lloyd’s.

Tensile, ultimate tons 26/35 26/35
Elongation on 3 inches .. 15 per cent. 20 per cent.
Bend 60/90 deg. 120 deg. on

on 1 in. 1 in. X f  in.

(6) Tracing Faults in Castings.
The source of the fau lts  in the castings arises 

from  a fa ilu re  to  obtain  solid m ateria l, due 
to  voids, porosity and te a r s ; and while, in  the 
past, i t  has been usual to pass the castings
on the basis of an ex ternal inspection, and 
possibly a fu r th e r w ater-test, i t  has now been 
found th a t  new methods of inspection bring 
ou t fu r th e r  concealed defects of which there  is 
no evidence on the  surface. The search for 
these in te rn a l d iscontinuities makes use of the 
X -ray  m ethods b rought forw ard by Dr. Pullin , 
and of ano ther m ethod which discloses changes 
in the electro-m agnetic properties of the  p a rt 
in the v icin ity  of a local fau lt. In  the case
of ne ither method can i t  be said th a t  the pro­
cess of inspection lends itself to rou tine use
in a foundry, b u t they have given results of 
considerable p ractical im portance and th e ir use
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m ust be expected to  extend in  th e  fu tu re . On 
th is  sub ject the  founder pointed  o u t th a t  while 
th e  m ethods disclose add itiona l defects, these 
defects are  located in  positions where they  were 
m ost likely to  occur, and  th e  inspection  m ethods 
canno t lead  to  any im p o rtan t change in  m ould­
ing practice.

(7) Conclusions.
The founder was agreed th a t  castings could 

be m ade to  A dm iralty  requ irem ents ; b u t in  the  
more com plicated forms th e  cost would be much 
h igher th a n  th a t  of ro u tin e  castings.

The founder finds th a t  he has li tt le  or no 
choice in  the  physical p roperties of his m etal 
and  he feels th a t  th e  designer, who always has 
some choice in  the  n a tu re  of his design, does 
no t fully  apprecia te  th a t  point.

I t  was suggested th a t  th e  designer and 
founder should co-operate a t  th e  design stage 
so th a t  the  experience of th e  la t te r  m igh t lead 
to the  design being free from  th e  m ore prom i­
n en t difficulties in  m oulding, while being 
equally serviceable for its  d u ty ; also th a t  the  
technique of the  chem ist and m eta llu rg is t should 
be u tilised  by both  designer and  founder.

I t  was suggested th a t  th is  co-operation could 
be a tta in ed  by th e  form ation of a consu lta tive 
com m ittee consisting of engineers, foundrym en 
and  m etallu rg ists , such a com m ittee to  be of 
local connection ra th e r  th a n  of na tiona l 
standing .

(8) Further Action.
The following points b rough t forw ard by M r. 

R ichardson would appear to  provide a basis for 
any fu tu re  discussion : —

(1) W hat prospect is there  in  ob ta in ing  steel 
castings to  m eet th e  requirem ents p u t fo rw ard  
by the  A dm iralty  th a t  will pass th e  inspection 
described P

(2) Can th in n e r steel castings be produced 
th a t  are  sufficiently reliable to  be used in  place 
of iron castings?

(3) Could the  vary ing  degrees of complica­
tion  in  castings be m et by vary ing  the  com­
position of the  steel ?



671

(4) How can the  engineer best co-operate 
w ith  th e  founder? Should there  be some central 
au th o rity  or clearing-house to  deal with the 
various problems w ith which the  engineer and 
founder are beset?

REPLY TO DISCUSSION. 
By Dr. M‘Cance.

D r. M 'C a nce  wrote th a t  he considered the 
general discussion which the Papers had aroused 
had been valuable and enabled anyone who 
wished to  tak e  a comprehensive view of the 
s itua tion  to  see more clearly the  direction in 
which progress was tend ing  and to  recognise the 
factors in  steel castings m anufactu re  which were 
n o t y e t under complete control. B u t he did not 
th in k  th a t  i t  was justifiable to  take  any de­
spondent view of the present position. I t  would 
probably always be th e  case th a t  the demands 
of engineers were slightly ahead of the practice 
of production, since i t  was a simple m a tte r  to 
increase one’s dem and b u t a  relatively slow busi­
ness to  increase p ractical proficiency. B u t steel 
founders would welcome all the assistance th a t 
could be obtained from  the  new research methods 
of D r. P u llin  and were in  his debt for the 
pioneer work he was doing. H e hoped th a t  his 
resu lts as they  became available would be given 
wide publicity .

In  the  discussion M r. Adam had raised the 
question of th e  value of the  ham m er tes t, and 
he (D r. M 'Cance) though t th a t  for present cast­
ings i t  was of no value a t  all. A casting  would 
requ ire  to  be exceedingly bad to  fa il under the 
ham m er te s t, and  in  the detection of unsound­
ness i t  was so u n certa in  in  its  indications th a t  
i t  was of li tt le  use. A fter all, th e  chief trouble 
w ith steel castings was not the detection of 
m ajor unsoundness b u t the detection in  other­
wise good castings for specially severe service of 
areas of secondary unsoundness which were often 
of very small ex ten t and which could n o t readily 
be seen, and in m ost cases could no t be seen 
a t  all by a usual exam ination  from  the sur­
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face. I t  was not a case, as some people seemed 
to  th in k , of the m ajo rity  of presen t-day  steel 
castings being bad, b u t of discussion of th e  best 
m ethods fo r producing difficult steel castings 
where th e  necessities of design re s tric ted  the  
app lication  of known physical laws. T h a t dis­
tin c tio n  was of g re a t im portance and  should be 
borne in  m ind.

M r. Robinson had  raised  an  in te re s tin g  sub­
jec t in  h is s ta tem en t th a t  th e  con trac tion  allow­
ance fo r C on tinen tal foundries was g rea te r th a n  
was usual in  th is  country . This was an  ind ica­
tion  th a t  th e ir  m oulds were less rig id  and  in te r ­
fered  less w ith  th e  n a tu ra l con trac tion  of the  
steel e ith e r th rough  the  use of green sand  or 
be tte r-p repared  d ry  sand. There should conse­
quently  be a g rea te r freedom  for h o t tea rs , 
which arose from  th is  cause. H e was glad  th a t  
the  conclusions reached by M r. G illot as th e  
resu lt of his work a t  Woolwich corroborated  the  
po in t of view p u t fo rw ard  in  his P ap e r. Seeing 
th a t  on fundam enta l questions th ere  was agree­
m ent, th e  chances of sa tisfac to ry  developm ents 
from  the  research work in  progress was m ost 
hopeful.

H e reg re tted  if he gave D r. D onaldson th e  
im pression th a t  successful steel castings could 
only be m ade in  th e  sim plest types, fo r th a t  was 
fa r  from  the  t r u th  and  was n o t his opinion.

The u n ce rta in ty  of the  con trac tion  in  ce rta in  
difficult castings arose from  th e  conditions th a t  
owing to  design i t  was no t possible to  m ake the 
mould sufficiently collapsible so th a t  th e  casting  
had  to  stre tch  in  cooling down. E xactly  how 
m uch contraction  and  how much s tre tch  to  allow 
for could only be decided by m aking  a casting . 
Y et th is  question had  to  be decided by the  
pa tte rn m ak er long before the  casting  had  reached 
the  foundry  stage. This illu s tra te s  m erely one 
of the u n certa in ties  which m ade the  application  
of rig id  scientific princip les to  foundry  work so 
difficult.
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London Branch.
ALUMINIUM-SILICON ALLOYS.* 

By R. B. Deeley, B.Sc., A.R.S.M.
The value of the  alum inium -silicon alloys for 

use in modern engineering and m anufacture, 
particu la rly  as compared w ith the  other ligh t 
alloys of alum inium , is a subject which, though 
touched upon by a num ber of w riters, has no t 
received any very detailed a tten tion . This may 
no t perhaps be so surprising  as i t  seems a t  first 
sight, when one considers th a t  i t  was less th an  
fo rty  years ago th a t  the  H all press reduced the 
cost of production of alum inium  sufficiently to 
enable the  m etal to  en te r in to  commercial com­
pe tition  w ith  the  old-established m etals, iron, 
copper, zinc, lead and tin .

In  th is  com paratively short space of tim e the 
use of alum inium  has increased so rap id ly  th a t  
in  1927 the  world consum ption was 200,000 tons, 
m aking i t  th e  fo u rth  in order of im portance as 
regards world production of the  non-ferrous 
metals.

Though th e  m etal was first isolated in 1824 by 
O ersted, th e  q u an tities  obtained were no t suf­
ficient for a study  of the  properties of alloys, 
nor was there  much object in  doing so on 
account of the  cost of the m etal. The production, 
by Deville in  1854, of large quan tities of alu­
m inium  by m eans of sodium cheaply obtained by 
B unsen’s new process, m ade possible a study of 
the alloys of the m etal, and although some a tte n ­
tion  was given to  the  Al-rich alloys, most investi­
gations seem to  have had the object of deter­
m ining the  effect of small quan tities of alu­
m inium  on established m etals and alloys.

The electrolytic process discovered by H all in 
1886, and universally  employed in the  m anu­
fac tu re  of alum inium , so reduced the  price th a t  
serious a tten tio n  was paid to alum inium-base 
alloys. The properties of alloys w ith copper, 
copper and m anganese, zinc, and copper and zinc

* Slightly abridged.
Z
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form ed the  subjects of repo rts to  th e  Alloys- 
R esearch Com m ittee of th e  In s titu tio n  of 
M echanical E ngineers, and, of course, a g re a t 
am ount of work was ca rried  o u t du rin g  th e  w ar, 
b u t th e  general view of th e  alum inium -silicon 
alloys, a t  any ra te  of those w ith  any su b stan tia l 
percentage of silicon, was th a t  they  were weak, 
b rittle  and liable to  gas-holes and  large cav itie s .1 
This view, which was perfectly  co rrec t in  the  
circum stances, held u n ti l Pacz, in  1920, inven ted  
th e  tre a tm en t, now called m odification, which 
so m ateria lly  im proves th e  p roperties of the  
alloys th a t  they  m ay be said  to  be th e  strongest 
of all th e  a lum inium  casting  alloys fo r use in  
the cast s ta te  w ith o u t subsequent tre a tm en t.

Modifying Treatment.
This tre a tm en t, for which Pacz was g ran ted  

B ritish  L e tte rs  P a te n t  No. 158,827, consists of 
tre a tin g  the  alum inium -silicon alloys, con ta in ing  
from  5 to  20 per cen t, of silicon, in  th e  m olten 
s ta te , before casting  w ith  an  alkaline fluoride or 
a m ix tu re  con ta in ing  an alkaline fluoride w ith  
an alkaline chloride, or even a  substance which 
u nder th is  tre a tm e n t would yield an  alkaline 
fluoride.

Pacz s ta ted  in  his P a te n t  th a t  alum inium - 
silicou alloys when produced by m elting  the 
m etals together, and  w ith o u t th e  tre a tm e n t 
which he described, had  a s tren g th  when cast 
of from  61 to  8 tons per sq. in. and  an  elonga­
tion  of 1 to  1 j- per cent. The ex trao rd in a ry  
changes b rough t abou t in th e  alloys when tre a te d  
by his process m ay be realised from  the  fa c t th a t  
th e  alloys so tre a te d  would, he s ta ted , have a 
tensile s tren g th  of 10! to 14 tons per sq. in ., 
w ith  an  elongation  of 3 |  to  11 per cent. H e 
rem arked th a t  th e  fra c tu re  of th e  u n tre a te d  
alloy was very coarse, d a rk  and  crystalline, while 
th a t  of the  tre a te d  alloy was fine-grained, lig h t 
and dense. H e also m entioned th a t  the  sh rink ­
age on cooling of the  trea ted -a lloy  was less than  
th a t  of any o ther alum inium -alloy.

Several subsequent trea tm en t-ag en ts  have been 
devised and p a ten ted  both  in  th is  coun try  and
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abroad, and  among these are the alkali m etals, 
particu la rly  potassium , sodium and  calcium and 
o ther m aterials, chief among which are the 
a lkali oxides, hydrates, peroxides and sodam ide.: 
All these processes are  en tire ly  satisfactory , and 
when properly used will produce sim ilar results, 
b u t the  m ost convenient and economical process 
to  employ a t  the  present m om ent is the  use of 
m etallic sodium, which is relatively cheap, very 
efficient, and, if suitable precautions be taken , 
can be stored for long periods in  safety and w ith­
o u t fea r of deterio ration .

F ig . 1 shows the  m icrostructure  of the  12 per 
cent, silicon alloy made by m elting the con­
s titu en ts  together, and also of the same alloy 
when modified. In  both these micro-sections only 
two constituen ts are  visible, the  w hite ground 
mass being practically  pure alum inium , while 
the silicon is p resen t as the black constituent. 
I t  will be seen th a t  in  the  unmodified alloy the 
general s tru c tu re  is very coarse, and th a t  the 
silicon is p resent e ither in the form of long 
needle-shaped crystals, or as large polygonal 
crystals. In  the modified alloy, however, the 
silicon occurs as very small curly  particles. I t  
will be seen from  F ig . 2 th a t  the effect of modifi­
cation  on the appearance of the frac tu re  is very 
sim ilar to  the  effect on the  in te rna l struc tu re  
of the  alloy.

Theories of Modification.
There have been m any theories advanced to 

explain  the mechanism of th is phenomenon called 
modification, and one of the earliest was th a t  
m odification was due to  the removal of a lu ­
m inium  oxide by the fluxing action of the modi­
fy ing agent. This theory, however, would not 
seem to  be sound, for several m ateria ls which 
are  known to  dissolve alum inium  oxide (in p ar­
ticu la r sodium bisulphate) do no t ac t as 
modifiers. I t  has been suggested also th a t  the 
alum inium -silicon alloys can ex ist in two states, 
the one stable and the o ther m etastable, but 
since the alum inium -silicon alloy system shows 
a complete absence of m etastable constituents,

i  2
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and  as no allotropes of alum inium  have so fa r 
been discovered, th is  theory  does n o t appear to 
be tenable. T h a t m odification is due to  a te r ­
n a ry  alloy being form ed w ith sodium has been 
suggested, b u t th is  also is considered unlikely as 
c e rta in  sodium compounds which are known to 
be reduced by m olten alum inium  do n o t produce 
m odification.

T h a t m odification consists essentially of a 
peculiar type of refinem ent of crystal size, p a r­
ticu la rly  of the  silicon crystals, is completely 
proved by the  resu lts of Jeffries’3 investigations

U nm odified . M odified.

F i g . 2 .— F r a c t u r e  S t r u c t u r e s  o f 1 - i n c h

DIAMETER SAND-CAST B aRS OF M ODIFIED ANI
U nm odified  12  p e r c e n t. S il ic o n  A lloy . 
N o te  C oarseness o f U nm odified  and C lose­
n ess  o f  M odified . (Compare F ig . 1 o f th e  
M ic ro s t ru c tu r e .)  F u l l  Size.

w ith the  X -ray  spectrom eter, when he found th a t  
the  diffraction  p a tte rn  obtained e ither w ith the 
modified or w ith  the unmodified alloy was the 
same and  was th a t  corresponding to  a m ix ture  
of silicon and  alum inium  crystals.

There are  th ree  o ther theories which have been 
advanced to  explain the  phenomenon of modifi­
cation, and, since two of these are  based on the 
colloid theory , i t  may be advisable to  recall some 
of the properties of a colloid. Now, when one 
substance is dissolved in another to  form a tru ly



homogeneous solution i t  is generally  understood 
th a t  the  la rg es t p a rtic le  of e ith e r substance p re­
sen t in  the  liquid  is a molecule—th a t  is to  say, 
the liquid solution consists of an in tim a te  m ix­
tu re  of molecules of the  two substances. C rystals 
are  la rge  num bers of molecules a rran g ed  in  a 
definite form ation , and , if a tru e  solution as 
defined above be subjected  to  some influence 
which reduces th e  solubility of th e  dissolved sub­
stance in  th e  solvent, groups of molecules will 
associate toge ther and  form  crystals of a size 
visible to  th e  naked eye or a t  lea s t to  a m icro­
scope. I t  is known also th a t  c e rta in  solutions 
can ex is t in  a s ta te  known as colloidal when the  
dissolved substance m ay be p resen t in  th e  form  
of groups of molecules w hich a re  n o t visible 
even to  the  o rd inary  microscope. Such a  col­
loidal solution is very sensitive to  add itions of 
ce rta in  o ther substances w hich in  colloid 
chem istry a re  known as pro tectors and  coagulants 
—protectors ten d in g  to  p ro tec t o r stabilise the  
colloid s ta te  by p reven ting  fu r th e r  molecules jo in ­
ing the  groups already  form ed and  th u s  p re­
ven ting  grow th to  and  deposition as c ry s ta ls ; 
coagulants accelerating  th e  grow th of th e  colloid 
particles.

The first of th e  th ree  theories is th a t  advanced 
by the  Staff of th e  R esearch B ureau  of the  
A lum inium  Company of America,* who consider 
th a t  when th e  modifier is added to  an  alum inium - 
silicon m elt i t  disperses in  partic les of colloid 
dim ensions, and, as the  m elt cools, im pedes the  
norm al grow th of th e  silicon partic les. I n  the  
second theory, which is from  th e  same source, i t  
is suggested th a t  the  alkali m eta l used as a m odi­
fier is absorbed as a film a t  the  surface of th e  
partic les of silicon as they  form  in  th e  liquid , 
thereby im peding th e ir  grow th.

The th ird  theory , and  th e  one w hich m ost 
closely fits the  facts, is th a t  developed by D r. 
Gwyer and  his colleagues of th e  R esearch 
L aboratories of th e  B ritish  A lum inium  Com­
pany .5 In  th is  theory  i t  is suggested th a t  the  
alum inium -silicon alloys, on cooling from  a tem ­
p era tu re  well above th e ir  m elting  po in t, and,
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therefore, in  a s ta te  of tru e  solution, pass 
th rough  the  colloidal s ta te , and are susceptible 
to  th e  influence of substances which may ac t 
e ith e r as p rotectors or coagulants. The various 
known modifiers act, they  suggest as colloid pro­
tectors, causing m ore or less complete stabilisa­
tion  of the  colloid s ta te  whereby th a t  s ta te  tends 
to  persist a f te r  solidification. As regards coagu­
lan ts, they  have found th a t  sodium chloride brings 
about complete reversion of th e  modified alloy 
to  the  norm al sta te . I t  follows from  th is theory 
th a t  the  best results would only be obtained of 
the  correct q u an tity  of modifier or pro tector were 
used. This is, in  fac t, w hat happens in  prac­
tice, for i t  is fouud th a t  on adding progres­
sively increasing quan tities of modifier to  the 
norm al alloy, the properties are  im proved up to 
a ce rta in  percentage add ition , a f te r  which there  
is a g radua l de terio ration .

The persistence of th e  colloid s ta te  a fte r solidi­
fication, or, in  o ther words, modification, m ay be 
b rough t abou t w ithou t the  use of a chemical 
modifier by m eans of u ltra -rap id  chilling, such as 
quenching from  the  m olten s ta te  in to  iced brine. 
Such an  exceedingly rap id  ra te  of cooling is not 
possible in  o rd inary  practice, especially in  the 
case of sand castings, and i t  is therefore neces­
sary  to  modify the  alloy chemically. The chilling 
effect of an o rd inary  chill mould is insufficient to 
b ring  abou t complete modification, as will be 
seen from  F ig . 3, in  which i t  m ay be noted th a t  
the silicon particles, though small, have the 
ch aracteristic  needle-shaped form ation of the 
norm al o r unmodified alloy.

In  fu r th e r  te s ting  th e ir  theory, Gwyer and 
P h illip s5 have found th a t  i t  is possible to  modify 
and  coagulate o ther alloys, p a rticu la rly  those of 
alum inium  and  copper, alum inium  and 
m anganese, alum inium  and  iron, alum inium  and 
nickel, and  antim ony and copper.

Constitution of the Alloys.
The norm al alloys were first studied by 

F raen k e l6 in  1908, and la te r  by R oberts’ in 1914, 
and by R osenhain, A rchbutt, and H anson in



th e  11th R ep o rt of th e  Alloys R esearch Com­
m ittee  of the  In s titu tio n  of M echanical E n g i­
neers.1 The modified system has been stud ied  
by Gwyer and  P h illip s5 in  th is  coun try  and  by 
the  R esearch B ureau  of the  A lum inium  Company 
of A m erica in  th e  U n ited  S ta te s .4

B oth when modified and  unmodified, th e  alloys 
form  a simple eu tec tiferous series w ith  very

F ig . 3.—M icrostructure of 12 per  cent. 
Silicon  Cast in  I ron Ch ill without 
M odification, show ing I ncomplete R e­
finem ent of S ilicon P articles w h ic h ,
THOUGH SMALL, ARE NEEDLE-SHAPED.
( x  100.)

sligh t solubility of silicon in  colid alum inium . In 
the  norm al series th e  all eutectie-alloy contains 
11.7 per cent, silicon and  freezes a t  577 deg. C. 
In  the modified alloys, however, i t  is found th a t  
m odification, besides refining th e  s tru c tu re , also 
depresses the freezing po in t and  increases the 
silicon-content of the  all-eutectic alloy. The



freezing po in t of th e  modified alloys may be as 
low as 561 deg. C., b u t tbe  composition of tbe 
all-eutectic modified-alloy is g rea tly  influenced by 
the ra te  of cooling, and  Gwyer and Phillips have 
found the  all-eutectic s tru c tu re  p resen t in  a 
rapidly-chilled modified alloy contain ing as much 
as 15 per cent, silicon. I t  will be appreciated , 
therefore, th a t  any equilibrium  d iagram  given 
for the  modified alloys will only hold for a par-

681

F ig . 4.—E quilibrium  D iagram for M odified 
and Unmodified  Alloys — Gwyer and 
P h il l ip s . (R ate of Cooling 8-10 deg. C. 
per m inute. Unmodified—F ull L ines : 
Modified—-Dotted L in es .)

ticu la r ra te  of cooling. F ig . 4 gives both the 
modified and unmodified alloys plotted on the 
same diagram . I t  is taken  from  Gwyer and 
Ph illip s’ P ap e r, and i t  will be seen th a t  for the 
pa rticu la r ra te  of cooling employed—8 to  10 deg. 
C. per m inute—the composition of the all­
eutectic alloy is 12.85 per cent, silicon. F ig . 5 
is taken  from  a P ap e r4 by Archer and K em pf



of the  A lum inium  Company of A m erica, pub­
lished in  M arch, 1926, to  th e  A m erican In s ti tu te  
of M ining and  M etallu rg ical E ngineers. The 
ra te  of cooling is more rap id , and  approxim ates 
to  th a t  of alloy cast in  a sand-m ould. I t  will 
be seen th a t  in  th is  case th e  com position of the  
all-eutectic modified alloy is approx im ately  
14 per cent, silicon.

P rom  the  p o in t of view of m icro struc tu re , the  
alloys are , therefore , divisible in to  th ree  groups, 
as follows: —

(1) Those w ith  less th a n  11.7 per cent, 
silicon, which, bo th  in  th e  norm al and  in  th e  
modified s ta te , consist of dendrites of p rim ary  
alum inium  in  eu tec tic  g round  mass ; (2) those
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P ig . 5.—E quilibrium  D iagram for M odi­
fied  and U nmodified Alloys—Archer 
and K em pf . (R ate of Cooling E qual to 
Sand Casting. Unm odified  —  P ull 
L in e s : Modified— D otted L in e s .)

alloys whose compositions lie between those of 
th e  norm al and  modified all-eutectic alloys. 
These con tain  from  11.7 to  approxim ately  14 
per cent, silicon, and  when unmodified consist 
of p rim ary  silicon crystals in  a ground-m ass of 
norm al eutec tic . W hen modified, however, 
they consist of dendrites of prim ary-alum in ium  
in a ground-m ass of modified e u te c tic ; and  (3) 
in th is group are  th e  alloys con ta in ing  more 
silicon th an  the  all-eutectic modified alloy, and 
w hether modified or norm al they  consist of 
prim ary-silicon crystals in  a eu tec tic  ground- 
mass.
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Practical Consideration of the Modification 
Process.

The process of modification, which consists 
essentially of adding the  modifier to  the  m etal, 
and allowing the  m etal to  stand  for a certain  
period of tim e, w ithou t any stirr in g , before cast­
ing  is carried  out, contains a num ber of v a ri­
ables which are n o t m et w ith in  the  casting of 
o ther m etals and alloys. The actual tem pera­
tu re  a t  which casting  is to  be carried  ou t is fixed 
as in  th e  case of any m etal or alloy by the  size 
and  general shape of th e  casting, particu larly  
by th e  thickness and  the  ex ten t of the th innest 
section of the  casting.

The tem pera tu re  a t  which casting  m ust be 
carried  out, autom atically  fixes the  tem pera tu re  
a t  which m odification m ust be applied to  the 
m elt, and  also the  tim e period. Among the most 
in fluen tia l variables which are  peculiar to the 
casting  of modified alum inium -silicon alloys, 
are  : —

(1) The q u an tity  of silicon in  the  alloy to  be 
modified; (2) th e  q u an tity  of modifier used;
(3) th e  tim e allowed to  elapse between modifi­
cation  and casting  ; and (4.) th e  thickness of 
section of the  casting  cast.
C onsidering firstly th e  q u an tity  of silicon p re­

sen t in  th e  alloy to  be modified, though the  com- 
m ercially-useful alloys contain any th ing  from 
3 to  20 per cent, silicon, those having the  best 
com bination of properties, contain  from 10 to 
14 per cent. A rcher and K em pf1 have shown 
th a t  th e  am ount of modifier required  varies w ith 
th e  silicon con ten t of th e  alloy, increasing as the 
silicon increases.

I t  is impossible to  give any details as to exact 
quan tities , for th e  class of work being done, the 
pa rticu la r modifier used and a num ber of other 
factors cause g re a t varia itons in  the  am ount of 
modifier required .

W ith  regard  to  th e  q u an tity  of modifier used 
w ith  any p a rticu la r silicon content, i t  appears 
qu ite  general th a t  the  am ount of modifier and 
the tim e period are  closely in ter-dependent, and
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th a t  if the  am ount of modifier be increased the  
tim e period m ust also be increased and vice- 
versa. F rom  th is  i t  would seem th a t  in  order 
to  ob tain  th e  optim um  properties in an alu- 
m inium -silicon alloy, th e  alloy m ust be cast a t 
ju s t th a t  p a rticu la r m om ent a f te r  m odification 
lias been carried  ou t, when th e  sodium  or o ther 
modifier le f t in  th e  alloy has reached a definite 
percentage. This is largely  a  speculation  on the  
a u th o r’s p a r t ,  b u t i t  seems to  be borne o u t in 
ac tua l p ractice.

In  order to  reduce th e  variables as much as 
possible, i t  is perhaps best to  work w ith  an  alloy 
of un iform  composition, to  use always a  s tan d a rd  
p roportion  of modifier to  m elt tre a te d , and  to  
vary  only th e  tim e period and  m odification and 
casting  tem p era tu res  as m ay be requ ired  by the  
g rea te s t and sm allest thicknesses or sections, and 
th e  general size of th e  job in  hand .

Assum ing, therefo re , th a t  a  s ta n d a rd  q u an tity  
of modifier be used, and  th e  tim e period be 
varied , i t  w ill be found in  p rac tice  th a t  if th e  
pouring be carried  ou t too soon a f te r  th e  modifier 
has been applied to  th e  m elt, th e  casting  will 
contain  m any gas holes, and  th e  m axim um  
properties w ill n o t be obtained. F ig . 6 shows 
th e  m icrostructu re  of a  casting  m ade in  alloy 
contain ing  12 per cent, silicon, which was cast 
before th e  necessary tim e betw een modification 
and casting  had  elapsed. I t  will he no ted  th a t  
fu ll refinem ent of th e  silicon- partic les of th e  
eu tec tic  has n o t been obtained.

A fter th e  correct tim e period has elapsed, th e  
alloy tends to  rev e rt from  th e  modified to  th e  
norm al s ta te , and a casting  cast from  alloy which 
has been stand ing  too long a f te r  modification 
has been carried  ou t will show patches which 
have reverted  to  th e  norm al s ta te , th e  am ount 
and size of these patches depending on th e  tim e 
which has elapsed since the  correct casting  tim e. 
The u ltim ate  resu lt of allowing alloy to  stand  
for a long tim e a f te r  m odification is, of course, 
th a t  th e  alloy reverts  to  th e  fu lly  norm al con­
d ition . F ig . 7 shows th e  m ic ro struc tu re  of a 
sand casting  which was cast too long a f te r  m odi­
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fication had been carried  out. I t  will be seen 
th a t  in  th e  p a rticu la r field shown there  is a large 
a rea  of alum inium  contain ing large crystals of 
massive silicon. The use of too much modifier 
causes colonisation of the  eutectic and local re ­
version as m ay be seen from  Tig. 8. The effect 
on the  m echanical p roperties is to  reduce con­
siderably the  elongation.

The Choice of Alloy.
F ig . 9 shows graphically  the tensile streng th  

and elongation of the  norm al and the  modified 
alloys, as determ ined by A rcher and K em pf1 on 
test-bars cast to  size in sand moulds. I t  will be 
seen from  th is th a t , w ith  the particu la r ra te  of 
cooling used, the  strongest alloy in the modified 
system and the  one w ith highest elongation is th a t 
contain ing  14 per cent, silicon, and, a t first sight,

Fig. 6.—Microstrtjcttjre of Sand-Cast 12 per cent. Silicon Alloy, Cast too Soon After Modification, showing Incomplete Refine­ment of Silicon Particles, (x 100.)



G 86
/ W

i t  would appear th a t ,  in  order to  obtain  optim um  
properties, th is  alloy would be th e  best to  select. 
I t  m ust be rem em bered, however, th a t  th e  figures 
from  which these curves were constructed  were 
obtained on test-bars cast under carefully  con­
tro lled  conditions. All th e  variab les occurring  
in  carry ing  o u t such tes ts  as these were varied  
u n til th e  best conditions were found for each 
alloy tested , and  th e  values ind ica ted  rep resen t,

Fig. 7.—M icrosection of Sand-Cast 12 pee 
cent. S ilicon Alloys, Cast too Long Aftek 
Modification, showing Aeea of R eversion 
to Unmodified State. ( x 100.)

therefore, resu lts which can only be obtained 
w ith  such very carefu l control as was used by 
Messrs. Archer and K em pf, and  canno t always 
be an tic ip a ted  in p ractice. E ven th e  m ost 
scientifiealiy-controlled m odern foundry  cannot 
expect in  production  to  copy th e  resu lts obtained 
in  th e  laboratory , and, therefo re , m ust be allowed 
some la titu d e  or “ safety  fac to r ”  in  applying 
the  processes devised in  th e  laboratory .



687

The 14 per cent, silicon alloy is a “  bo rder­
line ” alloy. I t  contains such an am ount of 
silicon th a t  under the  best possible operating  
conditions a sand casting  made from  i t  will have 
th e  all-eutectic stru c tu re . There is a grave risk, 
however, when using th is alloy th a t , if th e  
opera ting  conditions are  not precisely correct, 
prim ary-silicon crystals will separate  from  the

Fig. 8.—Microsection oe Sand-Cast 12 per cent. Silicon Alloy, Modified with too much Modifier ; showing Colonisation of Eutectic, ( x 100.)

m elt and will cause a very serious drop in the 
elongation.

I t  is custom ary, therefore, to  use an alloy 
contain ing  no t more th an  13 per cent, of silicon.

Effect of Impurities.
The most common im purity  found in theso 

alloys is, of course, iron, and its effect on the 
properties of the  alloy is not so ap p aren t in chill 
castings as in sand castings. In  sand castings
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i t  is safe to  allow th e  iron  to  rise to  a value 
between 0.6 and 0.7 per cen t., b u t th e  exact 
figure cannot be given, as i t  depends on the  ra te  
of cooling. I f  th e  iron  con ten t rises above the  
la t te r  value, a  new constituen t, consisting of 
silicon, alum inium , and iron , will sep ara te  ou t 
as large fla t p lates, and these cause planes of 
weakness and d iscon tinu ity  in  th e  alloy, g rea tly
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F ig . 9. E ffect of S ilicon Content 
on Tensile  Strength and E longa­
tion of M odified and U nmodified 
Alum inium  - S ilicon  A l l o t s  
(Archer and K em pf).

reducing the  tensile s tren g th  and elongation. 
r ig .  10 shows the  m icro struc tu re  of a  sand-cast 
alloy contain ing  12 per cent, silicon and 0.72 per 
cent iron. P ig . 1 1  shows the  fra c tu re  s tru c tu re  
ot th e  same alloy.

This example has been chosen because i t  shows 
w hat m ay happen in an  o rd inary  foundry  if  th e  
iron conten t is allowed to  increase slightly . The
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effect of allowing the  iron conten t to  rise to 
h igher values is, of course, to  increase the  
am ount and size of these iron-rich plates. 
F igs. 12 and 13 show respectively th e  micro- and 
frac tu re -s tru c tu res  of an alloy contain ing 2.28 
per cent, iron and 12 per cent, silicon. Such an 
alloy is extrem ely b rittle .

Fig. 10.—Microstructure of Sand-Cast 12 per cent. Silicon Alloy Containing 0.72 per cent. Iron. Iron Constituent shows as Long White Lines, (x 100.)

Specifications.
' The specifications issued by the  D .T.D . A ir 
M inistry  and  by the  A dm iralty  are  shown in 
Table I .  I t  is in te resting  to  note how pure an 
alloy is demanded by the  A ir M inistry , for i t  
will he noted  th a t  in th e ir  specification the  to ta l 
am ount of m etallic im purities o ther th an  iron 
and m anganese m ust not exceed 0.1 per cent.

The effect of o ther m etals on the properties of 
the modified 13 per cent, alloy has been closely



investiga ted  by W elter8, and  th e  resu lts he 
obtained show clearly how extrem ely  sensitive 
these alloys a re  to  the  effect of very sm all q uan ­
titie s  of added m etals. The scope of th e  p resen t 
P ap e r does not, u n fo rtu n a te ly , perm it of a  re ­
production  of all th e  curves he obtained  showing 
the  effect of increasing q u an titie s  of the  added 
m etal on th e  tensile s tren g th  and elongation  of 
the  modified 13 per cen t, silicon alloy, b u t the
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Fig. 11.—Fracture Structure oe Sand- Cast 12 per cent. Silicon Allot Con­taining 0.72 per cent. Iron. Note the Flat, Bright Plates of Iron-Rich Constituent in the Alloy.
results may be briefly sum m arised by s ta tin g  
th a t ,  in general, progressively increasing add i­
tions of o ther m etals cause a  g rad u a l decline in 
tensile s tren g th  and a rap id  decrease in  elonga­
tion . Table I I  shows th e  am ount of each of a 
num ber of o ther m etals, which, when p resen t 
separately , will cause a reduction  of 50 per cent, 
in the  elongation of th e  modified alloys. I t  will 
be noted  th a t , w ith  the  exception of zinc and 
m anganese, the  presence of a  few ten th s  of 1 per 
cent, of any of the  o ther m etals shown in  the 
tab le  will ru in  one of th e  m ost valuable charac­
te ristics of the  modified silicon alloys—th e ir
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Fig. 12.—Microstructure op Sand-Cast 12 per cent. Silicon Allot containing 2.28 per cent. Iron, showing Section op Large Plates of Iron-Rich Constituent. ( x l O O . )

Fig. 13.—Fracture Structures op Sand-Cast 
12 per cent. Silicon Alloy, Containing (Left) 2.28 per cent. Iron, (Right) 0.30 per cent. Iron, showing Flat Bright Plates op Iron-Rich Constituent in the Alloy Containing 2.28 per cent. Iron.
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ductility , and i t  will be app recia ted  th a t  the 
s tr ic te s t labora to ry  contro l m ust be k ep t on the  
chem ical composition of th e  alloy, and  th a t  th e  
u tm ost care m ust be exercised in  th e  foundry  to 
ensure th a t  no scrap from  castings in  o ther alloys 
becomes m ixed w ith runners, risers, e tc ., which 
are  to  be perm itted .

Peculiar Foundry Characteristics.
The com m ercial alum inium -silicon alloys are  

one of the  very few all-eutectic alloys o rd inarily  
used, for, w ith  th e  exception of th e  iron-carbon

Table I.—Air Ministry and Admiralty Specifications for 
Aluminium-Silicon Alloy Castings.

Air 
Ministry. 

D.T.D. 25.

Admiralty
DNC/M/
1 and 1A.

Composition :
Per cent. Per cent.

Si Between 10-14 9-14
Be Not more than 0.75 0.6
Mn ,, ,, ,, 0 .5 0.5
Other metallic impurities 0.1 total 0.1 each.

(not more than)
Mechanical Test.—(On test

pieces turned from 1 in.
chill cast bars) :—

Ultimate strength not 12 tons/sq. 11 tons/sq.
less than in. in.*

Elongation strength not 7 per cent. 6 per cent.
less than on 2 in. on 2 in.*

* Test bars may be cast in sand moulds when only 
9 tons/sq. in. and 5 per cent, are required'on test.

eu tec tic  cast iron, the lead -tin  eu tec tic  or “  t i n ­
m an ’s solder,”  and possibly also th e  eutec tic  
cadm ium -zinc solder, all o ther alloys consist 
m ainly of solid solutions, or only con ta in  a sm all 
am ount of eu tectic. I t  is to  th is  fa c t th a t  the 
superior foundry  p roperties of these alloys as 
com pared w ith  th e  o ther a lum inium  alloys is 
m ainly  a ttr ib u tab le . The freezing ranges of a 
num ber of alum inium  alloys in common use a re  
shown in Table I I I ,  from  which will be seen how
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sm all is the  freezing range of th e  alum inium - 
silicon alloys and  how large is th a t  of the  other 
alloys. The effect of th is  on the  behaviour of 
th e  alloy in  the  mould, and, therefore , on the 
properties of the  casting  produced, is very im­
p o rtan t, and no t always appreciated  by those 
who a tte m p t to  work in these alloys. As was 
recently  rem arked by Mortimer®, th ere  is no 
o ther alloy as liable to  provide pitfa lls for the 
inexperienced and unw ary, and  th is has been 
corroborated  by a t  least one subsequent publica­
tion .

In  considering the  foundry  properties, i t  will 
perhaps be best to  commence w ith  the  design of 
the mould, for i t  is here th a t  will he noted some
T a m ,e  II .— Effect of Impurities on Modified Aluminum- 

/Silicon Alloys.

Element. Amount to reduce elong. by 
50 per cent.

Calcium 0.2
Magnesium 0.3
Copper 0 .4
Zinc 4.5
T i n ...................................... 0.3
Antimony 0.4
Manganese 1.0
Titanium 0.2

of the  more rad ical differences of the  silicon from 
the o ther alum inium  alloys.

W hen a mould has been filled w ith molten 
m etal, and  the  mould is ex trac tin g  h ea t from 
the  m eta l and  rad ia tin g  i t  away, freezing com­
mences a t  the  surface where the  m etal is in con­
ta c t  w ith the mould. As hea t is progressively 
lost, th e  skin of solid m etal which first formed 
a t  t h a t  surface gradually  grows in  thickness as 
more and  more m eta l solidifies on i t  u n til the 
whole thickness of th e  casting  is solid. In  the 
case of alloys w ith  a large freezing range, the 
p rim ary  constituen t which freezes a t  the  higher 
tem pera tu re  deposits first a t  the  ou ter surface in 
the form of dendrites a t  right-angles to  th e  su r­
face. As cooling proceeds, the dendrites in ­
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crease in leng th  and  in m ultip lic ity  of branches, 
and  in the  spaces between these branches those 
constituen ts which freeze a t  lower tem p era tu res  
solidify as th e ir  freezing points a re  reached.

The dendrites are  liable to  t r a p  sm all bubbles 
of gas, and  also to ta lly  to  enclose sm all q u an tities  
of low er-freezing constituen ts, which, on freez­
ing, m ay co n trac t so m uch th a t  a void is le ft. 
The large num bers of sm all holes th u s  form ed in 
o ther alloys a re  no t found in  th e  silicon alloys, 
which, since they  a re  alm ost of eu tec tic  com­
position, have no dendrites, and  in  which freez­
ing takes place by a continuous w all of com-

Table I I I .— Freezing Ranges of Aluminium Alloys.

Alloy.
Primary 
Freezing 

Point. 
Deg. C.

Final 
Freezing 

Point. 
Deg. C.

Range.
Deg.

C.

12 per cent. Si Mod 572 564 8
12 per cent. Si Unmod.. . 579 577 2
Y. Alloy (4 per cent. Cu

2 per cent. Ni 1.5 per
cent. Mg.) 630 493 137

L.8 (12 per cent. Cu) 622 545 77
L .ll  (7 per cent. Cu

1 per cent. Sn) 630 540 90
L.5 (13 per cent. Zn

3 per cent. Cu) 610 490 120

pletely-solid m etal grow ing inw ards from  the  
mould surface u n ti l all th e  alloy is frozen.

The design of the  mould w ith  reg ard  to  the  
position, size, and num ber of ru n n ers  and risers 
and the  size of th e  gates is in  accordance w ith  
general foundry practice, w ith  th e  exceptions in ­
dicated  below. The flu id ity  of th e  alum inium - 
silicon alloys, even a t  tem p era tu res  b u t slightly  
above the freezing point, is so very m uch g rea te r 
th an  th a t  of any o ther a lum inium  alloy th a t  
runners can be cu t down to  a m inim um  th a t  
would be impossible in  any  of th e  o th er alloys, 
and , in  fac t, i t  is o ften  custom ary, even w ith  
castings w eighing as m uch as 5 to  6 cwts. w ith
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very th in  sections, to  use only one runner. In  
passing, i t  m ay be rem arked th a t  the  g rea t 
flu id ity  of these alloys makes possible th e  sa tis­
factory  ru n n in g  of very large castings of very 
th in  section, which could not otherwise be cast 
in an  alum inium  alloy.

Table IV  shows the  therm al expansion, c ry s ta l­
lisation  shrinkage, and to ta l con traction  for a 
num ber of alum inium  alloys, and  i t  will be noted 
th a t , while the  therm al expansion is alm ost the 
lowest, th e  to ta l con traction  of the  silicon alloy 
is  th e  sm allest of all th e  alloys included in the 
table. The po in t of m ost im portance, however,

Table IV .— Thermal Expansion, Shrinkage, and Con­
traction of Aluminium Alloys.

Alloy.

Alpax
Modified

Alu­
minium
Silicon.

L.5 
13 per
cent.
Zn 

3 per 
cent. 
Cu.

L.8

12 per 
Cu

L .ll 
7 per 
cent.
Cu 

1 per 
cent.
Sn.

Y.

Thermal Expan­
sion (Linear 
per 1 deg. C.)

X10-4 ..
Crystallisation 

shrinkage . .
Contraction 

„ (percent.)

0.222

3-8%
1 in 96 
1.042

0.255

6—7% 
1 in 78 
1.282

0.264

6 -7 %  
1 in 79 
1.266

0.246

6 -7 %  
1 in 83 
1.205

0.220

6 -7 %  
1 in 77 
1.299

is th a t  th e  crystallisation  shrinkage of the  sili­
con alloy is about one-half (3.8 per cent, com­
pared  w ith  from  6 to  7 per cen t.) th a t  of the 
o ther alloys, and  i t  is due to  th is  in  particu la r 
th a t  silicon-alloy castings, if made in  a properly- 
designed mould, are  free from  the  shrinkage 
cavities found in  castings of o ther alloys. I t  
m ust no t be fo rgotten , however, th a t  since the 
alloys freeze over a very small range of tem pera­
tu re , th is  shrinkage occurs alm ost a t  one in s tan t, 
and, if su itable steps are  not taken  to  counteract 
i t  as i t  occurs, the  cavities formed may be much 
larger th an  w ith the o ther alloys. An excellent
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exam ple of the g re a t care required  in  designing 
the  mould, and how unsu itab le  fo r silicon alloys 
is a mould which is em inently  su ited  to  o ther 
alloys, was given by A rchbu tt, G rogan and 
Jen k in  in th e ir  recen t P a p e r10 to  th e  In s titu te  
of M etals on th e  “  D ie-C asting of A lum inium  
Alloys.”  The die they  used a t  th e  commence­
m en t of th e ir  research was designed for o rd inary  
alum inium  alloys, and  was to ta lly  unsu ited  for 
th e  silicon alloys, castings of which, m ade in the  
die, con tained  large cavities.

There is one o ther m ost im p o rtan t foundry  
characteristic  of these alloys, and th a t  is th e ir  
alm ost complete freedom  from  h o t shortness.

In  th e  above-m entioned P a p e r  by A rchbu tt 
and his colleagues they  recorded th e  resu lts they

Table V.—-Hot Shortness of Aluminium Alloys near their 
Melting Points.

Alloy.

Temperature 
fall in deg. C. 
before energy 
to fracture is 
10.9 ft.-lbs.

Energy in 
ft.-lbs. to 

fracture at 
5 deg. C. below 
melting point.

12 per cent. Silicon .. 3 10.9
Y Alloy
8 per cent. Copper

11 4.7

Alloy 24 0.7
2 L . 5 .......................... 45 0.5

had  obtained for th e  im pact s tre n g th  of 
a lum inium  alloys a t  tem p era tu res  n ea r th e ir  
m elting  points, and  Table V  shows some com­
p ara tiv e  values tak en  from  th e  curves given in 
th a t  P ap er. I n  th e  first column is shown the 
tem p era tu re  fa ll below th e  m elting  po in t of each 
alloy th a t  m ust tak e  place before th e  alloys re ­
qu ire  10.9 ft.-lbs. to  fra c tu re  the  p a rtic u la r  sized 
specimen used. I t  w ill be seen th a t  th e  12 per 
cent, silicon alloy a tta in s  th is  s tre n g th  a t  3 deg. 
C. below th e  m elting  po in t, as com pared w ith  
11 deg. C.—nearly  fou r tim es as m uch—for 
“  Y ” alloy, while th e  fall fo r 2 L .5 is 45 deg. C.

I t  will now be app recia ted  th a t  these alloys 
have peculiarly  superior foundry  properties as
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com pared w ith o ther alum inium  alloys. They 
are  very fluid, and  large castings of very th in  
section can be sa tisfac to rily  ru n , and  when cast 
they  are  not liable to  foundry  cracks. I t  is for 
these reasons in  particu la r, and also, b u t to  a 
less ex ten t, to  th e ir  freedom from  shrinkage 
cavities, th a t  they  are  the only possible alloys 
for th e  m anufactu re  of sa tisfactory  castings of 
the type exemplified by railw ay-carriage doors.

Physical Properties.
The commercially useful silicon alloys contain  

from  about 9 to  14 per cent, of silicon, and  the 
optim um  properties of s tren g th  and  ductility  
are  obtained w ith  alloys con tain ing  from  12 to  
13 per cent, silicon. In  considering th e  physical 
and o ther properties of cast modified alum inium - 
silicon alloys, the  values given are, therefore, in 
all cases those obtained from  castings contain ing 
12 to  13 per cent, silicon, unless otherwise sta ted .

The physical properties of the silicon alloys 
exh ib it a num ber of peculiar characteristics, 
which, in d ifferent ways, show these alloys to  be 
superior to  o ther alum inium  casting  alloys for 
use in  th e  cast s ta te , and in considering these 
properties i t  is perhaps best to  consider first the 
purely physical properties of the  alloys.

Conductivity—Thermal and Electrical.
The therm al and  electrical conductivities of 

alum inium  and  its alloys have recently  been 
re-determ ined both a t  o rd inary  and  a t  elevated 
tem pera tu res by Griffiths and  Schofield“ , and 
values tak en  from  th e ir  P ap er are  given in 
Table V I. I t  will be noted  th a t  the  therm al 
conductiv ity  of the alum inium -silicon alloys is 
h igher th an  th a t  of any o ther alum inium  alloy, 
and is, in  fac t, 75 per cent, of th a t  of pure 
alum inium  and  45 per cent, of th a t  of copper. 
This appears a t  a first glance to  be an adverse 
criticism , bu t, when i t  is rem embered th a t  the 
modified silicon alloy has a much g rea te r 
streng th  th an  pure alum inium , i t  will be found 
th a t  the hea t conducted by the  pure m etal and 
by the silicon alloy th rough  sections of equal



stren g th  is alm ost equal, and since th is  s ta te ­
m en t is based on a com parison of th e  s tren g th  
of cast alloy w ith  w rought p u re  m eta l, i t  would 
seem th a t  th e re  a re  la rge  un touched  fields of 
application  for the  modified silicon alloys. 
Though i t  is no t possible to  m ake th e  same com­
parison in  th e  case of copper, i t  m ay be said 
th a t  modified alum inium -silicon alloys have m any 
points in th e ir  favour in  th e ir  possible superses­
sion of pure alum inium  fo r rep lacing  copper 
artic les in  such industries as food and  chem ical 
m anu factu re , where resistance to  corrosion and 
c e rta in ty  th a t  m a te ria l w ill n o t be absorbed from  
the  con ta in ing  or tre a tm e n t vessels is of th e  
g rea te s t im portance.
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Table VI.—Thermal and Electrical Conductivities of 
Aluminium Alloys.

Alloy.
Thermal

conductivity
Cal/cm./sec.

Electrical 
conductivity 

reciprocal 
microhms/cm.*

Aluminium-Silicon Modi­
fied 0.41 0.25

Y Alloy (4Cu 2Ni l£Mg).. 0.40 0.26
2 L.8 (12 Cu) 0.38 0.23
3 L .l l  (7 Cu 1 Sn) 0.39 —
2 L.5 (13 Zn 3 Cu) 0.32 0.20
Pure Aluminium 0.55 0.35
Copper 0.92 0.59

The electrical conductiv ity , i t  w ill be observed 
from  Table V I, is alm ost th e  h ighest of any  of 
the o rd inary  alum inium  alloys, being slightly  
less th a n  th a t  of Y alloy, and considerably h igher 
th an  th a t  of 2 L .5 (13 per cen t. Z n, 3 per cent. 
Cu alloy), and  bears a sim ilar re la tion  to  th a t  of 
pure alum inium  and  copper as in  th e  case of the  
therm al conductiv ity . Table V II  gives a com­
parison of the  re la tive  cross-sections of con­
ductors of alum inium  and its alloys and  copper, 
when th e  conductors have the  sam e resistance, 
together w ith  the  re la tive  w eights of such con­
ductors. A lthough the  cross-section of alum inium  
and  alum inium -alloy conductors m ust be la rger
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th a n  a copper conductor of the  same resistance, 
a considerable saving in  w eight can be effected 
by the  use of these ligh t m etals—alum inium  
affording a  w eight saving of 48 per cen t., and 
alum inium -silicon alloy 28 per cent. This again  
suggests ano ther possible field of app lica tion  for 
these alloys, for, although they  are  g reatly  used 
in  a num ber of pieces or p a rts  of electrical 
ap p a ra tu s  where lightness and resistance to 
corrosion are  of p rim ary  im portance, alum inium - 
silicon alloy castings, so fa r  as the  au th o r is 
aw are, have no t been used p rim arily  for th e ir 
cu rren t-carry ing  capacity . I t  would appear 
from  th e  above tables and calculations th a t  there

T a b l e  VII.— Comparative Conductivities of Aluminium  
and its Alloys and Copper.

CO >> m 2 o § Relative
B V C

f-t 2 2 1 weights o f
CÔ
fcibo

© * -8 ! conductors
Material. v  a ©>

_  o -2
d 5 S for same

'-§■§ ’o ‘■+3 fl 2
•2 g © 
•s °  a© *+H CÔgq O go

resisl ance.

« I
CDPh

GO
'©

A l= l C u = l

Copper 1.69 8.9 1.0 1.94 1.0
Aluminium 2.85 2.72 1.69 1 . 0 0.52
Al-Si Alloy 4.0 2.66 2.37 1.37 0.72
Y Alloy 3.8 2.79 2.25 1.37 0.72
2 L.8 (12 Cu) .. 4.4 2 . 8 8 2.60 1.63 0.84
2 L.5(13 Zn3 Cu) 5.0 3.0 2.96 1.94 1.0

m ust be a large num ber of p a rts  where lightness 
together w ith s tren g th  and good conductivity 
a re  essential characteristics.

Mechanical Properties.
In  the  consideration  of th e  m echanical proper­

ties of castings in  general, i t  is essential th a t  
some reliable s tan d a rd  be used for th e  com pari­
son of one alloy w ith  another, and, w ith  th is 
end in  view, the  B ritish  E ng ineering  S tandards 
Association specify th a t  castings of alum inium  
alloys shall be represented  by test-pieces tu rn ed  
from 1-in. d iam eter chill-cast bars. The results 
of tests obtained from  such bars give an indica­
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tion  of the  quality  of th e  m a te ria l in  th e  casting , 
and, if th e  castings a re  m ade u n d er uniform ly  
good conditions, bear a definite re la tio n  to  the  
ac tua l s tren g th  of th e  alloy in th e  casting . W ith  
the  o rd inary  alum inium  alloys, th e  increase in 
tensile p roperties due to  th e  grain-refinem ent 
produced by chilling is fa irly  definite fo r each 
alloy, b u t in  th e  case of th e  silicon alloys, th a t  
increase is fa r  g rea te r in  th e  unmodified th a n  in 
th e  modified alloys. This is due to  th e  fa c t th a t  
casting  the  unmodified alloy in  a chill mould 
causes p a rtia l m odification to  tak e  place in  add i­
tion  to  th e  norm al grain-refinem ent to  be ex-

T a b l e  VIII.— Tensile Strength and Elongation of Sand 
Cast and Chill-Cast Bars of 12J per cent. Silicon Alloy— 
Modified and Unmodified.

State.
M.S. 

tons per E.
Per cent.

Ratio : 
Chill to Sand.

sq. in. M.S. E.

tt i c j  f  Chill cast Unmodified | Sand cast 12-13
7

8
up to 3

1.7
1.9

2.7

Modified.. /  Chill cast 
\  Sand cast

13-15
10-12

10-20 
6 and 
upwards

1.1
1.5

1.6
3.3

pected from  th e  increased ra te  of cooling. I t  
will be seen from  Table V I I I ,  which gives th e  
tensile p roperties of sand and  chill b ars of u n ­
modified and  modified alloy th a t  th e  re la tion
ex isting  between th e  sand  and  chill b ars in
modified alloy is m uch closer th a n  th a t  ex is ting
in  the  unmodified alloy. I t  will be noted  also
th a t , a lthough th e  tensile values fo r th e  chill 
bars, both modified and  unmodified, a re  n o t very 
d ifferent from  each o ther, th e  modified sand cast­
ings are  a t  least 50 per cent, s tronger th a n  th e  
unmodified. I t  will be apprecia ted , therefo re , 
how m isleading th e  chill te s t-b a r can  be as an 
indication  of th e  qua lity  of the  alloy in a sand 
casting  in silicon alloy.
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In  Table IX  are shown average values for the 
m echanical p roperties of 12 per cent, modified 
silicon alloy for the  four B .E .S .A . alum inium  
casting  alloys, Y, 2.L.5, 2.L.8 and  3.L.11, and 
in order to  m ake a tru e  comparison, values for 
sand as well as chill test-bars are included.*

Considering chill castings first, i t  will be noted 
th a t  the  elastic lim it and  yield stress of the 
silicon alloy are  com parable w ith  those of the 
o ther alloys, except Y, while the  fa tigue  range 
is superior to  all o ther alloys except hea t-trea ted  
Y. I t  is when th e  u ltim ate  stress, elongation 
and  im pact s tren g th  are  compared w ith  the 
o ther alloys th a t  the  superior p roperties of the  
modified silicon-alloy become evident, for the 
u ltim ate  s tren g th  is alm ost equal to  th a t  of Y
alloy as cast, and  superior to  th a t  of all the
o ther alloys, while the  elongation and im pact 
s tren g th  are  alm ost double those of L.5, which 
a re  the  h ighest of th e  o ther alloys. In  the  case 
of sand castings, i t  will be noted th a t  the  silicon 
alloy is stronger in  every way th an  L.5, L.8 and 
L . l l ,  and  its  u ltim ate  s tren g th  is equal to  th a t  
of Y alloy, while, though the  yield stress is 
slightly  lower, the  elongation is m any times 
g rea te r th a n  th a t  of Y.

W ith  regard  to  th e  possibility of im proving
the  m echanical properties of the  modified silicon- 
alloys by h ea t- trea tm en t, i t  will be realised th a t  
b u t litt le  increase of p roperties can be expected 
since th e  solubility of silicon in alum inium  is 
about 1.2 per cen t, a t  the  eutec tic  tem pera tu re , 
and  decreases rap id ly  to  0.2 per cent, a t  450 deg., 
rem ain ing  a t  th is value r ig h t down to  room tem- 
peratu i'es. A rcher, K em pf and  H obbs12 have 
shown th a t  the  tensile stren g th  and elongation 
of modified sand castings can be increased by 
about one-tenth  by quenching in w ater afte r 
h eating  fo r a tim e a t  about 15 deg. 0 . below the 
m elting po in t, b u t, as they  po in t out, such hea t 
tre a tm e n t is n o t commercially applicable.

The author is indebted to Mr. S. L. Archbutt for some of  
these figures which he found difficulty in obtaining, particularly 
for saud-cast Y alloy.
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W elter11 has shown th a t  small additions of 
copper increase th e  dynamic properties of the 
modified alloy w ithou t serious effect on th e  te n ­
sile s tren g th  or elongation, in  p a rticu la r the  re­
sistance to  repeated  im pact and to  a lte rn a tin g  
stresses is considerably im proved. A nother im­
provem ent effected by the  add ition  of a small 
am oun t of copper is the  m achinability  which in 
th e  pu re  alloy is perfectly  satisfactory  if the 
correct form  of tool be used, b u t is liable to 
cause a ce rta in  am ount of troub le  to  the  in ­
experienced if th e  correct form  of tool is n o t used.

The tensile s tren g th  and elongation of chill- 
cast bars a t  elevated tem pera tu res have been 
stud ied  by Tapsell I3, who found th a t  th e  tensile 
s tren g th  decreased steadily  to  4 tons per sq. in. 
a t  350 deg. C., while the  elongation was u n ­
affected a t  tem pera tu res below 250 deg. C., aftei 
which a  rap id  increase took place.

I t  would a t  first s igh t appear th a t  the  modified 
silicon-alloy is not so suitable as Y alloy for use 
a t  high tem pera tu res of th e  order of 200 to  
250 deg. C. I t  m ust be clearly understood, how­
ever, th a t  all th e  resu lts so fa r  published for the 
s tren g th  of these alloys a t  'h igh  elevated tem ­
p era tu res  have been obtained from  test-pieces 
tes ted  a t  th e  ord inary  speed in  th e  testing  
m achine under the  so-called “  rap id  loading 
te s t .” Since most p a rts  w orking a t  elevated 
tem pera tu res usually  have to  w ithstand  stresses 
continuously for long periods of tim e, i t  would 
appear th a t  a b e tte r  idea of the  usefulness of the 
alum inium  alloys a t h igh tem pera tu res could be 
obtained by a comparison of th e  maximum 
stresses which a t  any tem p era tu re  they  would, 
w ithstand  for an indefinite period of tim e—or, 
in  o ther words, th e  lim iting  creep stresses a t 
various tem pera tu res. I t  would, therefore, seem 
advisable to  om it fu r th e r  consideration of th is 
point un til th e  lim iting  creep stresses a t  various 
tem pera tu res for the  various alloys have been 
determ ined.
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Chemical Properties—Corrosion Resistance.
Corrosion of a lum inium  alloys in  general, and 

p articu la rly  those con ta in ing  su bstan tia l am ounts 
of copper or zinc, is due to  th e  fo rm ation  of local 
electrolytic-eells betw een ind iv idual crystals of 
differing electrochem ical p o ten tia l w ith th e  cor- 
roding-m edium  acting  as electrolyte. The silicon- 
alloy being composed solely of a lum inium  and 
silicon, w ith  the  exception of a m inu te  am ount 
of iron  which occurs as an unavoidable im purity , 
is no t sub ject to  th e  form ation  of these cells, 
and  is, in fac t, very sim ilar to  p u re  alum inium  
as regards its  resistance to  corrosion.

The alloy has been found in  p rac tice  very 
re s is tan t to  atm ospheric corrosion and  large 
num bers of castings have given several yea rs’ 
satisfactory  service, under conditions of atm os­
pheric corrosion vary ing  from  those found in  a 
smoky town to  those on board ship. I t  is im pos­
sible to  give precise details of the  corrosion- 
resistance of alum inium -silicon alloys compared 
w ith o ther alloys since conditions of service vary  
so widely, b u t in  order to  ob ta in  some idea of the  
com parative ra te s  of corrosion, th e  au th o r has 
suspended from  a fram e on th e  roof of his works, 
a num ber of cast p lates of various alloys. 
F ig . 14 shows th e  way in  which “ A lpax ” (the 
12 per cent, modified silicon alloy) and  2.L.8 
increase in w eight week by week, and  i t  will be 
seen th a t  th e  L.8 p la te  corrodes a t  roughly  th ree  
tim es th e  speed of “  A lpax .”  Ill o rder th a t  the  
figure should not become too com plicated, only 
these two curves have been p lo tted . The resu lts 
obtained, however, show clearly th a t  w hether 
chill- or sand-cast, w hether “  as cast ” or 
polished, and w hether or no i t  contains 0.8 per 
cent, copper, “ A lpax ” corrodes a t  a very much 
lower ra te  th an  L.8, L.5, and  an alloy con ta in ing  
5 per cent, copper and 3.5 per cen t. zinc.

W ith  regard  to  o ther types of corrosion, i t  
nas been found th a t  th e  modified silicon alloys 
are  very re s is tan t to  sea w ater when erosion is 
no t very m arked. A te s t  casting  suspended 
half-way between high- and  low -w ater m arks in 
the  Clyde for six m onths was only slightly  coated
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—not p itted —while the  iro n . p lates to  which it  
was bolted had alm ost completely d is in tegrated . 
The silicon-alloy, from  a corrosion po in t of view, 
behaves in very m uch the  same way as pure 
alum inium , and is very suited  for m aking many 
artic les which can he cast in one piece, h u t 
which would be difficult to  build  up from  sheet.

F i g . 14.— C o r r o s i o n  o f  A l u m i n i u m - S i l i c o n  
a n d  A l u m i n i u m  -  C o p p e r  A l l o y s . 
W e i g h t - I n c r e m e n t - T i m e  C u r v e s .

On account of th is , large num bers of p a rts  have 
been m ade for ap p ara tu s  for use in  th e  food 
industry—refrigera to rs , autoclaves, etc., and in 
o ther industries where lightness, streng th , and 
resistance to corrosion are essential.

DISCUSSION.
The C h a i r m a n  (M r. W . B. Lake, J .P .) ,  in v it­

ing discussion, paid  a tr ib u te  to  M r. Deeley for 
his very carefully  prepared and inform ative 
P ap er, which, he added, reflected g rea t c red it 
upon the  In s titu te  of M etals and the  In s titu te  
of B ritish  Foundrym en.

2 A
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Difficulties with Pattern Plates.
M r. C. H . K a i n , re fe rrin g  to  modification, 

said he gathered  th a t  the  modified condition  did 
not persist a f te r  re-m elting , even if th e  h ea t 
consisted wholly of re-m elt. H e asked if, in the 
casting  of alum inium -silicon alloys, th e re  was a 
lag betw een th e  m eta l and  th e  m ould. H is com­
pany had experienced some li tt le  difficulty in 
m aking  a ce rta in  sm all casting  of th is  alloy. 
The casting  was perfectly  sim ple, being a p la te , 
12 in. by 3 in ., and  abou t J  in. th ick , w ith  a 
boss ru n n in g  across it . W hen they  had  m ade 
such plates a large sink had  occurred n ea r th e  
boss, due to  shrinkage, and  th is  difficulty was 
not overcome, a lthough  th e  p lates had  been cast 
in  every possible m anner, and  a t  tem p era tu res  
vary ing  from  570 to  710 deg. C. Subsequently, 
sim ilar p lates were bought from  an  alum inium - 
founder, and, a lthough  th e re  was a sh rink  n ea r 
the  boss and  in  th e  boss itself, th e  outsides of th e  
p lates conformed perfectly  to  th e  dim ensions of 
the  mould. This seemed to  suggest th a t  th e  
castings adhered to  th e  sides of th e  m ould, and 
th a t  some so rt of lag obtained u nder c e rta in  
conditions of tem p era tu re  and  casting . He 
asked for M r. Deeley’s views on th a t  problem .

P r o f e s s o r  T .  T u r n e r  (P as t-P resid en t, In s t i ­
tu te  of M etals) voiced the  th an k s  of th e  mem ­
bers of th e  London Local Section of th e  In s ti tu te  
of M etals to  the  London B ranch of th e  In s ti tu te  
of B ritish  Foundrym en for having inv ited  them  
to  a tte n d  th e  m eeting , and added th a t  th ey  had  
been very glad to  come. H e cong ra tu la ted  M r. 
Deeley, no t only upon the  choice of m a tte r  he 
had presented  to  th e  m eeting , b u t also upon  the  
form  of p resen ta tion . Some years ago D r. Voce 
had  carried  o u t experim ents in  his labo ra to ry  on 
the problem of modification, and, so fa r  as he 
could judge, th e  sta tem en ts m ade by M r. Deeley 
in his P ap er were in  accordance w ith  th e ir  ex­
perience. The developm ent of th e  app lica tion  
of the  alum inium -silicon alloys was very in te re s t­
ing. He had had no idea— although, perhaps, 
one ought to  expect it— th a t  ca rriage  doors and
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o ther castings of rela tively  large size and of such 
th in  section had  been m ade w ith these alloys.

Resisting Acid Attack.
M r. W. T. H o b k i r k  asked M r. Deeley for in­

form ation  as to  th e  ab ility  of th e  alum inium - 
silicon alloys to  w ithstand  the a tta ck  of acids 
which m igh t be p resen t in w ater. This was in­
te re s tin g  from  th e  po in t of view of the  produc­
tion  of rad ia to rs  for export. R ad ia to rs are 
m ade of alum inium  in th is, country, b u t he 
pointed  ou t th a t  th e  w ater supplied here is, 
p ractically  speaking, pure, whereas the  w ater 
used in  rad ia to rs  exported  to  o ther countries 
m igh t no t be so pure.

Inadequate Nomenclature.
M r. J .  D. G r o g a n  said th a t  the  whole ques­

tion  of m odification was ex trao rd inarily  in te re s t­
ing, and i t  was also extrem ely hum ilia ting  to the 
o rd inary  scientist, because i t  was analogous, he 
considered, to  w hat an  insurance m an would 
call an  “ ac t of God.” In  the  p resen t s ta te  of 
knowledge, no sc ien tist could really  explain it  
sa tisfactorily , b u t perhaps th a t  was all to  the 
good, because i t  m ade them  realise th a t  they 
are  not ye t on th e  road to  knowing everything. 
The use of the  tei’m “  g ra in  refining ” in  con­
nection w ith  modification was ra th e r  dangerous, 
he suggested, because m etallu rg ists generally 
spoke of g rains as m eaning “  crystal g ra in s .” 
The te rm  “  g ra in  refining ” suggested th a t  the 
crystals, instead  of being large, became sm all on 
modification, b u t th a t  was not altogether the 
case ; i t  was qu ite  possible th a t  the size of the 
crystals was reduced, b u t th e  reduction  was no t 
really  very much. I t  was the  eutectic s tru c tu re  
inside the  g ra in  th a t  was refined. If  someone 
could suggest ano ther phrase to  describe th is 
phenomenon, the  danger of m isunderstanding 
would be avoided. A nother excellent quality  of 
the silicon-alum inium  alloy, and one which Mr. 
Deeley had not m entioned, was th a t , when it was 
cast in m etal moulds w ith a suitable dressing, it 
had a fine surface finish. On the  o ther hand, 
M r. Deeley had emphasised the  p itfalls into

2  a  2
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which novices had  fallen when founding  
alum inium -silicon alloys, and i t  could n o t be 
stressed too often  th a t  th e  founding  of them  
presented  special difficulties to  founders who 
approached the  ta sk  w ith  a knowledge of th e  
o rd inarj7 alum inium  alloy castings. One m ust 
have a knowledge of th e  difficulties and  of the 
methods to  be applied  to  overcome them .

Remelting Necessitates Remodifying.
M e. D e e l e y , discussing th e  difficulties experi­

enced by M r. K ain  in  th e  casting  of alum inium - 
silicon alloy p lates, said he im agined th a t  th e re  
m ust have been som ething w rong w ith  the  de­
sign of the  moulds, and  th a t  th e  run n ers  and 
risers were not a rran g ed  to  feed th e  castings 
properly.

M r . K a i n  s a i d  h e  d i d  n o t  t h i n k  t h a t  w a s  t h e  
c a u s e  o f  t h e  t r o u b l e ,  b e c a u s e  c a s t i n g s  w h i c h  w e r e  
c o r r e c t  a n d  c a s t i n g s  w h i c h  w e r e  n o t  c o r r e c t  w e r e  
a l l  m a d e  i n  e x a c t l y  s i m i l a r  m o u l d s ,  a n d ,  a s  f a r  
U s h e  k n e w ,  u n d e r  t h e  s a m e  c o n d i t i o n s .

M r . D e e l e y  asked i f  th e  sam e m eta l was u s e d  
i n  each case.

M r . K a i n  r e p l i e d  t h a t ,  s o  f a r  a s  h e  k n e w ,  i t  
w a s .

M r . D e e l e y '  a s k e d  i f  t h e  m e t a l  w e r e  m o d i f i e d .
M r . K a i n  said th a t  th e  m eta l he had  used 

was no t m odified; w hether or n o t th e  m eta l used 
by the alum inium  founders who had m ade some 
of the  p lates was modified he d id  n o t know. 
A lthough th ere  was a very large sh rink  in  the  
heavier section of th e  good castings, in  th e  
th in n e r sections ad jo in ing  th e  heav ier section 
the  castings conformed exactly  to  th e  shape of 
the  mould. In  the  castings he had  m ade th e  
thickness was less th a n  th a t  of th e  mould.

M r. D e e l e y  said i t  was ra th e r  difficult for h i m  
to  help w ithou t seeing th e  castings and w ithou t 
knowing definitely w hether or not th e  alloy was 
modified. R eplying to  th e  question as to  th e  
effect of the  modifier a f te r  re-m elting , he said 
it  had  no t the  same effect a f te r  re-m elting  as i t  
had p rev iously ; th e  alloy m ust be modified each 
tim e.
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R eplying to  M r. H obkirk, he said i t  was diffi­
cu lt to  say how the  alum inium -silicon alloys 
would w ithstand  the  action of acids unless one 
knew the exact conditions, b u t the silicon alloys 
were less liable to  corrosion in general th an  were 
the  alloys contain ing  copper and zinc. Erosion, 
of course, had  a g re a t influence in the removal 
of m ateria l.

L ike M r. G rogan, he had had  difficulty in  ex­
pressing the  effect of modification, and th e  only 
term  he could th in k  of was “  g rain-refin ing ,” 
applying i t  in the w ider sense. A fte r all, the  
phenomenon was a type of g ra in  refining, b u t he 
adm itted  th a t  there  was g rea t liab ility  to  con­
fusion w ith the  m eaning of the term  as generally 
understood, i.e ., th e  refining of the  whole crystal. 
The finish of the  silicon alloys as a general rule 
was p articu la rly  good.

Vote of Thanks.
Dk. S. W . Smith proposed a vote of thanks 

to  M r. Deeley for his P ap e r, and also took 
the  o p po rtun ity  of endorsing Professor T u rn e r’s 
expression of appreciation , on behalf of the  mem­
bers of th e  In s titu te  of M etals, of th e  inv ita tion  
to  a tte n d  th e  m eeting, and of the g rea t pleasure 
i t  gave them  to  be present. M r. Deeley’s P ap e r 
was one of profound in te res t to  all concerned 
w ith the  casting  of m etals, and the developm ent 
of the  alum inium -silicon alloys was perhaps one 
of the  m ost rem arkable developm ents in connec­
tion w ith alloys in recent years. A rem arkable 
fea tu re  was th a t  th e  p a rticu la r range of alloys 
dealt w ith  by M r. Deeley was in the neighbour­
hood of the eu tectic, for, in  the  past, th e  eutectic 
range  had  been regarded as one to  be avoided. 
The rem arkable fluidity  of the m etal was another 
im portan t fac to r which made i t  possible to  pro­
duce castings of th in  section. An ou tstand ing  
fea tu re  of the  process of so-called “  modifica­
tion  ” was the ex trao rd inary  way in which the 
silicon was finally dispersed in the solid m etal. 
A g rea t deal of significance a ttached , he thought, 
to  the work carried  ou t by Dr. Gayler, a t  the 
N ational Physical L aboratory, on the effect of
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“ under-cooling ” of alum inium -silicon and o ther 
a lum inium  alloys, and  he fe lt su re  th a t ,  had  
tim e perm itted , M r. Deeley would have re fe rred  
to  th is  work. D r. G ayler had  shown th a t  the  
solubility  curves produced by super-cooling the 
“ norm al ” alloys were p ractically  iden tica l w ith 
the  solubility curves produced by the  “ m odi­
fied ” alloys. I t  seemed, therefo re , as though  
the  process of “ m odification ”  resu lted  in

catch ing  ” the  alloy, as i t  were, in  an u n d e r­
cooled condition and  re tu rn in g  i t  in  th a t  condi­
tion , because D r. G ayler had  found th a t  i t  was 
impossible to  under-cool these “ modified ” 
alloys. V ery li tt le  knowledge of th e  m echanism  
of th e  phenom enon was ye t available, b u t he 
had  no doubt th a t  in  a very sho rt tim e  we should 
unders tand  the  process of m odification, which 
should be of g re a t significance n o t only in  re la­
tion  to  these p a rticu la r alum inium -silicon alloys, 
b u t also in  re la tion  to  a wide range  of o ther 
alloys.

Co-operation Stressed.
M r. H . C. Dews (seconding th e  vote of 

thanks) said the  m eeting  had  listened  to  a m ost 
adm irable p resen ta tion  of a mass of very su itab ly  
correlated  d a ta . M r. Deeley, bearing  in  m ind 
the  charac te r of the  m eeting  he was to  address, 
had  m anaged to  incorporate  in to  his lectu re  a 
very suitab le  blend of theory  and practice. I t  
was popularly  supposed th a t  th e  m em bers of the  
In s ti tu te  of M etals were im m ersed in  theory , 
and  th a t  the  foundrym en were wallowing in 
practice. Those who were mem bers of both 
bodies would agree th a t  such a conception was 
an en tire ly  unsu itab le  rep resen ta tio n  of th e  aim's 
of th e  two bodies. Those who, like him self, 
found i t  necessary to  keep in  touch  w ith  the  
ac tiv ities of both bodies were very gravely dis­
appoin ted  to  find th a t  th e ir  London m eetings 
were being held on th e  same evening in  each 
m onth th roughou t th e  p resen t session, and  he— 
supported  by a num ber of those who belonged 
to  both bodies—would have no h esita tion  in 
condem ning very seriously any m ovem ent which
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sought to  separa te  the in terests of the two. As 
a  mem ber of the Council of the  London B ranch 
of the In s titu te  of B ritish  Foundrym en, he 
would do his best to ensure th a t  such a ca tas­
trophe as had occurred th is session would be 
avoided.

The vote of thanks was carried  w ith  acclama­
tion .

M r . D e e ï æ y , in a brief response, apologised 
for hav ing  om itted  to  refer to  the  work of Dr. 
G ayler, h u t, as D r. Sm ith  had  suggested, the 
omission was due to  the  necessary lim ita tion  of 
the tim e a t  his disposal.

The C h a i r m a n , re fe rrin g  to  M r. Dews’ re ­
m arks as to  the  necessity for avoiding the hold­
ing of m eetings of th e  two bodies concur­
ren tly , said th a t  both D r. Sm ith and himself 
appreciated  its im portance, and had  already 
pledged themselves on behalf of th e ir  respective 
Councils, to  do all in th e ir  power to  prevent 
clashing of m eetings in the  fu tu re .
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Birmingham, Coventry and West 
Midlands Branch.

ALLOY CAST IRON. 

By Professor D. Hanson, D.Sc. (Member).
D u r i n g  t h e  p a s t  t w o  y e a r s  r e s e a r c h e s  o n  a l l o y  

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

As in  the  case of the  developm ent of special 
steels, so in  th e  evolution of alloy irons nickel as 
an alloying elem ent has been th e  first to  receive 
serious a tten tio n . The reasons for th is  a re  now 
qu ite  ev id en t; in  the  first place nickel is an 
elem ent th a t  can be read ily  added to  cast iron  
w ithout m odifying th e  ex isting  m ethods of m anu ­
fac tu re  ; i t  is read ily  absorbed, provided certa in  
qu ite  simple p recau tions are ta k e n ; i t  is no t 
liable to  segregate, nor do losses of nickel occur 
d u ring  th e  add ition , nor on rem elting . M ore­
over, th e  large  am oun t of a tten tio n  now being 
given to  nickel cast irons is justified  by th e  p ro ­
m ising resu lts th a t  have already  been obtained 
both in the  labo ra to ry  and th e  foundry , and, 
indeed, nickel is now regarded  in  m ost of th e  
more advanced foundries as an essential item  in 
th e ir  m etal stock, and is being used regu larly  to 
achieve resu lts th a t  would he difficult or impos­
sible to  ob tain  w ithou t it.

The association of nickel w ith  chrom ium  has 
produced m any notable advances in  m etallic 
alloys, both in  steels and  in  non-ferrous alloys, 
and  i t  is no t perhaps su rp ris ing  to  find the  same 
pa ir of m etals in useful association in cast iron. 
Developments in th is  d irection  appear likely to
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be no less im p o rtan t th a n  those of the  simpler 
nickel cast irons.

Experience has already shown th a t  the  indis­
crim inate  use of alloy m etals in  cast iron, w ith­
o u t a proper appreciation  of the character of the 
base iron and th e  action of the alloy, is likely 
to  lead to  d isappoin ting  results. This is in  no 
way su rp ris in g ; the developm ent of alloy steels, 
especially in the  early days of nickel steels, was 
accom panied by ju s t  such a period of difficulty 
before scientific alloying became general. The 
au th o r can well rem ember num erous instances in 
which the  in jud icious use of alloy steel has led 
to  d isappoin ting  results, failures and breakages, 
solely because the  principles involved in  the 
m anu factu re  and use of such steels were im per­
fectly understood. H appily  such instances are 
now rare , b u t we m ust inevitably pass through  a 
sim ilar stage before we can emerge successfully 
in to  th e  age of alloy cast irons. I t  would, per­
haps, be more correct to  s ta te  th a t  w-e are now 
in the tran s itio n a l period, for, thanks to  our 
b e tte r  scientific knowdedge of m etals and alloys, 
and to  th e  m any researches on th is subject 
a lready carried  out, not only in th is country, bu t 
also abroad, especially in America, Germany and 
F rance, we have made very definite progress to ­
w ards an  unders tand ing  of the  principles in­
volved in  m aking alloy cast iron.

Nickel in Cast Iron.
Before passing on to  a consideration of the 

prac tica l results of alloying, i t  will be as well to 
exam ine the fundam ental actions involved, and 
since nickel en ters in to  practically  all th e  alloys 
th a t  we shall consider here, and its action has 
a lready been fully investigated , i t  will be appro­
p ria te  to  devote some tim e to  exam ining the 
effect of th is  elem ent on the constituen ts of cast 
iron, and the  accom panying changes in pro­
perties.

C ast iron can be considered as a complex alloy 
of iron and carbon in  which the carbon can exist 
in two forms, iron carbide and graph ite , the 
exac t balance between these two depending
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partly  on the  com position of the  iron  and  p artly  
on th e  therm al h isto ry  (th is was am plified in  a 
recen t artic le  by A. B. E v e re s t* ); in  c e rta in  
special cases i t  m ay consist wholly of one form  or 
the o ther. N o w ,'o f all th e  elem ents norm ally 
found in  cast iron, the  one th a t  exerts  th e  p re­
dom inating  effect in  determ in ing  th e  ch a rac te r of 
the  m a te ria l is silicon, and  as a first approxim a­
tion  we m ay reg ard  cast iron  as an  alloy of iron, 
carbon and  silicon. The o ther elem ents—phos­
phorus, m anganese and  su lphur—canno t be 
ignored in  p ractice, and  consideration  of th e ir  
im portance in  alloy irons will be given la te r  on. 
We can, however, produce in  iron-carbon- 
silicon alloys the  p rincipal characteristics of the  
cas t irons. S ta r tin g  w ith  th is  sim plification, 
D r. A. B. E verest and  th e  au th o r have carried  
ou t investigations of the  action  of nickel on th is  
system, and  a consideration  of these resu lts  will 
give a good general p ic tu re  of th e  n a tu re  of the  
action  of th is  m etal on cast iron. T h a t th is  is 
the  case is am ply confirmed by num erous experi­
m ents by th e  au th o r and  others on comm ercial 
irons.

A series of alloys was m ade by add ing  silicon 
and  nickel to  an  iron-carbon alloy con ta in ing  
approxim ately  3.5 per cent. C, and  th e  now well- 
known step-bar castings were m ade in each alloy; 
each step of these castings was exam ined by 
determ in ing  (a) its  hardness and  (6) its  m icro­
stru c tu re , and the  resu lts m ay be conveniently  
represen ted  in  d iag ram m atic  form . Some typ ica l 
hardness results are  given in  F igs. 1 and  2, 
rep resen ting  respectively the  effect of nickel on 
alloys con ta in ing  no silicon and  1.2 per cent, 
silicon. F o r sim plicity only two curves have been 
draw n on each d iagram , corresponding to  the 
¿-in. and  1-in. sections of the  castin g s; d iagram s 
rep resen ting  in te rm ed ia te  sections have an 
in term ed ia te  form.

The curves in  F ig . 1 are  perhaps the  m ost in ­
te resting  ; the ¿-in. section, which is,' of course, 
quite  w hite in  the  orig inal iron, is hardened  con-

* “ Foundry Trade Journal," Vol. 39, p. 223.
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siderably by add itions of nickel up to  2 per cen t., 
due, as microscopic exam ination  reveals, to  the 
d irec t harden ing  of the  cem entite-pearlite  con­
s titu en ts , which rem ain  substan tia lly  una lte red  
in  n a tu re . W hen, however, th e  nickel con ten t 
exceeds 2 per cen t., a soften ing  occurs, due to  the 
g rap h itis in g  action  of nickel in  the  iron  carbide, 
which, fo r lower percentages had  n o t been de­
tected  on th is section owing to  the  rap id  ch illin g ; 
as still more nickel is added th is  so ften ing  is fol­
lowed by a harden ing , due to  the  tran sfo rm ation  
of th e  pearlitic  m a trix , first in to  sorbite and 
th en  in to  m artensite . D uring  th is  period the  
softening effect due to  carbide decom position and 
the  harden ing  due to  m arten site  fo rm ation  may 
occur sim ultaneously, due to  the  ra p id  chilling 
action  which re ta in s  carbide while inducing  m ar­
ten s ite  form ation . The rise in  hardness is th en  
followed by a fall, caused by the  appearance of 
austen ite , u n til, w ith  h igh nickel add itions (say 
16-20 per cent, of th is  iron), th e  m a te ria l con­
sists en tire ly  of g rap h ite  and  austen ite .

The d iag ram  fo r the  1-in. section is sim ilar in  
ty p e ; i t  con tains two peaks, b u t they  a re  less 
intense, and ex tend  over a w ider range  of com­
position. This is due solely to  the  difference in 
chilling effect resu lting  from  the  d ifferen t section 
of th e  m etal. The slower ra te  of cooling favours 
g rap h ite  form ation , th u s  reducing  the  am oun t of 
nickel requ ired  to  commence g rap h itisa tio n , and 
low ering the  in tensity  of its  h a rden ing  action  on 
w hite iron, i.e ., i t  depresses the  first peak and 
causes i t  to  occur a t  lower nickel co n cen tra tio n s; 
a t  the  same tim e, the  in tensity  of th e  m a trix  
harden ing  is reduced, so th a t  m ore nickel is re ­
quired  to  produce m artensitic  s tru c tu res , and, 
since g rap h itisa tio n  is fac ilita ted , th is  m arten site  
is form ed in  a m a trix  lower in  carbon ; i.e ., the 
second peak is depressed and  occurs a t  higher 
nickel contents.

Thus we can recognise four m ain  effects due to 
n ic k e l: (a) I t  hardens w hite iron  (when th e  iron
is of such a ch arac te r th a t  the  cem entite is 
s ta b le ) ; (b) i t  decomposes iron  carbide, g iving 
g ra p h ite ; (c) i t  hardens th e  m a trix , converting
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pearlite  in to  sorbite or m a r te n s ite ; and (d ) w ith 
high nickel, a soft austen itic  grey iron is formed.

F ig . 2 shows sim ilar d iagram s for an iron con­
ta in in g  1.2 per cent, silicon. H ere we observe 
th a t  the  first “ peak ”  is absent, and  th a t  the 
first effect of nickel is to  reduce the  hardness. 
This is am ply accounted fo r by the m icro-struc­
tu res , which show th a t  the  silicon prevented  the 
form ation  of the  austenitic-cem entite eutectic 
except in  the  th in n es t sections, and the  g raph it- 
ising effect of the  nickel additions became imme­
d iately  effective. P rac tica lly  all th e  commercial 
grey irons a re  of th is type, though  m any of the 
comm ercial white irons fall w ith in  the type of 
F ig . 1.

F i g . 2 .— B r i n e l l  H a r d n e s s  o f  A l l o y s  a s  
C a s t . I n i t i a l  S i l i c o n , 1 .2  p e r  c e n t .

Thus we see th a t  the  general effect of nickel 
can be represented  by a characteristic  curve, the 
effect of chill being to  compress the  changes into 
a sm aller range of nickel additions.

F ig . 3 shows diagram m atically  the  structures 
of 1-in. sections of step-bar castings contain ing 
vary ing  silicon and nickel, and amplifies the  in­
form ation given in Figs. 1 and 2 .

Comparison of Effects of Nickel and Silicon.
Nickel, like silicon, promotes the form ation of 

g rap h ite ; i t  is, in fact, quite possible to  produce 
a grey iron w ith nickel, in the complete absence
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of silicon. B u t a  consideration  of th e  action  of 
silicon a t  once reveals im p o rtan t differences in 
th e ir behaviour. The first effect of silicon on a 
pure iron-carbou alloy is to  harden  the  austen ite  
cem entite constituen ts as T u rner has shown, b u t 
th is  effect only occurs in  irons outside th e  norm al 
grey iron  range. This is succeeded by a soften­
ing action, due to  g rap h ite  form ation , which is 
continued so long as any carbide rem ains in  th e  
iro n ; silicon n o t only .causes th e  decom position 
of eu tec tic -an d  pro-eutectoid cem entite , b u t re ­
moves the  eutec to id  carbide (pearlite ) as well, so 
th a t  a high silicon grey iron, in  m oderate or 
heavy sections (and, indeed, sometimes in  th in

0 4 8 U IE 20 24 28
«.icnei. *e* ccr* 

l.'Petritt« t  eutocuc.
C- PurllU) + pro-eulrctoid ccmcolilc -f gnphiM.
3. Pculile + gr»phiU.
4. Sorbite +■ gr»phit*
5 MwtenaiU + grepbiU. 
o. Marten.il« + »uiteniU + graphite.
7. Auiilcqilr +  &nr biW.

F ig . 3.—Constitution o p  N ickel-S ilicon- Iron 
Allots w ith  3.5 per cent. Carbon. A s Cast. 
1-in . Section.

sections) m ay consist en tire ly  of fe r r ite  and 
g raph ite . Silicon is n o t only a carbide softener, 
b u t a m a tr ix  softener as well, w hereas nickel 
softens th e  carbide form ed above th e  eutec to id  
range, while its  g rap h itis in g  action  below th is  
po in t is very m ild and  its  harden ing  effect 
th rough  sorbite form ation  is considerable. I t  is 
therefore  a m a trix  hardener.

Above th e  critica l range nickel and  silicon may 
be said to  supplem ent one another, b u t below
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th is  range nickel res tra in s  the  action of silicon 
in decomposing pearlite , and m ain ta ins a struc­
tu re  free from  fe rrite , while its  own m atrix  
harden ing  th rough  sorbite form ation is definitely 
in  th e  opposite direction  to  the  effect of silicon.

The Scientific Use of Alloy Additions.

From  the  foregoing i t  can readily  he seen th a t  
th e  effect of a nickel addition  will depend on the 
n a tu re  of th e  base iron  and conditions of casting.

F o r exam ple, an iron  th a t  is liable to  chill will 
be softened in the  chilled p a rts  by adding a little  
n ick e l; an  iron contain ing  a wholly pearlitic  
m a trix  will, in  general, be hardened, th rough  
pearlite  refinem ent or sorbite fo rm atio n ; b u t an 
iron  possessing an  open g ra in  and  much free 
fe r r ite  will in  general be less affected, since the 
free carbides a re  already completely decomposed 
and the  m a trix  possesses little  pearlite  upon 
which the  nickel can act.

I t  m ay be, however, th a t  in one and the  same 
casting  en tire ly  d ifferent struc tu res will ex is t; 
heavy sections may be grey while the th in n e r sec­
tions a re  chilled. Chilling can, of course, be.pre­
vented by ra ising  the silicon content, b u t not 
w ithou t the  risk  of producing too open a g rain , 
and too soft a m a trix  in  the th icker parts . I t  is 
in  such a case th a t  the characteristic  properties 
of nickel can be u tilised w ith g re a t advantage, 
since by a suitable addition  the chilled portions 
m ay be softened by a break-up of the  carbide, 
while th e  pearlitic  grey portions are refined and 
hardened. The nickel acts differently on the d if­
fe ren t parts , softening the hard  portions and 
harden ing  the  soft portions, thus producing a 
casting  of more uniform  hardness.

Nickel, therefore, m ust be used w ith  due re­
gard  to  the  character of the iron, the  n a tu re  of 
the casting  and the  effect th a t  i t  is desired to 
produce—the  indiscrim inate use of th is, or any 
o ther alloy addition , may well give unsatisfactory  
results, b u t used in the ligh t of the  general be­
haviour outlined above, i t  can effect improve­
m ents in  the  product otherwise unobtainable.
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Effects of Nickel on the Properties of 
Cast Iron.

We may now consider the  effects of nickel on 
in dustria l irons, and  we shall devote our a tte n ­
tions m ainly  to  high-grade grey irons, dealing 
first w ith  irons low in  phosphorus.

Chill and Hard Spots.
N ickel, in  common w ith  silicon, assists g rap h ite  

form ation, and is therefore  effective in  reducing 
chill and  elim inating  h a rd  spots. This is well 
illu s tra ted  in  F ig . 4, which rep resen ts frac tu res  
of fins of equal section cast in  a h igh-grade auto- 
m obile-cylinder iro n ; they  con ta in  0.0, 1.12 and 
1.84 per cent, of nickel respectively, and  the  
elim ination  of chill and  m ottling  is well illus­
tra te d . This is confirmed by m any o ther in ­
stances in  th e  w rite r’s experience, and  i t  is even 
possible to  tu rn  a w hite iron  grey even when the  
silicon is very low, as is shown in  F ig . 5, 
a lthough h igher nickel add itions a re  here 
necessary.

A ccording to  H ouston1 two p a rts  of nickel are 
equivalent to  one p a r t  of silicon in  e lim inating  
chill. E xperim ents in  th e  w rite r’s labo ra to ry  are  
in  agreem ent w ith  th is  figure for some of the  
high-grade engineering irons, b u t in  some cases 
ra th e r  more nickel m ay be requ ired , especially 
in certa in  low-silicon m ix tu res of high-chilling 
tendency.

The reduction  of chill and h a rd  spots m ay be 
effected by silicon more cheaply th a n  by nickel, 
b u t n o t w ithou t depreciation  of th e  general 
physical properties of the casting  th rough  open­
ing of the  g ra in , and g rea te r porosity  and 
shrinkage, whereas, as will be shown la te r , nickel 
m ay be used to  give sim ultaneously reduction  of 
chill and  increase in  hardness and s tren g th . B u t 
even where nickel is used solely w ith  a  view to  
the  elim ination  of chill and  w ithou t reg ard  to  
the  composition or properties of the  grey portions 
of a casting , i t  is w ithou t appreciable deleterious 
effect on these portions.

1 D. M. H ouston. Proc. American Society for Steel Treating. 
Jan., 1928. Yol. xiii, No. 1, p. 105.
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Table I , which refers to  the castings illu stra ted  
in F ig . 4, shows the  elim ination  of chill by nickel 
w ithou t appreciably a ltering  th e  properties of 
the  grey portions. This could no t be effected 
by silicon. The tes ts  refer to  s tan d ard  I .B .F . 
“  M ”  bars cast 1.2 in. in diam eter, tested  on a 
span of 18 ins.

T a b l e  I . — Mechanical Tests on 1.2 in. Diameter Bars. 
T . C . ,  3.30; Si, 2 .08; M n ,  0 .96 ; S .0 .1 0 ; P, 0.18.

Nickel—per cent. 
Ratio G.C./T.C. 81.5

1.12
81.4

1.84
81.2

Transverse—
Max. stress-cwt. 
Modulus of rupture. 

Tons per sq. in. ..

25.36

33.65

26.68

35.38

24.58

32.60

Tensile—
Max stress. Tons per 

sq. in. 12.74 13.22 13.25

Chill: on (-in. step 0.33 0.04 nil

Grain.
The effect of nickel on the  g ra in  (graphite  

stru c tu re ) varies w ith  the  nickel added, and the 
n a tu re  of the  iron. Small additions of nickel up 
to  abou t 2 to  3 per cent, refine the gra in  of 
o rd inary  engineering irons, b u t above th is 
am ount the  s tru c tu re  may become coarser. This 
effect has been repeatedly observed in E verest’s 
and  the  au th o r’s experim ents2, and is substan­
tia lly  in  agreem ent w ith the works of Wicken- 
den and V anick.3 In  irons th a t  are already open 
in  g ra in  th rough  too high silicon content, little  
refinem ent generally is effected.

In  order to  obtain  the m axim um  effect of 
nickel in th is direction  i t  is necessary to  reduce 
the  silicon content. I t  is well recognised th a t  
increasing silicon opens the g ra in  of the  iron. 
I f  therefore when nickel is added the silicon is

2 Everest. Turner & Hanson. J .I .S .I . 1922, Vol. cxvi, p. 125, 
Everest & Hanson, J .I .S .I . 1928, Vol. cxvii, p. 358.

3 Wickenden & Yanick, American Eoundrvmen’s Assoc. 1925, 
Vol. xxx iii, p. 317.
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reduced in the  r ig h t proportion  to  m a in ta in  
equal chilling properties, much g rea te r g ra in  
refinem ent can be effected. This is, of course, 
the ra tio n a l way to  use nickel, and the  a u th o r’s 
experim ents on cylinder irons, in  which th is  ad ­
ju s tm en t was m ade, am ply confirm th e  refining 
action of nickel used in th is way.

N i c k e l  0  1 2  pek cent.
F i g . 4.

Hardness.I
The effect of nickel m ay be considered under 

two headings, (a) general effect, and (6) use of 
nickel to  equalise hardness.

(a) I t  has already been shown th a t  nickel may 
increase or decrease hardness according to  the  
n a tu re  of the  iron to  which i t  is added. In  re ­
g a rd  to  grey irons, th e re  a re  two principal 
e ffec ts:— (1) Softening of the h a rd  spots, such as 
chilled or m ottled edges and free carbide (pro- 
eutectoid cem entite), and (2) m atrix -h ard en in g
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th rough  pearlite  refinem ent and sorbite form ation. 
The first of these effects has been dealt w ith  in 
discussing chill, and will be referred  to  again in 
dealing w ith wear and m aehineability . The 
second effect is amply illu s tra ted  by B rinell h a rd ­
ness results, of which a num ber of examples are 
given in  th is P ap e r. I t  is usually readily  de­
tected  even in irons in  which the silicon content

N i c k e l

0.6

1.0

2 .4

is no t ad justed  to the am ount of nickel added, 
as in  the  first th ree  series of Table I I ,  bu t is 
most effective when the  appropria te  ad justm ent 
in  silicon is made. Comparison of the above 
figures w ith those of th e  o ther castings given 
in the same table, in which the silicon was re ­
duced to  give irons of sim ilar chilling tendency, 
a t  once reveals the g rea t im provem ent effected,

F i g . 5.
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while th e  iron  rem ains com pletely grey  up  to  
quite  high B rinell num bers—in fac t, m achine- 
able grey  irons, hav ing  B rinell num bers exceed­
ing 250 have regu larly  been obtained.

(6) Equalising H ardness in  V arying Sections. 
—One of th e  m ost useful qualities of nickel is its  
equalising effect on th e  s tru c tu re  and  properties 
of castings of variab le  section. As a ru le, east- 
ings w ith  th in  sections, m ade in  o rd inary  cast 
iron, m ust con ta in  sufficient silicon to  p reven t 
the form ation  of chilled edges; b u t if they  also 
contain  heavy sections, the  silicon will open th e  
g ra in  of th e  iron , w ith  th e  accom panying reduc­
tion  in  s treng th , and liab ility  to  porosity  and 
shrinkage. I t  is in  such an  instance th a t  the  
dual action of nickel on th e  iron  can be u tilised  
w ith g re a t advan tage . The heavy sections can 
be refined by reducing  the  silicon by th e  appro­
p ria te  am ount, while chilling  of th e  th in n e r  
pa rts , edges and  corners, which would otherw ise 
accom pany th is  silicon reduction , is p revented  
by th e  add ition  of a su itab le  am oun t of nickel, 
which, while p reven ting  th e  fo rm ation  of un- 
m achineable w hite iron  in  th in  p a rts , w ill ex e rt 
a sorbitising  action generally  on th e  m a trix . 
F ig . 6 illu s tra tes  th is  effect in  d iag ram m atic  
fo rm ; the  d iagram s rep resen t th e  resu lts of 
step-bar tes ts, th e  hardness of th e  d ifferen t sec­
tions and  th e  am ount of chill being  show n; on 
th e  heavy sections is also included th e  resu lts 
of s tan d ard  transverse  te s ts  and  tensile  te s ts  on 
1.2-in b a rs ; the  m etal was m elted in  crucibles 
and  cast in to  green-sand moulds, and contained 
3.15 per cent, carbon ; 1.15 per cen t, silicon; 
0.4 per cent, m anganese; 0.30 per cent, phos­
phorus; and  0.05 per cen t, su lphur.

The Effect of Nickel on Strength.
C astings of h igh  s tren g th , fo r w hich the  

dem and is increasing, requ ire  a close-grained 
s tru c tu re  accom panied by a strong  p earlitic  or 
sorbitic m atrix . The app lica tion  of th e  p rin ­
ciples of composition balance already  described 
contribu tes to  th e  solution of th is  problem. 
Irons possessing th e  h ighest s tren g th  m ust 
always contain  sorbitising e lem en ts; nickel (and,
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as we shall see, chromium) has the  required 
streng then ing  action, whereas silicon has not. 
The substitu tion  of some silicon by the equiva­
len t am ount of nickel is therefore  a logical 
solution of th is  problem, and here i t  is im portan t 
to  recognise th a t  nickel addition  to  an iron of 
m oderate or poor m echanical properties w ith­
ou t sim ultaneous reduction  of silicon cannot 
have a m arked effect on streng th  since sorbitis- 
ing  w ithou t g ra in  refinem ent may increase 
hardness and reduce chill, b u t will no t greatly  
affect streng th , since the  refining action of nickel

Fig. 6.—Step Bar Castings in Iron Contain­ing T.C. 3.15; S i 1.15; M n 0.4; S 0.05; and 
P  0.30 PER CENT.

alone, on irons w ith norm al or high silicon, 
though definite, is not sufficient to  produce g rea t 
im provem ent in strength . Silicon ad justm ent 
is here essential. F a ilu re  to  appreciate  th is 
fundam ental principle has been responsible for 
much unnecessary d isappointm ent in  the  use of 
nickel.

The experim ents tabu la ted  in Table I I ,  made 
on an autom obile-cylinder iron, were carried  out 
by E verest and the au tho r w ith a view to obtain­
ing harder and stronger irons of sim ilar chilling 
tendency to  the  unalloyed iron. The im prove­
m ents in  s tren g th  obtained are  very substantial,
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from  12.74 tons per sq. in. w ithout alloy, to 
over 20 tons per sq. in ., w ith only 1.12 per cent, 
of nickel (replacing 0.56 per cent, silicon—re­
placem ent ra tio  N i/S i =  2 /1 ). W hile the  irons 
rem ained practically  equal in  regard  to  chill, 
th e  hardness of all sections was substantially  
im proved, and  completely grey sections having 
hardness values close to  300 were obtained, while 
some large omnibus engine blocks were cast in 
th is  alloy iron to  give cylinder bores w ith a 
B rinell hardness of 215 w ithou t m achining diffi­
culties th rough  chill on the  th in n e r sections.

Effect of Nickel on Machineability.
In  discussing the  question of m achineability of 

cast iron  we have to  take  in to  account the 
peculiar p roperties of the  m ateria l. C ast iron 
can con tain  a g re a t varie ty  of constituen ts and 
stru c tu res  vary ing  from  hard  and white iron, 
con ta in ing  m uch free carbide to  a dead soft 
m a te ria l consisting essentially of fe r rite  and 
g rap h ite . M ost of th e  h igh quality  engineering 
irons, w ith  which we are  most concerned, are 
required  to  possess a fa ir  degree of stren g th  and 
hardness, and  these qualities are norm ally 
requ ired  in  the  heaviest p a rts  of the  casting. 
There is usually  n o t much difficulty in  securing 
such qualities, provided th a t  the p roperties in  
the  th in n e r sections are  un im portan t, but, 
u n fo rtu n a te ly  m ost castings are n o t simple in 
shape, and to  secure the desired qualities in  the 
heavier sections w ithou t chilling of the  th in n e r 
portions, corners and edges, is frequently  a 
m a tte r  of much difficulty. B u t even a small 
am ount of chilled s truc tu re , which is practically 
unm achineable, is fa ta l in  any position of a cast­
ing th a t  m ust be m achined. We may say, th e re ­
fore, th a t  for p ractical purposes, the m achining 
qualities of an iron are m ainly determ ined by its 
liab ility  to  chill. The property  of nickel, in p re­
serving the  general hardness while reducing chill 
is therefore  of special value in im proving 
m achineability.

I t  is not only iron possessing a white struc tu re  
th a t  can give m achining difficulty : th e  presence 
of carbide spots (pro-eutecroid cem entite) in  a
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grey iron is a common source of m achining 
trouble, since th e  intensely h a rd  con stitu en t 
rap id ly  dulls th e  cu ttin g  edge of a  tool and 
reduces its  efficiency. In  th is  connection also, 
the  g rap h itis in g  action of nickel can be u tilised  
to  b reak  up the  carbide colonies.

The ch aracteristic  action of nickel in  b reak ing  
up  carbide while p reserving a strong  m a trix  has 
therefo re  a special im portance in connection w ith 
the  production  of h a rd  and  strong  m achineable 
castings and observations in  the  a u th o r’s labora­
to ry  have repeated ly  shown th a t  comm ercially 
m achineable castings can readily  be m ade w ith 
B rinell hardness num bers exceeding 250.

There is ano ther d irection  in  which th e  equalis­
ing  action  of nickel may have an  im p o rtan t b ear­
ing on m achineability . We have shown th a t  
heavy sections, particu la rly  in  large castings, are  
liable to  have a very open s tru c tu re  in  o rd inary  
irons, where silicon has to  be m ain ta in ed  suffi­
ciently  high to  p reven t chill on th e  th in  sections. 
This open g ra in , due to  large g rap h ite  flakes, 
can give rise to  m achining troubles due to  the 
te a r in g  o u t of b its of m achined surface by th e  
tool, pa rticu la rly  when heavy cu ts a re  ta k e n ; 
th is  produces a poor m achined finish suggesting  
porosity in  the  m etal. H ere  again , th e  proper 
use of alloy will close the  g ra in  of th e  iron  and 
elim inate  the  trouble.

F rom  th e  economic po in t of view th e  value of 
nickel in  its  re la tion  to  m achineab ility  is w orth 
carefu l consideration , since th e  reduction  of 
rejections in the  m achine shop alone m ay well 
ju s tify  the  ex tra  cost of the  alloy add ition .

Nickel and Chromium in Cast Iron.
We have exam ined th e  effect of n ickel in  cast 

iron  and  have pointed ou t its  charac te ris tic  
action. I n  the  developm ent of alloy irons, o ther 
elem ents will p lay  th e ir  p a rt , and  i t  is neces­
sary to  exam ine th e  effect of such o ther add i­
tions on the  action  of nickel. The only o ther 
add ition  th a t  has as ye t received m uch con­
sideration  is chrom ium . The action  of chrom ium  
differs in certa in  im p o rtan t respects from  th a t
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of nickel. N ickel promotes th e  form ation of 
g rap h ite , b u t hardens the  m a tr ix ; silicon is a 
g rap h itis in g  agen t both above and below the 
critica l range, and softens both the carbide and 
th e  m a trix  of th e  iron. Chromium, on the  o ther 
hand , is a carbide-form ing agen t as well as a 
very effective m atrix -hardener. Thus, while it  
acts in th e  same sense as nickel on the  m atrix , 
i t  acts in th e  opposite sense in  regard  to  chill, 
which is rap id ly  increased by chrom ium  addi­
tions. The use of chrom ium alone is therefore

F IGp 7 .— A c t i o n  o f  N i c k e l  o n  R e f i n e d  I r o n  

CONTAINING 0.5 PER CENT. C r.

likely to  accentuate troubles due to  chill, hard  
spots and difficulty in  m achining.

E xperim ents have shown th a t  nickel preserves 
its characteristic  effects in  the  presence of 
chrom ium . I ts  action on chill is no less pro­
nounced, as is well illu s tra ted  in F ig. 7, which 
shows the  frac tu res of a series of steps from cast­
ings made of a refined iron contain ing 2.8 per 
cent, carbon and 1.7 per cent, silicon; the 
chromium is constan t th roughou t the series a t 
0.5 per cen t., while the nickel is n il in the top 
frac tu re , and 1, 2 and 3 per cent, respectively 
in the  lower fractures.



The effect of nickel in equalising th e  hardness 
of d ifferen t sections is dem onstrated  in  F igs. 8 
and  9. F ig . 8 rep resen ts th e  hardness of the 
steps in castings of the  refined iron  con ta in ing
2.8 per cent, ca rbon ; 1.75 per cen t, silicon; 0.6 
per cent, m anganese; 0.05 per cen t, su lp h u r ; and 
0.14 per cent, phosphorus.

The reduction  in  chill is also illu s tra ted  in  the  
sections of the  step-har casting  included in  th is 
d iagram , the  black shaded a rea  rep resen ting  the  
chilled iron.

The equalisation  in  hardness of th e  d ifferent 
sections is in  p a r t  due to  th e  reduction  in  chill 
of th e  th in  p a rts , and in  p a r t  to  th e  harden ing  
of the  m a trix  in the  th icker sections, th e  action  
of nickel being here iden tica l w ith  th a t  already  
described of irons con ta in ing  no chrom ium . The 
sam e equalising effect is shown in  F ig . 9, which 
refers to  an  autom obile cylinder iron, con ta in ing  
3 per cent, carbon, 2 per cent, silicon, and  low 
su lphur and  phosphorus. The com parison here is 
really  betw een th e  o rig inal iron con ta in ing  no 
alloy addition  and  th e  same iron  a f te r  the  
add ition  of 1 per cent, nickel plus 0.25 per cent, 
chrom ium , the  silicon con ten t being m a in ta ined  
constan t th roughou t.

The equalising action of nickel and  chrom ium  
is here well dem onstrated  in  th e  p roduction  of 
widely vary ing  sections of read ily  m achinable 
iron w ith B rinell num bers vary ing  only from  
228 to  241.

I t  is c lear th a t  while th e  ch arac te ris tic  action 
of nickel is preserved in  th e  presence of 
chrom ium , th e  in troduction  of an o th er elem ent 
w ith  such a m arked chilling tendency m ust be 
tak en  in to  account in  deciding th e  am oun t of 
nickel su itab le  for any  p a rticu la r purpose.

Chrom ium  acts in  the  opposite sense to  silicon 
in its  effect on chill, and  th e  same ad ju s tm en t 
in th e  silicon con ten t is no t, therefo re , necessary 
when chrom ium  is p resen t. According to  
H ouston, one po in t of chrom ium  is roughly 
equivalent to  two points of silicon in respect to  
chill, and  since nickel acts in  th e  sam e sense as 
silicon, th en  one p o in t of chrom ium  is roughly



equivalent to  two points of nickel. This equiva­
lence doubtless varies somewhat w ith  the  grade 
of iron used ; the  au th o r’s experience suggests a 
figure more nearly  approaching 3 : 1 .  These 
relationships can be u tilised  to  m eet im portan t 
p rac tica l needs, experienced p articu la rly  by

731
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Fig. 8.
foundrym en m aking a large varie ty  of castings 
from  the  same cupola, since the  addition  of 
chrom ium  in suitable proportions can be made 
instead of a reduction  in the am ount of silicon, 
to com pensate for the am ount of nickel added. 
The results shown in Table 111 show the  im prove­
m ent in p roperties of an autom obile cylinder
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iron b rough t about by the  combined addition  of 
nickel and  chrom ium in th is m anner. The addi­
tio n  of nickel alone had produced a slight im­
provem ent in  th e  hardness of th e  th icker sec­
tions, and  a slight increase in  tensile streng th . 
The sim ultaneous addition  of chrom ium has re ­
sulted  in considerably g rea te r im provem ent both 
in the  hardness and tensile streng th , while the 
chilling tendency of the iron is less th an  when 
no alloy was added. In  these tests, a nickel to

F i g . 9 .

chrom ium  ra tio  of ra th e r  less th a n  3 : 1 appears 
to  have produced an  iron of practically  equal 
chilling tendency.

While chrom ium can be used as described to 
neu tra lise  silicon, it is necessary to remember 
th a t  th is  substitu tion  can be carried  too far, 
and  th a t  irons very high in silicon may give 
d isappointing  results on account of the  open 
g ra in  produced by th is elem ent. R eduction of 
silicon is much more effective in refining the 
crrain th an  addition  of chrom ium , and in such
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a case, if the  best resu lts are  to  be ob tained  from  
alloying, th e  silicon should be reduced a t  least to 
such a po in t as will ensure a sa tisfac to ry  g rap h ite  
s tru c tu re  in  th e  iron.

The combined effect of nickel and  chrom ium  
in suppressing the  form ation  of p earlite  is well 
known in  connection w ith  alloy steels, and  is 
equally effective in producing a sorbitic s tru c tu re  
in  alloy cast irons. This can  be u tilised  to  give 
im proved hardness and  resistance to  w ear, and, 
w ith proper ad ju s tm en t of the  alloy additions, 
to  elim inate  h a rd  carbide spots, these qualities 
can be obtained in  an  iron th a t  is read ily  
m achinable. Such a use of alloy cast iron  is 
a lready  being m ade w ith  success in  th e  produc­
tion  of cylinders and cylinder liners, dies, grey- 
iron rolls, etc., where a com bination of these 
qualities is required .

Effect of Nickel in the Presence of Phosphorus,
W e have so fa r  only considered cast irons in 

which th e  phosphorus con ten t is qu ite  low. 
M any of th e  irons used in  th is  country  for the  
production  of h igh-grade castings con ta in  ap p re ­
ciable am ounts of th is  elem ent, and  i t  is, th e re ­
fore, im p o rtan t to  knowT how its presence affects 
the  influence of alloy additions. D r. E verest 
and  th e  au th o r have carried  ou t a num ber of 
experim ents on phosphoric irons which throw  an 
im p o rtan t ligh t on th is question.

Opinions differ as to  the  influence of phos­
phorus itself on cast i r o n ; on th e  one hand , i t  is 
held th a t  phosphorus induces g rap h itisa tio n , and, 
on the  o ther hand , th a t  i t  increases th e  am ount 
of chill. In  th e  a u th o r’s experim ents on a re ­
fined iron con ta in ing  3 per cen t, carbon and
1.8 per cent, silicon, as well as from  the  syn thetic  
irons produced from  a  w ashed-iron base, phos­
phorus had a  definite action in increasing  suscep­
tib ility  to  chill. The influence of nickel was 
found qu ite  definitely to  coun te rac t th is  in ­
fluence, as is illu s tra ted  in F ig . 10, which shows 
th e  chill on different sections of the  refined iron 
con ta in ing  different phosphorus and  nickel con­
ten ts . The g rap h itis in g  action  of phosphorus
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was also definitely disclosed by chemical analysis 
of th e  different alloys. S tep bar castings, 
furtherm ore, disclosed th a t  nickel has a definite 
regu lar harden ing  action on all sections, except 
where chilling had produced white iron, when 
nickel is effective in  rem oving the  hard  struc­
tu re . I t  is thus possible in  phosphoric irons to 
u tilise  nickel additions in the  m anner already 
discussed to equalise the  hardness in different 
sections, and F igs. 11 and 12 illu s tra te  th is

N IC K E L  P E R  c e n t

F i g . 10.— R e f i n e d  I r o n . D e p t h  o f  
C h i l e  o n  § - i n . S t e p .

action in the  refined iron already referred  to. 
F ig . 11 shows th e  effect of 2 per cent, nickel on 
an iron  con ta in ing  0.5 per cent, phosphorus, 
and discloses a strik in g  equalising action on the 
iron. F ig . 12 shows a sim ilar effect of nickel on 
iron con tain ing  1.2 per cent, phosphorus. I t  
was also observed th a t  the iron contain ing 0.5 
per cent, phosphorus was readily m achinable on 
th e  la rger sections in sp ite  of the  high Brinell 
num ber of 260.
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Nickel and  phosphorus both have a refining 
action on th e  g rap h ite , and  in irons con ta in ing  
h igh phosphorus (1.2 per cen t.) th e  effect of 
nickel is very small. The action  of nickel in  
producing a finer form  of p earlite  was confirmed, 
and i t  was also noticed th a t  phosphorus itself 
has a definite action  in  th is  d irection .

T h i c k n e s s  op 5 ec.t i o n  -  Inch  

F i g . 1 1 .

In  order to confirm these observations, some 
experim ents were carried  ou t on foundry  irons 
contain ing  about 0.6 per cent, phosphorus, nickel 
and chrom ium  being added to  th e  m eta l in  the  
ladle in th e  usual way. Table IV  shows the  
results of some experim ents on some cylinder 
iron contain ing  3.6 per cent, carbon and  1 . 2 7  per 
cent, silicon w ith  0.6 per cent, phosphorus. The
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addition  of 0.87 per cent, nickel definitely re ­
duces the am ount of chill and produces a slight 
harden ing  effect, particu larly  on the  th icker 
sections, b u t w ithout appreciably im proving 
s t r e n g th ; th is  resu lt would be expected since 
the  silicon was not lowered when the  nickel was 
added. The addition  of 1.18 per cent, nickel

% \  '/z

T h i c k N L55  o f  S t c r t o n  -  In c h

F ig . 12.

and  0.27 per cent, chrom ium  is accompanied by 
a considerable general increase in  hardness, and 
the over-all hardness is rendered more uniform , 
while a t  the  same tim e the tensile stren g th  is 
increased from  12.1 to 13.7 tons per sq. in. This 
im provem ent in properties is achieved, as shown 
in the table, w ithout sensible a lte ra tio n  in the 
chilling tendency of the iron. A comparison of
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these results w ith those given in Table I I I  for 
a cylinder iron con tain ing  0.17 per cen t, phos­
phorus shows a rem arkable sim ilarity , confirm­
ing the sim ilarity  of action of the alloy in the 
two cases. F igs. 13, 14 and 15 show a micro­
s tru c tu re  of th e  th ree  irons tabu la ted  in 
Table I I  . F ig . 13 shows the s tru c tu re  of the  
orig inal iro n ; F ig . 14 shows the s tru c tu re  w ith

F ig . 13.—Motob Cylinder I ron.

0.87 per cent, nickel added; and F ig . 15 shows 
the  s tru c tu re  w ith 1.18 per cent, nickel and 0.27 
per cent, chrom ium . The refining action of the 
nickel alone on th e  pearlite  is quite  definite, 
while the  nickel-chromium additions have pro­
duced a m atrix  of very fine sorbitic pearlite .

The beneficial effects of nickel and chromium 
were also confirmed in an iron contain ing  3.4 per

2 B 2
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cent, carbon, 1.24 per cent, silicon, and  0.54 per 
cent, phosphorus, used for m aking  cast-iion  dies ; 
the  add ition  of 1.70 per cent, nickel and 0.4 per 
cen t, chrom ium  to  th is iron produced a very 
considerable increase in hardness w ithou t in ­
creasing the am ount of chill, and dies made from  
th is  m etal were found to  have a  g rea tly  increased 
life. The im provem ent in th e  s tru c tu re  of the

F i g . 1 4 .— M o t o r  C y l i n d e r  I r o n , x  1  p e r  c e n t . 
N i c k e l .

m atrix  is illu s tra ted  by F igs. 1 6  and  1 7 ,  which 
show respectively th e  o rig inal iron, showing a 
well-defined p earlitic  s tru c tu re , and  th e  alloy 
iron in  which th e  m a trix  is largely  sorbitic.

The resu lts already  described show th a t  the  
action of nickel is substan tia lly  th e  same in  these 
phosphoric irons as in  sim ilar irons low in phos-



phorus. In the laboratory tests i t  was found 
th a t slightly more nickel is required to  produce, 
a given resu lt in  the  high-phosphorus irons 
w here there  is any tendency to  chill, th a n  in  the 
lower phosphorus irons, and th is is probably to 
be accounted for by the  definite chilling action 
of the  phosphorus in these cases. I t  is possible

F i g . 1 5 .— M o t o r  C y l in d e r  I r o n , x  1 p e r  c e n t . 
N i  a n d  0 .2 5  p e r  c e n t . C r .

th a t  th is  would no t be experienced in all varie­
ties of iron, in some of which phosphorus appears 
to be w ithout effect on chill.

The presence of phosphorus in an iron has one 
effect which we have not yet considered, namely, 
th a t  i t  gives rise to  the presence of phosphide 
eu tectic. This very h a rd  constituen t has a



m arked effect on the  properties of any iro n ; i t  
increases th e  general hardness as m easured by 
the  B rinell te s t, and, if p resen t in appreciable 
quan tities , has a m arked effept on th e  m achin- 
ab ility . N ickel appears to  be w ithou t ap p re­
ciable effect on the phosphide eu tec tic , which 
continues to  exert its own ch arac teristic  in ­
fluence. Excessive hardness or difficulty in

Fig. 16.—Die Iron without N i or Cr.
m achining due to  the  presence of phosphide 
eu tectic, as d is tin c t from  the  general influence 
of phosphorus on chill, will therefo re  be u n ­
affected by nickel additions, except in  so fa r  
as these additions, together w ith m odifications 
in silicon con ten t, m ay lead to  a general refin­
ing of the iron and  reduction  in segregation , 
leading to a more un iform  and  sa tisfac to ry  
d is tribu tion  of the phosphide areas.



743

Thus, though we see th a t  nickel acts in a 
sim ilar m anner in phosphoric irons, as in irons 
low in phosphorus, in reducing chill, equalising 
hardness and im proving s treng th , account m ust 
always be tak en  of the  inheren t properties due 
to  the  presence of phosphide eutectic. F u rth e r  
work is required  on irons of th is class, and 
experim ents in th is  direction are proceeding in 
the  au th o r’s laboratory.

Fig. 17.—Die Ikon, x 1.7 per cent. N i and 
0.4 per cent. C r.

General Conclusions.
I t  has been shown th a t  the  additions of nickel 

w ith or w ithou t chrom ium can be effective in 
cast iron in  controlling chill, increasing and 
equalising hardness, ra ising  the  streng th , and 
im proving m aehinabilitv . These effects are  due 
to the characteristic  action of nickel in decom­
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posing eu tec tic  and pro-eutectoid carbide, while 
m ain ta in in g  a  h igh combined carbon in  th e  
m a trix  on which its  refining and  sorbitising  
action can tak e  effect. I t  is, however, necessary 
in  m aking nickel add itions to  tak e  in to  account 
not only the  fundam enta l action  of th is  elem ent, 
b u t also th e  influence of th e  o ther elem ents th a t  
may be p resen t in  th e  iron.

The charac te ris tic  action  of nickel is effective 
in th e  presence of bo th  chrom ium  and  phos­
phorus, and  can be u tilised  w ith  advan tage  in 
the  presence of those elem ents, provided th a t  
due a tten tio n  is also given to  th e  charac te ristic  
effects of those elem ents them selves.

The au th o r acknowledges w ith  m uch pleasure 
the  valuable co-operation of D r. A. B. E verest 
in  th e  experim ental work described in  th is  P a p e r  
and in p rep arin g  diagram s and photographs to  
accompany it.

DISCUSSION.

M e. E . R . T a y l o r  said he was g lad  to  hear 
the w arning which th e  lec tu re r had issued th a t  
they  could n o t expect the  rem arkable  resu lts 
shown unless they  took in to  consideration  th e  
various elem ents of the  iron under tre a tm en t. 
In  America th e re  had  been a considerable use 
of nickel and chrom ium  additions, b u t even so i t  
had been suggested th a t  th e  process was likely 
to  be overdone. There was indeed a  tendency 
tow ards using alloys of nickel beyond th e  p o in t 
in tended . H e should like to  know w hat were 
th e  benefits to  be derived from  an increm ent of 
nickel and  chrom ium  to  m alleable cast iron. H e 
was in terested  in  w hite h e a rt iron, and  hav ing  
seen some of th e  resu lts  of these alloys,, i t  seemed 
to  him  th a t  th e  troub le  was a liab ility  to  honey­
combing and general unsoundness of the casting .

M e . A. H a r l e y , acknow ledging th e  lec tu re  as 
adm irable for p rac tica l m en; said  th a t  if th e  
nickel corporations would reduce th e  price  of 
th e ir  p roduct a g rea t deal more would be used. 
I t  was in te re stin g  to  notice th a t  in  dealing  w ith 
low-phosphoric irons th e  lec tu re r showed th a t  
th e ir  physical values, e ith e r w ith or w ithou t th e
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addition  of nickel and chromium, were very 
much higher. The best figure shown in phos­
phoric irons was 13 tons tensile, and in low phos­
phoric irons w ith additions» the stren g th  reached 
up to 22 tons. Now he preferred  to  do w ithout 
phosphorus wherever possible, b u t there  was one 
factor which they could not ignore—the question 
of w ear. Thus, in certa in  automobile castings 
and so fo r th  i t  was necessary in the  m ajo rity  of 
cases to u tilise a phosphoric iron, for there  was 
no doubt th a t  the  hard  phosphide was a valuable 
ad ju n c t in increasing the  resistance to wear. 
W hether a neu tra lising  agen t could be employed, 
such as very low to ta l carbon, w ithout rendering 
the  m etal unm achinable, he did not know ; bu t 
he would like to  inquire w hether additions of 
nickel and chrom ium  would to any ex ten t m ini­
mise the  tendency of phosphoric irons to  draw. 
O ther th ings being equal, high phosphoric irons 
were w ithout a doubt w eaker than  low-phosphoric 
irons. H is experience of such irons was slightly 
d ifferent from  th a t  of Professor H anson, b u t it 
was by no means definite. Now phosphoric 
irons, even w ith as low a carbon conten t as low- 
phosphoric semi-steel, had a g rea te r tendency to 
chill a t  the  corners and edges th an  high-phos­
phoric irons of otherwise sim ilar composition. 
In  o ther W'ords, while the phosphide eutectic 
deposited th roughou t the  iron increased the h a rd ­
ness of th e  iron generally, i t  appeared to 
neu tra lise  the  tendency of the iron to  chill a t 
the  edges and corners. H e was re fe rring  to irons 
contain ing  0.8 to  1.0 per cent, of phosphorus, 
as against those w ith up to 0.2 per cent. Con­
cluding, M r. Hailey» asked w hat was the  best 
method of adding nickel and chromium to cast 
iron, assum ing they had considered the question 
of balance, for obtain ing uniform  results.

Nickel and High-grade Phosphorus Irons.
P r o f e s s o r  H a n s o n , replying to  Mr. H arley, 

said, in regard  to the  tensiles being lower in 
phosphoric irons, th a t  they m ust remember th is : 
in th e ir experim ents the  silicon content was not 
lowered when nickel was added. In  all other
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cases in which a g re a t im provem ent in  streng th  
was obtained the silicon was lowered when nickel 
was added. H e had every hope th a t  definitely 
b e tte r  resu lts could be secured w ith  phosphoric 
irons th a n  had been shown in  th e  P ap e r. B u t 
so fa r  they  had not reached th e  stage of m aking 
the  silicon ad ju s tm en t when using those irons. 
On general grounds one p re fe rred  to  cu t phos­
phorus down. H owever, he m ust say th ere  was 
every hope, even in  irons w'here th is  was no t pos­
sible, of ob ta in ing  an im provem ent in  s tren g th  
by using alloys, though  perhaps no t qu ite  so high 
as when phosphorus was low. As to  th e  occur­
rence of draw ing, i t  had  been associated w ith  a 
ce rta in  am ount of openness of g ra in , and  if they  
could lower th e  silicon and close th e  g ra in , less 
troub le  from  draw ing was likely. This could be 
done if nickel were added to  replace silicon, 
enabling one to  produce an iron  of closer g ra in , 
having less tendency to  draw ing and to  th e  segre­
gation  effects which occurred to  a mai’ked degree 
in phosphoric irons. The iron  used in his ex­
perim ents was refined iron, low in  carbon, and 
phosphorus had a chilling effect. B u t i t  was by 
no m eans inconceivable th a t  both effects should 
tak e  place in  irons of d ifferent types. In  so fa r  
as alloying was concerned, th e  soften ing  action, 
in  regard  to chill, on th e  p a r t  of phosphorus was 
probably b e tte r  th a n  th e  h a rden ing  action, 
because when th e  harden ing  action was p resen t 
a litt le  more nickel was needed to  produce th e  
desired resu lt th a n  when phosphorus was absent.

Additions as F Shot.
C ontinuing, Professor H anson said th e re  were 

several reliable m ethods of add ing  nickel and 
chrom ium . In  th e  experim ents re fe rred  to  they 
had used principally  F  Shot, a v a rie ty  of nickel 
contain ing  about 6 per cent, silicon, 92 per cent, 
nickel, and small am ounts of iron  and o ther 
elem ents. I t  had a m elting po in t approx im ating  
to th a t  of cast iron, and was absorbed readily , 
P u re  nickel shot could be added and absorbed 
sa tisfactorily  if care was tak en  to  ensure ade­
quate  h ea t in the  m olten iron. I t  was advisable



in m aking alloy irons to ru n  the  cupola hot so 
th a t  sufficient heat was always secured. In  
using the  ladle it  was necessary to  run  a little  
m etal in to  the  bottom  of th e  ladle, and then  
sprinkle th e  shot in to  the  stream , thus ensuring 
th a t  th e  nickel shot was m ixed before th e  ladle 
became full. As to  chrom ium , th a t  could be
added e ither in  the  form  of powdered ferro-
chrom ium , or in a combined form w ith nickel 
known as N ichrom e B. In  the  first instance the 
add ition  was powdered fa irly  fine, b u t the  dust 
should be screened away, otherwise losses were 
likely to  be high. The advantage of adding the  
alloys separately  was th a t  the  user was not bound 
to  one ra tio  of nickel to chrom ium ; in the ir
experim ents they obviously p referred  to  make
separa te  additions of nickel and ferro-chrom ium .

M r . H a r l e y  observed th a t  low phosphoric 
irons were more susceptible to  chill, b u t u n ­
doubtedly phosphorus hardened th e  m etal (he 
instanced green sand moulds as causing corners 
and edges to  become chilled).

M r . J .  B. M u r r a y  inquired w hether the 
lec tu rer had noticed if the  form ation of 
g raph ite , w ith the  silicon unaltered , became 
coarser and  flaky. I f  so, the  harden ing  
of the  m a trix  would be nullified by th a t  
coarsening, and in th a t  case, he took it, 
the  effect of the  nickel would be abortive. 
When ferro-chrom ium  was p u t th rough  the 
cupola th ere  was a tendency to  lose more 
chrom ium  th a n  nickel. If  i t  was run  through 
the  cupola a ladle was necessary to give a proper 
m ixing to th e  alloy, otherwise the  only a lte rn a ­
tive was, as the  Professor said, to use chromium 
in powdered form.

Some Practical Hints.
D r. E v e r e s t  quoted an instance of complicated 

m otor-cylinder work in which there  had been an 
elim ination  of chill w ithout softening the cast­
ing, which was of very different thicknesses. 
E xperim ents had shown th a t  low-silicon nickel 
irons could be produced which indicated a very 
definite advance not associated with ordinary



748

cast iron Nickel did not appear to  exercise any 
in ju rious effects, and they  could assume i t  was 
perfectly  safe to  add nickel even if the  iron was 
unsuitab le . D ealing w ith  the  cost of nickel from  
the  economic side, D r. E verest said  th a t  for the 
e x tra  30s. per to n  on th e ir  alloy product— nickel 
being reckoned a t  £175 per ton—they  gained  a 
g rea tly  im proved m etal, and they  could still 
obtain  good quality  w ith  a cheaper base m ateria l. 
H owever, on th e  question of re jec ts alone they 
could effect a considerable saving in  scrap which 
would counterbalance th a t  add itional cost, qu ite  
a p a rt from  a b e tte r  quality  casting . R egard ing  
the  m ethod of adding  nickel, for continuous pro­
duction  i t  should be p u t th rough  th e  cupola, b u t 
for o rd inary  jobbing work added, to  th e  ladle. 
O rdinary  nickel pellets should no t be added in 
the  ladle, being too large. I t  was p referab le  to  
use th e  special fine or alloyed form . I t  was also 
advisable to  use ferro-chrom ium  w ith  a  h igher 
carbon conten t, because i t  was more easily 
crushed and th e  carbon gave a lower m elting  
point. This ensured less troub le in  d is tr ib u tin g  
the  chrom ium  in  th e  iron.

AUTHOR’S REPLY.
R eplying to  the  discussion, P r o f e s s o r  H a n s o n  

said he had no experience of nickel and 
chrom ium  in m alleable iron, b u t chrom ium  did 
not strik e  him  as a very su itab le  m etal for alloy­
ing purposes w ith m alleable, because of th e  
stabilising  effect of carbide, which was so pro­
nounced. H e was no t so sure about nickel. 
N ickel would assist g rap h itisa tio n , and to  th a t  
ex ten t would be good ; and i t  would be re ta in ed  
in  solution in  the  finished casting , and  increase 
its s treng th . B u t th e re  was à danger th a t  in 
the  presence of very low silicon- i t  m igh t in tro ­
duce a stabilising effect on carbon below th e  
c ritical range. T herefore i t  m igh t no t be su i t­
able for black h e a rt purposes, b u t i t  m igh t pos­
sibly find application  in the w hite h e a r t process. 
R egarding unsoundness, he, should not suspect 
nickel for any responsibility . T heir experience 
was entirely  in the  opposite d irection . N ickel
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additions to  w hite iron which was unsound pro­
duced an im provem ent and removed the  blow­
holes. As to  the  effect of nickel on g raph ite  
s tru c tu re  w ith  th e  silicon unaltered , th e ir  own 
results had  confirmed the investigations of 
A m erican w orkers. This was th a t , generally 
speaking, nickel additions up to 2 per cent., or a 
litt le  h igher in  some cases, showed a definite 
action in refining g rap h ite ; b u t beyond 2 per 
cent, these additions coarsened it. H ence, for 
all o rd inary  small additions of nickel to grey iron 
they could rely on nickel not to coarsen the 
g rap h ite , b u t usually to  refine it. They could 
no t ge t th e  full value of nickel additions if the 
g ra in  was open, and i t  was preferable to  lower 
the  silicon to  secure the  maxim um  benefit. Even 
if th is  was not done, they  still gained an ad­
van tage  by m a trix  hardening .

C ontinu ing , Professor H anson touched on 
losses, declaring  th a t  when alloys were p u t 
th rough  the cupola there  was no loss w hatever of 
nickel, though  if th e  cupola was ru n  badly they 
m igh t find th e  d is tribu tion  irregu la r. N either 
did they  lose nickel when added in  the  ladle, 
nor in rem elting  scrap. Chromium losses were 
ra th e r  variab le , rang ing  in some cases up to  30 
down to  10 per cen t., p articu la rly  when worked 
from  the  cupola. In  the  ladle they  had experi­
enced vary ing  results , b u t as a ru le they  had 
noted very li tt le  loss. In  th e  finely divided form 
g re a t care m ust be taken  to  p revent the 
chrom ium  dust g e ttin g  in to  the  cupola, o ther­
wise th ere  would be loss, and there  was also 
danger of loss if the  alloy was added in large 
pieces, especially when a low-carbon ferro- 
chrom ium  was used. I t  would not always d is­
solve, and g rav ita ted  to the bottom  of th e  ladle. 
W ith  reasonable precautions not more th an  a 
10-per-cent, loss need be incurred  in the ladle.
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London Branch.
EVALUATION OF THE PROPERTIES OF CAST 

IRON FROM FORMULÆ.

By J. E. Hurst (Member).
M r. H u r s t  said th a t , though  the  ti tle  of the 

lecture was a very wide one, namely, “ Grey C ast 
I ro n ,” it was desirable to confine a tten tio n  to a 
pa rticu la r aspect of th e  subject, and the  p a r t i­
cu lar aspect he wished to  deal w ith was one 
which in terested  all th in k in g  foundrym en. He 
proposed to  deal w ith the  a tte m p t which had 
been m ade from  tim e to  tim e to  devise some 
formulse which would express a re la tion  between 
the  composition and  the  properties which one 
m igh t expect to  ge t from  cast iron. I t  was a 
rem arkable th ing , very rem arkable in m any 
ways, th a t  m ost of these a ttem p ts  had been m ade 
by G erm an investigators, and w hilst he was 
a fra id  a good m any serious-th inking English 
m etallu rg ists were ra th e r  inclined to  regard  these 
formulae w ith a certa in  am ount of diffidence, the 
fac t th a t  the  names of the  G erm an investigato rs 
associated w ith the formulse were names which 
were highly respected in m etallurgical circles 
made the formulse all the  more deserving of our 
serious a tten tion .

Of the very concise formulae th a t  had  been 
devised from  tim e to  tim e, probably the  earliest 
one, and one w ith which m eta llu rg ists were very 
fam iliar, took the  form  of w h a t m ig h t be called 
an equation . The form ula was as follows: —

4.26-
3.6

I his had received g rea t a tten tio n  in th is  country  
a t  the hands of th a t  well-known investiga to r, M r. 
Cook. In  th is form ula the le tte r  C represen ted  
the  to ta l carbon content, the  Si represen ted  the 
to ta l silicon content, and th e  Sc was a il k ind  of



co-efficient.”  I t  is difficult to  trace  the exact 
orig in  of th is form ula.

The earliest publication  of it, of which he was 
aware, was in  the first ed ition  of th a t  famous 
G erm an handbook H iitte , and in the  French 
edition  of H iitte  i t  was sta ted  th a t  C represented 
the percentage of to ta l carbon, Si represented 
the  percentage of silicon, and th a t  the figure 4.26 
corresponded to  the  am ount of carbon in  a cast 
iron  free from  silicon a t  the eutectic point. The 
figure of 3.6 in  the form ula was the percentage 
of silicon which dim inished the sa tu ra tio n  of the 
carbon down to  1.0 per cent. Presum ably one 
m ust read  in to  th a t  sta tem en t th a t  the  3.6 per 
cent, of silicon was the am ount of silicon with 
which th e  eu tec tic  po in t was moved to  a point 
corresponding to  1 per cent, carbon. T hat was 
all th e  in fo rm ation  given to  us w itn regard  to 
th a t  form ula, and i t  was very difficult to appre­
c iate  w hat is conveyed by the  construction of the 
equation .

Key to Formula.
Ind ica tin g  the m anner in which the form ula 

was used, Mr. H u rs t said th a t  a series of values 
were assigned to  the co-efficient. T hus: —

For general castings’ Sc = 0.9 to  1 per cent.
F or loco castings, Sc = 0.8 to 0.9 per cent.
F o r in ternal-com bustion cylinders, Sc = 0.76 

to 0.85 per cent.
F or ingo t moulds, Sc = 0.9 to  1 per cent.
F o r rolls, Sc = 0.71 to  0.83 per cent.
F o r h a rd  cast iron, Sc = 0.75 to  0.88 per cent. 

H e supposed th a t  “ ha rd  cast iron ” m eant 
“ chilled cast iro n .”

This was the  complete list of these constants 
taken  from H iitte , and he considered i t  advis­
able to give i t  because he believed th a t  the list 
had no t been commonly available up to the pre­
sent. The value of the  form ula, or the in feren­
tia l value of the form ula, he indicated  by applv- i 
ing it to the production of good satisfactory 
general castings, as an example. The percentage 
of to ta l carbon was divided by 4.26 m inus silicon 
content divided by 3.6, and th a t  division gave a
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value of 0.9 to  1.0 per cent. The same rem arks 
applied to  locomotive castings, ingo t moulds, 
internal-com bustion  engine cylinders, and to  
hard  cast iron. H e confessed his inab ility  to 
explain  the  basis on which th e  form ula was con­
structed , b u t the  form ula could be tu rn ed  round 
in to  the  following form  : —

3.6 G +  (Si x Sc) =  15.366 x Sc,
W hen the form ula was in th a t  form  one could 
see a t  once th a t  i t  was equivalen t to  saying th a t  
the to ta l carbon con ten t plus the  silicon con ten t 
m ultip lied  by a  co-efficient was equal to  a ce rta in  
a rb itra ry  co-efficient which varied  according to 
th e  charac te r of the  m ate ria l one was m aking. 
T h a t was abou t as fa r  as one could go. I t  was 
noticed, by tu rn in g  the  form ula round , as he had 
done, th a t  i t  involved the  sum m ation of the  to ta l 
carbon, plus silicon, which i t  was im p o rta n t to 
bear in  m ind. This form ula, in  common w ith  all 
th e  rest, was open to  the  objection th a t  i t  
ignored the  influence of m anganese, su lphur, phos­
phorus, and  therm al conditions (by which la t te r  
he m ean t the  ra te  of cooling and  th e  casting  tem ­
pera tu re ). One m igh t assume, however, th a t  the 
range of varia tio n  'in the  co-efficient Was su f­
ficient to  tak e  care  of any varia tions caused by 
the  v a ria tion  in o ther constituen ts n o t included 
in the form ula, b u t he considered th a t  was ra th e r  
a bold assum ption.

W ithou t proceeding to  consider the  fallacy of 
the form ula—and he considered th a t  the  word 
“  fallacy ”  could fa irly  be used—i t  was necessary 
to  po in t ou t th a t  the  practica l value of a  form ula 
of th a t  type was n o t very g rea t. I t  seemed to 
him  th a t  i t  was equally as easy to  rem em ber a 
satisfactory  composition or range of compositions 
for locomotive cylinders, rolls, or an y th in g  else 
as i t  was to  rem em ber the various co-efficients.

A nother p o in t w ith  reg a rd  to  th is  p a rticu la r 
form ula was th a t  one could n o t help asking one­
self th e  question, n o t know ing how the  form ula 
had  been constructed , w hether by any fo rtu itous 
com bination of circum stances the  form ula was 
invariab ly  correct and  led invariab ly  to  sa tisfac­
to ry  results. H e believed all p rac tica l foundry-
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men would agree th a t  if they used the form ula 
they could not go fa r  wrong. If , for example, 
one had  a composition for general castings which, 
when th e  form ula was applied, gave a co-efficient 
of 1.1 in stead  of 1—th is  difference was equivalent 
to  the  difference between the  two lim its—one 
would no t expect to  find th a t  the general cast­
ings had very seriously deterio rated .

I t  appeared  to  he safe to  say, therefore, th a t  
the results obtained by using the  form ula were 
no t seriously wrong, b u t the po in t was whether 
th e  results obtained by the use of the  form ula 
were the  very best th a t  could be obtained in any 
pa rticu la r case. M r. Cook had given a good 
m any examples from his extensive practical 
experience, and his experience had shown th a t  
th is  form ula, so fa r  as i t  had been applied, had 
invariab ly  given him satisfactory  results. Also 
he had  been able to  show unsatisfactory  results 
in p a rticu la r cases which did not comply writh 
the form ula.

H e (M r. H u rs t) did n o t th ink  there would be 
th e  sligh test difficulty in  showing equally as many 
cases of castings the composition of which did 
n o t comply w ith the  form ula, b u t which had still 
given sa tisfac to ry  resu lts in  the  pa rticu la r type 
of work to  which they  were applied. As a m a tte r 
of fac t, in  th e  case of cen trifugally -cast piston 
rings, the  actua l composition which was specified 
did n o t comply w ith  th is  form ula, and i t  could 
no t be denied th a t  cen trifugally -cast piston rings 
d id generally  give good results ; indeed, i t  was 
generally  adm itted  th a t  they  were the best. One 
m igh t say th a t  the  objection was th a t  they  were 
cast cen trifugally , b u t th is  discloses the fallacy 
of the  form ula, th a t  i t  d id n o t tak e  in to  con­
sideration  the  cooling conditions, and i t  was 
becoming more and more realised th a t  the cool­
ing conditions constitu ted  one of the most 
im p o rtan t factors in the  production of successful 
castings.

The Maurer Diagram.
Mr. H u rs t then  w ent on to  deal w ith another 

concise expression of the  relation  between the
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composition and the charac te r of the  product, 
namely, the M aurer d iagram , which was also of 
G erm an origin. The d iagram  was no t really  new, 
b u t i t  was an app lication  of an  old m ethod of 
rep resen ting  the constitu tion  of steels, which was 
dealt w ith ably by M. G uiilet and M. G uillaum e, 
and o ther investigato rs of abou t 25 years ago.

I t  was no t very difficult, continued M r. H u rs t, 
to  find among the  mass of investiga tional work 
which had been done, num bers of cases which did 
not fit in w ith the d iagram s. The diagram s did 
no t tak e  cognisance of m anganese, su lphur and 
phosphorus, nor did they tak e  in to  consideration 
the  effect of differences in casting  tem pera tu res, 
and if one re fe rred  to  some of the  investigations 
of casting  tem pera tu res  carried  o u t by H ailstone 
or H atfield  one would find rem arkable drops in 
the  combined carbon con ten t a t  ce rta in  casting  
tem pera tu re  conditions w ithou t a lte ra tio n  in  the 
to ta l carbon and silicon con ten t, and, therefore , 
w ithou t a lte ra tio n  of the  position on the  M aurer 
d iagram , which la t te r  depended on those two 
th ings. This showed th a t  the  d iag ram  was 
likely to  give false indications, because i t  le ft 
o u t of consideration the question of casting  tem ­
pera tu res. I t  was generally  realised th a t  under 
perfectly  stable conditions the  whole of th e  s tru c ­
tu res  of these cast irons would be th e  same, viz., 
fe rrite  and g raph ite , and i t  was largely  due to  
the difference in ra te s  of cooling th a t  th e  s tru c ­
tu res  which the d iagram s a ttem p ted  to  rep resen t 
existed a t  all.

Greiner and Klingenstein’s Work.
A nother d iag ram  p u t forw ard by G reiner and 

K lingenstein , which was also G erm an in  orig in , 
a ttem pted  to  tak e  the ra te  of cooling in to  con­
sideration . The m ethod adopted  in  th is  case 
bore a very close resemblance to  ano ther form ula 
for cast iron, namely, the  form ula for th e  P e r lit  
iron  process. In  the  G reiner and  K lingenstein  
d iagram  th e  thickness of the  casting  was ind i­
cated along the  horizontal axis, and the  sum of 
TO +  Si on the  vertical axis, as in  th e  previous 
case.
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G reiner and  K lingenstein  tell us th a t  th e ir d ia­
gram  is applicable to  cupola m elted irons of not 
less th a n  2.8 per cent, of to ta l carbon content 
(thus ind ica ting  a m inim um ), and operated a t  
casting  tem pera tu res up to 1,450 deg. C. P re ­
sumably i t  was to  be in ferred  from th a t  s ta te ­
m ent th a t  reasonable casting  tem pera tu res not 
exceeding 1,450 deg. C., made no really appre­
ciable difference to  the  s tru c tu ra l results ob­
ta ined . The d iagram  was of sim ilar type to 
th a t  of the  M aurer d iagram , and followed upon 
the orig inal m ethod laid  down by the  alloy steel 
investigators, and i t  was open to the same ob­
jections.

The T.C.+ Si Fallacy.
D ealing w ith  the  question of the sum of the 

to ta l carbon plus silicon content, M r. H u rs t said 
th a t  th is  was one of the points which was most 
open to  critic ism  in  connection w ith the various 
a ttem p ts  a t  fo rm ula ting  a relation between the 
constitu tion  of cast iron and its composition. We 
all knew th a t  cast iron contained a large num ber 
of constituen ts, and any a ttem p t to make a d ia­
g ram m atic  rep resen ta tion  of the  relation  between 
the  constitu tion  and the  varia tion  of any one of 
th a t  large num ber of constituen ts was a very 
difficult m a tte r . In  fact, i t  m igh t be said th a t  ;t  
was practically  impossible to take  cognisance of 
every constituen t p resen t in cast iron diagram - 
m atically , and it  seemed to him th a t the idea of 
adding  together the to ta l carbon plus silicon 
con ten t was purely a so rt of tr ick  though prob­
ably i t  was justified. I t  was advisable to  a t­
tem p t to ascertain  w hether there  was any reason 
why the sum m ation of the to ta l carbon plus sili­
con con ten t should be used in the  diagram s, and 
so fa r  as he could see there  was no reason from 
first principles why i t  should give satisfactory 
results. The practice of adding the  to ta l carbon 
to  the silicon con ten t embodied the  assum ption 
th a t  w ithin the lim its over which the to tal 
operated, a reduction in one of the constituents, 
coupled w ith a corresponding increase in the 
other, should be accompanied by identical results. 
If  we considered the G reiner and K lingenstein
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diagram  and applied to  i t  a silicon plus to ta l 
carbon con ten t of 5 per cen t., th a t  to ta l could 
be m ade up in a varie ty  of ways, always bearing  
in m ind the  m inim um  of 2.8 per cent, to ta l c a r­
bon specified by th e  au thors. The sum  of the 
to ta l carbon plus silicon m igh t be m ade up of 
to ta l carbon 3 per cen t., and  silicon 2 per c e n t . ; 
to ta l carbon 3.25 and  silicon 1.75; to ta l carbon 
3.5 and  silicon 1 .5 ; to ta l carbon 4 and silicon 1; 
or i t  m igh t be made up in any o ther way. All 
these compositions were presum ed to give exactly 
identical s tru c tu ra l results, all o ther th in g s being 
equal. W as i t  reasonable to  assume th a t  all 
those d ifferent ways of m aking  up  th e  to ta l 
would give the  same results, and  was i t  in ac­
cordance w ith  p rac tica l experience? W e should 
be inclined to  say th a t  i t  was not.

T.C. and Si not Reciprocal.
This defect m igh t also be regarded  in  another 

way, th a t  the sum m ation of the to ta l carbon plus 
silicon con ten t involved the assum ption th a t  the 
influence of silicon and  to ta l carbon on th e  s tru c ­
tu ra l constitu tion  of cast iron were reciprocal,
i.e ., th a t  a reduction  in  the  percentage of to ta l 
carbon would have th e  same effect as would a 
sim ilar reduction  in  silicon in changing the  s tru c ­
tu re  from  grey to  w hite, and, w hat was very 
im portan t, th a t  i t  did  it  in the  same num erical 
value. Again, he did no t th in k  p rac tica l ex­
perience was in  agreem ent w ith  th a t .  To p u t 
i t  in  still ano ther way, the v a ria tio n  in  the 
am ount of silicon produced an effect which could 
be balanced by the  v a ria tio n  in  th e  am ount of 
to ta l carbon quan tita tiv e ly . There was no ex­
perim ental evidence to  suppo rt th is ; indeed, all 
the  experim ental evidence was to  the  con trary .

If  th e  m ethods he had so fa r  referred  to  of 
g iving a concise in te rp re ta tio n  of th e  re lation  
between the  s tru c tu re  and  the  chemical composi­
tion  were exam ined along the  lines he had ind i­
cated  i t  would be appreciated  th a t  they  d id  no t 
tak e  in to  consideration all th e  facto rs which we 
knew had an influence on the  s tru c tu re  of the  
iron.
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Thrasher’s Diagram.
A nother d iagram , which from  m any points of 

view is the  m ost satisfactory  of the simple d ia­
gram s published, is th a t  known as T hrasher’s 
d iagram . I t  was described originally  in  the  
Am erican “  F oundry  ”  of December, 1915, and 
in view of its m erit and its  ra tio n a lity  i t  was 
w orthy of more extended reference.

In  th is  d iagram  (F ig. 1) the  vertical axis 
indicated  the silicon, and the horizontal axis 
indicated  the to ta l carbon.

The lim it of to ta l carbon conten t to  which 
T h rasher’s d iagram  applied was 2.4 per cent.,

Cargos? Per Cer?t 
F i g . 1 . — D i a g r a m  s h o w i n g  L i n e s  o f  E q u a l  

N a t u r a l  C h i l l  ( T h e a s h e r ’ s  D i a g r a m ) .

and the lim it of silicon was 1.2 per cent. 
T hrasher had, w ith rem arkable in tu ition , indi­
cated  a line of fu r th e r investigation by showing 
th a t  w ith a 1^-in. d iam eter tesl^bar th is  line 
became the  m ottled  line. T ha t was equivalent 
to  saying th a t  w ith  a reduction in  the section 
of the  b ar th is  average line was moved up into 
the position shown, so th a t  i t  was safe to assume 
th a t  as the  b ar was decreased in size from 14 
to 1 in ., one could draw  a series of curved lines 
along the  d iag ram  and each line represented 
the average m ottled condition w ith each p ar­
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T hrasher had disclosed the m ethod of re la ting  
the to ta l carbon conten t, the silicon con ten t and 
the  thickness of the  b ar in  a perfectly  scientific 
fashion.

A complete survey of the  ra te  of cooling neces­
s ita ted  a series of these curves fo r each set of 
conditions, and the  curves were to  be transposed 
in  the  upw ard d irection  for quicker ra te s  of 
cooling, and  in  th e  dow nward d irection  for slower 
ra tes. The ex ten t of the  transposition  was not 
necessarily in s tr ic t linear re la tio n sh ip ; i.e ., the  
e x ten t of the transposition  from  a 2-in. to  a 14-in. 
b ar curve was no t necessarily the  same as th a t  
from  a 14-in. to a 1-in. b a r curve. As a m a tte r  
of fa c t i t  could be confidently expected th a t  the 
curves would g radually  come closer together. 
W ith in  a very narrow  range th e  effect of any 
varia tion  and size could be detected by simple 
in terpo la tion . H e had  constructed  a d iag ram  
covering o ther sizes of b a r from  4 in. to  3 in . in 
diam eter, and  he believed i t  would be of some 
value in determ in ing  the lim its of to ta l carbon 
and silicon con ten t which would give the  border 
line struc tu res, which i t  would be agreed were 
those accom panied by the  best results. As in  all 
o ther diagram s, the influence of m anganese, sul­
phur, phosphorus and  casting  tem p era tu re  was 
neglected, and a m u ltitu d e  of sim ilar d iagram s 
would be needed to  cover every possible con­
dition.

H e believed i t  would be found, if  one exam ined 
diagram s draw n correctly  to  scale, th a t  they  gave 
results which were no t very fa r  from  those 
obtained by prac tica l observations. The d iagram  
presented th e  relations in  a more ra tio n a l 
m anner, and avoided the  irra tio n a l sum m ation of 
the  to ta l carbon and silicon contents. The per­
sonal experience of M r. .John Shaw, ex tend ing  
over m any years, supported  the  s ta tem en t th a t  
the  figures given by the  d iag ram  are  correct. 
F o r th is and o ther reasons he considered th a t  
the  d iagram  deserved extended  exam ination .

Sum m arising the  position, M r. H u rs t  said i t  
could safely be sta ted  th a t  w hilst the German
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d iagram s which had been p u t forw ard during  
the last few years m ight be expected to  give 
tru th fu l indications so fa r  as they could be ap ­
plied, i.e., so fa r  as we m igh t assume the influ­
ence of casting  tem pera tu re  and the rest of the 
composition could be neglected, we in th is coun­
try , and particu larly  iron-foundry m etallurgists, 
should take  a very strong line against th is  a t­
tem p t to  build up  concise formula; based on the 
sum m ation of to ta l carbon and silicon contents. 
All the  evidence seemed to  po in t to  the  fac t th a t  
i t  was no th ing  more or less th an  a tr ick  to  en­
able a d iagram  to  be constructed, and the  tr ick  
had absolutely no justification  in practice. He 
fe lt th a t  B ritish  cast-iron m etallu rg ists were very 
likely to  be misled by the ex ten t of the  German 
suppo rt which had been given to the  diagram s 
he had  referred  to.

DISCUSSION.Mr. Wesley Lambert (P residen t-E lect of the  
In s titu te ) , a fte r  expressing indebtedness to  M r, 
H u rs t for p resen ting  so comprehensive a review 
of the  various formulie and diagram s, said th a t  
in ea rlie r days, when ,he was more directly 
in terested  in  cast iron th an  he is to-day, he had 
m ade use of a  form ula, not referred  to  by M r. 
H u rs t, which took in to  account th e  effect of 
m anganese, and he believed phosphorus also. 
U nfo rtuna te ly , a t  th a t  tim e the  m icrostructure 
of cast iron was not exam ined so critically  under 
th e  microscope as i t  is to-day, bu t, so fa r  as one 
was able to  judge, th is  early  form ula was fairly  
reliable. W e are  certa in ly  indebted to  those 
pioneers who a ttem p ted  to  p u t forw ard some­
th in g  in  the  way of e ither formulee or diagram s.

The exam ination  of a large group of analyses 
of cast iron was rendered  difficult by the  m ulti­
p lic ity  of figures, w hereas by the use of a 
d iagram  th e  constituen ts of an iron of a particu ­
lar composition can more readily  be determ ined. 
H e qu ite  agreed w ith  M r. H u rs t th a t  anything 
based merely on the  sum m ation of the to tal 
carbon and the  silicon con ten t was very weak, 
and for th a t  reason a d iagram  such as the
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T hrasher d iagram  represented  a g re a t advance 
on the  earlie r efforts. I t  had  occurred to  him 
th a t  i t  would be possible to  construct a d iagram  
w ith a sliding panel to  correct for th ickness of 
section. H e asked if th is  had  been done.

M r . H urst said i t  had not, b u t i t  m igh t be 
done w ith  advantage.

M r. L a m b e r t  added th a t  w ith  such a sliding 
panel one could readily  correct fo r differences in 
thickness of the  iron, and i t  seemed to  him  th a t  
w ith the  add ition  of a sliding panel th e  d iagram  
would serve a very good purpose. To-day he was 
more p a rticu la rly  in terested  in  m anganese
bronze, and th a t ,  like cast iron, was a very 
complex m ateria l, and  any th ing  in  th e  way of 
determ in ing  the  m icro structu re  solely by m eans 
of diagram s or a simple form ula was o u t of the  
question. Thanks, however, to  th e  researches of 
G uillet, one was able, by m eans of a  series of 
simple calculations, to  determ ine fa irly  accu­
ra tely  the  m icrostructu re  of these complex 
brasses, b u t, un fo rtu n a te ly , th e  same m ethod of 
calculation is no t read ily  applicable to  cast iron.

M r . H . C. D e w s , in  a tr ib u te  to  M r. H u rs t 
for his in te re stin g  and  in s tru c tiv e  review , said 
th a t  i t  m ust lead m eta llu rg ists  to  th in k  a  g rea t 
deal about these d iagram s and formulae, and  to 
crystallise m any ideas which m igh t have been 
more or less nebulous in  th e ir  minds. H e agreed 
w ith M r. L am bert th a t  we were in  deb t to  the  
early pioneers who had  th e  courage to  a ttem p t 
these d iagram s, even though  subsequent research 
had shown how fallacious were most of th e ir  con­
clusions. I t  was, perhaps, g ra tify in g  to  know 
th a t  the  formulae and  th e  d iagram s which were 
of Germ an orig in  were the  ones which M r. H u rs t 
had  most severely condemned. L ate ly  they  had 
had before them  a repletion  of G erm an wrork, and 
there  had been a tendency in  th e  B ritish  tech ­
nical Press to  laud  ra th e r  too h ighly a  good deal 
of th a t  work. They all apprecia ted  m uch b ril­
lia n t work th a t  had  been done by G erm an inves­
tiga to rs , b u t a t  the  same tim e some very specious 
work had  been published in  G erm any, n o t only 
lately  b u t for a good m any years. They should
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not ge t in to  the  hab it of overlooking th e  work of 
B ritish  m etallu rg ists in favour of foreign work. 
M r. H u rs t’s reference to  the stra igh t-line  law 
was w orthy of the  very deepest consideration by 
m etallurgists , foundrym en, and all who studied 
technical questions. There was too g rea t a  ten ­
dency to  try  to conform results to a stra igh t-line  
law. Scientists knew full well th a t  practically  
no n a tu ra l phenom ena obeyed a stra igh t-line  
law. In  considering specific h ea t, therm al con­
ductiv ity  or alm ost any o ther p roperty  of 
m ateria ls they found the  varia tion  w ith tem ­
p e ra tu re , etc., to  be not linear b u t parabolical, 
and they  should try  to rem em ber th a t  when con­
sidering  d iagram s w ith  s tra ig h t lines. Mr. 
H u rs t had w arned B ritish  m etallurgists to  be 
w ary of relationships based on the  sum mation 
of to ta l carbon and silicon contents. I t  was a 
coincidence th a t  in  a P ap e r p resented  to the 
Iron  and  Steel In s titu te  th is  au tum n by a B ritish  
m eta llu rg ist— and he believed th e  P ap e r had the 
backing of a group of B ritish  cast-iron m etal­
lu rg ists—th ere  were a num ber of d iagram s which 
were based en tire ly  on to ta l carbon and silicon 
conten ts. In  view of w hat M r. H u rs t had said, 
it  would be in te restin g  to hear the view of those 
associated w ith  th is P aper.

M r. A. G i b b s , having spent a good deal of 
tim e th a t  a fternoon  try in g  to  understand  a 
d iagram  in  a P ap e r in  which the  to ta l carbons 
and silicons were grouped together, and having 
failed to  apprecia te  its  im port, agreed heartily  
w ith th e  rem arks of M r. H u rs t, M r. L am bert, 
and  M r. Dews in  regard  to th is m a tte r . In  the 
P ap e r by M. Louis Piedbceuf,* which was the 
B elgian exchange P ap e r of 1926, the M aurer 
d iagram  was included. On the  horizontal axis 
was given the  thickness of the  casting and on the 
vertical axis the  silicon, and there  were not the 
discrepancies which M r. H u rs t had referred  to. 
The d iagram  in  M r. Piedboeuf’s P ap er was easy 
to understand , and therefore  we ought not to 
agree to the  adding together of the to ta l carbon 
and silicon. W ith regard to the form ula from

* Proceedings, L.B.F., Vol. X IX .. p .92.
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H u tte , to  which M r. H u rs t had re fe rred , he 
suggested th a t  i t  was used a li tt le  m ore th an  
M r. H u rs t had seemed to  im ply. The figure of
4.3 was given, and th ere  were figures to  prove 
th a t  som ething was. going to occur above 4.3 
which would not occur below or a t  4.3. Above
4.3 ap paren tly  th e re  existed a d ifferen t s ta te  of 
affairs a ltogether, and i t  would have been ra th e r  
en ligh ten ing  if M r. H u rs t had worked o u t some 
fu r th e r  figures ; he had given th e  m axim um  and 
the  m inim um  silicon in one case, and  i t  would 
have been in te resting  if he had reversed i t  and 
had given the  m axim um  silicon and th e  m inim um  
of carbon. I f  th a t  had  been done he fe lt sure 
th e re  would have been some varia tions in  th e  
results. C erta in ly  we should not condemn 
M aurer for his a ttem p ts  to  produce a useful 
form ula, for th e re  was no doubt th a t  he had 
done some very fine spade work.

D r . M. L. B e c k e r , re fe rrin g  to  M au re r’s d ia ­
g ram —which he believed was b rough t o u t con­
siderably la te r  th a n  T h rasher’s d iag ram , the  da te  
of the  la t te r  being abou t 1915—said he d id  not 
th in k  i t  m a tte red  very m uch, from  th e  p o in t of 
view of the  use of th e  d iagram , if one d id  add 
the to ta l carbon to  th e  silicon. I f , for instance, 
instead of p lo tting  th e  sum  of th e  two, we 
p lo tted  the  product, we should th en  g e t a 
d iag ram  consisting of a series of curves in stead  
of s tra ig h t lines. H e believed i t  would be found 
th a t if these two d iagram s were p lo tted  from  the  
same d a ta  (the one d iag ram  showing th e  sum 
and the  o ther th e  p roduct of th e  to ta l carbon 
and silicon plo tted  ag a in s t thickness of section), 
th e  type of fra c tu re  determ ined from  e ither 
would be p ractically  th e  same. To carry  
th e  m a tte r  a li tt le  fa r th e r , if one p lo tted

to ta l carbon x silicon, one would ob ta in  a 
fu r th e r  d iag ram  consisting of curves.

There again  one would ob ta in  sim ilar resu lts . 
W hen w orking w ith in  a lim ited  range  of compo­
sition , as specified, no m a tte r  w hether one took 
th e  sum, product or square roo t of th e  p roduct 
of th e  to ta l carbon and silicon contents, one 
would no t be very fa r  wrong provided one used



763

the  app rop ria te  form of d iagram . H e quite 
agreed, however, th a t  th ere  was no real reason 
why we should say th a t  irons having the same 
sum to ta l carbon and silicon should necessarily 
g raph itise  al the  same ra te .

Vote of thanks.
The B r a n c h - P r e s i d e n t , proposing a vote o f  

th anks to  M r. H u rs t, expressed indebtedness to 
him  for having so kindly consented to  lecture to 
th e  B ranch, though a t g rea t inconvenience to 
him self. F u rth e r , his Lecture gave to the  mem­
bers a g rea t deal of food for thought, and they 
were all very g ra te fu l to  him for all he had done 
for them .

Mn. V. 0 . F a u l k n e r  (P as t-P residen t of the 
In s titu te ) , seconding the  vote of thanks, said 
th a t  the  In s ti tu te  as a whole was deeply indebted 
to th e  lec tu re r for his ready willingness always 
to place a t  th e ir  disposal his g rea t m etallurgical 
and practical experience. H e wondered w hether 
i t  would no t be b e tte r  for the  practical foundry- 
men to  u tilise  the  list of compositions as given 
by M r. Field for the  various applications of cast 
iron, or an earlie r one published in T h e  F o u n d r y  
T r a d e  J o u r n a l , as these were based on wide 
p rac tica l experience, instead of mem orising a 
fac to r w hich had la te r  to  be tran s la ted  in to  per­
centages, b u t still leaving th e  choice of a t least 
th ree  elem ents to  the  discretion of the foundry- 
inen.

The vote of thanks to M r. H u rs t was carried 
w ith acclam ation.

AUTHOR’S REPLY.
M r. H u r s t , a fte r  expressing his appreciation 

of the vote of thanks, and his pleasure in having 
another opportun ity  to  lecture to  the  Branch, 
said th a t  apparen tly  most of those present had 
given a good deal of though t to  th e  diagram s he 
had referred  to, and appeared to  concur gener­
ally in the  conclusions he had expressed. He 
believed th a t  w hat was giving the  m etallurgists 
considerable concern in connection with cast iron 
to-day was the  fac t th a t  w hilst the old method
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of w orking s tric tly  and rig id ly  to  frac tu re  had 
d isappeared, and  he believed had been definitely 
displaced by w orking to  com position, th e re  was 
difficulty in reconciling th e  fac t th a t  th e  same 
composition does n o t always give th e  sam e results .
M r. H u rs t disclosed an exam ple of two piston- 
ring drum s iden tica l in  shape, th ickness and 
chemical analyses, differing only in  d iam eter. 
These two castings showed very g re a t differences 
in m echanical properties.

The v ita l po in t, however, upon which m eta l­
lu rg ists m ust concen trate  for the  benefit of 
foundrym en was th a t  of exp lain ing  why a casting  
made in an I ta lia n  foundry  did not give th e  same 
results as one made of the  same composition in 
a F rench  foundry , or why a casting  m ade in 
Peterborough d id  n o t give th e  sam e resu lts  as a 
sim ilar casting  of th e  same composition m ade in 
Sheffield.

M r . W. Lambert said in  th e  case of p iston 
rings one had to  consider th e  shaped artic le  
ra th e r  th an  the  m eta l per se, and he asked M r. 
H u rs t if he was satisfied th a t  the  s ta te  of 
in te rn a l stress in  each casting  was th e  same.
All the  figures which had  been given w ere, of 
course, influenced som ewhat by th e  in itia l s ta te  
of stress in  which th e  m etal of the  casting  hap- t 
pened to  be as a  resu lt of th e  ra te  and  m ethod 
of solidification of th e  m etal. N o th ing  had  been 
said w ith reg ard  to  th e  m icrostructu re , nor had 
any th ing  been said as to  w hether when rings 
taken  from  each of th e  two p iston  pots were 
m achined and sp lit each and  every rin g  sprang  
open or closed in  to  a  like degree.

M r . H u rst  replied  th a t  th e re  was no th ing  
abnorm al w hatsoever. I t  was p a r t  of th e  proce­
dure  in  all th e  p iston-ring  te s ts  to  note any 
opening or closing or any m ovem ent of th e  gap 
form ed im m ediately on c u ttin g . In  th e  case of 
the  rings he had  exh ib ited  th e re  was no sign 
of in te rn a l stress w hatever. The difference in 
te s t resu lts was such as would n o t generally  be 
detected in  o rd inary  foundry  tes tin g , because 
ord inary  foundry  tes ting , in his view, was not 
sufficiently delicate. I f  one found half a cwt.



difference on a transverse  b ar in  th e  foundry, 
one did no t worry much about it . I t  was con­
sidered as an “ as-cast ” bar, and the  dimensions 
were not stric tly  accurate  as in the case of 
piston-ring  testing . .

H e m entioned all th is  to  show th a t  the 
d iagram s did not tak e  in to  consideration many 
of th e  v ita l factors which w ent to  m ake up the 
properties of cast iron, and to  draw a tten tion  
to  th e  fac t th a t  in  sp ite  of our notions on control 
by composition th ere  is yet some o ther factor 
we have not traced , and which composition does 
not thoroughly  explain.
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Scottish Branch—Paisley Section.

THE POUMAY CUPOLA.

By J. Cameron (Past President).

The C h a i r m a n  (M r. George M ackay), in  in tro ­
ducing th e  lec tu rer, said th a t  th ey  were pleased 
to  welcome M r. Cam eron to  th e  Paisley  Section, 
he was a P a s t-P re s id en t of th e  In s ti tu te  of 
B ritish  Foundrym en, had  travelled  extensively 
in  Am erica, In d ia  and  th e  C ontinen t, and  he 
would be able to  te ll them  how Scottish 
foundries com pared w ith  foundries in  o ther 
countries. They were to  lis ten  to  a P a p e r 
having special reference to  th e  Poum ay cupola.

M r. C a m e r o n  said  th a t  i t  was a  p leasure to  
make his first appearance a t  a m eeting  of the  
Paisley  section, and to  have a li tt le  ta lk  on 
cupolas. H e sa id  th a t  m ore ingenu ity  had  been 
displayed in  a ttem p tin g  to  im prove th e  cupola 
th a n  in any o ther d ep a rtm en t of foundry  work. 
H e had recently  been read ing  K irk ’s book on 
the cupola, and found i t  m ost in te restin g , he 
strongly  recom mended them  to  ob tain  th a t  book 
as i t  gave an excellent idea of th e  developm ent 
of th e  cupola as a m elting  ap p a ra tu s . M r. 
Cam eron then  showed a large num ber of slides 
to  illu s tra te  the  developm ent of th e  furnace. 
H e showed the  large varie ty  of tuyeres and  blast 
arrangem ents which had  been tr ie d  a t  various 
tim es, and also th e  d ifferen t types of construc­
tion  of the  cupola. H e poin ted  o u t th a t  two 
m ain  ideas were ev iden t in all these early  
a ttem p ts, viz., more perfec t com bustion of the 
coke and a b e tte r  u tilisa tio n  of the  h e a t w ith in
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th e  cupola, and  th a t  m any of th e  tuyeres were 
designed w ith  th e  idea of ob ta in ing  a gyratory  
motion of the a ir  as i t  en tered  the  cupola, and 
also to  adm it supplem entary a ir  supply above 
the  m ain  inlets. All these a ttem p ts  led up to  
the G reiner cupola in  America, which was really 
th e  same as the  Poum ay (F ig . 1). M r. Cameron 
said th a t  th e re  was really no p a ten t in  the 
aux ilia ry  tubes or th e  use of tuyeres to  give the

a ir  a gy ra to ry  m otion, anyone was free to  adopt 
them , b u t Poum ay had  combined both these very 
old ideas, and  his p a te n t was for th e  combina­
tion . F igs. 2, 3 and 4 show views of th e  Poum ay 
cupola.

H is experience of th is cupola was th a t  it  was 
a t  th e  m om ent th e  most economical to  be h a d ; it 
m elted quickly and  cheaply, dropped clean and 
lequ ired  very much less repairs and saved hun­
dreds of pounds a year in the  coke bill.

Tables I  and I I  show the  coke consum ption in 
an ord inary  cupola and a Poumay. each doing
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F i g .  3.
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exactly the same work on alternate days, and 
each of 54 in. dia. at the melting zone.

Table TT t showed the analyses of the gases from 
the same two cupolas. Tables IV and V showed 
the tapping temperatures and the metal analyses 
respectively. He found that the Poumay metal 
was hotter and freer from sulphur than in the 
case of the ordinary cupola.

He found that the 54^in. dia. Poumay furnace 
melted too quickly to deal with, as his work 
was entirely light castings, so he reduced the 
diameter to 51 in. at the melting zone. The 
coke consumption and tapping rate of the re­
duced Ponmay compared with the full-sized 
ordinary cupola is shown in Tables VI and Y ii.

Afr. Cameron emphasised the fact that the 
Poutnav cupola required very careful adjust­
ment if success is to be attained. He stated 
that it was essential that the blast be properly 
adjusted as regards volume and pressure, and 
that a volumeter was a necessity. The Poumay 
was extremely sensitive to changes in condi­
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tions, and  every th ing  m ust be co rrec t if good 
resu lts were to  be obtained. H e bad , as the  
chairm an m entioned, travelled  a good deal and

Table I.— Comparative Coke Consumption per cent, of 
Coke used to Metal Melted, excluding Bed Charge in  
each case.

Before alteration.
After alteration, 

per cent.

7.3
7.0
7.5
6.8

Approximately 7.2
10 per cent. 7.0

7.4
6.7
7.3
7.5 '

Average 7.17

Table I I .— Comparative Tapping Rates. Diameter of 
Cupola 54 ins. at Melting Zone, not altered when 
Cupola was converted.

Rate per hour.

Before alteration. After alteration.

Tons per hour. Tons per hour.

10.7 13.9
10.75 13.2
10.0 13.7
10.9 12.9
10.2 13.1
10.3 13.0
10.8 12.5
10.5 12.7
10.3 13.5
10.7 13.1

Average 10.52 Average 13.10

seen m any varie ties of cupolas. H e said  th a t  i t  
was am azing how some of th e  fu rnaces worked 
a t  3,11, le t aione gave sa tisfac to ry  m eta l. I t  was
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impossible to  play tricks w ith  the  Poum ay 
cupola, if i t  was to  work well everything m ust be 
ju s t rig h t. The bed had  to  be exactly  th e  r ig h t

Table III.—Analyses of Cupola Qas Sample taken at 
Charging Door.

Carbon dioxide. Oxygen. Carbon monoxide.

Before After Before After Before After
altera­ altera­ altera­ altera­ altera­ altera­
tion. tion. tion. tion. tion. tion.

per per per ' per per per
cent. cent. cent. cent. cent. cent.
12.3 18.0 0.4 0.2 10.5 0.15
13.0 17.6 0.2 0.4 10.1 0.10
12.7 18.4 0.4 0.7 10.9 0.10

Table IV.—•Comparative Metal Temperatures. Average 
Readings taken every % hour of run in each case.

Ordinary cupola 
temperature deg. C.

Poumay cupola 
temperature deg. C.

1,291 1,339
1,333 1,340
1,320 1,352

Table y .— Analyses of Metal Tapped on Consecutive 
Days from No. 1 Cupola and Poumay Cupola.

Per cent, sulphur.

No. 1 cupola. Poumay cupola.

0.069 0.041
0.073. 0.059
0.064 0.055

Average 0.068 Average 0.052

Difference, 0.016.

height, and everything weighed or m easured, and 
especially the  a ir . The Poum ay really  required 
hum ouring u n til in the  best condition. He found

2 o 2
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once or tw ice th a t  i t  worked well and  th en  fell 
off a good deal, and  i t  was necessary to  re ­
ad ju s t th ings. M r. Cam eron concluded w ith  a

T a b l e  V I .— Comparative Coke Consumption per cent, of 
Coke used to Metal Melted, excluding Bed Charge in 
each case.

Before conversion After conversion
to Poumay type to Poumay type

(54 in. diameter). (51 in. diameter).

per cent.
6.74
6.67
6.57

Approximately 6.34
10 per cent. 6.46

6.73
6.66
6.76
6.61
6.74

Average 6.63

T a b l e  VII.—Comparative Tapping Rates. Diameter of 
Cupola at Melting Zone, 54 inches before conversion, 
51 inches after conversion.

Rate per hour.

Before conversion. After conversion.

Tons per hour. Tons per hour.

10.7 12.8
10.75 12.85
10.0 13.45
10.9 12.9
10.2 12.95
10.3 13.05
10.8 13.2
10.5 13.1
10.3 , 12.95
10.7 13.0

Average 10.52 Average 13.03

sta tem en t and  explana tion  of th e  claim s of the> 
Poum ay P a ten ts .
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DISCUSSION.
The C h a i r m a n  said th a t  he though t th a t  all 

p resen t would agree th a t  they  had  heard  a most 
in te res tin g  and  ins truc tive  lectu re  from  M r. 
Cam eron. H e had  shown a  large selection of 
cupolas and  tuyeres from  which they  could 
choose w hat they  th o u g h t best for th e ir  own 
work. H e th o u g h t th a t  the  m ost in te resting  
po in t was th e  quick m elt and low coke consum p­
tio n  which all foundrym en desired. M r. 
Cam eron had  spoken from  knowledge and experi­
ence and  they  were very much indebted to  him  
fo r his lecture . H e hoped th a t  du ring  the dis­
cussion fu ll advan tage  would he taken  of the 
oppo rtu n ity  to obtain  first-hand inform ation  on 
any  points they  wished to  m ention.

M r . H u r s t  said he had  heard  a  g rea t deal 
abou t th e  Poum ay cupola, and  had  heard  
opinions favourable and unfavourable about it. 
P ersonally , he was no t qu ite  convinced, and 
would n o t care to  say th a t  i t  was so much 
b e tte r  th a n  any o ther cupola w ithou t studying 
i t  a t  work. H e qu ite  agreed th a t  the  cupola was 
th e  h e a r t of th e  foundry , and i t  was for th a t  
reason th a t  he th o u g h t very careful study  and 
consideration  was necessary before accepting 
all th a t  was claim ed fo r the  Poum ay. H e would 
like to  know the  n a tu re  of the  charge of 30 cwts. 
which M r. Cam eron s ta ted  he used. W as the 
scrap  ligh t, heavy or m edium ? - W hat propor­
tio n  of th e  charge  was scrap, and  w hat k ind 
of p ig-iron was used?

H e had  a small furnace 30 in. d ia ., and he 
could ru n  a six-ton m elt a t  3.1 tons per hour 
w ith  a  coke consum ption of 8 per cent. This 
came very n ear to  th e  Poum ay resu lt. The 
P oum ay would, as M r. Cameron had  said, re ­
qu ire  a g rea te r am ount of care and supervision, 
and  he would like to  ask M r. Cameron if he 
though  i t  would pay him  to  in sta l the  Poum ay. 
H e was, a t  p resen t, no t convinced th a t  i t  would.

H e was in terested  to  see the  S tew art rap id  
cupola shown on th e  screen, as a t  one tim e he 
was w ith  th e  firm who m ade it . They cu t tho 
pipe o u t of th e ir  own cupola, ye t they  sold them
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w ith  th e  pipe. They also ti'ied  th e  sheet tuyere , 
w hich gave a com plete circle of b last, h u t they 
had  g re a t troub le  w ith  b ridg ing . Splayed 
tuyeres, they  found, were of no advan tage , and 
they  tr ie d  to  solve th e  difficulty by sp littin g  the  
w ind-belt in  two.

H e had  tr ie d  m any experim ents w ith  the  
S tew art cupo la ; the  sheet casing was reduced a t 
the  m elting-zone and  la te r  a ltered  so th a t  the  
whole stack  tap e red  from  th e  top  to  th e  bottom  
which gave ra th e r  b e tte r  results . A t th a t  tim e 
th e  cupolas were m ade w ith  th ree  rows of 
tuyeres, b u t in  th e ir  own foundry  th e  top  row 
were stopped up w ith  gan is te r.

In  th e  W h itin g  cupola they  had  a wide space 
betw een th e  tuyeres, which he disliked if  they 
were splayed very m uch on th e  side. H e 
altered  them  so th a t  they  were splayed both  
ways and also upw ards and  dow nw ards; th is  
gave a m uch increased speed of m elting , and  i t  
was also unnecessary to  use th e  very best coke.

H e had been in te rested  in  seeing the  tuyere  
in  the  fu rnace  which was used for sem i-steel as 
recom mended by M cLain. H e would like to  ask 
M r. Cam eron if he th o u g h t th a t  th e  successful 
w orking of th a t  cupola was due to  th e  down­
w ard  d irection  of th e  pipe, which allowed the  
b last to  tak e  more head, like a tuyere , to  de­
flect th e  b last dow nw ard a little . The flame a t  
the  top  of th e  fu rnace  would depend upon  th e  
pressure of b las t and  th e  h e igh t of th e  door 
from  th e  tuyeres. I t  was necessary to  regu la te  
the  blast in  o rder to  g e t th e  fu ll benefit of all 
th e  oxygen going in to  th e  cupola.

Mb. C a m e r o n , in  reply, said  th a t  he ap p re­
c iated  such criticism . H e liked to  m eet a  m an 
who was n o t a fra id  to  experim en t w ith  his 
cupola, and he recom mended every mem ber to  
do the  same if the  cupola was n o t exactly  as 
they would like i t  to  be. By experim en ting  and  
tak in g  expert advice and  guidance in  th e  m a tte r  
he could assure them  th a t  they  would be well 
repaid .

H e agreed w ith  M r. H u rs t as to  th e  down­
ward deflection of th e  blast— undoubtedly  the
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success of the  cupola he had m entioned was 
largely  due to  th e  downward inclination  of the  
tuyeres. H e adm itted  th a t  a cupola hav ing  a 
single row of tuyeres w ith th e  b last properly 
controlled and  m easured and o ther factors care­
fully  ad ju sted  was very h a rd  to  heat. H e also 
agreed th a t  in  a cupola of 36 in . dia. i t  was 
easy to  ge t th e  a ir  to  the centre and th a t  the 
tuyeres should be splayed more in  order to  en­
sure a soft and non-oxidising blast. H e though t 
th a t  if M r. H u rs t was w orking w ith a coke con­
sum ption in  th e  neighbourhood of 8 per cent, 
and  in  a 30-in. d ia. cupola i t  would no t pay 
him  to  insta l the  Poum ay system.

Poumay Cupola and Semi-Steel.
A M e m b e r  : Is  the  Poum ay cupola suitable 

for m elting  semi-steel P
M r . C a m e r o n  said he had never u s e d  the  

Poum ay when he m elted semi-steel, b u t th a t  was 
no t on account of any fa u lt in  the  cupola. He 
always m elted 10-ewt. charges for semi-steel so 
th a t  the  whole charge could he tapped  
separately , and in  th e  Poum ay, 30-cwt. charges 
were necessary. H e had m ade inquiries from 
ce rta in  people who had to ld  him  semi-steel could 
be successfully m elted in  th e  Poum ay.

M r. D a v i s  said th a t  as a m oulder interested  
in the  cupola end of th e  foundry he had lis­
tened  w ith  much pleasure to  th e  paper. H e was 
im pressed by th e  strong claims made for the 
Poum ay cupola w ith  regard  to  fu ller use of the 
calorific value of the  co k e : h o tte r m etal, less 
fuel fo r m elting, and th e  quicker ra te  of m elt­
ing . H e asked M r. Cameron if th e  Poum ay 
was suitable for all classes of work, and w hether 
i t  would be equally successful if  employed on a 
sm aller scale th a n  th a t  used by M r. Cameron. 
H e would like to  know if th e  Poum ay system 
could be universally  applied to  all cupolas.

M r. C a m e r o n  said th a t  in  his foundry there  
was no heavy work d o n e ; i t  was en tire ly  de­
voted to  ligh t castings. H e though t th a t  for 
heavy work i t  would be necessary to  have a 
receiver on th e  cupola in order to  collect the
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large q u an tity  of m etal. As to  w hether i t  was 
suitab le  fo r small cupolas, he believed th a t  his 
own was the  la rg est th a t  had  been tack led  a t 
th e  tim e he adopted  th e  Poum ay system. H e 
th o u g h t th a t  if less tuyeres were p u t in, the 
system was qu ite  su itab le  for small cupolas, say 
3 f t . d ia.

Mr. T. Bell said he was inclined to  th in k  
th a t  the  Poum ay cupola would n o t be profitable 
in  a shop sm aller th a n  th a t  of M r. C am eron’s, 
owing to  th e  small q u a n tity  of m etal to  he 
m elted. The economy of coke affected by Mr. 
C am eron was no t to  be doubted, b u t if in stead  
of a m elt of 50 tons daily  they  had , say, only 
7 tons daily , would th e  same percen tage of coke 
hold good and  would th e  benefits be propor­
tiona l?  H e had  had  th e  priv ilege of seeing M r, 
C am eron’s cupola a t  w ork and  h ad  stood by 
th roughou t the  m elt, and was m uch im pressed 
w ith  w hat he th en  saw. H e n'oticed, however, 
th a t  th e  p ig-iron was la rg e r th a n  he would like 
to  p u t in  the cupola and  th e  scrap  was of a fa ir  
size. E very th ing  seemed to  him  to  be economic­
ally carried  out. H e could n o t agree w ith  M r. 
Cam eron th a t  a receiver would he necessary for 
heavy work if , as s ta ted , th e  cupola m elted 
13 tons per hour, i t  would be qu ite  a n  easy 
m a tte r  to  g a th e r th e  m etal in  th e  ladle in  a 
couple of hours or so for m ost of jobbing shop 
requirem ents. I t  was no unusua l th in g  to  have 
to  hold th e  m etal in  the  ladle for a  couple of 
hours even when th e  m eta l was no t nearly  as 
ho t as th a t  obtained a t  M r. C am eron’s foun­
dry . H e would h esita te  to  advise th e  ra is ing  of 
the  blast belt so as to  hold m etal in  th e  w ell; th is  
m igh t involve ra is ing  th e  charg ing  door and 
would also increase th e  bed coke. H e  would 
like to  refer to  M r. C am eron’s sta tem en t th a t  
he p referred  one row of tuyeres and  ask why 
he d id  n o t use one row in  his own cupola. The 
Poum ay which M r. C am eron said was th e  best 
and la s t word in  cupolas had  two rows of m ain 
tuyeres.

Mr. Cameron, in reply to Mr. Bell, said that 
perhaps he had not been very clear in his state-
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m erit about the receiver. H e had no experienco 
of very heavy castings, as his work was mainly 
ligh t, such as pipes, where the  m etal was re­
quired  to  ru n  a long distance and  only about 
|  in. th ick . H e also m ean t to  say th a t  the  ordi­
nary  cupola w ith s tra ig h t lin ing  and one row 
of tuyeres was excellent and hard  to  beat. H e 
extended a cordial in v ita tio n  to  any member of 
th e  Paisley section to  v is it his foundry  and see 
th e  Poum ay cupola a t  w o rk ; he or his forem an 
would be only too glad to  show them  everything.
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Scottish Branch.
MONEL METAL.*

By W. McCulloch (Associate Member).
The P res id en t of th e  Sco ttish  B ranch  of 

B ritish  Foundrym en, M r. Longden, m ade m en­
tion  in  his P res id en tia l Address th a t  th e re  was 
no difficulty in  securing th e  services of highly 
com petent men to  lec tu re  to  th e  In s ti tu te  on the  
theoretical or academ ic side, b u t i t  was very 
difficult to  induce m en who were actually  engaged 
in p rac tica l m oulding operations to  s ta te  th e ir 
views and experiences in  th e  form  of a  paper. 
Speaking for th e  average m oulder, i t  is n o t w ith  
the  object of try in g  to  hide or keep every th ing  to  
oneself, b u t ra th e r  a  feeling of one’s inab ility  
to p u t one’s views on paper.

F o r m any purposes castings are  required  
having h igher physical p roperties and  g rea te r 
resistance to  corrosion th a n  th e  usual brass- 
foundry  alloys. F o r such applications, th e  best 
all-round comm ercial alloy to-day is probably 
Monel m etal. This is a  nickel-copper alloy, con­
ta in in g  approxim ately  68 per cent, n ickel; 29 
per cent, copper, to g e th er w ith  iron  2 per cent, 
and m anganese 1 per cent.

P a rticu la rly  for castings which have to  w ith ­
stand  th e  h igh tem p e ra tu re  and  severe condi­
tions of superheated  steam , M onel m eta l has 
become the  s tan d a rd  m etal. Valves, seats, pum p- 
im pellers, tu rb in e  p a rts , e tc ., in  M onel m etal 
can be handled  sa tisfac to rily  in  th e  o rd inary  
brass foundry , w ith  only such special equipm ent 
and special care and  precau tions requ ired  by 
its h igh  m elting -po in t and  considerable 
shrinkage.

Melting Monel Metal.
F o r m aking sound castings, special a tte n tio n  

m ust be given to  the  m elting . The m elting  
po in t is 1,360 deg. C., and  the  pouring  tem ­
p e ra tu re  about 1,500 deg. C. The m olten m etal

•  S lightly abridged.
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readily  absorbs carbon and  sulphur, the  la t te r  
from  th e  fu rnace atm osphere, which is in jurious 
to th e  m e ta l; therefore  carefu l a tten tio n  m ust 
be given to  th e  handling  of the  m eta l in  the  
fu rnace  or crucible, as well as in  th e  mould.

The quality  of th e  casting  depends g reatly  
upon th e  quality  of th e  m etal p u t in to  the 
fu rnace, and difficulty may arise in  th e  re-m elt­
ing of headers, risers, etc., if these have absorbed 
carbon or su lphur in  the  previous m elt. Monel 
m eta l can be m elted successfully in  g raph ite  
crucibles and  in  brick-lined electric-arc furnaces.

M elting  tim e in  the  p it fire furnaces, w ith  a 
250 lb. charge, is two hours. I t  is necessary to  
have a good d rau g h t in the  furnace to  obtain  
the  h igh tem p era tu re . The em pty crucible is 
in serted  in to  th e  p it fire and brought to  a b righ t 
red  hea t. I t  is then  lifted  ou t and  a new bottom  
of coke inserted  in to  the  f ire ; then  the  crucible 
is replaced in  th e  fire and coke charged round 
the  sides.

F ir s t  11- lbs. of m anganese ore is charged in 
the  bottom  of th e  crucible. This is p u t in to  the 
crucible to  keep ou t carbon and form  a good slag. 
This is followed by th e  sm all scrap, which is 
placed im m ediately on th e  top  of th e  m an­
ganese o re ; finally the  ingots are placed cross­
wise on th e  top  of the crucible. The whole 
charge of m etal is inserted  in to  the  crucible a t 
one tim e, and  is placed in  such a position th a t  
no coke, or practically  none, gets in to  the 
crucible. The furnace is now filled to  the  th ro a t 
and th e  fuel allowed to  b u rn  down. The 
crucible is th en  eased up and a new bottom  p u t 
in to  th e  fire. This is essential, otherwise the 
crucible will be cold a t  the  bottom  and  the 
desired tem p era tu re  will never be a tta in ed . The 
fire is charged once more to  th e  th ro a t and 
allowed to  b u rn  down. The la s t charge should 
bring  down th e  m etal ready  for pouring. I t  is 
im portan t th a t  all th e  operations be carried  out 
rap id ly  and  no tim e lost. The tim e tak en  for 
m elting never exceeds two hours. The w eight of 
coke n u ts  used averages about 1 cwt. 1 qr. 18 lbs. 
per charge.
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W hen th e  m eta l is m elted and  raised to  the  
required  tem p e ra tu re  for casting , 2 lbs. of silicon 
are  added. This acts as a deoxidiser, and  is 
charged about five m inu tes before w ithdraw ing 
th e  crucible from  th e  fu rnace . Im m ediately 
a f te r  add ing  th e  silicon th e  m e ta l should be 
s tirred  quickly w ith  a rod  or skim m er, to  m ake 
sure th a t  th e  silicon is thoroughly  m elted. 
Before pouring, fu r th e r  deoxidation  is neces­
sary, and  th is is ca rried  o u t by th e  use of 
m etallic m agnesium .

Magnesium Deoxidation.
G enerally 5 ozs. of m agnesium  is added to  

every 250 lbs. of m etal. I t  is desirable to  m ake 
p a r t  of th is  add ition , say abou t 2 ozs., im ­
m ediately before w ithdraw ing  from  th e  furnace. 
The best m ethod of apply ing  th e  m agnesium  is 
on th e  end of an  o rd inary  f- in . m alleable iron 
rod. The m agnesium  is supplied  in  1-in. round 
bars, which are  cu t in to  lengths w eighing one 
or two ozs. each ; a hole is bored in  th e  m ag­
nesium , and  th e  po in t of th e  iron  rod is in serted  
in to  it. This bar is th en  p lunged to  th e  bottom  
of th e  crucible. I t  is im p o rtan t to  do th is , 
otherwise i t  will b u rn  on th e  top  of th e  m eta l. 
W hen th e  m etal has been w ithdraw n  from  th e  
furnace, which should be done quickly, add  the 
rem ainder of m agnesium , an  am ount vary ing  
from  2 or 3 ozs. The crucible should th en  be 
skimmed clean of any slag, which, being of a 
sticky n a tu re , adheres to  th e  side of th e  crucible 
and the  skim m er. A fte r a li tt le  experience, one 
can easily te ll by visually exam in ing  th e  m etal, 
th rough  blue glasses, when i t  is p roperly  de­
oxidised. I t  can be seen to  change colour, 
g radually  assum ing a  greenish  t in t .

A suitab le  te s t of th e  success of deoxidation  
is to  pour a sm all te s t-b a r, say § in. by \  in . by 
6 in. I f  th e  m etal has been com pletely de­
oxidised, th is  b ar, when cold, will bend th rough  
180 deg. on a rad iu s of abou t 1J in . w ithou t 
cracking. The deoxidation  causes th e  m etal 
ap paren tly  to  lose its flu id ity ; therefo re  i t  m ust 
be poured quickly. All ladles or crucibles used
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for tran sfe rrin g  m etal should be pre-heated to 
conserve h ea t in  th e  m etal.

M elting  should no t be prolonged beyond the 
tim e requ ired  to  reach the necessary tem pera­
tu re , b u t i t  is essential to  have in  th e  m etal 
sufficient hea t to  cover transference losses 
associated w ith  tran sp o rtin g  the  m etal from 
furnace to  moulds. Unless th is is controlled the 
m etal is liable to  show cold sets or m isruns.

W hen increased fluidity  is necessary for 
m aking th in  sections, a h igher silicon-content is 
desirable. Silicon also adds stren g th  and  in ­
creases the  hardness of the  m etal. The 
tendency to  hot shortness, however, increases 
w ith  high silicon, and  is decreased by high 
m anganese. P rac tice  m ust be so controlled as 
to  avoid form ation of g raph itic  carbon in the 
m etal, which m akes i t  b rittle .

Measurement of High Temperatures.
I t  would be very helpful if one could measure 

the  tem p era tu re  of Monel m etal quickly and 
accurately . U nfo rtuna te ly  there  is no appara tu s 
which can do th is  economically. O ptical and 
rad ia tio n  pyrom eters are  available for high tem ­
pera tu res , b u t they  only m easure the  h ea t or 
ligh t rad ia ted  from  th e  surface. The accuracy 
of th e  read ing  is very much affected by the 
presence of slag and  also by th e  conditions of 
the  te s t. M etal inside a furnace shows quite  a 
different read ing  from  m etal in the  open a i r ; 
even though the  tem p era tu re  is the  same in both 
cases.

Accuracy dem ands an immersion pyrom eter for 
m olten m etal, and for o rd inary  foundry work 
speed is a necessity. This in tu rn  necessitates 
the  use of a bare  w ire couple. Such couples are 
available up to about 1,250 deg. C., b u t for tem ­
pera tu res in excess of 1,300 deg. C., no couples 
are y e t commercially available.

Oil Furnace Melting.
The average tim e for m elting 250 lbs. of Monel 

m etal in th e  oil fu rnace is from 1 h r. 45 min. 
to 2 hrs., 2 hrs. never being exceeded. The oil
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consumed for the  average h ea t is 15 gallons, 
w hilst the  a ir  pressure a t  60 lbs. is used. A tes t 
piece was cast from  every hea t, and so fa r  the  
au tho r has found only a  trace  of g rap h ite  present 
in  th e  m etal in  about two or th ree  heats o u t of 
60 casts. I t  is also notew orthy th a t  th e  num ber 
of heats from  th e  crucible used in  th e  oil fu rnace 
is exactly the  same as those used in th e  p it 
fires—nam ely, 14.

Moulding.
The practice  followed in  m aking sand castings 

of Monel m etal is sim ilar in  some respects to  steel 
foundry  practice, and in  o thers to  iron  or brass 
foundry  technique. The m ethods of m oulding, 
gates and risers necessary for feeding, very 
strongly  resemble those of steel. The extrem e 
care in  m oulding and  ram m ing is sim ilar to  th a t  
used for th e  non-ferrous m etals, th e  shrinkage 
being 1 in. to  th e  foot. Cores m ust be collapsible, 
to  allow free shrinkage of th e  m etal.

In  m oulding, no general ru le  can be given, as 
every p a tte rn  is a> law u n to  itself. H eaders and  
risers m ust be placed so as to  feed th e  casting  
well and suppress shrinkage cavities. Sometimes 
i t  is best to  feed th e  casting  d irectly  from  the  
to p ; in o ther cases to  feed i t  from  the  side, b u t 
no definite ru le  can be enuncia ted . The one 
characteristic  to  be k ep t in m ind when m oulding 
especially large and com plicated castings is th e  
shrinkage of th e  m etal, and  every precau tion  
and  care m ust be tak en  to  allow th e  m eta l to  
sh rink  w ithou t being held in  any way by th e  
sand, such as avoiding freezing th ro u g h  a narrow  
neck in  th e  riser. To fill th e  m ould w ith  m etal, 
or to  ge t a solid casting, th is  shrinkage m ust be 
taken  care of by am ple feeding th rough  large 
sink heads and risers. Special care m ust be 
given also in  m oulding p a tte rn s  which have 
ab ru p t changes in cross section. Ample fillets 
should always be used, and as fa r  as possible 
sharp  corners should be avoided.

Take an  ord inary  flange or cover w ith  a boss 
on it, say 8 in. a t  th e  bottom , 4 in . a t  th e  top, 
1 in . th ick  a t  the  bottom  flange and  4 in . deep 
a t  th e  top, cast w ith  th e  boss upperm ost w ith
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a  fillet a t  its  base. A fte r th e  casting  is stripped , 
one invariably  finds p ractically  no fillet a t a l l ; 
in fac t, if i t  is cast w ith  th e  first of th e  m etal, 
when th e  tem p era tu re  is high, or if th e  m etal 
is no t properly deoxidised, or again  if the  riser 
is ra th e r  small, one finds the  casting  draw n 
r ig h t under the  angle a t  th e  base. T hin sections 
should be avoided on account of liab ility  to  mis- 
runs. Monel m etal is sensitive to  gas from  core­
binders, therefo re  th is  m ate ria l should be kep t 
to  a m inim um . An open sand should be used.

Dry-Sand Monel Metal Castings.
C astings w eighing over 1 cwt. a re  generally 

m ade in  dry  sand—th a t  is, whenever they  have 
to  be proof under pressure. I f  they  have no t to 
w ithstand  any pressure, th en  la titu d e  is given. 
Small castings a re  m ade in  green  sand, p rinc i­
pally B elfast sand. In  m aking green-sand 
castings, th e  m oulder has his own rough and 
ready  m ethod of te s tin g  the  sand. H e rubs it  
betw een his finger and  thum b in  order to  ascer­
ta in  its  te x tu re  or g rain-size; th en  he squeezes 
a han d fu l in  order to  te s t th e  bond or s treng th  
—n o t a very scientific way perhaps, b u t still very 
useful when associated w ith  experience. Care 
m ust be tak en  n o t to  work th e  sand too wet, 
and  if th e  sand is of a close n a tu re  i t  is desirable 
to  m ake i t  v en t freely.

The au th o r once m ade two castings in  green- 
sand, each w eighing about 50 lbs. One was made 
in  B elfast san d ; th e  o ther in  rock sand. This 
was done to  determ ine the  difference between 
B elfast and rock sand when used as a m ix ture  
for facing. B oth  were cast green w ithout any 
skin d rying, ju s t a little  plum bago being 
brushed on th e  face of th e  mould. The casting 
produced in  the  mould m ade from  the  B elfast 
sand had  a very good skin, b u t the  one made 
in th e  rock sand was very rough.

The moulds are  finished in  the  usual way, 
dressed w ith  a litt le  plumbago, b u t very little , 
and cast green, except when there  is qu ite  a 
large body of m etal in th e  c a s tin g ; then  the 
mould should first be sprinkled  w ith molasses
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w ater, plum bago brushed on th e  face of the 
mould, dusted  w ith  resin , and  skin  d ried  w ith  a 
blow or gas lam p. All o rnam en ta l work is cast 
green w ithou t any skin drying.

When ram m ing the  sand around  risers, care 
should be tak en  to  have i t  as soft as possible. 
W hen i t  is too h a rd  th e  m eta l will n o t lie quietly , 
w ith  th e  resu lt, if th e re  a re  two or more gates 
in the  one box (which is very common if th e  best 
resu lts a re  sought), th e  m eta l bubbling or blow­
ing off th e  hard  sand will roll in to  th e  n ex t gate . 
A lthough i t  is only in . in  d iam eter, and  i t  is 
followed up quickly by pouring  m etal in to  the 
same gate , th e  li tt le  ball, or pile of m etal, will 
no t m elt and become p a r t  of th e  casting , b u t 
rem ains on the  bottom  of th e  m ould, to  fa ll ou t 
of th e  casting  while dressing, or i t  m ay m ake a 
cold shu t.

The casting  tem p e ra tu re  of M onel m eta l being 
high, the  layer of sand form ing th e  face of the  
mould is generally  b u rn e d ; therefo re , th e  ad d i­
tion  of new sand to  th e  facing m ix tu re  balancing 
the  discarded b u rn t sand is necessary. The 
object of the  new sand which is added to  old 
sand in  order to  form  a m ix tu re  for facing  con­
sists in  supplying to  i t  whole g ra in s which in ­
duce aera tio n  and fresh  bonding m ate ria l, 
which, a fte r  being su itab ly  prepared , restores 
cohesion.

Gates and Risers.
The feeding rise r is a m oulding tr ib u te  to  

shrinkage or con traction , and, from  a m oulder’s 
standpo in t, is necessary fo r th e  production  of 
good, solid castings in  Monel m etal. F rom  the  
engineer’s view, i t  is a necessary evil. Time 
and again  founders have been to ld  th a t  th e  cas t­
ing has ne ith er shape nor form . A ccording to  
th e  n a tu re  or shape of th e  castings when m ould­
ing, i t  is often  necessary to  cu t off p a rts  or pare  
the  mould to  su it to  overcome th e  shrinkage, 
resu lting  in  the  condem nation th a t  i t  is the  
worst-looking casting  th a t  one could m ake. 
According to  a co n tribu to r to  the  recen t discus­
sion on steel castings,* all holes a re  blow holes,

* Page 651.
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or non-m etallic inclusions, wlien in  rea lity  they  
are  n e ither, b u t ju s t “  draw n ”  holes. C ontrac­
tion  is a decrease in th e  volume of a m etal body, 
and  is common to  all m etals and alloys, though 
not necessarily to  th e  same degree. Between a 
ligh t and a heavy section adjo in ing  each other 
a severe ru p tu re  or cleavage may tak e  place by 
the  se ttin g  s tra in , the  th in  section cooling or 
freezing first; th e  heavy section, if i t  is not pro­
vided w ith a  rise r or feeder, when solidification 
takes place, will te a r  or crack away. Cases exist 
where, because of conflicting conditions, the 
m eta l has to  he poured above or below the  tem ­
p e ra tu re  a t  which its  shrinkage is least 
expressive.

C astings, as, for instance, a disc 24 in. d ia . by 
2 in . th ick , to  be solid th roughou t, require a 
feeding rise r. The distance from  any one c ir­
cum ference pouring  gate  to  th e  centre of the  
disc, and  on to  the  extrem e opposite po in t from 
th is  pouring  gate , is too g rea t to  be completely 
dom inated  by the  ga te  feed. This casting  would 
need more feeding if cast horizontally. I t  would 
requ ire  th ree  or fou r feeding risers, and if one 
is placed in  th e  cen tre , i t  would requ ire  to  be 
h igher and heavier. The b e tte r  m ethod, then , 
would be to  be cast vertically .

F o r a disc 12 in . d ia. and  1 in. th ick , w ith  a 
solid hub 3 in . high in  th e  cen tre , the  casting 
could be ru n  e ith e r from  th e  circum ference or 
from  th e  hub, b u t in  n e ith er case could i t  be de­
pended upon to  control shrinkage in  th e  h u h ; a 
feeding rise r on th e  hub would be necessary.

The best pouring  po in t is no t always the  best 
feeding po in t. I t  is sometimes necessary to  p u t 
the  rise r on the  side of the  casting , which is used 
as a ga te . Always have th e  basin  or header 
about 1 in. from  the  casting , and on no occasion 
have i t  any fa r th e r  away.

In  side gates or risers a g a te  pin-hole often 
develops. A heavy rise r or u p rig h t stack  set 
over th e  gate , close to  the  casting , will supply 
and deliver a feeding quota of m etal and obviate 
the pin-holes. I t  is bad practice in  Monel m etal 
to  have too m any castings connected w ith the
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one gate , for two rea so n s :— (1) I t  will be impos­
sible to  feed all th e  castings alike, th e  one nearest 
the pouring  basin  s tan d in g  th e  best chance of 
being solid ; the  fa r th e s t away develops a p in ­
hole on the  g a te ; and  (2) in  g a te -cu ttin g  i t  is 
very aw kw ard to  get th e  saw blade in  position, 
or the  casting  in  position to  su it th e  saw or gate- 
c u ttin g  knife.

R isers should be high, heavy and  hot, and in 
d irect and  unbroken com m unication w ith  the  
shrinkage loss. They should be placed as close 
as conditions will perm it to  th e  freezing zone, 
which is usually  th e  cen tre  of mass in  th e  cast­
ing. M etal flowing from  a mould in to  a riser 
is obviously colder in  th e  rise r th a n  in  th e  cas t­
ing, and  will n a tu ra lly  freeze quicker, which is 
the  im proper order fo r feeding, th e  correct con­
d ition  being achieved by pouring  h o t m e ta l back 
in th rough  th e  rise r in to  th e  casting  w henever 
possible.

A rise r (exhibited) illu s tra ted  th e  sh rinkage of 
Monel m etal. I t  was cu t from  an  o rd inary  
suction-valve seat, 14 in . d ia ., solid in  th e  cen tre , 
having nine or te n  l^ -in . d ia. holes. In  th is  
head was seen th e  li tt le  beads which form  when 
the  m etal passes from  th e  liqu id  s ta te  in to  th e  
solid, and  which p ast experience has shown to  
be desirable, as i t  is usually  associated w ith 
good m etal beneath .

F ig . 1 shows a casting  2 ) in . d ia ., 12 in . long, 
cast vertically  wdth no feeding head. This was 
cu t r ig h t th rough  to  reveal th e  draw , which is 
fully 70 per cent, of th e  fu ll le n g th ; th e  same 
casting , when surm ounted  by a  tap e red  head, 
was solid th roughou t, except for abou t 3 or 4 in. 
a t  the  top . The th ird  is a d ifferent k ind  of cast­
ing, w ith  th e  same tap e red  head, and  is also 
solid th roughou t, ye t the  draw  on th e  head is 
about 25 per cen t, of its  fu ll leng th .

F ig . 2 shows th e  same casting  as F ig . 1 (left), 
b u t cast horizontally  w ith  a cu t gate . The upper 
sample was cast w ith  the  first of th e  m etal o u t 
of the  crucible, and resu lted  in  th e  top  being 
irregu la r and the  presence of a  draw -hole. The 
o ther ha lf had th e  draw-hole r ig h t up  th rough  
the top . The lower specimen was cast w ith  the
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last of the  m etal, and is sound th roughou t, ex­
cept for some irreg u la rity  a t  the  top . Monel 
m etal is sim ilar to  alum inium  inasm uch as th a t  
the  h igher th e  casting  tem pera tu re , the  g rea te r 
the draw . This has been proved m any tim es 
by casting  two or more castings from the first 
and then  the  last of the  m etal in the  crucible, 
the las t generally  proving the  soundest casting. 
This is the  reverse from  gunm etal, wherein the 
lower the  tem pera tu re , th e  g rea te r the draw.

F i g . 1 .— S h o w i n g  t h e  N e c e s s i t y  f o r  F e e d i n g  
H e a d s .

Nozzle Segments.
Fig . 3 shows a nozzle segm ent, which is a very 

im p o rtan t p a r t  of the tu rb in e  arrangem ent. I t  
provides th e  m eans by which the  steam  passes 
from  the  steam -chest or valve-chamber to  the 
blading. The blades or veins in  the  nozzle are 
set a t  a su itab le  angle, so th a t the most effective 
use m ay be made of the  steam  pressure. 
In itia lly  th is  casting gave a g rea t am ount of 
trouble, owing to  the  ligh t character of the
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blades associated w ith  th e  heavy rim . I f  it was 
cast a t  a high tem p e ra tu re  to  ensure th a t  the 
blades would ru n , th en  th e re  was trouble  from 
draw ing on the  flange. I f ,  on th e  o ther hand, 
the  tem p era tu re  was k ep t low, th en  th e re  were

P i g . 2 .— A s  F i g . 1  ( l e f t ) ,  b u t  C a s t  
H o r i z o n t a l l y .

cold-shuts a n d  m isruns in  th e  blades. All these 
segm ents were cast in  green-sand, w ith  th e  ga te  
a t  the  end. A core is m ade w ith  a g a te  c u t in  
i t ;  th is  is first d ried  and  th en  placed on the
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p a tte rn  near th e  bottom  and ram m ed up in the 
box. This gives a good, clean gate  w ith the 
m etal ru n n in g  in to  th e  blades near the  bottom  
of the  mould. This m ethod ensures against mis- 
runs or cold-shuts in  th e  blade owing to  having 
a supply of m etal flowing up the blades u n til the 
mould is filled.*

Impellers.
The au th o r’s firm m anufactures a wide range 

of im pellers. These a re  generally ru n  from  the 
bottom , although a t  tim es i t  was found neces-

F ig. 3 .— N o z z l e  S e g m e n t  i n  M o n e l  M e t a l .

sary  to  ru n  them  from  the  rim . These castings 
are  usually  m ade in  a th ree -p a rt box, the 
m etal being poured a t  the  side. The gate  is 
1 in . d ia ., which leads in to  the  channel a t  the 
bottom . There are  e ither one, two or th ree 
in lets a t  th e  bottom  of the casting, according to  
the  size and  shape. The cen tre  rise r is generally 
about 6 to  9 in. d eep ; the d iam eter varies accord­
ing to  the  size of th e  im peller, w ith  th ree  or 
fou r feeding-risers, about 3 in. by 1 in ., on the

* The riser is ill this case on the side of the casting with a 
h e a v y  feed from the top. This casting is always cast on the 
■■bank.” When the mould is tilled pouring is stopped ; the gate 
is then covered with sand, and a weight pu t on the top ; then hot 

-metal is poured into the riser, which should be from 6 to 9 in. 
high, according to the size and weight of the casting. Since 
adopting this method the author rarely lias a bad nozzle segment 
cast in Monel metal.
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outer rim . This forms one m ain  rise r, which 
feeds th e  cen tre  and  th e  rim s a t  th e  same tim e. 
The m aking of the  moulds is com paratively easy 
compared w ith  th e  confection of th e  cores.

The core (F ig . 4) is m ade up  in  sections of 
e igh t or ten , according to  th e  num ber of blades 
in th e  im peller. These a re  th en  assembled to ­
gether, care being tak en  th a t  each blade is of 
the correct size and thickness. They are  bound

F i g . 4 . — C o r e  e o r  I m p e l l e r  C a s t i n g s .

together w ith a piece of wire on th e  outsidd 
d iam eter and a t  the  bottom  p rin t. The blades 
are requ ired  to  be as th in  as i t  is possible to  
cast them .

A fte r they  are  assembled, each core is in ­
spected before being placed in  the  m ould. One 
way of doing so is by using  a ball—an  o rd inary  
Te-in. ball, such as is used for bicycle ball b ear­
ings. This is then  passed th rough  th e  spaces
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provided for the  blades. Some of these blade 
cores are  about 12 in. long, 2 to  3 in. broad, ^ in. 
th ick  or deep. A t first th e re  was g re a t difficulty 
in providing a  sand aga in s t which the  Monel 
m etal would lie. On no account m ust th e  m etal 
“  simmer ”  aga in s t the  core, bu t, on th e  con­
tra ry , m ust lie absolutely q u ie t; so a core has 
to  be made so free and perm eable to  gases th a t  
the only p a th  the  gases could tak e  was back in 
and th rough  th e  core.

F i g . 6 .— A  H e a v i e r  T y p e  o p  I m p e l l e r  C a s t i n g .

Small cores a re  m ade from  Scotch silica sand 
bonded w ith  a p ro p rie ta ry  oil b inder, b u t th e  
m ajo rity  of im peller cores a re  m ade from  ground  
ashes, B elfast sand, w ith  g lu trin e  or th e  oil 
binder. Some of these cores, according to  th e  
size of the  im peller and  the  m ethod of casting , 
have to  be tied  down ; therefo re  provision has to  
be m ade in  th e  core before assem bling.

The ord inary  loam, as used every day fo r o ther 
non-ferrous castings, will never be sa tisfactory  
for Monel castings. I t  will n o t lie ag a in s t it, 
as the  surface is too hard .
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Closing and Casting Impellers.
In  closing th e  im pellers g re a t care has to 

be tak en  th a t  the  core is resting  on the  p rin t 
all th e  way round. Should i t  encroach -jV in. 
a t  any one blade, th en  the blade, being ju s t th a t  
tV in. th ick , when the  top  p a r t  is placed on the 
core, would tw ist—only th a t  yS in ., b u t sufficient 
to  m ake i t  a bad casting . Care m ust be taken  
to  have all th e  vents free, and provision made

F ig . 7. — C a s t  M o n e l - M e t a l  P a d d l e  W h e e l ,
M a d e  f o r  a  C o n t i n e n t a l  S u g a r  R e f i n e r y .

e ith e r th rough  the  jo in t of the  box or up through  
th e  top . Since adopting Monel m etal for im­
pellers the  au tho r has cast over th ree  thousand. 
There is a record kep t of every im peller, date 
cast, and a serial num ber on each.

F ig . 5 shows two impellers, w ith a rise r on 
e ither s id e ; the  im peller on the  r ig h t is com para­
tively easy to  make as compared w ith the  o ther 
casting , as the  la t te r  has a th in  core. The two 
heads are  shown to  illu s tra te  the  draw , bu t, u n ­
fo rtunate ly , th e ir  dep th  is hardly  shown.
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F ig . 6 is a d ifferent type  of im peller, la rg er 
and heavier. The blades are  £ in . th ick , th e  core 
space betw een each blade being g rea te r. They 
are easier to  m ake, being ru n  from  th e  bottom  
w ith th ree  in le t gates—one on e ith e r side of the  
rim  and one a t  the  cen tre  boss. P rovision is 
made for ty in g  th e  cen tre  core down th rough  
the drag . The rise r being th e  fu ll size on the  
centre boss, th e  core is c u t away a t  th e  to p ; the  
core-box is made to  su it. F ach  casting  requires 
4 cwts. to  cast, including risers.

Paddle Wheel for a Sugar Refinery.
This casting  (F ig. 7) was ru n  from  th e  bottom . 

The blades, 20 in  num ber, were all m ade from  
one core-box supplied by th e  custom er, which, 
w hilst closing, were all placed h a rd  up  to  one 
another. N ineteen  cores filled th e  m ould, and 
there  was s till ano ther to  be in serted . The 
blades being all th e  same thickness, i t  was 
necessary to  tak e  them  all o u t and  file or card  
fully re in- off each core. This is ju s t one of th e  
m any th ings th a t  foundrym en have to  do about 
which th e  custom er knows noth ing . The th ick ­
ness of th e  m etal on th e  hub was abou t 2 in. 
The casting  tu rn ed  ou t extrem ely well, in  sp ite  
of all th e  trouble expended in  p rep arin g  th e  
mould. The w eight of the  dressed casting  was 
6 cwts. 1 qr. 21 lbs., b u t th e  m eta l m elted, includ­
ing gates, runners and  feeding risers, was 
74 cwts.

Propeller for Steam Yacht.
The propeller shown in  F ig . 8 was m ade fo r 

a luxurious yacht. I t  was m ade and cast sim i­
la r to those cast in bronze—sw ept up  from  spindle 
and strickle, only i t  was ru n  from  th e  top  of 
the  boss. The owner, who was re f ittin g  his 
yacht and desiring som ething b rig h t and  en d u r­
ing, s tipu la ted  Monel m etal. The four bollards, 
when being cast, each took abou t 7 cwts. All 
the deck fittings were m ade of th is  m eta l, even 
the sh ip’s bell, which had  a  beau tifu l tone.

F ig . 9 illu stra tes a pickling ra f t ,  cast in higli- 
silieon M onel m etal. This h igh  silicon increases 
the fluidity and  the hardness of the  m etal. The



casting  was 8 f t . long and  3 ft . broad. I t  was 
cast w ith  the  p lain  side down. The drag  was 
made in  dry-sand. The casting  was in the  top 
p a rt , and was made in green-sand for two 
reaso n s: - - ( ! )  The drag , .be ing  in  dry-sand,
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F i g . 8 . — P r o p e l l e r  f o r  P r i v a t e  Y a c h t .

elim inated  all possible chance of scabbing or 
sand being washed in a t the  g a te ; and (2) tak ing  
in to  consideration the length  of the  casting 
(8 f t .)  and  th e  con traction  ( \  in. to  the  foot), 
provision had to  be made to  le t the casting creep 
in 2 in ., a fac to r too im portan t to  allow of any
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risk of the  casting  being held in a dry-sand 
mould.

The casting  was run  from  th e  side and  a t  both

F i g . 9 . — A  P i c k l i n g  R a f t , c a s t  i n  

M o n e l  M e t a l .

ends, a ga te  being placed on every arm . Im m e­
diately  a f te r  th e  casting  was set, th e  operatives 
slackened around the  risers and  th e  gates, lifted
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off the  top  p a rt, and loosened all th e  sand be­
tw een th e  arm s. The w eight of th e  dressed cast­
ing was 7 cwts. 12 lbs., w hilst the  m etal m elted, 
including gates and risers, to ta lled  10 cwts. Six 
crucibles were used for th is  cast, and one tes t 
b a r was tak en  ou t of each, w ith the results 
shown in  Table I .

High-Tensile Bronze.
One o u ts tand ing  fac t of brass founding as com­

pared  w ith iron founding is th e  g rea t difference 
in  th e  cost of th e  m etal going in to  the  moulds. 
A pound of good-quality cast iron costs |d .  per 
lb. in  the  ladle, as aga in s t non-ferrous alloys 
which m ay range from  4d. to  Is . 6d. per lb. A 
foundry  w aster in  cast iron  may no t am ount to

T a b l e  I .— Variation in Tensile Properties of High 
Silicon Mond Metal.

Yield
stress.

Maximum
stress. Elongation.

Tons/sq. in. Tons/sq. in. % on 2 in.
No. 1 . . 24.24 38.04 18

„ 2 26.80 37.92 15
„ 3  . . 25.20 37.52 16

27.40 36.00 11
. . 5  . . 25, SO 38.48 20
„ 6 . . 27.00 39.00 17

m uch, w hereas a sim ilar w aster in some of the 
non-ferrous m etals involves a g rea te r loss ■ f 
profit.

G enerally speaking, non-ferrous alloys call for 
g rea te r care and accuracy a t  every stage. In  a 
foundry , m elting  m ateria ls  rang ing  from 
alum inium  to  Monel and pure nickel, constant 
care and  supervision a re  required  during  mould­
ing, m elting  and  pouring, whereas w ith  cast 
iron, once the  cupola conditions have been estab­
lished, charging and tap p in g  proceed almost 
autom atically , y e t every crucible of non-ferrous 
alloy requires individual a tten tion , especially 
w ith regard  to  the  correct tem pera tu re  for 
casting.
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Tn o rd inary  A dm iralty  gunm etal, liner-m etal, 
m ercantile  gunm etal, brazen m etal, th e  au thor 
seldom, if ever, takes the  tem p e ra tu re  before 
casting . I t  is su rp ris ing  how near one can 
approach to  a defined tem p e ra tu re  when doing 
i t  day  a f te r  day, y e t fo r special bronzes, 
alum inium  alloys, i t  is th e  a u th o r’s p ractice 
never to  cast w ithou t first tak in g  th e  tem p era­
tu re  w ith  th e  pyrom eter. N eglecting  th e  correct 
oasting tem p era tu re  is qu ite  sufficient in  itself 
to b ring  abou t a w aster casting .

D ifferent grades of m anganese brass can be 
m ade, depending on th e  purposes fo r which they  
are required . Owing to  th e ir  pecu liarities, these 
alloys are  ra th e r  difficult to  handle in  the  
foundry. The h igh liqu id-contraction  and 
shrinkage m ust be allowed for by m eans of risers 
and large feeding heads. This is one of the  
m any alloys used for pum ps and propellers, and 
in  places where s tren g th  and  resistance to  cor­
rosion are  of param oun t im portance. An alloy 
sim ilar to  th is  has been specified and  used 
successfully for locomotive axle-boxes.

The m ethod adopted for m an u fac tu rin g  th is 
high-tensile bronze is to  m elt i t  in  crucibles 
and  cast in to  ingots, re-m elting  these aga in  for 
pouring in to  the  moulds. The usual procedure 
is to  place the  iron a t  th e  bottom  of th e  crucible, 
which is generally  supplied in pieces from  % lb. 
to 1 lb. w eigh t; ferro-m anganese and  copper 
nex t, add ing  the  alum inium  and  zinc a f te r  the 
crucible has been tak en  o u t of th e  fu rnace .

A m ix tu re  of copper, special spelter, fe rro ­
m anganese, alum inium  and  iron , if properly  
m anufactu red , should give a  te s t b a r of the  
following m echanical p ro p e r tie s :—Yield po in t, 
24.80 tons per sq. i n . ; tensile s tren g th , 40.64 
ton  per sq. in ., and  elongation , 21 per cen t, on 
2 in.

Pump Casings Cast in High-Tensile Bronze.
If  only one or two of these castings, w eighing 

from  5 to  6 cwts. each, a re  u rg en tly  requ ired , 
they  are  generally cast e ith e r from  the  ti lt in g  
furnaces or p it fires; b u t th e  norm al m ethod is
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to  u tilise  the  a ir  fu rnace, which is p u t in to  com­
mission as soon as th e re  are  3 to  7 tons of pump 
castings on order. G ates, heads, runners, etc., 
when being rem elted, a re  always m ixed w ith 
abou t one-th ird  of new m etal, as experience has 
shown th a t  i t  ensures consistent results.

H igh-tensile bronze has a h igh surface-tension, 
due to  th e  form ation  of an oxide film on the

F i g . 10.— M o u l d  f o b , P u m p  C a s i n g .

surface. A tten tion  m ust therefore  be paid  to 
g a tin g  and  ru nn ing , otherwise laps m ay be 
form ed, due to  th e  two stream s when m eeting 
m ay n o t u n ite  perfectly . The casting  tem p era ­
tu re  employed is 1,000 deg. C . ; below 960 deg. 
or above 1,020 deg. C. is undesirable.

F ig . 10 shows a mould for a  pum p casing, w ith 
the core placed in  position ready for the  top p a rt
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to be placed on. These are  always m ade in dry 
sand, and  ru n  from  th e  bottom  flange, th e  gate 
being placed in such a position th a t  th e  m etal 
is flowing in to  th e  flange, th e  in le t being about 
1 in. deep, 2 in. b ro ad ; and  for a heavy casting , 
where the  m etal has fu r th e r  to  ru n , th e  gate  is 
made proportionally  deeper. A heavy rise r is 
p u t on the  flange, and th e  m ain  or cen tre  p a r t 
of the  casting  is “  rise r a ll a ro u n d .” Difficulty 
was experienced w ith  some of these castings 
th rough  leakage a t  th e  side flange. This was 
invariably  in  the  bottom  side or th e  side cast- 
down, th e  cause being, as was found, th a t  the  
flange was a t  the  opposite end from  th e  pouring  
gate, and  th a t  th e  m eta l flowing in  and  th rough  
the mould, when i t  came in to  th e  flange, was 
a t  too low a tem p era tu re . Chills were tr ie d  all 
round the  flange and on both sides, which helped, 
b u t did no t cure. W h at was needed was a 
m eans of escape fo r th e  dull m eta l a t  th e  bottom  
of th e  flange and  its  replacem ent by h o t m etal, 
therefore a false “ flower ”  was c u t a t  the  
bottom  of th e  flange (see F ig . 15), which cured 
i t  completely. In  m aking  fresh  p a tte rn s  for 
these castings, th e  p a tte rn -m ak er provides the  
necessary risers from  instructions received from  
the foundry .

Before closing on th e  top , th e  head box is 
placed in  position, and  all heads and  risers are  
then  m ade up . A s tra in e r-g a te  t in  is used for 
the gate , which keeps th e  mould clean and 
provides a  m eans fo r filling up  th e  head. In  
moulding these pum ps, th e  p rac tice  is to  ram  
them  up  on a  board, m aking  a p a rtin g  a t  the  
top of the  flange. The d rag  is th en  placed on 
and ram m ed up. W hen p a rted  off th e  ga te  is 
cut, th e  p a tte rn  draw n . nd  th e  flange finished. 
The d rag  is th en  replaced, and  th e  whole tu rn ed  
over. I t  is m ade in  th e  same way as one would 
m ake a pulley-wheel in  a tw o -p art box, which 
elim inates th e  use of a  m iddle p a r t .  Of course, 
the size of th e  casting  is th e  de term in ing  fac to r.

F ig . 11 shows th e  core, which is m ade from  as 
poor a sand as i t  is possible to  use, so th a t  when 
solidification takes place i t  will collapse. The
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,sand as used for the  cores is as follows: — 
O rd inary  core sand (generally m ade from  ground 
ashes and rock sand), 60 per c e n t . ; ord inary  
floor sand, 30 per cen t., and  sharp  sand, 10  per 
cent. This sand is so poor th a t  if any of the 
cores become dam aged, i t  is alm ost impossible to 
rep a ir them .

F i g . 1 1 .— C o r e  f o r  P u m p  C a s i n g .

The core-box is made in halves, h u t to  fac ilita te  
closing a p a rtin g  is m ade underneath  the  v o lu te ; 
so to  be correct, th e  core is made in th ree parts, 
w ith a loam-core placed on the  top  to  go th rough  
th e  riser. In  F ig . 11 can be seen the  spaces th a t  
are  provided, th rough  which the  m etal has free 
access to  feed down to  th e  bottom  of th e  casting. 
This is done purposely—provision being made for 
i t  in th e  core-box. These are  m achined ou t into 
th e  volute in the  engineering departm ent. The
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space is never any more th an  from  J  in. to  -}2 in. 
in depth . The core iron is m ade from  £ in. 
round iron.

Closing.
In  closing th e  boxes, th e  bottom  or d rag  core 

goes in  first, th en  th e  volute is placed in  posi­
tion , care being tak en  th a t  i t  is in  its  proper 
place, lying exactly  level according to  th e  shape 
of the  m ould; then  th e  loam core is placed in 
position. A fte r th e  to p -p a rt is finished, a 56 lb.

F i g . 1 2 .— P u m p  C a s i n g  s h o w i n g  M e t h o d  
o f  R u n n i n g .

w eight (or more if necessary) is placed on top  
of th e  core to  keep i t  in  its  p roper place w hilst 
pouring.

W hen casting , as th e  ladle proceeds from  box 
to  box, an  opera to r takes th e  tem p e ra tu re  of 
every casting  separa te ly , and  a  record is k ep t 
of every casting  m ade. W hen th e  boxes are  
em ptied, b u t before th e  castings a re  removed 
to  th e  dressing shop, they  a re  typed  w ith  a seria l 
num ber, so th a t  if any casting  is re tu rn e d  five or 
ten  years hence, i t  is possible to  ascerta in  da te
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ca s t; m ix tu re  of m etals used ; tem p e ra tu re ; job 
num ber; p a tte rn  num ber, and also the  iden tity  
of the  m an who closed th e  mould.

F ig . 12 shows one of th e  castings, weighing 
10 cwts. 2 qrs. 1 lb., including head. N ote the 
false or F rench  “ flower.”

In  F ig . 13 is shown a large pum p casing of a 
d ifferent style. Two castings were m ade off th is

F i g . 1 3 .— P a t t e k n  e o h  P u m p  C a s i n g .

p a tte rn . They were m ade in  practically  the 
same m anner a s h a s  been described. The heavy 
streng then ing  ribs around  the  volute, from  the 
designer’s po in t of view, were essential, b u t for 
the foundrym an were a source of trouble and 
anxiety . However, all the  difficulties were over­
come w ith  chills a t  the  fillets and feeding risers 
on every rib .

2  d  2
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The core also gave some difficulty owing to  
the  design, h u t a f te r  consulting  w ith  th e  
m anager of the  m achine shop, a p a r t  of th e  core 
was cu t off, th is  being la te r  m achined o u t in  the  
engineering  d epartm en t.

D uring  closing m uch care had  to  be exerc ised ; 
the  cores being m ade of th e  “  poor ”  sand 
m ade i t  difficult du ring  bolting  down. W hilst 
m aking  th e  cores, provision was allowed fo r th is 
by leaving a  3-in. hole r ig h t th ro u g h  all th e  
cores and  the  d rag . A 1 in . bolt was passed 
th rough  th e  whole; th e  com plete box was lifted  
up by th e  crane, th e  bolt th e n  placed in  posi­
tion , screwed down from  th e  bottom , and  placed 
on a bed and  cast. E ach  casting  weighed over 
two tons, including risers, b u t a f te r  the  ga te  and 
runners were rem oved; th e  pouring  tem p era tu res  
of th e  two castings were 1,000 and  990 deg. C. 
They were tes ted  to  2,250 lbs. per sq. in ., th e  
usual te s t such castings a re  sub jected  to , 
rang ing  from  700 lbs. to  2,250 lbs. for special 
castings.

These la rge  pum p casings were m ade to  th e  
order of the  Comm onwealth Edison Company, 
for th e  C raw ford A venue Pow er S ta tio n , 
Chicago, one of th e  biggest power s ta tio n s in  
A m erica. The la rgest one e x ta n t is in  New 
York, and is called H ell’s G ate.

E ach pum ping se t consists of a  steam -tu rb ine- 
driven ro tary -pum p, delivering to  th e  suction  
end of an  electrically-driven m u ltis tag e  ro ta ry  
pum p, the  capacity  of each se t being 500,000 lbs. 
per hour, or equal to  50,000 gallons per hour, 
ag a in s t a  discharge pressure of 540 lbs. per 
square inch. The horse power is 525, and  the  
num ber of stages in  th e  electrically-driven pum p 
is 3. The sh a ft runs a t  3,600 r.p .m ., w hilst the  
steam -driven pum p is a single-stage type , and 
runs a t  5,000 r.p .m .

I t  is som ething th a t  B ritish  foundrym en should 
be proud of, th a t  a f te r  m any refusals in  A m erica 
they  came to  B rita in  to  have these special cas t­
ings m ade.

I t  is six years since +he au th o r s ta r te d  the 
system of keeping a record fo r th is  p a rticu la r
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m etal, and  during  those years he has cast 1 ,1 4 1  
pumps in high-tensile bronze. D uring  the  last 
two years, from  December, 1926, to  December, 
1928, 284 were cast. There have been ten  bad 
castings and one spoilt in  the  machine shop.

In  p resen ting  th is paper and the accompany­
ing figures, i t  is n o t suggested th a t  the  methods 
used a t  C a th cart a re  th e  only ones, or even the 
best. However, an  endeavour has been made 
to  outline some of th e  methods and  the  results 
obtained there . In  conclusion, the  au th o r would 
like to  express his sincere thanks to  the  directors 
of Messrs. G. & J .  W eir, L im ited, and Monel- 
W eir, L im ited , for th e ir  k ind  perm ission to 
publish th is  p ap e r; to  the  m anagem ent; ?md to 
Messrs. A rno tt, Johr.ston & B ann ister for the ir 
valuable assistance.
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Newcastle and Scottish Branches 
and Lancashire Branch (Junior 

Section).

SOME INTERESTING MOULDING JOBS.

By E. Longden (Member).
I f  i t  were possible fo r th e  high-class jobbing 

m oulder to  tra n s la te  h is knowledge and  experi­
ence in to  e ith e r w ritten  or spoken words, th e re  
would be rendered  available an  endless and  a 
m ost in te re s tin g  fund  of m a te ria l fo r th e  p ro­
ceedings of th e  In s ti tu te  and  th e  in d u s try  which 
i t  serves. Due to  th e  reticence and  in ab ility  of 
m ost m oulders to  record th e ir  experience in  any 
way and  th e  g re a t difficulty of adequately  de­
scribing m oulding operations, th e  In s t i tu te  m eet­
ings suffer from  a preponderance of technical, 
scientific and  th eo re tica l work. M uch of th is  
work is of th e  h ighest value, and  th e  In s ti tu te  
is  indebted  to  th e  au thors, b u t i t  really  lacks 
work of a p rac tica l n a tu re  which can be placed 
before th e  members.

Those who have close con tac t w ith  th e  foundry  
m ust realise th e  ex trao rd in a ry  am oun t of m en ta l 
and  physical energy requ ired  of th e  com petent 
m oulder when m aking  large and  in tr ic a te  cas t­
ings. I t  is to  his g re a t c red it th a t  fa ilu res  in  
heavy work are  on th e  average below 2 per cent. 
A more frequen t exposition of th e  a r t  of m ould­
ing would also aid th e  technical and  scientific 
foundry  w orker to  a b e tte r  und ers tan d in g  of the  
value of the  p rac tica l m oulder’s work, as perhaps 
the re la tive  im portance of th e  m oulder and  core­
m aker has sometimes been lost s igh t of. N inety  
per cen t, of th e  efficiency of any  foundry  is de­
penden t upon th e  tra in e d  m oulder and  the  
m achinery and tools placed a t  his disposal. L e t
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th is type of labour fa il, and there  is an  end to 
one’s competency as a  founder, w hether i t  be in 
ferrous or non-ferrous castings.

The P ap ers  and lectures delivered to  branch, 
and  particu la rly  annual, m eetings of th e  In s ti­
tu te  are  80 per cent, scientific and  theoretical 
and  20 per cent, p rac tica l foundry  work. This 
percentage should be reversed. B u t, un fo r­
tu n a te ly , the  tra in in g  of the  m oulder and fore­
m an will only occasionally allow us to  lea rn  of 
the  m oulding of castings. This s ta te  is n o t the 
fa u lt of th e  scientific and  technical lecturers, 
b u t the  u n fo rtu n a te  effect of the  call of the  trad e  
upon the  m ental and physical energy of the 
m oulder. There can be no more exacting  form  
of m en ta l s tra in  in any calling th a n  th a t  exist­
ing in  th e  m inds of the m oulder, foundry fore­
m an or m anager when a large mould is being 
filled w ith  m etal.

A Large Centrifugal Pump Body.
U nfortunate ly , the  au th o r has been unable to 

secure a photograph of th e  finished casting , or of 
any  stage in  its  m anufactu re , and in describing 
m oulding operations one is im m ediately in  diffi­
culties. Photographs of m oulding operations 
can never convey to  the  reader sufficient detail 
of construction , b u t by a series of sketches one 
is able to  lend, as i t  were, an X -ray  eye to  the 
person in search of the real details of a mould 
construction . The following description should 
presen t as much inform ation  to  the  non-practical 
m an, who m ay be more versed in  the  study  of 
draw ings and  details as to  th e  p rac tica l m an who 
cannot always follow ou t his work when placed 
before him  th rough  the  m edium  of a draw ing. 
F ig . 1 shows sufficient draw ing details to  allow 
a reasoned s ta tem en t of th e  requirem ents for 
pa tte rn -m ak ing  and  moulding. A pum p of the  
size outlined  will deliver 400 tons of w ater per 
m in. expelled th rough  the  60-in. ou tle t from 
which the  size of the  pum p is taken . The cast­
ing weighs a litt le  under 7 tons. The general 
draw ing dimensions determ ined by th e  pump 
engineer and  d raughtsm an are, for obvious



808

reasons, om itted . The bearings N in  F ig . 1 and  
th e  do tted  circle ind ica te  the  re la tive  size of the  
im peller, which is abou t 78 in . d ia.

Since th e  usual o rder is fo r one-off only, i t  is 
p roh ib itive expense to  construc t a fu ll p a tte rn

and core-boxes. The pa tte rn -m ak er m ust, th e re ­
fore, reso rt to  th e  provision of sweep or strick le  
boards and  those portions of p a tte rn  to  shape 
sections of th e  casting  which canno t be pro­
duced by strickles. The draw ing  shows th a t  the
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pum p body is m ade in  two pieces, a  top  and  a 
bottom , w hilst the  p a tte rn  work is described for 
both halves the  practice for loam m oulding, the 
bottom  p a r t only will be outlined . The top  is 
produced in  a sim ilar m anner, much of the  tackle 
m ade for the  bottom  half being la te r  used for the 
top  half.

The series of strickle boards, sketched in 
F igs. 2 and 3, depict by Ab and A t and Hb and

F i g . 2 .

H t the  various sizes of strickles required. If 
the draw ing is studied  the code le tters will show 
from  which po in t each strickle board is used. 
F or instance, Ab and  A t are  used to  describe 
an  arc of 45 deg. when w orking from the  centre 
shown. W ith  the  exception of the  strickles to 
form  th e  bearing  N and m arked Eb and E t, and 
the  s tra ig h t section from  Ab, A t to  the  60-in. 
o u tle t flange, the  strickles a re  used to  describe 
an arc of 45 deg. I t  is possible to  economise in
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tim ber by cu ttin g  down th e  large strick le  boards 
to  serve for th e  sm aller sizes to  th e  ex te n t of p er­
haps 25 per cent. I t  is obvious th a t  Ab, A t, 
Cb and  C t, used fo r s tr ik in g  up  th e  bottom  cas t­
ing, m ust be re ta in ed  to  strik e  up  a portion  of 
the  mould for th e  top  casting .

F ig . 4 describes th e  necessary loose pieces of 
p a tte rn  and core-boxes used in con junction  w ith  
th e  strickles. The code le tte rs  aga in  ind ica te  
for which purpose or portion  of the  casting  they

are  m ade. K  and  L form  the  fee t of th e  casting , 
and  are  constructed  so as to  allow the  core to  be 
made from  inside th e  p a tte rn  work. The sm all 
core-boxes X , Y and  Z a re  ad d itiona l core-boxes 
requ ired  to  complete the  coring of th e  f e e t ; M is 
the  large flange, which is used to  a tta c h  th e  two 
halves of th e  casting  to g e th e r ; N form s the  heavy 
b ea rin g ; O th e  60-in. flange; P  and  Q, hand- 
ho les; R  th e  plough-like section which, along 
w ith  sections S and  T, form  deflectors or baffles
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for the  w ater being expelled; U is a  small core­
box, ou t of which l j - in .  by 3-in. thicknessing 
cores a re  m ade; V, liftin g  lugs; and  W , bosses. 
H av ing  traced  ou t the  p a tte rn  requirem ents, 
one can now describe the  work of m oulding the 
c a s tin g ..

Moulding the Bottom Part.
Before commencing to  mould the  job, much

F i g . 4 .

produce th e  casting . The wise moulder endea­
vours to  visualise his work from  beginning to 
end. W ith  such a  casting  i t  pays for the 
m oulder in  charge of the  job and  the  p a tte rn ­
m aker to  consult for qu ite  a day before actually 
beginning to  lay out th e  tackle for moulding. 
Since th e  designer has decreed th a t  th e  pum p 
body m ust be m ade in  two pieces, instead of, as 
one m ight hope, in  four pieces, the  m oulder m ust 
proceed to  produce his casting . The principal



risks and  difficulties lie in  the  thickness of in. 
in  re la tionsh ip  to  th e  shape.

Obviously, the  casting  is com paratively  th in  
fo r th e  g re a t a rea , and  i t  would be impossible 
to  construct a core which would collapse suffi­
cien tly  to  allow a shrinkage of nearly  2 in . on 
th e  casting  w ithou t special p rep a ra tio n  and  p re­
cau tion . The core m ust necessarily be s trong  to 
allow of hand ling , and  so constructed  to  enable 
a quick free ing  of th e  casting  a f te r  pouring .

812

A strong  bottom -plate, as ou tlined  in  F ig . 5, 
is m ade. A layer of bricks is set in black loam 
over the  whole face of th e  bottom  p la te . Then 
the  jig  p late , A, con ta in ing  n ine cen tres, as 
described on the  d raw ing, F ig . 1, is firmly located 
in to  the  position shown. I t  is th en  good p rac­
tice  to  chalk ou t on th is  first layer of bricks the  
outline of th e  casting  and  core p rin ts , position 
of bearers leading up from  the  bottom  p la te  and 
used for supporting  th e  heavy core, ru n n e r  and
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rise r positions, and even the  position th e  m etal 
ladle will occupy during  pouring, should 'be de­
scribed in the  outline. I t  is w ith in  the  au th o r’s 
knowledge, and no doubt others have experienced 
the  same trouble, th a t  th e re  has been on occa­
sion g rea t difficulty in em ptying the  contents of 
th e  ladle du ring  the  pouring of the  casting. So 
much depends on th e  ga ting  and pouring of 
castings th a t  one is sometimes amazed a t  the

scan t a tte n tio n  paid  to  the  pouring  basin through  
which the  whole of the  m etal m ust pass. N inety- 
n ine per cen t, of otherwise com petent moulders 
will often  fa il in  th is las t im p o rtan t touch to  
th e  assembled mould.

The proper p lanning  out of steps ahead enables 
th e  m oulder to  proceed w ith a g rea te r assurance 
th a t  none of those costly hitches, so easily 
created , will occur. The strickles Ab and  H b 
are  now used to strik e  up the  contour of the
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bottom  face of th e  m ould up to  th e  jo in t, and 
which form s a cen tre  line a t  righ t-ang les to  the  
large flanges. L ittle  in fo rm ation  of the  b rick ­
ing need be m entioned, which is qu ite  o rd inary  
except th a t  six ho rizon tal in-gates a re  a rran g ed  
to  flow in to  th e  m ould a t  th e  lower face-level, 
as shown in ou tline in  F ig . 5 and  in the  sectional 
elevation a t  G2, F ig . 10. The in -gates a re  b e tte r  
form ed in  cores. The in-gates a re  fed  by six 
vertical down-gates lead ing  up  to  th e  jo in t face

F ig. 7.

and  which a re  in  tu r n  fed by th e  tw o m ain  down- 
g ates from  th e  pouring  basin . Loose pieces of 
p a tte rn  fo r form ing th e  fee t, flanges, bosses, 
e tc ., a re  located by using various gauge sticks 
sim ilar to  I  and J ,  F ig . 3, and  stra igh t-edges and 
set-squares.

I t  is necessary to  m ention th a t ,  in  sp ite  of the  
large num ber and  shapes of th e  strick le  boards, 
th e  m oulder m ust be provided w ith  a  num ber of 
sm all loose strickles to  blend one section of
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struck-up  mould w ith ano ther, because, if the 
casting  is studied , i t  will be noted th a t , w hilst 
a perfect sweep can be a rranged  on th e  centre 
corresponding w ith the  jo in t line, the contour 
ot the  casting  calls for an  increase in  dep th  as 
well as w idth. A t the point where one strickle 
finishes and  the n ex t commences there  is an 
average difference of som ething like § in. in 
dep th . T h a t is to  say, a  step is form ed on the  
bottom  face of th e  mould and  which disappears 
as i t  rises to  the  jo in t-line, where th e  correct 
shape form ed by th e  sweeps is encountered. I t  
is across these areas th a t  the  m oulder is called 
upon to  use loose wooden strickles and  tools to 
blend or g rad u a te  the mould according to  design.

H aving  struck  up  the mould to  the  joint-face, 
the  mould is well-finished and  blackened, the 
loose pieces no t being removed a t  th is  junc tu re . 
A t th is  stage the  mould is lifted  on the  stove 
carriage  and  given about 12 hours’ drying, 
tak in g  care no t to  produce too h igh  a tem pera­
tu re  and  th a t  all loose-pattern wooden work is 
well covered w ith w et loam to  preven t too much 
shrinkage and  perhaps bu rn ing  of the  m aterial.

F rom  th is  stage u n ti l completely b u ilt up the 
mould is n o t removed from  the  stove carriage, on 
which all fu r th e r  work of build ing is carried  out, 
the  reason for th is  being to  tak e  advantage of 
each n ig h t to  carry  on the  drying of the  mould 
as i t  grows, because th e  w eight of the  building 
will soon be beyond the  liftin g  capacity  of the 
cranes. The completed mould will exceed 100 
tons.

Core-Making Details.
The construction  of the  core is the  n ex t step. 

The mould is w ithdraw n from  th e  stove and the 
whole of th e  surface covered w ith a lg -in . layer 
of hard-ram m ed loam sand. This is done by 
m aking  a large num ber of 3-in. by l |- in .  square 
slabs of core from  th e  core-box U, shown in 
F ig . 4. The surface of th e  applied thickness is 
well-finished and  blackened, and  again  stoved for 
a few hours. As previously m entioned, the  core 
is specially constructed to  allow the  casting 
freely to  co n trac t on cooling.
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Figs. 6 and  7 show the  necessary cast-iron  
grids or lifte rs . E l ,  F ig . 6, is shaped to  conform 
to  the  contour of th e  bottom  face of th e  core. 
This iron is ligh tened  a  litt le  by coring o u t w ith 
loam bricks and  cores, and  the  underside, which 
m ust come in  con tac t w ith  th e  loam, is jagged 
and  se rra ted  so th a t  th e  m a te ria l will adhere. 
The accom panying m ain  core g rid , F I ,  is soundly 
bolted to  th e  m ain  g rid , E l .  G rid  F I ,  i t  will he 
noted, is m ade to  ca rry  th e  f la tte r  surface of the  
bottom  face of th e  mould. The lif tin g  staples, 
K , m ust be m ade of sound m a te ria l and  well 
sunk in  the  cast m etal.

P la te s  J1  a re  m ade to  cover th e  area  of the  
g rid  F I  beyond, th a t  of th e  m ain  under-g rid . 
On looking la te r  a t  F ig . 10, the  reason fo r th is 
will be ap p aren t. The p lates, J l ,  a re  bedded 
on loam, spread  over th e  surface of F I  to  p re­
ven t the  pressure of m etal b u rs tin g  th rough  the 
underside in to  th e  in te rio r of th e  core.

The build ing  of th e  core is proceeded w ith  by 
carefully  laying over th e  th ickened  mould good 
loam to  a dep th  of abou t 1 |  in . The two m ain  
core-grids a re  washed w ith  th ick  clay-w ater, and 
are  th en  bedded down in  th e  loam. The surface 
under the  g rid  F I  needs ad d itiona l suppo rt, 
which is obtained by th e  use of a  few sho rt 
gaggers. A fte r bedding th e  p lates J l  in loam 
above the  grid  F I ,  to  which they  a re  bolted, a 
9-in. brick w all w ith  a loam face to 'th e  casting  
is b u ilt sufficiently high to  allow the  s tre n g th e n ­
ing p lates G1 and H I, F ig . 7, to  be placed in to  
position. B u t before placing these top  p lates 
in to  position casC iron columns, m arked I I ,  shown 
in  F ig . 6, are  located res tin g  squarely  on iron 
wedges, D l, a rranged  a t  in tervals, as ind icated  
by the  points C l, F ig . 6. P ieces of cast-iron  
p la te  a re  shown a t  D l, placed in  fro n t of th e  
wedges so th a t  -when th e  tim e a rrives to  free 
the  core, wedges can be quickly knocked forw ard  
w ithou t m ishap and loss of precious tim e, when 
i t  is necessary to  relieve th e  casting  for con trac­
tion .

The inside of th e  core is loosely filled w ith 
broken brick  and cinders to  reduce th e  a ir . This 
is done to  p reven t th e  danger of an  explosion,
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which m igh t occur if a drop of m eta l finds its 
way th rough  th e  brickw ork a t  the  m om ent when 
an explosive m ix tu re  of gas is present. The 
plates H I and G l, contain ing  prodders upper­
most, are  seated down on the 9-in. brick wall 
and  th e  cast-iron  supporting  columns. The 
space between the  prodders is nex t bu ilt in w ith 
brick  work and  loam, and th e  strickles A t to  
H t b rough t finally in to  action to  form  the  top 
surface of th e  core. H ere again  the  moulder 
uses add itional short strickles and tools to  blend 
the  points of contac t of one strickle w ith another. 
A fte r finishing and blackening the  top half of 
the  core the  whole of the  mould is again  dried. 
Thicknessing cores are n ex t laid over the  surface 
of the  core to  form  th e  l |- in .  m etal thickness and 
the  u pper and ou ter face of the  mould.

Moulding the Top Portion.
The cope, or top  side, of the  mould from  the 

jo in t is nex t proceeded w ith. The lifting  plate 
A2, F ig . 8, is th en  located, being bedded down 
in  loam placed on th e  jo in t. The liftin g  plate, 
A2, is made so th a t  the  casting  will no t close on 
any section w hilst con trac ting . A m inim um  of 
2 in. of loam is allowed between the  liftin g  plate 
and  the  face of the  mould. The various loose 
pieces of p a tte rn  are  b u ilt in  the  mould during 
bricking, as w ith  th e  bottom . Grids, B2, carry  
the fla t surface above th e  feet, and C2 the 
“  flatish ”  area over the  body and  around the 
bearing  N and  also a portion  of the  core-print. 
G rids, D2, are  b u ilt in  ju s t above th e  top  su r­
face of the  mould to  help to  susta in  the weight 
of the  brick  work over th e  body and core p rin ts. 
All grids, w ith  th e  exception of those above the 
feet, con tain  staples to  allow of bolting to  the 
top  p late , F ig . 9.

The p late , F ig . 9, is cast w ith a large num ber 
of holes to  allow bolting up of th e  jo in t plate 
and  the  grids and  riser and runner-gate  open­
ings. The openings for the  ru n n er and riser 
gates are  elongated sufficiently to  allow the  use 
of the  same tack le  for more th a n  one size of 
cen trifuga l pump body. I t  will also be noted
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th a t  a large opening is form ed in th e  cen tre  of 
the  p late  and  shown covered by a sm aller p late . 
This hole is a rran g ed  to  avoid th e  danger of a 
frac tu red  p la te , which is n o t uncomm on w ith  a 
solid p late . The a u th o r recalls th e  b reak ing  of 
a 40-ton bottom  p la te , which, on being m ade a 
second tim e w ith  a large hole in th e  cen tre , came 
o u t qu ite  sound. A p la te  so m ade is certa in ly  
s tronger th a n  one w ithou t a hole. Q uite a  long 
sto ry  could be given as to  why such plates, when

F i g . 8.

cast solid, often  break. One can  now jum p to 
the  po in t where the  mould has been b u ilt up, 
jo in t p la te  and lif tin g  grids bolted to  th e  top  
p lates, runner- and  riser-gates w ithdraw n, and 
locating  m arks for reassembly of th e  mould 
s truck  vertically  across th e  jo in ts  on a p repared  
and smoothed loam surface.

Before b reak ing  up  th e  m ould, th e  whole of 
the  construction  is given 30 to  32 hours’ d ry in g ; 
th en  i t  is broken down to  allow th e  finishing of
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the  mould and core. This is done by first l i f t­
ing  off the  top  p a r t  or coping, then  th e  core 
ex trac ted , finished, and  placed in th e  stove for 
d rying, and  th e  top  p a r t  placed again  on the 
bottom  p a r t  to  allow a m oulder to  tr im  the 
jo in ts from  th e  inside of th e  mould. All fu r th e r 
finishing, blackening and locating of sm all cores 
is accomplished when th e  top  and bottom  p a rts  
have again  been parted .

W hen th e  mould and core a re  considered to  be 
thoroughly dry, th e  mould is assembled in a p it
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sunk in  the  foundry  floor. A cross-sectional 
view of th e  assembled mould is shown in  F ig . 10, 
which is to  a large ex ten t self-explanatory. H2, 
in  F ig . 10, describes the  m ethod of supporting  
and  holding down the  heavy m ain  core. I t  is 
essential th a t  th e  cast-iron stud  be supported  by 
an  iron  p illa r b u ilt up  from  th e  bottom  p la te  a t  
the  po in t of contact. The core should also have 
a corresponding con tinu ity  of m etal support pass­
ing th rough  the  loam of the  core to  the  m etal of 
the  grid .
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A fter placing in the  p it and firmly securing 
the mould w ith  the  binders, J2 , and hook-bolts, 
12, and locating  the  v en t pipes, M2, around 
which p lates a re  fixed to  block off the  open ends, 
th e  mould is ram m ed round w ith  sand to  the 
jo in t face and  pouring bush, K2, and riser-gates, 
L2, a re  form ed. The pouring basin, K 2, is made 
w ith  a strong  dry-sand facing m ateria l, which is 
blackened and  dried  by an open fire. The mould 
is th en  poured w ith an  iron of m oderate streng th  
and  of approxim ately  th e  following an a ly s is : — 
T otal carbon, 3.2; silicon, 2 .0 ; m anganese, 0.65; 
su lphur, 0.12; and phosphorus, 0.7 per cent.

Almost im m ediately a f te r  pouring labourers 
are  posted to  dig around  th e  mould to  allow of 
free ing  the  casting . In  the  m eantim e a fore­
m an m oulder, the  two loam m oulders, the  fore­
m an dresser and  several dressers re tire  for tea. 
On th e ir  re tu rn  they  are  able to  commence the 
freeing  of the  core. Section AA and B, F ig . 10, 
will ind icate  how the  core is released. One gang, 
w orking from the  d irection  of the  o u tle t end, B, 
and ano ther from  the  la rger open end, section 
AA, proceed to  knock ou t the  bricks m arked T l. 
W hen the  bricks have been cleared r ig h t th rough  
from  one side to  the  o ther, th e  cast-iron props, 
I I ,  a re  knocked over, a f te r  first d riv ing ou t the 
cast-iron  wedges, D l. There is thus full free­
dom fo r the  casting  to  con trac t. The casting, 
when dressed, weighs only 7 tons, although hav­
ing tak en  from  six to  seven weeks to  make by 
two moulders and two labourers.

Pulping-M achine Jacketed-Cylinder.
F ig . 11 shows the type  of casting to  be 

described—a pulping-m achine jacketed-cylinder, 
which is required  to  be in  a very sound condition. 
The m achine, of which th is casting  forms the 
most im p o rtan t p a rt , is employed to  mix and 
break  up wood pulp for various purposes. So 
fa r  as the  m achines the  au th o r has already made 
a re  concerned, they have been used in connection 
w ith  the  m achinery p lan t producing artificial 
silk. The m ateria l, a fte r  pulping, is passed from 
the  m achine to  the ad jacen t and com plem entary
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hydraulic-press m achinery and form ed in to  cakes, 
which a re  subsequently  passed th rough  a  chemical 
process by which th e  m a te ria l is dissolved and 
forms w hat is known in  th e  tra d e  as th e  viscose 
solution used for th e  sp inn ing  of artific ia l silk. 
The capacity  of th e  m achine is 29 cub. f t . ,  and 
is subjected  to  w ater p ressure. As w ith  any 
casting , th e re  is m ore th a n  one way to  m ake the  
cylinder, b u t th e  m ethod to  be described resu lted  
in an en tire ly  sa tisfac to ry  casting . The casting  
weighed close upon 2 tons, and  th e  th in n es t 
m etal section was f  in .

F i g . 11.

Making the Pattern.
Before commencing to  m ake th e  p a tte rn , th e  

m oulding p ractice to  be followed was carefully  
considered and  th e  p a tte rn  m ade in  th ree  pieces 
—a top and two sides, assembled on a ram m ing  
block as shown in  F ig . 12. The ram m ing  block 
is shown pushed well back on th e  u n d e r side of 
the  p a tte rn  sections to  enable th e  opera tive  to  
ge t a  clear view of th e  ou tline  of th e  p a tte rn . 
P la te s  holding tap p ed  holes to  allow of bo lting  
th e  sections of p a tte rn  to  th e  m oulding boxes 
were located, two of which can be seen in  F ig . 12. 
Below these p lates can be seen m ark ings. These 
m arks were used as guides to  locate bearers to
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suppo rt th e  m etal studs when coring. The core 
boxes were also made in  th ree  pieces and corre­
sponded w ith  th e  th ree  sections of th e  p a tte rn . 
The design of th e  core boxes is shown on the  
fa r  side and  behind th e  p a tte rn . The p r in t for 
th e  cores is seen in  th e  fro n t of th e  p a tte rn . 
A core m ade ou t of th e  core box on the  rig h t 
of th e  p a tte rn  would fit in to  th e  bottom  half 
of th e  core p r in t on th e  side tu rn ed  tow ards 
us according to  th e  photograph.

Core-Making.
The m aking of th e  cores is m ade more difficult 

by th e  in troduc tion  of th e  streng then ing  rihs, 
which pass th ro u g h  from  one wall of m etal to 
th e  o ther, thereby b reak ing  up th e  continu ity  
of th e  core. The side cores were consequently 
m ade in  two pieces, divided vertically  along the 
cen tre  rib . P ieces were cu t ou t of th e  core-box 
ribs to  allow th e  core irons to  pass th rough  from 
one panel to  th e  o ther for the  purpose of 
s tren g th en in g  th e  core. The core iron  was, of 
course, of a  composite n a tu re , cast-iron bars 
holding a  num ber of w rought-iron  bars b en t to  
conform to  th e  shape of th e  box. C ast-ir6n 
bars were also passed th rough  th e  section of 
m etal fram ing  th e  ribs and were w ired to  the 
w rought irons and were easily broken when ex­
tra c tin g  th e  core. The large  num ber of bosses 
were chilled from  th e  cores. These chills or 
denseners were w ired to  the  core irons.

The cores were ram m ed up in  oil sand m ade of 
la rge-grained  washed silica sand in  th e  propor­
tion  of one of oil to  25 of sand. Several strings 
of cinders were led up to  the p r in t of th e  core 
from  about 2 f t . from  the  bottom  side. These 
s trings of fine cinder were gathered  together 
and  were m et by small tubes set in  th e  p r in t of 
th e  core. I t  may be asked why were cinders 
in troduced  in to  an oil-sand core? I t  is su r­
p rising  how much gas is given off from  an  oil 
sand core, and  in  such cases as the  casting 
described th e re  would be no hesita tion  in  aid ing 
th e  ex it of th e  huge volumes of gases formed 
when the  m etal is poured. The flames from  the  
ven t tubes were a yard  long for qu ite  five 
m inutes a f te r  pouring.
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Moulding Details.
F ig . 13 shows a t  AA a sectional elevation of 

th e  assembled mould ready for pouring  crown 
upw ards. To commence m oulding, th e  bottom  
box, B, is ram m ed up to  form  a fla t oddside to 
receive the  assembled p a tte rn  which s its  on th e  
ram m ing block as ou tlined  when describing the  
p a tte rn . The m iddle box p a rts , C, on th e  u nder­
sides of which is bolted th e  lif tin g  p la te , F , are 
placed in to  position and  th e  mould ra mmed up 
u n til th e  top jo in t, 0 , can be form ed. D uring  
th e  ram m ing of th e  m id-parts , b eare r studs, G, 
are  soundly located (guided by th e  m arks of the

F i g . 1 2 .

p a tte rn ) . Hook bolts pass th ro u g h  from  th e  
outside of th e  box and  in to  th e  holes in  the  
p lates a ttach ed  to  th e  side of th e  p a tte rn , and 
iron bearers, M, placed u nder th e  core p rin ts , N . 
The top  jo in t, O, does no t coincide w ith  th e  jo in t 
of th e  p a tte rn , b u t w ith  th e  top  of th e  p r in t 
of th e  core. Before tak in g  o u t th e  tw o side 
sections of th e  p a tte rn s , th e  sand  above th e  
jo in t-line is cu t away and  subsequently  m ade up 
a f te r  coring.

In  ram m ing th e  top  p a r t , D , rise r-ga tes  a re  
located on th e  m ajo rity  of lugs and  bosses,
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several of which are  indicated  by dotted  lines. 
D uring  th e  ram m ing of th e  top, bearers are 
in serted  to  receive the  studs, K . A fter bolting

F i g . 1 3 .

th e  sections of p a tte rn  to  th e  top and m id-parts, 
th e  mould is tu rn ed  over and the  mould-core 
and bottom  p a r t  ram m ed up, du ring  which
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operation  bearer supports, I ,  are  located to  
suppo rt th e  studs, J ,  and  cinders, and th e  ven t 
pipe, L, in serted  to  carry  away th e  gases passing 
down from  th e  ven t holes m ade by th e  ven t wire. 
The jo in t of th e  mould-core, or cod, conforms 
to  th e  shape of th e  inside of th e  casting  and is 
carried  forw ard abou t 12 in . from  th e  face of 
th e  casting  to  allow of m aking a  w ell-tapered

and safe jo in t and also to  allow th e  a rran g em en t 
of th e  six teen  2-in. by ¿-in . in-gates, as shown 
in  F ig . 14.

The ram m ed-up mould is tu rn e d  back to  the  
position requ ired  fo r casting . The top  p a r t ,  D, 
is first lifted  off, carry ing  w ith  i t  th e  top  section 
of the  p a tte rn , and th en  th e  m iddle p a rts , H , 
carry ing  the  two rem ain ing  sections of th e



827

p a tte rn , a re  lifted , leaving th e  mould-core 
s tan d in g  on th e  bottom  p a rts . The work of 
finishing th e  mould is th u s  grea tly  fac ilita ted . 
The m ould is well d ried , especially th e  bottom  
p a r t  holding the  cod.

A fte r d ry ing , the  m iddle p a rts  are  placed to  
enable th e  side cores to  be fastened to  the  mould, 
as shown in  section AA, before low ering the 
m iddle p a rts  over th e  bottom  p a rt . The le tte rs  
H  ind ica te  hook-bolts passing from  th e  core 
th ro u g h  th e  mould to  th e  outside of th e  box. 
The bolts in  th e  bottom  p a r t  of the  mould pass

F i g . 15.

th rough  the  section of m etal form ing th e  outer 
wall, pulling against thickness studs which rest 
aga in s t th e  m etal bearer studs, G. A fter 
m aking good th e  jo in ts  of th e  core so th a t  the 
con tinu ity  of the  core section is not divided 
by a flash of m etal the  middle p arts  are then  
located on the  bottom  box. The top core is next 
placed in  position, resting  on the  p rin ts  of the  
two side cores and  bolted back to  th e  sides. 
V en t pipes, F , are  located and the  core p rin ts  
sealed and  form ed to  correspond w ith  th e  top 
jo in t, 0 , again .
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The top core was too weak to  avoid th e  use 
of studs under and above, b u t th e  m inim um  
num ber were used by th e  a rrangem en ts outlined . 
The studs were carefully  selected, sam ples of 
which were tes ted  before using , and  th e  hook- 
bolts, H , were thoroughly  ground  and  cleaned 
on th a t  p a r t  which passes th ro u g h  th e  m etal 
section. W herever possible i t  is th e  best p ractice

F i g . 16.

to  use clean m achined or g round  m eta l studs or 
chaple t stems. I t  is only necessary to  sm ear the  
m ateria l w ith oil to  p reven t ox idation  w hilst 
w aiting  for the  m etal to  be poured.

The top p a rt , D, was no t placed in  position 
un til the ru n n er basin and  rise r ga tes had  been 
made. The en trance  to  th e  e ig h t dow n-gates 
were form ed w ith  dry-sand ball-cup cores, as
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shown in  th e  upper p a r t  of th e  draw ing in 
F ig . 13. F ig . 14 gives a plan  view of the  ru n n er 
and riser-gate  box, which is m ade in one piece. 
All risers were le f t open d u ring  casting.

The m eta l is first adm itted  th rough  e igh t in ­
gates s itu a ted  6 in. from  th e  bottom  of the 
mould and pouring in on e ither side of the  core 
by liftin g  first the  fou r ball-stoppers controlling 
th e  fou r outside m ain  down-gates. W hen about 
one-th ird  of th e  m eta l has been poured, th e  re ­
m ain ing  four ball-stoppers are  lifted , allowing 
a quick and  un iform  filling of the  mould. This 
scheme of ga tin g  was arran g ed  to  secure free­
dom from  unsoundness, as would be most pro­
bable if ga ted  from  one or two points only, and 
also to  p reven t erosion of the  oil-sand core.

F ig . 15 shows a part-sectional elevation of the 
ga tin g  and  a view of th e  outside of the box, 
showing the  ven t pipes, F , and the  hook bolts, 
H . The analysis of the  m etal poured was 
as fo llow s:—T otal carbon, 3.2; silicon, 1.75; 
m anganese, 0 .8 ; su lphur, 0.13; and phosphorus, 
0.65 per cent.

Carding-Engine Cylinder.
The cylinders are  the  m ost im p o rtan t castings 

used in  th e  construction  of card ing  engines, 
which are employed for card ing  and cleaning 
cotton, wool, w orsted, or w aste in th e  tex tile  
trad e . The draw ing A, F ig . 16, shows the  sec­
tio n  and  p lan  of a  carding-engine cylinder 
w eighing approxim ately 18 cwts. This casting  is 
chosen to  illu s tra te  p rincipally  the  design of a 
collapsible core-barrel, although  th ere  a re  other 
in te resting  fea tu res connected w ith the  casting. 
The m ethod described is th e  p ractice followed in 
th e  several tex tile  engineering  foundries for 
m aking cylinders vary ing  from 24 in. d ia. to  60 
in. d ia ., and  in  lengths or w idths, as described 
in  th e  trad e , from  40 in. to  72 in ., and  in weight 
from  a litt le  under 4 cwts. to  28 cwts. Castings 
54 in. dia. and up  to  108 in. in  leng th  are  made 
by th e  o rd inary  loam-moulding practice, and 
weigh up to  2 tons.
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The physical requirem ents, so fa r  as s tren g th  
is concerned, are  only m oderate, as th e  cylinders 
do no t revolve a t  m ore th a n  500 revolutions per 
m inu te , b u t th e  q u a lity  of finish m ust be of a 
h igh  order. To secure such castings w ithou t 
blemish requires a carefu lly -stud ied  and  s tan d a rd  
practice . On looking a t  th e  sketch in  F ig . 15, 
i t  w ill be no ted  th a t  th e  casting  is 64 in . long 
and  50 in . d ia ., y e t th e  m eta l section is only 
f  in . for a f- in . finished casting  section. In  
sm aller sizes, from  50 in . by 40 in . downwards, 
the  section is u nder rg-in. finish.

I t  is m uch sim pler to  produce a cylindrical 
casting  such as obtains in , say, gas, oil and 
steam  engine liners in  which th e  section is 
much th icker com pared w ith  th e  size of th e  cast­
ing. There is, therefo re , w ith  carding-engine 
cylinders a  th in  section of com paratively  large 
a rea , and  i t  will be ev iden t th a t  any  scum or 
d ir t  le ft in  the  mould or crea ted  by scabbing and 
erosion, or en te rin g  w ith  th e  m eta l, will have 
li tt le  chance of floating in to  th e  2-in. scum -head 
provided. D ir t form ed by scabbing is alm ost 
invariab ly  found ad jacen t to  th e  a rea  where i t  
o rig inated , or, if i t  en te rs  w ith  th e  m e ta l, ' i t  
will be found in th e  zone corresponding to  th e  
am ount of m eta l which has been poured a t  the  
tim e of th e  e n try  of th e  scum. The head m eta l 
serves a more useful purpose in  c learing  th e  top  
side of gas holes, and , of course, a c e rta in  am oun t 
of d ir t.

Pattern-Making Details.
B, in  the  half-section AA, is a  sketch of the  

p a tte rn , which is m ade e ith e r of rolled steel or 
cast iron, m achined to  allow a d ra f t  or ta p e r  of 
rs  in. on th e  leng th  of 72 in ., and  also con trac­
tion  and  -g-in. m achining allowance. The p a t­
te rn  is supported  on th e  inside, top  and  bottom , 
by end-plates th ro u g h  which runs a  3-in. spindle 
w ith a hole for a shackle, as shown a t  K  in  the  
sketch. G rea t care is tak en  to  balance th e  p a t­
te rn  so as to  allow as perfec t w ithd raw al from  
th e  sand as possible. The p a tte rn  holds a 
tap ered  p r in t which, when located in  th e  m ould­
ing box, sits in  a  m achined m eta l p r in t, D.
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Moulding-Box Construction.
B oth sections AA and  BB show the  design of 

m oulding box used, and which is moulded in sec­
tions and  bolted together. The m oulding boxes, 
H , a re  cylindrical and  perfo ra ted  for venting  
and  d ry ing  purposes, and allow 2 in . of ram m ed 
sand  around  th e  p a tte rn . The bottom  box is 
m achined on the inside to  form  a m etal p rin t, as 
shown a t D . F  ind icates a  bar bolted to  the  
bottom  box, th rough  which is bored a hole g in. 
la rg er th a n  the  spindle, G, in  th e  core bar, and 
is used as a  guide to  cen tre  the  core prio r to  i t  
en te rin g  th e  tap e red  p rin t, D. J  is a c ircu lar 
runner-bush  bolted to  the  box. I  shows by dotted  
lines th e  vary ing  depths of m oulding boxes to  
tak e  th e  vary ing  depths of castings. E  indicates 
the  clearance allowance between th e  core bar and 
the  bottom  section of th e  m oulding box.

Moulding.
The 2 in . of space is- ram m ed w ith a m ix tu re  

of equal p a rts  of red  and  black sand and 5 per 
cen t, of m anure . The ram m ing is s tra ig h t­
forw ard, a lthough  care m ust be exercised, o ther­
wise swelling or scabbing will tak e  place where 
th e  sand is loosely ram m ed. The mould is wet- 
blacked w ith  a plum bago m ix tu re  and then  
thoroughly dried.

Core>Making.
Section BB shows the  core, C, placed in  the 

mould and  s ittin g  in  th e  m etal p r in t, D. The 
horizontal ribs are  form ed when strick ling  the 
core, b u t th e  vertica l ribs are  rubbed w ith a 
special gauge, the  position of which is de te r­
m ined by ro ta tin g  th e  core u n ti l one of th e  holes 
in  th e  top  p late  of th e  spider can  he engaged by 
a p in . M shows th e  top  p rin t, which is th e  same 
d iam eter as th e  ou ter mould and, when lowered 
in to  position, blocks o u t and forms the  top  face 
of the  rim  of th e  casting . A num ber of spray- 
top  drop-gates, |  in. by in ., and  16 in  num ber, 
a re  equally spaced and arranged  round  the  
periphery  of th e  casting . These spray-gates are  
form ed by rubbing  w ith  a file across the  p rin t,
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giving them , w hilst doing so, a sligh t tan g en tia l 
en try  in to  th e  m ould, as shown in  th e  sketch.

The sketches M and  L show the  cham fering 
of the  sharp  edges of th e  core p r in t, both top  
and  bottom . This is done to  p reven t crush ing  of 
th e  keen edges, as will be expected when i t  is 
s ta ted  th a t  th e  to ta l wmight, w ith  core barre l, 
is nearly  5 tons.

Construction of Core Barrel.

F ig . 16 illu s tra tes  th e  draw ing details fo r the  
collapsible core b arre l, w hilst F ig . 17 shows the

F i g . 17.

constructed  core b arre l res ting  on trestles , w ith  
one of the  four loose segm ents slung in th e  crane 
ready to  lower in to  position and  com plete the  
barre l. The b arre l is composed of a 3-in. spindle, 
long enough to  allow one end, sligh tly  tap ered , 
to  p ro trude  18 in. and  to  ac t as a guide when 
coring the  mould and  th e  top  end, w ith  a hole 
th rough  i t  to  tak e  a shackle when low ering in to  
position in the mould. The cast-iron  flanges 
are  fixed firmly to  the  spindle and  well braced 
w ith  steel rods, th e  whole form ing a sp ider to  
hold four segm ents, which form  a com plete circle
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in to  position, being located by a long pin a t  
w hat will be the  top  end, when in  position in 
the  mould, and  is secured by a co tter. The
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F ig . 18.

bottom end of the  segm ent is located by a short 
pin, the  nose of which enters a countersunk hole 
in  the  bottom  flange of the  spider. The seg­
m ents are  perfo ra ted  and  serrated  to  hold the 
loam, th e  allowance on the  barre l being 1 in .,
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excepting the tapered  p rin t, on which a m inim um  
of loam is required .

Obviously g re a t accuracy is requ ired  in such 
a  core. The tap e red  p r in t  m ust also close 
exactly  in to  th e  m etal p r in t, otherw ise leakage 
of m eta l will occur. The core is sw ept up  on 
perm anen t iron  trestles, th e  spindle revolving on 
rollers. The position of th e  m e ta l strick le  is also 
perm anen t, and  is held in to  its  correct place by 
locating  pins.

Tig. 18 shows the  mould ready  for casting , 
w ith th e  core lowered in to  its  place. This 
photograph  will also serve to  illu s tra te  th e  ac t 
of w ithdraw ing  the  sp ider a f te r  casting . The 
casting  is relieved about five m inutes a f te r  pour­
ing by knocking ou t the  co tte rs securing the  
segm ents to  th e  sp ider and  w ithdraw ing  th e  
la t te r  w ith  th e  crane in th e  m anner shown in 
the  photograph. A fte r w ithd raw ing  th e  spider 
the  two sm all segm ents are  knocked forw ard  by 
a b ar, they  being held in th e  crane slings w hilst 
doing so. Thus, all fou r segm ents a re  w ith ­
draw n from  the  inside of th e  casting .

V ery often  th e  sp ider is placed on th e  trestles, 
the  segm ents assembled thereon , and  th e  loam 
sw ept on the  b a rre l while s till w arm . I f  th is  is 
done, the  core can be slipped up  tw en ty  m inutes 
a f te r  the  roughing coat. The m eta l poured in to  
such castings is of a m edium  quality , and  of th e  
following com position :—T otal carbon, 3 .5 ; sili­
con, 2.0; m anganese, 0 .5 ; su lphur, 0 .15; and 
phosphorus, 0.8 per cent.
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Birmingham Branch.

HISTORY OF IRONFOUNDING IN THE MIDLANDS.

By D. H. Wood (Member).
The h isto ry  of the M idlands, p resenting  many 

fea tu res of unique in terest, w ith an in tim ate  
bearing upon national economics and industria l 
developm ent, has been w ritten  in term s of coal 
and iron. I t  was not here, however, th a t  the 
earlies t coal hewers and ironworkers in B rita in  
were to  be seen.

W hen the  Romans, profound believers in the 
law th a t  m ight is rig h t, wrested the country 
from  its na tive  races, they  found the  m etal 
a lready known to  the prim itive islanders whom 
they  encountered on the coasts. P robably the 
knowledge was first introduced by nomadic 
w anderers from  Europe, who had themselves 
acquired i t  from  the  east where iron had been 
used, m ainly for the purposes of w ar, since the 
earlies t Biblical times.

B u t the  R om an colonists were the  first to 
undertake  iron production in E ngland  on a 
scale w orthy of serious notice. W herever they 
settled  they  lost no tim e in u tilising  the n a tu ra l 
riches which they found readily  available. Their 
en terprise  was as rem arkable as th e ir industry  
was prodigious. They le ft s trik ing  proofs of 
th e ir ac tiv ity  in enormous heaps of cinders and 
offal, and as la te  as 1677 th a t  ex trao rd inary  
W orcestershire genius—Andrew Y arran ton— 
estim ated th a t  the Rom an cinder mounds in the 
Forest of Dean and a t  W orcester alone were 
sufficient to  “ supply the iron works some hun­
dreds o f years,” and he added th a t  “  these 
cinders are they which make the prime and best 
iron, and w ith m uch less charcoal than doth the 
ironstone,”

2  e  2
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T rade followed th e  flag of th e  Rom ans along 
the  g re a t highw ays in to  th e  M idlands, and  the  
iron forgers who se t up  sm elting fires a t  th e  
crossings of valleys, or on th e  tops of hills, on 
or near Icknield  S tree t and W atling  S tree t, 
where they  pen e tra ted  deepest in to  th e  S tafford­
shire, W arw ickshire, W orcestershire and  Shrop­
shire forests, unconsciously provided po in ters for 
the  u ltim ate  destiny  of the  area  whose indus­
tr ia l  expansion, a tte s ted  by a chain  of g re a t and 
prosperous towns, has had  few parallels.

A Lost Opportunity.
The tra n s itio n  whicl» produced th e  “  Black 

C oun try ,”  challenging th e  suprem acy of the 
N orthum berland  m in ing  area, which, previous 
to the  e igh teen th  cen tu ry , was known as “  The 
Black In d ies ,”  was slow in  developing. One of 
the facts which m ost strongly  im presses itself 
upon th e  s tu d en t of iron -trade  h is to ry  is the  
u tte r  fa ilu re  of th e  people in  th e  fo u rteen th  and 
fifteenth  cen turies to  g rasp  th e  p o ten tia lities  a t  
th e ir  command, i h e  lessons of th e  Rom ans 
seem to  have been en tire ly  lost upon them , and, 
a lthough iron was so scarce th a t  P a rliam en t 
p rohibited  its expo rta tion  under heavy penalties, 
they m ade no effort to  tu rn  th e  ex is ting  w ealth  
of E nglish iron-ore deposits to  account, b u t 
obtained th e ir  supplies of iron  and  steel p rin c i­
pally from  Spain  and Germ any.

The Sussex Iron Industry.
F or nearly  two cen tu ries th e  m an u fac tu re  of 

iron in  th is country  was a t  a s tandstill. I t  was 
actually  in  Sussex th a t  the  first sym ptom s of 
revival appeared . Cam den, w ritin g  in 1607, 
quain tly  tells us th a t  Sussex is “ fu ll of m ines 
everywhere for the casting o f which there are 
furnaces up and down the country  and abund­
ance of wood is yearly spent. M any stream s of 
water are drawn in to  one channel and a great 
deal of meadow ground is tu rned  in to  pools fo r  
the driving of m ills which, beating w ith  ham mers 
upon the iron, fill the neighbourhood day and  
n igh t w ith  th e ir  noise.”
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M any of th e  noble fam ilies, such as the  
Nevilles, th e  Percys, th e  H owards, and the  Ash- 
burnham s owned ironworks in  Sussex. The 
F ullers won th e ir  fo rtune  from, and owed the ir 
social rise to , the  same source, and recognition 
of th e ir  indebtedness is im plied in th e ir family 
coat of arm s, which fitting ly  shows a p a ir of 
tongs w ith the  m otto “ Carbone et F orcipibus.”

According to  one well-known au tho rity , the 
to ta l num ber of blast furnaces in E ngland  about 
1720 was six ty , which produced an annual o u t­
p u t of some 17,000 tons of pig-iron between 
them , or a to ta l considerably below the capacity  
of a  single big m odern b last furnace. As an 
exam ple, the  o u tp u t of a modern furnace, 
such as th e  Dowlais p lan t, produces approxi­
m ately  3,300 tons weekly.

I t  may be w orth  chronicling as a po in t of 
histo ric  in te res t th a t  one of the  last extensive 
contracts executed in Sussex was the  casting  of 
the  iron railings for S t. P a u l’s C athedra l. The 
con trac t was considered too large for one iron­
m aster to  undertake , and i t  was consequently 
divided am ongst several contractors. The knell 
of the  iron trad e  in  Sussex was rung  w ith the 
destruction  of the ad jacen t forests, th e  con­
sum ption of wood being trem endous. I t  re ­
quired  four loads of tim ber converted in to  char­
coal fuel to  make a ton  of pig-iron, while for 
every ton  of bar iron th ree  additional loads were 
needed. Wood was the  only fuel used e ither 
for m anu fac tu ring  or domestic purposes. Coal 
had  been more or less known in E ngland from 
a t  least as early as 832. I t  was first brought 
from  deposits on or near the coast, and so became 
known as “ sea coal.” B u t i t  had  no t a t  th is 
tim e en tered  into serious com petition w ith wood 
as a fuel, and  th e  disappearance of th e  forest 
grow ths th rough  the  insatiable demands of the 
“ voracious iron mills ” excited the  gravest 
apprehensions lest there  should not only be in­
sufficient tim ber le ft for naval construction, bu t 
th a t ,  as a resu lt of the  absence of fuel, “ the 
fishermen would not be able to dry their clothes 
or warm their bodies when they  came in  from
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the sea.” Acts of P a rliam en t were accordingly 
passed for the  pro tection  of th e  forests. The 
establishm ent of ironworks w ith in  a rad ius of 
tw enty-tw o miles of London was prohibited , and 
iron m anufac tu re  was d is trib u ted  over o ther 
p arts  of the  country , including South  W ales and 
the  M idlands. The tig h ten in g  of th e  re s tr ic ­
tions aga in s t wood consum ption p lunged the  
industry  once more in to  depression, which was 
accen tuated  by th e  destruction  d u ring  the  Civil 
W ars of all th e  works belonging to  R oyalists, 
b u t ou t of chaos came the  in d u s tria l revolution, 
one of the  d is tingu ish ing  fea tu res  of which was 
the tr iu m p h  of the  M idland iron -foundry  trades.

Birmingham’s Original Industries.

B irm ingham  cutlers, we a re  told, supplied 
Cromwell’s arm ies w ith  pikes and swords, b u t 
the speciality  of th e  tow n even a t  th is  early  
period was ironm ongery, including every k ind 
of artic le , some of daily  use, and  o thers which 
varied  w ith  th e  fashion. They ranged  from  nails 
and locksm iths’ necessities to  m eta l b u tto n s and 
shoe-buckles, and included th e  whole of th e  
B irm ingham  toy industry . The in h ab itan ts  of 
the  tow n were said to  be as industrious as they  
were skilful, and “  th e  sound of ham m ering  was 
to  be heard  a t  th ree  o’clock in  th e  m o rn in g .” 
The dem olition of the W elsh ironworks, followed 
la te r  by those in  the  F o res t of D ean, and  the  
u ltim ate  blowing ou t of th e  la s t of th e  Sussex 
iron furnaces, le f t th e  field clear fo r M idlands 
en terp rise , and very soon th e  “  villages ”  of 
W olverham pton, Dudley, W ednesbury, e tc ., ex­
panded in to  busy and th r iv in g  tow ns. As a ru le , 
mine and b last fu rnace  a t  first con stitu ted  p a rts  
of one u ndertak ing . The ore was sm elted on 
the  spot and the  am ount ex trac ted  was orig inally  
lim ited by the dem ands of the  ironw orks in the  
im m ediate neighbourhood.

There was am ongst th e  early  ironfounders, as 
am ongst householders, a stran g e  unreasoning  
prejudice aga in s t the  use of coal. The old 
m anufactu rers, indeed, held i t  to  be impossible to
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reduce the ore by any o ther m eans th an  charcoal 
of wood, and  th e ir  resistance to  the innovations 
and  im provem ents in methods of iron production 
which so speedily raised  E ngland  to the  s ta tu s  
of th e  chief m etal-w orking country  in the  world 
and , incidentally , established the  rep u ta tio n  of 
th e  M idland ironfounders on a basis which has 
never since been seriously shaken, stands as one 
of the  most am azing historic examples of short­
sighted  ignorance on record.

Then, as now, th e  very foundations of society, 
“ the tools and im plem ents of peace,” as Smiles 
expresses it , “ as well as the weapons of w ar,” 
depended upon an  ab u ndan t supply of iron, and 
the  policy which con tribu ted  to  its cu rta ilm en t 
was, in  effect, a dangerous public menace.

How foolish i t  had really been was emphasised 
by no th ing  so much as the  g igan tic  leap forw ard 
which was tak en  when the  industry  was liberated  
from  the  shackles of narrowness, and welcomed 
the  inven tor as an aux iliary  instead  of fearing  
him as an enemy.

A m iracle of transfo rm ation  was effected, and 
all classes shared in  an unprecedented spell of 
p rosperity . V ivid p ictures have been presented 
by Dickens, D israeli, and o ther em inent w riters 
of th e  ex trao rd in ary  spectacle of feverish indus­
t r ia l  ac tiv ity  which the M idlands presented in 
th e ir  response to  inventive genius. From  
thousands of chim ney stacks dense clouds of 
black smoke poured unceasingly, to  hang over 
the  whole d is tr ic t like a pall. F rom  mines, 
mills and  forges came a no less in sisten t volume 
of sound, while a t  n igh t the  glare of b last fu r­
naces lit up the whole countryside, producing 
effects which le f t an ineradicable effect upon the 
m inds of strangers .

The Development of Smelting.
Necessity compelled the ironm asters to  tu rn  

to  substitu tes for wood-ash or charcoal in the 
sm elting of iron, and  a t  the ou tset they  groped 
very hesita ting ly  w ith the problem in those tr y ­
ing and difficult tim es. The most perplexing
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trouble p resen ting  itself in  th e ir  te n ta tiv e  ex­
perim ents w ith  coal as a fue l arose o u t of the  
action of iron  ore in con tac t w ith  th e  sulphurous 
compounds libera ted  from  coal by th e  process of 
combustion. I t  was found th a t  th e  iron  first 
yielded was im pure and  b ritt le , and  i t  was qu ite  
impossible to  ham m er it.

P rogress was really held up u n til 1612, when a 
ce rta in  Simon S tu r te v a n t, who, if n o t a G erm an, 
was certa in ly  of G erm an orig in , secured le tte rs  
p a te n t conferring  upon him  the  exclusive r ig h t 
to  “  neale, m elt and  worlce all kinds o f m eta l 
oares, irons and steeles w ith  sea-coale, pit-coale, 
earth coale and brush few ell.”

S tu r tev an t, whose idea seems to  have been to  
reduce the  coal by an im perfect com bustion to  
the  condition of coke, and  so rid  i t  of “  those 
m alignant proprieties  (sic) which are averse to  
the  na ture of m étallique substances,” se t up 
ex trav ag an t claims for his discovery, contending 
th a t  i t  “ will prove to be the best and  m ost 
profitable business and inven tion  th a t ever was 
know n or inven ted  in  Jingland these m any  
years.” B u t no th ing  came of it . Before the  
year was out, his p a te n t was declared to  have 
lapsed on th e  ground th a t  he had  fa iled  to  use 
it. H is r igh ts  were tran sfe rred  to  Jo h n  Roven- 
zon, a protégé  of the  th en  P rin ce  of W ales. 
Like S tu rtev an t, he, too, prom ised a good deal 
more th an  he found i t  possible to  perform , and 
it  was le f t to  Dud Dudley, the  n a tu ra l son of 
E dw ard, Lord Dudley, of D udley C astle, to  p re ­
pare the  way for th e  palm y days of th e  iron 
trad e  w ith  his discovery of th e  process of “  m elt­
ing iron ore, m aking  bar-iron , e tc ., w ith  coal 
in furnaces w ith bellows.” H is p a te n t was tak en  
ou t by his fa th e r—Lord D udley—in 1620. Dud 
Dudley, a s tu d en t a t  B aliol College, O xford, was 
g ifted  beyond th e  o rd inary  w ith  capacity  for 
scientific investigation , and p rac tica l experi­
ence, gained a t  an iron  fu rnace  and  tw o forges 
belonging to his fa th e r  in th e  chase of P ensne t, 
W orcestershire, set his m ind w orking along new 
lines, p resen ting  a wide field for exploration .
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Dudley’s Experiments.
As the  resu lt of his experim ents, Dudley 

evolved a m ethod of ad ap ting  coal as a fuel 
by subjecting  i t  to  a process sim ilar to  th a t  of 
charcoal bu rn ing , and, by way of complement 
to  a discovery which more th a n  fulfilled expecta­
tions, he devised an im provem ent of the  blast 
which enabled him  to  m ain ta in  the  active com­
bustion of the  fuel and so increase its  effective­
ness. H e was particu la rly  fo r tu n a te  in tapp ing  
a splendid seam of coal runn ing  from  ten  to 
six teen yards th ick , and he produced a “  good 
m erchantable iro n ,” both a t  P ensne t and also 
a t  Cradley where he erected a new furnace. B ut 
both the  ironsm elters and  ironm asters of the 
d is tric t, em bittered  by the  fac t th a t  he was 
able to  make good iron and sell i t  more cheaply 
th an  they could, regarded  th is  new process as 
“  a dangerous in ven tion ,” and appeals were 
actually  made to  K ing  Jam es to  stop him from 
working. These efforts were unsuccessful, so 
law su its were fastened  upon him, H e was 
ousted from  his works a t  Cradley, b u t set up 
furnaces a t  H im ley and Hasco B ridge, near 
Sedgeley, which la t te r  were wrecked by rio ters 
a t  the  instiga tion  of the  charcoal ironm asters. 
H e himself was a ttacked  by mobs, and, finally, 
a f te r  a career full of vicissitudes, du ring  which 
he served in  the  Royal Armies, he settled for 
a tim e a t  G reen’s Lodge in  S taffordshire, and 
finally re tire d  to  S t. H elen’s, W orcestershire, 
where he died in  1684 a t  the  age of 85.

Yarrington, Blewstone and Darby.
O ther g re a t figures crowd upon the  vision in 

th a t  expansive p e rio d ; men who contribu ted  
in  no small degree to  the  im provem ent of the 
processes of production and to  the  general 
advancem ent in  m ateria l prosperity  of the  iron- 
foundry  and  k indred  trades in  the  M idlands.

W hile D ud D udley was busy soldiering, 
Andrew Y arran ton , th e  W orcestershire fa rm er’s 
son from  L arford  in  the parish  of Astley, entered 
upon th e  m anufactu re  of iron a t  Ashley, near 
Bewdley. H e i t  was who w rested from Saxony,
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as the resu lt of a personal v is it and observations, 
the secret of tin -p la te  m anu fac tu re , and in tro ­
duced th e  tra d e  to  th is  country . H e was also 
responsible for se ttin g  on foot various schemes 
of public u tili ty , and  he gave the  first im petus 
to  plans of in land  nav igation , which found th e ir  
fulfilm ent in  th e  construction  of th e  netw ork 
of canals u ltim ate ly  established to  serve the  
needs of M idland industries. Y arran to n  pro­
fited by the  R om an cinders le ft n ear th e  walls 
of W orcester and tran sp o rted  thousands of tons, 
i t  is said, along the  Severn to  his iron  furnaces 
to be m elted down in to  iron w ith  a m ix tu re  of 
the  F o res t of D ean ironstone.

T here a re  records of experim ents betw een 1677 
and 1686 by a G erm an nam ed D r. Blewstone, 
who b u ilt his fu rnace  a t  W ednesbury, w ith  “ a 
new and effectual way o f m elting  down, forging, 
and ex tracting  and  reducing of iron and  all 
m etals and m inerals w ith  p it  coal and sea coal, 
as well and effectually as ever hath y e t been 
done by charcoal and w ith  m uch less charge.” 
The in ven to r’s idea was to  p e rm it only the  
flame of the  coal to  reach th e  ore, b u t th e  notion 
was more novel th a n  p ractical, and  he only 
succeeded in  tu rn in g  ou t iron in fe rio r to  th a t  
made w ith  charcoal.

I t  is to  A braham  D arby, th e  first of a succession 
of ironm asters bearing  the  same nam e, th a t  the  
c red it of first adopting  th e  sm elting of iron  by 
m eans of coke and coal on a la rge  scale as the  
regu lar method of m anu fac tu re  belongs. D arby, 
the son of a farm er a t  W ren ’s N est, n ea r D ud­
ley, had served an appren ticesh ip  w ith  a 
B irm ingham  m aker of m a lt kilns. B u t th e  iron 
tra d e  claimed him  and  early  in  h is career, 
em ulating  Y a rran to n ’s exam ple, he v isited 
H olland to  learn  the  secret of m aking  cast-iron 
pots. H is adven tu re  was crowned w ith  success, 
and  on his re tu rn  to  E ng land , he adopted  th e  
most rigorous precau tions to  p reven t th e  piracy 
of his methods by o ther m akers. H e even w ent 
to the  length  of stopping  th e  keyhole of his 
workshop door while the casting  was in  progress. 
H e had  m ade a rrangem en ts for m anu fac tu re
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on a large scale a t Bristol, b u t a disagreem ent 
w ith his p a rtn e rs  compelled a change of his 
plans, and in 1709 he settled  a t Coalbrookdale, 
where he won world-wide fam e for his castings 
not only of pots, kettles and other “ hollow- 
w are,”  d irec t from  the sm elting furnace, b u t 
for g ra tes, sm oothing irons, door fram es, baking 
plates, c a r t brushes, iron pestles and m ortars 
and o ther products. In  1764 another works was 
erected a t  H orshay, a few miles away.

The Coalbrookdale Works.
I t  was a t  the  Coalbrookdale works th a t  the 

fam ous Cranege process of iron m anufacture , 
in troducing  the reverberatory  furnace, was 
pa ten ted , and the  first cast-iron bridge ever 
erected was cast a t the same foundry in  1777-8. 
This bridge is well known to most founders as

“  T h a t  t h e  w o o d  o f  o l d  E n g l a n d  w o u l d  f a i l  d i d  
a p p e a r ,

A n d  t o u g h  i r o n  w a s  s c a r c e ,  b e c a u s e  c h a r c o a l  w a s  
d e a r ,

B y  p u d d l i n g  a n d  s t a m p i n g  h e  p r e v e n t e d  t h a t  e v i l ,
S o  t h e  S w e d e s  a n d  t h e  R u s s i a n s  m a y  g o  t o  t h e  

d e v i l . ”

Song of John Wilkinson's workmen.

Iron-bridge, near Coalbrookdale works and, of 
course, is still in existence. I t  is in teresting  to 
note th a t  qu ite  recently  a tten tio n  has been 
draw n to  the  fac t th a t  there  are  steel and 
wrouglit-iron  bridges which have been in exist­
ence for 50 or 60 years and are still in good 
condition, whereas th is cast-iron bridge has been 
in use for over 150 years. The extension of the 
Coalbrookdale works and the  developments which 
took place there  were largely due to  R ichard  
Reynolds, who took charge of the works on the 
death  of D arby—his father-in-law .

Puddling and the Cupola.
The ancien t ironm asters obtained iron and 

steel by the  crudest and  sim plest possible 
methods. The iron ores were reduced in  conical
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furnaces called air-bloom eries erected  in  exposed 
places, in  order to  ob tain  th e  g rea te s t b las t of 
wind. Ore and  charcoal were m ixed together 
and  the  b last applied  to  ob tain  th e  necessary 
tem pera tu re .

Jo h n  W ilkinson, generally  know n as “  the  
fa th e r  of iron t r a d e ,” came to  th e  M idlands in 
1748. A t B ilston he b u ilt th e  first b las t fu r ­
nace. W ilkinson experim ented  w ith  th is  fu rnace  
u n til he succeeded in  su b s titu tin g  m inera l coal 
for wood charcoal. Since he was also undoub t­
edly the  inventor of th e  cupola as i t  is known 
to-day, a reference in  some d e ta il to  him  will be 
of in te res t. B orn in  1728, n ear U lverston, he 
was th e  son of the  p aten tee  of th e  “  laundress’s 
box iro n .”  D uring  th e  fifty  odd years he lived 
in the  M idlands his activities, were extended 
over a  wide field. H e held a p a rtn e rsh ip  w ith  
his b ro ther in  a foundry  a t  B ersham , n ea r W rex­
ham , where he constructed  an  im proved p lan t 
for boring cylinders, an  inven tion  w hich proved 
of the  g rea te s t possible value to  Jam es W a tt in 
the  build ing of his Soho en g in es ; he se t up  a 
forge on a large scale a t  Brosley, n ea r B ridg ­
north , for th e  m anu fac tu re  of w rought iron, and 
here b u ilt th e  first iron  barges ( “  which swims 
rem arkably ligh t ” ) ;  he cast th e  first la rge  w ork­
ing steam  engines in  F rance  fo r th e  P a ris  
w aterw orks, took o u t a p a te n t in  1790 for m ak­
ing lead pipes, m anu fac tu red  ordnance ex ten ­
sively, and came w ith in  an  ace of a n tic ip a tin g  
Jam es Neilson in  th e  invention of th e  fam ous 
“ ho t b la s t.”

Wilkinson’s Enterprise.
As a m a tte r  of fact, i t  is claim ed th a t  W ilk in ­

son conducted experim ents on sim ilar lines to  
those of Neilson, a t  B radley , betw een 1795 and  
1799, and  only fa iled  th rough  lack of an  iron 
instead of a lea ther jo in t. W ilkinson was of 
hot and vio lent te m p e r ; he was ceaselessly a t  
loggerheads w ith  his b ro ther, ac tua lly  s ta r te d  
a p ro jec t in opposition to  th e  B ersham  W orks, 
and in  the  end dragged B oulton and  W a tt in to  
the  d ispute, compelling them  to  w ithdraw  from
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him the rig h t they had conceded for the  m anu­
fac tu re  of the  all-im portan t nozzles for th e ir 
engines, and to  build a foundry of th e ir own on 
the  banks of the  canal a t  Smethwick. W ilkinson 
never fo rgo t and never forgave. “  Peace,” he 
once w rote, “ is a m ost desirable th ing , and the  
more so to one of m y constitu tion , which cannot 
be angry by halves. B esen tm en t w ith  me be­
comes a m a tte r  of business and stim ula ted  action  
beyond any p ro fit.” One of his ideas was the 
construction  of a cast-iron chapel w ith a cast- 
iron p u lp it a t  B ilston. He actually  designed 
and cast his own coffin, and when he died in 
1808 a massive cast-iron  tom bstone, which he also 
designed, was erected  over his grave. He was 
th ree  tim es buried , tw ice being d is in terred , and 
he found a final resting-place a t  L indale, on the 
slopes of a hillside, am idst scenes of his boyhood 
days.

In  his youth  friends had prophesied th a t  
‘‘■John sum tym e wod bee a gurt m a n .” A 
g re a t m an he tru ly  was, in  sp ite  of his elem ental 
passions. H e le ft an  indelible impression upon 
th e  M idland iron-foundry  trades, and  enriched 
them  by a g re a t legacy of im provem ents, and 
M idlanders a t  least cannot fo rget th a t  he was 
ind irectly  responsible for the  establishm ent in 
Boulton & W a tts ’ Smethwick foundry of a pro­
lific nu rsery  of men of invention and industry . 
Inc iden ta lly , i t  m ay be observed in  passing th a t 
his sister m arried  D r. Priestley , the  discoverer of 
oxygen, and  the victim  of the notorious P riestley  
rio ts in  B irm ingham .

I t  was from  Jo h n  W ilkinson th a t  the  m anu­
fac tu re  of w rought iron  derived its g rea test 
stim ulus, and  as the  iron trad e  gathered  vigour 
im provem ents in m anu factu ring  methods fol­
lowed in  rap id  succession. In  1762 a p a te n t was 
tak en  ou t by D r. Roebuck for m elting the cast, 
or pig-iron, in a h ea rth  heated  w ith p it coal by 
the  b last of bellows. The iron was th en  worked 
u n til i t  was reduced to  n a tu re  or m etallised, 
a f te r  which i t  was exposed to  the  action of a 
hollow pit-coal fire u rged by a  blast u n ti l i t  was 
reduced to  a loop draw n ou t in to  bar-iron  under 
a common forge ham m er.
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Cranege, Onions and Cort’s Inventions.
In  1766, four years before the in troduc tion  of 

W a tt’s steam  engine, the  bro thers Cranege, one 
of whom was associated w ith  th e  B ridgnorth  
Forge and the  o ther w ith  Coalbrookdale, in ­
vented  the  reverbera to ry  or a ir  fu rnace , so called 
because the  flame or c u rre n t of heated  gases 
from the  fuel was caused to  be reverbera ted  or 
reflected down upon the  substance u nder opera­
tion  before passing in to  the  chim ney.

Then P e te r  Onions produced his puddling  
furnace, the  fire of which was urged by blast. 
H e propounded new ideas. H av ing  charged his 
furnace, bound w ith ironwork and well annealed , 
with pig- or cast-iron  from  the  sm elting furnace, 
i t  was closed up and the  doors were lu ted  w ith 
sand. The fire, which was urged by a  b last 
adm itted  underneath , was to  be k ep t u n ti l th e  
m etal became less fluid and  “ th ickened  in to  a 
k ind  of fro th  which the w orkm an, by opening  
the door, m ust tu rn  and s tir  w ith  a bar or other 
in strum en t, and then  close the aperture again, 
applying the blast and fire u n til there was a 
ferm en t in  the m e ta l.” The inven to r declared 
th a t  “  as the w orkm an stirs the m eta l the 
Scoriae will separate, and the particles o f iron  
will adhere, which particles the ivorkm an m u st 
collect or gather in to  a mass or lu m p .” This 
mass or lum p was then  to  be raised  to  a w hite 
hea t and forged in to  malleable iron  a t  th e  forge 
ham m er. The n ex t stage of iron developm ent 
was reached w ith  the  discoveries of H en ry  Cort, 
who, like the  Craneges, employed the  reverbera­
to ry  or a ir  fu rnace  w ithou t b last, and, like 
Onions, worked the  fused m etal w ith  iron  bars 
u n til i t  was b rough t in to  “  ba lls ,” when i t  was 
removed and forged in to  malleable iron, b u t he 
carried  th e  processes fa r th e r  and increased th e ir  
efficiency. The changes he in troduced  in  pud­
dling and rolling were as im p o rtan t as they  were 
fa r  reaching in th e ir  results. H is first efforts 
were d irected  tow ards the  perfection  of m ethods 
of “ preparing, welding, and w orking various 
sorts of iron, and of reducing the same in to  use 
by m achinery , a furnace, and other apparatus
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m ade iron for “  large uses,”  such as shanks, 
arm s, rings, and  palm s of anchors, by piling 
and  faggo tting , bars of iron of suitable lengths 
being la id  over one ano ther in  th e  same way as 
bricks in  a build ing. The faggots were then  
placed in  a common a ir  or balling  furnace and 
b rough t to  a welding heat, and  when th e  correct 
p itch  of h ea t was reached they  were b rough t 
u nder a forge ham m er and welded in to  a solid 
mass.

C ort cleansed the  iron and produced a m etal 
of p u re r g ra in  by passing the  faggots through  
rollers. H is  m ethod of m anu factu ring  bar-iron  
from  th e  ore, or from  cast iron, presented a 
skilful com bination of the  various practices in 
general use before his day. Smiles succinctly 
describes h is p ro ced u re :— “ The bottom  of the 
reverbatory furnace ,” he says, “  was hollow, 
so as to contain the flu id  m etal introduced into  
i t  by ladles, the heat being kep t up  by p it coal 
or other fue l. W hen  the furnace was charged, 
the doors were closed u n til the m etal was suffi­
c iently  fused , w hen the w orkm an opened an 
aperture and worked or stirred  about the metal 
with iron bars, when an  ebullition took place, 
during  the continuance o f which a bluish flame 
was em itted , the carbon of the cast iron was 
burned off, the m eta l separated from  slag, and  
the iron, becoming reduced to na ture, was then  
collected in to  lum ps or loops o f sizes suited  
to their in tended  uses w hen they  were drawn  
out o f the doors o f the furnace. They were 
then  cu t in to  plates, and piled or worked in  
an  a ir furnace, heated to a w hite or welding  
heat, shingled under a  forge hammer, and passed 
through grooved rollers.”

C ort, a na tive  of L ancaster, benefited little  
by th e  resu lts of his inventive genius. H is 
p a rtn e r  proved un tru stw orthy , m anufactu rers 
unscrupulously availed themselves of his mis­
fo rtunes to  in fringe  his pa ten ts. H e himself 
was reduced to  penury, b u t du ring  the  last years 
of his life his circum stances were m itiga ted  by 
a pension £200 per annum  from  the Lords of 
the T reasury.
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I t  is a tr ib u te  to  C o rt’s prescience th a t, though 
somewhat modified here and there , his processes 
have in th e  m ain successfully w ithstood the  most 
searching te s ts  of tim e. Jam es W a tt seems to  
have had  doubts as to  th e  exact qua lity  of the 
iron produced by C o rt’s process, b u t he had  no 
doubts w ith  regard  to  the  ingenu ity  of the 
inventor. W ritin g  in  1784 to  D r. B lack he 
s a id : “ Though 1 cannot perfec tly  agree w ith  
you as to its  goodness, y e t there is m uch in ­
genu ity  in  the idea of form ing the bars in  th a t  
m anner, which is the only p a rt o f his (C ort’s) 
process which has any pretensions to n o ve lty .”

M idland ironfounders benefited in  common 
w ith o thers from  Jam es B eaum ont N eilson’s 
discovery of the  hot blast which F a irb u rn  de­
clared “  effected an entire revo lu tion  in  the  
iron industry  o f Great B r ita in  and form s the 
last era in  the h istory o f th is m a teria l.”

The essential princip le of the  invention was 
the passing of a ir th rough  the  tubes or passages 
of iron or fire clay heated  by a flame or ho t a ir 
surround ing  them . The h e a t was ob tained  by 
u tilising  the  profuse inflam m able gases th a t 
form erly blazed to  w aste from  the  top  of the 
b last furnace. The economy of fuel achieved by 
th is m eans was trem endous. I t  rendered  pos­
sible the  use of coals of in fe rio r qu a lity  for the  
purposes of iron m anufactu re . N o t only so, bu t 
by lowering the  cost of p roduction , i t  infused 
new life in to  the  industry , lessened unem ploy­
m ent, and increased the  w ealth  and  resources 
of the  iron d is tric ts  to  an ex trao rd in a ry  ex ten t.

A Mould-Making Discovery.
D elving among the  records of th e  p a s t one 

comes across m any evidences of th e  shrewdness 
and inventive genius of the  m en who la id  the  
foundation  of the foundry  trades, in  directions 
other th an  those upon which th e ir  fam e is 
generally considered to  rest. A braham  D arby, 
for instance, la id  th e  foundry  trad e s  under 
tr ib u te  of g ra titu d e  by solving th e  secret of 
mould m aking. The first moulds for his iron 
pots were m ade of clay, and they  cracked and
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burst. A fter d iligent inquiry  he substitu ted  
moulds of fine dry  sand for clay, and achieved 
success.

Early Discoveries in Steel.
D avid M ushet, while engaged in experim ents 

for qu ite  d ifferent purposes, discovered the 
ce rta in  fusib ility  of malleable iron a t  a suitable 
tem pera tu re , and  o ther examples in  which in ­
ventors were helped by w hat may be described 
as “ accidents of chance ” will no doubt be 
readily  recalled. D avid M ushet was responsible 
for the  p rep ara tio n  of steel from  b ar iron by 
a d irec t process com bining the  iron w ith carbon, 
and also, among o ther th ings, for the  discovery 
of the  beneficial effects of carbide of manganese 
on iron  and  steel, th e  use of carbides of iron 
in  the  puddling furnace in  various modes of 
appliance, and th e  production  of pig-iron from 
the  b las t fu rnace  su itable for puddling w ithout 
th e  in terven tion  of the refinery.

O ut of th e  w ealth  of discovery and invention, 
coupled w ith  the  inciden tal grow th of m achine 
m aking, necessita ting  a h igher quality  of work 
th an  had h itherto  been a tta in ed , grew the idea 
of the  cupola, which owed its  invention to  John  
W ilkinson. By m eans of the cupola, the  p rin ­
ciple of the  b las t furnace is adap ted  to  the  re ­
m elting  of pig-iron. The reverberatory  or a ir 
fu rnaces of those early  days produced a hard  
b u t som ew hat b rittle  casting , b u t there  was a 
dem and for a m etal which was less liable to 
break, and th is  the  cupola, provided w ith engine 
blast, proved capable of supplying to  perfection. 
The solution of th is problem solved also the 
difficulty of th e  m akers of m achine parts , and, 
to a large ex ten t, th a t  of m akers of hollow 
w are, for whose purposes hard  b rittle  m aterial 
obviously is valueless. The m ention of hollow 
ware serves as a rem inder of the fac t th a t  th is 
im p o rtan t industry  was wrested by the M idlands 
from  W andsw orth, in Surrey, although one 
local firm—Messrs. Izons & Company—now in  
W est Bromwich, claims to be the oldest m akers 
of cast hollow ware in  the world, th e ir works 
having originally  been established in B inning-
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ham  in 1763. I t  was probably th is  factory 
which con tribu ted  m ost of all to  the  consolida­
tion  of tra d e  in  th e  M idlands.

There is no need to  dwell upon the effects 
upon the  iron in d u stry  of th e  in troduc tion  of 
W a tts ’ steam  engines, much less upon th e  more 
modern changes in troduced  in to  th e  foundry , 
forge, and engineering shops th rough  the  im­
provem ents effected in  m anufactu re  by S ir 
H enry  Bessem er’s process for th e  p roduction  of 
m ild steel, which was p a ten ted  in 1856. This 
process has a  riva l in  th e  “  Siem ens-M artin  ” 
method of steelm aking, which is even more ex­
tensively used.

W hat s tands ou t m ost clearly in  all these 
th ings is th e  con tin u ity  of invention th rough  
th e  cen turies since the  epoch-m aking discoveries, 
and h ea rt-b reak ing  struggles, of th e  g rea t 
pioneer of the  M idland iron foundry  trad es— 
D ud Dudley. In  th e  h isto ry  of the  iron  trad e  
the hour always seems to have produced the 
m an, and  thé  la te s t discoveries and  im prove­
m ents in  processes of p roduction , em bodying the 
tr iu m p h  of the  puddler, backed by advanced 
scientific knowledge, im p a rt a very sa tisfac to ry  
sense of completeness to  w hat is in  th e  fullest 
sense of th e  te rm  a g re a t in d u s tria l rom ance, 
the  evolution of the  iron trad e .

Midland Firms.
In  the  heyday of iron -trade  p rosperity  there  

were 171 b last furnaces in  South  S taffordshire 
and E ast W orcestershire. Of these, 24 were 
s itua ted  a t  W olverham pton, 3 a t  W illenhall, 
25 a t  B ilston, 14 a t  W ednesbury, 26 a t  T ipton, 
13 a t  W est Bromwich and O ldbury, 19 a t  W al­
sall, and 47 west of Dudley. In  add ition  th ere  
were a t  W olverham pton 260 puddling furnaces, 
w ith 39 mills and forges; B ilston, 238 puddling 
furnaces, w ith 47 mills and forges; W illenhall, 
15 puddling furnaces, w ith 3 m ills and  forges; 
W ednesbury, 210 furnaces, w ith 28 mills and 
forges; W alsall, 136 furnaces, w ith 68 mills and 
forges; T ipton, 172 furnaces, w ith  47 mills and 
forges; and Dudley, 131 furnaces, w ith  13 mills
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and forges. These figures will afford a good 
idea of the trem endous industria l activ ity  th a t  
prevailed, and i t  requires litt le  exercise of the 
im agination  to  conjure up visions of the com­
bination  of smoke and flaming furnace which 
greeted  and, in many cases, s ta rtled  the 
s tranger.

Bradley and Foster.

W hile he lived, John  W ilkinson was the un ­
crowned k ind  of th is  iron kingdom, b u t no 
record of the  coal and iron trades of the Mid­
lands would be complete w ithout reference to 
R eid, P a rk e r , the  Addenbrookes, Samuel and 
Jo h n  Fereday , F irm estone, and Foley, amongst 
o thers, who played a by no m eans insignificant 
p a r t  in  th e  early iron-m aking developments. 
M any memories, too, cluster round the name 
of Jam es Foster, who became associated w ith 
the  works of John  B radley & Company, of 
S tourbridge, established by his uncle John  B rad­
ley. B rad ley ’s supplied nail rods to  the  nailers 
of S tourb ridge, W ordsley, B rierley H ill, Dudley, 
Sedgeley, and W olverham pton. A t first, the 
nail m akers were accustomed to send th e ir  carts 
to  th e  works for the  iron, b u t M r. Foster 
a lte red  th is  arrangem ent, delivering the  iron 
in  horse wagons, and se ttling  the  accounts q u a r­
te rly . I t  was th rough  th is innovation  on the 
p a r t  of F oster th a t  the  Iro n m aste r’s Q uarter 
Day orig inated , and i t  led eventually  to the 
establishm ent of the  Iron  Exchange.

U nder the  able supervision of Foster, B radley’s 
developed rap id ly . A m an of g rea t acumen and 
en terp rise , i t  is said of him  th a t  he never hesi­
ta te d  to  p u t his hand to  a bar of iron in case 
of need. One of his most successful ventures 
was th e  purchase of the  M adeley C ourt E sta te , 
Shropshire, overlying seams of the  best coal and 
ironstone in  Salop. H ere he sm elted the  ore 
in to  pig-iron for use a t  the S tourbridge works. 
F oster jo ined Jo h n  B aker and George Jones in 
establishing the  g re a t C hillington works. He 
rem ained a p a rtn e r in the concern till his death, 
when his in terests  were inherited  by his nephew,
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W. O. Foster, a  mem ber of P a rliam en t, who 
thoroughly  m ain ta ined  th e  fam ily rep u ta tio n  for 
the  p roduction  of first-class iron . I n  add ition  
to  the  p a ren t estab lishm ent a t  S tourbridge, 
W. O. F oste r carried  on mills, forges and  blast 
fu rnaces a t  S h u tt E nd  and M adeley C ourt, and 
m alleable ironw orks a t  Brockmoor and  B rierley 
H ill.

A nother nam e well known in the  industry  in 
those g re a t days was th a t  of P h ilip  W illiam s, 
who erected  th e  W ednesbury Oak W orks, com­
prising  th ree  furnaces, w ith  extensive m ills and 
forges, which, when in  fu ll w orking order, were 
regarded  as th e  m ost com plete of th e ir  type  in 
South  S taffordshire.

A Fortune for Puddled Iron.
A t th e  close of the  e igh teen th  cen tu ry  John  

and  E dw ard  B agnall, n atives of Broseley, and 
p rim arily  m ine owners, launched in to  iron- 
m aking a t  th e  Golds H ill I ro n  W orks. On the 
d ea th  of E dw ard  B agnall, Jo h n  took his 
b ro th e r’s son in to  p a rtn e rsh ip , and, u nder the 
t i t le  of Jo h n  B agnall & Sons, the  firm gave its 
nam e to  a b ran d  of iron  which was ju s tly  fam ed 
w herever iron  was known th ro u g h o u t th e  en tire  
world.

The Addenbrookes tu rn ed  ou t m any excellent 
iron-m akers, b u t none b e tte r  th a n  George and 
E dw ard  Thorneycroft, who established th e  
Shrubbery W orks a t  W olverham pton, where 
they  m ade th e ir  fam ous bu lle t iron , which 
was in  g re a t request am ong th e  L ancashire 
cotton-m achine m akers. F o r some tim e the  
T horneycrofts also carried  on th e  old B radley 
W orks originally  belonging to  Jo h n  W ilkinson, 
and la te r  on they  acquired and g rea tly  enlarged 
Swan G arden W orks.

The Sparrow  fam ily b rough t fam e to  th e  Stow 
H ea th  Furnaces and B ilston Mill. A t the  
form er W m. H an b u ry  Sparrow  m ade a huge 
fo rtune , am ounting  to  betw een £1,300,000 and 
£1,500,000. The specialities of th e  B ilston  M ill 
were rods, bars and hoops. The works were 
carried  on for m any years u nder the  nam e of 
W . & J .  S. Sparrow .
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A nother lead ing  house, well known th roughout 
the  trad e , was th e  New B ritish  Iro n  Company, 
which ra n  th e  Corngreaves works and  works a t 
B rierley  H ill, com prising no less th a n  64 pud­
dling  and  six b last furnaces. The iron  m anu­
fac tu red  by th is  firm is said to  have been known 
a t  all th e  sm ithies and engine shops in  Europe.

The Addenbrookes worked th e  M oorcroft con­
cern  in  Jo h n  W ilkinson’s tim e, and they also 
ra n  th ree  b last furnaces a t  Rough H ay. They 
p a ten ted  a process of draw ing off the  gas which 
is said to  have eclipsed all o ther methods. 
W illiam  W ard  & Sons and  New Priestfields 
tu rn ed  o u t a first-class forge iron, b u t no works 
in  th e ir  day were b e tte r  equipped th a n  the  E arl 
of D udley’s celebrated  malleable ironworks, 
s itu a ted  a t  R ound Oak, B rierley H ill, w ith  54 
puddling  furnaces. These forges were regarded 
as th e  model works of th e  Black C ountry, and, 
indeed, no effort was spared to  render th e ir 
technical efficiency complete.

A Record Puddling Plant.
The record fo r th e  la rg est num ber of puddling 

furnaces a t  one establishm ent in  S taffordshire— 
one hundred—was held by W. Barrow s & Sons, 
p roprietors of the  Bloomfield F acto ry  and Tipton 
Ironw orks. The capacity  of th e  concern to talled  
1,000 tons of finished iron  per week.

J u s t  abou t a cen tu ry  ago th e  firm of Bradley, 
B arrow s & H all enjoyed considerable repu te  in  
th e  iron  trad e , and  the  same th in g  m ay be said 
of E a r l G ranville’s forge a t  Lilleshall. M any 
of th e  old ironm asters and  founders were rough, 
h a rd  and  uncu ltu red  men, b u t notable exceptions 
were provided in  the  case of W illiam  Dawes & 
Sons th e  proprieto rs of th e  B rom ford Ironworks, 
s itu a ted  near th e  O ldbury S ta tion . The Dawes 
fam ilv  were gentlem en, bom  and educated. 
T hev ' exported  nail rods in  large quan tities to 
C hina. Besides th e ir  O ldbury W orks, the  firm 
had two b last fu rnaces a t  W ithym oor, near 
Dudley.

R oundabout 1853, a m ethod of puddling  iron 
w ith  steel of a k ind  particu la rly  well su ited
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for the  needs of the  Sheffield cu tlers was dis­
covered in S taffordshire, and  am ongst the  first 
m akers were Messrs. Solley and Leabrook. The 
C hillington Company, by the  way, were also 
quick to  g rasp  the  possibilities of th is  tra d e  and 
developed i t  w ith  m arked success. A t the  same 
tim e Isaac  Jen k s  commenced production  a t  the 
M inerva and B eaver W orks a t  W olverham pton. 
Jen ks was a m an of unusual g ifts , who com­
menced business w ith  the  slenderest m eans and 
eventually  established himself as one of the 
w ealth iest ironm asters in W olverham pton. H e 
carried  his “ M inerva ” b rand  of steel into all 
m arkets.

Oldest Steelmakers.
The rep u ta tio n  of being the  oldest steelm akers 

in  S taffordshire is claimed by Messrs. W illiam 
H u n t & Sons, of the  B rades, Oldbury. Their 
p lan t comprised seven puddling furnaces w ith 
th ree  mills, w ith  extensive converting  ovens on 
the  old Sheffield plan.

The D arlaston  Steel and  Iron  Company took 
to the  old estab lishm ent of Bills and  Mills, and 
bu ilt up a considerable connection for iron and 
steel. The Lloyds of W ednesbury, whose asso­
ciation  w ith th e  stap le  industries of th e  com­
m unity  was as long as i t  was honourable, held 
a la rge  in te re s t in these works, which were 
situ a ted  a t  D arlaston  Green.

An Ancient Welfare Effort.
I t  was Samuel Lloyd, perhaps th e  m ost fam ous 

mem ber of the  fam ily, who b u ilt th e  old P a rk  
W orks a t  W ednesbury, being jo ined by F oster. 
The firm, which was known as Lloyds, F o ste r & 
Company, possessed foundries w ith  m achine 
equipm ent which challenged com parison w ith 
any th ing  to  be found e ither a t  M anchester or 
on the  Tyne. Lloyds, F oster & Company b u ilt 
th e  beau tifu l B lackfriars B ridge. T heir works 
were colloquially known as “  Q uaker ” Lloyds,, 
and jobs there  were g rea tly  sought a f te r  by local 
workmen. Samuel Lloyd was the  em bodim ent of 
beneficence. A “ tru c k  ” shop (still ex isting)
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was connected w ith the works, and i t  was known 
near and fa r for the  superior quality  of the 
goods stocked. The best b u tch er’s m eat in  Wed- 
nesbury, i t  used to  he said, was sold there. Old 
Samuel Lloyd took a special pride in  buying 
the  tea , the  bullocks and the  sheep himself, and 
i t  is re la ted  th a t  lie often walked up to  the 
shop and  looked over it.

Influence of Large Units.
A bout 1866 Old P a rk  W orks were emerged into 

a lim ited  company called the  P a te n t S h aft and 
A xletree Company, one of the  la rgest concerns 
in , S taffordshire, which is still flourishing. 
W ednesbury is also known, by the  way, as the 
cen tre  of the gas-tube trad e . Jam es Russell & 
Sons were th e  orig inal patentees. In  1824 
Messrs. T. & J .  R oberts established the  G reat 
Swan F oundry  a t  W est Bromwich, which speedily 
won celebrity  both for pipes and m achinery.

Thomas Wells set up 22 puddling  furnaces 
and th ree  b ar and  p late  mills a t the  Moxley 
Iron  W orks, and another em inent firm, M arshall 
& Mills, of the  Monway W orks, W ednesbury, 
were repu ted  to be the  m akers of the  best gun- 
barre l iron  in the world. F or years they  sup­
plied the  iron to  the  B irm ingham  gun m akers 
and to  the  B ritish  and A m erican Governments. 
H enry  Mills erected a m odern concern, unique 
of its  k ind , in  the  V ictoria W orks, a t  Walsall, 
and the  record of the  old ironworks and workers 
m ay fitting ly  be completed by m ention of the 
names of the  M ars Ironworks, Priestfields, 
W olverham pton ; the Horsley Company, a t  W est 
Bromwich, and W righ t & N o rth ’s Monmoor 
W orks.

In  recen t years the  conditions of industry  in 
the  M idlands have been transform ed. The 
g lare of the hundreds of b last furnaces has to 
a large ex ten t d isappeared, b u t i t  does not 
necessarily . follow th a t  the  o u tp u t has been re­
duced. I t  has been earlier m entioned th a t  the 
o u tpu t, for instance, from  a single modern blast 
furnace in  one m onth is alm ost equivalent to 
the  to ta l o u tp u t from all the b last furnaces of
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th e  country  200 years ago. The invention of 
th e  cupola by Jo h n  W ilkinson was apparen tly  
quickly followed by the  erection of new foun­
dries and  comm encement of new businesses in 
the  Black C ountry  and  surround ing  d istricts . 
I t  is extrem ely difficult to  ob tain  reliable in ­
form ation  as to  the  establishm ent of m any of 
the works, and particu la rly  th e ir  subsequent 
history.

Foundry Establishments.
The foundry  of Izons & Company was estab­

lished in  1763 as “ Izon, W h itehu rst & Izon ” 
a t  D uke S tree t, B irm ingham . They were brass 
and  general ironfounders, and  the goods m anu­
fac tu red  a t  th a t  tim e—according to  an  old ca ta ­
logue— consisted chiefly of hum ane m an-traps, 
ra t- tra p s , door-knockers, kitchen-stoves and other 
household u tensils. This business continues to 
flourish, and  it  is in te res tin g  to  note th a t  the 
p resen t chairm an of the  com pany is th e  great- 
g reat-g randson  of th e  founder of th e  business.

Some 30 years la te r, in  1791, A rchibald K en- 
rick  commenced business as an ironfounder in 
W est Bromwich. The purpose of th e  foundry  
was to  m ake artic les which were in  daily  use 
and co nstan t dem and, his p rinc ipal m anufac­
tu re s  being hand-m ills for g rin d in g  coffee, and 
cast-iron  saucepans. These are  still being made 
in  the  factory, a lthough  m any hund red  add itional 
artic les of m anu fac tu re  have been in troduced. 
A few years la te r, abou t 1794, th e re  was estab­
lished a foundry  a t  S to u rp o rt; th e  m anufac­
tu res  were som ewhat sim ilar to  those of A rchi­
bald K enrick . This business is still ca rried  on 
under th e  nam e of B aldw in, Son & Company, 
being  a subsid iary  of Messrs. A rchibald K enrick  
& Sons. In  the year 1795 a foundry  was estab­
lished in  W olverham pton by W m. C lark , and 
th is  business is still in  existence u nder th e  style 
of T. & C. C lark  & Company.

Swan Garden Ironworks.
I t  has n o t been possible to  ob ta in  definite 

in form ation , b u t i t  is believed th a t  th e  Swan 
G arden Ironw orks, which for the la s t 50 years



857

have been carried  on by Messrs. John  Lysaght, 
L im ited, were one of the orig inal foundries be­
longing to  Jo h n  W ilkinson. Between the  tim e 
of W ilkinson and  L ysaght the  works were carried  
on by G. & B. T hornycroft, as has already 
been m entioned. E arly  in  the las t cen tury  a 
works was established in  Deepfields by E dw ard 
Sheldon & Company, also for m aking cast-iron 
hollow-ware. These works are still in  the hands 
of the  descendants of the  Sheldon fam ily, and 
are  now known as the  Cannon Ironfoundries, 
L im ited. M ention has already been m ade of the 
Coalbrookdale works, which, of course, is still 
in  existence, and also of Boulton & W a tts ’ Soho 
F oundry , which, as generally known, is now 
incorporated  in  the  works of Messrs. W. & T. 
Avery, L im ited.

Sufficient has been sta ted  already for i t  to 
be gathered  th a t  the  iron trad e  in the M idlands 
has passed th rough  m any vicissitudes, w ith the ir 
records of sweeping industria l changes and up ­
heavals. I t  is therefore  an extrem ely g ra tify ­
ing reflection th a t  m any of the old works have 
stou tly  and  successfully m ain ta ined  th e ir  posi­
tions in  the  van of progress. The foundries 
referred  to  are still conspicuous in  the  foundry 
world, and the  works are  as fam ous as ever for 
the  qua lity  and  varie ty  of th e ir  productions. 
The iron  and steel trad e  and  ironfounding in 
the  M idlands has had  a w onderful history, the 
la s t chap te r of which has by no m eans ye t been 
w ritten .

I f  th is  a tte m p t a t  a brief r isu m i  of the iron 
and steel trad es in  the M idlands, disjointed 
though i t  is, serves no o ther purpose th an  to 
bring  to  m ind some of the alm ost insuperable 
difficulties w ith which our forebears had to  con­
tend , i t  m ay have served a useful purpose.
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T H E  I N S T I T U T E  O F  
B R IT ISH  F O U N D R Y M E N .

LIST OF M EM B ER S.
F ebruary  1 s i ,  1 9 3 0 .

B.— Birmingham and W est Mid- S.— Sheffield Branch,
lands Branch. Sc.— Scottish Branch.

E .M .— E a s t  Midlands Branch. W. & M.—Wales and Monmouth
Lncs.— Lancashire Branch. Branch.
L.— London Branch. W .R. of Y .—W est Riding of
M.— Middlesbrough Branch. Yorkshire Branch.
N .— N ewcastle-upon-Tyne Branch.

Gen.— General or unattached to a Branch.

Year
B ’nch. of MEMBERS.

Election.

E.M. 1908. Aiton. J . A. (Aiton & Company), Derby.
S. 1924. Alder, A. J ., Glenora, Langdales Road,

Lincoln.
N. 1924. Allan, F ., 7, Dene Street, Sunderland.
S . 1928. Allan. J . B., 10, W hiteley Wood Road,

Sheffield.
S. 1918. Allan, J . M., “ Broomcroft,” Parkhead,

Sheffield.
B. 1906. A llbut, J . E. H ., Woodcote, Bourne

Street, Dudley, Staffs.
W. & 1928. Allday, G. W., Llanerst, Somerton Road,
M. Newport.
S. 1906. Allen & Company, Edgar (Subscribing

Firm), Imperial Steel Works, Shef­
field.

B. 1928. Allen, T. F ., The Drive, Gravelly Hill,
Birmingham.

E  M. 1924. Allin, G. E ., Ashleigh Grove, Etwall,
near Derby.

Sc. 1927. Anderson, G. L., 25, Cluny Drive,
Edinburgh.
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Lncs. 1907. Andrew, F ., 643, Oldham Road, Fails- 
worth, Manchester.

Sc. 1920. Andrew, J . H ., D.Sc., Royal Technical 
College, Glasgow.

Lncs. 1919. Andrew, J . W., 964, Oldham Road, 
Thornham, Roy ton, Oldham.

N. 1925. Appleyard, K. C., Birtley Springs
House, Birtley, Co. Durham.

N. 1921. Armstrong W hitworth & Co. (Engineers), 
L td., Sir W. G. (Subscribing Firm), 
Close Works, Gateshead-on-Tyne.

L. 1929. Arnold, ,T., Sandy Mount, Leighton
Buzzard, Beds.

Sc. 1920. A rnott, J ., 114, Broomhill Road, New- 
lands, Glasgow.

Lncs. 1924. A rstall, J ., “ K enm arlean,” Back, Bowe, 
Hy de, Cheshire.

M. 1927. Ashmore, Benson Pease & Co., Ltd.
(Subscribing Firm ), Parkfield Works, 
Stockton-on-Tees.

W.R. 1929. Aske, Wm., 4, Savile Row, Halifax.
of Y.
B. 1924. Aston, A., “ Newlyn,” Birches Barn

Road, W olverhampton.
L. 1911. Aston, W. H „ 46, Eagle W harf Road, 

London, N.
B. 1921. A they, J .  W. (Major), F o rdath  Eng.

Co., L td ., Iiam blet Works, W est 
Bromwich.

Lncs. 1930 Auckland, W., 130, M arkland Hill Lane, 
Bolton.

Lncs. 1928. Bacon, J . R ., Spring Bank, Bulay Road, 
Springdale, Huddersfield.

L. 1925. Bagshawe, A. W. G., D unstable Works, 
Dunstable.

Sc. 1929. Baird, H. A., Loaningdale, Biggar,
Scotland.

B. 1920. Ball, F. A., c/o Ball Bros., Stratford-
on-Avon.

B. 1929. Bamford, W. H ., 44, Norfolk Road, 
Erdington, Birmingham.

M. 1926. Barbour, A. R ., Bon Lea House,
Thornaby-on-Tees.

Y ear
B’nch. of M EM BERS.

E lection .
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L. 1923. Bargellesi, G., Foundry Consulting
Engineer, Via T antardini 13, Milano 
123! Ita ly .

L. 1911. B artlett, A. R ., 1, Lower Park  Road,
Belvedere, Kent.

L. 1923. B artram , J ., 369, Grove Green Road,
Leytonstone, E .l.

M. 1926. Baskford, T. E ., “ Hillingdon,” South
Road, Norton-on-Tees.

E.M. 1921. Bates, W. R ., U nited Steel Companies, 
Limited, Irthlingboro’ Iron Works, 
Wellingboro’.

W .R. 1930. B attye, H ., Mercer Lea, Deepcar, near
of Y. Sheffield.
Lncs. 1929. Baxendale, Rd., 8, Windsor Road, 

Cborley.
Gen. 1926. B axter, J . P ., Morro Velho, E.F.C.,

Raposos Minas, Brazil, S. America.
W. & 1922. Bayley, J . P ., “ Ty-gwyn,” 4, Westfield
M. Road, Clytha Park , Newport, Mon.

Lncs. 1928. Bayne, Jam es, “ H ineaw a,” W arrington 
Road, W biston, near Prescot.

L. 1920. Beech, A. S., 13-15, Wilson Street,
London, E.C.2.

Sc 1917. Bell. J ., 60, St. Enoch Square, Glasgow.
Sc’. 1910. Bell, W ., 14, N orth Street, Maryport,

Cumberland.
Gen 1922. Bell. Wm. Dixon, 72, Walpole Road, 

Itchen, Southampton.
L. 1926. Belling, C. R ., 10, Glebe Avenue, Enfield,

Middlesex.
L. 1926. B ennett, F. H., “ Holyrood, 12, Kil- 

m arton Road, Goodmayes, Essex.
W. & 1929. Bennett, J ., Elbey, near Stroud, Glou-

1VT cestershire. , , ,  ,
S 1920. Benson, E. C., 303, Fnlwood Road,

Sheffield.
W .R. 1922. Bentley, J . N . , 2 ,  Grimston Terrace, 

Hull Road, York.
W .R. 1922. Bentley, L. A., Wood End, Bromley
nf Y Cross, Bolton.
Lncs. 1925. Best, J . (junr.), “ Netherleigh,” Man­

chester Road, Over Hulton, Bolton.

B 'nch . of 1 M EM BERS.
E lection.
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B. 1924. Bethell, R. P., 51, Sutton  Road, Walsall, 
Staffs.

B. 1925. Bettinson, C. L.,' New Bond S treet Iron ­
works, Bordesley, Birmingham.

E.M. 1915. Bigg, C. W., Someries, Darley Lane, 
Allestree, near Derby.

S. 1918. Biggin, F rank, Rye Lodge, Ashland 
Road, Sheffield.

L. 1929. Birchall, J . S., c/o 7, Bram hall Street, 
Rochdale.

N. 1929. Bird, Major T. G., 5, Manor Terrace, 
Tynemouth, N orthum berland.

N. 1921. B irtley Iron Company, L td . (Subscribing 
Firm), Birtley, Co. Durham.

W. & 1927. Biss, H. H ., “ W estcroft,” Fields Park
M. Avenue, N ewport, Mon.
B. 1922. Blackburn, W. A., “ W ynsill,” Lichfield

Road, Rusball, Stalls.
L. 1927. Blackwell, F. O., 29, W estbourne Road, 

L uton. Beds.
Gen. 1919. Blair, A., 7, Derryvolgie Avenue,

Belfast.
W.R. 1926. Blair, J . W., 32, F ifth  Avenue, H eworth,
of Y. York.
W. & 1928. Bloodworth, C. J ., 16, Newerne Street, 
M. Lydney Junction, Gloucestershire.

L. 1928. Bone, K. T. J ., “ B raem ar,”  Hightown 
Road, Luton.

B. 1912. Boote, E. M., 11, Lydgate Road,
Coventry.

L. 1912. Booth, C. C., Mildmay W orks, Burnham- 
on-Crouch.

E.M. 1919. Booth, J . H ., F letton  Spring House, 
Peterborough.

L. 1920. Booth, P. M., 615, Finchley Road,
N.W.3.

Gen. 1929. Branson, S. A., Zakl. Mech. Ursus, p.
Wlochy k/W arszawy, Poland.

N. 1922. Brailsford, A., 18, Elswick Row, New­
castle-upon-Tyne.

L. 1926. Brendle, T. F., Hospital Road, Insein, 
Lower Burma.

B 'nuh. of M EM BERS.
E lection.
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Lues. 1914. Bridge, W., 199, Drake Street, Roch­
dale, Lancs.

B. 1928. Briggs, E. R ., “ The Mound,” Lawford 
Road, Rugby.

S. 1922. Brightside Foundry & Engineering Co.,
Ltd. (Subscribing Eirm), Newhall 
Ironworks, Sheffield.

M. 1926. British Chilled Roll & Engineering Co., 
Ltd. (Subscribing Eirm), Empire 
Works, H avert, on Hill, Middles­
brough.

Lncs. 1919. Broad, W ., 230, Dumers Lane, Rad- 
clifie, Lancs.

S. 1922. Brown, E. J ., 11, Newlyn Place,
Woodseats, Sheffield.

W .R. 1917. Brown, P., Park Works, Lockwood,
of Y. Huddersfield.
S. 1919. Brown, P. B., Carsick Grange, Sheffield.
Lncs. 1924. Bruce, A., “ Rose Bank,” Swanpool

Lane, Aughton, Ormskirk, Lancs.
B. 1926. Buchanan, G., Niagara Foundry Co., 

Ltd., Bradley, near Bilston.
S. 1928. Buckley, G. R., Churchfield House,

Eckington, near Sheffield.
Gen. 1922. Bull, R. A., 541, Diversey Parkway, 

Chicago, 111., U.S.A.
L. 1924. Bullers, W. J., Waterloo Foundry,

Willow Walk, Bermondsey, S.E.l.
B. 1929. Bullock, F., 67, Dudley Road, Tipton, 

Staffs.
Lncs. 1924. Bullock, T. W., “ Shirley,” Warring­

ton Road, Rainhill, Liverpool.
E.M. 1910. Bunting, H., 82, O tter Street, Derby.
E.M. 1905. Burder, K. M., “ Clavering,” Ashby

Road, Loughboro’.
B 1922. Burn, A. J . H., 34, Old Road, Llanelly,

S. Wales.
W.R. 1922. Burnley, H., W ater Lane Foundry,
of y .  Bradford, Yorks.
S. 1923. Butler, J., 63, Deepdale Road, Rother­

ham.
Lncs. 1926. Button, L. J ., 294, Nantwich Road,

Crewe.

Y ear
B ’uuli. o i M EM BERS.

Election.
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Lncs. 1929. Cadman, A. E., 69. Manchester Road, 
Fairfield, Manchester.

Lncs. 1926. Cadman, E., 69, Manchester Road,
Fairfield, Manchester.

L. 1927. Calder, N. G., 68, Conyers Road,
Streatham , London, S.W.16.

Lncs. 1930. Calderbank, A., “ S trathallan,” Urmston 
Lane, Stretford, Manchester.

Sc. 1917. Cameron, J . (Cameron & Roberton,
Limited), Kirkintilloch.

Sc. 1919. Cameron, T. P. (Cameron & Roberton, 
Ltd.), Kirkintilloch.

Sc. 1927. Campbell, H. D., Shaw (Glasgow) Ltd., 
Maryhill Iron Works, Glasgow.

Sc. 1911. Campion, A. (Honorary Life), 8, Thom 
Road West, Bearsden, Glasgow.

S. 1923. Cantrill, W. H., 249, Chatsworth Road, 
Chesterfield.

N. 1912. Carmichael, J . D. (Life), Sydenham
Terrace, South Shields.

N. 1912. Carmichael, J . D., Jun., O.B.E. (Life),
“ Redlea,” Grasmere Gardens, Har- 
ton, South Shields.

L. 1919. Carpenter, H. C. H ., Prof. (Hon.),
30, Murray Road. Wimbledon, 
S.W.19.

L. 1929. Carr, A., Thames Road, Silvertown,
London, E.16.

L. 1927. Cassidy, G. L., c/o The Morgan Crucible
Co., Battersea W orks, Church Road, 
Battersea.

S. 1921. Castle, Geo. Cyril, Beecroft & P a rt­
ners, L td., Mappin S treet, Sheffield.

S. 1927. Cawood, G. R ., & Co., L td., 1, Caven­
dish Road, Leeds (Subscribing 
Firm).

Lncs. 1905. Chadwick, J . (Life), School Hill Iron
Works, 12, N u tta ll Terrace, 
Bolton.

Lncs. 1919. Chadwick, J . N. (Life Member), School
Hill Iron Works, 12, N utta ll 
Terrace, Bolton.

B'noh. YoT r  M EM BERS.
Election.
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L. 1919. Cheesewright, W. F. (Col.), D.S.O.,
“ Padgham ,” Dallington, Sussex.

L. 1925. Chell, E „ A.M.I.Mech.E., 68, Ferndene 
Road, London, S.E.24.

L. 1928. Christopher, H ., “ Almira,” Hillfield
Road, Hemel Hempstead, Herts.

Gen. 1923. Clamer, G. H., 129, So. Berkeley
Square, A tlantic City, NYY.

L. 1925. Clapp, H. B., 141, Lincoln Road,
Peterborough, Northamptonshire.

L. 1928. Clark, F. H., Theydon Road, Southwold 
Road, Clapton, London, E.

S. 1922. Clark, G., 61, W estbourne Road,
Sheffield.

L. 1928. Clark, H. A., Theydon Road, Southwold 
Road, Clapton, London, E.

L. 1915. Clark, H. S., 17, Filey Avenue, Stoke 
Newington, London, N.16.

E.M. 1919. Clarke, A. S., “ Lyndesfarn,” Leicester 
Road, Loughborough.

L. 1928. Clayton, G. C., 9, Lawn Road, Hamp- 
‘stead, N.W.3.

L. 1917. Cleaver, C., 10, Ringcroft Street, Hollo­
way, N. I .

W. & 1917. Clement, W. E., Morfa Foundry, New
M. Dock, Llanelly.
L. 1913. Coan, R ., Aluminium Foundry, 219, 

Goswell Road, E .C.l.
L. 1926. Coggon, H. F., 10, Rhodesia Avenue, 

Halifax.
L. 1927. Coleman, C. W., 1, Lancaster Place, 

Waterloo Bridge, Strand, London, 
W.C.2.

L. 1922. Coll, J ., Fundicion de San Antonio S.A., 
Seville, Spain.

B. 1927. Collier, J .  V., 45, Sheep Street, N orth­
ampton.

N. 1912. Collin, J . J . , 55, Cleveland Road, Sun­
derland.

N. 1916. Collin, T. S., 4, Argyle Square, Sun­
derland.

N. 1926. Colls, F. C., Clarendon House, Clayton 
Street, Newcastle.

Year
B 'nch . of M EM BERS.

Election.

2 T
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N. 1922. Consett Iron Co., L td. (Subscribing
Firm), Consett, Co. Durham.

B. 1904. Cook, F. J ., M.I.Mech.E., 31, Poplar 
Avenue, Edgbaston, Birmingham.

S. 1929. Cook, G. N., 34, R u tland  Park, Sheffield.
Lnes. 1911. Cooper, C. D., Dolphin Foundry,

Chapel Street, Ancoats, Manchester.
N. 1921. Cooper, J . H ., 69, Stanhope Road,

Darlington.
L. 1925. Cooper, M. J ., 5, Mildmay Road,

Bumham-on-Crouch, Essex.
L. 1928. Corbin, F. D., 4, Gloucester S treet,

London, S .W .l.
L. 1928. Corrie, J . B., Co., L td., 15, Victoria 

Street, W estminster, S .W .l (Sub­
scribing Firm).

L. 1926. Coupe, J ., 9, Delhi Road, Edm onton, 
London, N.9.

Sc. 1928. Cowan, H ., B.Sc., Foundry Technical 
In s titu te , Meeks Road, Falkirk.

Lncs. 1924. Cowlishaw, S. D., 7, Temple Street, 
Basford, Stoke-on-Trent.

L. 1925. Cowper, L., “ Dellwood,” Leichhardt
S treet, Gleve Point, Sydney, N.S.W., 
Australia.

E.M. 1914. Cox, J . E. (The R u tland  Foundry 
Company, Lim ited), Ilkeston.

L. 1927. Cox, S., 39, Gerrard Street, Shaftesbury 
Avenue, London, W .l.

B. 1922. Cramb, F . M., 5, Triangle Villas, Oldfield 
Park, Bath.

L. 1929. Crawshaw, H., 275, Rue Victor R anter, 
Auderlecht, Brussels.

L. 1910. Cree, F . J ., 22, Prospect Avenue, Strood, 
K ent.

L. 1911. Creighton, T. R ., The Foundry, Stepney 
Causeway, E.

Lncs. 1927. Crewdson, Capt. R. B., 16, Norfolk Cres­
cent, Hyde Park, London, W.

W.R. 1922. Croft, Frank, Crofts, L td., Bradford.
of Y.
M. 1926. Crosthwaite, C., Thornaby Hall, Thorn- 

aby-on-Tees.

x  e a r  ___ _
B ’nch. of M EM BERS.

E lection ,
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M. 1926. Crosthwaite, Ltd., R. W. (Subscribing 
Firm), LTnion Foundry, Thomaby- 
on-Tees.

Sc. 1929. Gumming, W., & Co., Ltd., Kelvin vale 
Mills, Maryhill, Glasgow (Subscrib­
ing Firm).

L. 1923. Curtis, A. L., 39, London Road, Chatteris, 
Cambs.

W. & 1929. Curtis, J ., Church Road, Charlestown, 
M. St. Austell, Cornwall.

Lncs. 1925. Daniels, W., 74, Smethurst Lane,
Bolton.

X. 1925. Darlington Railway P lant & F o u n d r y  
Co., Ltd. (Subscribing Firm), Bank 
Top, Darlington.

Gen. 1926. Damis, I. S., Ingenerio Industrial, Altos 
Homos de Vizcaya, Apartado 116, 
Bilbao, Spain.

Lncs. 1926. Davenport, J ., Myrtle Bank, Grimsargh, 
Preston.

W. & 1928. Davies, John, 12, Windsor Road, Tre- 
M. forest, S. Wales.

Gen. 1919. Davies, P. N., 29, Brunswick Road, 
Brunswick, Melbourne, Victoria, 
Australia.

L. 1927. Davis, J . K ., Davis Gas Stove Co.,
Luton, Beds.

B. 1928. Dawkins, W. A., Lansdowne Avenue, 
Codsall, Wolverhampton.

Lncs. 1924. Dawson, S. E., 8, Lynton Park Road, 
Cheadle, Hulme, Cheshire.

Lncs. 1924. Deakin, F., 14, Belfield Road, Reddish, 
Stockport.

B. 1918. Deakin, W., “ Thomlea,” Sandy Hill, 
Shirley, Birmingham.

Gen. 1925. Dean, J . P., 9, Stalmine Road, Walton, 
Liverpool.

Sc. 1927. Deas, John, c/o John Deas & Co., Iron- 
founders, Market Street, Glasgow, E.

M. 1919. Deas, P., 4, Blenheim Terrace, Coatham, 
Redear.

L. 1925. Delport, V. (Capt.), 2-3, Caxton House, 
S.W .l.

B ’nch. of M EM BERS.
E lection

2 r  2



Tear 
B ’nch. of MEMBERS.

Election.
B. 1924. Denham, H., “ Birchwood,” W alsall

Road, Aldridge, Staffs.
S. 1917. Desch, Professor, C. H ., D.Sc., Ph.D.,

F.R.S., F.I.C., The University,
Sheffield.

L. 1927. Deschamps, J ., “ The Coppice,” G arth 
Road, Letchworth.

L. 1930. Dewrance & Co., 165, G reat Dover
S treet, London, S .E .l (Subscribing 
Firm).

L. 1926. Dews, H. C. (Dewrance & Co.), 165, Great 
Dover Street, S .E .l.

B. 1921. Dicken, Charles H ., “ New Vale,” Station 
Road, Balsall Common, Coventry.

S. 1924. Didden, Capt., F. G. J . M.I.Meeh.E.,
Broad Elms Lane, Ecclesall, Sheffield.

B. 1928. Dobson, F . E., “ Oaksey,” Lichfield
Road, Four Oaks, Warwickshire.

L. 1914. Dobson, W. E .,“ Newlyn,” Grand Drive, 
Raynes Park, S.W.

B. 1926. Dodd, W., 68, Allport Road, Cannock, 
Staffs.

Lncs. 1928. Dodds, J . W., Kensington House, Ash- 
field Road, Chorley, Lancs.

Lncs. 1928. Doodson, T. E., “ Glenroyd,” Hesketh 
Drive, Southport.

Sc. 1911. Doulton, B. (Life), Home Court H otel, 
137, Maple Road, Surbiton, Surrey.

M. 1927. Downing, A. G., 2, Oxford Street,
Stockton-on-Tees.

Lncs. 1927. Drake, T., South Bank, Stockport 
Road, Timperley, Cheshire.

E.M. 1929. Driver, J . F ., M.I.Meeh.E., 65, Middle­
ton Place, Loughborough.

S. 1921. Duckenfield, W ., 47, Dunkeld Road,
Ecclesall, Sheffield.

L. 1928. Duguid, Islor, 119, High Holbom,
W.C. 1.

L. 1925. Durnan, F., Camelon Iron Works,
Falkirk.

Lncs. 1926. Durrans, J ., The Croft, Penistone.
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L. 1929. Dykmans, L., Negier & Cie, Fonderie
de Fer, 82-86, Rue Everaerts, 
Antwerp, Belgium. ✓

S. 1921. Edginton, G., Silverdale, St. Margaret’s
Drive, Chesterfield.

B. 1922. Edwards, A .,“ Dunbar,” Old Bath Road, 
Cheltenham.

M. 1927. Edwards, A., 17, Jesmond Avenue,
Linthorpe, Middlesbrough.

N. 1921. Eidred, E. J ., 8, Ford Street, Gateshead-
on-Tyne.

L. 1904. Ellis, J., 51, Riddings Lane, Wednes^
bury.

S. 1918. Elliss, J. A., 217, Middlewood Road,
Sheffield.

S. 1913. Else, L. H., 79, Osborne Road, Sheffield.
Sc. 1925. English, J ., c/o Younger, 32, Stevenston

Drive, Shawlands, Glasgow.
S. 1922. English Steel Corporation, Ltd., Vickers

W orks, Sheffield.
L. 1926. Evans, S., 22-23, Laurence Pountney

Lane, Cannon Street, London, E.C.4.
E.M. 1918. Evans, W. T., Mount Pleasant, Sunny 

Hill, Normanton, Derby.
S. 1920. Fairholme, F. C., Norfolk Works,

Sheffield.
Lncs. 1926. Farrington Steel Foundry of Ley land

Motors, Ltd. (Subscribing Firm), 
Leyland, Lancs.

L. 1908. Faulkner, V. C , 49, Wellington Street,
Strand, London, W.C.2.

S. 1910. Feasey, J ., 192, West Parade, Lincoln.
B. 1914. Field, H., “ Glenora,” Richmond

Avenue, Wolverhampton.
B. 1904. Finch, F. W. (Hon. Life), 52, Denmark 

Road, Gloucester.
S. 1914. Firth , A., 29, Ivy  Park Road, Sheffield.
S. 1914. F irth , F. W., “ Storth Oaks,” Ranmoor,

Sheffield.
Gen. 1907. Flagg, S. G. (Honorary), 1407, Morris

Buildings, Philadelphia, Penn., 
U.S.A.

B. 1923. F lavel.P.,BuchburyLodge,Leam ington.

Y ear
B 'nch . of M EM BERS.

E lection.
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B. 1922. Fletcher, J . E., M.I.Mech.E., 8, St. 
Jam es Road, Dudley, Staffs.

Lncs. 1923. Flower, E., 7, Marlborough Street,
Higher Openshaw, Manchester.

W. & 1907. Fontaine, C., Dock Foundry, Newport, 
M. Mon.

Sc. 1917. Forbes, J . T., 176, W est George Street, 
Glasgow.

B. 1926. Fordath Engineering Co., Ltd. (Sub­
scribing Firm), H am blet Works, 
West Bromwich.

W.R. 1922. Forrest, H ., 43, Beaumont Road,
of Y. Manningham, Bradford.
N. 1919. Fortune, T. C., 76, Falm outh Road, 

Heaton, Newcastle-upon-Tyne.
B. 1919. Fosseprez, G., 3, Rue de Grand Jour, 

Mons, Belgium.
— 1926. Fox, F. S., 5532, Webb Avenue, Detroit,

Michigan, U.S.A.
W.R. 1925. Frame, J . Y., 19, Sherburn Street,
of Y. Hull.
L. 1926. France, G. E., “ Lowther,” Exley Lane, 

Elland, Yorks.
Sc. 1920. Fraser, A. R ., High Craigton, near 

Milngavie.
N. 1914. Frier, J . W., 5, Northum berland Villas, 

Wallsend-on-Tyne.
L. 1919. Furm ston, A. C., Hope Cottage, 211, 

Neville Road, Letchworth.
L. 1929. Galbraith, P. P., 57, Belmont Road, 

Bushey, Herts.
W. & 1924. Galletly, J . P., Ben Clench, Pencisely 
M. Road, Cardiff.

B. 1928. Gameson, T. H., 47, Somerset Road, 
Handsworth Wood, Birmingham.

L. 1922. Gardom, J . W., 39, St. Peters Road, 
Dunstable, Beds.

B. 1928. Garman, B. A., Yew Tree House, Great 
Barr, Birmingham.

Lncs. 1922. Garner & Sons, Limited (Subscribing 
Firm), Victoria Street, Openshaw, 
Manchester.

B ’nch. of M EM BERS.
Election.
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Lncs. 1919. Gartside, F., 18, George Street, Chad- 
derton, Lancs.

Gen. 1927. Geilenkirchen, T., Düsseldorf, Fauna - 
str. 37, Germany.

L. 1926. George, H „ “ Southdene,” High Street, 
Dunstable.

Sc. 1919. Gibb, J.,Blairmore, Newmains, Scotland.
L. 1922. Gibbs, A. F., 55, Gordon Road, Wan- 

stead, Essex.
L. 1930. Gilbert, T. F ., 52, Granville Park, 

Lewisham, S.E. 13.
S. 1925. Gill, C. S., 60, Riverdale Road, Sheffield.
Sc. 1920. Gillespie, P ., “ Glenora,” Falkirk Road, 

Bonny bridge.
Sc. 1925. Gillespie, W. J . S.
E.M. 1915. Gimson, H ., “ Rhoscolyn,” Toller Road, 

Leicester. .
E.M. 1906. Gimson, S. A., 20, GJebe Street, Leicester.
E.M. 1928. Glover, W., 42, Elm Tree Avenue, 

Victory Road, Hormanton, Derby.
S. 1929. Goddard, A. V., “ Brentwood,” King 

Egbert Road, Totley, Sheffield.
S. 1905. Goodwin, J . T„ M.B.E., M.I.Mech.E., 

“ Glen Craig,” Avenue Road, W hit­
tington Moor, Chesterfield.

L. 1930. Gossell, K. (Capt.), 110, Cannon Street, 
London, E.C. 4.

W. & 1917. Gould, P. L., Vulcan Foundry, East 
M. Moors, Cardiff.

Sc. 1921. Graham, J., 68, Sherbrooke Avenue, 
Maxwell Park, Glasgow.

L. 1926. Grange, R ., 2, Renters Avenue, Hendon, 
London, N.W. 4.

Lncs. 1920. Grant, G. C., English Steel Corpora­
tion , L td ., Ashton Old Road, 
Openshaw, Manchester.

N. 1921. Gray, C. R ., 14, Latimer Street, Tyne 
mouth.

L. 1926. Gray, T. H ., 119, High Holbom, W.C.l.
L. 1927. Greaves, Dr. R. H ., 6, Clifton Terrace, 

Southend-on-Sea.
E.M. 1930. Green, C. S., Willow Croft, L ittle 

E aton, Derby.

Y ear
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B. 1925. Greensill, G. B., “ Lynn,” Jockey Road, 
Sutton Coldfield.

N. 1912. Greensitt, R. H ., 24, S tuart Terrace, 
Felling-on-Tyne.

E.M. 1920. Greenwood, R ., Craven Bros., L td ., 
Reddish, near Manchester.

N. 1917. Gresty, C., 101, Queen’s Road, Monk- 
seaton.

W. & 1927. Griffin, E. H ., 196, Henleage Road, 
M. Henleage, Bristol.

W, & 1906. Griffiths, H „ 70, Partridge Road, 
M. Cardiff.

Lncs. 1927. Grundy, H., 20, Thoresway Road. 
Longsight, Manchester.

W. & 1928. Gundry, P., Polbathic, Cornwall.
M.

S. 1929. Gutteridge, C., Effingham House, Tile 
Hill, near Coventry.

S. 1910. Hadfield, Sir R. A. (Hon.), Hadfields, 
Limited, Hecla Works, Sheffield.

E.M. 1927. Hadfield, S., W hite Lodge, Keyham, 
hear Leicester.

Lncs. 1906. Haigh, J ., Swindon B ank Farm , Pannal, 
near Harrogate.

W. & 1924. Haines, A. D., Penybryn, Tynypwll 
M. Road, W hitchurch, Glam.

W.R. 1919. Haley, G. H „ Nab Wood House, 6,
of Y. Tower Road, Shipley, Yorks.
W.R. 1929. Hall, R. P., Moorland Avenue, Barnsley.
of Y.
L. 1926. H all, S., 440, F ifth  S treet, Shawinigan 

P.O., Canada.
Lncs. 1927. Hall, T. W ., “ Ansdel,” 7, Greenleach 

Lane, Worsley, Lancs.
Lncs. 1923. Hammond. R., 37, Church Road,

Smithills, Bolton.
E.M. 1914. Hammond, Wm., Samson Foundry, 

Syston, Leicester.
E.M. 1928. Hammond. Wm., & Co., L td., Syston, 

near Leicester (Subscribing Firm).
S. 1926. Hampton, C. W., 5, Chorley Drive,

Fulwood, Sheffield.

B ’nch. of M EM BERS.
E lection,



B'nCV c ° t f.on. MEMBERS.

B. 1929. Hanson, Prof. D., D .Sc, The University, 
Birmingham.

B. 1910. Harley, A., Ashlea, Stoke Park, 
Coventry.

B. 1925. Harper, W. E., Dudley Foundry Co., 
L td., Moor Lane, Brierley Hill, 
Staffs.

L. 1918. Harris, A. J . A. (Capt.), “ Grovallia,” 
Laburnum Road, Doncaster.

Lncs. 1922. Harris, F., 18, Holland Street, Padiham. 
S. 1928. Harrison, J ., 29, Troughbrook Road, 

Hollingwood, near Chesterfield.
M. 1926. Harrod, H ., 18, Egglestone Terrace, 

Stockton-on-Tees.
Gen. 1922. Harvey, André, 118, Spring Road, 

Kempston, Bedford.
B. 1929. Hashimoto, S., Mitsui Bussan Zosenbu, 

Tama, Okayamaken, Japan.
S. 1909. Hatfield, W. H., D.Met., The Brown 

F irth  Research Laboratory, Princess 
Street, Sheffield.

N. 1921. Hawthorn, Leslie & Company, R. & W.
(Subscribing Firm), St. Peter’s 
Works, Newcastle-upon-Tyne.

Sc. 1928. Hay, J ., 24, Buchanan Drive, Ruther- 
glen.

L. 1926. Hearn, J. E., Craig-y-don, West Hill, 
Luton.

S. 1928. Heamshaw, L., “ Gieneagles,” Manor 
Road, Brimington, near Chester­
field.

Lncs. 1925. Heatley, J ., 146, Redlam, Blackburn.
L. 1928. Heeley, W. H., Southern Foundries 

(1926), Ltd., Purley Way, Croydon, 
Surrey.

Lncs. 1918. Helm, R. W., c/o Francis Helm, Ltd., 
Victoria Foundry, Padiham, Lancs. 

B. 1929. Hemming, F. J ., 78, Highgate, Walsall. 
Gen. 1926. Henderson, P.C., M.P., The Right Hon.

A rthur (Honorary), 33, Eccleston 
Square, London, S.W .l.

L. 1928. Hendra, W., 16, Muncaster Road, West 
Side, Clapham Common, S.W .l 1,
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Lncs. 1923. Hensman, A. R ., 121, Plym outh Grove, 
Charlton-on-Medloek, Manchester.

N. 1913. Herbst, M. B., 23, Saltwell View, Gates- 
head-on-Tyne.

Lncs. 1926. Hesketh, P., Yarrow Cottage, Broad 
Lane, Rochdale.

Lncs. 1925. Hesketh, F. W., 68, Shaw Road, Thorn- 
ham, Rochdale.

Lncs. 1926. Hetherington & Sons, L td., John  (Sub­
scribing Firm), Vulcan Works, Pol­
lard  Street, Manchester.

L. 1927. Hickman, G. E., Greensteps, Park,
Chase, Guildford.

B. 1926. H ieatt, H. J ., Austin Bungalow, Stone 
Lane, K inver, Staffs.

L. 1926. Hider, G. E., U pton Foundry, Torquay.
B. 1928. Hill, S. A., " Hillfields,” Bewdley,

Gloucester.
S. 1929. Hinckley, G. P., “ Ferndene,” Beau-

chief, Sheffield.
W. & 1912. H ird, B.. “ W oodcot,” Upper Cwmbran, 

M. near Newport, Mon.
L. 1923. Hobbs, F. W. G., S tandard  Brass 

Foundry, P.O. Box 229, Benoni, 
Transvaal, S.A.

L. 1929. H obkirk, W. B.. 26, Bunyan Road,
K em pston, Beds.

Sc. 1919. H odgart, H. M., Vulcan Works, Paisley.
Lncs. 1923. Hodgkinson, A., Ford Lane Works, 

Pendleton, Manchester.
Lncs. 1914. Hodgson, A., 14, Park  Range, Victoria 

Park, Manchester.
Lncs. 1912. Hogg, J ., 321, Manchester Road,

Burnley, Lancs.
B. 1927. Hole, S. B., “ Bourne House,” Franchise 

Street, Wednesbury.
L. 1928. Holmes, W. E., 1, Coronation Road, 

Plaistow, London, E.13.
B. 1924. Homer, W. A., 87, Frederick Street, 

Walsall, Staffs,

B ’nch. of M EM BERS.
Election.
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Sc. 1914. Hood, John McLay (Life), 54, Maxwell 
Drive, Pollokshields, Glasgow.

L. 1930. Hooper, B arrington, C.B.E., 49,
W ellington Street, Strand, 
London, W.C.2.

L. 1927. Horsman, S. B., 1, Greenhill, Sutton, 
Surrey.

L. 1927. Horsman, W. B., 1, Greenhill, Sutton,
Surrey.

L. 1920. Housby, I., 345, Norwich Road,
Ipswich.

Lncs. 1922. Howard & Bullough, Ltd. (Subscribing 
Firm), Accrington, Lancs.

B. 1923. Hudson, F ., c/o Fordath  Engineering 
Co., L td., W est Bromwich.

L. 1924. H unt, N. H ., c/o Gas Accumulator Co.,
L td. (India) ; c/o Viartans, 6, Olive 
Street, Calcutta.

L. 1920. H unt, R. J ., “ Greenhills,” Earls Colne,
Essex.

N. 1920. H unter, Hy., High Cottage, King’s
Road, Wallsend.

Lncs. 1917. H unter, H. E., Barton Hall Engine 
Works, Patricroft, Manchester.

N. 1929. H unter, S., junr., K enton Hall, Kenton, 
Newcastle-upon-Tyne.

B. 1907. H urren, F. H., Coventry Malleable,
L td., Lincoln Street, Coventry.

S. 1920. H urst, F. A., Woofindin Avenue, Ran-
moor, Sheffield.

Sc. 1927. H urst, H., 40, Colinslee Avenue, Lock- 
field, Paisley.

S. 1914. H urst, J . E., 56, Housely, Chapeltown,
Nr. Sheffield.

L. 1925. H utton, R. S., D.Sc., The Greenwav,
High Wycombe, Bucks.

S. 1911. Hyde, J . R., A.M.I.Mech.E., “ Hill-
crest,” Clayton Road, Newcastle, 
Staffs.

S 1922. Hyde, Robert, & Son, Ltd. (Subscribing
Firm), N orth Stafford Steel Works, 
Stoke-on-Trent.

Y ear
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M. 1929. Ingall, D. H ., D.Sc., “ Thornlea,” Roman 
Road, Middlesbrough.

B. 1929. Ireland, S. L., 875, Pershore Road, 
Selly Park, Birmingham.

Lncs. 1925. Jadoul, J . E.„ 325, Moss Lane E ast, 
Manchester.

L. 1925. Jam es, A. W., 1, Broomhill Road, Ip s­
wich.

L. 1926. Jam es J . A., 101, Stoke Road, Slough, 
Bucks.

L. 1911. Jarm y, J . R ., “ Ajaccio,” Abbey Road,
Leiston, Suffolk.

Sc. 1929. Jefferson, J ., A.R.S.M., Glenmavis, By 
Airdrie, Scotland.

W. & 1928. Jeffries, J . J ., & Sons, L td ., Holwells
M. Foundry, Hodwell Road, Bristol.

Gen. 1927. Jenkins, A., 29, Inv icta  Road, Sheer­
ness, K ent.

S. 1917. Jenkinson, S. D., Cromwell House,
Wincobank, Sheffield.

L. 1904. Jewson, H ., Norwich Road, E ast
Dereham, Norfolk.

L. 1921. Jewson, K. S., 3, E lvin Road,
Dereham, Norfolk.

E.M. 1909. Jobson, V., Qualcast, L td., Derby.
Lncs. 1928. Johnson, H ., Sudan Government R ail­

ways, A tbara, Sudan.
Lncs. 1920. Jolley, W., “ Beechcroft,” The Avenue, 

Ashton-on-Mersey, Cheshire.
W. & 1928. Jones, C. E., 65, Cathedral Road,
M. Cardiff.

Lncs. 1922. Jones, G. A., 54, Fox Street, Edgeley, 
Stockport.

E.M. 1928. Jones, J . J ., “ Southover,” Beacon
Road, Loughborough.

B. 1925. Jones, O. P., 25, Rathbone Road,
Bearwood, Birmingham.

Lncs. 1927. Jones, R. A., 95, Moorfield Road,
Pendleton, Manchester.

Lncs. 1930. Jones, W. H., Thorncliffe, Ross Avenue, 
Whitefield, Manchester.

N. 1929. Jopling, T. W., “ Ash Lea,” Thornhill 
Park, Sunderland.

Y ear
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L. 1927. Kain, C. H ., Lake & Elliott, Ltd., 
Braintree, Essex.

S. 1921. Kayser, J . F ., 30, Oakhill Road,
N ether Edge, Sheffield.

Lncs. 1925. Kelly, A. T., 31, Windboume Road, 
St. Michaels, Liverpool, S.

L. 1917. Kelly, Jas., 74, Rotherfield Street, N .I.
Lncs. 1922. K ent, 0. W., 9, Dalston Drive, Dids- 

burv.
Lncs. 1919. Kenyon, H. M., “ Sunny Bank,” Whal- 

ley Road, Accrington.
Lncs. 1910. Kenyon, M. S., Waterloo, Whalley 

Road, Accrington.
Lncs. 1904. Kenyon, R. W., Entwistle & Kenyon, 

Limited, Accrington.
Lncs. 1907. Key, A. L., 229, Stockport Road, 

Cheadle, Cheshire.
Sc. 1927. K idston, R ., Springbank, Falkirk.
B. 1928. King, A., 14, Alexandra Road, King’s 

Hill, Wednesbury.
Sc. 1914. K ing, D., Keppoch Ironworks, Possil 

Park, Glasgow.
L . 1927. K ing, E . G., The Louis Gassier Co., 

L td., 22, H enrietta Street, Covent 
Garden, London, W.C.2.

Sc. 1904. King, J ., 100, Wellington Street,
Glasgow.

Sc. 1919. K innaird, George, 21, St. Ann’s Drive, 
Gifinock, Glasgow.

W. & 1924. Kinsman, W. S., 116, Miskin Street,
M. Cardiff.

L. 1929. Kitching, W. J ., 5 2 a , The Promenade, 
Palm er’s Green, N.13.

S. 1925. K itching, W. T., c/o John Fowler,
Don Foundry, Sheffield.

L. 1922. Lake W. B., Lake & Elliot, Ltd.,
Braintree.

L. 1921. Lam bert, Wesley, “ W hitefriars,” 41,
Bromley Road, S.E.6.

Sc. 1907. Landale, D. (Life), 36, Great King
Street, Edinburgh.

Gen. 1922. Lane, H. M., 333, S tate Street, Detroit, 
Michigan, U.S.A.

Y ear
B 'nch . of M EM BERS.

Election.



Sc. 1928. Lang, J ., Calderside, Jerviston  Street, 
Motherwell.

Gen. 1927. Langenohl, M., Gelsenkirchen, Bulm- 
kerstr. 83, Germany.

L. 1927. Larke, W. J ., Sir, K .B .E ., “ E astburn ,” 
St. John ’s Road, Sidcup, K ent.

B. 1927. Lathe, A., “ W estlands,” Compton
Road, W olverhampton.

L. 1930. Laverton, W. T., Jesm ondene, George 
Road, B rain tree, Essex.

L. 1921. Lawrence, Geo. D., 5, Clare Road,
Leytonstone, E . l l .

Sc. 1907. Lawrie, A., 20, McKinlay Place, K il­
marnock, Scotland.

B. 1927. Lee, C. P ., The Municipal Engineering 
Dept.. Municipality, Singapore.

B. 1926. Lench, T. C., “ The Beeches,” Black- 
heath, Birmingham.

G. 1922. Leonard, J . (Hon.), 41, Quai du Canal, 
Herstal, Belgium.

E.M. 1928. Leys Malleable Castings Co., L td., 
Derby (Subscribing Firm).

W.R. 1922. Liardet, A. A., Leyland Motors, L td.,
of Y. Leyland, Lancs.
N. 1920. Lillie, G., “ Bloomfield,” Strathm ore

Road, Rowlands Gill, Co. Durham.
B. 1930. Lister, F. H ., “ The Actrees,” Berkeley, 

Glos.
S. 1913. L ittle, J ., 20, St. Ann’s Square, Man­

chester.
L. 1922. L ittle ton , W. H ., 2 9 a , W orbeck Road, 

Anerley, S.E.20.
B. 1927. Lloyd, D. C., Stoekwell End, Tettenhall, 

near W olverhampton.
W. & 1930. Lloyd, R. A., 1, Inverness Place,
M. R oath Park , Cardiff.
B. 1926. Lloyd, W., 285, A rthur S treet, Small 

H eath, Birmingham.
N. 1918. Logan, A. (R. & W. H aw thorn, Leslie 

& Company, L td.), St. P eter’s 
Works, Newcastle.

878
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S. 1927. Lomas, A., Red Ridges, Rivelin, near 
Sheffield.

E.M. 1928. London Midland & Scottish Railway 
Co., Euston Station, N .W .l (Sub­
scribing Firm).

Lncs. 1921. Longden, Ed., 158, Manley Road, 
Whalley Range, Manchester.

Sc. 1922. Longden, j . ,  11, Drumry Road, Clyde­
bank.

S. 1904. Longmuir, P., D.Met., 2, Queen’s Road,
Sheffield.

Lncs. 1913. Longworth, T. P., Moorside, Horrocks 
Fold, Bolton.

W .R. 1913. Loxton, H ., Hill Bros., Kevin Foundry,
of Y. Leeds.
E.M. 1913. Lucas, J ., “ Sherwood,” Forest Road, 

Loughborough.
L. 1921. Lum, Harry, “ Booth-Royd,” Way-

ville Road, Dartford, Kent.
B. 1928. Lunt, G. T., Briardene, Newbridge

Avenue, Wolverhampton.
Sc. 1925. McArthur, J ., “ Hawthorn,” Shields

Road, Motherwell.
Sc. 1929. M'Cance, A., D.Sc., Westview, Udding- 

ton, Scotland.
W. & 1922. McClelland, J . J ., “ Druslyn,” 81,

M. Bishops Road, Whitchurch, Glam.
Lncs. 1930. MacColl, H. A., B.Sc. “ W estburne,” 

Liverpool Road, Ainsdale, Southport.
Sc. 1928. McFarlane, P., Leicester Avenue, Kelvin- 

side, Glasgow.
Sc. 1919. McFedries, T., 17, Kirktonholm Street, 

Kilmarnock.
S. 1916. McGrah, F. E., 19, Lonsdale Road,

W olverhampton.
L. 1919. McIntosh, 1, Ecclesbourne Avenue,

Duffield, Derby.
Lncs. 1924. MacKay, M., 109, Edmund Street,

Rochdale.
Sc. 1914. MacKenzie, Alex. D., B.Sc., 35, Braid 

Road, Edinburgh.
Sc, 1910, Mackenzie, L. P.. 5, Polwarth Terrace, 

Balcarres Street, Edinburgh,

Y ear
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B ’nch. of JTEMBEBS.
Election.

Sc. 1922. McKinnon. Gavin, 1477, Dumbarton
Road, Scotstoun, Glasgow.

Lncs. 1921. McLachlan, Jas., 2, Broadoaks Road, 
W ash way Road, Sale, near M an­
chester.

Gen. 1922. McLain, D. (Hon.), 710, Goldsmith’s
Buildings, Milwaukee, Wis., U.S.A.

Lncs. 1923. McLean, C. G., 14, Jem m ett Street, 
Preston.

Sc. 1929. McLellan, W . Turner, C.B.E., C lutham  
House, 10, Princes S treet, London, 
S.W .l.

X. 1928. Mackay, J . S., 5, Wolverleigh Terrace, 
Gosforth, near Newcastle-upon- 
Tyne.

L. 1929. McManus, F. P ., Major, Robinson & Co.,
385, City Road, Manchester.

Sc. 1930. McManus, X., M.B.E., N yasa, Egiin- 
ton  Drive, GiSnock, Scotland.

Lncs. 1928. McMinn, G. M., “ Bonnyrigg,” Westfield
Road, Cheadle Hulme, Manchester.

Sc. 1928. McPhail, D., 33, Burlington Avenue,
Kelvindale, Glasgow.

X. 1918. McPherson, T., M.B.E., 53, Percy
Park Road, Tynemouth.

B. 1910. McQueen, D., 6, Anchorage Road,
Erdington, Birmingham.

Sc. 1918. McTurk, J . B., D orrator Iron Com­
pany, Falkirk.

B. 1925. Maddock, D. W., 21, W aterloo Road, 
Wellington, Shropshire.

Lncs. 1917. Makemson, T., 21, Beresford Road, 
Stretford, Manchester.

S. 1921. Mander, T. G., Norris Deakin Buildings,
King Street, Sheffield.

Lncs. 1919. Markland, T. W., 327, Tonge Moor
Road, Bolton.

L. 1927. Marley, C., “ Harewood,” Park  Hill
Road, Chingford, E.4.

X. 1918. MaiT, J . H ., N orth Biddick Hall,
Washington, Co. Durham.

Lncs, 1929. Marsden, F ., “ Marshdene,” Cecil Road, 
Hale, Cheshire.



S- 1922. Marshall, J ., The Willows,”  Barrow
Hill, Chesterfield.

S. 1928. Mason, C. L., “ Sandygate Towers,’’
Sheffield.

L. 1928. Mason. J ., 123, \ \  addon Park Avenue, 
Croydon.

B. 1929. Mason, X.. Alexandra Lodge, The Wood, 
Streetly, Birmingham.

L. 1924. Mason, \\  . C., Richardson & Cruddas, 
Byculla Iron Works, Bombay, India.

B. 1927. Mason, W. H ., The Poplars, 84, Hall 
Green Street, Bradley, Bilston.

Lncs. 1917. Masters, J ., “ The Hollins,” Vane Road, 
Longden Road, Shrewsbury.

L. 1911. Mather, D. G. (Mather & Smith), Ashford 
Foundry, Godinton Road, Ashford.

S. 1915. Mather, T., South View, Carholme
Road, Lincoln.

L. 1926. Matthieson, R., 37, Closeside, Enfield, 
Middlesex.

Sc. 1930. May, R. L. McL., K ushtia, E .B.Ry., 
Bengal, India.

L. 1921. Mayhew, C. M., 60, Ewesley Road,
Sunderland.

Lncs. 1917. Meadowcroft, Wm. H., Ill, Hambledon 
View, Habergham, Burnley.

Lncs. 1919. Medcalf, W.. 265, Manchester Road, 
' Burnley, Lancs.

B. 1927. Mees. J . H ., 129, King William Street, 
Stourbridge.

L. 1929. Mellerup, A. E., “ Woodfield," Durslev, 
Gloucestershire.

S. 1922. Melmoth, F. A., “ Lyndhurst," Aughton
Road, Swallownest, Sheffield.

M. 1926. Mercer, J .  E., “ Sunnvdene,” Harlsey 
Road, H artbum . Stockton-on-Tees.

Lncs. 1912. Milbura. J ., Hawkshead Engineering 
Works, Workington.

Gen. 1919. Miles, F. W.
S. 1921. Miles, R. (Major), Chapeltown, nr.

Sheffield.
Lncs. 1916. Miles, R. A., 46, Dean Lane, Xewton 

H eath, Manchester.

B ’nch. of M EM BERS.
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Sc. 1928. Millar, A. C., 24, Hillhead Avenue, Jer- 
viston, Motherwell.

Sc. 1927. Miller, J ., 7, Eildon Villas, Mount 
Florida, Glasgow.

Sc. 1930. Milligan, W., Kizil Mansion, Clydebank.
Lncs. 1918. Mills, Hilton, 9, Stocks, Alkrington, 

Middleton, Lancs.
Gen. 1924. Mills, R. C., 90, Kelsey Street, W ater- 

bury, Conn., U.S.A.
Gen. 1923. Mitchell, A. M.
Sc. 1930. Mitchell, J ., “ Rhubeg,” Busby, Lanark­

shire.
Sc. 1920. Mitchell, W. W ., Darroch, Falkirk.
Gen. 1910. Moldenke, Dr. R. (Hon. Member), 

Watchung, New York.
L. 1919. Molineux, W. J ., Glencaim, Manor

S treet, Braintree, Essex.
L. 1927. Mond Nickel Co., L td., Im perial Chemi­

cal House, Millbank, London, S.W .l 
(Subscribing Firm).

L. 1925. Moore, A. H., S tandard Brass Foundry, 
Benoni, S. Africa.

E.M. 1914. Moore, H . H ., ilolrnwood, Leicester
Road, Loughborough.

B. 1927. Moran, G., 18, Bridge Street, W est
Bromwich.

S. 1926. Moorwood, H. S., Onslow House,
Sheffield.

W. & 1928. Morgan, A. J ., 48, New King Street, 
M. Bath.

W. & 1928. Morgan, C. F ., 1, Cynthia Villas,
M. Cynthia Road, Bath.

N. 1912. Morris, A., Pallion Foundry, Sunder­
land.

L. 1930. Morris, Miss C., Coleman Foundry
E quipm ent Co., L td ., 1, Lancaster 
Place, S trand, London, W.C. 2.

B. 1930. Mould, H. W., W ynnstay, Jesson Road, 
W alsall.

L. 1925. Mundey, A. H., F ry ’s M etal Foundry, 
42, Holland Street, S .E .l.

B. 1926. Murray, J . V., 80, Manor House Road, 
Wednesbury.

Y ear
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L. 1929. Negler, A., Fonderie de Fer, 82-86, Rue 
E veraerts, Antwerp, Belgium.

S. 1918. Newell, Ernest. M.I.Mech.E., The
Thorne, Misterton, via Doncaster.

B. 1927. Newsum, A. H.. “  Enderby,” Hadzor 
Road, Warley Woods, Birming­
ham.

N. 1912. Newton, J . W., Flora House, Cobden 
Street, Darlington.

Lncs. 1920. Newton, Sam, Linotype & Machinery 
L td., Altrincham, Cheshire.

N. 1927. Nicholson, F. W., 30, Addison Road,
Heaton, Newcastle-upon-Tyne.

L. 1924. Nikaido, Y. (Lieut.-Com.), Kiro Naval 
Works, Kure, Japan.

B. 1927. Norbury, A. L., D.Sc., 24, St. Paul’s 
Square, Birmingham.

L. 1927. Norman, G. L., Basinghurst, N ight­
ingale Road, Guildford.

S. 1923. N orth, The Hon. J . M. W., “ Elm ­
wood,” Old W hittington, Chester­
field.

N. 1921. N orth-Eastern Marine Engineering
/ Company, L td. (Subscribing Firm), 

Wallsend-on-Tyne.
L. 1917. O’Keefe, W m , 62, Stanhope Street,

Birmingham.
N. 1920. Oliver, R „ 35, E dith  Street, Jarrow-

on-Tyne.
Lncs. 1921. Ormerod* J ., 24, B arrett Street, Bury.
S. 1913. Osborn, S., Clyde Steel Works, Sheffield.
L. 1906. Oswald, J ., Sleaford Foundry, Nine

Elms Lane, S.W.8.
L 1919. O tto. C. A., 22, Owenite Street, Abbey 

Wood, S.E.2.
B. 1918. Oubridge, W. A.. M.I.M.E. (British

Piston Ring Company, Limited), 
Holbrook Lane, Foleshill, Coventry.

S. 1921. Oxley, G. H., Vulcan Foundry, Atter-
cliffe. Sheffield.

S. 1915. Oxley, G. L., Vulcan Foundry, Atter-
cliffe, Sheffield.

Y ear
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S. 1910. Oxley, W., Vulcan Foundry, Atterclifie, 
Sheffield.

B. 1930. Paige, J . F ., 49, Wheeley’s Road,
Edgbaston, Birmingham.

N. 1921. Palmers Shipbuilding & Iron Company 
Ltd. (Subscribing Firm), Hebburn- 
on-Tyne.

W.R. 1922. Parker, W., “ Ashdene,” Tabor Road,
of Y. Halifax.
E.M. 1905. Parker, W. B., 3, Murray Road, Rugby.
W.R. 1907. Parkinson, J ., Shipley, Yorks.
of Y.
S. 1924. Parramore, A., Caledonian Foundry,

Chapeltown, Sheffield.
N. 1915. Parsons, Hy. F ., “ Avondale,” H eaton 

Park  View, H eaton, Newcastle.
L. 1927. Patem an, W. J .,  18, Gloucester Road, 

Luton.
N. 1912. Patterson, R. 0 ., Thorneyholme, Wylam- 

on-Tyne.
Sc. 1929. Paul, J ., Meadow View Cottage, Bridg­

end, Bathgate, W est Lothian.
N. 1912. Paulin, W. J ., 1, S tannington Grove, 

Heaton, Newcastle.
E.M. 1924. Peace, A. E., Claremont, L ittleover 

Hollow, nr. Derby.
B. 1924. Pearce, J . G., M.Sc., D irector, British 

Cast Iron  Research Assn., 24, 
St. Paul’s Square, Birmingham.

E.M. 1913. Pearson, N. G. (Lieut.-Col.), Beeston 
Foundry Company, L td ., Beeston, 
Notts.

Lncs. 1909. Pell, J ., 17, Mersey Street, Rosegrove, 
Burnley, Lancs.

Lncs. 1922. Pellatt, D. L., “ W hitethorn,” Lostock, 
Bolton.

M. 1926. Pennington, D. G., Lea Close, Middleton 
St. George, Co. Durham.

Lncs. 1927. Penrose, J ., 190, Horsedge Street,
Oldham.

S. 1929. Perkins, C. B., 4, W ilton Place, Collegiate 
Crescent, Sheffield.

B ’nch. of M EM BERS.
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L. 1918. Perkins, J . E. S., “ Hilmorton,” The
Park, Peterborough.

B. 1920. Perks, C., Phoenix Castings, Ltd., 
Coventry.

L. 1926. Petters, L td. (Subscribing Firm), W est­
land Works, Yeovil.

Gen. 1927. Phillips, E. A., Laceby, near Grimsby.
L. 1926. Pisek, Dr. Mont. F r., Technical High 

School, Brno, Czeeho-Slovakia.
B. 1929. P itt, D ., 53, Solihull Lane, Hall Green, 

Birmingham.
E.M. 1922. Pochin, R. E., 246, Fosse Road, South 

Leicester.
Lncs. 1922. Pollard, J . T., 7, Powell Street, Burnley.
Lncs. 1926. Poole, J ., “ Clevelands,” Bury New 

Road, Whitefield Manor.
W .R. 1922. Poole, W. H., K ing’s Grove, Villa Road,
of Y. Bingley, Bradford.
S. 1923. Porter, H. W., 78, Ringinglow Road, 

Sheffield.
L. 1919. P o tt, L. C., Quipeast Co., 119, Moor-

gate, London, E.C.2.
E.M. 1924. Potter, W. C., “ Kenwalvn,” Sykefield 

Avenue, Leicester.
S. 1926. Presswood, C., B.A., “ Crowgate,” South

Anston, near Sheffield.
Sc. 1930. Preston, T. B., 31, Leven Street, Falkirk.
S. 1908. Prestwich, W. C., “ The Hallowes,”

Dronfield, Sheffield.
L. 1912. Primrose, H. S., 17, Victoria Street,

London.
Sc. 1920. Primrose, Jam es M., Mansion House

Road, Falkirk.
Lncs. 1912. Primrose, J . S. G., 17, Salisbury Road, 

Chorlton-cum-Hardy, Manchester.
B. 1929. Prince, A. E ., 23, H alburton Street, 

Birmingham.
L. 1926. Prior, W. H., 62, Andalus Road, London, 

S.WT.9.
B. 1924. Pritchard, P ., “ Eastcote,” St. Agnes 

Road, Moseley, Birmingham.
E.M. 1904. Pulsford, F. C., “ Kenmore,” Sandown 

Road, Leicester.
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L. 1928. Quicke, J . H., c/o Leacock & Co., F u n ­
chal, Madeira (The Madeira Supply 
Co., L td., Oficinas, Mecanicas, S.E. 
Fundicao, R ue de Ponte de S. 
Lazara, N.4).

Gen. 1922. Ramas, E. (Honorary), 2, Rue de
Constantinople, Place de l’Europe, 
Paris.

B. 1926. Randle, L. A., 45, Nicholls Street,
Coventry.

N. 1912. Rang, H. A. J ., 2, St. Nicholas Buildings, 
Newcastle-upon-Tyne.

L. 1928. Rao, K rishna, Mysore Ironworks,
B hadravati, India.

Sc. 1923. R attray , W. J ., c/o Burns & Co., L td., 
Howrah, Bengal, India.

S. 1921. Rawlings, Geo., 67, H untley Road,
Sheffield.

M. 1928. Reay Brass Foundry Co., L td ., Eagle 
Works, Skinner Street, Stockton-on- 
Tees (Subscribing Firm).

W. & 1927. Rees, Ivor, 27, Allington Road, South-
M. ville, Bristol.
Sc. 1920. Rennie, A., “ Kilnside,” Falkirk.
Sc. 1927. Rennie, W ., “ Ardenlea,” Cumbernauld,

Dumbartonshire.
Lncs. 1919. Rhead, E. L., Prof. College of Techno­

logy, Manchester (Honorary).
Gen. 1923. Rhydderch, A., Lenton Sands, R obert­

son Place, Vaucluse, Sydney, Aus­
tralia.

W. & 1925. Richards, C. E., 53, Merches Gardens,
M. Grange, Cardiff.

E.M. 1930. R ichards, W m., S trathern , 1, Spring­
field Road, Leicester.

Lncs. 1919. Richardson, W. B., Hope Foundry, 
Farnw orth, nr. Bolton.

W. & 1924. Richardson, R. J ., “ Rosemary,” Lan
M. Park, Pontypridd.

Sc. 1911. Riddell, M., Dungoyne, 35, A ytounR oad, 
Pollokshields, Glasgow.

M. 1926. Ridsdale, N. D., 3, Wilson Street, 
Middlesbrough.

886
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M. 1926. Ritchie, R. J . H ., Cambridge House, 
Linthorpe, Middlesbrough.

B. 1923. Roberts, E., 117, Radford Road, Lea­
mington.

B. 1919. Roberts, G. E., “ Rosedale,” Earlsdon 
Avenue, Coventry.

Lncs. 1921. Roberts, G. P., 153, Brandlesholme 
Road, Bury, Lancs.

Sc. 1922. Robertson, Donald M., “ Kinfauns,”
High Station Road, Falkirk.

Sc. 1930. Robertson, W., 147, Garnoch Road,
Kelvinside, Glasgow, N.

W.R. 1908. Robinson, J . G., 17, G ibraltar Road,
of Y. Halifax.
Sc. 1929. Rodger, J . M., & Son, Kyle Foundry, 

Ayr, Scotland (Subscribing Firm).
Lncs. 1912. Roe, S., 23, Grantham Street, Oldham.
S. 1930. Roebuck, A., 35, Montgomery Road,

Sheffield.
Gen. 1909. Ronceray, E. (Hon.), 3, Rue Paul Carle, 

Choisy-le-Roi, Seine, Paris, France.
W.R. 1928. Roper, E. A., Thorn Cottage, Bogtborn,
of Y. Oakwerth Road, Keighley.
Gen. 1925. Ropsy, P. A., 27, Rue Dodoens, A nt­

werp, Belgium.
L. 1929. Ross, H . J ., 28, Prince R upert Road, 

Eltbam , S.E.9.
B. 1923. Roxburgh, W., 271, Clifton Road, 

Rugby.
S. 1918. Russell, F ., c/o General Refractories 

Company, Limited, Wicker Arches, 
Sheffield.

E.M. 1924. Russell, P. A., 88, Dulverton Road, 
Leicester.

E.M. 1906. Russell, S. H., B ath Lane, Leicester.
N. 1915. Sanderson, E., 1, Ellwood Gardens,

Gateshead-on-Tyne.
S. 1921. Sandford, J ., 46, Clifford Road, Shef­

field.
W.R. 1922. Sayers, H., 53, Acre Road, Middleton,
of Y. Leeds.
B. 1921. Scampton, Chas., South Avenue, Stoke 

Park, Coventry. .
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M. 1927. Scholes, A., Alma House, Junction
Road, Norton-on-Tees.

N. 1929. Scott, W., 8, Wilson Street, Dunston- 
on-Tyne.

Lncs. 1927. Seddon. W. E., 14, Samuel Street, 
Rochdale.

B. 1910. Sexton, A. H um bolt (Hon. Life), 6,
Clarendon Road, St. Helier, Jersey,
C .I.

Sc. 1929. Shanks, Thos., Beechfield, Denny.
Sc. 1920. Sharpe, Daniel, 100, W ellington St.,

Glasgow.
Lncs. 1927. Shaw, A., 52, K ing S treet, Oldham.
X. 1929. Shaw, G., 4, Elm  Grove, Forest Hall,

Newcastle-upon-Tyne.
L. 1906. Shaw, J ., “ Cartref,” Parkstone Avenue, 

Southsea.
M. 1929. Shaw, G., M.A., 53, Southfield Road, 

Middlesbrough.
N. 1907. Shaw, R, J . (Life), 26, Queen’s Road, 

Monkseaton, N orthum berland.
M. 1922. Shaw, W. (Subscribing Firm ), Wellington 

Cast Steel Foundry, Middlesbrough.
M. 1929. Shaw, WT. G., B.A., R ed Croft, Nun- 

thorpe, Middlesbrough.
S. 1908. Sheepbridge C. & I. Company, Lim ited 

(Subscribing Firm), Sheepbridge 
Works, Chesterfield.

B. 1930. Shenton, B .P., 99, Beeches Road,
W est Bromwich.

L. 1927. Shepherd, H. H ., c/o Crane Bennett, 
L td., Nacton Works, Ipswich, Suf­
folk.

Lncs. 1907. Sherbum, H. (Life), “ Ellesmere,” Pad- 
gate, W arrington.

Lncs. 1905. Sherburn. W. H. (Life), Rotherwood, 
Stockton H eath, W arrington.

L. 1912. Shillitoe, H., “ W estwood,” Potters
Bar, London, N.

N. 1920. Shiplej'’, H. J ., E ast Cottage, Delacour 
Road, Blaydon-on-Tyne.

S. 1927. Shirt, F. A., ~317, Psalter Lane, Shef­
field.

Y ear
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Lncs. 1907. Simkiss, J ., Abington House, Hyde 
Road, Gorton, Manchester.

N. 1913. Simm, J . N., 61, Marine Avenue,
Monkseaton.

L. 1927. Simpson, H. L., “ Brockenhurst,” 4,
Emlyns Street, Stamford, Lincs.

S. 1926. Singleton, T., 21, Peveril Road, Shef­
field.

Sc. 1926. Skinner, F. J ., Lochend House, Mary- 
hill, Glasgow.

W.R. 1921. Slingsby, W., Highfield Villa, Keigh-
of Y. ley.
L. 1925. Small, F. G., “ Meliden,” Burden

Lane, Cheam, Surrey.
N. 1921. Smalley, 0 ., Miramer Hotel, Brooklyn, 

New York, U.S.A.
Sc. 1927. Smart, G., Rowallan, Stepps, Glasgow.
L. 1928. Smeeton, J ., 15, Victoria Street, S.W .l.
B. 1928. Smith, A. B., “ Bramber,” Histone

Hill, Bodsall, Staffs.
B. 1925. Smith, B. W., Hawkswell Farm, Coles- 

hill, near Birmingham.
Lncs. 1928. Smith, C. G., “ Craigside,” Well Lane, 

Hr. Bebbington, Cheshire.
B. 1919. Smith, C. R. (Messrs. C. & B. Smith),

Stewart Street, Wolverhampton.
L. 1929. Smith, C. W., “ W irtridge,” Kingshill

Road, Dursley.
S. 1921. Smith, Fredk., Devonshire Villas,

Barrow Hill, near Chesterfield.
E.M. 1921. Smith, George, Cavendish Place, Bees-

ton, Notts.
N. 1905. Smith, J ., “ H arton Lea,” Harton,

South Shields.
M. 1926. Smith, J . D., 19, Shaftesbury Street,

Stockton-on-Tees.
N. 1917. Smith, J . E., 7, Lily Avenue, Jesmond,

Newcastle.
M. 1926. Smith, J . L., “ Holmesdale,” Billing-

ham, near Stockton-on-Tees.
N. 1913. Smith, R. H., 16, W hitburn Road

East, Cleadon, near Sunderland.

Year
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B. 1928. Smith, W. H ., “ Exford,” Lenwade 
Road, W arley Woods, Birmingham.

B. 1925. Smith, AY. S., 15, Broadfields Road, 
Erdington, Birmingham.

L. 1923. Snook, S. W. G., 30, Lawrence Road, 
Tottenham, N.15.

L. 1914. Sommerfield, H . G., Charterhouse 
Chambers, Charterhouse Square, 
London, E .C .l.

Lncs. 1926. Southerst, R., 8, Raven Street, Bury.
S. 1925. Spafford, Arnold V., Im perial Works, 

Brown Street. Sheffield.
Lncs. 1927. Spedding, O. L., Holly Grove, Dob- 

- cross, R.S.O., Yorks.
E.M. 1914. Spiers, T. A., “ Delamere,” Uppingham 

Road, Leicester.
E.M. 1928. Stanton Ironworks Co., L td., Stanton, 

near N ottingham  (Subscribing 
Firm).

Lncs. 1927. Stanworth, J ., “ The W oodlands,”
Rimington, Clitheroe.

Lncs. 1922. Staveley Coal & Iron Company (Sub­
scribing Firm), Staveley Works, 
near Chesterfield.

S. 1927. Steele, F. E., 66, Hatfield House Lane, 
F irth  Park, Sheffield.

Sc. 1930. Steele, J . S., 4, Minerva Cottages, John  
Knox S treet, Clydebank, Scotland.

Sc. 1920. Steven, A. W., Lauriston Ironworks, 
Falkirk.

E.M. 1914. Stevenson, E., “ Charnwood,” Sunny- 
dale Road, Carlton, Notts.

E.M. 1928. Stobart, W., 20, Kenilworth Avenue, 
Normanton, Derby.

N. 1912. Stobie, V., Oakfield, Ryton-on-Tyne.
L. 1915. Stone, E. G., 20, Cantley Avenue, 

Clapham Common, S.W.4.
L. 1912. Stone, J ., 106, H arlaxton Road,

Grantham.
Gen. 1922. Stones, J ., 2, Marshall Road, Agar- 

para, K am arhatti P.O., Calcutta, 
India.

B 'nch . of , M EM BERS.
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N. 1921. Stothard, A., 32, Grainger Street
West, Newcastle.

E.M. 1916. Street, W., 20, Burleigh Road, Lough­
borough.

Lncs. 1921. Stubbs, Limited, Jos. (Subscribing
Firm), Mill Street Works, Ancoats, 
Manchester.

Lncs. 1912. Stubbs, Oliver (Hon. Life) (J. Stubbs, 
Limited), Openshaw, Manchester.

Lncs. 1919. Stubbs, R. W., 209, Dickenson Road, 
Longsight, Manchester.

Lncs. 1928. Studley, G. C., 28, Meadow Bank, 
Chorltonville, Manchester.

M. 1927. Styles, W. E., Eskdale House, Cam­
bridge Road, Thornaby-on-Tees.

W.R. 1922. Summerscales, W. H. G., Rockfield,
of Y. Keighley.
W.R. 1919. Summersgill, H., Stanacre Foundry,
of Y. Wapping Road, Bradford.
L. 1927. Sutton, E. W., 48, Halesworth Road,

Lewisham.
Gen. 1926. Swaine, G., c/o Marshall, Sons & Co., 

India, Ltd., Argarpara Works, Kar- 
n arhatty , P.O. 24, Parganas, Bengal, 
India.

S. 1908. Swinden, T., D.Met., 26, Oakhill Road,
N ether Edge, Sheffield.

N. 1928. Swinney, T., Castle View, Morpeth.
W.R. 1912. Sykes, J . W., Birdacre House, Gomersall,
of Y. Leeds.
Lncs. 1927. Tait, W., Mere, Repetition Castings 

(M/c), L td., Holland Street, Miles 
P latting, Manchester.

E.M. 1928. Taite, G., The Old Manor House, L u tter­
worth.

N. 1927. Tate, C. B., 32, Grosvenor Drive, Whitley 
Bay.

Lncs. 1924. Taylor, A., 84, Hornby Road, Black­
pool.

E.M. 1929. Taylor Bros. (Sandiacre), Ltd. (Subscrib­
ing F if m), Sandiacre, nr. Nottingham.

E.M. 1929. Taylor, H ., Yorresdene, Sandiacre.

Y ear
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N. 1922. Taylor & Son, Limited, C. W. (Subscrib­
ing Firm), N orth E astern Foundries, 
South Shields.

Lncs. 1911. Taylor, R. (Asa Lees & Company, 
Limited), Oldham.

N. 1925. Taylor, T., Po in t P leasant Hall, Walls- 
end-on-Tyne.

Lncs. 1920. Thompson, H ., 6, Dobson Road, Bolton.
W.R. 1922. Thornton, W. G., 1081, Grangefield
of Y. Avenue, Thornbury, Bradford.
L. 1924. Thom ycroft & Co., L td., John  I. (Sub­

scribing Firm), Iron  Foundry, Wools- 
ton  W orks, Southam pton.

M. 1926. Thorpe, S. P ., 11, Devonshire Road,
Middlesbrough.

L. 1925. Tibbenham, L. J ., The Limes, Stow- 
market.

W. & 1928. Timmins, D., “ Bungalow,” Brooks
M. Road, Fishponds, Bristol.

M. 1926. Todd, H ., 50, Derby Grove, Lenton
Sands, N otts.

L. 1927. Tompkins, S. J ., Sefton, Birmingham 
Road, Wylde Green, Birmingham.

S. 1927. Tonge, J ., Bovey Court, Vereeniging, 
S. Africa.

Gen. 1922. Touceda, E. (Hon.), 943, Broadway, 
Albany, N.Y., U.S.A.

S. 1929. Townsend, C. W. D., W rawby, Briggs, 
Lincs.

Lncs. 1928. Toy, H ., 4, W estmorland Road, Urms- 
ton, Manchester.

M. 1924. Toy, S. V., Tudor Court, N unthorpe, 
S.O., Yorks.

N. 1927. Travers, D. Le M., 29, Clayton Road, 
Newcastle.

L. 1922. Tremayne, Chas., 26, Eversley Road, 
Charlton, S.E.7.

Sc. 1922. Tullis, D. R ., Aillig, Campbell Drive, 
Bearsden, Glasgow.

L. 1926. Turner, A. C., 144, Turney Road,
Dulwich, S.E.24.

B. 1927. Turner, H. L., 23, Mellish Road, Walsall.
B. 1910. Turner, Prof. T. (Hon. Life), Netheridge

Elm Drive, Leatherhead, Surrey.
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B. 1927; Turner, T. H ., M.Sc., 17, Acacia Road,
Bournville, Birmingham.

Sc. 1923. I utchings, A., 152, Greenhead Drive, 
South Govan, Glasgow.

Lncs. 1909. Tweedales & Smalley, Limited, Globe 
Works, Castleton, Lancs.

L. 1928. Twigg, W. R., The Laurels, Harpenden,
Herts.

B. 1918. Tyson, E. H „ 269, Gillott Road, Edg-
baston, Birmingham.

S. 1916. Underwood, G. H. “ K ulti,” Cutthorpe,
near Chesterfield.

Sc. 1913. Ure, G. A. (Smith & Wellstood, Ltd.), 
Bonny bridge, Scotland.

Gen. 1927. Vanzetti, Comm. Ing. Carlo, C.B.E., 
Fonderia Milanese di Acciaio Van- 
ze tti, Milan, Italy .

Gen. 1922. Varlet, J . (Hon.), Esperance Longdoz 
W orks, Liege, Belgium.

Lncs. 1922. Vickers, Limited (Subscribing Firm), 
Barrow-in-Furness.

Sc. 1911. Waddell, R. C., 2, Percy Street, Ibrox, 
Glasgow.

S. 1907. Walker, E ., Effingham Mills, R other­
ham.

S. 1918. Walker, T. R., B.A., 26, Castlewood
Road, Fulwood, Sheffield.

E.M. 1929. Wallis, J ., 5, Matlock Road, Ambergate, 
Derbyshire.

N. 1921. Wallsend Slipway & Engineering Co.,
L td. (Subscribing Firm), Wallsend-
on-Tyne.

Gen. 1922. W alters, A. F. (H. I. Dixon & Com­
pany, Limited), The Omiar Founding 
and Eng. Company, Limited, Lovt 
Lane, Mazagon, Bombay, India.

N. 1927. W alton, S. H., 73, Highbury, Jesmond, 
Newcastle-upon-Tyne.

S. 1908. W ard, A. J . _(T. W. W ard, Limited),
Albion Works, Saville Street, Shef­
field.

L. 1919. Wares, F. J ., 216, Cromwell Road, Peter­
borough.

B ’uch- , ° £. M EM BERS.
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N. 1919. Watson, J . H ., Benwell Grange Avenue, 
Newcastle-upon-Tyne.

W.R. 1922. Watson, Jos. J ., “ Gwynfa,” College
of Y. Street E ast, Crosland Moor,

Huddersfield.
B. 1914'. W atson, R., 49, Y ork Street, Rugby.
B. 1917. Webb, B., 531, Stourbridge Road,

Scott Green, Dudley.
L. 1925. W ebster, E. K ., Deptford S tar Eoundry, 

R olt Road, Deptford, London, S.E.8.
B. 1928. W ebster, G. R ., 8, Marlborough Road, 

Bearwood, Birmingham.
Sc. 1920. Weir, R t. Hon. Lord, The, P.C., D.L., 

LL.D. (Life Member), G. & J .  
Weir, Limited, Catheart, Glasgow.

N. 1912. Weir, J . M., 7, Stanhope Road, South 
Shields.

W.R. 1908. Welford, R . D., 1, H ilton Road, Frizing-
of Y. hall, Bradford.
S. 1910. Wells, G. E. (Edgar Allen & Co., Limited),

Im perial Steel W orks, Sheffield.
S. 1914. Wells, J . A. E ., “ T hrift House,”

Ringinglow Road, Sheffield.
Gen. 1927. Werner, Dr. Ing. S. G., Lindemannstr. 

18, Düsseldorf, Germany.
Lncs. 1926. West, W alter, Farrington Steel Works, 

of Leyland Motors, Leyland, Lancs.
S. 1921. W harton, E ., Rosemont, S tation Road,

Brimington, Chesterfield.
N. 1913. W harton, J ., Phoenix Foundry, Mary- 

port, Cumberland.
B. 1928. White, A. 0 ., 9, Longcroft Avenue,

Wednesbury.
W.R. 1928. W hite, H. H., “ R ydalhurst,” Church
of Y. Lane, Crosscrates, Leeds.
L. 1929. Whitehead, J . E., “ Carlton Lawn,” 

Clifton Drive, Lytham , Lancs.
B. 1925. Whitehouse, E . J ., “ The ¿ n o il ,”

Penn, W olverhampton.
B. 1929. Whitehouse, L., 79, Hales Road, W ed­

nesbury, Staffs.
S. 1916. Whiteley, A., 7, Glen Road, N ether

Edge, Sheffield.

B ’nch. of M EM BERS.
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B,n0\je c ° t io n . MEMBERS.

Lnos. 1910. W hittaker, C., & Company, Limited, 
Dowry Street Ironworks, Accrington. 

W.R. 1928. W hittaker, F „  Greyholme, Horsforth, 
of Y. Yorks.
B. 1919. Wild, M.,' 29, Beauchamp Avenue,

Leamington.
B. 1921. Wilkinson, D., 1114, Bristol Road

South, Northfield, Birmingham. 
W.R. 1919. Wilkinson, G. (E. & W. Haley, Ltd.), 
of Y. Thornton Road, Bradford.
Lncs. 1917. Wilkinson, R ., “ Lvndhurst,” Wargrave 

Road, Newton-le-Willowg, Lancs.
B. 1928. Wilks, L. P., Rydal Mount, Fowler

Street, Wolverhampton.
W. & 1930. Williams. C. E., “ Coniston,” Cefn-Coed 
M. Road, Penylan, Cardiff.

W. & 1924. Williams, R. G., “ Rossmore,” Calcot
M. Road, Barry.

W. & 1916. Williams, W., Alexandra Brass Foundry, 
M. E ast Dock, Cardiff.

L. 1927. Williams, W. L., W atch House, Fel-
stead, Chelmsford.

L. 1930. W illiamson, G. C., Hildegarde, Wells
Road, Beckley, K ent.

M. 1912. Wilson, F. P., “ Parkhurst,” Middles­
brough.

E.M. 1928. Wilson, P. H ., Ivy  Mount, N ottingham.
L. 1927. Windsor, W. T., “ P ax,” Coggershall

Road, Braintree, Essex.
Sc. 1906. W interton, H., “ Moorlands,” Milngavie, 

Dum barton shire.
S. 1924. W interton, H. T., “ The Beild,” New-

lands Road, Chesterfield.
W.R. 1912. Wise, S. W., 110, Pullan Avenue,
of Y. Eccleshill, Bradford.
B. 1925. Wiseman, Alfred, Ltd. (Subscribing

Firm), Glover Street, Birmingham. 
L. 1927. Withers, E. C. (Com.), 731, Warwick

Road, E arl’s Court, S.W.5.
S 1929. Wood, C., 61, Blair Atholl Road,

Sheffield.

Year
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B. 1919. Wood, D. Howard (Capt.), “ Kings-
wood,” P ark  Road, Moseley, B ir­
mingham.

B. 1909. Wood, E. J . (Patent Axlebox &
Foundry Company, Limited), Wed- 
nesfield Foundry, W olverhampton.

Lncs. 1926. Woodcock, A., 163, H artington Street, 
Moss Side, Manchester.

W.R. 1914. Worcester, A. S., Toria House, 162,
of Y. Victoria Street, Lockwood, H ud­

dersfield.
B. 1930. W ragg, T. J ., “ D erw ent,” Queslett

Road, Great B arr, Birmingham.
L. 1928. Wrey, C. R. B., 3 7 a , Thurloe Place, 

London, S.W.7.
B. 1914. W right, E. N . (Life), Oxford Lodge, 

Penn Fields, W olverhampton.
E.M. 1928. W right, W. H ., 190, London Road,

Leicester.
E.M. 1927. W ybom, S., 35, H artington Road,

Sherwood, Notts.
Lncs. 1928. Yarwood, W. J ., & Co., L td., The

Dock, Northwich, Cheshire (Sub­
scribing Firm).

L. 1914. Young, H. J ., 3, Central Buildings, 
W estminster, S.W .l.

ASSOCIATE MEMBERS.
W.R. 1928. Ablard, A., 231, Folkstone Street,
of Y. Bradford Moor, Bradford.
W.R. 1927. Ackeroyd, H ., 40, Devonshire Street,
of Y. Keighley.
M. 1926. Adcock, F. H ., 7, Beech Grove, Middles­

brough.
Sc. 1919. Affleck, J ., B.Sc., 21, Overdale Avenue, 

Langside, Glasgow.
L. 1929. Ainsworth, E., 22, W hittingstall Road,

Fulham, S.W.6.
B. 1915. Aldridge, S., 91, Dale Street, Walsall.
S. 1927. Alford, A. L., 408, Windmill Lane,

Shiregreen, Sheffield.
B. 1928. Allen, A. E., 7, The Drive, Gravelly

Hill, Birmingham.

Y ear
B ’nch. of M EM BERS.

Election.
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B 'nch of ASSOCIATE MEMBERS.
Election.

Sc. 1929. Alston, J.
M. 1928. Anderson, D., “ N utana,” Victoria

Avenue, Redcar, Yorks.
Sc. 1926. Anderson, J . Y., 35, Alice Street, Paisley.
L. 1925. Armishaw, W. J., 44, Common View,

Letchworth, Herts.
E.M. 1928. Armitage, R., 24, St. Paul’s Road,

Derby.
M. 1926. Armstrong, G., 23, Chipchase Street,

Middlesbrough.
L. 1925. Armstrong, L. R., 56, Parliam ent Hill 

Mansions, N.W.5.
Sc. 1926. A rnott, James, 114, Broomhall Road,

Newlands, Glasgow.
Lncs. 1916. Ashton, P ., 24, Isherwood Street, Hey- 

wood, Lancs.
Lncs. 1927. Ashton, N. C., 591, Chorley New Road, 

Horwich, near Bolton.
Lncs. 1923. Astall, D., c/o Messrs. Chas. Jones, 

Ninian Foundry, E ast Moors Road, 
Cardiff.

L. 1905. Aston, D. A., 36, Bastwick Street, 
Goswell Road, London, E.G. I .

Lncs. 1922. Atkinson, Albert, 11, Guy Street, 
Padiham , Lancs.

N. 1925. Atkinson, G., 10, Queen’s Drive, W hit­
ley Bay.

S. 1920. Avill, Wm., Lyndon House, Mumsbro’ 
Lane, Greasborough, Rotherham.

S. 1912. Ayres, J . A., “ Aldbourne,” Eccles- 
field, Sheffield.

S. 1924. Bacon, P., 86, Bridge Street, Swinton, 
near Rotherham.

S. 1909. Bailey, P. T., 17, Hallowes Lane, Dron- 
field, near Sheffield.

Sc. 1916. Bain, W7., Ardmore, Bonnybridge, Scot­
land.

Sc. 1928. Baird, T. C., 87, Main Street, Barrhead.
B. 1918. Baker, W., “ K ara Gwent,” Coalway 

Road, Penn Fields, Wolverhampton.
W.R. 1927. Balme, H., 3, Shaw Terrace, Mars-
ofY.  den, near Huddersfield.

T e a r

2  a
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Lncs, 1927. Barber, C., 43, Bircb Street, W est 
Gorton, Manchester.

M. 1926. Barclay, D., 45, Edw ard Street, Stock­
ton-on-Tees.

S. 1922. Barker, A. G., 26, Victoria Road, Balby,
Doncaster.

B. 1930. B arker, E . C., 48, George E lio t Road,
Coventry.

B. 1919. Barker, S. B., 34, D arby Road, Coal- 
brookdale, Salop.

S. 1924. Barker, W ., 136, Nidd Road, A tter-
clifEe, Sheffield.

S. 1913. Barnaby, N. F. (John Brown & Com­
pany, Limited), Scunthorpe.

Lncs. 1910. B a r n e s ,  G., 16, Trem ellenStreet, Accring­
ton.

Lncs. 1930. Barnes, W ., 22, L isbon S treet, Burnley.
Lncs. 1915. Baron, E ., 24, Grimshaw Lane, Newton 

H eath, Manchester.
L. 1914. B arrett, H. G., L etchw orth Castings

Co., Letchw orth, H erts.
Lncs. 1924. B arrett, S., 150, Chorley New R oad 

Horwich, nr. Bolton.
L. 1911. Batch, J ., 60, Robertson S treet, Queen

Street, Battersea, S .W .ll.
B. 1927. Bate, F ., 48, Sweetpool Lane, W est

Hagley, Stourbridge'.
S. 1920. B atty , F ., 52, H am pton Road, Pits-

moor, Sheffield.
E.M. 1926. B axter, J ., 108, Stone Hill R oad,

Derby.
Sc. 1929. Baxter, M., W hittingham e Place, Bridg­

end. B athgate, Scotland.
L. 1921. B axter, Percy L., 131, A m pthill Avenue,

Benoni, Transvaal, S. Africa.
W.R. 1924. Bean, E .. c/o Anglo-Persian Oil Co.
of Y. Abadan, Persia.
L. 1925. Beardshaw, A., 50, Jackm ans Place, 

Letchworth, Herts.
E.M. 1919. Beck, H . J ., B arton House, R osam ond’s 

Ride, L ittleover Lane, Derby.
L. 1925. Becker, M. L., Ph.D ., N ational Physical 

Laboratory, Teddington.

Y ear
B ’nch. of A SSO CIATE M EM BERS.

Election.
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n ch - of. ASSOCIATE M EM BERS.
Election.

Lncs. 1927. Beech, T. L., 86, Cyprus Street, S tre t­
ford, Manchester.

W.R. 1927. Beilby, A. R., 233, Melrose Gate, Tang
of Y. Hall, York.
N. 1925. Bell, J ., 65, Park  Avenue, W hitley 

Bay, Northumberland.
Sc. 1910. Bell, T., 2, Bellfield Street, Barrhead, 

Glasgow.
S. 1918. Bennett, A. M., 12, Brandon Grove,

Newton Park, Leeds.
W. & 1928. Bennett, S. L., 2, Lily Street, Roath 

M. Park, Cardiff.
W.R. 1912. Berry, F., 125, W atkinson Road, Illing-
of Y. worth, Halifax.
Lncs. 1917. Berry, R. I., 31, Bury Road, Bamford, 

Rochdale.
B. 1926. Bettinson, J . S., Woodbourne Lodge,

Edgbaston, Birmingham.
S. 1928. Betts, F ., 69, Tapton Bank, Crosspool, 

Sheffield.
Lncs. 1926. Bevins, J ., 1, Little Union Street, 

Ulverston.
Sc. 1920. Binnie, Alex., 15, Cochrane Buildings, 

Pleasance Square, Falkirk.
B. 1916. Birch, H ., Inglewood, Chester Road,

Streetly, Birmingham.
B. 1922. Bird, J . B„ “ Corallyn,” Hardwick

Road, Streetly, near Birmingham.
Sc. 1919. Black, A., 27, Dixon Road, Crosshill, 

Glasgow.
Sc. 1928. Black, J ., 20, W atling Street, Camelon, 

Falkirk.
Sc. 1928. Blackadder, T., 5, Orchard Street,

Falkirk, Scotland.
Sc. 1928. Blackadder, W., Linton Vale, Meeks

Road, Falkirk.
E.M. 1920. Blackwell, W m , 36, A rthur Street,

Loughborough.
Sc. 1910. Blackwood, R., “ Kenilworth,” John ­

stone, Glasgow.
E.M. 1919. Blades, C., The Vines, W anlip Road, 

Syston, Leicester.
2 G 2
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Sc. 1928. Blair, W. W ., Station House, Graham- 
ston, Falkirk.

E.M. 1924. Bloor, F. A., “ Inglemere,” Stenson 
Road. Derby.

N. 1919. Blythe, J . D., 81, N orthum berland
Terrace, W illington-Quay-on-Tyne.

Sc. 1927. Blythe, N. C., 11, Danes Drive, Seots-
toun, Glasgow.

W .R. 1922. Booth, G. E ., 80, In s titu te  Road,
of Y. Eccleshill. Bradford, Yorks.
S. 1928. Booth, J . T., Ringwood Road, Briming-

ton, Chesterfield.
S. 1928. Booth, W. A., 46, John Street, B ram pton,

Chesterfield.
N. 1915. Borthwick, T., Crookhall House, Con- 

sett, Co. Durham.
Lncs. 1928. Bose, R . N., 24, Church S treet, S tre t­

ford, Manchester.
S. 1927. Boulton, D. C., 4, L ittlem oor Crescent.

Newbold, Chesterfield.
M. 1920. Bound, W. H ., Wh. Ex. A.M.I.Mech.E., 

12, D ufton Road, Linthorpe, Middles­
brough.

L. 1906. Bowman, A., 48, Lathom  Road, E ast 
Ham, E.6.

W. & 1926. Boxall, H . A.
W .R. 1929. Bradbury, H ., 33, Perseverence Street,
of Y. Primrose Hill, Huddersfield.
S. 1916. Bradley, H ., “ Cotswold,” Booking

Lane, W oodseats, Sheffield.
B. 1925. Bradshaw, J . H. D., 4, Foley Street, 

W ednesbury, Staffs.
L. 1928. Brand, J . P ., 2, R uth  St., S tratford, E .15.
N. 1921. Brass, A., 44, H aydn Terrace, Gateshead-

on-Tyne.
Sc. 1928. Breckenridge, J . M., 7, Orchard Street, 

Kilmarnock.
Lncs. 1923. Brereton, C. F ., 25, M anchester Road, 

Chorlton-cum -Hardy, Manchester.
Lncs. 1917. Brierley, A., 76, Ash Road, Denton, 

Manchester.
Lncs. 1923. Brockbank, A. H ., 3, Hawkens Street, 

Old Trafford, Manchester.

B ’nch. of A SSO CIATE M EM BERS.
Election.
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B ’nch of ASSOCIATE M EM BERS.
Election.

M. 1929. Brodie. B., 9. Redmire Road, Stoc kton- 
on-Tees.

W.R. 1926. Brook, J ., 10, Elford Terrace, Round-
°f Y. hay Road, Leeds.
Lncs. 1925. Broughton. H., 1, Chip Hill Road,

Deane, Bolton.
N. 1917. Brown, C. Hy., 57, Whitehall Road, 

Gateshead-on-Tyne.
Lncs. 1923. Brown, G. H., 17, Derbyshire Avenue, 

Stretford, Manchester.
Lncs. 1917. Brown, J ., 227, Milnrow Road, Roch­

dale.
Sc. 1929. Brownlee, J ., 2, Atholl Terrace, B ath­

gate, Scotland.
Sc. 1914. Bruce, A., 6, Lockharton Avenue,

Torpichen Street, Edinburgh.
L. 1928. Bruce, W., 38, Watson Street, Falkirk.
Sc. 1926. Bruce, W. T., 6, Lockharton Avenue,

Edinburgh.
M. 1929. B runt, Wm., 11, Rydal Street, West 

Hartlepool.
S. 1928. Bryan, J ., 30, St. Helens Street, Chester­

field.
Sc. 1927. Bryden, W alter Myreton, Bonnybridge, 

Stirlingshire.
Lncs. 1926. Buck. A., 9, St. P au l’s Road, N orth 

Shore, Blackpool.
N. 1920. Buckham, G. H., “ Harewood,” Grange 

Road, Newcastle-upon-Tyne.
L. 1926. Buckingham, F. A. T., 114, Richmond 

Road, Gillingham, Kent.
E.M. 1928. Buckland, R. H ., 20, Dairyhouse Road, 

Derby.
L. 1928. Bullock, D. C., 29, Clarendon Road, 

Harrow, Middlesex.
B. 1925. Bullows, W. D., c/o Castings, Ltd., 

Selbourne Street, Walsall, Staffs.
E.M. 1928. Bulmer, G. N. B., 11, Station Road, 

Challaston, Derby.
Lncs. 1930. Burgess, A., 8, Mellor Street, Stockport.
E.M. 1929. Burgess, A. E., 21, Foundry Cottages, 

Syston, Leicestershire.

Y ear
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E.M. 1928. Burgess, F., 21, Foundry Cottages, 
Syston, near Leicester.

E.M. 1929. Burgess, S. H ., 137, N orth Street, 
Barrow on Sour, near Lough­
borough.

S. 1924. Burkinshaw, J . W., 13, Laveraek
Street, Handsworth, Sheffield.

Sc. 1917. Burns, J . K ., 77, Sandy Road, Renfrew.
N. 1925. Burrell, J ., 2, Bede Crescent, Willington- 

Quay-on-Tvne.
W.R. 1921. Butterfield, P ., 10, Eastfield Place,
of Y. Sutton-in-Craven, Keighley, Yorks.
E.M. 1927. Butters, F. G., 1, Albany Street, Ilkeston.
Sc. 1928. Butters, F. H. R ., 145, Hillend Road, 

Lambhill, Glasgow.
Lncs. 1919. Butterworth, J ., 40, Clement Royds 

Street, Rochdale.
W .R. 1921. Butterworth, John, 79, Bracewell Drive,
of Y. W heatley Road, Halifax.
Lncs. 1929. Buttriss, J . 0 ., 27, Niobe Street, W alney 

Island, Barrow-in-Furness.
Lncs. 1926. Cairns, F., 59, Brodwell Street, Seedley, 

Manchester.
B. 1924. Callaghan, G. M., 6, Foxgrove, Acocks 

Green, Birmingham.
E.M. 1929. Callis, B., 57, Clarence Street, Lough­

borough.
S. 1920. Cameron, N.
Lncs. 1926. Campbell, A. B., 125, Stam ford Road,

Audenshaw, Manchester.
Sc. 1912. Campbell, D. McGregor, Torwood

Foundry, Larbert.
L. 1914. Campbell, J ., 9, W estern Gardens,

Ealing, W.
Lncs. 1918. Campbell, W., 12, Denbeigh Street, 

Stockport.
S. 1927. Carlisle, E. A., 3, Silver H ill Road,

Eeclesall, Sheffield.
L. 1921. Carrell, Hy. Alfred. 6J, Peabody

Buildings, Farringdon Road, E .C .l.
Sc. 1930. Carrol, R ., c/o Mrs. Nicol, 46. Melville 

Street, Pollokshields, Glasgow.

B'nch. of A SSO CIATE M EM BERS.
E lection.
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E.M. 1929. Carter, J ., “ South Lawn,” St. Paul’s 
Street, Stamford, Lincs.

W.R. 1927. Carter, S., Cowley Lane, Lepton, near
of Y. Huddersfield.
W. & 1930. Ceriez, A. J ., 5, May Street, Cathays,
M. Cardiff.

Sc. 1928. Chambers, H ., c/o Macpherson, 20,
Douglas Street, Paisley.

L. 1925. Chambers, J . F., 92, Alma Road,
Windsor.

Sc. 1930. Chapman, W. C., Kushtia, E.B.R.,
Bengal, India.

W.R. 1922. Chappelow, Thos., 181, Taylor Street,
of Y. Bat ley, Yorks.
Lncs. 1925. Cheetham, E., 5, Eldon Road, Edgeley, 

Stockport.
W. & 1928. Chilvers, W., High Street, Crowmarth,

M. near Wallingford.
Lncs. 1927. Clark, J . J ., 39, Dicconson Street,

Ormskirk, Lancs.
N. 1920. Clark, J . W., 133, St. Thomas’ Terrace, 

B lay don - on -Tyne.
Sc. 1928. Clark, R. F., 127, G raham ’s Road,

Falkirk, Scotland.
L. 1923. Clark, W., 9, Jubilee Road, Basingstoke.
E.M. 1929. Clark, W., 256, Cossington Road,

• Sileby, Leicester.
N. 1912. Clarke, J ., Albert Street, Tayport,

Fife.
L. 1925. Clarke, J. W., 17, Major Walk, Peter­

borough.
Sc. 1928. Clarkson, A., Liddles Buildings, Ster- 

housemuir, Scotland.
Sc. 1922. Cleverley, A.M ., B.Sc., 24, York Street, 

Falkirk, Scotland.
Lncs. 1928. Cliffe, J ., 43, Manley Road, Oldham.
Lncs. 1921. Coleman, J . I., West Dene, Brooklyn 

Road, Wilpshire, Blackburn.
B. 1929. Coleman, F. P., 66, Victoria Avenue,

New Bilton, Rugby.
W. & 1926. Coles, F. L., -15, Moon Street, Cardiff.
M.

Year
B ’uch. of ASSOCIATE M EM BERS.

Election.
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8. 1920. Coles, W. H ., 2, Gordon Avenue,
Woodseats, Sheffield.

S. 1916. Collins, B. L., P.O. Box 290, Benoni, 
Johannesburg, South Africa.

W.R. 1926. Collinson, K. H., 11, Grandmere Place,
of Y. Halifax.
S. 1907. Cook, A. H., W . Cook & Sons, Ltd., 

W ashford Road, Sheffield.
Sc. 1929. Cook, T., 28, Jam es Street. Ladywell, 

Motherwell, Scotland.
S. 1914. Cook, W . G., Washford Road, Sheffield.
Lncs. 1927. Cooke, J . E., 116, Derbyshire Avenue, 

Stretford.
Lncs. 1926. Cooke, T., 15, Finchley Road, Hale, 

Cheshire.
M. 1926. Cooper, A., 50, Upper Oxford Street, 

South Bank.
E.M. 1929. Cooper, A., 23, Lees H ill Street, N otting­

ham.
N. 1919. Corbett, W. A., “ Dinguardi,” Bungalow 

19, High Farm  E state, Wallsend-on- 
Tyne.

Lncs. 1926. Coupe, Wm., junr., 36, K ittlingbom e, 
High Walton, near Preston.

Lncs. 1929. Crabtree, J . E., 23, Buxton Street, 
Accrington.

Sc. 1919. Cree, A., 160, Mount Amnan Drive, 
K ing’s Park, Cathcart, Glasgow.

E.M. 1926. Creese, H. J ., 112, Mere Road. Leicester.
Lncs. 1910. Critchley, F ., 631, St. Helens Road, 

Bolton.
L. 1928. Cropley, H. J ., 28, Beach Road,

Gorleston-on-Sea, Great Yarmouth.
Lncs. 1928. Cross, J ., 80, Elmfield Street, Church.
Lncs. 1929. Cryer. F., 6, Moreton Avenue, Stretford, 

Manchester.
Lncs. 1927. Cullinmore, G., 15, Lincoln Square, 

Earn worth, Widnes.
B. 1906. Curnow, M. H ., 41. H eath Lane, W est 

Bromwich.
Sc. 1926. Currie, J ., 1, Sutherland Crescent,

Bathgate.

Y ear
B ’nch. of ASSOCIATE M EM BERS.

E lection.
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B. 1907. Dalrymple, D., 20, Beeches Road,
West Bromwich.

S. 1920. Darby, A., 5, Dobbin Hill, Greystones, 
Sheffield.

Lncs. 1927. D athathraya, D., 219, Residency
Bazaar, Hyderabad, Deccan, India.

Sc. 1922. Davidson, W. B. (.Jas. Keith & Black­
man Co., Ltd.), Arbroath.

W. & 1924. Davies, E . H., 224, Cardiff Road,
M. Aberaman.

W. & 1929. Davies, .1. F., 53, Hawthorne Avenue,
M. Newport, Monmouth.
Sc. 1926. Davis, Thos., 633, Dumbarton Road,

Partick, Glasgow.
L. 1914. Davis, W. H., 8, Pye Street, Ports­

mouth.
W. & 1928. Dawson, J . A., 1, Greenhill Place,
M. Thrupp, near Stroud, Gloucester­

shire.
S. 1922. Day, A. B., 19, Scarsdale Road, Dron- 

field, near Sheffield.
Lncs. 1924. Deeley, F ., 52, Bewsey Street, W arring­

ton.
Lncs. 1918. Demaine, F. C., 9, Rising Sun Lane, 

Garden Suburb, Oldham.
Lncs. 1922. Demaine F. C., (jun.), 56, Bolton

Street, Oldham.
M. 1926. Denwood, W „ 7, Pearl Street, Haverton 

Hill, Middlesbrough.
W.R. 1922. Derrington, H., 101, Norfolk Mount,
of Y. Halifax.
L. 1909. Derry, L. B., 3, Preston Road, Yeovil, 

Somerset.
W. & 1930. Dewfall, J . L., Ton Road, Cwmbran,
M. Mon.

B. 1925. Dexter, B. J ., 80, New Rowley Street, 
Walsall.

E.M. 1929. Dexter, G., 10, Barrow Road, Sileby, 
Leicester.

Sc. 1928. Dickie, W., 19, Glasgow Road, Paisley, 
Scotland.

N. 1916. Dickinson, S., 39, Givens Street, Rokor, 
Sunderland.

Year
B ’nch. of ASSOCIATE MEMBERS.

Election.
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B. 1920. Dicks, G. E., 110, Richmond Hill,
Langley, near Birmingham.

S. 1914. Dixon, A. F ., 9, Bristol Road, Sheffield,
L. 1916. Dobson, J ., 3, Bond Isle Terrace,

Stanhope, Co. Durham.
N. 1924. Dodds, J ., 64, Seotswood Road, South

Benwell, Newcastle-upon-Tyne.
M. 1930. Dodsworth, R . P ., 2, Roscoe S treet, 

Middlesbrough.
Lncs. 1921. Dolphin, J . H ., 9, Chip H ill Road, 

Deane, Bolton.
W. & 1924. Domville, S., St. Marie, New Main
M. Road, Rumney, Monmouth.

Sc. 1919. Donaldson, J . W., D.Sc., Scott’s Ship­
building & Engineering Company, 
Limited, Greenock.

L. 1928. Donnon, W., L ight Alloys L td ., 
Willesden Junction , London, 
N.W. 10.

Sc. 1919. Dorsie, J . C., Maplewood, K irkintilloch.
B. 1920. Dubberley, F ., 44, Great A rthur Street, 

Smethwick, Staffs.
Lncs. 1926. Duckworth, J . A., 42a, Ormerod Street, 

Accrington.
Lncs. 1924. Dudley, W m., 11, Barlow Street, Lower 

Openshaw, Manchester.
Lncs. 1929. Dunkerley, W., 42, Balfour Street, 

Oldham.
Lncs. 1929. Dunleavy, F ., 457, B ury Road, Bolton.
E.M. 1929. Dunn, E ., 59, Swan Street, Sileby, 

Leicester.
L. 1920. Dupn, J . W., 50, Marlow Road, E ast 

Ham, E.7.
W.R. 1930. Durrans, P. H ., The Croft, Penistone,
of Y. ' near Sheffield.
W. & 1928. D urrant, G. A., 11, W est P ark  Road,
M. Newport.

Lncs. 1913. Eastwood, J . H ., 83, Princess S treet, 
Castleton, near Manchester.

S. 1929. E aton, A., 2, Shady Side, H exthorpe, 
Doncaster.

L. 1912. Eccott, A. E ., The Elms, 68, Smithies 
Road, Plum stead, S.E.18.

B ’nch. of A SSO CIATE M EM BERS.
E lection.
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S. 1925. Edginton, J., 3, Coupe Road, Burn-
greave, Sheffield.

Sc. 1911. Edmiston, M., Rose Vale, Windsor
Road, Renfrew.

B. 1922. Edwards. F. C., 32, Queen's Head Road, 
Handsworth, Birmingham.

W. & 1929. Edy, H., 59, Llewellyn Avenue, Ely,
M. Cardiff.

Sc. 1927. Elder, P., 10, Napier Crescent, Bains- 
ford. Falkirk.

E.M. 1928. Ellis, E. D., 195/7, Berridge Road, 
Nottingham.

L. 1922. Ellis, J. P., 20, Lambourn Road, Clap- 
ham, S.W.4.

E.M. 1909. ElLson, J., 19, Derby Road, Ripley, 
Derby.

S. 1924. Emmott, J., 33, Bowood Road, Sheffield.
Sc. 1930. Erskine, J., 2, Battlefield Avenue,

Langside, Glasgow.
Sc. 1920. Erskine, N. A. W., Morton Cottage, 

Camelon.
L. 1929. Etheredge, R. W. E., 21, Hillside, 

Harlesden, N.W.10.
Lncs. 1924. Evans, H., 93, Second Avenue, Traf- 

ford Park, Manchester.
Lncs. 1 9 2 9 . Evans, T., 1 a , Evans Street, Prescot, 

Lancs.
L. 1927. Everest, A. B., B.Sc., Ph.D., The Mond 

Nickel Co., Ltd., Imperial Chemical 
House, Mill bank. London, S.M . 1.

Sc. 1928. Ewing, W., 25, Clifford Street, Bella- 
houston, Glasgow.

W.R. 1922. Farrar, Levi, 22, Springswood Ave.,
of Y. Shipley, Yorks.
L n cs. 1919. F a r ro w , C ., 84 , Louisa S tre e t ,  O penshaw , 

M a n ch este r .
Lncs. 1922. Faulkner, Thos., 95, Bank Street, 

Clayton, Manchester.
Lncs. 1924. Fellingham, T. R., 81. Henshaw Street, 

Stretford. Manchester.
L. 1930. Fellows, F.. 5, Merebank Lane, Stafford 

Road, Waddon, Croydon.

Year
BTuh. of ASSOCIATE MEMBERS.

Ejection.



A. 1918. Fender, B., 15, K enilworth Road,
Monkseaton, N orthum berland.

L. 1924. Fenn, J . H ., 25, Francem ary Street,
Brockley, S.E.4.

Sc. 1929. Ferguson, T., 81, Commercial Road,
Barrhead, Scotland.

Sc. 1912. P erlie, T., Steel and Iron Founder,
Aucliterm uchty, Fifeshire.

S. 1927. F irth , T. C., S torth  Oaks, Ranmoor,
Sheffield.

L. 1926. Fish, F. W., 30, The Crescent, Letch- 
worth, Herts.

M. 1926. Fisher, F. E. 2, A lbert Terrace,
H averton Hill, Middlesbrough.

E.M. 1930. Fisher, G. E., 27, Judges S treet,
Loughborough.

Lncs. 1922. F ist, Thomas, ~ 127, Hughes Street, 
Hallewell, Bolton.

N. 1922. Flack, E. W., 3, Falshaw  Street,
W ashington S tation, Co. Durham.

B. 1927. Flavel, S. W. B., 11, Avenue Road,
to , Warwick Street, Leamington Spa.
B. 1918. Flavell, W. J ., C arter’s Green Passage,

W est Bromwich.
Lncs. 1919. F litcroft, E „  School Hill Ironworks, 

Bolton.
E.M. 1925. Food, F. H., Brighton Villa, Melbourne 

Street, Leicester.
W .R  1924. Foster, H „ 10, Highfield Place, Bramley 
o fY . Leeds. “
L. 1912. Fowler, T. E „ 72, S tation Road, New

Southgate, N .l l .
W.R, 1928. Fowler, S., 30, Victoria Road, Halifax.

Gen. 1923. Fox F. S., 6333, Tuxeda Avenue, 
D etroit, Michigan, U.S.A 

B. 1928. Fox N. J ., 225, Birmingham Road, 
Walsall.

W.R, 1929. France 0 . N „ 14, Granville S treet, 
°, '  • Heckrnondwike, Yorks.
’ C‘ 1930, Fraser> Gi., 140, Glasgow Road, Uddinv- 

ston, Scotland.
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Lncs. 1924. F rith , W., 8, Buckley Street, Ashton 
New Road, Clayton, Manchester.

N. 1920. Futers, R ., Wm., 23. Brannen Street, 
N orth Shields.

E.M. 1925. Gale, B., “ Oakdene,” Greendale Road, 
Carlton, Notts.

Sc. 1904. Galt, J ., Henry & Galt, Sneddon 
Foundry, Paisley.

B. 1920. Gaunt, J . W ., 101. Beeches Road, West 
Bromwich.

W. & 1930. Gay, S., 46, W hitewav Road, St. George.
M. Bristol.

L. 1929. Gentle, G. S., 111. Caulfield Road, East 
Ham, London, E.6.

L. 1927. Gerrard, J . Norbreck. Alexandra Road, 
Peterborough.

Lncs. 1927. Gibson, T., 11. Lincoln Street. Black­
burn. Lancs.

E.M. 1926. Gill, F ., “ W yverdene.” Greendale Road, 
Carlton, Nottingham.

Sc. 1928. Gillespie, C., 67, Commercial Road,
Barrhead.

Sc. 1927. Gillespie. H. McK.. Dawson Terrace,
Falkirk, Scotland.

Lncs. 1923. Gilpin, W., “ Sunnyside,” Birch Grove, 
Rusholme, Manchester. '

E.M. 1924. Gilson, A. .T.. 12. Hampden Street. 
Derby.

M. 1926. Gleave, j . ,  1. Victoria Street, Haverton 
Hill. Middlesbrough.

W.R. 1922. Gledhill, F ., 205, East View, Bradford
of Y. Road, Brighouse, Yorks.
B. 1917. Glvnn, T. A., Jesmond. Fair View 

* Avenue, Hamstead. Birmingham.
Lncs. 1924. Goodwin. G. W., Hillside.” Eaton 

Bank. Duffield. Derby.
E.M. 1919. Goodwin, T., Brae Side, New Bedford 

Street. Derby.
B. 1922. Gospel, W. P., G utta Percha Co., c/o The 

Staffordshire Stainless Iron Co., 
L td.. Baldwin Street, Bilston, Staffs.

Sc. 1919- Graham, R., 116. Stratford Street.
Maryhill, Glasgow.

Y ear
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E.M. 1917. G rant, George, 62, Leicester Road, 
Quorn, near Loughborough.

Sc. 1912. Gray, J .,  2, Station Road, Dumbarton.
E.M. 1929. Greasley, A. O., 20, High Street,

Barrow-on-Soar, nr. Loughborough.
E.M. 1928. Greatorex, H ., 149, Brook Street, Derby.
S. 1925. Greaves, H. A., 25, Raven Road, Nether 

Edge, Sheffield.
S. 1924. Greaves, J ., 29, Sheffield Road,

Chesterfield.
S. 1919. Greaves, J . B., 77, Spooner Road, 

Broomhill, Sheffield.
S. 1924. Green, A., 201, Doncaster Road, R other­

ham.
Lncs. 1924. Green, A. E ., 66, Wolseley Road, 

Preston.
S. 1914. Green, P., 54, Rolleston Road, F irth  

Park, Sheffield.
Lncs. 1927. Greenhalgh, A., 20, Orchard Street, 

Heywood, Lancashire,
Lncs. 1920. Greenhalgh, W ., 86, Crosby Road,

Bolton.
B. 1925. Greenway, J . F ., 43, Douglas Road, 

Handsworth, Birmingham.
M. 192fi. Greenwell, O., 25, Chipchase Road, 

Linthorpe, Middlesbrough.
Lncs. 1924. Greenwood, T., 1, Schofield Street, Tod- 

morden.
L. 1926. Gregory, A. W., 98, Ashton Road, Luton.
L. 1918. Gregory, E., 16, Mansfield Road, Beech 

Hill, Luton.
W. & 1928. Griffin, L., 83, Holloway, Bath.

M.
B. 1926. Griffiths, A. G., 56, Runnymede Road, 

H all Green, Birmingham.
E.M. 1924. Griffiths, S., 94, Stenson Road, Derby.
M. 1926. Griffiths, W., Valley View, Station 

Road, Amersham, Bucks.
Lncs. 1919. Grimwood, E. E. G„ 129, Glebelands 

Road, Ashton-on-Mersey.
Lncs. 1912. Grundy, H. V., Pentricli, Campbell 

Road, Brooklands, Cheshire.
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L. 1920. Gurney, S. J ., 24, Burns Road. B atter­
sea, S.W.

M. 1926. Hackwood, J ., 52, Byland Street, 
Middlesbrough.

Sc. 1920. Haig, T., 8, Cardrook Terrace, Muir- 
hall Road, Larbert, Scotland.

B. 1929. Haines, A., 46, Claremont Road, Rugby.
S. 1909. Hall, E. D., 50, Napier Street, Sheffield.
L. 1921. H all, Geo., “ Glenthorne,” Swan Hill,

Oxton, Birkenhead.
N. 1914. Hall, J . J ., “ Ellesmere,” King George’s 

Road, Cullercoats, N orthum berland.
E.M. 1925. Hallamore, J . C., Oak Farm, Burton 

Road, Littleover, near Derby.
Lncs. 1929. Halliday, E., 88, H arcourt Street, 

Preston.
E.M. 1925. Halloran, J ., 152, Brook Street, Derby.
Sc. 1925. Hamil, W., 50, Woodhead Avenue,

Kirkintilloch, Scotland.
W.R. 1927. Hammond, D. W., 63, Waverley Road,
of Y. Great H orton, Bradford.
B. 1924. Hammond, G. A., 13c, Hill Top, West 

Bromwich, Staffs.
E.M. 1928. Hancock, A. J ., “ Eversley,” Western 

Road, Mickleover, Derby.
E.M. 1925. Hancock, D., 43, Drewry Lane, Derby.
B. 1927. H and, A. F., 18, Holyhead Road,

Oakengates, Salop.
L. 1918. H and, H. E., 189, Manwood Road,

Crofton Park, London, S.E.4.
W. & 1927. Hares, A., Park  Crescent, 648, Staple- 

M. ton Road, Bristol.
L. 1927. Harford, A. E., 85, Sumatra Road,

West Hampstead, N.W.6.
Lncs. 1926. Hargraves, R. C., 32, Parsonage Street, 

Stockport.
Lncs. 1919. Hargraves, R. R- (Grandridge & 

Mansergh, Ltd.), Wheathill Street, 
Salford, Manchester.

M. 1927. H arper, E. A., “ The Briars, Bishopton 
Road, Stockton-on-Tees.

Lncs. 1911. Harper, H ., 28, Alexandra Street,
Castleton, near Manchester.
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B. 1927. H arper, J ., 113, Mansfield Road, Aston, 
^9* Birmingham.

L. 1925. H arrington, W. T., 21, Vernon Road, 
Stratford, London, E.15.

W. & 1929. Harris, T. R ., 41, Roskear Road, 
M. Camborne, Cornwall.

Lncs. 1929. H arrison, A., 54, Cheadle Street, Open- 
shaw, Manchester.

M. 1926. H arrison, A. G., 127, N orton Avenue, 
Norton-on-Tees.

W.R. 1928. Harrison, H ., 7, St. Leonards Road, 
of Y. Girlington, Bradford.
Sc. 1916. Harrower, J . (Bo’ness Iron Company), 

Bo'ness, Scotland.
L. 1927. H art, W. F ., “ The Gables,” Cressing 

Road, Braintree, Essex.
Sc. 1914. H artley, R . F ., London R oad Foundry, 

Edinburgh.
W. & 1928. Hawes, W., “ Ben T rovato,” Whit- 
M. tecks Road, Hanham, Bristol.

E.M. 1925. Hawley, T. H ., 53, Willow Brook Road, 
Leicester.

W.R. 1930. Hawley, W., “ West View,” 90, L ight- 
of Y. clilfe Road, Brighouse, Yorks.
Sc. 1928. Hawthorne, S., 10, Clarence Street, 

Paisley.
Sc. 1910. Hay, J ., 120, Brownside Road, Cam- 

buslang, Glasgow.
B. 1910. Hayward, G. T., 120, Gillott Road, 

Edgbaston, Birmingham.
Lncs. 1923. H ayward, R ., 39, Belgrave Road,

New Moston, Manchester.
E.M. 1922. Hayward, Wm., 2, St. M ary’s Hill, 

Stamford, Lincs.
Lncs. 1925. Heatley, H ., “ Woodville,” Livesey

Branch Road, Blackburn.
W.R. 1925. Heaton, B., Messrs. H all & Stell, 
of Y . Dalton Lane, Keighley.
B. 1906. Heggie, C., 79, Holly Lane, Erding- 

ton, Birmingham.
Lncs. 1922. Henderson, G., 1120, E leventh Street, 

Trafford Park, Manchester.
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Sc. 1928. Henderson, J ., 10, Windsor Place,
Newmains, Lanarkshire.

N. 1923. Henderson, J . W., c/o Singapore H ar­
bour Board, Keppel Harbour, Singa­
pore, S traits Settlements.

Sc. 1911. Henderson, R., 67, Love Street, Paisley.
Lncs. 1930. Henery, E., 12, Hobson Street, Gorton 

Road, Reddish, Stockport.
Sc. 1921. Henry, John, 75, Alma Street, Grahams- 

ton, Palkirk.
Lncs. 1922. Henshaw, J .  E., “ Trefechan,” Hyde 

Road, Woodley.
L. 1928. Herring, A., 30, Heathview Road,

Thornton Heath, Surrey.
E.M. 1920. Hey, James Win., 43, Howe Street, 

Derby.
B. 1927. H ibbert, J . C., 39, Montague Road, 

Erdington, Birmingham.
L. 1925. Hickenbottom, W. J ., 50, Waterloo 

Road, Dunstable.
Lncs. 1915. Hill, A., 114, Middleton Road, Hey- 

wood, Lancs.
E.M. 1929. Hill, G. H ., 2, Danewood Gardens, 

Abington, Northam pton.
Lncs. 1925. Hill, H. G., 495, Stretford Road, Old 

Trafiord, Manchester.
E.M. 1920. H illman, C. H ., 33, Prospect Hill, 

Leicester.
E.M. 1917. H ilton, H. J . S., 29, West Avenue, 

Derby.
B. 1921. Hinley, Geo. H., 53, Park  Lane East, 

Tipton, Staffs.
W.R. 1928. Hions, T. H ., Raw Hill, Rastrick,
0f Y. Brighouse.
W .R. 1922. H ird, W., The Corner, Harden, Bingley,
of Y. Yorks.
N. 1928. Hodges, A. E ., 11, Camperdown Street, 

Gateshead.
W .R. 1927. Holdsworth, H ., 62, Wood Lane, Fire
0f y . Lane Ends, Bradford.
E.M.' 1926. Holland, G., “ Newstead,” Outwood’s 

Drive, Loughborough.
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S. 1920. Holland, G. A., R ed House, Clay Cross, 
near Chesterfield.

Lncs. 1922. Holland, W., 157, B arton Road, S tre t­
ford, Manchester.

B. 1930. Holliday, W., 26, Tame Street, Walsall.
B. 1929. Holman, E. A., 18, Princes Street,

Rugby.
E.M. 1917. Holmes, A., 87, A lbert Promenade, 

Loughborough.
B. 1924. Hopkins, O. W., 72, Abbey Road, 

Bearwood, Birm ingham .
Lncs. 1925. Hopwood, A., W ater Lane, Wilmslow, 

Cheshire.
E.M. 1928. H orton, S. A., 3, Becher Street, Derby.
L. 1921. H otchkis, J . D., 29, Romberg Road,

London, S.W.17.
Lncs. 1924. Howard, E. J . L., 8, Queen’s Terrace, 

Clarence Road, Longsight, Man­
chester.

W. & 1922. Howe, C. A„ G .I.P. Loco. Works, 
M. Parcl. Bombay, India.

W. & 1929. Howell, W., 41, Monthemer Road, 
M. Cardiff.

L. 1927. Howell, L. H., Vanbrugh Hill House, 
1 a ,  Vanbrugh Hill, Blackheath, 
London, S.E.3.

W. & 1930. Howells, A. R ., 24, Spencer Street, 
M. Cathays, Cardiff.

S. 1917. Hoy, R. E ., 33, Brunswick Avenue, 
Beverley Road. Hull.

Lncs. 1926. Hudson, R ., 39, St. Andrew Avenue, 
Droylesden, Lancashire.

B. 1924. Hulse, J . C., 51, W estbourne Street, 
Walsall.

Lncs. 1928. Humpage, A. J ., 69, M ancot Lane, 
M ancot Royal, Queen’s Ferry. 
Chester.

S. 1925. H unt, A., 18, Hollingwood Common, 
Barrow Hill, near Chesterfield.

Sc. 1926. H unter, J . M., 77, Prestw ick Road, 
Ayr.

L. 1923. H unter, R. L., “ K irkm ailing,” E ast 
Cote Road, Ruislip, Middlesex.

B-nch. YoT r A SSO CIATE M EM BERS.
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I.. 1922. Husselbury, E., Rosemead, Winifred
Road, Bedford.

L. 1924. Hutchings, T. C., 10, Lopen Road,
Silver Street, Edmonton, London, 
N.18.

L. 1927. Hyde, F. E ., 22, Volta Road, Swindon.
B. 1925. Hyde, Sidney, 25, Inhedge, Upper

Gornal, near Dudley.
Lncs. 1928. Ingham, T., 225, Manchester Road, 

Denton.
Lncs. 1917. Inskip, A., 992, Ashton Old Road,

Openshaw, Manchester.
Sc. 1920. Irvine, A., The Point, King Street,

L arbert, N.B.
B. 1925. Jackson, A., c/o Consett Iron Co., L td., 

3, New Street, Birmingham.
Lncs. 1925. Jackson, A., 27, Marlboro’ Street,

Accrington.
W.R. 1928. Jackson, C. E., 5, Chaucer Street, Hull
of Y. Road, York.
Lncs. 1923. Jacques, T., The Cottage, Hill Top, 

Romilev, near Stockport.
B. 1914. Jam es, W., 96, Grove Lane, Han’ds-

worth, Birmingham.
L. 1925. Jarvis, B., 30, Princes Street, D un­

stable, Beds.
N. 1919. Jay , H. C., 32, Bayswater Road, West 

Jesmond, Newcastle-upon-Tyne.
Sc. 1927. Jeffrey, R. S. M., Lithgow Avenue,

Kirkintilloch.
B. 1929. Jenkins, E. J . E., 101, Roma Road, 

Tyseley, Birmingham.
S. 1929. Jervis, T.' A., E ast Drayton, Retford, 

N otts.
B. 1919. Johnson, J . B., 27, Ball Fields, Tipton.
M. 1926. Johnson, L., 45, Lanehouse Road,

Thornaby-on-Tees.
B. 1924. Johnston, W. L., 49, Gough Road,

Coseley, near Bilston, Staffs.
Lncs. 1930. Jones, G .H ., 33, Oswald Street, North 

Reddish, Stockport.
Lncs. 1916. Jones, J . H., “ Elleray,” Temple Drive, 

Swinton, Manchester.
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W. & 1929. Jones, W. R. D., 2, Sandringham  Road, 
M. Penylon, Cardiff.

Lncs. 1928. Jones, W., 112, St. M ark’s Road,
Saltney, Chester.

W. & 1930. Jones, W., 86, Olive Street, Grangetown, 
M. Cardiff.

Lncs. 1919. Jow ett, H ., 9, Dacre Street, Morpeth.
Lncs. 1922. K ay, W m., 9, E astbank S treet, Bolton, 

Lancs.
Sc. 1930. K eith, J . G., 7, Wellside Terrace, F a l­

kirk.
Lncs. 1907. Kemlo, R. W., |L D unottar,” Campbell 

Road, Brooklands, Cheshire.
Sc. 1912. Kennedy, J ., “ D unard,” Howieshill, 

Cambuslang, Scotland.
M. 1929. K ennedy, W. D. M., 13, Bon Lea 

Terrace, Thornaby-on-Tees.
E.M. 1918. Kerfoot, John, 23, Cumberland Road. 

Loughborough.
Sc. 1929. K err, H. F ., 25, Gideon Street, B ath ­

gate.
Sc. 1914. Kerr, W., 101, Ardgowan Street, Glas­

gow.
Lncs. 1925. Kershaw, J ., 5, D alton Avenue, Thatch 

Leech Lane, Whitefield, Manchester..
E.M. 1927. Kershaw, T. F ., 15, Sandford Road, 

Syston, near Leicester.
Lncs. 1927. K idd, S. (Junior), 4, St. S tephen’s

Street, Oldham.
Sc. 1927. K ilpatrick, A., 69, Foundry Street,

Carron Road, Falkirk.
N. 1925. K irby, A. D., 6, Falshaw Street, W ash­

ington Station, Co. Durham.
W.R. 1922. K irkbride, A. D., 24, Springswood
of Y. Avenue, Shipley, Bradford, Yorks.
Lncs. 1924. K irkham . J ., 13, Gt. Jam es Street,

W. Gorton, Manchester.
Sc. 1920. Kirkwood, J ., Boyd Street, Govanhill, 

Glasgow.
B. 1922. K itchen, B., 1, Hughes Avenue, Birches 

Barn Road, W olverhampton.
Lncs. 1929. Knagg, W. D., 41, Grosvenor Place, 

Ashton-on-Ribble.
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Lncs. 1927. K night, J ., 112, Winwick Road, W ar­
rington.

S. 1908. Knowles, J . (c/o Walkers), Manchester 
Road, Stocksbridge, Sheffield.

B. 1927. Lafiord, T. W., 8, Pensnett Road, Brier- 
ley Hill.

Lncs. 1923. Laing, J ., 59, Victoria Road, Bedford.
L. 1929. Lake, C. J ., Mount Place, Braintree, 

Essex.
Lncs. 1927. Lally, W., 60, Clovelly Road, Worsley 

Road, Swinton.
Sc. 1922. Lang, Wm., 11, Singer Street, Radnor 

Park, Clydebank.
L. 1929. Langley, T. R., 55, Grenville Road,

Braintree, Essex.
S. 1928. Law, H. O., 43, Carlisle Road, Grims- 

thorpe, Sheffield.
Sc. 1919. Lawrie, R. D., 16, Mayo Road, Bank- 

foot, Bradford.
Lncs. 1914. Leaf, J . W., District Bank House, 

Castleton, near Rochdale.
Lncs. 1929. Leah, J . T., 13, Cheetham Street, Open- 

sliaw.
N. 1913. Lee, J ., 38, Point Pleasant Terrace,

Wallsend-on-Tyne.
Gen. 1921. Leech, Wm. Creighton (N.S.W. Gov.

Railways), W entworth and Rutledge 
Street, Eastwood, Sydney, N.S.W.

S. 1925. Levesley, Wm., 32, Westbourne Road, 
Broomhill, Sheffield.

B. 1919. Lewis, D. (John H arper & Company, 
Limited), Albion Works, Willenhall, 
Staffs.

B. 1925. Lewis, E. J ., 125, .Church Vale, West 
Bromwich.

B. 1910. Lewis, G., 37, Copthorne Road,
Wolverhampton.

E.M. 1928. Lewis, S., 917, London R oad, Alvaston, 
Derby.

W.R. 1926. Liddemore, A. E.
of Y.
Sc. 1925. Liddle, R., 108, K ing’s H eath  Avenue, 

Rutherglen, Glasgow.
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Lncs. 1927. Liley, M., 64, B uxton Crescent, Turf 
Hill E state, Rochdale.

E.M. 1 9 2 3 .  Lim bert, H „ 1 5 b , Facto ry  Street, 
Loughborough.

E.M. 1930. L innett, W. Y., 36, Mansfield S treet, 
Derby.

L. 1919. Lisby, T., 7, Meanley Road, Manor 
Park , E.

Sc. 1910. L ittlejohn, A., 39, R upert Street,
Glasgow, N.W.

Lncs. 1928. Livesey, J ., 16, Finchley S treet, Moston, 
Manchester.

N. 1928. Livingstone, J ., 40, D unstan Road,
Dunston-on-Tyne.

Lncs. 1925. Lockett, E., 38, Jackson Street, Gorton, 
Manchester.

W.R. 1922. Lowe, E., 36, W heathead Lane, Exley
of Y. H ead, Keighley, Yorks.
E.M. 1927. Lowe, H ., “ Rose Cottage,” Queen-

borough, near Leicester.
Lncs. 1927. Lowe, J ., 1 7 5 a , Dill Hall Lane, Church, 

near Accrington.
W.R. 1927. Loxton, C. R ., 26, E lm et Avenue,
of Y. Roundhay, Leeds.
Sc. 1928. Lumsden, G., 42, Gavin Street, Mother- 

well.
Lncs. 1910. L upton & Sons, H. E., Scaithcliffe 

Works, Accrington.
Sc. 1926. McArthur, J . N ., 12, H am ilton Drive, 

Hillhead, Glasgow, W.2.
Sc. 1926. McArthur, W., 47, S tark Avenue,

Camelon, Falkirk.
N. 1919. McBride, T. B., 8, Stanw ick Street, 

Tynemouth.
Sc. 1910. McCall. J . J ., 162, Cambridge Drive, 

N. Kelvinside, Glasgow.
S. 1922. McCleallan, C. J ., 110, Carver Street, 

Sheffield.
Sc. 1925. McCulloch, W., Millholm, N etherlee

Road, Glasgow.
M. 1927. McCusker, C. B., 32, Lanehouse Road. 

Thornaby-on-Tees.

Y ear
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M. 1927. McCusker, M. S., 6, Wood Street,
Stockton-on-Tees.

Lncs. 1924. McDermott, J . P., 118, Briersill Avenue, 
Rochdale.

S. 1913. Macdonald, W. A., 49, Nether Edge
Road, Sheffield.

Sc. 1913. McDonald, W. P ., 5, Hutchinson Place, 
Cambuslang, Scotland.

Sc. 1917. MacDougall, Miss E., 22, Clarendon
Street, St. George’s Cross, Glasgow.

L. 1930. McDowall, R. A., 33, Nealden Street, 
London, S.W. 9. <

Sc. 1911. McEachen, J ., Regent Street, K irkin­
tilloch, Scotland.

B. 1904. McEarlane, T., 50, Dundonald Road,
Troon,’ Ayrshire.

Sc. 1927. McGhie, D. C., 10, Grantly Gardens, 
Shawlands, Glasgow.

Sc. 1920. McGovan, A., 69, Battlefield Avenue, . 
Langside, Glasgow.

Sc. 1930. McHugh, J . B., 16, Hillfoot Street,
Dennistoun, Glasgow.

Sc. 1927. McIntyre, R., 102, Thistle Street,
Camelon, Falkirk.

Sc. 1910. Mackay, G., Bank House, Largs,
Scotland.

Lncs. 1923. McKenzie, Wm., c/o J . Hodgkinson,
L td., Ford Lane Works, Pendleton, 
Manchester.

Sc. 1929. Mackintosh, J ., Union Buildings, Came- 
Ion, Falkirk, Scotland.

Sc. 1923. McKinty, J . (Thompson & Lichtner
Co.), 80, Federal Street, Boston, 
Mass., U.S.A.

Lncs. 1922. Maclachlan, J . R., 7, Newall Mount, 
Otley, Yorks.

Sc. 1910. McLaohlan, W., 5, Dawson Terrace,
Carron, Falkirk.

Sc. 1928. McMahon, R., 10, Gilmour Street,
Kilmarnock.

Sc. 1915. McNab, J ., Bells Wynd, Falkirk.
Sc. 1924. McNab, R ., 13, Walker Street, Paisley.
Sc. 1910. McPhie, H „ 40, Philip Street, Falkirk.

B 'nch . of ASSOCIATE M EM BERS.
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Lncs. 1927. McVie, J ., 507, Stretford Road, Old 
Trafford, Manchester.

Sc. 1926. McWhirter, A., 49, Addison Drive, St. 
Giles, Lincoln.

B. 1908. Mace, C., 64, P o rt Street, Manchester.
Gen. 1925. Mahindra, J . C., 6 and 7, Clive Street,

Calcutta, India.
N. 1928. Malian, R., 7, Lowthian Terrace, W ash­

ington Station, Co. Durham.
Lncs. 1921. Mallett, E ., 1152, Chorley Old Road, 

Bolton.
M. 1929. Mansell, R . B., 12, W estbourne Grove, 

Redcar.
B. 1909. Marks, J ., Sunbury House, 40, Titford

Road, Langley, Birmingham.
Lncs. 1923. Marlow, E., Brounoak, W estern Road, 

Urmston, near Manchester.
Sc. 1910. Marshal], G., “ Pereneze,’.’ Russell Street, 

B urnbank, Lanarkshire.
L. 1922. Marshall, H. C., 29, W estward Road, 

S. Chingford.
Sc. 1912. Marshall, W. G., “ K yleakin,” Lark- 

hall, Scotland.
Lncs. 1925. Marsland, J ., 205, Manchester Road, 

Droylesden, Manchester.
Lncs. 1913. Marsland, T., 401, Manchester Road, 

Droylesden, Manchester.
Lncs. 1927. M artin, W., 34, St. George’s Road, W ith- 

ington, Manchester.
Gen. 1924. Mason, A., 2, Lindsey Street, Frod- 

ingham, Scunthorpe, Lincs.
B. 1922. Masters, T. J ., 12, Glover Street, West 

Bromwich.
L. 1928. Mathieson, J ., 2, D uke’s Road, E ast 

Ham, London, E.16.
B. 1921. Mawby, R. A., Hopstone, Cleverley, 

near W olverhampton.
Lncs. 1925. Meadowcroft, H ., 14, Worcester Street. 

Rochdale.
Sc. 1914. Mearns, A., Bengal Iron Co., K ulti 

E .I.R ., India.

920
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E.M. 1928. Measures, J . F ., 4, Paton Street,
Leicester.

E.M. 1929. Mee, E ., “ Sunnydale,” Sunnydale
Road, Carlton Hill, Nottingham.

Sc. 1924. Mcikle, A. S., 207, K ent Road, Glasgow.
L. 1928. Melling, J ., 724, Liverpool Road, Peel 

Green, Patricroft, Manchester.
Lncs. 1926. Mellor, W., 166, West Street, Oldham.
Sc. 1928. Melrose, W. J ., 9, Stevenson Terrace, 

Bathgate.
M. 1926. Menzies, A., 31, Cambridge Road,

Thornahy-on-Tees.
Lncs. 1926. Merigold, J . J ., 67, Swans Lane, Bolton.
S. 1913. Miller, A., 90, Bawtry Road, Tinsley, 

Sheffield.
Lncs. 1928. Milner, H „ 1, Abbotsford Road, Chorl- 

ton-cum-Hardy, Manchester.
Sc. 1928. Mirrlees, R., 23, Fleming Street, K il­

marnock.
Sc. 1927. Mitchell, W. C., 93, Glasgow Road,

Paisley.
Sc. 1922. Mitra, S. B., c/o Bengal Iron Co., Ltd., 

K ulti, E .I.R ., India.
Lncs. 1918. Moffat, J ., 12, Dryden Street, Padiham, 

Lancs.
W.R. 1927. Moffitt, R ., 172, Devonshire Street,
of Y. Keighley, Yorks.
Sc. 1916. Moir, J . D., Bo’ness Iron Company,

Ltd., Bo’ness, Scotland.
Sc. 1926. Moir, T., 10, Alma Street, Falkirk,

Scotland.
B. 1916. Mole, T., 7, Delville Road, Church Hill, 

Wednesbury.
E.M. 1921. Moodie, Colin, 169, Station Road,

Beeston, Notts.
B. 1928. Moore, L. G., 77, Harden Road, Lea- 

more, Walsall.
Lncs. 1926. Moore, R. C., 61, Fitzwarren Street, 

Seedley, Manchester.
B 1916. Moore, W. H., Devonia, Moat Road, 

Langley Green, Birmingham.
N. 1920. Moorhead, H. A., 22, Moorland Cres­

cent, Walker Estate, Newcastle.
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Sc. 1909. Morehead, J . S., 98, W ilton Street,
Kelvinside, Glasgow.

B. 1919. Morewood, J . L., 23, Ravenshaw Road, 
Edgbaston, Birmingham.

B. 1926. Morgan, E. S., Dalkeith, Stechford
Lane, W ard End, Birmingham.

W. & 1929. Morgan, G. E ., 2, K ing’s Road, E .I.R .
M. Jam ulpur, India.

B. 1930. Morris, J . C., “ The R osary,” Prestwood 
Road, Wednesfield.

B. 1930. Moss, J .  E ., 94, Spring Hill, Birmingham.
N. 1924. Mudie, T., 76, Paignton Avenue, Monk-

seaton.
Sc. 1927. Muir, W., 23, Wallace Street, Ealkirk, 

Scotland.
Sc. 1930. Munro, W., 12, Montford Avenue,

Kingspark, Glasgow.
N. 1913. Murray, J ., 5, Elmwood Avenue, Wil- 

lington Quay-on-Tyne.
Sc. 1927. Murray, T., 98, Dundonald Road,

Kilmarnock.
S. 1914. Naylor, A., 239, Abbeyfield Road*

Pitsmoor, Sheffield.
L. 1916. Naylor, F., 7, Hume’s Avenue, Hanwell, 

London, W.7.
B. 1926. Neath, F. K ., 24, St. Paul’s Square,

Birmingham.
Lncs. 1925. Needham, G. A., 11, Newbridge Lane, 

Stockport.
W.R. 1925. Neild, G., 3, Baden Terrace, Hough
°f Y . End, Bramley, Leeds.
N. 1914. Nekervis, J ., 45, L yndhurst Street,

South Shields.
Gen. 1921. Newland, J . E ., 37, Provost Street,

Holbeck, Leeds.
Lncs. 1912. Nicholls, J ., 146, H ulton Street, Trafford 

Road, Salford, Lancs.
N. 1921. Nicholson, J . D., 13, Taylor Street,

South Shields.
Sc. 1929. Nicol, A., 57, Carronside Street, Bains- 

ford, Falkirk, Scotland.
Lncs. 1928. Nield, T. A., 31, Highfield Road, Levens- 

liulme, Manchester.
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Lnes. 1924. Noble, J ., 88, Reddish Lane, Gorton, 
Manchester.

Lncs. 1928. Norton, L., 65, High Street, Dean 
Lane, Newton Heath, Manchester.

L. 1928. Nunns, J . R., Vickers-Armstrongs, L td.,
E rith , Kent.

S. 1921. Offiler, G., 9, Ward Place, Highfields,
Sheffield.

Lncs. 1920. Oldham, R ., 191, Dill Hall Lane, 
Church, Lancs.

Lncs. 1923. Oilier, A. L., 10, Royston Road, Firs- 
wood, Chorlton-cum-Hardy, Man­
chester.

N. 1910. Olsen, W., Cogan Street, Hull.
Sc. 1920. Orman, Wm., 55, Sunnyside Street,

Camelon, Falkirk.
E.M. 1927. Orme, R. F., “ Hallworth,” Hinchley 

Road, Forest East, Leicester.
E.M. 1928. Oswin, H. A., 37, The Banks, Sileby, 

near Leicester.
B. 1922. Owen, A. C., 9, Sunnyside Road, Ketley 

Bank, Oakengates, Salop.
Lncs. 1924. Owen, W., 33, Granville Road, Gorton, 

Manchester.
S. 1914. Oxley, C., 101, Montgomery Road,

Sheffield.
B. 1924. Palmer, A., 14, Marsh Hill, Stockland 

Green, Birmingham.
Sc. 1928. Parker, A. P., Williamlea, Morningside, 

Newmains.
B. 1920. Parkes, I., 157, Whitehall Road, Greets 

Green, West Bromwich.
L. 1920. Parnell, H ., “ Freda Villa,” 25, Queen’s

Road, Burnham-on-Crouch.
Lncs. 1925. Parrington, P., 30, Vernon Street, Bury.
B. 1926. Parsons, D. J ., Chawn Hill, Stour­

bridge.
Sc. 1914. Patrick, A., 65, Mungalhead Road,

Falkirk.
B. 1925. Patrick, J ., 5, St. Margaret’s Street,

Canterbury, Victoria, Australia.
L. 1925. Payton, T. G., 5, Victoria Street, Dun­

stable, Beds.
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L. 1929. Peacock, F. C., 52, B u tt Road, Col­
chester.

B. 1929. Pearce," F. C., I l l ,  Earlsdon Avenue, 
Coventry.

E.M. 1928. Pearn, C. S., W arnham , Gibson’s Lane. 
Berstall, Leicester.

N. 1925. Pearson, C. E., 2, Pearl Street, Salt- 
burn-by-the-Sea.

E.M. 1927. Pedge, F., 23, Foundry Cottages, Syston, 
near Leicester.

E.M. 1906. Pemberton, H ., 15, Wolfa Street, Derby.
B. 1929. Pemberton, W. G., 90, Bridge Street, 

Rugbv.
E.M. 1929. Perkins, F. H.
L. 1927. Perry, A. E., 122, Tufnell Park  Road, 

London, N.7.
Lncs. 1922. Philbps, A., 36, G reatstone Road,

Stretford, Manchester.
B. 1927. Philbps, H .. “ Fairholm e,” Parkvale 

Avenue, Wednesbury, Staffs.
Sc. 1929. Philbps, W., 10, Victoria Place, Pel- 

m ont S tation, Stirlingshire.
B. 1918. Pickin, J ., Lilac Cottage, Doseley, 

Dawley, Salop.
L. 1920. Pierce, G. C., 11, Athelnev Street,

Belbngham, S.E.6.
L. 1928. Pierce, W. E., 51, Headcorn Road,

Bromley, Kent.
S. 1928. Pochin, G. D., 118,H unterbouse R oad, 

Sheffield.
S. 1926. Pollard, C. D., 392, F irth  Park  Road,

Sheffield.
Lncs. 1930. Poole, S. B ., Clevelands, W hitefield, 

Manchester.
Lncs. 1918. Potts, W., 1, F ar Lane, Hyde Road, 

Gorton, Manchester.
N. 1928. P ra tt, W.. 23, Dene Street, Paliion,

Sunderland.
Lncs. 1928. Preston, G. W., 46, Edward Street, 

H igher Openshaw, Manchester.
Lncs. 1929. Preston, W., 46, H orbury Street, E lton, 

Bury.
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Lncs. 1922. Priestley, Jos.. 258, Waterloo Street, 
Bolton. Lancs.

Lncs. 1922. Priestley, Thos., 185. Kay Street,
Bolton, Lancs.

Sc. 1928. Proctor, T. P ., 2, Lome Terrace. Mary- 
hill, Glasgow, N.W.

B. 1909. Pugh, B., Gorway Road, Walsall.
S. 1917. Pugsley, T . M., “ Argyle,” Morley

Avenue, Rosebery, Sydney, N.S.W.
E.M. 1916. Radford, H. P., 151, Barclay Street.

Leicester.
Sc. 1929. Rae, A.. 14. Burnbank Terrace. Glasgow, 

N.W.
Gen. 1928. Ramaseshiah, Mysore Iron Works,

Bhadravati, India.
M. 1926. Ramsey, J . E ., 95, Princes Road,

Middlesbrough.
M. 1926. Rand, T., 11, Pearl Street, Saltburn- 

by-the-Sea.
Sc. 1904. Rankin, R. L. (Sharp & Company),

Lennox Foundry, Alexandria, Scot­
land.

Gen. 1928. Rao, J . S. Gangadhar, Mysore Iron
Works, Bhadrayati, S. India.

L. 1920. Rasbridge, W. J ., 160. Evelyn Street, 
Deptford, S.E.

Lncs. 1910. Rawlinson, W., “ Fairhaven," Portland 
Road. Ellesmere Park, Eccles, Man­
chester.

W. & 1928. Rea, H ., 176, Caerleon Road, New- 
M. port.

N : 1928. Reece, P ., 120, N orthbourne Street,
Gateshead.

Lncs. 1927. Reynolds, J . A., “ N irvana,” Eccleston 
Park, near Prescot.

Lncs. 1907. Reynolds, W., 13. Park  View Terrace, 
Oldham.

W. & 1928. Richards, T. D., 23, Keppoch Street, 
yp Cardiff.

L. 1925. Richards, W. S., 68, Beatrice Avenue, 
Keyham Barton, Devonport.
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Lnos. 1929. Richardson, J ., 38, Willows Lane,
Accrington.

N. 1912. Richardson, W., 204, South Frederick 
Street, South Shields.

L. 1924. Riehman, A. J ., “ S trathaven ,” Brooks 
Hall Road, Ipswich.

Lncs. 1927. Ridyard, A., 26, Astonwood Road,
Higher Tranmere, Birkenhead.

Lncs. 1911. Riley, J ., M.Sc., A.M.I.C.E., A.M.I.
Mech.E., M.I. & S.I., 3, Glen Road, 
off Lees Road, Oldham.

Lncs. 1927. Rishton, H. A., 78, Fern Bank, Hasling- 
den, Rossendale.

S. 1912. Roberts, G. E., 149, Sharrow Vale Road,
Sheffield.

N. 1921. Robertson, H ., 60, Ryhope Road,
Grangetown, Sunderland.

Sc. 1920. Robinson, C. H ., W est Dene, Lochairn- 
voich Road, Kilmacolin, Scotland.

Lncs. 1920. Robinson, F ., 369, W igan Road, Deane, 
Bolton.

B. 1929. Robinson, H. W., 296, Walsall Road, 
Fallings H eath, W ednesbury.

B. 1925. Robinson, J ., 8, Esplanade E ast, Cal­
cu tta , India.

M. 1917. Robinson, .T. H ., 11, Balfour Terrace, 
Linthorpe, Middlesbrough.

Lncs. 1928. Robinson, S. E., 39, Hood Street,
Accrington.

N. 1919. Robson, F ., 44, S tannington Place,
H eaton, Newcastle-upon-Tyne.

L. 1927. Robson, N. E ., 10, Railway S treet,
Braintree, Essex.

S. 1913. Rodgers, F., Brightside Foundry &
Engineering Co., L td., Newhall Iron 
Works, Sheffield.

S. 1913. Rodgers, J . R. R ., 362, F irth  P ark  Road, 
Sheffield.

Sc. 1924. Rodgers, P., Jubilee Place, Bonnyhridge.
B. 1917. Roe, H. J ., 29, Park  Road, Moseley,

Birmingham.
Gen. 1920. Rogers, C. F ., 28, Maycock Road, 

Coventry.
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W. & 1928. Rogers, D., 3, Coronation Road, Llanelly,
M. S. Wales.

Sc. 1926. Rolland, W., 10, Victoria Drive, Scots- 
toun, Glasgow.

Sc. 1922. Ross, E. J ., 12, Afton Street, Langside, 
Glasgow.

Lncs. 1922. Rowe, E. W., 41, Moorside Avenue, 
Crosland Moor, Huddersfield.

E.M. 1924. Rowell, E. L., 30, Russell Street, N ot­
tingham.

W.R. 1922. Rowntree, F., 9, St. Mary’s Road,
of Y. Bradford. Yorks.
S. 1927. Roxburgh, J ., 720, Abbeydale Road,

Sheffield.
E.M. 1928. Rushton, D., 93, Violet Street, Derby.
Sc. 1928. Russell, M., 29, Laurel Street, Partick.
E.M. 1930. Russell, W. G., 4. Clarefield Road, 

Leicester.
M. 1926. Rutherford, C., “ Inglefield,” Eagles-

c.liffe, near Yarm., S.O.
N. 1925. Rutledge, W. B., 61, N orth View,

H eaton, Newcastle-upon-Tyne.
Lncs. 1924. Ryding, F., 52, Barnsley Street, Wigan, 

Lancs.
W.R. 1927. Rymer, A. S., W est Bank, Heworth.
of Y. York.
L. 1930. Salt, E ., 295, Dallow Road, Luton,

Beds.
L. 1923. Sanders, H. H ., 21, Etherley Road,

Harringay, N.15.
E.M. 1921. Sanders, Horace L., 61, Rowditch

Avenue, Derby.
B. 1905. Sands, J ., 27, Victoria Street, West

Bromwich.
M. 1926. Sault, A., 23, Collin’s Avenue, Norton- 

on-Tees.
L. 1928. Saunders, R. A. D., 24, St. Paul’s Road,

Hemel Hempstead, Herts.
Lncs. 1928. Schofield. H.. B.Sc., 37. Birch Hall 

Lane, Longsight, Manchester.
S. 1927. Scholes, A., 35, Bromwich Road, Wood-

seats, Sheffield.
Sc. 1928. Scott, A., Wallace Street, Falkirk.
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Sc. 1923. Scott, C., 1426, 8th S treet, Apt. of 
Rockford, Illinois, U.S.A.

N. 1916. Scott, 6 . W ., 1, N orthum berland Villas, 
Wallsend-on-Tyne.

N. 1918. Scott, W., 7, Lynwood Avenue, Blaydon- 
on-Tyne.

S. 1921. Senior, George, 305, U pperthorpe, Shef­
field.

Lncs. 1925. Service, J ., 78, Highfield Road, Seedley, 
Manchester.

W. & 1929. Seymour, L. W ., Bucklebury Alley,
M. Cold Ash, near Newbury, Berks.

W.R. 1913. Shackleton, H. R ., U pper Pear Tree
of Y. Farm , H ainsworth Shay, Keighley.
Sc. 1928. Shaw, J ., 91£, K irk Road, Wishaw.
L. 1924. Shawyer, G. H ., 81, Edw ard S treet,

D eptford, S.E.8.
L. 1926. Shawyer, junr.,G . W., 81, Edw ard S treet, 

Deptford, S.E.8.
B. 1924. Shearman, F . E ., 63, Summerfield 

Crescent, Edgbaston, B irm ingham .
Lncs. 1926. Shepherd, F . L., 215, Tottington Road, 

Bury.
S. 1929. Sheppard, H ., 164, H asland Road, Has- 

land.
S. 1923. Sherratt, W., 39, H orndean Road, 

Pitsmoor, Sheffield.
E.M. 1925. Sherriff, C., 9, Elms Grove, Lough­

borough.
B. 1925. Shore, A. J ., “ B radda,” Quinton Hill, 

Birmingham.
B. 1920. Shorthouse, W. H., Haybridge Iron 

Works, Wellington, Salop.
B. 1927. Shwalhe, D., 62, Milverton Road, Erd- 

ington, Birmingham.
M. 1929. Siddle, W., 11, Scarborough Street, 

Thornaby-on-Tees.
Lncs. 1922. Simkiss, H ., 28, Energy Street, B rad­

ford Road, Manchester.
B. 1914. Simpson, H ., Greenhurst, Doseley, 

Dawley, Salop.
W.R. 1925. Simpson, J . A., 3, Jesm ond Place,
of Y. H unslet H all Road, Leeds.
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N. 1916. Sinclair, J ., 25, Granville Street, Mill- 
field, Sunderland.

Lncs. 1905. Skelton, H. S., “ Lindsey,” Old Lane, 
Eccleston Park, Preseot, Lancs.

S. 1925. Skerl, J . G. A., M.Sc., Dept, of Applied 
Science, St. George’s Square, Shef­
field.

L. 1925. Skidmore, B., 2, Jackm ans Place, Letch- 
worth, Herts.

B. 1930. Skinner, J . S., 54, Sheepwash Lane, 
Horseley H eath, Tipton, Staffs.

E.M. 1925. Slade, R. H ., 254, St. Thomas Road, 
Derby.

Lncs. 1929. Slater, A., 13, Rosedale Road, Rush- 
holme, Manchester.

S. 1929. Slater, E. H ., “ The Homestead,” 
Shatton, Bamford, near Sheffield.

L. 1911. Slater, H. O., “ Sunny Hill,” Lessners 
Park, Belvedere, Kent.

W.R. 1928. Slingsby, T. J . L., Highfield Villa,
of Y. Keighley, Yorks.
Lncs. 1906. Smethurst, J . H., Briery Croft, Lodge 

Lane, W arrington.
L. 1927. Smith, A. C., 9,* Greenway Gardens, 

London, N.W.3.
E.M. 1928. Smith, A. E. W., 62, Molineux Street, 

Derby.
Sc. 1927. Smith, B. D., 27, Corsewall Street, 

Coatbridge.
E.M. 1928. Smith, C. H., 467, Osmaston Park  Road, 

Derby.
Lncs. 1925. Smith, F., 15, Milnrow Road, Rochdale.
Sc. 1921. Smith, J . ,  6, K ennard Street, Falkirk.
B. 1917. Smith, S., 114, Tetley Road, Hall Green, 

Birmingham.
Lncs. 1909. Smith, S. G., 62, Sylvan Avenue,

Timperley, Cheshire.
E.M. 1930. Sm ith, T. 17, H aw thorn, St., Osmaston, 

Derby.
Lncs. 1924. Smith, W., 358, Halifax Road, Tod- 

morden.
Lncs. 1929. Smith, W., 11, Springs Road, K itt 

Green, near Wigan.
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E.M. 1925. Smith, W. F ., 62, Molineux Street,
Derby.

B. 1928. Smith, W. F ., 148, Willow Avenue,
Edgbaston, Birmingham.

E.M. 1926. Smith, W. H., R yton Grange Avenue, 
Normanton, Derby.

M. 1929. Smithson, John K ., South Avenue,
Stillington, near Stockton-on-Tees.

N. 1929. Snaith, G. T., 78, N ora Street, High 
Barnes, Sunderland.

Sc. 1924. Sneddon, F. M., 28, Forest Street, Mile 
End, Glasgow.

S. 1924. Somerfield, H ., 146, Sandygate Road,
Sheffield.

W. & 1928. Southcott, S., Wood View Ynysymaerdy, 
M. B riton Ferry, S. Wales.

N. 1929. Spedding, G. H., 3, Railway Street, Tow 
Law, Co. Durham.

Lncs. 1926. Stacey, C. W., 19, Derbyshire Crescent, 
Stretford, Manchester.

B. 1927. Stanton, L., 8, Low-wood Road, Erding- 
ton, Birmingham.

B. 1917. Starr, F. G., 128, Selwyn Road, R otton  
Park, Birmingham.

Lncs. 1917. Stead, H ., 1st 36, Cheetham Hill Road, 
Stalybridge.

S. 1914. Steggles, A. L., 240, Bellhouse Road, 
Sheffield.

B. 1914. Stephen, S. W. B„ The Woodlands,
Hagley Road W est, Birmingham.

L. 1921. Stevens, Wm., “ Newland,” Church
Road, Rodbourne, Cheney, Swindon.

Sc. 1925. Stirling, E., York Place, K irkintilloch, 
Scotland.

N. 1914. Stobbs, R ., 199, Stanhope Road, South 
Shields.

W. & 1929. Stokes, W., 18. Moira Street, Cardiff.
M.

Lncs. 1920. Storer, W. H., 255, Settle Street, G reat 
Lever, Bolton.

B. 1930. Storie, P ., c/o Mr. Burns, 55, Prince 
A lbert Street, Birmingham.
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Sc. 1928. Stewart, G. G., Smiths’ Buildings, 
Bridgend, Bathgate, Scotland.

L. 1930. Stokes, A. J ., 49, Valentines Road,
Ilford, Essex.

L. 1925. Stubbs, R. G., 290, Commercial Road,
Peckham, S.E.15..

L. 1922. Summers, H. G., 35, Perry Hill, Catford, 
S.E.6.

E.M. 1927. Summersgill, E. (Junior), 47, Station 
Road, Long Eaton, Notts.

Lncs. 1910. Sutcliffe, A., 1, Firwood Grove, Tonge 
Moor, Bolton.

Lncs. 1923. Swann, H ., 31, Alexander Road, Patri- 
croft, Manchester.

Sc. 1927. Syme, T. R ., 307, Murray Place, off Bils- 
land Drive, Glasgow, N.W.

Lncs. 1922. Tate, C. M., Brook Royd, Todmorden 
Road, Burnley.

Gen. 1906. Taylor, A. (Fielding & P la tt, Limited), 
A tlas Iron Works, Gloucester.

M. 1926. Taylor, D., 35, Langley Avenue, Thorn- 
aby-on-Tees.

B. 1925. Taylor. E. R., 148, South Road, Hands- 
worth, Birmingham.

W. & 1905. Taylor, F. J ., J .P . (Taylor & Sons,
M. Limited), Briton Ferry, South Wales.

B. 1926. Taylor, F „  “ The Willows,” Gipsy
Lane, Willenhall, Staffs.

E.M. 1930. Taylor, H. 16, Drage S treet, Derby.
Lncs. 1921. Taylor, Jam es, 3, Tremellen Street,

Accrington.
W.R. 1927. Taylor, W., 77, Dorchester Road,
of Y. N orth Shore, Blackpool.
L. 1925. Teasdale, I., Homeland, Norton Village, 

Letchworth, Herts.
N. 1921. Temple, G. T., 35, Grosvenor Drive,

Whitley Bay.
B. 1926. Tennant, A. Me A., 115, Wheelwright

Road, Erdington, Birmingham.
Lncs. 1922. Thatcher, E. H ., The Newport Foundry 

Co., Mill Parade, Newport.
N. 1924. Thom, J ., 11, Moorland Crescent,

Walker, Newcastle-upon-Tyne.
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M. 1929. Thomas, J ., 15, Arch Street, Central 
E state, Hartlepool.

Lncs. 1929. Thompson, J ., 4, Picking Street, Chester 
Road, Manchester.

L. 1926. Thompson, J .  S., “ Arley,” Bedonwell 
Hill, Abbey Wood, S.E.2.

Sc. 1925. Thomson, D. B., 1, Knowe Terrace, 
Hillend Road, Lambhill, Glasgow.

S. 1921. Thomson, T. R.
L. 1927. Tichelly, L. J . ,  Universal System of 

Machine Moulding, L td., 13/15, 
Wilson Street, London, E.C.2.

Lncs. 1911. Timmins. A. E ., 133, Roose Road, 
Barrow-in-Furness.

E.M. 1928. Tompkin, A., 54, Havelock Street, 
Leicester.

E.M. 1927. Tompkin, S. E ., 332, E ast P ark  Road, 
Leicester.

Sc. 1925. Tonagh, Chas., 254, Stevenson Street, 
Calton, Glasgow.

Lncs. 1914. Topping, G., 17, Bebbington Street, 
Clayton, Manchester.

Sc. 1920. Trapp, P ., Kilnside Cottage, Falkirk.
E.M. 1924. Tunnichffe, E. J ., 9, Augusta Street, 

Derby.
Sc. 1923. Turnbull, Alex. W., Primrose Cottage, 

Bonnybridge.
Sc. 1930. Turner, D., 20, Victoria Crescent,

Clarkston, Glasgow.
Lncs. 1930. Turner, H ., 32, Wood Lane, Ashton- 

under-Lyne.
W.R. 1927. Turner, L., 14, W hitwell Green, Dews-
of Y. bury Road, Elland.
S. 1918. Turner, W., 90, Edgedale Road, Shef­

field.
B. 1923. Twigger, T. R ., Post Office, Bubben- 

hall, near Kenilworth.
Sc. 1927. Tyrie, T., 35, Meltille Street, K il­

marnock.
L. 1925. Underwood, W. G., 5, F arlton  Road, 

Earlsfield, S.W.18.
Sc. 1920. Ure, R ., Stenhouse House, Carron,

Falkirk.

B ’nch. of ASSOCIATE MEMBERS
Election.



933

N. 1922. Van-der-Ben, C. R., 169, Dunsmuir
Grove, Gateshead.

E.M. 1928. Varney, F., 18, Sale Street, Derby.
E.M. 1921. Vaughan, Benj. H ., 25, Holmes Street, 

Derby.
B. 1917. Vaughan, G. A., Peri Glen, Tividale

Road, B urnt Tree, Tipton.
Lncs. 1921. Vernon, G. W„ 11, Ashfield Road,

Burnley.
B. 1830. Vowles, C. D., Jun r., 68, All Saints 

S treet, W est Bromwich.
M. 1928. Waddell, W. 33, Oliver Street, Linthorpe, 

Middlesbrough.
N. 1914. Wainford, E. H ., 17, Windsor Road,

Saltburn-by-the-Sea.
Lncs. 1925. Walker, A., 117, Robert Street, Newton 

H eath, Manchester.
Lncs. 1928. Walker, A., 45, Highfield Road, Levens- 

hulme, Manchester.
B. 1928. Walker, A., “ Coogee,” Lower Hill- 

morton Road, Rugby.
W.R. 1921. Walker, Alex. W., 113, Dalton Green
of Y. Lane, Huddersfield.
Sc. 1920. Walker, D., 5, New Houses, Anderson 

Street, Bonnybridge.
Sc. 1920. Walker, G., 21, Napier Place, Bains- 

ford, Falkirk.
Sc. 1920. Walker, Wm., 10, Larbert Road, Bonny­

bridge, Falkirk.
W. & 1929. Wall, A., 6, Denton Road, Canton,
M. Cardiff.

B. 1916. Wall, J .. 15, Flavell Street, Woodsetton, 
near Dudley.

Sc. 1930. Wallace, T., 11, Hood Street, K il­
marnock.

S. 1927. Walmsley, T., 2, Calder Way, F irth  
Park, Sheffield.

Lncs. 1915. Wallwork, R., N., Western Road,
Wilmslow, Cheshire.

Lncs. 1930. Ward, Geo., 100, Kenyon Street, Gorton 
Manchester.

E.M. 1924. Ward, J . C., “ W ilnorith,” Collingham 
Road, Leicester.

Y ear
B ’nch. of ASSOCIATE M EM BERS.

E lection.
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Sc. 1930. W ard W. 233, Ledard Road, Glasgow, 
S.2.

E.M. 1925. W arner, Amos, 252, St. Thomas Road, 
Derby.

Lncs. 1928. W arner, H. E. 128 Rosemeath Road, 
Urmston near Manchester.

S. 1928. Wass, E ., 7, Oakwood Road, Balby,
Doncaster.

W.R. 1926. Wass, 0 . H ., 244, B am sby Road.
of Y. Sheffield.
S. 1911. Wasteney, J ., Vulcan Foundry, Ecking- 

ton, near Chesterfield.
Sc. 1930. Watson, J . H ., Balgrochan Terrace,

Mid Street, Bathgate, Scotland.
Gen. 1914. W atson, R ., Saxilley House, 49, York 

Street, Rugby.
Sc. 1919. W att, R ., E tna Iron Works, Ealkirk.
L. 1927. W atts, W., 23, Rolt Street, Deptford,

London, S.E.8.
W. & 1928. W ayman, M., 12, Eoxcote Road, Bed-
M. minster, Bristol.
B. 1923. Webb, A. W. J ., 1, Sidney Street,

Gloucester.
B. 1927. Webb, A. E ., 45, Brettell Street, Dudley, 

Worcester.
E.M. 1921. Webb, Ernest Alfred, Bettwyscoed,

Hinckley Road, K irby Muxlo, near 
Leicester.

S. 1909. Webster, C., 34, Milton Road, R other­
ham.

Sc. 1927. Webster, D. M., 15, Garden Terrace, 
Falkirk.

Sc. 1928. Webster, J . F., 4, Carnegie Street,
Arbroath, Scotland.

B. 1926. Webster, W ., 74, Horseley Road,
Tipton, Staffs.

W. & 1928. West, S. J ., 44, Hungerford Road,
M. Weston, Bath.
B. 1911. Westwood, J . H., 1583, Stratford

Road, Hall Green, Birmingham.
Lncs. 1925. W harton, L., 4, Ridehalgh Street, Colne, 

Lancs.

B 'nch. of ASSOCIATE M EM BERS.
Election.
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Lncs. 1928. W hitaker, G., 3, Ruskin Street, Barden 
E state , Burnley.

W.R. 1928. W hitaker, G. H ., 20, Sandy Wood
°f Y. Street, Keighley.
E.M. 1929. W hite, S., 34, Victoria Road, Sandi- 

acre, Notts.
Lncs. 1929. W hitehouse, E., 1' H eybury,” Bury 

Old Road, Heywood, Lancs.
G. 1926. Whitfield, C. S., Bengal Iron Works, 

K ulti, E .I.R ., Bengal, India.
L. 1911. W hiting, A., Brynhella, Pembroke Road, 

E rith , Kent.
L. 1924. W hiting, A. F., East View, Field 

Lane, Letchworth, Herts.
Lncs. 1929. W hitton, A., 96, Monk Street, Accring­

ton.
E.M. 1928. Whysall, J . E ., “ Mayfair,” Empress 

Avenue, Sneiton H ill, N ottingham .
E.M. 1928. Whysall, John, 58, Greenwood Road, 

Nottingham.
S. 1925. Wild, A. J ., Midland Brass Foundry,

Attercliffe, Sheffield.
E.M. 1926. TVild, H ., 14, Albert Promenade, Lough­

borough, Leicestershire.
M. 1926. Wilkes, R ., 39, Pearl Street, Haverton 

Hill, Middlesbrough.
M. 1910. Wilkinson, T., Stockton Street, Middles­

brough.
S. 1919. Williams, A., 31, Burngreave Bank,

Sheffield.
L. 1927. Williams, S. V., 22, Mayfield Avenue,

Kenton, Middlesex.
Sc. 1911. Williamson, H., 3, N ain Street, Dalmuir.
Sc. 1920. Williamson, J ., I l l ,  Stirling Street,

Denny, Stirlingshire.
L. 1920. W illsher,’ W. H., “ Breydon,” Oak-

hill Gardens, Woodford Green, 
London, E.18.

Lncs. 1919. Wilson, A. E., 84, Dewhurst Road,
Syke, Rochdale.

L. 1925. Wilson, A. M., Messrs. Parlanti, Beau­
mont Road, W. Kensington.

B ’nch. o f ASSOCIATE MEMBERS.
Election
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L. 1927. Wilson, C. H. V., 31, K ing’s Avenue, 
Clapham Park , London, S.W.4.

Sc. 1927. Wilson, J ., 30, Polw orth Gardens,
Edinburgh.

Lncs. 1928. Wilson, J .  E ., 15, K aye Lane, Almond- 
bury, Huddersfield.

Sc. 1928. Wilson, J ., 43, W est Thornlie Street, 
Wishaw.

Sc. 1927. Wilson, J . R ., 2, Linden Place, Annies- 
land, Glasgow.

W.R. 1930. Wilson, T. C., Blakeborough, L td.,
of Y. Brighouse, Yorks.
B. 1929. Wilson, R ., 6, Cobden Street, Wednes- 

bury, Staffs.
Sc. 1928. Wilson, W. M., 105, Arkleston Road, 

Paisley.
Lncs. 1904. Wilson, W. R ., 15, Sackville Street, 

Liverpool.
E.M. 1921. Winfield, P ., “ Ambleside,” Osmaston 

P ark  Road, Derby.
W .R. 1926. W inter, N. F. S., Green Hayes, Halifax.
of Y.
E.M. 1928. W interton, W. L., 195, Berridge Road, 

Nottingham.
W.R. 1924. Wise, S. F ., 110, Pullan Avenue, Eccles- 

hill, Bradford.
Lncs. 1912. Wolstenholme, J ., I l l ,  Carlton Terrace, 

Bury, and Bolton Road, Radcliffe, 
Manchester.

B. 1922. Wood, A., 30, Toll E nd  Road, Tipton, 
Staffs.

B. 1927. Wood, A., Sunny Bank Hill, Crest
Avenue, Brierley Hill.

S. 1926. Wood, E. A., 30, Dixon Street, R other­
ham.

W.R. 1922. Wood, John, 6, Hudswell Street, Sandal,
of Y. Wakefield.
B. 1927. Woolen, R ., 19, Gillott Road, Edg-

baston, Birmingham.
M. 1926. Woolley, R. E ., 5, Albion Terrace,

Saltburn-by-the-Sea.
B. 1927. Worley, S. C., “ Ashmore,” 153, Bear­

wood Road, Smethwick, Birm ingham.

B ’nch. of A SSO CIATE M EM BERS
Election.
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W. & 1926. Wren, J ., “ W estholm,” Edward Street, 
M. Griffithstown, Mon.

Lncs. 1925. W right, H. G., 78, Lloyd Street, Heaton 
Norris, Stockport.

W.R. 1923. W right, L. L., 168, Oxford Road,
°f Y. Gomersall, near Leeds.
B. 1927. W right, R. E., Oxford Lodge, Penn 

Fields, Wolverhampton.
Sc. 1913. W right, W., Burnbank Foundry, Fal­

kirk.
Lncs. 1924. Wylie, J . F., 206, Stockport Road, 

Bredbury, Stockport.
Lncs. 1925. Yates, J ., 8, Ivy  Road, St. Stephen’s 

E state, Bury.
Lncs. 1928. Yates, S., Bagshaw, Chapel-en-le- 

F rith , Derbyshire.
Lncs. 1926. Yates. W., 38, Clifford Street, Leigh, 

Lancashire.
Lncs. 1924. Yeoman, Robert, 42, Wellington Road 

N orth, Stockport.
Lncs. 1926. Yeoman, S., 42, Wellington Road North, 

Stockport.
Sc. 1919. Young, J ., 9, Regent Street, Rutherglen, 

Glasgow.
N. 1921. Young, Jam es, 72, Carlisle Street, 

Felling-on-Tyne.
Sc. 1930. Yuill, W., 26, Ellangowan Road, Shaw- 

lands, Glasgow.

Y ear
B ’nch. of ASSOC [A TE M EM BERS.

Election.

ASSOCIATES.
B. 1929. Acton, F ., 91, Regent Road, H ands- 

worth, Birmingham.
N. 1925. Adams, F., 98, Avondale Road, Byker, 

Newcastle.
B. 1925. Andrews, E., 56, Lansdown Road, West 

Didsbury.
B. 1925. Bache, T. R ., 181, Walsall Street, West 

Bromwich.
N. 1925. Badsey, R. C., 5, Lovaine Terrace, 

N orth Shields.
N. 1920. Banks, V. L., St. Cuthbert’s Vicarage, 

Newcastle-upon-Tyne.
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N. 1929. B arrett, J . H ., 27, Fairless Street, South 
Shields.

Sc. 1927. Bell, W. M., 2, Bellfield Street, B arr­
head.

N. 1924. Betham, W. S., 23, Eldon Street, High 
Shields.

S. 1929. Biggin, C., 254, Derbyshire Lane, Wood- 
seats, Sheffield.

B. 1930, Bird, T. J ., 52, H illary Street, Walsall.
N. 1929. Birks, E ., 36, K iD g E dw ard Street,

Gateshead-on-Tyne.
N. 1925. Blackwell, J ., H arrison R oad, Wil-

lington Quav-on-Tyne.
So. 1926. Blackwood, W. S., 12, N apier Street, 

Linwood, Scotland.
B. 1922. Boudry, C., 46, Holly Lane, Smeth­

wick.
N. 1929. Bowie, S., 1, N orth Grove, Roker.
N. 1930. Boyle, L., “ Burwood,” Dene Road,

Tynemouth.
B. 1914. Boyne. W., 158, Moor E nd Lane, Erding- 

ton, Birmingham.
N. 1928. Buchan, S., 100, Quadrant, Balkwell,

N orth Shields.
N. 1928. Buckley B. A., 3, Monk Street, Sunder­

land.
L. 1928. Burgess, F. G., 13, Saxon Road, Luton, 

Beds.
L. 1928. Challis, R. L., 29, Tower Hamlets Road, 

Forest Gate, London, E.7.
L. 1924. Chamberlain, E. E ., 70, Albert Street, 

Slough, Bucks.
Sc. 1926. Clark, J ., 28, K ing Street, Paisley.
Lncs. 1927. Connell, C. H ., 9, Muriel Street, Great

Clowes Street, Lr. Broughton.
N . 1929. Cook, W., 7, Smith Street, Tow Law, 

Co. Durham.
N. 1928. Cosgrove, J ., 295, Stanhope Road, South 

Shields.
N. 1928. Cox, S., 78, Stanley Street, Rosehill,

Willington-on-Tyne.
L. 1926. Cummings, F . C., 3, Waller Road,

New Cross, London, S.E.16.

B ’nch. of \SSOCTATES.
Election.
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X- 1930. Cunningham, B. W., 42, Henley Gardens, 
Consett, Co. Durham.

Gen. 1918. Currie, E . M., 3, Stockton Road, 
Coventry.

X. 1924. Cuthbertson, J ., 81. Dunsmuir Grove, 
Gateshead-on-Tyne.

Lncs. 1927. D aintith, R ., 286, Rishton Lane, Gt. 
Lever, Bolton.

S. 1927. Dalton, W. E ., 310, Owler Lane,
Sheffield.

X. 1924. Davidson, T. H ., 24, Longley Street, 
Xewcastle.

X. 1923. Davison, R ., 79, Second Avenue, Heaton, 
Xewcastle-upon-Tyne.

B. 1928. Dawkins, B. J ., “ Rosemary,” Lans-
downe Avenue, Bakem, Wolver­
hampton.

X. 1924. Dickinson, B., 8, Albion Terrace, South 
Shields.

X. 1924. Dodd, C., 6, Relton Terrace, Monk-
seaton.

Sc. 1930. Douglas, X. F ., 41, Stewarton Street, 
Wishaw, Scotland.

L. 1928. Doulton, M. D., Windmill House,
Clapham Common, London, S.W.4.

B. 1925. Dubberley, W., 27, Lewisham Road.
Smethwick, Birmingham.

X. 1926. Dunbar, J ., 16, Burn Terrace, WiUington 
Quay-on-Tyne.

X. 1918. Eglen, T., 521, Chillingham Road, High 
Heaton, Xewcastle-upon-Tyne.

X. 1918. Elsdon, W., 7, Berwick Terrace, Percy 
Main.

X. 1918. Errington, R ., 12, Fern Dene Road,
Gateshead.

B. 1925. Evans, E. H ., 100, Brunswick Road,
Handsworth, Birmingham.

Sc. 1927. Ewen, G., 29, Oakbank Terrace, Glas- 
gow.

X. 1917. Ferguson, J ., “ Roselea,” Edng George 
Road, South Shields.

S. 1922. F irth , Tom L., 191, Fox Street, Sheffield.
X. 1925. Fleck, J ., 75, Lamb Street, Walker-on-

Tvne.

Tear
B ’nch. of ASSOCIATES.
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N. 1913. Ford, A., 43, Moore Street, Gateshead.
B. 1929. Fox, A., “ Beechmount,” Birmingham

Road, Walsall.
B. 1924. Frost, C., 55, W averley Road, Small 

H eath, Birmingham.
N. 1928. Gibson, A. A., 131, Bewicke Road,

Willington Quay-on-Tyne.
N. 1929. Gibson, C. S., 3, Winifred Gardens,

Wallsend-on-Tyne.
N. 1928. Gibson, E ., 13, P o tter Street, Willington 

Quay-on-Tyne.
N. 1929. Gibson, T. W ., 2, Dukes Cottages, New- 

burn-on-Tyne.
N. 1930. Gill, J . Wr., 21, N .E.R . Cottages, W ash­

ington Station, Co. Durham.
Sc. 1928. Graham, W., 94, W averlyDrive, Wishaw.
L. 1924. Greaves, J . H ., 38, Solway Road, Wood

Green, N.22.
N. 1925. Green, S., 25, Campbell Street, New­

castle-upon-Tyne.
B. 1930. Greenhouse, H . G., 3, Pool Cottage, 

Kingstanding Road, Birmingham.
N. 1925. Grigor, R ., 38, Grey Street, Wallsend-on- 

Tyne.
B. 1925. Hadley, E. T., 207, Horseley H eath, 

Tipton, Staffs.
N. 1929. Hall, J . W., 86, Eighth Avenue, H eaton, 

Newcastle-upon-Tyne.
B. 1909. Hamilton, G., 13, Anderson Road,

Tipton.
N. 1923. Harle, J . E ., 162, South Palm erston

Street, South Shields.
M. 1926. Harvey, E . J ., 4, R ydal Road, Stockton- 

on-Tees.
Sc. 1927. Harvie, R ., 21, Campbell Street, Mary- 

hill, Glasgow.
S. 1921. Heeley, John Jas., 36, Gertrude Street,

Owlerton, Sheffield.
N. 1930. Henderson, E ., 17, Gladstone Street,

Consett, Co. Durham.
N. 1930. Henderson, W., junr., 6, Rosewood Cres­

cent., Walkerville.
Sc. 1920. Hill, T., 146, Kippen Street, Airdrie

B ’nch. of ASSOCIATES.
Election.
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Lncs. 1925. Hindley, IV., 13. Charles Street, Farn- 
worth, near Bolton.

B. 1926. H ird. J .. "  Fernside.” Long Street, Durs- 
lev, Gloucestershire.

X. 1925. Hodgkinson, H. D.. 1, Rose Avenue, 
Whickhain, Gateshead.

X. 1930. Howe, W., 21, Tanfield Street. Sunder­
land.

X. 1928. Howse, R ., 1. Jersey Street, West
Hartlepool.

X. 1927. H unter, R. W.. 104. Shrewsbury Cres­
cent, Humbledon Hill, Sunderland.

X. 1928. dagger. E ., 28, Franklin Street, Jarrow.
Sc. 1927. Jardine, W., 98, Bank Street. Alex­

andria. Dumbartonshire.
X. 1929. Jennings, R .. 13, Victoria Square,

Jesm ond, Xeweastle-upon-Tyne.
B. 1919. Johnson, J . B., junr., Slater Street,

Great Bridge, Tipton.
W. & 1928. Jones, C. E ., 65, Cathedral Road,
M. Cardiff.

X. 1925. Jones, J ., 21. Cooper Street, Sunderland 
Road, Gateshead-on-Tyne.

X. 1930. K irby, A. R. D., junr., 6, Falshaw Street, 
W ashington Station, Co. Durham.

X . 1928. K irkland, J ., 28, Camden Street, X orth
Shields.

X. 1922. Kelly, F. J ., 1545, W alker Road.
Xeweastle-upon-Tyne.

L. 1929. K ent, B. B., Five Pines. Longdon Wood, 
Keston, K ent.

S. 1928. Kenyon, P., 72, Queen Street, Xew
Brimington, Chesterfield.

Sc. 1928. Laird, T „ 3a , Buccleuch Terrace,
Cambusnethian, Wishaw.

X. 1928. Lamberton, J ., 19, Railway Street,
Jarrow-on-Tyne.

X. 1928. Lowes, E. G., 13, Woodbine Avenue, 
W  allsend-on-Tyne.

X. 1924. Lowes, W., 1. Baden Street, Chester- 
le-Street.

Lncs. 1914. Lucas, G. W., 36, Langford Street,
Leek, Staffs.

Year
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N. 1929. McDonald, C. R., The Villa, Willington 
Quay-on-Tyne.

N. 1925. McDougal, T. D ., 3, W estmoreland
Street, Wallsend-on-Tyne.

N. 1929. McErlane, H ., 64, St. Jam es’ Square, 
Gateshead.

N. 1930. McFarlane, G., 20, St. Mark’s Road
N orth , Sunderland.

Sc. 1924. McGowan, V. M., A tlas Engineering
Works, Bhadresw ar, near Chander- 
nagore, Bengal, E .I.R . India.

Sc. 1926. McGurnaghan, M., 206, Gallowgate,
Glasgow.

N. 1926. McQuillan, J ., 1, Lodge Terrace, W all­
send-on-Tyne.

Sc. 1927. Main, J . W., 175, Holm Street, Glasgow, 
C.2.

N. 1929. Mark, T., 46, Hedley Street, Gosforth, 
Newcastle-upon-Tyne.

M. 1926. M artin, J . H ., 29, Marton Grove Road, 
Middlesbrough.

Lncs. 1923. Meadowcroft, H ., 10, Hambledon View, 
Habergham, Burnley.

B. 1925. Meredith, C., 4, Thomas Street, Sm eth­
wick, Birmingham.

N. 1929. Miller, G. S., 5, Victoria Street, Seaham 
H arbour, Co. Durham.

N. 1928. Mitchinson, T. S., B ank Top House, 
W albottle, Newburn-on-Tyne.

N. 1929. Moat, A. M., 38, Victoria Avenue,
Wallsend-on-Tyne.

B. 1930. Morris, J . T., “ The R osary,” Prestwood 
Road, Wednesfield, Staffs.

S. 1925. Nesbit, G. L ., 7, Ruskin Avenue,
Mexborough.

N. 1925. Nesbitt, J ., 26, Bede Crescent, Holy
Cross Estate, W illington Quay-on- 
Tyne.

N. 1924. Nichol, J ., 131, George Street, W illington 
Quay-on-Tyne.

N. 1929. Nixon, E ., 56, Wolsley Gardens, New­
castle.

N. 1929. Noble, E „  135, Ayton Street, Byker,
Newcastle.

Y ear
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X. 1925. N uttall, G.. 88. High Street East,
Wallsend-on-Tyne.

X. 1925. Osborne, G. F ., 39, Franklin Street,
Sunderland.

S. 1929. Oxley, T. A., Tapton Heights, Tapton 
Ville Road, Sheffield.

X. 1923. Peacock, J . E ., 40, Bolam Street,
Newcastle-upon-Tyne.

X. 1923. Peacock, S., 12, John Street, South
Shields.

N. 1922. Picken, A. D., 87, Cuthbert Street,
Hebburn-on-Tyne.

X. 1928. Pillow, H . C., 3, Delaval Road, Whitley 
Bay.

L. 1922. P ittuek , M. D. (Miss), c/o H. J . Young, 
3, Central Buildings, Westminster, 
S.W .l.

Lncs. 1926. Pollard, Wm., 104, Rose Hill Road, 
Burnley, Lancs.

X. 1926. P ra tt, S., 29, Randolph Street, Jarrow- 
on-Tyne.

X. 1917. Rang, E . J . ,  M.Sc., 8, B ath Terrace, 
Tynemouth.

X. 1926. Reav,' T., 27, Percy Street, Wallsend- 
on-Tyne.

X. 1922. R edpath, J . ,  25, Burnley Street, Blay- 
don-on-Tyne.

X. 1928. Reece, T. E.', 120, Northbourne Street, 
Gateshead.

Sc. 1927. Reid, A., 12, Anderson Street, Burn- 
bank, Hamilton.

Sc. 1923. Reid, J .  X. (junr.). Bum head Road.
Larbert.

S. 1929. Rhodes, W., 80, Skinnerthorpe Road, 
Firvale, Sheffield.

Sc. 1923. Riddell, J ., 113, Coventry Drive, Glas­
gow.

X. 1924. Robson, J ., 15, Hawthorne Grove,
Wallsend-on-Tyne.

X. 1925. Robson, J ., 20, Frederick Street, Gates- 
head-on-Tyne.

X. 1928. Robson, R. W., 6, Nelson Street, Gates- 
head-on-Tyne.

Year
B’nch. of ASSOCIATES.

Election.
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N. 1923. Rollin, C. N ., Stanhope House, Westoe 
Village, South Shields.

Sc. 1927. Rose, D., 12, Victoria Street, Alexandria, 
Dumbartonshire.

Sc. 1927. Ross, W. junr., 2, Macdonald Street, 
Rutherglen, Glasgow.

N. 1926. Rowley, J . S., 51, South Terrace,
Wallsend-on-Tyne.

N. 1925. Ruff, J ., 88, Richardson Street, Wallsend- 
on-Tyne.

M. 1926. Saunders, A., 34, Queen’s S treet, North 
Ormesby, Middlesbrough.

N. 1925. Scott, R. J ., 32, N orth Terrace,Wallsend.
L. 1926. Sherman, W. T., “ Woodlands,” Avery

Hill Road, New Eltham .
N. 1929. Slassor, J . B., 243, Sunderland Road, 

Gateshead.
N. 1930. Smith, M., 137, Chirton West View,

N orth Shields.
B. 1925. Smith, W. H ., 21, Horseley Road,

Tipton, Staffs.
N. 1925. Soulsby, W. A., 14, Armstrong Terrace, 

Gosforth.
S. 1929. South, G. E ., 13, Struan Road, Carter- 

knowle, Sheffield.
N. 1912. Spence, W- D., 124, H eaton P ark  Road, 

Newcastle-upon-Tyne. .
N. 1922. Spencer, F. C., 20, Leazes Terrace,

Newcastle-upon-Tyne.
B. 1910. Spiers, F., 4, Angel Street, Worcester.
N. 1925. Spowart, D., 31, H oughton Avenue,

Cullercoats.
N. 1926. Stafford, J ., 143, H arriet Street, Byker, 

Newcastle-upon-Tyne.
Lncs. 1927. Stanworth, S., The Woodlands, Riming- 

ton, Clitheroe.
N. 1928. Steele, D., 4, Boundary Street, Willing- 

ton Quay-on-Tyne.
N. 1924. S toddart, J . ,  7, Ferndale Avenue,

Wallsend-on-Tyne.
N. 1925. Strong, Leslie, 59, Marine Avenue,

Monkseaton, Northum berland.
E.M. 1915. Styles, W. T., 52, Roe Street, Derby

Y ear
B ’neh. of ASSOCIATES.

Election.
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B. 1910. Sutton, W. H ., 147, A nthony Boad 
Saltley, Birmingham.

Lncs. 1926. Tate, W . G., Brook Royd, Todmorden 
Road, Burnley.

X. 1926. Thompson, J . T., 42, Monk Street.
Gateshead-on-Tyne.

• X. 1929. Townsend, W., 24, Victoria Avenue,
Sunderland.

B. 1930. Trayherne, T. W ., 23, Sycamore Road, 
Aston, Birmingham.

Sc. 1924. Turnbull, J .. Primrose Cottage, Bonny- 
bridge.

M. 1926. Y ause , W., 33, H annah Street, Thornaby- 
on-Tees.

L. 1927. W ard, E ., 56, Park  Street, Stoke
Newington, London, X.16.

L. 1911. Wells, G. E., 89, Larcom Street, Wal 
worth, S.E.

B. 1926. Whitehouse, T., 4, Carlton Road, Smeth­
wick, StaSs.

X. 1927. Wood, X., 100, Rodsev Avenue, Gates­
head-on-Tyne.

B. 1928. Woodall, F ., 43, Beach Road, Sparkhill,
Birmingham.

Sc. 1927. W right, J ., 198, James Road, Townhead, 
Glasgow.

Sc. 1928. W right, S., “ Fernlea." Portland Park, 
Hamilton.

Sc. 1926. Young, H., c/o G. Hudson, Wesley 
Place, N orth Arlington, New Jersey, 
U.S.A.

Sc. 1930. Young, J . P., 40, Well Street, Parley .

Year
B'ncli. oi ASSOCIATES.

Election.

M em bers changing their addresses 
are requested to notify  the General 
Secretary or the Branch Secretary 
I M M E D I A T E L Y .

M em bers should notify the General 
Secretary or the Branch Secretary of 
any errors in the M em bership L ist.
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