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T h e  Institute o f  
B ritish  F o u n d ry m e n

ANNUAL CONFERENCE 
HELD IN SHEFFIELD.

July 5, 6, 7 and 8, 1927.
The tw en ty -fou rth  an n u a l m eeting  and confer­

ence of th e  In s ti tu te  of B ritish  Foundrym en was 
held in  Sheffield from  Tuesday to  F rid ay , Ju ly  5 
to 8 , u n d er th e  presidency of M r. J .  T. Goodwin, 
M .B .E ., M .I.M lech.E., of the  Slieepbridge Coal 
and Iro n  Company, L im ited  There w ere p resen t 
more th a n  300 mem bers and  visitors, the  la t te r  
including rep resen ta tiv es of foundrym en’s associa­
tions in foreign  countries, and m any ladies. An 
excellent program m e was provided for th e ir  
in s tru c tio n  and enjoym ent, which included the 
read ing  and  discussion of papers, visits to works 
and social functions, and, as usual, a  fe a tu re  of 
th e  program m e was th e  excellent m anner in 
which th e  in te res ts  of th e  ladies were catered  for.

TUESDAY, JULY 5.
On Tuesday evening th e  mem bers and visitors 

a tten d ed  a recep tion  a t  the  C u tle rs’ H all, a t  the  
in v ita tio n  of the  M aster and  M istress C utler (Mr. 
and  M rs. D avid F la th e r) , and spen t an  enjoyable 
evening renew ing old friendships and m aking new 
ones. D ancing was also a fea tu re  of the  evening’s 
program m e.

WEDNESDAY, JULY 6.
T hanks to the  courtesy of the  Sheffield U niver­

s ity  au tho rities, th e  m eetings were held in  the 
M appin H all a t  th e  D epartm en t of Applied 
Science, a t  S t. Georges’ Square, and th e  mem­
bers assembled - there  on W ednesday m orning, 
when a cordial welcome was extended to them  on
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behalf of the  city  and of th e  U niversity  by the 
Lord M ayor (A lderm an J .  G. G raves, J .P .) ,  and 
the  Vice-Chancellor of the  U niversity  (S ir H enry  
Hadow, C .B .E ., M .A., D .M us., L L .D ., J . P )  
respectively.

M e. V. C. F a u l k n e r  (the re tir in g  president) 
occupied the  chair du ring  the  early  proceedings, 
and the  du ty  of in troducing  th e  L ord  M ayor and 
the  Vice-Chancellor devolved upon him. I t  gave 
him very g rea t pleasure, he said, to  speak in  th a t  
hall, where he had  m ade, perhaps, his first speech 
to  a m etallurg ical audience, some tw en ty  years 
ago, and i t  was w ith a feeling  of personal 
satisfac tion  th a t  he found him self in  his 
present position, addressing a n a tio n a l and 
even an in te rn a tio n a l audience of foundry- 
men. In  asking the Lord M ayor to  address 
th e  m eeting, he said he would like h im  to 
know th a t  th e  audience, while cognisant 
of, and g ra te fu l for, th e  w onderful facili­
ties w hich w ere provided by th e  C ity  of 
Sheffield—of which th e  Lord M ayor was so dis­
tinguished a  head—in th e  way of tran sp o rt, 
san itary  and o ther services, which services were 
so very efficient, they  d id  view w ith  a larm  the  
cost which those facilities imposed upon th e ir  
industry . I t  was said th a t  the  ra te s  of Sheffield 
were costing the steel in d u s try  som ething like 
10 s. per ton , as against a very few shillings per 
ton  in pre-w ar days. Speaking of th e  ind u stria l 
im portance of Sheffield, he said  th a t  n o t only was 
i t  a g rea t iron founding cen tre , b u t i t  was also a 
very im portan t steel founding cen tre—actua lly  the 
most im p o rtan t in E urope. T he non-ferrous 
foundry  industry , however, was 'but- sparsely 
represented  in th is g rea t city.

T h e  L ord  M ayor  said he accepted Mr. 
F au lk n e r’s in v ita tio n  w ith very g re a t pleasure 
indeed, for he fe lt p a rticu la rlv  proud  to  ac t upon 
th is occasion as th e  spokesman of th e  city . He 
always felt th a t  he had the whole of th e  citizens 
of th is .great com m unity behind him  w hen offer­
ing a welcome to  v isitors, m ay be to  strangers , to 
the city. They did feel very proud indeed th a t  
the In s titu te  had  chosen Sheffield as th e  venue 
for its conference; he was sure th a t  the  conference 
would be very successful and very p leasan t, and
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hoped t l ia t  the  members of th e  In s titu te  and the 
v isitors would learn  m uch of the g rea t resources 
of th e  c ity , th a t  th ey  would cem ent old friend­
ships and  form  new ones, th a t  they would find 
fresh in te rests  while in Sheffield, and th a t  they 
would see a good deal of its  beau tifu l surround­
ings. M r. F au lk n er had  ra th e r  p u t the wind 
up him by his a b ru p t and unexpected reference 
to  rea lities. W ise Lord Mayors restric ted  the ir 
speeches on these occasions as fa r as possible to 
p leasan t generalities, and occasionally indulged in 
p la titudes, b u t they  made as litt le ' reference to 
ra te s  as they  possibly could. Therefore, he would 
g e t over th a t  po in t as quickly as possible. 
(L aughter.) F inally , he expressed the hope th a t 
he m igh t have m any opportunities of meeting 
o ther members of the  conference, th a t  th e ir con­
ta c t  m ight be extrem ely p leasan t to  them  all, and 
th a t  they  would carry  away from  the city very 
p leasan t recollections of the  n ineteen twenty-seven 
conference.

Mb. F a u l k n e r , inv iting  the Vice-Chancellor to 
address the  conference, said th a t  foundrymen 
th roughou t the  world were deeply indebted to  the 
U niversity  of Sheffield for the  character of the 
men i t  had  tu rn ed  out, and also for the uniform 
excellence of th e  researches, the results of 
which i t  had  placed a t  the disposal of
the  m etallurg ical world. The members of the 
In s titu te  of B ritish  Foundrym en appreciated 
very h ighly th e  w onderful research work 
which was turnecl out under the ægis of 
th e ir  esteemed fellow member, Professor C. FT. 
Desch (Professor of M etallurgy a t  the U niver­
sity ). H e (M r. F au lkner) knew the  D epart­
m ent perhaps as well as anybody ; he was one
of th e  s tuden ts th ere  when i t  was tu rned  into 
a  U niversity , and he assured th e  Vice-Chancellor 
th a t  he had never lost his in te rest in the work of 
th a t  D epartm en t, which was still recognised as 
th e  cen tre  of steel though t th roughout the  whole 
world.

S ib  H e n b y  H a d o w , in his welcome to  the  mem­
bers, said it  always gave him g rea t pleasure, as a 
rep resen ta tive  of th e  U niversity , to  stand  on a 
public p la tfo rm  w ith his very good friend, and, 
if he m ight say so, his colleague, the Lord Mayor,

b  2



who represented  th e  C ity ; he was very glad  to 
see rep resen tatives of th e  C ity and  th e  U niver­
sity  side by side on any public p la tfo rm . 1  he 
In s titu te  of B ritish  Foundrym en, he continued, 
was specially connected w ith th e  U niversity . l o r  
one th ing , one of th e  founders of th e  In s titu te  
was D r. P . Longm uir, whom th e  U niversity  was 
proud to  num ber am ong its  G raduates . f o r  
another th ing , one of th e  chief branches of th e  
In s titu te  was a t  Glasgow and an o th er was a t  
Sheffield, and if one added th e  th ree  words 
“ Glasgow,”  “ Sheffield”  and  “ M e ta llu rg y ’’ 
together, the  sum  to ta l was “  P ro f. D esch.” 
Again, th e  In s titu te  had had  very g rea t success; 
its P residen t, M r. F au lkner, was a mem ber of th e  
U niversity , and a  mem ber whose ca ree r was 
watched w ith very g re a t in te re s t and pride. 
The U niversity  au tho rities  cong ra tu la ted  him 
upon his year of office, and they  wished all success 
to M r. G oodw in; they  welcomed th e  In s ti tu te  
particu la rly  because they  were always very glad 
to  see in s titu te s  which had a  g re a t scientific back­
ground and a scientific basis, and  because the  
science of th e  In s ti tu te  was one w ith  which th e  
U niversity  and the  Applied Science D ep artm en t 
were specially and in tim ate ly  concerned. H e 
hoped the  v isit would be p leasan t and profitable, 
and assured the  mem bers th a t  if th e  U niversity  
au tho rities could do any th in g  to  a id  th e  confer­
ence o r m ake th e  business more p leasan t, they  
would do th e ir utm ost. All th e  services a t  the 
U niversity  were a t the  disposal of th e  In s titu te .

Presentation of “ Oliver Stubbs ” Gold Medal.

The “ Oliver S tubbs ” Gold M edal, which is 
provided from funds supplied by the  Iro n  F ou n d ­
ing Em ployers’ F edera tion , and  aw arded each year 
for d istinguished services to  iron founding  and 
to  th e  In s titu te , was presen ted  by th e  Lord 
M ayor to  Professor T. T u rner (E 'm eritus Professor 
of M etallurgy a t  B irm ingham  U niversity , and a 
P a s t-P res id en t of th e  In s t i tu te  of M etals).

Mu. F a u lk n er  said  th a t  iron founders in p a r­
tic u la r were indebted  to  Professor T u rn e r because 
he had  shown th e  world how silicon influenced the  
general s tru c tu re  of cast iron. H is research, 
which was done m any years ago, had had an



enorm ous influence on every foundry. There were 
some 3,000 iron foundries in G reat B rita in  and 
probably 20,000 th roughou t th e  world, and they 
all used th e  resu lts of th e  research  of Professor 
T u rn e r—some unw itting ly  and  some knowingly.

P r o f e s s o r  T u r n e r , re tu rn in g  thanks, said he 
had  worked for m any years in connection w ith the 
foundry  in various ways, he had formed many 
friendsh ips and  had had m any in te rests ; th e  medal 
would be a las ting  connection and a remembrance 
to  him and his fam ily of W'ork which had been a 
pleasure w hilst i t  was being perform ed, and which 
he tru s te d  had been of some use to others.

Presentation to Mr. John Shaw.

A handsom e hall clock was presented to Mr. 
John Shaw (la te  m anager of th e  foundry of the 
B righ tside Foundry  & E ngineering  Company, of 
Sheffield, and who recently  re tired ) by members of 
th e  Sheffield B ranch and o ther members of the 
In s ti tu te  in  recognition of his services to  foun­
drym en. I t  was in tim ated  by Mr. F au lkner th a t 
M r. Shaw had had a very long and  distinguished 
career, and had placed his experience most gener­
ously a t  th e  service of foundrym en. D uring  the 
w ar he was C ontroller of C ast Iron  a t  th e  M inis­
tr y  of M unitions, and in  th a t  capacity  had  shown 
a  very clear sense of w hat was ju s t and equitable 
for th e  founders.

(The clock, which stood about 5 ft. 6 in. high, 
was in sc rib ed :— “ P resen ted  to  Mr. John Shaw by 
mem bers of th e  Sheffield B ranch and o ther mem­
bers of th e  In s titu te  of B ritish  Foundrym en in 
recognition of his em inent services to  the In s ti­
tu te . Sheffield Convention, 1927.” )

M r . S h a w , in expressing his appreciation of the 
g ift, which was a  complete surprise to  him, 
generously rem arked th a t  any th ing  he had done 
had  been for h is own good as well as for the  good 
of the  In s t i tu te ;  he owed practically  everything 
to  the friendships he had made in th e  In s titu te . 
H e also acknowledged the cordial re la tions which 
had always existed between him self and his col­
leagues, and in  th is  connection he m entioned 
specially P rof. C. H . Desch, D r. W. H . H atfield 
and  D r. T. Swinden. H e thanked  them  all for 
th e  help  they  had extended to  him  a t  all times.
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Vote of Thanks to Lord Mayor and Vice-Chancellor.
M r . F a u l k n e r  proposed a  h ea rty  vote of thanks 

to the  Lord M ayor and S ir H en ry  H adow  for the  
charm ing welcome they  had  ex tended  to th e  
members, and expressed apprecia tion  of th e  k ind­
ness of the  U niversity  au th o ritie s  in  placing the 
facilities of the  U niversity  a t  th e  disposal of the 
In s titu te . H e hoped th a t  as th e  resu lt of th e  
Conference the  foundry  owners, m anagers and 
employees th ro u g h o u t G rea t B rita in  would learn  
to  know and  app rec ia te  Sheffield and its  U niver­
sity  much b e tte r  th a n  they  had  done in th e  past, 
although he appreciated , of course, th a t  th e ir  
rep u ta tio n  was very h igh th ro u g h o u t th e  whole 
m etallurg ical world.

The vote of th an k s  was accorded w ith acclam a­
tion , and the  Lord M ayor and Vice-Chancellor 
withdrew.

Annual General Meeting.
The business of th e  an n u a l genera l m eeting  of 

the In s titu te  was th en  proceeded w ith . The 
miinutes of the  las t an n u a l general m eeting  were 
taken  as read , and were confirmed and signed  and 
the A nnual R epo rt subm itted .

Annual Report of the General Council for the 
Session, 1926-27.

The G eneral Council has p leasure in  p resen ting  
to the  Members of the  In s titu te  th e  R epo rt of 
the work during  the  Session 1926-27.

The to ta l num ber of members on th e  roll of 
th e  In s ti tu te  on A pril 30 was 1636. The Council 
reg re t to  announce th e  death  of 14 members d u r­
ing the  year. The d is tribu tion  of th e  m em bership 
among th e  various branches is shown in  th e  
table on page 7.

The new branch  which was opened a t  M iddles­
brough during  th e  sp ring  of la s t year has now 
completed a very successful first session and is 
still adding to  its  m em bership.

Jun ior Sections .—The ju n io r sections in con­
nection w ith  th e  N ew castle and L ancashire 
B ranches continue to  m ake good progress. The 
London and B irm ingham  B ranches have also 
in augu ra ted  successful ju n io r sections and the 
form ation  of sim ilar sections is under considera­
tion  by o ther branches.
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Oliver S tubbs Gold M edal.— 1The fifth medal 
was aw arded to M r. A. R . B a rtle tt , of Belvedere, 
K en t, for m erito rious services rendered  to  the  
In s titu te  over a period of m any years.

D iplom as.—S ix  diplom as have been aw arded lo r 
P apers which have been given before the  branches. 
The recip ients and the respective branches before 
which the  P apers were given are  as follows: — 
J .  Longden, Scottish B ranch ; M ajor K- C. 
A ppleyard, Newcastle B ra n c h ; J .  R . Hyde, 
Sheffield B ranch ; A. J .  R iehm an, Lancashire 
B ranch; W. W est, B urnley Section of L ancashire 
B ranch ; M. J .  Cooper, London B ranch.

A nnual Conference, 1926.—The 1926 A nnual 
Conference was held a t  th e  R oyal A gricu ltu ra l 
H all, London, in  Ju n e , and in  sp ite  of the 
unsettled  ind u stria l conditions p revailing  a t  th a t  
tim e and of th e  difficulties of travelling , the  Con­
ference was very successful and  was largely 
a ttended . S im ultaneously w ith th e  C onference a 
very comprehensive Foundry  and  A llied T rades 
E xhibition was held.

The nex t A nnual Conference will be held on 
Ju ly  6 , 6 , 7 and 8 , 1927, a t  th e  U niversity , S t. 
George’s Square, Sheffield, by k ind  perm ission of 
th e  U niversity  au thorities.

General Council.—Five G eneral Council M eet­
ings have been held a t  London, M anchester, York, 
B irm ingham  and London respectively. All 
branches have been well rep resen ted  a t  these 
m eetings and there has been an average a tte n d ­
ance of 34.

I n  accordance w ith the bye-laws the  following 
members of the  G eneral Council, all of whom are 
eligible for re-election, re tire  a t  th e  G eneral 
M ee tin g :—Messrs. W. T. E vans, A. F ir th ,  J .  
H aigli, A. H arley  and H . W in te rton . All these 
gentlem en offer them selves for re-election. I t  is 
necessary to  elect five members to  com plete th e  
ten  members elected a t  general m eetings, as p ro ­
vided for in  th e  bye-laws.

Standard isa tion  o f Test B ars.—-D uring the 
year the  com m ittee of the B ritish  E ng ineering  
S tan d ard s Association, which is dealing  w ith  th is 
m a tte r , com pleted th e  d ra f tin g  of a te n ta tiv e  
specification for grey cast iron which followed to 
a  g re a t ex te n t the  lines la id  down in  th e  orig inal 
specification issued by th e  mem bers of your T est
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B ar C om m ittee. The whole of the clauses in the
B .E .S .A . T en ta tive  Specification were accepted 
by th e  various bodies which were represented  with 
th e  exception of a  clause introduced a t  the  final 
m eeting. This clause which relates to  a guaran ­
teed tim e lim it before the  m anufactu rers’ respon­
sib ility  ceases, was opposed by your represen ta­
tives and the  se ttlem en t aw aits a fu r th e r m eet­
ing.

In tern a tio n a l Tests fo r Cast Iron .—Your repre­
sen ta tive , M r. Shaw, attended  an inform al In te r ­
na tio n a l M eeting a t  D etro it, a t  which a p re ­
lim inary  discussion on the tes ts  in operation in 
various countries, took place. Your represen ta­
tiv e  prom ised to  ca rry  out ce rta in  tests by a 
modified “  F re m o n t”  m ethod, b u t he has no t yet 
been able to  commence these tests, as up to  the 
p resen t he has not received the draw ings of the 
necessary appara tu s.

B ritish  Cast-Iron Research Association.—The 
In s t i tu te  continues to have very close relations 
w ith th e  B ritish  C ast Iron  Research Association. 
I n  Ju ly , 1926, th e  Association s ta rted  on its  
s ix th  y ear of ac tiv ity  w ith the  assurance of very 
generous g ran ts  in aid  from H.M . Government 
d u rin g  the  second five-year period of its existence. 
This suppo rt is conditional upon the Association 
reaching an income of £4,000 per annum , and 
th e  suppo rt of all ironfounders is earnestly  
requested, no t only to  ensure th is  sum, but to 
increase i t  to  a t  least £ 6,000 per annum , the 
lim it up to which subscriptions will be doubled by 
m eans of the  g ran t.

The m ain  developm ent since the last repo rt was 
issued has been the  acquisition of headquarters, 
offices and laboratories in  one build ing a t 24, 
S t P a u l’s Square, B irm ingham , thus combining 
the  offices and laboratories h itherto  separately 
conducted. This has resulted in  m any advantages 
and economies in w orking. All foundrym en 
in terested  a re  cordially invited  to pay a  v isit to  
the  headquarters.

In terna tiona l R ela tions.—In  the  autum n of 
1926 a num ber of mem bers and ladies a ttended  
th e  Second In te rn a tio n a l Conference in  D etro it,
D .S.A ., and the  thanks of the  In s titu te  are due 
to  th e  A m erican Foundrym en’s Association for 
th e ir  hospitality .
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The In s titu te  has accepted an in v ita tio n  on 
behalf of its  mem bers to tak e  p a r t  in  an In te r ­
nationa l Conference in P a ris  in  Septem ber, 1927, 
and i t  is hoped th a t  a  large num ber of members 
and ladies will be p resen t.

The T hird  In te rn a tio n a l Congress will be 
organised by th is In s titu te  and will be held in 
London early  in  Ju n e , 1929, and  inv ita tions 
to  p a rtic ip a te  have already been issued to  over­
seas foundry  associations.

In  December la s t your P re s id en t and  Secretary 
attended  a m eeting  in  Brussels, and  as a resu lt 
of th is  m eeting  an In te rn a tio n a l C om m ittee of 
Foundry  Technical A ssociations was form ed. 
This C om m ittee will regu larise  the  dates and 
arrangem ents for In te rn a tio n a l C onference and 
will also be concerned w ith  o ther m a tte rs  of an 
In te rn a tio n a l charac te r which a re  of in te re s t to  
th e  various foundry associations. Y our G eneral 
Secretary  has been elected H on. S ecre ta ry  of 
th is  com m ittee.

General Secre tary .—I t  is w ith g re a t re g re t th a t  
th e  Council rep o rt th a t  in  October la s t M r. 
W. G. H ollinw orth found i t  necessary to  resign 
from the  Secretaryship  of th e  In s ti tu te  on 
account of continued  ill-health . The sym pathy 
of the  members and thanks for his devoted ser­
vices have already been expressed to  M r. H o llin ­
worth.

Mr. T. Makemson, H on. Secretary  of th e  L an ­
cashire B ranch, was appointed  G eneral Secretary  
in  succession to  M r. H ollinw orth, and commenced 
his du ties on December 1, 1926.

General Offices.—The lease of the  G eneral Offices 
a t  V ictoria S tree t, London, exp ired  on December 
25 last, and as th e  Council was faced w ith  th e  
necessity of engaging o ther accom m odation they 
decided to  tra n sfe r the  G eneral Offices to  the  p ro­
vinces, and th e  p resen t offices a t  S t. Jo h n ’s S tree t 
Chambers, D eansgate, M anchester, were engaged. 
I t  is hoped th a t  th e  rem oval of th e  G eneral Offices 
to the  provinces will m ake for more effective and 
economical w orking. By k ind  perm ission of 
In d u s tria l Newspapers, L im ited , a rrangem ents 
have been m ade fo r th e ir  offices, 49, W ellington 
S tree t, S tran d , to  be the R egistered  Offices of the 
In s titu te .

“  Proceedings.”— An index to  th e  “ P roceed­
ings ” from  the .first volume to  the  volum e 1924-25
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-has been prepared and will be on sale very shortly 
a t  a nom inal charge. I t  is hoped th a t  all mem­
bers will purchase copies of th e  Index and thereby 
enhance th e  value of th e ir  sets of the “ Proceed­
ings.”

S ta tem en t of accounts and  balance sheet 
for th e  y ear ended December 31, 1926, follow th is 
rep o rt. The Council is of the  opinion th a t  the 
usefulness of £he In s titu te  can be largely extended 
by an increase in th e  mem bership, and all members 
a re  respectfully  urged to  impress th e  advantage of 
m em bership upon those engaged in th e  foundry  
industry  who are  n o t ye t members of the In s titu te .

Y . F a u l k n e r , President.
T o m  M a k e m so n , General Secretary.

Balance Sheet.
INCOM E AND E X P E N D IT U R E  ACCOUNT FOR 

T H E  Y EAR E N D ED  DECEM BER 31, 1926.
E x p e n d it u r e .

Postages .....................................................
P r in tin g  and S tationery , including 

p rin tin g  of Proceedings 
Council, F inance and A nnual M eeting 

Expenses
M edals for P ast-P residen ts ...............

£  s. 
87 13

591 0 3

47 4 
36 14

B ranch Expenses : —• 
L ancashire 135 12 8
B irm ingham 74 1 5
Scottish ... 102 1 1
Sheffield ... 67 10 5
London 52 5 9
E ast M id la n d s ............... 36 19 1
Newcastle ............... 100 1 1 5
W est R id ing  of York­

shire 32 18 0
Wales and M onmouth 19 17 6
M iddlesbrough ............... 1 1 2 1

A udit F e e ......................................
Inc iden ta l Expenses 
Salaries—Secretary  and Clerk 
R e n t of Office 
D epreciation  of F u rn itu re  
Removal Expenses

632 19 
6 6 

32 
429 
100 

7 
9

5 
0

9 10 
3 4
6 3 

13 8
7 0

£1,980 17 2
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I n c o m e .
£  s. (1 .

Subscriptions Received ... ... ... 1,779 12 0
Sale of Proceedings, etc. ... ... 10 11 0
In te re s t on W ar Loan and Cash on

D eposit ... ... ... ... 34 8 0

.  £1,824 11 0
Excess, E xpend itu re  over Incom e ... 156 6 2

£1,980 17 2

BALANCE S H E E T , D EC E M B ER  31, 1926. 
L ia b il it i e s .

£  s. d.
Subscriptions paid  in advance ... 153 12 6
Sundry C reditors ... ... ... ... 411 10 6
The Oliver Stubbs Medal F u n d —

Balance from  L ast
Account ... /.. 20G 2 0

In te re s t to  da te  ... 8 4 4

214 6 4
Less: Cost of Medal ... 9 10 0

204 16
Surplus a t December 31,

1925   ... 986 5 6
L ess: Excess of E xpendi­

tu re  over Income for the 
year ended December 31,
1926   156 6 2

829 19

A s s e t s .

C a sh  in  H ands o f S e c h e t a b ie s-

L ancashire 
Sheffield ...
London
E ast M id la n d s ................
W est R id ing  of Y ork­

shire 
Newcastle
Wales and M onm outh 
M iddlesbrough ...............

£1,600 4 8

£ s. d. £
24 16 6
85 8 4
70 15 9
20 15 6

28 17 6
4 2 1 1
0 7 4

20 15 1 1
255 18 9
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Lloyds Dank, L im ited— £ s. d. £ s. d.
General A ccount ... 237 10 R
D eposit Account ... 400 0 0

 —------------  037 10  8
O liver S tubbs M edal F u n d —

£342 5s. 7d. Local Loan 
£3  per cent. Stock a t
cost ...................... 200 0 0

B alance in  hands of
Lloyds B ank, L im ited 4 10 4

---------------  204 10 4
Investm en t Account—

£100 5 per cent. N ational 
W ar Bonds 

£350 5 per cent. W ar
Loan a t  cost 

F u rn itu re  and F ix tu res—
P e r la s t Account ... 70 16 6
L ess: D epreciation 10

per cent. ... .. 7 13 8
 —-------------  69 2 10

£1,600 4 8

We have p repared  and audited  th e  above 
balance sheet w ith  th e  hooks and vouchers of the 
In s ti tu te  and  certify  same to  he in accordance 
therew ith .

J .  & A. W. Sm.LT & C o m pa n y ,
Chartered Accountants,

Auditors.

On the  m otion of Mr. Oliver Stubbs (Past-Presi- 
d en t of th e  In s titu te ) , seconded by Mr. W. B. 
L ake (P residen t-E lect of the  London B ranch), the 
annua l rep o rt of the  G eneral Council for th e  year 
1926-27 was adopted.

On th e  proposition of M r. J .  T. Goodwin (Presi­
den t-E lect of th e  In s titu te ) , seconded by Mr. J . 
H aigh  (L ancashire B ran ch ), the balance sheet and 
s ta tem en t of accounts for the  year 1926 were 
approved and adopted.

Amendment of Bye-Laws.
On th e  m otion of M r. Wesley L am bert (London 

B ranch), seconded by M r. S. H . Russell (Vice- 
P res iden t) , i t  was resolved th a t  th e  bye-laws 
re la tin g  to  suspension and expulsion of memoers

432 10 1
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be am ended in accordance w ith th e  c ircu la r for­
w arded to  members. The object of th e  am end­
m ents was to  sim plify th e  w orking of the 
Branches and to enable th e  B ranches to  make 
decisions w ithou t reference to  th e  G eneral Council.

Diplomas.
I t  was announced by th e  G eneral Secretary  

(iMr. T. M akemson) th a t  th e  In s t i tu te ’s D iplom a 
had  been aw arded to  th e  following fo r Papers 
read  d u rin g  th e  p ast session: —

M r. J .  E. H u rs t (Sheffield B ran ch ): “ The
Influence of S u lphur in  C ast I ro n .”

M r. A. E . Peace (E ast M idlands B ranch) : “ A 
Com parison of B lackheart and W h iteh ea rt M alle­
able C ast I ro n .”

Mr. H . C. Dews (London B ra n c h ) : “ C on trac­
tion  in Alloy C a s tin g .”

Messrs. H . V. G rundy and A. P h illip s (L anca­
shire B ra n c h ): “ R efractories in  th e  F oundry . ”

M r. J .  W. Donaldson (L ancashire B ran ch ): 
“ The H e a t T reatm en t and Growth of C ast I ro n .” 

M r. W. J .  M olineux (Newcastle B ra n c h ) : “ The 
M anufacture of Iro n  C astings fo r P e tro l E n g in es.” 

Mr. H . F ield  (B irm ingham  B ra n c h ) : “ Som e
Experiences in th e  P roduction  of M alleable 
C astings.”

Election of Officers.
President.

Mr . F a u l k n e r ,  proposing th a t  M r. J .  T. Good­
win be elected P res iden t for th e  ensu ing  year, said  
th a t  th e  In s ti tu te  would have had  th e  g re a te s t 
difficulty in  finding a  m em ber who had  given more 
w hole-hearted a tten tio n  to  its  affairs o r who had  
worked so willingly on its  behalf as had  M r. 
Goodwin. N o th ing  had  been too much troub le  to  
him  during  his tw enty  o r so years’ connection w ith  
th e  In s titu te . The mem bers app recia ted  very 
highly th e  work he had  done in th e  past, and 
had every confidence th a t  du ring  th e  n ex t tw elve 
m onths th e  affairs of th e  In s ti tu te  could n o t be 
in  b e tte r  hands th a n  his.

M r . O l i v e r  S tu b b s  (P as t-P resid en t), seconding, 
said th a t  Mr. Goodwin could have occupied th e  
cha ir long ago, and i t  was his own fa u l t  th a t  
he had not. Mr. Stubbs tru s te d  th a t  M r. Good­
win, du ring  h is y ear of office, would «njoy good
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health , and would be supported by th e  members 
generally  in th e  m anner in  which he himself had 
been supported  d u ring  his own term  of office.

In  view of th e  enthusiasm  w ith  which th e  reso­
lu tio n  was received, M r. F au lk n e r rem arked th a t  
i t  was iinnecessary to  p u t i t  form ally to  the  
m eeting. H e therefo re  invested Mr. Goodwin with 
th e  P re s id en t’s C hain of Office, and th e  la tte r  for­
mally occupied th e  ohair. The members, s tan d ­
ing, gave him  a  hea rty  reception.

The P r e s id e n t , expressing his appreciation of 
the honour bestowed upon him , said th a t  he would 
uphold to  th e  best of h is ability  the  trad itions 
of th e  In s ti tu te  and  do his u tm ost to  advance 
its  in terests . H e tru s ted  th a t  th roughout his 
period of office he would carry  w ith  him  th e  good­
will of th e  members, and th a t  a t  th e  end of th a t  
period—if i t  were possible—he would have left 
th e  In s ti tu te  in even a m ore prosperous and more 
hea lthy  condition th a n  i t  is a t  present.

Presentation of Medal to Past-President.
The P r e s id e n t  th en  presen ted  to M r. F au lkner 

th e  M edal which i t  is now the  practice to  present 
to  P ast-P res iden ts  as a  m em ento of th e ir  year of 
office, in  substitu tion  fo r th e  D iplom a which i t  
w as previously th e  p ractice  to  p resen t to  them. 
H e was very" thank fu l, indeed, he said, th a t  he 
had been tu to re d  by Mr. F au lkner, who had  been 
more th a n  a  fa th e r  to  h im  and had  ta u g h t him 
m any th ings which a  P residen t-E lect ought to 
know before occupying th e  chair. In  a tr ib u te  
to  M r. F au lk n er fo r th e  good work he had  done 
for th e  In s titu te , he said i t  had been done very 
quietly , b u t very powerfully. The “ J o u r n a l”  of 
which th e  mem bers were so proud, as represen ting  
th e  In s titu te , had  done more in th e  way of 
p ropaganda  work in every direction th a n  any­
th in g  else they  could possibly th in k  of, and they 
all knew th a t  M r. F au lk n e r’s  was the  guiding 
hand  a t  th e  back of it . H e was proud to  be 
able to  th a n k  M r. F au lk n er most sincerely, on 
behalf of the  members, for th e  work he had done. 
W hat had  pleased them  perhaps more th a n  any­
th in g  else was the  really sincere and sym pathetic 
m anner in which he had m et everyone; he had 
gone o u t of his way to  v is it all th e  Branches, and 
to g e t to  know tho  wishes of the  In s titu te  as a
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whole. F inally , the  P res id en t expressed the  
mem bers’ most sincere wish th a t  M r. F au lk n er 
would enjoy a  long and  happy  life, and  th e  hope 
th a t  i t  would be a very long tim e  before he re lin ­
quished his support of th e  In s titu te .

M e . F a u l k n e k ,  responding, said  th a t  th e  past 
year had  been a  very happy  one, a lthough  i t  had 
commenced a t a  tim e of very g re a t in d u s tria l 
depression, and he took th e  op p o rtu n ity  to  th an k  
his V ice-Presidents, M embers of Council, and  the  
general body of mem bers for the  w onderful support 
they had given him . H e also expressed th an k s  to  
the Am erican Foundrym en’s Association for th e  
hosp ita lity  they  had ex tended  to  th e  im jnortant 
delegation which h ad  v isited  A m erica la s t au tum n . 
H is th an k s were also due to  o th e r societies, and 
he referred  particu la rly  to  the  B elgian F ou n d ry ­
m en’s A ssociation, because B ritishers  had  always 
received a  princely  welcome from  th e  A ssociation 
when they  had visited Belgium, and  th ere  was a 
very strong  bond of sym pathy betw een M r. 
Ropsy, th e  P res id en t of th e  B elgian Association, 
and th e  In s titu te . The F rench  Association, too, 
had cem ented th e  already good feelings which 
existed between it  and th e  In s ti tu te  by inv iting  
the la t te r  to  tak e  p a r t in  a conference to  be held 
in Septem ber in  P aris . A gain, d u ring  th e  y ear 
the In s titu te ’s re lationship  w ith  th e  G erm an 
associations had  been cem ented, and  he was 
pleased to  welcome to  th e  C onvention, for the 
first tim e since th e  w ar, rep resen ta tives  of those 
associations, nam ely, Dr. Piw ow arsky an d  H e rr  
N ipper, o f  Aachen. The In s ti tu te  h ad  been 
honoured du rin g  the  year by in v ita tio n s to" p a r t i ­
c ipate  in th e  tw enty-first b ir thday  celebrations of 
th e  Sheffield U niversity , and Mr. Goodwin and 
him self had represen ted  th e  In s titu te  on th a t  
occasion. F u rth e r , he had been received by the  
N ational F ed era tio n  of Iron  and  Steel M anufac­
tu re rs , th e  Iro n  and  Steel In s titu te , th e  London 
Iron  and Steel E xchange, th e  In s t i tu te  of M etals, 
and m any o ther bodies, and he fe lt th a t  th e  
p resen t occasion offered an o p po rtun ity  fo r him  
to  express th an k s  to  those bodies for the  m any 
kindnesses which th e  In s ti tu te  h ad  received a t  
th e ir  hands. F inally , he th an k ed  h is d irectors 
and colleagues fo r generously according him facili-, 
ties to a tten d  to  th e  business of th e  In s titu te .
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Vice-Presidents.
On th e  motion of M r. O liver Stubbs (Past-P resi- 

den t), seconded by M r. F . J .  Cook (Past-Presi- 
den t), and supported  by M r. H . Pem berton (P resi­
d en t o f  th e  E as t M idlands B ranch), M r . S. H . 
R u s s e l l  (o f Leicester) was unanim ously elected 
Senior V ice-President.

M r . R u s s e l l , re tu rn in g  thanks for his election, 
said  he fe lt he had  received very much more from 
the In s ti tu te  th a n  he could ever p u t in to  it, and 
he could only prom ise th a t  he would do his very 
best to  carry  on its work during  his period of 
office. H e also expressed th an k s  on behalf of 
th e  E as t M idlands B ranch, because he felt th a t  
his election was more an honour to th a t  B ranch 
th a n  to  himself.

On the  m otion of Mr. W . B. Lake (P resident- 
E lect ot th e  London B ranch), seconded by Mr.
H . W in terton  (Scottish B ranch), M r. W esley  
L a m b e r t  (P as t-P residen t of th e  London Branch) 
was unanim ously elected Ju n io r V ice-President.

M r . L a m b e r t , who also re tu rn ed  thanks, said 
th a t  he believed i t  was h is own fau lt to  a very 
large ex ten t th a t  he had  n o t taken  office a  few 
years ago, b u t th e  circum stances a t  th a t  tim e 
were such th a t  he was unable to  accept. The 
difficulties which had  then  stood in  the  way had  
now been removed, however, and he looked for­
w ard to his year of office in th e  chair in the  fu tu re  
w ith a very g rea t deal of pleasure, because ho 
had  been connected with th e  foundry  industry  
p rac tica lly  all his life, and, though he belonged 
to  qu ite  a  num ber of in stitu tions, th e  In s titu te  
of B ritish  Foundrym en was the one nearest and 
d ea res t to  his h e a rt. H e said th a t  largely because 
th e re  was a g rea t deal of hum an n a tu re  in the 
In s titu te . 'The class of men one m et -were really 
good men, and  he had  found in th e  industry  th a t  
th e  B ritish  working m an—the  craftsm an—when 
one g o t to know him , was a  rea l good fellow, and 
one could always g e t th e  inform ation one required 
from him .

On th e  m otion of Mr. F au lkner, seconded by 
M r. L a m b e r t ,  M r . F . W. F in c h  w a s  re-elected 

ire r. M r. F inch, w ho h as  been con- 
i th e  In s ti tu te  since its  inception,

Hon. Treasurer.
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and a t  one tim e carried  o u t th e  du ties of H on­
o rary  Secretary , had  w ritten  to  express his reg re t 
th a t  he was unable  to  'arttend th e  C onvention, 
owing to  th e  illness o f M rs. Flindh. On th e  sug­
gestion of M r. Stubbs, i t  was agreed th a t  a 
le t te r  be sen t to  M r. F inch  from  th e  Conven­
tion , expressing sym pathy  and good wishes.

Members of Council.
As th e  resu lt of th e  ballo t to  fill th e  five vacan­

cies on th e  G eneral Council, th e  follow ing were 
re -e lec ted :—M r. W . T. E vans (D erb y ); Mr. A. 
F ir th  (Sheffield); M r. J .  H aigh  (W akefield); Mr. 
A. H arley  (C oventry), and  Mir. H . W inteirton 
(M ilngavie, D um bartonshire).

Trustees.
On th e  proposition  of Mr. A. F irtth  (Sheffield), 

seconded by M r. E . S tevenson (E ast M idlands 
B ranch), th e  following were re-elected  T rustees 
of th e  In s ti tu te : .—M r. F . J .  Cook, M r. O liver 
»Stubbs and  M r. R. 0 .  P a tte rso n .

Re-Election of Auditors.
On th e  proposition of th e  P re s id en t, seconded 

by M t. F au lk n er, Messrs. J .  & A. W. Siully & 
Com pany (chartered  accountan ts) were re-elected 
audito rs.

Welcome to Foreign Delegates.
A telegram  was received from  Mr. H . dole 

E step  (C hairm an of th e  C om m ittee  of I n t e r ­
n a tio n a l R e la tio n s o f th e  A m erican F oundry- 
m en’s Association) conveying th e  h e a rtie s t and 
best wishes frotm th a t  A ssociation fo r  a successful 
conference.

T he P r e s id e n t  th en  extended a  very hearty  
welcome to  delegates from  k indred  associations 
abroad. The In s titu te , he said, had g rea t 
p leasure in  welcoming M r. Ropsy, the  P residen t 
of th e  B elgian F oundrym en’s A ssociation and 
P res id eu t of »the In te rn a t io n a l Foundrym en’s 
Com m ittee. They also were g rea tly  honoured by 
th e  presence of Professor D r. Ing . Piw ow arsky 
an d  H e rr  H . Nlipper, of th e  Technical H igh 
School, A achen, G erm any; M r. J . A. P e n to n , of 
Cleveland, Ohio, P a s t-P re s id e n t o f the Almeriean 
Foundrytmon’s A ssociation; and M r. E arnall, a
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member of • the American Foundrymen’s Asso­
ciation. The members of the Institu te were 
most gratified to  welcome the visitors on this 
occasion, inasmuch as they had Papers of very 
great quality and high standing to  offer them.

M r .  R o p s y , who addressed the meeting in 
French, thanked the Institu te very sincerely for 
its k ind invitation  to representatives of kindred 
associations abroad, and expressed the hope that 
all would derive mutual benefit from the Con­
ference.

Mp., P e n to s e  who also responded, said it  always 
gave him  a  great deal of pleasure to be in Eng­
land, and especially to  be in  the company of 
foundrymen, because he fe lt so thoroughly at 
borne w ith them. H is v is it was a personal and 
not an official one. H e marvelled a t  the griowtli 
of the Institu te and of kindred associations in 
Great B rita in ; they were doing wonderful work, 
and he assured them th a t those in  America were 
greatly interested in  it, and followed their pro­
ceedings carefully.

The election o f officers having been completed, 
Mr. Faulkner called upon the newly-elected presi­
dent to  address the meeting. Mr. Goodwin, he 
said, as manager of a large group of pipe foun­
dries, was in a position to voice the opinions of 
a verv important section of the foundry industry.

PRESIDENTIAL ADDRESS.
Mr. Goodwin then delivered his presidential 

address, in  th e  course of which he said,
Mr. Faulkner and Gentlem en:

I  have the greatest pleasure in welcoming 
you all to  this great city of Sheffield, the centre 
of th e steel industry of this country. On the 
occasion of your last visit, nine years ago, we 
were busily engaged in the production of muni­
tions of war in such quantities as made Sheffield 
the largest arsenal in the country. Since that 
tim e we have, in order to  meet present require­
ments, reconstructed our shops, changed our 
methods of steel manufacture, and produced new 
classes of goods of such quality and price as to 
make our competitors as much afraid of us as 
were our enemies during the terrible years of 
the war.
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L et me now express to  yon the deep apprecia­
tion I feel a t  th e  honour you have--accorded me 
in electing  me as your P res id en t. When I  first 
joined ou r In s titu te , th en  th e  B ritish  Foundry- 
inen’s Association, tw enty-tw o years ago, I  little  
an tic ip a ted  th a t  I  should one day be called upon 
to  fill th is  im p o rtan t office. L a te r  du ring  your 
v isit to  M iddlesbrough, in 1907, I came in to  close 
touch w ith th e  work the  Council was doing, and 
was able to  apprecia te  in  some m easure the 
responsibilities devolving on th e  P res id en t in 
gu id ing  th e  ac tiv ities  of th e  In s titu te , and had 
the possibility of u n d ertak in g  those du ties been 
presented to  my mind i t  would have appeared 
rem ote.

The Work of the B.C.I.R.A.
Perusal of the  addresses delivered y ear by year 

by successive P res iden ts  im presses m e w ith  the  
desire revealed th e re in  to express th e  voice of 
th e  mem bers as a whole, and w ith  th e  possibilities 
which p resen t themselves to  th e  m inds of th e  most 
far-seeing among our num ber. The P res id en tia l 
address offers a very desirable an n u a l o p po rtun ity  
of reviewing the  im m ediate p a s t and  th e  requ ire ­
m ents of th e  p resen t, and of s tim u la tin g  th o u g h t 
am ong mem bers on lines likely to  lead to  neces­
sary  courses of action. N oth ing  in  these addresses 
has im pressed me m ore th a n  th e  desire expressed 
fo r g rea te r technical knowledge of th e  c ra f t  w ith  
which, we a re  so closely associated. I  was con­
vinced th a t  when th e  tim e  was ripe th e  In s ti tu te  
would em bark  on a  scheme fo r th e  system atic  
acquisition of th is  technical knowledge, and for 
th e  advancem ent of fundam enta l research. I  had 
m ade up m y m ind th a t  when th e  tim e  arrived  
I  would give all th e  help w ith in  my power to  
assist in th e  prom otion of th is  p ro ject. In  1921 
th e  oppo rtu n ity  arose, and I am proud to  have 
been associated w ith  those members whose com­
bined efforts have so successfully brought in to  
being th e  B ritish  C ast Iron  Research Association, 
and  who have th u s  fulfilled th e  desire expressed 
by you th rough  successive P residen ts . Tlhis cam e 
none tc o  soon. A new organ isation  takes tim e  
and patience to  establish, and th is  p a rticu la rly  
applies to one established for u n dertak ing  research 
work. The difficulties to  he m et have been
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num erous. Contem plated under very auspicious 
tra d e  conditions, the  new Association actually 
s ta rte d  as the  disastrous slump of 1921 was setting  
in. F rom  th e  effects of th is th e  iron and steel 
industry  has n o t y e t recovered, for while considera­
tio n  of p ig-iron and steel o u tp u t sta tistics will 
show th a t  the  s itu a tio n  is now as favourable as 
a t  any tim e  since then , there  is, of course, still 
an inadequa te  m arg in  between m anufacturing  
costs and  selling prices.

N evertheless, I  rep ea t th a t  th e  form ation of the  
" B ritish  C ast Iro n  Research Association came none 

too soon. On every hand  we have proof of ex ten­
sive developm ents in research on cast iron not 
only in th e  U nited  S ta tes of America, where 
in d u s tria l conditions are  very good, b u t equally 
on th e  C ontinen t, particu larly  in Germany, 
Belgium and France, w here trad e  conditions are 
n o t dissim ilar from  our own. F ar-reaching 
results have been obtained, and are  being pu t 
into p ractical use in  th e ir  foundries. A new 
o rgan isation  in  th is  coun try  was neoessary not 
only to  ensure th a t  results of work published 
abroad could be m ade available here, b u t also 
to  in itia te  research  work of our own on B ritish  
irons, m elted in  cupolas of our ty p e  w ith  the  fuel 
and  re frac to ry  m ateria ls  we have daily to  use.

I t  is n o t necessary for those of us who are  in 
th e  Association to  s ta te  w hat m easure of success 
i t  h as achieved. This, fo rtunate ly  for our modesty, 
has been done by an im partia l au tho rity  in the  
form  of an  ex p e rt com m ittee set up by H.M . 
G overnm ent in  1926. The ex ten t of the  apprecia­
tio n  by th e  G overnm ent of th e  w ork done is 
shown by th e  generous financial support which 
h as been prom ised during  th e  period 1926-31. 
This su p p o rt is conditional on a b e tte r response 
from  th e  in d u stry  th a n  is a t  p resen t being made, 
and  i t  rem ains for you to  b ring  your foundries 
in to  the  co-operative scheme and to  undertake 
to  su p p o rt th e  R esearch Association, which is 
successfully ca rry ing  o u t investigations th e  results 
of which a re  so im p o rtan t to  th e  fu tu re  of the 
founding  industry . The annual subscription is 
sm all enough to  be regarded  as li tt le  m ore than  
an insurance prem ium , and those who w ait for 
a personal approach before jo in ing  a re  seriously
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prejud icing  th e  whole scheme, particu la rly  in view 
of th e  tim e  involved in  m aking such an  approach 
to all founders concerned.

W e believe th a t  mem bership is a  m a tte r  of 
business sagacity , for no t only does i t  help on an 
im p o rtan t na tio n a l work, b u t i t  offers such oppor­
tu n itie s  of securing in fo rm ation  and assistance 
as to  make i t  a thorough  business proposition.

I  e s tim ate  th iat th e  in d u s try  cou ld  expend, 
w ith  advan tage  to  itself, and  a t  an  annua l cost 
per firm which am ounts, as I  suggested above, 
to  li tt le  more th a n  an insurance prem ium , a sum 
of £25,000 per annum . A t p resen t one-th ird  of 
th is  sum is available, ha lf of which comes from 
the  industry . F o r the  n ex t four years a t  least we 
shall con tinue  to  have the G overnm ent g ran t. 
F u rtherm ore , now th a t  th e  o rgan isa tion  is bu ilt 
up, for every £ 1  subscribed, £ 2  can be expended 
directly  on work of assistance to members.

Apprenticeship Recruitment.
The inevitable grow th of technical knowledge in 

the  trad e  will call for m en of h igher intelligence 
and  skill, and  we m ust p rep a re  to  t r a in  our 
apprentices so th a t  they  may be ready  to  fill these 
positions in due course. N othing a t  th e  mom ent 
is harder to  fill th a n  a senior position  dem anding 
a m an w ith actual p rac tica l experience and 
technical knowledge. M en w ith  th is  dual qualifi­
cation have somehow to  be produced, and th is  
In s titu te  m ust tak e  a large p a r t  in th e ir  tra in in g .

A pprentices who show excep tional ab ility  to 
absorb technical knowledge and to  use i t  in a 
prac tica l way should be • given oppo rtun ities to 
a tten d  day  technical classes as well as evening 
schools, for foundry  work is fa tigu ing . A special 
mem ber of the staff w ith suitable qualifications 
should be deta iled  off to spend, say, an  hour each 
day w ith  the  apprentices, in s tru c tin g  them  in the 
correct way to  m ake moulds and castings. Surely 
th is is no t impossible even in these days of bad 
trad e  and low prices.

We m ust also encourage to  the  full the young 
forem an by giving him oppo rtun ities of seeing 
o ther works and o ther m ethods. H e can be 
encouraged to  use a  lib rary  by being made an 
associate mem ber of the  R esearch Association. He
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should be encouraged to experim ent and to find 
o u t which are  th e  best as d is tinc t from the cheapest 
m aterials. An occasional m onetary  recognition of 
good work when Justified will also be a welcome 
enco u ragem en t.

The shortage of boys en te ring  the  trad e  can 
he dealt w ith  in  various ways. The lack of 
in te re s t shown is o ften  due to lack of knowledge, 
and th e  foremen and men in  th e  shops can do 
much to  encourage th e ir  schoolboy sons and the ir 
chum s to  v isit th e  foundry . They will ta lk  about 
i t  to  th e ir  respective m others and thus the  
in d u stry  may secure useful recruits.

I  feel convinced th a t  the In s titu te  has a great 
p a r t  to  play in educational developments, and in 
th e  no t d is ta n t fu tu re  an  educational scheme may 
be worked out. W orking in  th e  foundry  is often 
considered a d ir ty  occupation, although i t  is 
infinitely to be preferred  to  certa in  o ther occupa­
tions which on th e  surface appear much cleaner. 
In  o ther trades of a sim ilar character, of which 
coalm ining is an exam ple, the  trouble has been 
m et by providing w ashing accommodation and 
baths. R ecreative facilities and opportunities for 
fu r th e r education have also been provided. In  the 
foundry  we can do much in the  way of be tter 
accom modation for clothes, for washing, etc., bu t 
even m ore im portan t are  working conditions. 
Special a tten tio n  should be given to  ventilation , 
so th a t  i t  can be regulated  to  su it clim atic con­
ditions. W hen moulds are d ried  in th e  shop, 
e ith e r w ith open fires or portable furnaces, ven tila ­
tio n  m ust be studied  w ith still g rea te r care. 
L igh ting  is also v ita lly  im portan t, and roof lights 
should be provided w ith means of easy access for 
cleaning. A works messroom and canteen is_ essen­
tia l, and i t  should be a ru le of the  organisation 
th a t  m en who do no t go home for meals should 
use the  messroom, or a t  any ra te  th a t  they should 
no t tak e  meals in  the  shop. Space will not perm it 
m e to  m ention o ther ways of im proving the  
general s tan d a rd  of w orking conditions, o ften  a t 
very l i t t le  expense. The question of works acci­
den ts deserves notice. Every  foundry  should 
encourage the  men to  join the St. John  Ambulance 
B rigade, and to  qualify  themselves to a tten d  to  
accidents. A g rea t deal of unnecessary suffering
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m inor cases, which may become septic. A part 
from  the  desirab ility  of all cases having im me­
d ia te  a tten tio n , a m a tte r  about which the 
employee concerned is o ften  careless, complica­
tions and possibly com pensation cases are  avoided.

Meeting Competition by Co-operation.
We have seen recently  th a t  th e  only way to 

m a in ta in  th e  s tan d a rd  of liv ing  in  th is  country 
is, w ith  th e  goodwill of the  m en in  th e  shops, to 
increase o u tp u t, and we have learned  particu larly  
th a t  an  increase in  o u tp u t reduces prices, stim u­
lates dem and and  hence em ploym ent, and  thus 
makes th ings b e tte r  a ll round  instead  of dim inish­
ing th e  am ount of work to be done and  causing 
unem ploym ent. In  th e  foundry  th is  m eans in ­
variab ly  th e  in troduc tion  of piece-work or con trac t 
work, which will have in  tu rn  th e  effect of 
specialising th e  foundry  and thus cen tra lis ing  the  
production of a given artic le  in  a few foundries.

I  would appeal especially, there fo re , to  those 
mem bers who are p rac tica l m en in  and  abou t th e  
foundry to  consider i t  th e ir  d u ty  to  do th e ir  
utm ost to  enable th e ir  employers to  m eet com­
p e titio n  and  thus provide th a t  c o n tin u ity  of 
em ploym ent which is so essen tial to  both  em ployer 
and  employed. This co n tin u ity  of em ploym ent is 
of g re a t im portance to  th e  In s titu te , fo r the  
constan t m ig ra tion  of mem bers from  one shop to  
ano ther inevitab ly  resu lts in  a num ber being lost 
to  m em bership, doubtless owing to  th e  feeling  of 
u n ce rta in ty  which accom panies a change of th is  
k ind. A p art from  th is  th e  ra te  of grow th has 
doubtless been lessened on account of th e  con­
tin u an ce  of bad  trad e . The m em bership of th e  
In s ti tu te  in 1919 was 1,544, and  th e  average for 
th e  la s t five years has been 1,567. The m em ber­
ship fo r 1927 shows a decided increase, and the  
num ber now to ta ls  1,636. S im ilar conditions have 
applied to  the  C ast Iron  R esearch Association. In  
1921 th e  num ber of o rd in ary  fu ll m em bers was 
110, and in  1927 is 210, rep resen tin g  m any  more 
employees, and b u t for th e  conditions m en­
tioned would have been much g rea te r. Now 
th a t  th e  period of s tagna tion  appears to  have 
passed, i t  behoves all of us to  consider a p lan  of
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cam paign to  im prove th e  membership of the In s ti­
tu te  still fu r th e r. To th is end I make a definite 
appeal to all members to  suppo rt me during  my 
p residen tia l year by each pledging himself to 
o b ta in  one new mem ber. W ith tn e  enthusiasm  
which exists I  feel confident th a t  th is can be done. 
W e should then  have a membership which the 
In s t i tu te  would be proud of, and funds w ith which 
to  carry  on its work w ith g rea ter activity . I 
m igh t m ention, for instance, the Ju n io r Sections, 
which have been so ably form ed and which are in 
such a flourishing condition. I  am sure th a t 
these are a g u aran tee  for th e  fu tu re  existence of 
the In s titu te , and I  wish th a t more such sections 
could be formed.

Rationalisation.

An im portan t developm ent which I commend to  
your ea rnes t a tten tio n  is the  movement spread 
w ith rem arkable rap id ity  in Europe under the 
nam e of “  ra tio n a lisa tio n .”  Summarised “ ra tio n ­
a lisa tio n ,”  lite ra lly  the m aking of industry  righ t 
and  reasonable, aims a t securing th e  highest effi­
ciency for th e  least effort, a t  elim inating  all 
w aste of raw  m aterials, effort and labour in 
m anufactu re , tra n sp o rt and d is tribu tion , a t sim ­
plify ing designs, p a tte rn s, shapes and sizes where 
varia tions have no obvious advantage. I t  will 
ensure a h igher stan d ard  of living, lower prices 
to  the  consumers and a la rger and more certain  
re tu rn  to  th e  producers. I t  involves the good­
will and  willing co-operation of employer and 
employee and jo in t efforts of scientific and tech­
nical in s titu tio n s and research organisations. I t  
has to  be applied and can equally be applied to  
la rge  and sm all undertak ings, even to  the  small 
shopkeeper and to  our domestic life. I t  means 
for th e  w orker the  health iest, best and most digni­
fied form  of labour, for i t  involves selection for 
occupations, proper tra in in g  and also promotion 
for those fitted  for it, and  for all the  most a ttra c ­
tiv e  form  of rem uneration .

International Relations.
The work of the In s titu te  is being fully appre­

ciated  by k indred  organ isations abroad. We are
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honoured th is year by the  aw ard to  one of our 
most esteem ed members of a very signal honour.
I refer to th e  John  A. P en ton  medal, presented 
by the  A m erican F oundrym en’s Association to  Mr. 
Jo h n  Shaw, to  whom we offer o'ur sincere con­
g ra tu la tions.

The stren g th en in g  of ties w ith  our friends 
abroad has always been th e  desire of th e  In s titu te . 
Through th e  good work done by your past-Presi- 
den t, M r. Y. C. F au lk n er, an In te rn a tio n a l R ela­
tions C om m ittee has been form ed representing  
Belgium, Czecho-Slovakia, F rance, Germany, 
G reat B rita in , H olland, and  th e  U nited  S tates. 
The object of th is  Com m ittee will be to  prom ote 
in terchange of papers and  visits, to p reven t over­
lapp ing  of conferences and exhibitions, and  to 
m ake arrangem ents w ith  respect to  periodical 
in te rn a tio n a l conferences to which th e  members 
of all th e  co-operating bodies will be inv ited . The 
form ation  of th is Com m ittee has our cord ial sup­
port, and we tru s t  th a t  i t  will go fa r  to  cem ent 
the friendship  which already ex ists betweeA th e  
allied bodies abroad and ourselves. Your General 
Secretary  is ac ting  as honorary  secre tary  to  th is  
new body, and in his capable hands th e  smooth 
w orking of th e  Com m ittee will be assured. The 
In s titu te  m ay reflect w ith  p ride  on th e  fa c t th a t  
its in te rn a tio n a l re la tions a re  probably more 
extensive th a n  those o f any o th e r technical in s ti­
tu te  in  th is country, and th e re  is no need for 
me to  em phasise the  im p o rtan t p a r t  th is  p lays in  
prom oting in te rn a tio n a l unders tand ing .

To a tte m p t fu lly  to  review th e  work of the 
In s titu te  for the  p a s t year in  so sh o rt a space as 
is offered by a p res iden tia l address would be folly. 
I  should, however, like to  refer to  one ou ts tan d in g  
fea tu re  th a t  I  know to  have been g rea tly  ap p re­
ciated , nam ely, the  grow ing num ber of in v ita tio n s 
extended to th e  B ranch  mem bers to  v is it various 
works and foundries th roughou t th e  country . 
N eith er th e  educational nor th e  social value of 
such visits can be too  much stressed. To all those 
firms who have given us such valuable oppor­
tu n itie s  of ex tend ing  ou r knowledge, and  who 
have from  tim e to  tim e en te r ta in ed  us so hosp it­
ably, th e  thanks and  apprecia tion  of the  In s titu te  
as a whole a re  due.
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The honour you have paid  me implies very g rea t 
f which I  am fully aware, and

m a in ta in  th e  high trad itio n s  of the In s titu te  
th ro u g h o u t my presiden tia l year, tru s tin g  a t  the 
end to  see i t  in  still more flourishing condition. 

Gentlem en, I  th an k  you.

M r . J .  C a m e r o n  (Past-P residen t), proposing 
a  vote of th an k s  to  th e  P res id en t fo r hie Address, 
em phasised how keenly M r. Goodwin had a t  heart 
th e  in te rests  of th e  In s titu te  and of the  B ritish 
C ast Iron  R esearch Association. M r. Goodwin 
was keen on m aking progress and finding out new 
th ings, and  dif every memlbea- took h is words to  
h e a r t and b rought in  one new member i t  -would 
be a very fittin g  rew ard to M r. Goodwin for his 
excellent Address.

M r. A. H a r ley , seconding, expressed th e  con­
viction  th a t  th e  P res id en t would ca rry  on the 
work of th e  In s titu te  in  a very efficient and able 
m anner. The P res iden t was determ ined th a t  
duming h is y ea r of office th e  In s titu te  would 
m ake progress, amd i t  was up to  th e  members 
to  support him  w hole-heartedly in his mission.

T h e  vo te  of th an k s  was acoorded with 
acclam ation.

T he P r e s id e n t , in  a  b rie f response, said he 
wlas unable adequately  to  express his appreciation  
of th e  k ind  rem arks which had been made, and 
th e  way in  which th e  resolution had been 
received, but. he again  assured the  members th a t 
he would do h is u tm ost to  carry  on th e  work of 
th e  In s ti tu te  in  a  m anner which would give satis­
fac tion  to  everybody.

The following P apers were then  read  and dis­
cussed.

“ The P ro p erties  of Coke Affecting the Cupola 
M elting  of Steel ”  (American Exchange P aper), by 
J .  T. M cKenzie.

“ The Im portance of A ir Control in  Efficient 
Cupola P ra c tic e ,” by P . El. Wilson.

“ S tra in s  in  N on-Ferrous C astings,”  by P ro ­
fessor C. H . Desch, D .Sc., F .R .S ., Member.

D u ring  th e  afternoon  parties of members visited 
each of the  following works : —Messrs. E dgar Allan

assistance I  will endeavour to

Vote of Thanks to the President.
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& Company, L im ited , Cammell, L a ird  & Company, 
L im ited, V ickers, L td ., and N ewton, Chambers 
Company, L im ited. A t th e  conclusion of each 
v is it th e  th an k s of th e  In s titu te  was given to  the 
m anagem ent.

ANNUAL CONVENTION DINNER.
WEDNESDAY, JULY 6.

There was a  g a th e rin g  of some 300 members and 
guests a t  the  annual C onvention d in n e r, which was 
held on W ednesday evening, Ju ly  6 , a t  the  Royal 
V ic to ria  H otel, Sheffield. The P re s id en t was in 
th e  chair, and th e  guests included th e  Lord M ayor 
(A lderm an J .  G. Graves, J .P .)  and  th e  M ayoress, 
th e  M aster and M istress C u tle r (M r. and Mrs. 
D avid F la th e r) , Mr. W . L. H ichens, M r. A. J .  
B lanchard , J .P . ,  S ir W. H . H adow , C .B .E . (Vice- 
Chancellor of th e  U niversity ), th e  M ayor of 
R otherham , th e  M ayor of C hesterfield, M r. B ar­
ring ton  H ooper, C .B .E ., P ro f. T. T u rner, M r.. 
W. B. M. Jackson, M r. J .  A. P en to n  (P ast-P resi- 
den t, A m erican Foundrym en’s A ssociation), Mr.
E . J .  Fox, M r. J .  S m ith , J .P . ,  P ro f. C. H . Desch, 
D .Sc., Ph .D . (Professor of M etallu rgy , Sheffield 
U niversity), M r. J .  M. A llan, M r. F . W . Bridges, 
M r. Ropsy (Belgium), D r. and  M rs. Piwowarsky 
and H e rr  N ipper (G erm any), Mr. J .  H . Mony- 
penny, M r. Jo h n  Oakley, J .P . ,  M r. H . E. Yer- 
bury, and M r. T. P . Colclough, M .Sc.

Future of Sheffield’s Industries.
The loyal to a s t hav ing  been du ly  honoured,
Mr . S. H . RussEim (V ice-President) proposed 

the  to a s t of “  The C ity and Commerce of Shef­
field,”  and in the  first place expressed apprecia­
tion  of the  k indness and hosp ita lity  extended to  
th e  In s titu te  by its friends in Sheffield. In  a 
reference to  the educational scheme which Shef­
field U n iversity  had launched a few years ago for 
th e  benefit of stu d en ts  and appren tices in the  
foundry  trad e , he said he hoped th a t  i t  had  
flourished, because i t  was a really  good scheme, 
which had a ttra c te d  much a tte n tio n  th ro u g h o u t 
th e  country , and th e  In s ti tu te  was glad  to  find 
th a t  Sheffield was so progressive and  could 
organise such a thorough and com prehensive edu­
cational scheme. D ealing w ith  th e  developm ent
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of Sheffield’s industries, he pointed ou t th a t, as 
shown by the  handbook which had been prepared 
for the  m em bers of the  In s titu te , one of the 
la rgest steelw orks in Sheffield, whose pre-war work 
was alm ost en tire ly  G overnm ent work, had now 
practically  replaced th is by commercial work. When 
he read  such nam es as V ickers, Cammell Laird, 
Newton Chambers, E dgar Allen, Brown, F irth , 
D avy, Samuel Osborn, M appin and Webb, and so 
on, alm ost all of which were world-famed, he 
realised  th a t , ju s t as Sheffield was a leader and 
pioneer in the  past, so Sheffield would again 
become a Jead e r and a pioneer in the fu tu re . He 
firmly believed th a t  when the  present financial 
s tringency, which affected practically  the whole 
world, had  passed away, Sheffield would again 
come in to  its own. Could one im agine a city 
which had produced and was still producing the 
best crucible high-speed steel in the world, and 
which had  developed and still m ade the  best sta in ­
less steel in  th e  world, sinking in to  the  back­
ground simply because it  could not th ink  of any­
th in g  else to  produce? H e d id  n o t know w hat 
Sheffield would bring  o u t of its h a t yet, b u t he 
was quite sure th a t  i t  would bring  ou t something 
good very shortly . In  a  tr ib u te  to  M r. John 
Shaw, to  whom he referred  as a typical example 
of the  Sheffield ironfounder, he said, amid 
laugh te r, th a t  du rin g  his v is it la s t year to  America 
as a mem ber of the  delegation from  th is country 
M r. Shaw had  been so keen on visiting  works 
t h a t  he had  v isited  a works on one day, travelled 
all n igh t, and  visited another nex t m orning. Con­
tin u in g , M r. Bussell said th a t  the  g rea t essential 
to  th e ° re tu rn  of prosperity  to  th e  iron and steel 
trad e s  was peace in  industry , and he urged th a t 
th a t  peace m ust be a ju s t peace. The industry  
had  a very big problem to  face. F inally , he 
coupled w ith the to as t the names of the  lo r d  
M ayor and th e  M aster C utler.

Sheffield Now Making Fine Iron Castings.
The L ord M a y o r , in  his response, said t h a t  a 

Lord M ayor of Sheffield always fe lt considerable 
pride when reply ing to  th is  to as t. H e had a good 
<leal of practice, b lit th a t  in no w ay  detracted  
from  th e  pride which he fe lt in representing  th is
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g rea t com m unity, for they  had  no t only a p ast 
of which they  were unreservedly  proud, b u t a 
vigorous p resen t, and a  hopeful outlook for th e  
fu tu re . No c ity  in  th e  world had  had  a harder 
job to  deal w ith  th a n  had  Sheffield du ring  the 
past few years. The difficulties had  been form id­
able and the  ordeal severe, b u t they  were em erging 
and were feeling  solid ground u nder th e ir  feet. 
They had draw n, as they  h ad  had to  do, upon the ir 
reserves of inventiveness, en te rp rise , self-reliance, 
p luck  and perseverance, and  th e ir  g re a t indus­
tr ie s  had  adap ted  them selves in  a  way which he 
could only describe—know ing w hat he d id  of the- 
conditions of th e  p a s t six  o r seven years— as sur­
prising  and  m arvellous. T he In s t i tu te ’s own 
handbook contained  a very generous, b u t perfectly  
ju s t, appreciation  of the  inven tive  ab ility , e n te r­
prise and leadership  of th e  m en who had  founded 
Sheffield’s g re a t industries, and  whose g re a t names 
were still th e  signs of firms of world-wide repu ­
ta tio n , and all th a t  had  been sa id  of them  could 
be said w ith  equal t r u th  and ju s tice  of th e ir  suc­
cessors to-day. To' Sheffield’s workm en, also, the  
In s titu te  had  paid  a  ju s t  tr ib u te . I t  h ad  said 
th a t  th e  Sheffield w orker was a cra ftsm an , and  ex­
perienced non-technical men had  shown uncanny 
knowledge of th e  steel which th ey  produced, which 
would sham e d istinguished academ ics. H e th an k ed  
th e  In s ti tu te  fo r its  generous apprecia tion , and 
fo r th e  g rea t com plim ent i t  had  paid  to  Sheffield 
in  choosing th e  city  as th e  m eeting-plaoe on th is 
occasion. In  a  reference to  post-w ar progress 
in Sheffield, in  th e  course of which he dw elt upon 
th e  C orporation’s efforts in  reg ard  to  town p lan­
ning, and th e  provision of houses, roads, tra n s­
port, e tc ., he sa id  th a t  th e  foundry  branch  of the 
g re a t iron and steel in d u s try  h ad  shown versa­
t i li ty , ad ap ta b ility  and  en te rp rise  beyond all 
praise. F o r exam ple, th e  progress m ade in the 
p roduction  of fine castings had  come p a rticu la rly  
under his notice in  connection w ith  h is own busi­
ness. H e believed he could say th a t  in pre-w ar 
days th e  Sheffield founders were n o t No. 1 in the  
production  of extrem ely  fine castings, and when it  
had  become necessary to  look around  for new 
sources of supply, those who needed such castings 
had  m et w ith  g re a t difficulty. B u t, in stead  of
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going to  sleep about it , th e  Sheffield founders had 
m et th e ir  com petitors on th e ir  own ground, and 
were now n o t only producing the  equal of the 
line castings which for some businesses i t  had been 
necessary to  im port, b u t had  excelled th e ir com­
petito rs. H e was very pleased and thank fu l to 
recognise the in te rn a tio n a l note which had  been 
sounded a t  th is  conference. I t  was to  him a 
m a tte r  of th e  g rea test satisfaction  to  know th a t 
th e re  were a tten d in g  the  Conference represen ta­
tives of the  progressive nations of Europe. Sad 
and p a in fu l as were th e  memories of th e  p ast few 
years, to-day ou r faces were tu rn ed  tow ards the 
m orning once more, and we looked to  a  b e tte r 
world, to  safer, sounder and saner foundations of 
society th an  those which had  resulted  in the shock­
ing ca tastrophe which we all lam ented, and which 
had  so d isorganised industry . G rea t B rita in  
showed how, in  one sm all area, th ree  nations could 
live together in peace, harm ony and helpfulness. 
As ano ther exam ple he m entioned th a t  along the 
3,000 miles of fro n tie r separa ting  th e  U nited 
S ta te s  and C anada th e re  was no t a soldier or a  
fo r t. W hy should th ere  no t be in the fu tu re , 
th rough  the m edium  of o rganisations such as the
I .B .P ., th e  U nited  S ta tes of E urope? W hat we 
were longing for was peace in our ind u stria l re la­
tions. T ha t would n o t come th rough  Acts of P a r ­
liam en t; i t  would come only when each of us did 
ou r b it tow ards it , and we had  be tte r n o t shirk 
th e  responsibility. There rested upon each one of 
us the responsibility to  do our p a r t in  the building 
up of a be tte r, sa fe r and a more enlightened 
society. F inally , th e  Lord M ayor expressed his 
e a rn es t and h earties t wishes for the continued 
success of th e  In s titu te .

Multiplicity of Technical Associations.

T h e  M a st er  C u t l e r , who also responded to  the 
Toast, expressed th e  very rea l pleasure which i t  
gave Sheffield to  welcome th e  members of the 
In s titu te  to  th e  city. They m ight have a lo t of 
smoke in  Sheffield, b u t no t so m uch as they would 
like. I t  was an old saying in Sheffield th a t  
“ W here th e re  is muck th ere  is m oney,” b u t they 
always added “ provided i t  is clean muck. ’ They 
were n o t doing enough business, bu t hoped and
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believed th a t  the tim e  would come when th a t  
deficiency was m ade good and when they  would 
again  flourish and would be able to  look the  world 
in th e  face. Sheffield undoubtedly  had played a 
very g re a t p a r t  m  th e  advance of the  iron  and 
steel and m any o th e r industries and  i t  was proud 
of th a t  fa c t ;  i t  was proud th a t  i t  had been able 
to  help, on th e  techn ica l and  scientific side, so 
m any trades and  industries in  th is country . A fter 
a reference to  th e  valuable work of th e  Sheffield 
U niversity , he said th e re  was ano ther phase of 
knowledge lead ing  to  p rosperity  which even U ni­
versities could n o t give. By th a t  he m ean t th a t  
only th rough  th e  association of m en who were 
in terested  in  any  p a rticu la r sub jec t could real 
progress be m ade. F rom  th e  early  days of, he 
believed, th e  seven teen th  cen tu ry , when th e  Royal 
Society was founded, m en began to  realise  th a t 
only by com bination, by m u tu a l t r u s t  and  help, 
could th e  t r u th  be discovered and  knowledge 
acquired, and  as th e  cen tu ries had  rolled on the 
num ber of those associations had  g rea tly  and 
stead ily  increased. I t  m igh t be t h a t  to-day we 
had too  m any associations, b u t th e  g re a t po in t 
about techn ica l associations was th a t  th ey  led 
m en to  know one ano ther and  to  have t r u s t  and 
confidence in  th e ir fellows, and  although  ind i­
vidually  they  m igh t be com peting for th e  neces­
sities as well as for some li tt le  of th e  luxuries 
of life  th e ir  association to g e th e r was bound to  
create  good in  industry , and in m unicipal, social 
and  na tio n a l life. A ssociations such as th e  I .B .F . 
tended  to prom ote p rosperity  and  to  stabilise our 
industries. H e would to  H eaven th a t  th a t  sp irit 
of m u tual helpfulness was g rea te r and  he prayed 
th a t  th e  tim e m igh t come when th e  s p ir i t  of evil 
which led m en to  suspect th e ir  fellows of some 
u lte rio r m otive would be cast o u t and  when we 
should u n ite  w ith  th e  common ob ject of im proving 
th e  re la tions betw een m an and  m an, between 
n a tio n  and  na tion , and  when th e re  would be in  
t r u th  a U n ited  S ta tes  of E urope. In  th e  nam e 
of Sheffield and  those engaged in its  industries 
he expressed to  th e  In s ti tu te  th e  h ea rtie s t wel­
come, cong ra tu la ted  i t  upon the  splendid work i t  
had already  done and  hoped th a t  i t  would prosper,
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to  th e  advan tage  of its  individual members, the 
In s ti tu te  itself and to  the  advantage of the 
E m pire.

How Technical Societies Help Their Members.
M e. W. L. H ic h e n s  (M anaging D irector of 

Messrs. Cammell L a ird  & Company L im ited), 
proposing th e  In s ti tu te  of B ritish  Foundrym en, 
em phasised th e  na tio n a l im portance of the  steel 
in d u s try , of which th e  foundry trad e  was an 
im p o rtan t p a r t .  I f  th e  steel industry  languished, 
he said, G rea t B rita in  would surely languish too, 
and  i t  was to  th e  in te re s t of everybody to  see th a t  
n o t only should th e  steel industry  m ain ta in  its  
previous s treng th , b u t th a t  i t  should increase it  
and  become even g rea te r in  th e  fu tu re  th an  it  
h ad  been in  the  past. The steel industry  had 
suffered considerable m isfortune du ring  the past 
few years. I t  had  laboured under g rea t diffi­
culties ; com petition had  been very fierce, work 
had  been scarce, prices had been cu t to  the  point 
which had  dismayed all those engaged in the 
industry , and had delighted  correspondingly all 
those who w ere not. They were n o t merely con­
fron ted  w ith domestic com petition and low prices 
em ana ting  fro m . a domestic source. They found 
th a t  foreign com petition was even more strenuous, 
and  he believed th a t  as regards foundry work 
foreign  com petition  was as keen as in  any other 
industry , and  prices quoted by foreigners a t  the 
p resen t tim e  were sometimes so low as to  cause 
dism ay. H e was qu ite  convinced, however, th a t 
th e  steel industry  could be restored to  its form er 
p rosperity . E n um era ting  some of the  g rea t 
benefits which th e  I .B .F . could and did confer 
upon th e  foundry  business, he said th a t  in  the 
first place th e  In s titu te  as he saw i t  stood for 
so lidarity  and  good fellowship among all those 
engaged in  th is  g re a t profession. Solidarity  and 
friendsh ip  m ean t, he supposed, th a t  if A dis­
covered som ething which was of in te rest to  the 
industry  as a whole, he com m unicated i t  a t once 
to  B, C, D and  th e  re s t ;  b u t did he? N o! He 
k ep t i t  to  him self in the  hope th a t  no one else 
would find i t  ou t, and in so acting  he behaved 
very foolishly, because each of us had ways and 
m eans, which we though t peculiar to  ourselves,

c
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bu t which were in re a lity  common to  all, for 
discovering w hat he was up to . T herefore, i t  
would really be w iser if A com m unicated s tra ig h t 
away w hat he had  found o u t in stead  of allowing 
everybody to  exercise his ingenu ity  to  discpver 
i t  by devious ways instead  of devoting his 
ingenuity  to  other and b e tte r purposes. A gain, 
so lidarity  and good friendsh ip  m ean t th a t  if B 
go t in to  trouble he w ent to  A or to  some o th e r 
who was no t in trouble  and asked for help to  g e t 
o u t of it. B u t did he go to  A o r to  some o th e r 
and confess th a t  he was in  a  hole? N o t a  b it 
of it. T herein he acted foolishly, because every­
body found o u t th a t  he was in a b it of a mess— 
and in  the  steel industry , from  his own experience, 
everybody got in to  a  mess a t  tim es. In  such 
circum stances as he had indicated , B pre tended  
th a t  he was no t in a mess a t  all, everybody else 
exaggerated  th e  t i t t le  ta t t le  they  heard  all around, 
and th e  gossip was fa r  worse for B th a n  the 
tru th . B u t supposing th a t  when he got in to  a 
mess he did confide his troubles to  A, w hat would 
A do? H e doubted if A would do more th a n  say 
th a t  in th a t  case B would have to  be conten ted  
w ith his h ea rt-fe lt sym pathy. P robably  i t  would 
not go fa r th e r  th a n  th a t .  T h a t was a p ity , 
because B ritish  A, B and C were no t really  rivals 
the one of the  o ther. They were m uch m ore th e  
rivals of a fo reign  X , Y and  Z, and  w hat 
m atte red  for th is country  from  th e  broad p o in t 
of view was th a t  our in d u s try  as a  whole should 
be as efficient as possible, and  th a t  th e  weakest 
member, if th e re  be a w eakest m em ber, should 
be helped by th e  s tronger m em ber so th a t  as a 
whole we could be s trong  enough to  s tan d  up 
against foreign com petition and  th a t  by a un ited  
knowledge and com petition  we should be able to  
face the  strenuous opposition we were m et w ith  
abroad to-day. H e knew th a t  he was regarded  
as a visionary, b u t he was q u ite  u n rep en tan t. 
H e always asked for more th a n  he expected  to  
get and  perhaps he had  done th a t  on th is  occa­
sion, b u t surely we should do som ething more th a n  
we had  done. F o r instance, we m igh t, he con­
sidered, w ithou t th e  w orld com ing to  an  end, 
allow each o ther freely to  v is it our works. T ha t
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would no t bo going so very far. We m ight, for 
instance, compare costs. T ha t was going a litt le  
fu r th e r , b u t i t  was th e  r ig h t th ing  to  do if we 
w anted to  have a na tionally  efficient industry  
and n o t an individually  efficient industry . We 
m igh t com pare methods w ith  g rea t advantage, 
and  th a t  was one of th e  directions in  which he 
wished th e  In s ti tu te  every success because it  
stood for the  r ig h t th ing .

Foreign Contacts.
T here was ano ther respect in  which the In s ti­

tu te  could and did perform  a g rea t service to 
th e  industry , namely, in  th e  prom otion of con­
ta c t  w ith  our foreign com petitors. H e was glad 
to  notice th a t  a num ber of valuable papers by 
foreign experts had  been read  a t  the meeting 
and to  know th a t  foreign representatives were 
a tte n d in g  th e  Conference. T hat was the righ t 
th in g  because although he fe lt th a t  in a sense 
the  B ritish  were the  rivals of the  foreigners, yet 
in  a wider and bigger sense they were comrades 
on th e  sam e quest, i.e ., th e  quest of the  greatest 
efficiency in the steel industry  for the sake of the 
whole world, and th a t  was an ideal which was 
w orth som ething. The In s titu te  had done a great 
deal also in prom oting tours and visits to  works 
in o ther countries which was most valuable to 
th is country , and, he hoped, useful to  the coun­
tr ie s  v isited, and he tru s ted  th a t  the  In s titu te  
would be able to  extend th a t .  Discussing finally 
th e  developm ent of education, he said there  was 
a tim e—he did no t know w hether i t  had  altogether 
gone by—when people used to  say th a t  foundry 
work was a rough k ind of work and therefore it 
was no t the  k ind of work th a t  an educated man 
was likely to  do. T hat was all wrong, for all 
experience w ent to  show th a t  th e  steel industry  
was becoming more and more dependent upon 
science, and th e  more we could a tt ra c t  men of 
em inent scientific a tta in m en ts  to  tak e  up work in 
ou r foundries and in the  steel industry  as a whole, 
th e  b e tte r  i t  would be. B u t th a t  was n o t all. 
I t  was even m ore im portan t th a t  we should 
encourage education  among apprentices in the 
foundry business. H e could no t help believing
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th a t  one of the  g rea t advantages th a t  th e  A m eri­
cans and G erm ans had over ns in industry  was 
th a t  th e re  was such a h igh s tan d a rd  of education  
in  those countries am ongst men engaged in 
industry . F inally , M r. H ichens paid  a tr ib u te  
to  M r. Goodwin, whose valuable work was recog­
nised and whose year of office would add lustre 
to  th e  In s ti tu te  of which he was so distinguished 
a P residen t.

Results Achieved by the Institute.

The P r e s id e n t  responded, and , in  th an k in g  Mr. 
H ichens for the  m an n er in which he h ad  proposed 
the  to as t, said  th a t  th e  m em bers of th e  In s titu te  
who had  v isited  the  works of Messrs. Cammed 
L a ird  & Company th a t  day  had  'been very much 
im pressed w ith  th e  g re a t changes w hich had  been 
m ade to  m eet presen t-day  com petition . The 
re-o rgan isation  of those works seem ed to  h im  to  be 
the  g rea test m onum ent to  in d u stry  th a t  he had 
seen lately . N o t only was i t  ap p a re n t th a t  the  
staff had  worked exceptionally  h a rd , b u t also th a t  
w hat had  been effected was the  resu lt of round ­
tab le  co-operation. The happy feeling  w hich he 
had  recognised among th e  staff of M essrs. Cam m ed 
L aird  tw en ty  years ago, when he had  first v isited 
th e ir  works, s till ex isted , and  h ad  b ro u g h t about 
the  a lte ra tio n  of th e  works which everyone was so 
gratified  to  see. R efe rr in g  to  th e  In s ti tu te ,  he 
was happy  to  say  th a t  i t  was on  th e  fr in g e  of the  
work which M r. H ichens had  ou tlined . One 
resu lt was the  fo rm ation  of th e  In te rn a tio n a l Com­
m ittee , in connection w ith  which th e  im m ediate 
P ast-P res id en t, M r. F au lk n er, h ad  been to  the  
C ontinen t, and had  worked very h a rd  indeed on 
behalf of the  In s titu te  to  cem ent t h a t  friendsh ip  
w ith o ther countries which th ey  a ll so m uch 
desired, and  which they  knew would be u ltim ate ly  
to  th e  good of everybody in  th is  country . H e was 
also pleased to  be able to  tell M r. H ichens th a t  th e  
friendsh ip  am ongst th e  foundrym en of th is  
country , to  which reference had  also been m ade, 
did ex is t. B arrie rs were being broken down yearly 
by the  In s titu te , and no th ing  b u t good could 
resu lt. The P res id en t th en  w ent on to  deal w ith  
th e  developm ent of th e  In s ti tu te  since i t  was 
founded in  1904, a t  B irm ingham , when th e  la te  
M r. It. B uchanan  was elected P res id en t. Since
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th a t  tim e the  In s titu te  had  held Conventions in 
m ost of the  large cities of the country, and the 
la s t Convention in Sheffield was held in 1918, 
under the  Presidency of the la te  M r. T. H . F irth ! 
W ith regard  to  m em bership, lie said th a t  as the 
foundry  tra d e  was one th a t  had suffered the most 
d u rin g  th e  la s t five years of trad e  depression, it  
would be understood th a t membership had no t 
increased as rap id ly  as had  been hoped. How­
ever, from  p a s t experience i t  was found th a t  as 
soon as th e re  was the least im provem ent in trade  
the In s titu te  obtained an increase in membership. 
A t th e  m om ent th e  num ber was low in comparison, 
namely, 1,700. A t th e  same tim e, one m ust not 
overlook the  fac t th a t  th e  In s titu te  now had an 
offshoot in th e  form  of th e  B ritish  C ast Iron  
Research Association, th e  membership of which 
included a num ber of the  In s ti tu te ’s members, and 
also th a t  there  were a num ber of would-be mem­
bers who could no t afford to  be members of both. 
The 1,700 included trad e  members, each of whom 
represented  a large num ber of employees, so th a t 
the  in fo rm ation  the  In s titu te  was able to send out 
was tran sm itted  to  a  la rg er num ber th an  1,700. 
In  a reference to  th e  ten  branches, all of which 
were in a  flourishing condition, he made special 
m ention of the m anner in which th e  London
B ranch had worked, as th e  resu lt of which it  had
nearly doubled its  mem bership. H e d id  not know 
of any In s titu te  which arranged  for so many 
works visits as d id  the  I .B .F ., and he believed 
the  In s ti tu te  was doing more educational work 
am ongst th e  p rac tica l m en in  th e  foundry than  
any o th e r body was doing in a like m anner for 
the mem bership represented . The jun io r sections 
of the Branches were also in a most flourishing con­
d ition , and it  would be appreciated  th a t  the mem­
bers of these ju n io r sections would be the  back­
bone of th e  In s titu te  in the  fu tu re . In  regard 
to  the  In s ti tu te ’s charter, he was pleased to  say 
th a t  Sheffield had figured largely in ob tain ing  i t ;  
i t  was due to  th e  indefatigable energy and
generosity of the la te  M r. T. H . F ir th  th a t  the 
In s titu te  had  become a chartered  In s titu te .

The Cast Iron Research Association.
The form ation of the  B ritish  C ast Iron  Research 

A ssociation by members of the  In s titu te  was
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another m a tte r  to  which th e  P res id en t re fe rred . 
The program m e before th a t  A ssociation, he said, 
was such th a t  i t  would necessita te the  expend itu re  
of no t less th a n  £ 8,000 per year, to  which the  
G overnm ent were con trib u tin g  approxim ately  30 
per cent. The A ssociation had  been form ed m  
m ost difficult tim es, b u t i t  was in tim es such as 
these, when tra d e  was bad and foreign com petition  
was keen, th a t  research work of th e  k ind  th a t  th e  
A ssociation had un d ertak en  was most needed. 
U nfortuate ly , also, i t  was a t  tim es such as these 
th a t  an em ployer was least able and m ost unw illing  
to  pursue them . N evertheless, the  A ssociation was 
being favourably  supported , n o t only by em ployers, 
who were fully alive to  th e  fa c t th a t  on  every 
hand  we had  proof of extensive developm ents in 
research  in  cast iron abroad—in the U nited  S ta te s , 
where trad e  had  been good, and on  th e  C o n tin en t, 
where conditions of tra d e  were sim ilar to  o u r own 
—b u t also by employees, who w ere anxious th a t  
E ngland  should continue to  produce “  m ore perfec t 
work, m ore finished work, more honest w ork, th a n  
any  o th e r n a tion  in  th e  w orld .”  H e fe lt th a t  
good trad e  was coming. F rom  p as t experience he 
knew th a t  th is  m ean t increased p rosperity  to  the  
In s titu te , both .financially and num erically , and  in 
order to  m a in ta in  ou r tra d e  he u rged  th e  adop­
tion  of the  slogan, “ A ll-B ritish  goods fo r B ritish  
people,” and su p p o rt for th e  good w ork done by 
the  g rea test commercial trav e lle rs  th is  coun try  
had  ever known, .and of whom we were so ju s tly  
p roud—the  P rince  of W ales and  th e  D uke and 
Duchess of York.

M r . O l iv e r  S tu bbs (P as t-P res id en t), in the  
absence of S ir R obert H adfield, B a r t .,  F .R .S ., 
who was unable to  a tten d , and  who had  conveyed 
by telegram  h is good wishes fo r th e  success of the  
C onference, proposed “  O ur G uests and  K in d red  
A ssociations.” A fter expressing g ra t itu d e  for 
the  k ind  reception which Sheffield had  accorded 
th e  m em bers, he said th e  mem bers were proud of 
the In s titu te  because i t  was th e  only body which 
took a m an o u t of the  shop and  b rough t him  
among o thers connected w ith the  in d u s try . In 
welcoming th e  In s t i tu te ’s guests from  abroad, he 
em phasised th a t  the  m ore closely we w ere able to  
co-operate w ith those o ther countries the  b e tte r
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tr ia l  p eace ., H e coupled w ith the to as t the name 
of M r. J .  A. P en ton  (P ast-P residen t of the 
A m erican F oundrym en’s Association).

Anglo-American Relations.
M r. J .  A. P en t o n , responding, said th a t 

although his v is it to  th is  country  was partly  a per­
sonal one, he had  been anxious to pay his respects 
to  th is  w onderful In s titu te  of B ritish  Foundrym en. 
A m ericans, he said, were very deejily concerned 
w ith  rega-rd to  th e  position of the iron and steel 
business in Europe, and n o t for selfish reasons. 
A m erica was a  prosperous nation , and there  was 
m ark e t enough in th e ir  own country—the home 
m ark e t constitu ted  over 90 per cent, of th e ir 
business—w ithou t going abroad. They were 
deeply concerned sentim entally  regarding th e  con­
d itions of th e  iron and steel industry  in  Europe, 
and  they  realised  fully the terrib le  s tra in  th a t  had 
been p u t upon all the  nations of Europe in connec­
tion  w ith  th e  w ar, which had profited none, bu t 
had m ean t g rea t loss to  all. They considered th a t 
th e  g rea test accom plishment and the g rea test vic­
to ry  of the whole w ar was th a t  of the  nation  
which, beset w ith  a g rea t d eb t and heavy taxa tion , 
had  p u t its currency on par. Americans took 
th e ir  ha ts off and bowed their heads to  th a t  
na tion  for having made a serious effort to  get 
on to  her feet. Em phasising the im portance of 
constan t contac t as a m eans of preserving peace 
between th e  nations, he said th a t  the excellent 
re la tions which existed between the U n ited  S tates 
and  C anada, w ith  th e ir  contiguous frontiers, was 
largely due to  th e  fac t th a t  they spoke th e  same 
language and knew each o ther as the resu lt of 
constan t association. In d u s tria l peace was all 
very well, b u t in te rn a tio n a l peace was a more vita l 
factor. The one g rea t power and the greatest 
influence of all in preven ting  conflicts in the fu ture  
would be an affiliation between the English-speak- 
ing  peoples of th e  world such as there  was between 
C anada and  the  U nited  S tates. These thoughts 
were also those of a g rea t m ultitude of th inkers 
in h is own country. H e fe lt th a t  the  tim e was 
n o t fa r  d is ta n t when the U nited .States and G reat 
B rita in  should so understand  themselves and each 
o ther th a t  they  would both agree to  march step by
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step for ever to  the music of a band play ing  
“  Peace on e a r th  and good will to  m en.”

M r. Y. C. F a u l k n e r  (P ast-P residen t) proposed 
th e  to as t of “ The U niversity  of Sheffield.” Owing 
to  th e  la te  hour he cu rta iled  his speech consider­
ably, b u t he did tak e  the  opportun ity  to compli­
m en t the  U niversity  au tho rities  upon the ir a s tu te ­
ness and broadm indedness. H e coupled w ith the 
to a s t th e  nam e of S ir H enry  H adow  (the Vice- 
Chancellor).

Prizes for Practical Discovery.
S i r  H e n r y  H adow  (Vice-Chancellor of the  U ni­

versity), who on rising  to respond was greeted 
w ith  enthusiasm , said  th a t  th e  U niversity  au tho ri­
ties were very glad indeed to  jo in  w ith  th e  Lord 
M ayor and the M aster C u tle r and  o thers in  Shef­
field in welcoming the In s ti tu te  on th is  occasion. 
H e stood, he said, as a rep resen ta tiv e  of educa­
tion , and education , he was glad  to  say, was one 
of the  sub jects upon which more nonsense was 
ta lked  th a n  any o th e r in  th is  country . H e was 
glad  because i t  was one of th e  sym ptom s of becom­
ing a public in s titu tio n  in  E ng land  th a t  people 
should blame, criticise o r discuss i t  when th ey  had 
not devoted any g re a t a tte n tio n  to  th e  subject. 
A m an  who one would n o t ask to  d ire c t one to  the 
P o st Office was perfectly  p repared  to  say w hat 
th is country  ough t to  do abou t C hina, b u t if one 
asked him  if C hina was in A frica  or South 
A m erica he would sh ift th e  conversation to  I r e ­
land. (L augh ter.) T h a t was exactly  w hat was 
happening  on the  topic of education . H e was told 
on all hands and  he read  in all q u a rte rs  th a t  th ere  
were two kinds of education , th e  academ ic and  th e  
p ractical, and  th a t  n o t only had  they  d ifferen t 
k inds o f m ethod, b u t d ifferen t k inds of t r u th  ; th a t  
colleges and un iversities and  such-like ta u g h t 
theore tica l and t r u th  th a t  would n o t w ork ou t in 
p ractice. H e was to ld  th a t  p rac tica l education  
was th a t  which d e a lt w ith th e  t r u th  by which 
people could live and  by which they  could w ork— 
w ith which the  academ ic princip le had  no th ing  to  
do. There was no g rea te r nonsense in th e  world 
th a n  th a t .  I f  U niversities ta u g h t academ ic t r u th  
which would n o t work o u t in p rac tice  they would 
be m erely th e  depositories of useless knowledge, 
and  the  sooner they  sh u t up shop th e  b e tte r . I f  th e
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mem bers of th e  L B .P ., and the ir forbears had 
always tr ied  to  do. w ithout theory they would be 
s ittin g  toge ther th a t  evening enjoying a banquet 
of raw  wild beasts and very im perfectly distilled 
w ater. There was no education in the  world worth 
the nam e which did not comprise both sides and 
co-ordinate both sides. The U niversity  au thori­
ties were fully aw are of th a t , and because they were 
fully aw are of i t  they  were particu larly  glad to  
welcome th e  co-operation of those who were 
engaged on th e  practical side, who could learn 
som ething from  the U niversity  and from whom 
in tu rn  the  U niversity  could learn  som ething. 
D iscussing th e  im portance of pooling inform ation, 
which had  been m entioned by M r. Hichens, Sir 
H en ry  drew a tten tio n  to the  fac t th a t  a short 
tim e ago th e  Company of Arm ourers and Braziers, 
which had  been a very good friend  to  the U ni­
versity , had  devoted an annual sum, which had 
been presented  to  th e  M aster C utler (who had 
kindly called in the  co-operation of the U niversity 
to  adm in ister it) for the purpose of encouraging 
research  in  th e  p rac tica l trades of Sheffield, of 
which th e  foundry  trad e  was one. Prizes would 
be given, no t on lite ra ry  m erit, bu t on practical 
discovery, and would be open to  all workmen and 
mem bers of the trad e , and the  prize-winning 
Papers would, if of sufficient m erit, be prin ted  
and  circu lated  for th e  common use. T hat was a 
very im p o rtan t step in th e  direction of th a t  
general co-operation which M r. H ichens had so 
strongly  desidera ted . R eferring  to  the  advan­
tages of providing facilities for visits to  works, he 
recalled a conversation he had had w ith the head 
of one of the G rea t American firms some tim e ago 
w hilst crossing th e  A tlan tic . The American had 
told him  th a t  one of th e  principles which had 
always inspired  and anim ated his work was to 
allow all his com petitors entirely  free access to  his 
works, to  show them  every th ing , to  explain every­
th in g  and keep no th ing  back. W hen he (Sir 
H enry) had  replied th a t  o ther people to  whom 
he had  spoken on the  subject had expressed mis­
givings and had said th a t  possibly others m ight 
ta k e  away th e ir  secrets and use them  to  the ir 
de trim en t, th e  A m erican had reflected for a 
m om ent, and he replied, “ T h a t’s silly.” That, 
continued S ir H enry , was a m an w ith a life-long
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experience in  th e  m a tte r , and who knew w hat he 
was ta lk in g  about. I t  had very much im pressed 
him  (S ir H enry), and he passed i t  on as a  word 
of wisdom which he believed had  its real educa­
tional value. F ina lly  he paid  a  tr ib u te  to  M r. 
F au lk n er, whom he said the  U niversity  was proud 
to  have as an old m em ber.

D uring  th e  evening th e  m em bers and visitors 
were each presented  w ith  a Sheffield stainless-steel 
pocket kn ife  as a m em ento of th e  Convention. I t  
being rem arked  by th e  P re s id en t th a t  the 
recip ients would probably like to cu t th e ir  luck, 
they  were inv ited  to  con tribu te  tow ards the  funds 
of th e  Sheffield W orks Convalescent Homes. There 
was a liberal response, and th e  proceeds, which 
am ounted to  £13 15s., were handed to  the M istress 
C utler, who is in te rested  in  th e  homes and who 
briefly expressed her g ra titu d e .

THURSDAY, JULY 7.
The T hursday m orning session commenced w ith 

a con tinuation  of th e  discussion on Professor 
Desch’s P ap e r, and  the  following P ap e rs  were then  
read  and  discussed.

“ N ote on th e  M aking  of Steam  E ng ine Cylin­
ders and  P iston  R ings ”  (F rench  Exchange P ap er), 
by M. Audo.

“ The Influence of Chromium and  N ickel on 
H igh  Q uality  and H e a t T rea ted  C ast Iro n s ,”  by 
P rofessor E . Piw ow arsky.

“ The S tren g th  of C ast I ro n ,”  by J .  E. F le tcher 
(M ember).

“ The Effect of M anganese and M anganese Sul­
phide in  W h iteh ea rt M alleable,” by E . R. Taylor 
(Associate M ember).

A fter ad jou rnm en t for luncheon, which -was p ro­
vided a t  the  U niversity  W estern  B ank, th e  Con­
ference again  resum ed and  th e  following P ap e r 
was read  and discussed.

“  The M anufac tu re  of a L arge  S teel C asting ,”  
by F . A. M elmoth (M ember) and  T. Brown (Asso­
ciate  M ember).

A t th e  conclusion of the  discussion, M r. F . J .  
Cook, P as t-P res id en t, proposed th a t  th e  sincere 
th an k s of th e  In s ti tu te  be accorded to  a ll who 
had  helped w ith the  Conference. Included  in  th e  
resolution were the  U niversity  of Sheffield th e  Lord 
M ayor and Lady M ayoress the  M aster and  M istress
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C utler the au thors of P apers the  firms who had 
allowed th e ir  works to  be inspected, the subscribers 
to  the  C onvention F und  and the  Sheffield Con­
ference Com m ittee. The motion was carried  with 
acclam ation.

W hile the technical discussion was proceeding, 
the  ladies v isited  the p rin tin g  works of the 
“ Sheffield T elegraph .”

L a te r in the  afternoon the members and ladies 
a tten d ed  a Civic reception a t  the  Town H all, 
offered by the  Lord M ayor and Corporation. In  
the  evening a varie ty  en te rta in m en t was visited 
by in v ita tio n  of the  Reception Committee.

FRIDAY, JULY 8.
On the m orning of F riday , Ju ly  8, parties of 

mem bers visited each of the following w o rk s: — 
Messrs. Davy Bros., L im ited, D a rn a ll; the Brown 
F ir th  R esearch Laboratories ; and Messrs. Samuel 
Osborn & Company, L im ited. A t the conclusion 
of each of the  visits the thanks of the In s titu te  
were tendered  to  the  respective m anagem ents for 
th e ir  courtesy.

A t a luncheon held a t the  G rand H otel, a t which 
a  la rg e  num ber of members and ladies were pre­
sent, M r. J .  T. Goodwin, the P residen t, presided, 
and  again  voiced th e  thanks of the  In s titu te  to  
the various firms who had perm itted  the members 
to  inspect th e ir  respective works. H e particu ­
larly  referred  to  the courtesy of D r. W. H. 
H atfield , who had  personally conducted a party  
of mem bers around the  Brown F ir th  Research 
L aboratories th a t  morning.

In  reply, D r. W . H . H atfield , D irector of the 
Brown F ir th  R esearch L aboratories and Past- 
P res id en t of the  Sheffield B ranch, expressed the 
pleasure of his d irectors and of himself a t the 
oppo rtu n ity  of m eeting  the  members of the In s ti­
tu te . H e referred  to  the  rap id  grow th of the 
In s titu te , both in num bers and in influence, and 
he also stressed the  im portance of the  rapid 
developm ents in the m etallurgy of cast iron which 
had tak en  place in recen t years.

Visit to Buxton.
On th e  afternoon of F riday , Ju ly  8 , the final 

event of th e  Conference took place in th e  form of 
a m otor excursion th rough  the Derbyshire Dales,
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a h a lt being m ade for d inner a t  B uxton. A bout 
90 mem bers and ladies p a rtic ip a ted , and, in sp ite  
of th e  som ewhat showery w eather, the  p arty  had  a 
very enjoyable ou ting .

M r. J .  T. Goodwin, P res id en t of the  In s titu te , 
presided over th e  d inner, which was held a t the 
Palace H ote l, B uxton.

A fte r th e  loyal to a s t had been honoured, M e . 
G. H . O x l e y , V ice-P residen t of th e  Sheffield 
B ranch, proposed the to a s t of “  The V isitors,”  
and re fe rred  to  the  p leasure w hich th e  members 
had  in en te r ta in in g  th e ir  guests, p a rticu la rly  those 
from  o th e r countries.

P r o f . P iw o w a r s k y  replied  on behalf of the 
guests, and th an k ed  th e  mem bers fo r the  very cor­
dial reception  which the  v isitors had received 
th roughou t th e  Conference. H e s ta ted  th a t  the 
presence of overseas delegates a t  Conferences such 
as th is would go fa r  to  cem ent th e  friendship  
between th e  various countries. H e concluded by 
proposing th e  health  of the  P res id en t, which -was 
d ru n k  w ith  considerable en thusiasm .

The P r e s id e n t  th an k ed  th e  com pany, and 
re fe rred  to  the  work which had  been done by the  
Sheffield local Com m ittee in o rganising  the  Con­
ference. H e said  th a t  th e  success of the  C onfer­
ence was largely  due to  th e  h a rd  work which had  
been done d u ring  the  previous few m onths by the 
local C om m ittee, and he also expressed the  thanks 
of th e  mem bers to  th e  L adies’ C om m ittee, and 
to th e ir  convener, Mrs. F ra n k  Russell, fo r th e ir  
work in connection w ith  th e  lad ies’ social pro- 
gram m e, and for th e  m anner in  which th ey  had 
arranged  for th e  welcome of th e  lady  visito rs to 
th e  Conference. H e said  th a t  they  were specially 
indebted  to  M r. F ir th  and M r. E dg in ton , respec­
tively  P as t-P res id en t and P res id en t of th e  Shef­
field B ranch, and also to  M r. W . A. M acdonald, 
the  Convention S ecretary . On behalf of th e  Com­
m ittee  he had  p leasure in p resen tin g  a  fo u n ta in  
pen to  M r. M acdonald as a token of th e ir  esteem, 
and also a  w allet of no tes to  M rs. M aodonald.

M r. M acdonald  was accorded an en th u s ia stic  
reception  upon rising  to  reply. H e said th a t  as 
soon as i t  became known th a t  th e  C onference 
would be held in Sheffield he fe lt th a t  i t  was his 
d u ty  to  assist in every possible way, and  he had
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been loyally supported  by every member of the 
E xecutive Com m ittee and of th e  B ranch Council.

H e tendered  his thanks to  M r. Makemson, the 
G eneral Secretary , and his assistant, for the in­
valuable help which they  had rendered. He said 
th a t  any th ing  which he had been able to  do had 
been done w ith a good h ea rt, and he hoped th a t 
when the  members and ladies w ent back to  the ir 
own cities and  towns they  would take  w ith them 
p leasan t memories of the few days they had spent 
in Sheffield.
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THE ¿PROPERTIES OF COKE AFFECTING THE 
CUPOLA MELTING OF STEEL.

By James T. MacKenzie, Chief Chemist, American 
Cast Iron Pipe Company, Birmingham, Ala.

[American Exchange Paper.]
Steel sctap  in cupola m ix tu res has challenged 

th e  a tten tio n  of foundrym en everyw here for a 
num ber of years. M any papers have been pre­
sented in the  technical Press and before the 
various technical societies dealing  w ith  the 
s tren g th  of irons obtained  from  such m ixtures, 
and i t  is alm ost universally  accepted th a t  steel 
scrap does increase th e  s tren g th  of th e  iron  quite 
ou t of p roportion  to its  effect on th e  chemical 
analysis. The recen t work of Piw ow arski on the 
influence of g rap h ite  nuclei has provided a valu­
able theory as a basis for fu tu re  investiga tion  and 
m ay serve to assist in  th e  in te rp re ta tio n  of 
some heretofore anomalous resu lts . A ccurate 
therm al d a ta  m ay be expected in  the  foundry 
li te ra tu re  of th e  fu tu re , because th e  developm ent 
of th e  op tical pyrom eter has placed w ith in  th e  
reach of everyone th e  m eans of observing and 
recording tem pera tu re . R ecent investigation  has 
shown th a t  th e  d isappearing  filam ent type  of 
pyrom eter is accurate , w ith in  very sm all lim its, 
for all types of fo u n d ry ' irons and  th e  quickness 
w ith which readings m ay be m ade, even by an 
inexperienced observer, is rem arkable . M any of 
the  conflicting resu lts ob tained  by the  use of steel 
scrap are  due undoubtedly to  differences in m elting  
conditions, of which the  tem p era tu re  is probably 
th e  m ost im portan t. “  H o t iron  ” is an  indefin ite 
te rm  and m ay m ean one th in g  w hen spoken by th e  
stove-plate founder and som ething en tire ly  
d ifferen t when spoken by th e  m an u fac tu re r of 
heavy castings.

A nother cause of m isunderstand ing  in  discus­
sions of steel has been th e  confusion of te s t  bar 
and  casting . The iron  th a t  w ill make the  
s trongest te s t b ar of say 1.25 in . din. and 15 in. 
length  will certa in ly  m ake a poor rad ia to r , if  i t  
will make i t  a t  all, and will be alm ost as u nsu it­
able for a very heavy casting . This is one of the



reasons why various sta tem en ts exist as to  the 
m axim um  perm issible percentage of steel scrap in 
th e  charge, which, if memory fails not, varies from 
zero to  100  per cent.

Inex tricab ly  associated w ith the tem pera tu re  of 
m elting  and  the  chemical composition of the  melt, 
is th e  problem of oxidation . W ith  steel in  the  
m ix ture, the  lower th e  m elting tem pera tu re , the  
g rea te r th e  ox idation , th e  lower will be the carbon, 
silicon, and m anganese, and the  h igher will be 
th e  freezing po in t and the gas content. Conse­
quently  the  p ractical fluidity, or “  coulabilite ” 
as G uillet and P ortev in  call it, is rap id ly  reduced.

This paper is concerned chiefly w ith  the  to ta l 
carbon absorbed by steel scrap when m elted with 
the various cokes of an unusual collection, not 
complete, b u t well rep resen tative and containing 
th e  extrem es likely to  be encountered. The cupola 
used was a  N um ber 0 W hiting  w ith a  27-in. shell, 
lined  to  18 in. w ith  clay brick, w ith 2 tuyeres 
17 in. above the  m antel p late  and 70 in. below 
th e  charg ing  door. The lin ing  was s tra ig h t from 
m an te l to  charg ing  door. The tuyeres measured 
9 in. by 3 in. a t  th e  lin ing ; and the blast, sup­
plied by a fan , was fa irly  constan t a t  4 oz. per sq. 
in. I n  some of th e  early  heats the  volume 
increased as th e  stock fell in th e  stack, bu t the 
p rac tice  was changed as soon as th is was noted 
and  th e re a fte r  th e  stack  was k ep t full of coke 
th roughou t th e  m elting  period. None of the  heats 
reported  here was affected by th is to  a g rea t 
ex ten t, though in  several heats a slight drop in  
carbon on the  las t ta p  or so may be noted. The 
cupola was ligh ted  in the  usual way and the  wood 
allowed to b u rn  away by n a tu ra l d ra f t, coke being 
p u t on to  have the bed a t  30 in. above the tuyeres 
when th is  was accomplished. The wind was then 
p u t on for five m inutes to  h ea t the ta p  hole and 
basin , a f te r  which th e  bed was b u ilt to  40 in. w ith 
fresh coke, the  b reast stopped in , th e  charges 
quickly p u t in  and th e  b las t p u t on as soon as the 
stack  was filled (about 5 m in.). The first tap  was 
m ade in  25 m in ., when usually  25 to  75 lb. of iron 
were ob tained , a f te r  which m elting proceeded a t 
th e  ra te  of approxim ately  1,000 lb. per h r. A 
shank  ladle of 200 lb, capacity  was used for 
hand ling  the  m olten  iron  which was poured into 
pigs on^the first two or th ree  taps and then in to
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well blacked and  dried  te s t moulds, g iv ing th e  
2 x lx 2 8 - in .  bars cast vertically . Charges were 
100 lb. w ith  sufficient 50 per cent, ferro-silicon 
and  80 per cen t, ferro-m anganese to give the  

ind icated  composition. These were placed on top  
of the  steel in  the  cen tre  of th e  cupola. The 
coke charge was k ep t co nstan t a t  25 lb., except in 
the  case of th e  high volatile  petroleum  cokes, 
Parco, W ich ita  Falls, and  Shell. No fluxing was 
a ttem p ted , b u t th e re  was usually  a  th in  liquid 
slag which was allowed to  ru n  in to  the  ladle and 
was skimmed off before pouring. The am ount of 
th is  slag varied  p ractically  w ith  th e  ash content 
of th e  coke, for i t  seems th a t  th e  h igher the ash 
th e  g rea te r the  ox idation  of th e  steel and the 
p roportion  of ferrous oxide to  silicon dioxide is 
th u s au tom atically  m ain ta ined . There was very 
little  c u ttin g  of th e  lin ing  except in  the  m elts 
w ith th e  very high-ash cokes.

Table I  shows th e  resu lts for to ta l carbon which 
a re  calculated  from  th e  detailed  d a ta  of Table II . 
The base was taken  as 2.00 silicon; 0.10 phos­
phorus; and  0.50 p er cent, m anganese. P u re  
iron holds 4.3 p er cent, carbon in so lu tion ; 80 per 
cent, m anganese, about 6.7 p er cent, ca rbon ; and 
21 per cent, silicon (F e2Si), or 15.6 per cent, 
phosphorus (F esP ), th row  the  carbon to  zero. 
T herefore th e  corrections a re  as follow s: —

F o r each per cen t, v a ria tio n  in  m anganese 
(3.4/80), 0.04 per cent. C.

F o r each per cent, v a ria tio n  in  silicon 
(4.3/21), 0.21 p er cent. C.

F o r each per cent, v a ria tio n  in phosphorus 
(4.3/15.6), 0.28 per cent. C.

The calculations are  adm itted ly  doubtfu l, bu t 
th e  sum  of all th ree  corrections is less th a n  0.20 
per cen t, in  nearly  all cases, and i t  seems th e  only 
hope of reducing  all th e  m elts to  a  common basis. 
Table I I  is given to  enable anyone to  m ake a 
detailed  study  of the  ac tua l resu lts obtained undis­
tu rb ed  by the  assum ption of th e  au thor.

T u rn ing  again  to  Table I ,  i t  seems th a t  'in the  
beehive cokes th e  carbon rises as th e  ash falls, 
b u t in no regu la r w a y ; while in th e  pu re  cokes 
th e  same th in g  is no ted  in  reg ard  to  volatile  
m a tte r . I t  is a t  once ap p a re n t th a t  th e  s tru c tu re  
of th e  coke is of fundam en ta l im portance and



Table II.

A ctual analysis.

Coke. Date. Bar. C. Si. P. Mn. S.
Calcu­
lated

Carbon
Breaking

load.
Defl.

Dayton 3/27/24

4/30/25

5/4/25*
(4/30/25)

124
125
219
220
225
226

1 .72 
1 .70 
2.04 
1.96 
1.89 
1.99

2.02 
1.76 
1 .13 
0 .88 
3.39 
3.42

0.09
0.07
0 .16
0.11
0.13
0.13

0.94 
1.08 
0 .36 
0.38 
0.67 
0.42

0.228
0.184
0.192
0.173
0.236
0.254

1.70
1.63
1.86
1.73
2.18
2.29

4,780
5,000
4,300
3,250
3,600
4,230

0 .36
0 .35
0.28
0.21
0.29
0.34

Sewanee 5,5/25

5/8/25*
(5/5/25)

227
228
233
234

1.96 
1.73 
2.02 
2 .56

1.88
1.71
1.95
1.86

0.13
0.12
0.14
0.14

1.04
0.30
0.73
0.37

0.105
0.102
0.156
0.155

1.91
1.68
2.60
2.53

5.100
5.100 
3,700 
3,000

0.34
0.34
0.32
0.22

Fire Creek 8/14/25 316
317

2.09
2.18

2.22
1.45

0.10
0.10

0.33
0.45

0.102
0.098

2.13
2.06

3,700
4,600

0.31
0.28

Bradford 7/30/25

8/1/25*
(7/30/25)

300
301
304
305

2.78 
2.75  
3.45 
3.25

2.55 
1 .89 
1 .71
2.04

0.09
0.05
0.12
0.11

0.38
0.29
0.33
0.34

0.119
0.107
0.140
0.134

2.90
2.73
3.39
3.26

3,650
3,680
3,180
3,000

0.35
0.33
0.40
0.35

A.B.C......................... 3/19/24

5/1/25

5/6/25* 
(5/1/25) 
7/17/25 

(20% Fe3P) 
7/20/25 

(20% Fe.2Si)

113
114
221
222
229
230 
288 
289
292
293
294

2.48
2.74
2.34
2.23
2.85
2.85 
1.45 
1.81 
1.91 
2 .15 
1.98

2.94
2.05
1.64
1.40
2.46
2 .30
0.04
0.04
4.35
3 .60
3.51

0.05
0.05
0.11
0 .10
0.12
0.14
6.46
4.80
0.08
0.15
0.15

1.52 
1.24 
0.40 
0.27 
0.51 
0.67 
0.26 
0 .24 
0.50 
0 .48 
0.49

0.111
0.121
0.126
0.113
0.173
0.156
0.161
0.124
0.140
0.132
0.131

2.64 
2.72 
2.26 
2.11 
2.95 
2.90 
2.80 
2.70 
2 .35 
2.49 
2.30

3,090
4,570
3,800
3,250
3.500 
3,600 
1,050

920
3.500 
3,300 
3,200

0.28
0.41
0.26
0.21
0.34
0.37
0.09
0.07
0.32
0.30
0.27

A.B.C. Bed 
W ith 40% 
B arrett Above

7/21/25
(10%Fe,Si)

295
296

2.58
2.65

2.22
1.75

0.11
0.16

0.29
0.28

0.160
0.149

2.63
2.61

3,450
3,400

0.37
0.37

(Steel fro m 'S h e ll 
Coke Experiment)

8/5/25 308
309

2.50
2.72

2.83
0.69

0.06
0.08

0.27
0.20

0.188
0.154

2.68
2.44

3,450
3,000

0.29
0.21

A.B.C. 50 per cent. 
W. Falls, 50 ,,

8/29/25 336
337

3.09
3.21

1.95
0.80

0.08
0.12

0.38
0.26

0.189
0.192

3.10
2.97

3,400
3,060

0.34
0.22

AB.C.........................
Unbroken (Steel . .

Round)

(Steel, |  in. 
Round)

(Steel, |  in. 
to  J  in. thick)

1/21/27
3 i"

1/22/27

1/29/27

402
403
404
405
406
407
408
409
410
411

412

2.17
2.12
2.16
2.26
2.30
2 .30 
2.27 
2.52
2.31 
2 .00

2.14

1.04 
1.52 
1.95 
1.00 
1 .52 
1.50 
1.85 
0 .95 
2.32 
2 .26

2.14

0.09
0.11
0.08
0.12
0.07
0 .06
0.09
0.05
0.08
0.07

0.08

0.39
0.47
0.47
0.25
1.29
0.29
0.36
0.41
0.28
0.32

0.28

0 .0 6 2 t
0.077
0.066
0.070
0.110
0.122
0.104
0.102
0.080
0.115

O .llS f

1.97
2.02
2.15
2.16  
2 .20 
2 .20 
2 .24 
2 .30 
2.38 
2 .05

2 . IT

3,690
4,290
4,970
3,360
4,700
4,200
4,240
4,100
3,740
3,730

3,510

0.27
0.27
0.44
0.25
0.31
0.29
0.28
0.28
0.29
0.27

0.24

B arrett

(Coke, 351bs.)

3/13/24

3/31/24

4/2/24
5/2/25

5/7/25*
(5/2/25)

107
108
129
130
131
223
224 
231 
332

3.37
3.27 
3.47
3.28 
3.11 
4.05  
3.92 
4.18 
4.09

2.25 
3 .28 
1 .20 
1 .70 
1.96 
1.50 
1.17 
2 .36 
2 .70

0.02
0.04
0.18
0.17
0.89
0.09
0.11
0.12
0.12

0.61
1.32
0.52
0.48
0.40
0.44
0.29
0.54
0.38

0.092
0.080
0.266
0.130
0.119
0.106
0.104
0.097
0.095

3.42
3.52
3.30
3.22 
3.32 
3.95 
3.75 
4 .26
4.23

3,200
1,950
3.120
3,320
3,660
2,100
2,600
1.930
1,750

0.46
0.42
0.39
0.43
0.34
0.49
0.41
0.57
0.51

Bayonne 6/11/25 240
241

3.75
3.68

1 .36 
0 .90

0.05
0.06

0.61
0.55

0.122
0.170

3.62
3.45

2,600
2,490

0.36
0.23

Parco 8/6/25 310
311

4.42
4.33

1.16
1.70

0.09
0.10

0.82
0.66

0.141
0.125

4.24
4.27

1,920
1,700

0.54
0.46

W. Falls 6/11/25 No melt — — — — — — — ■ -

Shell 8/4/25 No melt — — — — — — —
* Remelts of heat in parentheses. *{• Evolution Sulphurs on bars 402 to 412 inclusive. All others oxidation.
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may coun terac t to a considerable ex ten t the  effect 
of th e  com position. The tw o high-ash cokes have 
li tt le  difference in s tru c tu re  and  li tt le  in carbon 
absorp tion . The B radfo rd  is m uch softer th an  
th e  F ire  Oreek (which is ex trao rd in a rily  h a rd  and 
dense), and so carburises to  an e x te n t n o t w ar­
ran ted  by th e  difference in ash. Coming to  the  
pure cokes, th e  B a r re t t  is h a rd  and  dense (really 
a  tru e  coke), th e  B ayonne qu ite  cellular, and the 
o thers highly cellular. In  fac t, th e  W ich ita  Falls 
burned along the  cell walls so rap id ly  th a t  small 
pieces were blown o u t of th e  stack  in a veritab le  
shower, which no doubt accounted for its fa ilu re  
to  m elt. The P arco  was m uch b e tte r , and gave 
few sparks of th is n a tu re , b u t requ ired  an inord i­
nate ly  long tim e to  begin m elting , -and then  
m elted very slowly. The fu rnace  was 70 m inutes 
in blast before any iron m elted, and  th en  i t  came 
slowly b u t hot, th row ing  o u t g re a t q u an titie s  of 
“  kish ” as i t  was being poured. The Shell coke 
was so broken up in its long jou rney  in bags from  
the Pacific C oast th a t  i t  was alm ost useless to  
try  it, b u t under the  h e a t i t  m elted down to  a soft, 
gummy mass, so no deductions could be m ade from 
its  orig inal s tru c tu re . W hile i t  is n o t th o u g h t 
th a t  th e  volatile m a tte r  has any influence per se, 
on escaping i t  probably leaves the  coke in  a more 
porous condition th an  originally .

In  an able paper published by M r. F . H udson 
in T h e  F o u n d r y  T r a d e  J o u r n a l , D ecember 1 1 , 
1 9 2 4 , en titled  “  The M elting  and C asting  of H igh  
D uty Iro n s ,” th e  fou r po in ts  influencing the 
absorption  of carbon a re  s ta te d  as fo llow s: — 
(1) T em p era tu re  in th e  m elting  zo n e ; (2) tim e 
in th e  m elting  zo n e ; (3) atm osphere of combus­
tion  ; and  (4) in itia l analysis of m a te ria l m elted. 
T ha t these a re  tru e  th e re  is no d o u b t, fo r th e  
first two' and  la s t a re  special s ta tem en ts  of the  
fundam enta l laws of solution, viz., tem p era tu re , 
tim e of contac t, and concen tra tion . The th ird , 
based on th e  known chem istry of the  iron-carbon- 
oxygen system , is probably b e tte r  fixed in th e  
m inds of foundrym en th an  the  o th e r th ree . The 
au th o r would, however, question th e  res tric tio n  
im plied in th e  words “  m elting  zone,”  for he is 
convinced th a t  absorption can and often  does 
continue in th e  h e a rth  following exactly  th e  laws
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s ta ted  above. R u nn ing  only 15 per cent, steel 
on A iB O coke he has observed a constan t differ­
ence in to ta l carbon of 0 .10  per cent, when 
tap p in g  in te rm itten tly  as aga in s t continuous flow, 
the la t te r  being about 3.50 per cent, and the  
form er 3.60 per c e n t . ; th is  on the  large foundry 
cupolas ru n n in g  heats of 10  hours.

Since only th e  m elting  of steel scrap is being 
considered, w here the  orig inal m ate ria l is nearly  
the sam e in all cases, these principles may be 
re s ta te d  a s :— (1 ) T em p era tu re ; (2) tim e of con­
ta c t  w ith  ccirhon; an d  (3) atm osphere of combus­
tion . Looking a t  the problem solely from  the stand ­
p o in t of the  coke, th e  case may be s t a te d :—T hat 
th e  tem p e ra tu re  depends on th e  p u rity , reac tiv ity  
and size o f th e  coke in th e  m elting  zone and 
below ; th a t  th e  tim e of contac t depends on the 
p u rity  and size of th e  coke, for th e  h igher the ash 
the  m ore will be th e  tendency to  cover up the 
carbon by slag and p reven t contac t w ith  the  
m e ta l; and th a t  the  atm osphere of combustion 
depends on  th e  p u rity , reac tiv ity , and size of the 
coke. Since th e  reac tiv ity  depends on th e  purity  
and physical s tru c tu re , and since the  effective 
size of the coke depends on th e  stru c tu re , one 
m ay assume th a t  th e  ex te n t of carburisation  
depends on the  p u rity  and s tru c tu re  of the coke.

U n fo rtuna te ly , th e  te s tin g  of coke has not 
reached the  plane of tru e  science, and, although 
i t  ican be tak en  for g ran ted  th a t  the  reactiv ity  
is a  function  of s tru c tu re , no one is ye t sure of 
a  te s t  t h a t  will ind ica te  the  r ig h t s tru c tu re  for 
m axim um  reac tiv ity . I t  would appear th a t  for 
carbu risa tion , coke should n o t be e ith e r extrem ely 
dense o r extrem ely  porous; th a t  i t  should be 
n e ith e r too h a rd  nor too s o f t ; and th a t  i t  should 
be n e ith e r very heavy nor very ligh t. A hard , 
dense, heavy coke will ten d  to  allow oxygen to  
pe rs is t a long distance above th e  tuyeres, and the 
m olten m eta l will flow over a  com paratively small 
surface of coke on its  way th rough  the  m elting  
zone, where m ost of th e  carburisa tion  takes 
place.

J u s t  as rock candy is h a rd e r  to  dissolve th an  
loaf sugar, so is the  dense carbon more difficult 
to  dissolve th a n  th e  ligh t, though  tim e of contact 
is probably the exp lana tion  of both. On the
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o ther hand , a soft, ¡porous, lig h t coke will burn  
alm ost en tire ly  to  carbon monoxide close to  the  
tuyeres, w ith  consequently low tem p era tu re , and 
i t  will easily crush down and  e ith e r sh u t off the 
b last o r blow o u t of th e  stack  as d id  the  W ichita 
Falls. U ndoubtedly, if h igh  tem p era tu re  can be 
obtained w ith  a  so ft, pu re  coke, the  m etal can 
easily be s a tu ra te d  beyond the  eutec tic . A 
m edium  s tru c tu re  would appear in  general to  
give the m axim um  carbu risa tion , even if tem ­
p e ra tu re  is som ewhat sacrificed, for th e  highest 
tem pera tu res ob tained  were w ith  the  F ire  Creek 
and B a rre t t  yokes, b u t n e ith e r gives the  best 
ca rbu risa tion  for its  class. By increasing  the 
am ount of B a r re t t  to  35 lbs. per charge, o r the 
same ra tio  as th e  P arco  h e a t of 5 /2 /2 5 , carbons 
of nearly  4 per cent, were ob tained  a t  tem p era ­
tu res approx im ating  1,600 deg.

This is mot tru ly  com parative, since 35 lbs. of 
P arco  coke contained only 30 lbs. of carbon, and 
the  B a r re t t  contained alm ost 35 lbs., b u t th e  te s t 
is illum ina ting  as an  illu s tra tio n  of th e  effect of 
h igher tem p era tu re  and  g rea te r tim e of contac t 
using th e  sam e coke thus elim inating  th e  effect 
of all o ther variables.

The m elts w ith unbroken A B C  coke show 
clearly th e  effect of th e  coke size on th e  carbon 
absorption. F o r all o ther te s ts  on th is  cupola, 
th e  coke was carefully  broken up so th a t  no piece 
would stay  on a tw o-inch sc reen ; b u t in  these 
th ree  te s ts  la rge  lum ps of coke, none of which 
would pass a two-inch screen, were used th ro u g h ­
out and th e  carbon dropped 0.3 p er cen t, from  
th e  average for th e  broken coke in  sp ite  of the 
sam e tem p era tu re  obtained under both conditions 
(1,500 deg. C.).

The experim en t w ith  W ichita  Falls and A B C ,  
50 per cent, each, above a bed of A B C is in te re s t­
ing, Table I I —h ea t of 8 /2 9 /25 . H ere  a  corrected 
carbon of 3.04 per cent, was ob tained  from  th e  m ix­
tu re , though the  tem p e ra tu re  given was ra th e r  
low (1,450 deg. C.). Thus by m ixing a  coke (or 
probably p itch  would be m ore accurate) of high 
reac tiv ity  w ith one of good s tru c tu re , resu lts may 
be obtained n o t possible w ith  e ith e r alone.

As m ost of these m elts were m ade on m ild steel 
scrap of nondescrip t ch arac te r and w ith a con­
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siderable v a ria tio n  in size from  th a t  desired (1 in. 
round), i t  appeared  w orth  while to run  some tests 
to see if o rd in ary  varia tions in  size had  any effect 
on th e  carbon absorption. A 500 lb. length  of 
3.25 in. round  m ild  steel (0.16 per cent. C, 0.06 per 
cent. P , 0.43 per cent. M n, and 0.038 per cent. S) 
was c u t in to  8-in. lengths and m elted (heat of 
1 /21 /27). The n ex t day a sim ilar te s t was run 
w ith 0.75 in . round  of th e  sam e analysis cu t to  
8 ins. The h e a t of 1 /29 /27  was ru n  on th in  strips 
of the  same steel, vary ing  in  thickness from  \  to 
i  in ., and  in  w idth  from  1  to  2 ins., as th ere  was 
no t sufficient of one p a rticu la r size in stock to 
m ake up a complete m elt. The large steel was 
heavier th an  any th ing  used in  these tests, and 
the  th in  s trip s  were ligh ter th a n  any th ing  used 
in  them , while th e  J  in. round would almost re­
presen t th e  average. I t  is ev iden t th a t  the  car­
bon absorption does no t depend on th e  size, for 
the  average of the  large bars and th e  th in  strips 
is th e  same. F or some reason th e  tem pera tu re  of 
th e  J  in. round  m elt was fully 50 deg. higher than  
the  o ther two, and th e  carbon is 15 points higher. 
These te s ts  prove th a t  carbon is no t absorbed to  
any appreciable ex ten t by the  solid steel though 
th e  reverse m ay be noted on the  sulphur, which 
seems to  be absorbed much more readily  bv the 
small stuff. A nother in teresting  confirmation of 
th is  is th e  m elt of 8 /5 /2 5 . This steel had been 
in the cupola for over an  hour under blast, try ing  
to  m elt i t  w ith  th e  Shell coke. When the  tes t was 
abandoned and th e  bottom  dropped, the  whole 
body of th e  steel was somewhere between 900 and 
1,200 deg. C., b u t only a few pieces showed the 
sligh test signs of m elting. To te s t th e  question 
of carbon absorption, th e  au tho r exam ined several 
o f these under th e  microscope, finding th e  m erest 
film of carbon, so i t  was decided to  m elt i t  w ith 
A B C  coke as a fu r th e r te s t on th is po in t. The 
carbon on th e  m elt, 2.56 per cent., is ju s t 0.06 per 
cent, above th e  average for th is coke on new 
steel, and is well below some o ther melts, so i t  is 
though t th e re  is no doubt of th e  accuracy of the  
generalisation , which was also made by Mr. Hudson 
(loc. c it.) .

Table I I I  shows the  equalised carbons on five 
m elts which were rem elted w ith sligh t additions of
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silicon and  m anganese, using the same coke. The 
m etal from the  first m elt was largely  in pigs, and 
there fo re  considerably heavier in section th a n  the 
steel. The average was approxim ately  2 x 3 x 
8 ins. w ith some few pieces as large as 4 x 4 ins

T a b l e . IIT.

Coke. Carbon, 
1 st melt.

Carbon, 
2nd melt.

Carbon 
absorption, 
2nd melt.

Dayton 1.80 2.23* 0.43
Sewanee 1.80 2.57 0.77
Bradford 2.81 3.33 0.52
A B C 2 .18f 2.93 0.75
Barrett 3.85 4.25 0.40

* Cold melt. f  Scaffolded.
The o rig ina l A B C  h e a t scaffolded a f te r  the  
second tap , because of some rods a litt le  too long 
in th e  charge, so th a t  i t  is n o t tru ly  rep resen ta ­
tive  of the  m elts of th is  coke, b u t th e  rem elt w ent 
off in  g rea t shape. The rem elt on th e  D ayton  coke 
was sluggish, probably due to ox idation  and  high 
su lphur, though  th e  silicon was abnorm ally 
increased in  an tic ip a tio n  of th is  resu lt. I t  was 
difficult to  ge t an  accurate  read ing  on it , bu t i t  
was estim ated  th a t  th e  tem p e ra tu re  was about 
1.400 deg. from  th e  cupola, which is close to  the 
liquidus for such a low carbon.

This se t of tes ts is to be extended fo r a discus­
sion of the equilibrium  p o in t of carbon in  th e  
cupola. F or th is, sufficient q u a n tita tiv e  d a ta  are 
not yet available, b u t th e  w rite r tru s ts  they  will 
be com pleted and published in th e  n ear fu tu re . 
There has been, perhaps, sufficient work to  show 
th a t  each coke tends to  produce a c e rta in  definite 
carbon con ten t in  th e  m elt. F o r a given coke th is 
is affected by th e  elem ents o ther th a n  carbon—p a r­
ticu la rly  phosphorus, silicon, and  m anganese, and 
by th e  p roportion  of coke to  iron  and  coke to  
blast. F o r th e  same iron  and  b last ra tio , and  th e  
sam e iron composition, it  will v a ry  as the  p u rity  
and  s tru c tu re  of th e  coke. Thus on A B C coke, 
th e  rem elt of steel 0.2 per cent, carbon reaches 
2.93 per cent, and th e  rem elt of the  4.15 per cent, 
pig shows 3.55 per cent, carbon (first m elt 3.78
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per cent.). The re su lt from  a  synthetic pig of 
2.95 p er cen t, carbon (first m elt 3.30 per cent.) 
showed 3.46 per cent, carbon. Undoubtedly if the 
steel had again  been rem elted, the carbon would 
have risen  again . The above values are plotted 
in Fig. 1 w ith sim ilar results for the  B a rre tt coke. 
The d iagram s clearly ind ica te  equilibrium  points 
of 3.55 per cent. C and 4.20 per cent. C for these 
respective conditions. I t  is evident th a t  under 
repeated  m elting  th e  tim e of contac t will cease 
to  be of im portance, as tim e equilibrium  will be 
reached, and th a t  the  tem pera tu re  and atm osphere 
of com bustion will be th e  controlling factors. 
Aside from  th e  effects of phosphorus, silicon, and 
m anganese on th e  solubility of carbon in  iron, all 
fa irly  well established, the equilibrium  poin t for

F i g . 1 .— S h o w i n g  T e n d e n c y  f o r  a l l  M a t e r ia l  
t o  C o m e  t o  S a m e  C a r b o n  C o n t e n t  o n  
R e p e a t e d  M e l t i n g , t h i s  P o i n t  B e i n g  D e­
p e n d e n t  o n  C o k e  a n d  B l a s t .

carbon will depend on th e  deoxidising constituents 
of th e  m elt—m anganese, silicon, titan iu m , e tc . ; 
th e  oxygen, carbon dioxide, and  carbon monoxide 
con ten t of the  g a s ; and  th e  tem p era tu re  of the 
whole system. As the tem p era tu re  and composi­
tio n  of the  gas phase depend on th e  p u rity  and 
s tru c tu re  of the  coke, th e  am ount of the  coke, and
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the velocity of the blast, i t  is hoped th a t  su itab le  
tes ts fo r coke can be devised whereby the equili­
brium  po in t for th e  p a rtic u la r  coke can be p re­
determ ined w ith fa ir  accuracy for any given set 
of conditions.

In  conclusion i t  is ou r p riv ilege and pleasure to 
ex tend  to  th e  In s titu te  of B ritish  Foundrym en the  
cordial g reetings and best wishes of the  Am erican 
F oundrym en’s Association, and to  express the hope 
th a t  we m ay be draw n closer and closer together 
by these annual exchanges of th o u g h t which are 
the very pledges of in te rn a tio n a l goodwill.
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THE IMPORTANCE OF AIR CONTROL IN 
EFFICIENT CUPOLA PRACTICE.

By P. H. Wilson, M.I.Mech.E. (Stanton Ironworks 
Company, Limited).

Efficiency and  economy are  the two essentials 
in  th e  successful opera tion  of any process. As 
th e  cupola is o ften  re fe rred  to  as th e  h e a rt of the 
foundry , i t  is essen tial th a t  i t  should not be con­
sidered  m erely as a  sh a f t in to  which so m uch iron 
an d  coke is dum ped, and  a ir blown th rough  to  
produce iron  in  a  m olten s ta te . This used to  be 
th e  case years ago, b u t to-day m ost foundrym en 
realise  th e  im portance of more scientific control 
in  th e  process of m elting  iron.

Tin the  p roduction  of any class of casting  i t  is, 
in  th e  firs t place, im p o rtan t th a t  th e  m olten iron 
is of th e  co rrec t composition and a t  a suitable 
tem p e ra tu re  fo r casting. I t  is false economy to  
a tte m p t to  reduce coke consum ption a t  th e  ex­
pense of a  h igh  percen tage of w aster castings. 
To produce su itab le  m olten iron economically 
m any fac to rs m ust be d e a lt w ith. These will be 
tre a te d  in  th e ir  proper sequence.

The rea l efficiency of a  cupola may be m easured 
by th e  ra tio  of th e  h e a t in  the m olten m etal to  
th e  h e a t g enera ted  in  th e  cupola. Thermal 
balance-sheets have been published in P apers by 
m any w riters on th is  sub jec t du ring  the  la s t few 
years. The conclusions arrived  a t  from  these 
balance-sheets show th a t  i t  is chiefly the value 
of th e  perceptib le and la te n t h ea t lost in the gases 
which decides th e  the rm al efficiency of a cupola 
fu rnace . In  o th e r words, th e  cooler the escaping 
gases, th e  h igher the  percentage of carbon 
dioxide, o r conversely, th e  lower th e  carbon 
monoxide in  th e  gases, the g rea te r the  h ea t effi­
ciency of the  cupola. M any ideas have been tr ied  
to  u tilise  the  w aste h e a t passing up  th e  cupola 
stack , b u t very li tt le  success has been a tta ined  
in  th is  d irec tion . *

M any cupolas o p era ting  successfully to-day vary 
very li tt le  in  design from  those in use fifty years 
ago. W hilst th e  resu lts ob ta ined  depend on cer­
ta in  princip les in  th e  design of a  cupola, i t  is n o t 
th e  w rite r’s in ten tio n  to  deal in  th is  P aper w ith
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these deta ils , a p a r t  from  th e  construction  which 
d irec tly  affects th e  a ir  supply and  d is tribu tion  of 
th e  products of com bustion.

The composition of the  m olten m etal is m ore 
or less de term ined  by th e  analysis of the m ateria ls  
charged in to  the  cupola, b u t inefficient w orking 
lias a serious effect on ce rta in  elem ents in the iron 
d u rin g  th e  m elting  o pera tion . Silicon and m an­
ganese m ay (be considerably reduced due to  exces­
sive ox idation . F u r th e r , th e  absorp tion  of d e tr i­
m en tal gases affects th e  tem p era tu re  and  fluidity 
of th e  m olten m e ta l ; also its  physical and 
m echanical p roperties.

The efficient w orking o f any cupola depends 
p rim arily  on  th e  q u an tity  of a ir  supplied  a t  a 
su itab le  p ressure according to  its  capacity . The 
m elting  capacity  of a cupola is de term ined  by its 
effective d iam eter a t  th e  m elting  zone.. I t  has 
been proved th a t  good resu lts a re  o b ta ined  in 
p rac tice  by b u rn ing  1  lb. of good coke per hour 
per sq. in. of cross-sectional a rea  a t  th is  point. 
This is equ iva len t to  from  10 to  12.5 lbs. o f iron 
m elted per sq. in . of a rea  p e r hour. T herefore, 
a  cupola w ith  a d iam eter of, say, 4 f t .  6  in. is 
capable of m elting  economically approxim ately  
10 to  12.5 tons per hour.

By th is  i t  will be seen th a t  th e  figures given 
for th e  m elting  capacity  of a cupola re la tiv e  to 
its  cross-sectional a rea  .at th e  m elting  zone varv 
to  th e  ex te n t of 25 per cent. This is dependen t 
on th e  percen tage  of coke consum ption to  iron 
m elted, and .also the percen tage of carbon in th e  
coke.

The m elting  ra te  per h ou r can be calculated  
for any sized cupola given the  coke consum ption 
per to n  of iron and  th e  d iam eter, as fo llow s: —

M =  Melting rate in tons per hour.
D =  Diameter of cupola in inches.
P  =  Percentage of coke to  iron (by weight).
M _  ttD- x 1 X 100 _  D 2 X 100 _ 0.0351 x  D2

4 x  P  X 2240 “  2851 P P
F o r exam ple, in a 4 f t . 6 in. d ia . cupola w ith 

a  coke consum ption of 8 p e r  cen t, th e  m elting  
capacity  would b e :—■

0.0351 x  542 
M =  --------    =  12.78 tons per hour.
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If  th e  coke ra tio  is 1 to  10, o r 10 per cent., 
th e  m elting  ra te  -would be 10 .2  tons per hour. 
F rom  th e  albove i t  will be seen th a t  the higher 
th e  coke to  iron  ra tio  the  g rea te r th e  m elting 
capacity  of th e  cupola per hour.

H av ing  determ ined th e  o u tp u t of the cupola, 
th e  am ount of a ir  required  can be arrived  a t 
from  th e  equation  :

C +  0 2 =  CO,
12 +  32 =  44 '

T h a t is to  say, to  combust 12 lbs. of carbon 
com pletely to  0 0 2, 32 lbs. of oxygen are required. 
This is equ ivalen t to  1 1 .6  lbs. of a ir o r 152.4 
cub. f t . p e r lb. of carbon.

As th e  quality  of coke varies, th e  carbon con­
te n t  m ust be ta k e n  in to  consideration in calcu­
la tin g  the  volume of a ir  required  p er lb. of coke. 
F u rth e r , the  volume of a ir  per ton  of iron melted 
will vary  w ith th e  q u an tity  of coke used per ton 
of iron.

This can be estim ated  for d ifferent d iam eters 
of cupolas for any given coke ra tio  of a known 
carbon content, as follows : —

V =  Vol. of air per hr. in cub. ft.
v =  Vol. of air per ton of iron melted.
D =  Dia. of cupola in inches.
P =  Percentage of coke to iron charge (by weight).
C =  Percentage of carbon in the coke.

ttD2 X 1 X 152.4 x C
V -  4 100

r  =  ~  =  34.54 C.P.M
T his gives th e  theore tica l volume of a ir neces­

sary, b u t in  ac tua l p rac tice  allowance m ust be 
m ade fo r loss th rough  various causes. This 
am oun t of loss will depend on the position of the 
b las t-ind ica ting  in s tru m en t re la tive  to the 
tuyères. U sually i t  is placed on the  a ir main 
lead ing  to  th e  w ind belt, and in  >a position con­
v en ien t to  th e  opera to r. The actual loss between 
th e  b las t gauge and  th e  tuyeres can be estim ated 
for any cupola according to  th e  general a rrange­
m en t of th e  p ip ing , etc.

H av ing  ob ta ined  th is , th e  actual volume re­
qu ired  .at th e  p o in t a t  which the  b last ind icator 
is fixed can be calculated  as fo llow s:—-
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L =  The percentage loss.
Vm =  Actual volume of air per min.
w _  ^ X i  X 1 5 2 .4 x C \  / ,  L \

V 4 x  60 x 100 /  X V  J00/

Vm =  0.01994 D 2 C X ( l  +

The m ethod of in troducing  th e  a ir  in to  th e  fu r­
naces is th e  n e x t consideration . V arious types of 
tuyères a re  in  use, being c ircu la r, square, rec t­
an g u la r and oval shaped, both paralle l and flared. 
In  some cases a  sing le  row and  in o thers two or 
more rows a re  used.

The num ber and shape of tuyères has long been 
a  debatab le  po in t. The m ain  po in t, however, is 
th a t  they  should be sufficeintly la rg e  to  adm it the 
correct q u an tity  of a ir , a t  a p ressure n o t h igher 
th a n  necessary fo r th e  a ir  to  p e n e tra te  th e  coke 
bed and  d is tr ib u te  i t  uniform ly a t  th e  m elting  
zone.

H av ing  found th e  pressure necessary, and know­
ing th e  volume of a ir  to  be passed, allowing for 
loss in  fric tion , e tc ., th e  correct tu y è re  a rea  can 
be calcu lated  to  give th e  necessary  re su lt fo r any 
size of cupola. T herefore, th e  ra tio  of th e  area  
of th e  tuyères to  th a t  of th e  cupola will vary  
according to  th e  a rea  of th e  cupola.

The 4 f t .  6 in .-cupola u n d er consideration , in 
which m ost of th e  te s ts  repo rted  in th is  P ap e r 
were ca rried  o u t, has a  s taggered  row of tuyères 
oval in  shape, th e  area  being  18 p er cent, of the  
cupola a re a , and i t  has been found t h a t  a  p ressu re  
of 18 in . w.g. is adequate  to  give a p roper d is tr i­
bu tion  o f th e  a ir.

A nother im po i'tan t d e ta il in  tu y è re  design is 
th a t  each tu y è re  should be fitted  w ith  aux ilia ry  
valves, so th a t  w hen w orking d ir ty  they  can be 
sh u t off and  burned  clear. Pok ing  of tuyeres 
should n o t be necessary, b u t i t  is advisable to  
p rov ide h inged  s ite  holes, th ro u g h  which a  b ar 
m ay be inserted  to  rem ove any obstruction . Such 
an a rran g em en t is shown in  F ig . 1.

The effective heigh t of th e  cupolas ( th a t  is, th e  
d is tance  from  th e  top  of th e  tuyères to  th e  charg ­
ing door) is im p o rtan t. T he d ep th  of th e  well is 
n o t so im p o rtan t, th is  depend ing  on th e  requ ire­
m ents of th e  foundry . As th e  effective h e igh t



determ ines the  tim e contac t between the  ho t gases 
and  th e  burden , th e  h igher th is is the  more heat 
is tak en  from  the  gases iby the  descending charge. 
There is, of course, a lim it to  the  carry ing  capacity  
of the  coke. A heigh t equivalent to  from four

G1

F i g . 1 .— H i n g e d  S i t e  H o l e  f o r  R e m o v i n g  
O b s t r u c t i o n s .

o r five tim es th e  d iam eter a t the  tuyere  level has 
been found to  give good results.

In  m echanically-charged cupolas these may be 
g rea te r to  allow a level deposition of the charges 
below the  charging doors. To prove how the 
11 effective heigh t ” of a cupola affects the  tern-



p e ra tu re  of th e  rising  gases, tem p era tu res  of th e  
gases were tak en  sim ultaneously  a t d ifferen t 
heigh ts up th e  stack  on tw o cupolas. The figures
obtained  were as fo llow s: —

Cupola A Cupola B 
Effective height . . . . 21 ft. 12 ft. 6 in.
Diameter a t tuyeres . .  4 ft. 4 ft. 6 in.
Ratio (height diameter) 5.25 2.77
The tem p era tu res  ob ta ined  in deg. C. w ere: —

G2

Cupola A. Cupola B.
At charging door . . 280 At charging door .. 450

9 ft. below 440 2 ft. 6 in. below . . 600
13 ft. „ 900 6 ft. below 900
16 ft. „ 1,160 8 ft. 6 in. below .. 1,220
At tuyères 1,600 At tuyeres.. 1,650
Blast volume per min. (cupola A )..  . .  5,000 cub. ft

,, „ ,, (cupola B ).. . .  5,400 cub. ft.
Blast pressure w.g. in inches (cupola A) . .  19

,, ,, ,, ,, (cupola B) . .  . .  18
I t  is obvious from  th e  above figures t h a t  the  

effective heigh t of cupola B as too low com pared 
w ith  A, th e  loss in  percep tib le  h e a t be ing  high, 
escaping gases being imuch cooler in  th e  h igher 
cupola. These resu lts  a re  shown in g rap h ica l form  
in  F ig . 2. The tem p e ra tu re s  w ere ta k e n  w ith 
therm o-couples of various types. F o r th e  h igher 
tem p era tu res  these w ere enclosed in  nichrom e 
steel sheaths, which m elted  im m ediately  a f te r  the  
read ings h ad  been taken . The te m p e ra tu re  a t 
th e  tuyeres was tak en  w ith a  “ D isappearing  F ila ­
m en t P y ro m ete r.”

I t  is in te re s tin g  to  no te  t h a t  th e  cupola A 
m elted d u ring  th e  one h e a t 250 tons of m etal, and 
very l i t t le  v a ria tio n  in  tem p e ra tu re  w.as noted  
d u rin g  th a t  period. Thompson and  B ecker p o in t 
o u t in  th e ir  P aper*  on “  The C hem istry  of th e  
C u p o la ”  th a t  when in  equilib rium  a  m ix tu re  of 
CO an d  C 0 2 ten d s as th e  te m p e ra tu re  falls to  
change its  com position so th a t  ,a defin ite  am oun t 
of each gas is p resen t a t  a  definite tem p era tu re . 
This would ten d  to  cause in th e  s tack  a g radual 
d isappearance  of CO and its conversion in to  CO„.

T his is a s lig h t ¡argum ent in  favou r of cooling 
of th e  gases. Of course, th is  reac tion  will be 
g rea tly  m inim ised ow ing to  the  high velocity of

* Proceedings, In st. Brit, Found rynien, V ol. x ix ., p . 156.
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th e  ascending stream  of gases, b u t may 'be fu r th e r  
aided by reducing  th e  speed of the  gas s tream — 
th a t  ,is, the  b last pressure. Also', to  assist in  th is 
reac tion , th e  a re a  o f th e  s tack  m ay 'be en larged  
above th e  m elting  zone. T his has been found to  
be effective and  to  increase th e  m elting  ra te  
owing to> p rehea ting  of the descending charge. 
The m ore slowly th e  gases rise, th e  m ore complete 
th e  h e a t tran sfe rence , and th e  low er th e  CO in 
the  escaping gases, th e  cooler th e  to p  of the  cupola 
and  th e  b e tte r  th e  conditions fo r  charging.

A nother im p o rta n t fac to r in  cupola p rac tice  is 
th e  charg ing  of th e  m a teria ls . P ig -iron , scrap, 
coke and  fluxing m a te ria l should be properly 
weighed, and to  ob ta in  th e  necessary re su lt ,in the 
re s u lta n t m eta l the  iron  should be charged accord­
ing  to  analysis. T he w eight and  d is tr ib u tio n  of 
th e  charges will v a ry  accord ing  to  the  size of the 
cupola. I t  is of v ita l im portance  th a t  th e  layers 
of m ateria ls  should be deposited in  a level plane.

The w eight of iron  charge  su itab le  fo r any size 
of cupola can be estim ated  from  th e  w eight of th e  
coke layer. The dep th  of th e  coke lay e r should 
be sufficient to  fill com pletely th e  cross section  of 
th e  fu rn ace  w ith  a minim umi th ickness. No accu­
ra te  figures can be given fo r th is  re la tiv e  to  the  
a re a  of th e  cupola, as th e  physical condition  of 
d ifferen t b rands vary , also th e  carbon  con ten t. 
To ob ta in  th e  w eight of th is  volume of coke, the  
common p rac tice  is to  co n stru c t >a rin g  of bricks 
corresponding w ith  th e  d iam ete r of th e  cupola 
lin ing , in to  w hich th e  coke is placed.

Lim estone, o r  o ther fluxing m a te ria l, should be 
of un iform  size, and charged in p roper q u an titie s  
according to  th e  am ount of sand  and foreign  
m a te ria l adhering  to  the  p ig-iron  and  scrap  ; 
35 lbs. to  50 lbs. of lim estone per to n  of iron  
should be sufficient. An excess of lim estone 
increases th e  coke consum ption land causes a 
g re a te r  w ear on the  lin ing . A fu r th e r  p o in t is 
the  h e ig h t of th e  coke bed above the  tuyères. 
The effect of th is  on th e  q u a lity  and te m p e ra tu re  
of m olten  m etal, also the  coke consum ption, is 
im p o rtan t in cupola prac tice .

In  m any cupola p lan ts  know n to  th e  w rite r 
insufficient (a tten tion  is pa id  to  th e  periods of 
slagging. I t  is bad  prac tice  to  hold the  slag in
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th e  cupola to o  long, as i t  tends to  b lanket the 
m eta l from  th e  hea t. Cupolas no t tap p in g  con­
tinuously  should Ibe slagged a t in tervals of no t 
longer th a n  tw o hours. F u rth e r , periodical 
¡analyses ¡of the slag  should be ¡made to  check the 
iron  losses. W ith  iron charges fa irly  free from 
ru s t, th e  FeO con ten t of the  slag should ¡not 
exceed 3.0 ¡per cent.

H av ing  d ea lt briefly ¡with some ¡of th e  condi­
tions w hich ¡affect th e  w orking of a cupola, the 
points which, in the  w rite r’s ¡opinion, are of vital 
im portance will be detailed .

To' m elt iron, th e  tw o principal m aterials 
required  ¡are fuel (coke) ,and ‘blast (¡air). I t  is in 
th e  icorreot d is trib u tio n  ¡of these two factors th a t 
th e  efficient w orking of th e  cupola depends, ¡par­
ticu la r ly  th e  a ir  supply. The oxygen in th e  air 
is capable of combining w ith the carbon of tbe  
coke to  form  tw o oxides of carbon, carbon dioxide 
0 0 2 and  carbon monoxide CO. Carbon dioxide is 
form ed where th e re  is excess of oxygen, ¡and ca r­
bon monoxide when th e re  is an excess of carbon. 
The therm al value of these reactions varies 
g rea tly . Carbon b u rn in g  to  CC2 generates
14,500 B.Th.TJ. per lb. of carbon. Carbon burn­
ing toi CO ¡generates only 4,500 B.Th.TJ. per lb. 
of carbon.

I t  is obvious, th ere fo re , th a t  the  maximum 
the rm a l efficiency is ob tained  when th e  carbon is 
bu rn ed  to- 0 0 2 in  one stage. I f  the  carbon is 
burned  to  CO, and is fu r th e r  oxidised to  C 02, the 
therm al efficiency is reduced by approxim ately 
38 p e r cent. To o b ta in  m axim um  efficiency the  
percen tage  of CO form ed m ust be k ep t a t  a m ini­
mum . W hen the  ¡air is  forced in to  the layer of 
incandescent ooke above th e  tuyeres, combustion 
takes place. I f  th e  -coke layer is uniform  in size, 
shape ¡and d isposition , ¡and th e  a ir is supplied a t 
the correct velocity and  volume, then  combustion 
would be un iform  ¡across th e  coke layer. I f  these 
conditions in  th e  ¡cupola are  n o t sufficiently un i­
form , and th e  a ir  adm itted  ¡at too low a pressure, 
i t  'will n o t p e n e tra te  sufficiently to  th e  cen tre  ¡of 
th e  fuel, consequently th e  combustion does not 
tak e  place evenly across th e  section. I t  tends to 
be g rea te s t n ea r th e  lin ing  of th e  cupola, and
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th e  (combustion tak es  th e  form  of an inverted  
cone.

On th e  o th e r  hand , if the  b last p ressure is high, 
then  th e re  is a tendency  for th e  combustion to  be 
g rea te r ;at th e  cen tre  and th e  .cone to  be reversed.

In  o rd e r to  de term ine  the  am ount of a ir  pene-

F i g . 3 . — D e t e r m i n i n g  t h e  A m o u n t  o p  
A i r  P e n e t r a t i n g  t o  D i f f e r e n t  
P o i n t s  i n  t h e  A r e a  a t  t h e  
M e l t i n g  Z o n e .

t r a t in g  to  d iffe ren t po in ts in  th e  area  a t  the  
m olting zone, an experim en t was ¡made on a 
4 f t .  6 in . d ia . cupola. P rim arily , a series of 
tu'bes equally spaced were placed across the  
cupola, the lower ends of which w ere perfo ra ted  
and  rested  on th e  top of th e  coke bed, th e  upper



67

3i>™o ¿n±ar\ S3H3M n i la n s s ix d

n 2

Din
 

OF 
C

u
po

lb
 

IN 
P

IE
T

F
ia

. 
4

.—
D

ia
g

r
a

m
 

s
h

o
w

in
g

 
P

r
e

s
s

u
r

e
 

O
b

t
a

in
e

d
 

at
 

E
ac

h 
T

u
be

 
in

 
E

x
p

e
r

im
e

n
t

 
D

e
t

e
r

m
in

in
g

 
A

m
o

u
n

t
 

cf
 

A
ir 

P
e

n
e

t
r

a
t

in
g

 
to

 
D

if
f

e
r

e
n

t
 

P
o

in
t

s
 

at
 

th
e 

M
e

l
t

in
g

 
Z

o
n

e
.



68

ends ¡being connected  t o  w ater-pressure gauges. 
A photograph, ta k e n  a t  th e  tim e  of th e  experi­
m en t is shown in  F ig . 3.

The cupola was carefu lly  charged and  blown in 
in th e  usual way, p rov ision  being m ade to  m a in ­
ta in  th e  co rrec t spacing  of th e  tu b es  d u rin g  th e  
test. The pressures o b ta ined  a t  e<ach tu b e  in d i­
ca ted  th e  volume of a ir  passing  a t  th a t  point. 
A rrangem ents were m ade to  m a in ta in  an  approxi­
m ately  co n stan t volum e of a ir  w ith  v ary ing  pres­
sures. In  th e  first place, th e  a ir  was adm itted  
a t  a  p ressu re  of 12 in . w .g. This was increased 
to  ~24 in . w.g. T he p ressures o b ta ined  from  each 
tu b e  w ere p lo tted  an d  a re  shown on d iag ram , 
F ig . 4, from  w hich i t  w ill be no ted  th a t  in  th e  
form er case th e  curve form s a d is tin c t inverted  
cone, w h ereas  th e  curve ob ta in ed  from  th e  h igher 
p ressure is d irec tly  opposite.

T he d ep th  of th e  cone form ed by th e  h igher 
p ressure as n o t iso in tensive  as th a t  of th e  lower 
pressures. T his m ay  account fo r th e  troub le  ex­
perienced w ith  d ir ty  tuyeres  (re fe rred  to  pre­
viously) when th e  tu y e re  a re a  is la rg e  com pared 
w ith  th e  d iam e te r of th e  cupola, o r  th e  velocity 
of th e  a ir  is insufficient to  p e n e tra te  th e  charges 
fully, th e  tendency  being for th e  slag and  iron  to  
flow th ro u g h  an o u te r  r in g  of th e  m elting  zone, 
th e  p ressu re  of a i r  a t  th e  tu y e res  being insuffi­
c ien t to  p rev en t scaffolding a t  th e  tuyeres, caused 
by local chilling. This em phasises th e  fa c t  th a t  a  
co rrec t com bination of p ressu re  and  volume is 
necessary to  o b ta in  an  ideal m elting  cond ition .

T his experim en t was repeated , m a in ta in in g  the  
siame volum e a t  a  pressure o f 18 in . w .g., which 
had  been found  to  be th e  co rrec t w orking pressure 
of th is  p a r t ic u la r  cupola. T he re su lt ob ta ined  
gave a  fa irly  level d is tr ib u tio n  of th e  a ir  across 
th e  m elting  zone.

To check th e  u n ifo rm ity  of th e  combustion 
under w h a t was considered ideal conditions, 
nam ely, 5,500 cub. f t . of a ir  p e r m in. a t  a 
pressure of 18 in. w .g.—coke ra t io  .12.3 to  1, gas 
sam ples were ta k e n  a t  th ree  levels up th e  cupola 
att «points 4 'f t ., 6 f t . 6 in . and  9 f t .  6 in . above 
th e  tuyeres. These sam ples were ta k e n  from  the
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cen tre  and  the  sides of th e  cupola simultaneouslv, 
w ith  th e  following re s u lts : —

Centre of 
cupola.

Side of 
cupola.

4 ft. above th e  tuyère.
C O , ......................................... 18.8% 17.6%
0  .............................. nil. nil.
C O ......................................... 1-2% 3.2%

6 ft. 6 in. above the  tuyère.
COî ......................................... 18.0% 14.8%  •
0  .............................. nil. nil.
C O ........................................ 2 .2% 5.2%

9 ft. 6 in. above the tuyère.
C O , ......................................... 17.2% 14.8%
0  .............................. nil. nil.
C O ......................................... 6 .0% 8.8%

These analyses prove th a t ,  under th e  conditions 
o f correct a ir  volume and  pressure, th e  com­
bustion  is fa ir ly  un iform  across th e  furnace. All 
th e  figures show a  h igh CO„ absence of oxygen, 
and  th e  presence of sufficient CO to  give a 
reducing  and  n o t an  oxidising atm osphere in the 
cupola.

In  add ition  to  prov ing  th e  above, these figures 
show th a t  u nder co rrec t w orking conditions the 
m ethod o f ta k in g  th e  sam ples fo r gas analysis 
from  th e  side of th e  cupola gives an approxim ate 
ind ica tion  of th e  average composition of th e  gases 
across th e  zone.

F u r th e r  te s ts  w ere m ade to  find th e  effect on 
th e  resu ltin g  gases a t  different heights using 
varv ing  coke ra tio s , th e  volume and pressure of 
a ir  rem ain ing  constan t. These results showed 
th a t  w ith  a la rg e  coke ra tio —8 to  1 —a  high per­
cen tage  of CO was form ed in  th e  gases a t  a poin t 
4 f t . above th e  tuyeres, and th is CO tended to  
p ers is t up th e  c u p o la ; w ith  a  10  to  1  ra tio  there  
was less CO and  m ore CO,, showing th a t  the 
com bustion was b e tte r, th e  outgoing gases con­
ta in in g  very  li t t le  C O ; and  w ith  a  12 to  1 ra tio , 
the  CO tends to  increase sligh tly  and th e  CO, to  
decrease.

A t each te s t  th e  analyses were tak en  simul­
taneously . and  th e  average resu lts obtained from 
four te s ts  were as shown in  Table I : —
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T able I .— Percentage Composition at Varying Heights and  
Coke Ratios.

Coke
ratio.

8 : 1 10  : 1 12  : 1
Height
above

tuyères.

C 02 9.6 14.4 15.2 1
0 — — 0.4 )■ 4 ft. 0 in.
CO 18.0 7.6 8.4 J
C 02 12-0 14.0 1 T.0 1
0 .— . 0.4 0 .2  ¡> 6 ft. 6 in.
CO 14.2 9.6 6.2 J
c o 2 12 .0 18.0 17.6 Î
0 — — -  !- 14 ft. 6 in.
CO 15.2 4.8 5.2 j

I t  will be seen from  th e  above analyses th a t  
w ith  a  12  to  1  r a t io  th e re  is a slig h t excess of 
CO in  th e  ou tgo ing  gases as com pared w ith  the 
10 to  1 coke ra tio . The loss in  la te n t h ea t due 
to  th is  excess CO is m ore th a n  com pensated for 
by th e  sav ing  in  fuel effected by using  th e  h igher 
ra tio . I t  was found th a t  th e  te m p e ra tu re  of the 
re s u lta n t iron  was unaffected  by  th is  reduction  
in  coke.

In  ta k in g  sam ples of gas for analysis, a t  a 
p o in t of, say, 4 f t .  above th e  tuyeres , i t  is 
obvious th a t  th e re  is a tendency  for th e  C0 2 to  
vary  according to  th e  position  of th e  coke layer 
above th e  tuyere.

W hen th e  coke charge is ju s t  on th e  m elting  
zone, th en  th e  fu ll C 0 2 reac tio n  takes place. As 
th e  iron charge , m elts, th e  n ex t layer of coke 
descends, th e  C 0 2 reac ts  w ith  th is , and  CO is 
form ed, increasing  as th e  coke descends. Then, 
as th is  coke reaches ju s t  above th e  m e ltin g  zone, 
th e  fu ll C 0 2 reac tio n  recurs.

I t  is necessary, the re fo re , to  ta k e  frequen t 
sam ples over a period of tim e  requ ired  to  m elt 
com pletely one charge. The follow ing analysis 
illu s tra te s  th is  po in t, th e  sam ples being  ta k e n  a t 
In tervals of tw o m in u te s : -—

Sample No. 1 . 2 . 3. 4.

C02.......................... 18.8 8.4 14.4 17.5
C O .......................... 1 .2 18.0 7.6 5.2
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Tuyère Ratios.
There seems to  be a difference of opinion amongst 

cupola designers as to  the correct ra tio  of tuyère 
a rea  to  cupola area. A m istaken idea is th a t  
large tuyeres are  difficult to keep clean and free 
from  slag. This is no t the case where th e  correct 
volume of a ir  is used a t  a su itab le  pressure. As 
s ta te d  above, th e  4-ft. 6-in. cupola on which most 
of th e  te s ts  re fe rred  to  in  th is  P aper were made 
has a tuyère  area  of 18 per cent. To find the 
effect of d ifferent tuyère areas, various sizes were 
tr ie d  by in serting  liners in to  th e  existing  tuyères. 
The resu lts  proved th a t  a reduced tuyère area 
considerably decreased the  therm al efficiency of 
th e  cupola, and reduced the  m elting ra te . W ith 
a 10  p e r cent, a rea  the  o u tp u t of the  cupola was 
reduced by 20 per cent.

F u rth e r , to  m ain ta in  the  correct volume of a ir 
w ith  th e  sm aller tuyères i t  was necessary to 
increase th e  pressure, and although, as sta ted , the 
m elting  ra te  was reduced, th e  power consumption 
on th e  fan  m otor increased 40 per cent. The 
following figiures give the  resu lts of gas analysis 
tak en  d u rin g  one of these experim ents. In  Test 
No. 1 th e  tuyères were arranged  to  ad m it low 
volume a t  a h igh  pressure. Test No. 2 was taken 
under norm al w orking conditions.

Test No. Pressure. Volume. 
Cub. ft. 
per min.

Percentage.
Ins. w.g. C02. CO.

1 . .
2 . .

28
18

3,000
5,400

8.2
16.4

2 1.2
6.0

I t  has been s ta te d  th a t  th e  volume of a ir can 
be regu la ted , knowing th e  pressure in the wind 
belt and th e  power absorbed by the blower. The 
w rite r disagrees w ith th is theory . I t  is well known 
th a t  th e  resistance in  a  cupola is no t constant, 
therefore  i t  is possible th a t  an  increase in pressure 
m ay ind ica te  a decrease in volume, or vice versa. 
T his applies to  'both fan s an d  positive blowers. 
On th e  one hand , if th e  resistance is increased, 
e ith e r by choking of th e  tuyeres from slagging 
or poor qu a lity  of coke, o r the blast-valve is 
insufficiently open, the  pressure will increase, but 
the q u an tity  of a ir  delivered will be less, since a
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h igher resistance causes a drop in  the  fan 
capacity .

Consider again , tow ards th e  end of the  blow, 
when th e  charge is low, small resistance is offered 
to th e  b last, th e  pressure drops, and a g reater

F i g . 6 .— I n s t r u m e n t  fo r  R ec o r d in g  V olu m e  
and  P r e s s u r e  op B l a s t .

flow of a ir  is ob tained . I f  th e  b la s t is no t p ro­
perly  controlled d u ring  th e  blowing-down period, 
a p a r t  from  th e  oxidising  effect on th e  m etal, i t  is 
a t  th is  period when serious dam age is done to
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th e  lin ing . In  th e  case of a positive blower, if 
the resistance is increased beyond a certa in  po in t, 
th e  b last is exhausted  th ro u g h  a re lief valve fitted  
betw een th e  blower and th e  cupola, which is 
loaded above the  norm al w orking pressure, so th a t  
m ore th a n  th e  norm al pow er is absorbed and 
energy  w asted.

Tests m ade w ith  bo th  types of blowers on several 
cupolas definitely prove th a t  th e  volume of a ir 
passing  in to  th e  cupola is n o t d irectly  propor­
tiona l to  th e  power absorp tion  and  th e  pressure. 
Several resu lts have been tab u la ted , and most 
ir reg u la r figures were ob ta ined . One is shown in 
g raphical form  in  F ig . 5.

As previously m entioned , co n stan t volume of 
a ir  for a given cupola is essential to  good cupola 
practice , th ere fo re  to  ob ta in  efficient and  econo­
mical w ork ing  conditions, i t  is necessary th a t  the 
te n te r  should have before h im  a m eter showing 
th e  volume and  p ressure of a ir  delivered to  the  
cupola, so th a t  he can  reg u la te  h is valve accord­
ingly. I t  is also desirab le  th a t  th is  m eter should 
be of th e  reco rd ing  type , so th a t  th e  m anager of 
th e  p la n t can check th e  w ork ing  of th e  cupola 
th ro u g h o u t th e  h ea t. M any b las t-ind ioating  
in s tru m en ts  a re  ac tu a ted  on  th e  P i to t  tu b e  p rin ­
ciple, b u t m any users have found these to  be 
unreliable, due to  dust (which is p rev a len t in 
most foundries) lodging in th e  sm all tubes, which 
tends to  give read ings w hich a re  m isleading. 
F ig . 6 shows an in s tru m en t which sim ultaneously 
ind ica tes both volume and  pressure. I t  is alsc 
fitted  w ith  a reco rd ing  ap p a ra tu s , which supplies 
an accu ra te  c h a rt showing both  volum e and 
pressu re  du ring  th e  blowing period, also all 
stoppages.

F ig . 7 is a copy of the  c h a r t ta k e n  from  a d ay ’s 
ru n  on a  cupola when no a tte m p t was m ade to  
regu la te  th e  volume of a ir . F rom  th is  i t  will be 
seen th a t  th e  pressure a t  blow m g-in w as 16 in ., 
and w hen blowing down as low as 14 in . D uring  
th e  o th e r  p a r t  of the  m elt th e  pressure varied  
betw een 17 in . and  20 in ., w hilst th e  volume 
(a p a r t from th e  beg in n in g  and end o f th e  blow, 
which reached 8,000 cub. f t .  per m in) varied  from
4,500 to  6,000 cub. f t .  per m in . On th is  occasion 

th e  opera to r was u n aw are  th a t  th e  recorder,
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which was locked up and could n o t be seen, was 
w orking. H is in s tru c tio n s were to  m a in ta in  as 
fa r  as possible a reg u la r pressure, as ind icated  
on an o rd inary  m ercury  gauge fixed in  th e  w ind 
belt.

To ascerta in  th e  effect of vary ing  volumes of 
a ir  in a 4-f t. 6-in . d ia . cupola, tes ts  were m ade 
in which th e  q u a n tity  of a ir  was increased from
3,000 cub f t .  per m in . to  7,000 cub. f t . per m in. 
by stage» of 500 cub. f t .  The iron  and coke 
charges rem ained co nstan t th roughou t. These 
consisted of 60 per cent, p ig-iron and  40 per cent, 
scrap. The to ta l  iron  in  each charge was 3 
cwts. and  coke 3 cwts., th e  coke ra t io  being 12.5 
to  1, o r 8 per cen t. The w eigh t of coke in  th e  
bed w as 27 cwts. The ac tua l coke ra tio , includ­
ing bed charge and  n o t allow ing for coke 
recovered, being 1 :10 .8 , equal to  9 per cent, of 
coke.

B efore changing the  b last supply a t  each tes t, 
which lasted  one hour, th e  cupola w as d ra ined  of 
m etal, and sam ples of iron  w ere tak en  for analysis 
and physical tests. D u rin g  thtese te s ts  th e  follow­
ing observations were m a d e : (1) Vol. of a ir  per 
m in .;  (2) pressure of b la s t in  in . w .g .; (3) power 
consum ption ; (4) gas analyses a t  po in ts 4 f t . and 
6v f t .  above th e  tuyeres. (The C 0 2 was reoorded 
every tw o m inutes in  th e  m iddle of each te s t to 
o b ta in  a fa ir  average.) T his was checked a t 
regu la r in tervals from  sp o t sam ples, from  which 
th e  CO a n d  oxygen co n ten ts  w ere e s tim a te d ; 
(5) tem pera tu res  w ere ta k e n  a t  these tw o points, 
also a t  th e  tu y e re s ; (6) tem p era tu res  of th e  slag 
and  th e  m etal a t  th e  sp o u ts ; (7) tran sverse  and 
tensile te s t bars were ru n  from  each te s t, also 
bars tr iangu la tr in  section 10  in. long w ere cast 
in a special ap p a ra tu s  to  o b ta in  th e  expansion 
and  con trac tion  of th e  m e ta l ; (8) sam ples were 
tak en  for analysis from  th e  te s t  bars , a n d  com­
pared  w ith  th e  analysis of th e  iron  ch a rg ed ; and 
(9) slag analysis a t  each te s t. T he whole of the  
figures ob ta ined  in these experim en ts a re  too 
ex tensive fo r in sertion  in  th is  P ap er.

The conclusions a rrived  a t  p rove th a t  volumes 
below and above th e  norm al give a low therm al 
efficiency. The average C 0 2 and CO gases are  
given in T able I I : —
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T a ble I I .— Gas Analyses with Increasing Blast Volume.

4 feet above tuyères. 6 feet above tuyères.

Volume. o o hi CO. C02. CO.

7,000 1 1 .0 14.0 13.0 10 .0
6,500 14.0 9.0 15.2 8.0
6,000 15.6 7.0 17.0 5.0
5,500 16.0 6.5 18.4 4.2
5,000 16.5 8.0 18.5 3.1
4,500 1 1 .0 13.0 16.0 7.0
4,000 10.5 14.0 j 14.5 10 .0
3,500 8.0 15.5 13.0 12.4
3,000 1 7.0 17.2 10 .0 15.5

These resu lts a re  shown in  g raph ica l form  in 
F ig . 8, from  which i t  w ill he seen th a t  th e  com­
bustion  was d is tin c tly  m ost com plete w hen the 
volum e o f a ir  was betw een 5,000 and  6,000 cub. 
f t .  per m in ., m easured a t  th e  m e te r. A t lower 
volumes, w hilst th e  tem p e ra tu re  of th e  iron  was 
not appreciably  low com pared w ith  th e  m axim um  
ob ta ined  a t  5,500 cub. f t .  per m in ., i t  was found 
th a t ,  as th e  volumes and  correspondingly th e  pres­
su re  increased above th is  po in t, th e  tem p e ra tu re  
o f th e  fu rnace  land th e  m e ta l began to  fa ll a t  a 
m uch g rea te r ra te . A lthough th e  chem ical 
analysis of th e  iron  va ried  l i t t le  a t  each te s t  (the 
loss in  silicon and  m anganese g radually  increased 
up  to  7,000 cub. f t .  p e r m in .), th e  effect on  the  
physical s tre n g th  of th e  iron  was appreciable.

The average re su lt of th e  tran sv e rse  bars  2 in. 
x 1 in . section  te s ted  on suppo rts  3 f t .  a p a rt, 

tak en  from  th e  cast a t  3,000 cub. f t . per m in., 
was 2 4 | cw ts., w ith  a deflection of 0.32 in . The 
average tensile  re su lt from  th is  cas t was 8.7 tons 
per sq. in.

The physical re s u lt g rad u a lly  increased  up to
5,500 cub. f t . per m in ., th e  tran sverse  bars  from  
th e  te s t  g iv ing a re su lt of 30 cwt. w ith  a deflec­
tion  of 0.371 in . T he corresponding tensile  bars 
broke a t  12.68 tons p er sq. in . A t h ig h e r volumes 
th e  s tre n g th  of th e  iron  decreased, and  m ost of 
th e  b a rs  showed slig h t defects, and  a t  th e  lower 
volumes th e  slag  analysis revealed low FeO  con­
te n t . A t 5,000 i t  was 2.3, w hilst a t  7,000 cub. f t .  
per m in . th e  FeO  was as h igh  as 6.6 p e r cent.
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T he average analyses of the  m ate ria ls  tak en  a t 
th is te s t  axe : —

R esu lta n t M eta l taken  fro m  Test Bars.—Si, 
2.68 p e r c e n t.;  S, 0.068; P , 1.08; M n, 0.36; G .C., 
2.89; C .C., 0.44; and  T .C ., 3.33 per cent.
Coke:—

As received. Dry.
Water . .  1.52 per cent. —
A sh.. . .  8.20 ,, 8.32 per cent.
Volatile . . 1 . 6 0  „ 1.64
Sulphur . .  0.72 ,, 0.73 „
Carbon ..  87.96 ,,

Average Slag A na lysis.— S i0 2) 47.4; Ala0 3,
17.72; FeO, 3 .78; MnO, 0.65; CaO, 28.6; and 
MgO, 1.88 p e r  cen t.

The b last recorder c h a rt ta k e n  du rin g  th is  test 
is shown in  F ig . 9.

A fu r th e r  in te re s tin g  experim en t was made 
du rin g  th is  te s t. Sam ples of each cast w ere ru n  
in to  a tr ian g u la r-sh ap ed  chilled m ould, one end 
of which was closed by a block, shaped  to  su it
the  mould, b u t capable of slid ing  freely  in  the
mould. F ixed  in  th e  inside su rface  of th e  block 
a t  each cast was a screw, th e  head  of w hich was 
cast in to  th e  m etal of th e  te s t  piece. The o ther 
end of th e  mould was shaped to  p reven t an y  move­
m en t a t  th is  end. The block w as fitted  to  a lever 
mechanism  which operated  a pen  on a c h a r t fixed 
to a clock, which revolved a t  one com plete revolu­
tion  in  six m inutes. T he m ovem ent of th e  pen 
re la tive  to  th a t  of th e  block was m agnified e ig h t 
times. A photograph  of th e  ap p a ra tu s  is shown 
in  F ig . 10. I t  was found th a t ,  w ith  h igh volumes 
and  pressures, an  appreciab le  expansion  takes 
place in  th e  m eta l, accom panied by a  h igh  con­
trac tio n , w hereas w ith low volumes th e  expansion 
is n il land th e  con trac tion  norm al,

The resu lts  of th re e  b a rs  o b ta ined  in  th is  series 
of tes ts  a re  shown on  g rap h  (F ig . 11). A n en ­
larged d iag ram  over a period  of tw o m inu tes is 
shown on F ig . 12. I t  will be no ticed  from  these 
th a t  no expansion takes place a t  3,500 cub. f t . p e r 
m in ., w hilst a t  7,000 cub. f t . p e r m in . th e  ex p an ­
sion is p rom inen t. A t 5,500 cub. f t .  p e r m in . th e  
expansion is very sligh t and the  con trac tion  
norm al. T he leng th  of th e  te s t piece was 10 in.
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The w rite r has seen th e  resu lt of a sim ilar te s t 
(m ade in  an o th e r coun try , w here i t  is the  p rac tice  
to  work cupolas a t  a h igh b last) in which a, b a r 
10  in . long expanded 0.06 in ., th e  m eta l rem ain ing  
in  th is  condition  nearly  60 seconds. F rom  the  
sam e cupola w ith  ia lower blast, using a sim ilar 
m ix tu re  of iron, th e  expansion was reduced to  
0.015 in.

T able I I I  shows th e  re su lt of a n  average day’s 
m elt in  a  4-ft. 6-in. d ia . cupola, which m ay be 
considered typ ica l of good practice . F ig . 13 is a 
rep roduction  of th e  works daily  charge sheet, 
w hilst F ig . 14 shows th e  b la s t recorder chart.

T able  I I I .— A  normal day's run in a 4 ft. 6 in. dia. cupola.

Total pig-iron charged (80 per cen t.) .. 
Total scrap charged (20 per cent.)
Total metal charged 
Coke bed 
Coke charged
Coke consumption per ton excluding 

bed charge 
Coke consumption per ton including 

bed charge and allowing for coke 
recovered 

Total limestone charged 
Limestone per ton

hrs. mins.
Hours run . . . .  9 6

:ms cwds. qrs. lb.
62 4 0 0
15 10 0 0
77 14 0 0

1 4 0 0
6 6 0 0

0 1 2 13

0 1 3 10
1 1 1 0 0

0 45

Stoppages :
Dinner . .  . .  . .  1 0
Ladles . .  . .  . .  40
Slag notch . .  . .  4
Tuyères . .  . .  17

Total stoppages . .  . .  2 1

Hours blowing time . .  7 5

Tons cwts. qrs. lb.
Melting rate per hour running time ..  8 10 2 0

,, ,, ,, blowing ,, . .  10 19 0 0

Bed coke included. Bed coke excluded.
Coke ratio . .  1 : 10.6 1 : 12.3
Coke per cent. 9.4 8
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Iron charges 
Coke
Time lighting up

cupola charged 
blast on
first metal past tuyères 
first tap 
slagging 

Duration of slagging 
Volume of blast a t recorder 
Pressure of blast a t recorder 
Average temperature of metal 

,, „ slag
Slag per ton of iro n ..
Slag Analysis .

37 cwts.
3 cwts.

12  midnight.
4.0 a.m.
6.0 a.m.
8 minutes.
6.37 a.m.
Every 2 hrs.
10 to 15 mins.
5,500cub.it. permin. 
1 8 in: w.g.
1,400 deg. 0.
1,425 deg. C.
110  lbs.

Time. Flush. Iron. Ferrous oxide.
8 a.m. 1 2.6 per cent. 3.33 per cent.

10  a.m. 2 2.3 3.0
12  noon 3 1.86 „ 2.38 „
2.30 p.m. 4 1.86 ,, 2.38 „

Analysis of Average Sample of Slag :
SiO„ 50.0 per cent.
a i 2ó 3 . 13.0 >>
PeO 2.7 if
MnO 1.3 >t
CaO 29.2 i }
MgO 3.6 l »
Iron 2.1 ty

Oas Analyses :
Time sampled 9 a.m. 11.30 a.m. 1.30 p.m.
Where sampled ft. in. ft. in. ft. in. ft. in. ft. in. ft. in.

above tuyère 4 0 6 6 4 0 6 6 4 0 6 6
Per cent. Per cent. Per cent.

CO, 15.0 17.0 16.0 18.0 16.2 18.6
0 — — 0.4 — — —
CO .. 8.0 7.0 7.0 5.0 5.6 1.8
Analyses of :

Silicon 
Sulphur 
Phosphorus 
Manganese.. 
Graphitic \  
Carbon j  
Combined \  
Carbon f  
Total \  
Carbon /

Pig Scrap. Remelt metal.
Iron. 7.0 12 2.30

a.m. noon. p.m.
Per Per Per Per Per
cent. cent. cent. cent. cent.
3.2 2.7 2.8 2.75 2.7
0.03 0.06 0.07 0.062 0.065
1.0 0.99 1.0 0.99 1.0
0.4 0.35 0.32 0.35 0.36

3.1 2.8 2.8 2.9 2.85

0.3 0.5 0.5 0.45 0.51

3.4 3.3 3.3 3.35 3.36
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Coke recovered from bed . .  . .  . .  6f  cwts.
Temperature a t tuyères . .  . .  ■ • 1,640 deg. C.
Diameter of melting zone before melting 4 ft. 6 in.

after „  5 ft. 2 in.
Depth of melting zone ..  . .  • • 1 ft. 10 in.

E xperience has proved th a t  th e  scientific con­
tro l of th e  a ir  b last a t  th e  cupola does pay, from

F i g . 1 5 .— V o l u m e  P r e s s u r e  G a u g e .

th e  p o in t of view o f: (1) Economy in  fu e l; (2)
reduction  in  w aster castings, and  (3) sav ing  in 
iron losses. All oupolas, however sm all, should be 
fitted  w ith  a volum e in d ica to r in  ad d itio n  to  the 
usual p ressure gauge. M any w rite rs  on cupola
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prac tice  have em phasised th e  im portance of 
m easuring  th e  a ir  supply. R ecently  one w riter 
expressed th e  opinion t h a t :  “ W hilst volume
pressure gauges a re  a  valuable appliance for 
cupola correction , they  a re  n o t su itab le  for being 
perm anen tly  fixed to  th e  cupola for daily  u s e ; but 
th e  rea l reason why th ey  a re  no t in  m ore general 
use is th a t  th e  cost is m ore th a n  th e  average 
foundry  p rop rie to r is p repared  to  p ay .”

I t  is w ith in  th e  w rite r’s knowledge th a t  the  
in s ta lla tio n  of one of th e  ins trum en ts illu stra ted  
in F ig . 15 a t  a c e r ta in  cupola p la n t was the means 
of sav ing  approxim ately  £ 10 0  p e r week in  coke 
consum ption alone, a p a r t  from  a reduction  in 
w aste r castings and savings in o ther directions. 
In  th is  instance th e  in s tru m en t pa id  for itself in 
a few days.

The possible saving in  fuel and w aste is ju s t as 
im p o rtan t to th e  sm all foundry  as to  large pro­
ducers, w hatever class of castings they tu rn  out. 
I n  some cases th e  iron  rep resen ts a high per­
cen tage of th e  to ta l cost. In  o thers, where large, 
in tr ic a te  castings a re  involved, th e  p repara tion  of 
th e  mould is an expensive item . Y et, if th e  iron 
poured in to  th is mould is n o t correct, due probably 
to  inefficient cupola p rac tice , the  loss is consider­
ably h igher th a n  in  th e  form er case. In  the 
foundries under th e  w rite r’s control one-quarter of 
a owt. of coke per to n  of iron  m elted represents a 
sum  of £ 10,000  per annum , and 1  per cent, loss in 
iron  a sim ila r figure.

In  conclusion, th e  w rite r desires to  record his 
thanks to M r. W . Woodhouse, chief chem ist to  
th e  S tan to n  Ironw orks Company, L im ited , for his 
assistance in  conducting  th e  various tes ts  referred  
to  in th is  P ap er.

JOINT DISCUSSION ON MR. MACKENZIE’S PAPER 
AND MR. WILSON’S PAPER.

M r . J o h n  S h a w , who opened th e  discussion, 
said th a t  M r. M acK enzie’s P ap e r was of in terest 
because of its bearing  on the production  of low- 
carbon iron  from  th e  cupola. H e wished Mr. 
M acK enzie could bring  home to  the American 
Foundrym en’s A ssociation T est-B ar Committee 
th a t  iron su itab le  for a  1 ^-in. d iam eter bar was



m ost unsu itab le  fo r th in  o r th ick  castings. D eal­
ing w ith the  experim ents, he said  one was su r­
prised a t  th e  heavy coke ra tio s of 1 : 4 ,  and also 
th a t  a bed should be 40 in. above th e  tuyeres. 
The tru e  m elting  zone for a cupola of th e  size 
d ea lt w ith, w ith  a 4-oz. p ressure, would be about 
12 in. above th e  tuyeres. In  his view th is  fact, 
taken  together w ith  the  p u rity  and  vary ing  
sh a tte r  of th e  coke, accounted fo r th e  wide 
d ivergence in the  carbon increase. W ith  th e  poor 
h igh-ash cokes i t  m igh t be necessary to  increase 
the coke ra tio , b u t w ith  the pu re  cokes i t  was 
d efea ting  th e  object in view. Jen n in g s (A .F.A . 
P aper), in m elting  from  20 to  30 tons of all steel 
per day, had  found th a t  he could ob ta in  no resu lt 
a t  all when using a coke of 84 p er cent. C, ir re ­
spective of th e  am ount employed. W ith  a  coke 
contain ing  over 90 p e r cent. C and a low ash he 
had experienced no difficulty, an d  had  ob ta ined  
abou t 2 per cent. C in th e  re s u lta n t m eta l. H e 
(M r. Shaw) used a ra tio  of abou t 1 :7 .5 , w ith  a 
coke con ta in ing  carbon of 88 per cen t., and 
obtained  a m etal of approxim ately  2.3 p er cen t. O. 
M r. M aoKenzie had  m ade a  p o in t of “  T im e in 
oontact w ith  coke.”  I t  took 25 m inu tes to  obtain  
50 lbs. of m etal, even w ith  th e  poor coke, b u t in 
th e  only exam ple given of a pu re  coke (P a rco ), 70 
m inutes had  elapsed before any m eta l was m elted , 
and then  i t  had  come slowly, th row ing  o u t g re a t 
q u an tities  of kish.

Sulphur in Metal Unrelated to S Content in Coke.
C ontinu ing , M r. Shaw said  th a t ,  a lthough  he 

had  spen t a good few hours study ing  Table I I ,  
he m ust confess th a t , w ithou t personal exp lana­
tions by M r. M acK enzie, he had  n o t found i t  pos­
sible to  arrive  a t m any conclusions. W ere we to  
unders tand  th a t ,  w ith  th e  exceptions m entioned , 
a uniform  analysis was aim ed a t  in  all th e  experi­
m ents? I f  so, th e re  was a g re a t v a ria tio n  in every 
elem ent, which v a ria tion  was difficult to  u nder­
s tand . One th in g  was clear, nam ely, th a t  add i­
tions of h igh-percentage m a te ria l, such as FeM n 
o r F eS i, were very difficult to  control unless one 
took ou t the  whole of th e  charges in  one ladle. As 
exam ples, he re fe rred  to  Nos. 227 and  228, both 
from  onei m elt, w ith  Mn 0.04 p e r cent, in  th e  first 
ladle and  0.30 per cent, in  th e  second; and  to
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iNos. 316 and 317, w ith  Si 2.22 and 1.45 per cent, 
respectively. H e could confirm the  au th o r’s con­
clusion w ith  regard  to  the  im portance of the  size 
of coke and  its  influence on th e  final composition 
of th e  iron. D uring  the  coal s trik e  he had bought 
some foreign  coke w ith 0.8 per cent. S , which 
corresponded to his usual specification. On the 
first day’s m elt w ith th is  coke he no t only had  a 
sluggish iron, b u t he had  ascertained from the 
chill te s t before casting  th a t  th e  iron  was too hard  
fo r th e  work. On analysis he had found an 
increased reduction  in  th e  C, Mn and  Si. The loss 
of M n was nearly  double the  norm al, while the S 
con ten t w ent up from  0.034 to  0.06. By decreas­
ing th e  size of th e  coke to  about th e  norm al size 
the  discrepancies disappeared, except in the case 
of the  S. F rom  subsequent investigations, and 
from  inform ation  obtained from  outside sources, 
he had come to  the  conclusion th a t  the  S in the 
coke was in  two forms, one of which un ited  w ith 
th e  iron m ore freely th an  th e  o ther, hence the 
gain  of 0.06 per cen t., which persisted while th is 
coke was used. C ertain ly  th e  usual S analysis 
gave no clue. H e could n o t a tta in  the tem pera­
tu re  of 1,600 deg. C., reached by M r. M acKenzie, 
his h ighest being 1,475 deg. C ., and he asked 
w hether M r. M acK enzie’s figure was correct.

Influence of Increased Pressure in Loss of Elements.

D iscussing M r. W ilson’s P aper, he said th a t  the 
m ajo rity  of th e  points ra ised  d id  tend  towards 
good cupola practice, and M r. W ilson had  proved 
th a t  a self-reg istering  ch a rt d id  tend  to  ensure 
b e tte r  a tte n tio n  on th e  p a r t  of th e  cupola ten te r, 
if only because th ere  was a visible record. W ith  
regard  to  the  te s t on a 4 f t . 6 in. d iam eter cupola, 
w ith  a series of tubes placed across it, he said he 
gathered  th a t  th e  cupola was charged in the  ordi­
nary  way, b u t no t l i t .  I f  i t  were lighted, i t  was 
difficult to  und ers tan d  how th e  tubes were kept 
in position, hav ing  in  view th e  continually  falling 
charge. If , on the  o ther hand , it  were no t lighted, 
the  te s t  was no t quite  a tru e  one. Discussing the 
te s t w ith  vary ing  a ir  pressures, he said  th a t  if Mr. 
W ilson continued blowing w ith o u t lifting  th e  bed 
a t  th e  end of th e  3,000 cub. f t . per m in. experi­
m ent, and  increased h is pressure to  5,000 cub. ft.
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per m in ., he au tom atically  raised the m elting  zone, 
and, no doub t oxidised the  m eta l slightly, w ith  a 
fu r th e r  loss of Mn and Si. As the  s tren g th  of th e  
bars w as on th e  low side in th e  first case, th is  
would account for th e  increase of the  break ing  
load in  the  second experim en t. The ra ising  of th e  
blast to  7,000 cub. f t . per m in. w ithou t ra ising  the 
bed would lead to  severe ox ida tion  a t  once, and 
would account for th e  cool m eta l and  lower te s t 
results. H e (M r. Shaw ) could n o t accept th a t  a 
reduced b last volume accounted for the  d isappear­
ance of th e  tw o recalescence poin ts usually found 
in a  high-phosphorus iron, and he suggested th a t  
i t  was due to  the  quick cooling resu lting  from  
pouring  in to  a cold chill, which a t  once carried  
the  tem p era tu re  below the  change points. In  the 
second and th i rd  te s ts  th e  chill was ho t, as the 
resu lt of th e  previous cast, and the  a rre sts  usually 
found in  th is  m etal had  had  tim e to  develop.

Calculation of Oxygen in Blast Supplied.

M e . F . J .  C ook  (P as t-P residen t) agreed w ith 
Mr. W ilson when he sa id  th a t  m any people who 
presen ted  P a p e rs  on  cupola p rac tice  prob­
ably only guessed, or h ad  very  poor methods 
of determ in ing , th e  ac tua l volume of a ir 
going in to  th e  cupola. In  a P ap e r published in 
the  In s t i tu te ’s Proceedings for 1913-14 very  g rea t 
stress was laid  on th a t  po in t. H e fe lt, however, 
th a t  Mr. W ilson had sim ilarly  erred . A ny­
one who had  to  deal w ith the  m easurem ent of 
compressed a ir  had  to  employ a  g re a t deal of 
m athem atical calculation , as evidenced by th e  
P ap er, and if one were going to  dea l on a  m athe­
m atical basis w ith  the m easurem ent of a ir , i t  was 
essential th a t  the  m ethods adopted  should be 
accurate . The m elting  efficiency of a  cupola was 
dependen t on th e  am oun t of oxygen p u t in to  i t  
by th e  a ir. E arly  in  th e  P ap e r th e re  was a 
form ula for the  purpose of a rr iv in g  a t  th e  cor­
rec t am ount of a ir. In  th e  fo rm ula  th e  au tho r 
had  dealt w ith  a ir  in  volume, and had  assumed 
th a t  th e re  was a definite q u a n tity  of oxygen in  
every cub. f t . of a ir, b u t th a t  was qu ite  wrong, 
th e  q u an tity  of oxygen per cub. f t .  of a ir  would 
vary  alm ost every m inu te  of th e  day, and  there  
would be very wide differences over longer periods.



91

I t  was b e tte r  to  deal w itli th e  q u an tity  of oxygen 
in a given w eight of a ir , because th en  one took 
in to  acoount the  density  due to  h e igh t of barom eter, 
and so on, so th a t  if the  au tho r would a lte r the 
fo rm ula  to  deal w ith oxygen per lb. of a ir, i t  
would be m ore correct m athem atically . T ha t 
m igh t appear to be a very small point, b u t he 
could assure his hearers th a t  th a t  was n o t the 
case. H e had had  som ething over 25 years’ ex­
perience of th e  m easurem ent of a ir, and had known 
differences of as much as 19 per cent, in the 
am ount of oxygen in  cub. f t .  of a ir. Very 
o ften  a cupola m an would rep o rt th a t  a 
cupola was n o t w orking so well on one day 
as on another, and th a t  m ight be due entirely  to 
th e  v a ria tio n  in  th e  am ount of oxygen one was 
p u tt in g  in to  th e  cupola. W ith  regard  to  tuyeres, 
if th e  au th o r would give the form ula which he 
a rriv ed  a t  th e  correct size and shape of tuyeres 
i t  would add to  the  value of his P aper. H e had 
assum ed th a t  the  correct tu y e re  area was well 
known, b u t th a t  was no t the case. No doubt his 
form ula was on th e  basis of mean velocity. Dis­
cussing the  d iag ram m atic  m easurem ent of volume 
and  pressure, he said he believed he could claim 
to  have been th e  first to  apply d iagram m atic 
resu lts to cupola working. A t th a t  time, however 
— about 26 years ago—he had had a gauge which 
would m easure only pressure, and he was very 
in te rested  to  know th a t  th e re  was now available a 
gauge which would m easure and give a diagram  
of both  volume and pressure. H e asked, how­
ever, w hether the gauge used by M r. Wilson had 
been ca lib rated , w hat were th e  m eans of calibra­
tion , and  w hat density  of a ir  i t  had  been cali­
b rated  on, because w ithout some correction to 
tak e  care of differences in  th e  heigh t of the 
barom eter, and  in  tem pera tu re , e tc ., th e  am ount 
of oxygen actually  going in to  the  cupola m ight be 
very d ifferent from the am ount one though t one 
was using.

Quantity of Air Admitted should Vary with Coke Charge.

M r. A. C a m p io n  (Scottish B ranch), referring  to  
M r. M acK enzie’s paper, said  he had in tended to 
ra ise  th e  poin ts which had already been raised 
by M r. Shaw w ith  regard  to  coke, and he con­
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sidered  th a t  th e  value of th e  paper was m inim ised 
by th e  very  heavy coke ra tio s . Coming to  M r. 
W ilson’s paper, he  was particu la rly  glad to  see 
th a t  th e  au thor had  em phasised th e  necessity for 
m easuring  th e  q u a n tity  of a ir . F o r  m any years 
he had ham m ered in to  cupola men th e  fac t th a t  
i t  was necessary to  m easure th e  a ir  as well as the  
o th e r m ateria ls. Efficient w orking depended on 
th e  concentration  of heat, and  one w anted to  
develop th e  h e a t of coke as rap id ly  as possible 
in a  lim ited  space so as to  get i t  tran sfe rred  to  
th e  m etal w ith  th e  m inim um  of loss. The au thor 
had po in ted  o u t th a t  th e  v a ria tio n  in th e  carbon 
co n ten t of th e  coke m ust be tak en  in to  account 
in a rriv ing  a t  th e  q u an tity  of a ir  to  be adm itted . 
T ha t rem inded him  (M r. Cam pion) th a t  the a ir 
requ ired  fo r a cupola was generally  s ta ted  to  be 
a ce rta in  q u a n ti ty  per to n  of m etal m elted. I t  
always seemed to  him  th a t  th a t  was wrong, how­
ever, because th e  a ir  was ad m itted  for the  purpose 
of b u rn in g  th e  co k e ; therefo re , th e  am oun t of 
a ir  should be ad ju s ted  to  th e  am oun t of coke to  
be burned, and one should s ta te  th e  q u an tity  of 
a ir per u n it  of coke ra th e r  th a n  th e  q u a n tity  of 
a ir  p e r to n  of m etal. In  th a t  way one would 
dispose of some of th e  anom alies which arose in 
connection w ith the  q u a n tity  of a ir  ad m itted  to  
a cupola. The co rrec t m ethod was to  a rriv e  a t 
th e  q u an tity  of a ir, and th en  to  p u t in th e  tuyeres 
to  su it, b u t he was a fra id  th a t  in  some cupolas 
th e  tuyeres were p u t in  in  a m ore or less h ap ­
hazard  way, and th e  a ir  adm itted  depended upon 
the  capacity  of th e  tuyeres and pressure of blast. 
I t  was b e tte r  to  m easure a ir  by w eight th a n  by 
volume, b u t m easurem ent by volume was much 
sim pler in  p ractice . I n  m easuring  by volume 
one did in troduce inaccuracies, unless th e re  were 
corrections n o t only for varia tions in  th e  heigh t 
of th e  barom eter and  in  tem pera tu re , b u t also 
in hum id ity . The difference in  th e  condition  of 
a ir  as betw een a frosty  day and  a w arm  day was 
very im p o r ta n t; one was p u tt in g  in  a d ifferent 
w eight of a ir  on a frosty  day, w ith  each revolu­
tion  of the  blower, th a n  on  a w arm  day, so th a t  
there  was a d ifferen t concentration  in  th e  m elting  
zone. All these factors had  to  be considered,
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and  u n til we got down more to  the  fundam entals 
of these im p o rtan t points we should not make the 
cupola th e  exact in s trum en t which we all desired.

H e  had  used w ith m uch success a modified P ito t 
tu b e  in s tru m en t, which being simple to  use and 
insta l, was also sufficiently robust for every-day 
foundry  use.

Where Cupola Exhibits Maximum Temperature.
M u. C o l in  G rf.st y  (Newcastle) said he was glad 

th a t  M r. Campion had raised  th e  question of 
hum id ity . P rac tica lly  all foundrym en were aware 
th a t  cupolas worked differently on wet and dry 
days, although apparen tly  all o ther conditions 
were exactly  sim ilar, and he would be glad if 
M r. W ilson could quote actual experiences in 
th is  connection. D iscussing F ig . 2 in  M r. W ilson’s 
P ap e r, showing th e  tem pera tu res of the gases a t 
d ifferent heights in  the two cupolas, he said th a t 
from  th e  curve as draw n it  would appear th a t 
th e  h ighest tem p era tu re  was a t  th e  tuyere level. 
H e  had  never actually  and seriously tr ied  to take 
cupola tem pera tu res  a t, say, the  m elting zone, 
b u t was i t  to  be assumed from  th e  curve th a t 
M r. W ilson considered th a t  the  highest tem pera­
tu re  in  the  cupola was a t  the  tuyere  level, and 
th a t  th e re  should no t be a peak in th e  curve 
betw een the  readings a t 4 f t . up and those a t the 
tu y e re  level? H e m entioned the  point because
th e  curve was one which was likely to go into 
h is to ry  as a record of actual tem peratures in
th e  cupola. W ith  regard  to  the  absence of
expansion, which M r. W ilson had a ttrib u ted  to 
low volume, he said th a t , w ith  M r. Shaw, he did 
n o t believe for a m om ent th a t  the simple m elting 
of the  iron w ith a much lower volume was going 
to  remove w hat was one of the fundam ental pro­
p erties of cast iron, nam ely, expansion almost 
im m ediately a fte r  solidification. R eferring  to  
F ig . 14, he confessed th a t  he was surprised at 
the w onderful reg u la rity  of th e  pressure and the 
volume. H e presum ed th a t  the  cupola was run  
a t  a constan t volume, and he would have expected 
a  considerable change in  the  pressure du ring  the  
la s t ha lf-hour of th e  blow, and also some variations 
in th e  pressure du ring  th e  course of such a long 
run .
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Reliability of Measuring Apparatus.
A M e m b e r , dealing  w ith  M r. W ilson’s P aper, 

asked w hat was th e  shape and  num ber of th e  
tuyeres used in  th e  furnaces, and  also w hat was 
th e  heigh t of th e  bed above th e  top  of the  tuyeres 
before charg ing  proceeded. Those who were 
hand ling  cupolas m elting  large  q u an tities  of m etal 
were always endeavouring  to  a tta in , as fa r  as 
possible, s ta n d a rd  conditions, a lthough  th e re  were 
difficulties in  th a t  connection, and  th e  proposal 
to  use b last gauges m easuring both volume and 
pressure was a step in  th e  r ig h t d irection . I t  
h ad  to  be borne in  m ind th a t  found ing  conditions 
were very difficult, very  d ir ty , and  n o t p a rticu ­
larly  suitab le  for th e  reg u la r opera tion  of delicate 
in strum en ts , and  he asked M r. W ilson w hether 
th e  in s tru m en t he had  re fe rred  to  would stand  
rough usage. I f  M r. W ilson could give an 
assurance th a t  th e  in s tru m en t to  which he had 
re fe rred  could be so used, he was satisfied th a t  
a considerable advance had  been m ade.

M r . V. C. F a u l k n e r  (P ast-P resid en t) exh ib ited  
a d iag ram  handed  to  h im  by P rofessor Piwo- 
w arsky, which showed th a t  if th e  am oun t of 
b last p u t in to  a cupola were progressively 
increased from  5,000 to  20,000 cub. f t .  per m in ., 
th e  tem p e ra tu re  would go up  in  a s tra ig h t line 
form , and  th a t  th e  tensile  s tren g th  of th e  m etal 
would go up para lle l w ith  it , ran g in g  from , say, 
6 tons p er sq. in . a t  som ething like 1,000  or 
1,100 deg., up to  14 tons a t  20,000 cub. f t .  per 
m in. Professor P iw ow arsky had  po in ted  o u t th a t  
the average cupola was incapable of in troducing
20,000 cub. f t . per m in ., b u t th a t  w ith  suitab le  
m odifications th a t  am ount could be adm itted , 
and a h o tte r  and s tronger m eta l could be 
produced.

M r. J .  E . F l e t c h e r  (C onsultant, B .C .I.R .A .), 
speaking on behalf of M r. M acK enzie, said  th a t  if 
the  m em bers, in  discussing th e  P ap e r, would take  
notice of the  k ind  of w ork which M r. M acK enzie 
had done generally—and i t  had  been of a m ost 
valuable ch arac te r—they  would find th a t  he had 
p u t an immense a rray  of figures before them , 
rep resen ting  various types of p rac tice , and  had  p u t 
them  forw ard generally , w ithou t reserve, in  o rder
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th a t  they  m igh t be stud ied . In  th is  pa rticu la r case 
he had  done the sam e th in g . Those who had tried  
to  m elt all-steel charges knew th a t  i t  was very 
difficult to  do so w ithout modifications in  blast- 
pressure, and so on. Those modifications, in a 
sm all cupola, under such circum stances as those 
ob ta in ing  in  th is  case, had  to  be so small th a t  one 
could scarcely record them . Em phasising the 
value of Table I I ,  he said  th a t  if the younger and 
more scientific members who were tak in g  an active 
in te re s t in  th e  technical side of the subject would 
s tudy  th a t  Table and the  P aper very critically 
they would find th e re  some very valuable inform a­
tion . M r. M acKenzie had brought forw ard a sub­
jec t which had  not been sufficiently touched upon 
in th e  In s t i tu te ’s Proceedings, i t  was the  char­
ac te r of th e  coke whicli influenced m elting condi­
tions, and  M r. M acKenzie had  given inform ation 
which would enable one to  follow up th is subject 
very advantageously by exam ining domestic condi­
tions, th e  cokes used, and the results obtained. I t  
was recognised in every foundry  where any notice 
was tak en  of cupola conditions th a t  variations in 
the coke produced im portan t variations in the 
m elting  results, and we were not ye t quite certain 
w hether th e  trouble was in the a ir supply, or the 
te x tu re  of the coke, or in the  combination of quite 
a num ber of circum stances, depending largely on 
the  ra te  a t  which the  m etal was running  through 
th e  coke in  th e  coke bed. T h a t was a condition 
which requ ired  a good deal of exam ination. He 
d id  no t wish to  criticise any of th e  points in Mr. 
M acK enzie’s 'P ap e r, because he believed i t  was 
w ritten  p rim arily  so. th a t  i t  m ight be read care­
fully and critically , and so th a t  one m ight form 
one’s own opinion upon i t  from actual practice. 
Inasm uch as i t  d ea lt w ith the  m elting of all-steel 
charges, a sub jec t on which there  was very little  
in fo rm ation  available, i t  furnished a basis for a 
g re a t deal of useful study.

Cleanliness an Essential.
Discussing M r. W ilson’s P aper, lie congratulated 

th e  au th o r upon hav ing  obtained such uniformly 
regu lar resu lt w ith  a  cupola w orking under 
w hat m igh t be called good stan d ard  conditions, 
w ith  regu lar m etal supplies, and, he gathered, 
alm ost regu lar coke supplies. I t  m ust be borne
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in m ind, however, th a t  th e  au th o r was dealing  
w ith  one class of m eta l—a fairly  high-phosphorus 
iron— and under very favourable cupola condi­
tions, so th a t  one could g e t good resu lts w ithout 
a g rea t deal of d ifficu lty ; i t  was in the p roduction  
of higher-class irons th a t  the  difficulties and the  
variations arose. The sam e cupola d id  n o t function  
equally efficiently when m elting  an iron w ith  1.5 
per cent, silicon and a  very low phosphorus con­
te n t  as when m elting  high-phosphorus irons, but, 
a t th e  sam e tim e, i t  was a  g re a t advan tage  to  have 
a P ap e r of th is  descrip tion , showing w hat could 
be done under regu la r conditions w ith a well- 
designed cupola. R eferrin g  to  coke ra tios, which, 
a f te r  all, was a question of the  carbon  in the  
coke; again , a ir  ra tio s w ere really  a question of 
oxygen per lb. of carbon tu rn e d  in to  O0 2 finally, 
and i t  was upon th e  regu la tion  of th a t  th a t  every­
th in g  depended. H e hoped foundrym en would 
bear in m ind th e  value of being able to  co-relate 
pressure and volume, and th a t  th e  in s tru m en t Mr. 
Wilson had  b rought forw ard was really  th e  reliable 
in s tru m en t th a t  was so m uch needed in the 
foundry . The im portance of cleanliness of p lan ts 
in  connection w ith which such in s tru m en ts  were 
used was of im portance. H e knew of b last-fu rnace 
p lan ts which were k ep t w onderfully  clean and in 
perfec t good o rder, b u t he would n o t like to  m en­
tion  the  percentage of foundries in  which such 
conditions prevailed. F oundrym en could n o t ex ­
pect to  g e t such resu lts as M r. W ilson had  referred  
to  unless they  began to  m end th e ir  ways, cleaned 
th ings around th e  cupola, and m ade th e  atm o­
sphere and surroundings good enough to  w a rra n t 
the  use of a m odern in s tru m en t.

D r .  M a u r i c e  L. B e c k e r ,  re fe rrin g  to  Mr. 
M acK enzie’s P ap er, confessed to  a lack of know­
ledge concerning th e  re la tive  m erits  and charac­
te ris tics  of the  various A m erican cokes m entioned 
in it. In  order to  m ake com parisons i t  was im­
p o rta n t th a t  th e  m easurable p roperties of the  
m ateria ls  should be s ta ted . To a certa in  ex ten t 
th is  in fo rm ation  had  been given in  th e  P ap er, b u t 
th e re  seemed to  be very li t t le  connection between 
any reported  property  and th e  to ta l carbon increase 
in the  m etal tapped . A te s t which did no t appear 
to  be reported  was th a t  for reac tiv ity  or com busti­
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bility . This te s t was quite  well known, and the 
values obtained by i t  would be extrem ely useful 
in s tudy ing  the re la tive  effects of these various 
cokes in  the  cupola. R a th e r more d a ta  as to  the 
ra te  of m elting  w ith each charge would also be 
useful, if th e  au th o r were able to  include it. The 
resu lts p lo tted  in  F ig . 1  were of p articu la r 
in te res t, and showed very clearly the im portance 
of coke control where i t  was desired to  lim it as 
m uch .as possible th e  carbon pick-up during  
m elting .

M r .  A . L o g a n  said  they would all be in agree­
m en t w ith  th e  s ta tem en t in Mr. W ilson’s P aper 
th a t  inefficient w orking had a  serious effect on 
certa in  elem ents in the iron during  the  m elting 
opera tion , and th a t  silicon and m anganese m ight 
be considerably reduced due to  excessive oxidation. 
A  fu r th e r  s ta tem en t following th a t , however, to  
the  effect th a t  absorption of de trim en ta l gases 
affected th e  tem p era tu re  and fluidity  of th e  molten 
m etal, also its  physical and m echanical properties, 
was ra th e r  a bold one. H e asked whether Mr. 
W ilson had  carried  ou t any work on th a t  point, 
w hat were the  d e trim en ta l gases, and to  w hat 
ex ten t were they  absorbed.

Coke Ratios Melting Capacity.
M r .  B e n  H i r d  asked M r. Wilson to explain more 

fully his s ta tem en t th a t  in  a 4 ft. 6 in. d iam eter 
cupola w ith a coke consum ption of 8 per cent, 
th e  m elting  capacity  would be 12.78 tons per h o u r ; 
th a t  if th e  coke ra tio  were 1 : 10 , o r 10  p e r cent., 
th e  m elting  ra te  would be 10 ,2  tons per h o u r ; so 
th a t  the  h igher the coke to  iron ratio, the  grea ter 
th e  m elting  capacity  of th e  cupola per hour.

M r .  H o r a c e  J .  Y o u n g ,  in  a w ritten  communica­
tion  of M r. W ilson’s P ap e r, sa id  th a t  m ost o rd i­
nary  foundries in th is country  could save coke and 
iron, b u t in  his experience i t  could n o t be done by 
th e  in s ta lla tion  of an in tric a te  appara tus. More­
over, no. ap p ara tu s  was b e tte r or cheaper th an  a 
simple pressure gauge—home-made if  possible— 
and a P ito t  tube  properly installed . These, in the 
hands of somebody who knew how a cupola worked, 
w ere all sufficient, and  no in s tru m en t in  any o ther 
hands was m uch good a t  all. H e could n o t agree 
th a t  th e  expansion of any one iron could be 
reduced from  0.06 to  0.015 in. by reduction of the

E
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blast. T here m ust be more th a n  one fac to r 
operating  to  account for it, an d  i t  was n o t due 
to  th e  b last alone. I f  one w orked a cupola a t  a 
ce rta in  pressure, th e  coke bed m ust be m ade to  
su it th a t  p re ssu re ; if one worked i t  a t  a ce rta in  
volume, th e  coke charges m ust be m ade to  su it 
th a t  volume. Given these obvious rules of work­
ing, he d id  n o t believe th a t  th e  m eta l would be 
affected hard ly  a t  all by e ith e r volume o r pressure 
w ith in  reasonable lim its . The g rea te s t m ystery 
about cupola p rac tice  was th e  m ystery  m ade about 
i t ; if  i t  were as in tr ic a te  as was suggested, half 
th e  cupolas in th e  country  would n o t m ake cast­
ings, b u t they  d id  produce them , and  all th a t  was 
necessary was to  in troduce a  li t t le  economy for 
o rd inary  foundries and  a li tt le  science for those 
on special work.

Some Interesting Experiments.

M r .  R. A. M o t t  (Sheffield U niversity) wrote 
th a t  i t  m ay he of in te re s t to foundrym en to  know 
th a t  experim ents a re  being ca rried  o u t a t  Shef­
field U n iversity  to  study  th e  m anner of burn ing  
of m etallurgical cokes under standard ised  condi­
tions. The experim ents a re  perform ed in  a small 
cupola of 1  sq. f t .  g ra te  a rea , to  which th e  a ir 
(which is m easured by m eans of a  V en tu ri m eter) 
is blown in  a t  th e  bottom . Gas sam ples a re  tak en  
a t  each 1 |  in . in te rv a l above th e  g ra te  level, and 
th e  tem pera tu res a re  noted a t  th e  sam e points by 
m eans of a d isappearing  type  of op tical pyrom eter. 
By using specified ra te s  of a ir  supply w ith  m ea­
sured w eights (and sizes) of coke, i t  is possible 
to  com pare fo r d ifferen t cokes, th e  d istance from  
th e  g ra te  a t  which th e  oxygen of th e  blast d is­
appears (reac tiv ity  w ith  a ir), and  also th e  ex te n t 
of th e  reduction  of th e  CO, to  CO in  th e  h igher 
levels of th e  fu rn ace  (reac tiv ity  w ith  C 0 2), as well 
as th e  tem pera tu res developed. I t  is hoped th a t  
by th e  use of cokes of known cupola perform ances 
in  such experim ents, th e  significance of “ com­
bustib ility  ” and “  reac tiv ity  ” of coke m ay be 
m ade clearer. F u r th e r  te s ts  a re  carried  o u t to  
m easure th e  resistance of coke to  b reakage by 
im pact or d ropping  (the sh a tte r  tes t), and  by 
a ttr i tio n  (abrasion tes ts) , and th e  porous s tru c ­
tu re  of coke is stu d ied  by R ose’s m ethod.
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Structure of Coke and Combustibility.
M r . F . H u d s o n ,  discussing M r. M acKenzie’s 

P ap e r, em phasised th a t  th e  question of th e  pro­
p erties  of coke was of vast im portance to  the 
foundry  industry , and said  th a t  th e  tre n d  of 
m odern  progress lay  in  rig id  specifications. He 
was d isappoin ted  th a t  th e  au th o r had  om itted  to  
give th e  volume of b la s t employed in  his experi­
m ents, to g e th er w ith ac tua l tem pera tu re  deter­
m inations of th e  resu lting  m etal in  Table I , for 
th e  various cokes tested . These would have been 
well w orth  study ing  in  conjunction w ith the te x t 
of th e  P ap er. M r. A. Thau, th e  S uperin tendent 
of th e  Dueben Coke P lan t, a t Halle, Germany, 
h ad  published an excellent series of articles in 
“  Chemical and M etallurgical E ng ineering ,” 
d a ted  F eb ru ary  11, F ebruary  25, and M arch 3, 
1924, regard ing  th e  form ation, s tru c tu re  and com­
bustib ility  of coke. H e had pointed  o u t th a t  the 
com bustibility  and reac tiv ity  of coke depended 
upon its  surface s tru c tu re  as well as its  general 
physical stru c tu re , and, as proof, he had given 
some very excellent photographs. H e had  illus­
tr a te d  a specimen of sponge coke which, on an 
o rd in ary  g ra te , had  behaved like firebrick, and a 
seem ingly dense coke which had  behaved in an 
exactly  opposite m anner; the  la tte r  coke was made 
by th e  low -tem perature carbonisation process. 
Coke produced by a modification of the  low- 
tem p e ra tu re  carbonisation  process had  given a 
com bustibility  exceeding th a t  of th e  best beehive 
or bye-product b rands, b u t th e  s tru c tu re  by frac­
tu re  did n o t appear to  have an  open tex tu re  a t 
a l l ; i t  looked alm ost like black g ran ite , and the 
la rgest of its  cells could be discovered only w ith 
a strong  m agnify ing  glass. As yet, of course, th is  
m a te ria l was n o t su itab le  for cupola m elting  con­
d itions, b u t he m entioned i t  in  o rder fu r th e r to  
illu s tra te  th a t  th e  s tru c tu re  of a coke alone did 
n o t seem a reliab le  index even when considered 
w ith  chem ical analysis as to  th e  reac tiv ity  of coke. 
This should be borne in  m ind when considering 
su itab le  coke tes ts  whereby th e  equilibrium  po in t 
for any p a rticu la r coke could be determ ined, as 
shown by M r. M acKenzie. Tn conclusion, Mr. 
H udson said that, h is personal work in th e  m elt­
ing of all-steel charges gave resu lts which were in
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agreem ent w ith those ob tained  by M r. M acK enzie. 
W ith  reg ard  to  th e  suggestion in  M r. W ilson’s 
P ap e r as to  slagging every two hours, he said  
th a t  m any firms in th is  coun try  and abroad had 
an  open slag hole all th e  tim e, and he would like 
to  know w hat was th e  effect of th e  leakage of a ir  
th rough  the  slag hole upon th e  position and shape 
of th e  m elting  zone.

MR. WILSON’S REPLY.

Before rep ly ing  to  th e  po in ts raised  in th e  dis­
cussion on th is P ap er, M r. W ilson poin ted  ou t 
th a t  he had tr ie d  to  m ake i t  as p rac tica l as 
possible, for th e  reason th a t  qu ite  a num ber of 
foundrym en who were keen on b ring ing  th e ir  
p la n t up to  a h igh  s ta te  of efficiency, desired to 
have resu lts based on ac tua l p ractice  ra th e r  th an  
too m uch theory . The average m an asked for 
som ething which would help him  to  produce b e tte r 
and cheaper castings.

R eplying to  M r. Shaw, M r. W ilson s ta ted , w ith 
regard  to  th e  te s t  m entioned a t  the  bottom  of 
page 4 of the  P aper, th a t  the  pressures were taken  
d irec tly  a f te r  th e  cupola was blown in . Special 
a rrangem ents were m ade to  allow for th e  tubes 
to  descend w ith  th e  charge, b u t i t  was only 
possible to  con tinue th is  te s t for a period of 
fifteen m inutes, due to  th e  flexible connecting 
tubes b u rn in g  a f te r  th a t  tim e.

R efe rrin g  to  th e  tes ts  in  which vary ing  volumes 
were used, several te s ts  no t published in th e  P aper 
had  been m ade for a long period w ith different 
volumes, b u t th e  object of ta k in g  th is  p a rticu la r 
te s t on one day was to  ensure th a t  th e  conditions 
rem ained the  same. The cupola was no t blown 
down a t  each change of volume. The volumes 
were changed a t  in tervals of one hour.

H e had  already explained in  th e  P ap e r the 
periods a t  which th e  various samples were taken , 
and p a rtic u la r  care was tak en  to  keep the  condi­
tion of th e  cupola and th e  h e ig h t of th e  bed, e tc ., 
as n ear constan t as possible.

W ith  reference to  th e  expansion po in ts, as 
shown in th e  d iagram , on bars obtained from  iron 
cast in chills m elted a t  vary ing  volumes, th e  
chilled mould in which these bars were cast was
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w ater cooled, w ith an  a rrangem ent for m ain ta in ­
ing a constan t tem p era tu re  a t  th e  tim e of casting.

R eplying to  M r. Cook, he expressed the  view 
th a t , although i t  was well known th a t  the per­
cen tage of oxygen in  th e  a ir  varied under 
differen t clim atic conditions, the m easurem ent of 
a ir  by w eight instead  of volume would he a 
com plicated arrangem ent. The m easurem ent of 
a ir  by w eight was an excellent m ethod, h u t he 
was a fra id  th a t  under o rd inary  foundry  condi­
tions th is  was im practicable.

Wilson Blast Meter is Standardised.
The in s tru m en t referred  to  in  the  P aper is 

specially designed to  w ithstand  the conditions 
usually  found round and about a cupola. In  
o ther words, i t  is n o t affected by dust and g rit 
con tained  in  th e  a ir. As to  th e  accuracy of the 
in s tru m en t, he said th a t  each instrum ent was
ca lib ra ted  w ith a P ito t  tube  under s tandard
conditions.

H e agreed w ith M r. Campion th a t  th e  quan­
t i ty  of a ir  should be referred  to  in term s of 
“  Coke Consum ed,”  and no t “ P e r ton  of Iron 
M elted .”  I t  is obvious th a t  th is is more correct, 
as th e  coke ra t io  varies considerably, and for 
th is reason the  formulae referred  to  in the Paper 
are  based on, n o t only th e  am ount of coke, but 
also th e ir  carbon content.

R eply ing  to  M r. G resty’s rem arks as to  the
tem p era tu re  of gases a t  vary ing  heights, as shown
in  P ig . 2, he said the tem p era tu re  was taken  a t 
the tu y e re  level a t  a p o in t a few inches inside 
tbe  cupola. H e believed th a t  the  maximum tem ­
p era tu re  was no t obtained a t  th is  po in t. I t  would 
n a tu ra lly  be g rea te r a t  th e  m elting  zone, b u t it 
would be very difficult to  ob ta in  th e  tem pera tu re  
a t  th a t  po in t, so th a t  undoubtedly th e  curve as 
shown in  F ig . 2 would have a k ink  in i t  a t some 
p o in t above th e  tuyere  level.

The ob ject of th is  te s t was no t to  obtain  the 
m axim um  tem p era tu re  a t  the  m elting  zone, but 
to  show th e  v aria tio n  in tem p era tu re  due to  the  
heigh t of th e  cupola. In  o ther words, to  prove 
th a t  in th e  case of cupolas w ith a charging door 
too low, the  loss in sensible h ea t was more exces­
sive th an  in the  case of h igher cupolas.



102

W ith regard  to  th e  increased expansion obtained  
on bars cast from  iron m elted w ith a h igh b last, 
a large num ber of experim ents m ade in course of 
investigations in connection w ith  casting  in  p e r­
m anen t moulds prove th a t  a h igher expansion is 
obtained w ith  oxidised iron. R eferrin g  to  
F ig . 14, th e  reg u la rity  of the  pressure and volume 
curve proved th a t  th e  cupola was w orking effi­
ciently, th e  tuyeres rem ain ing  clean th roughou t 
th e  m elt.

Tuyere Details.

R eplying to  M r. H udson, i t  is found th a t  w ith 
an  open slag hole and  continuous slagging, there  
is sligh t reduction  in  tem p era tu re , and also a 
h igher percen tage  of iron shot in  th e  slag. 
R eplying to  ano ther m em ber w ith  regard  to  the 
shape and num ber of tuyeres used in th e  cupola, 
he said th a t  in th e  p a rticu la r cupola referred  to 
in the  P a p e r th e  num ber of tuyeres used was 
e igh t. These were oval in  shape, and th e  tuyere  
a rea  was 18 p er cent, of the  cross sectional area 
a t th e  m elting  zone. The heigh t of th e  coke bed 
above th e  upper tuyere  was 18 in.

H e agreed w ith  M r. F le tcher th a t  w ith  iron 
having a high phosphorus co n ten t one could 
work w ith a lower coke consum ption, b u t w ith a 
cupola properly  constructed , w ith m eans of regu­
la tin g  th e  b last supplies, th is  could efficiently 
deal w ith the  production  of high-class irons w ith­
o u t any difficulty. In  th e  la t te r  case i t  is more 
im p o rtan t to  have some m ethod of b last control 
th an  when using common irons.

W ith  regard  to  detrim en ta l gases, m entioned 
by M r. Logan, i t  is well known th a t  molten m etal 
can contain  in vary ing  degrees—oxygen, hydro­
gen, n itrogen , carbon monoxide and carbon 
dioxide. An excess of any of these gases produces 
unsound castings and affects th e  physical s tren g th  
of th e  m etal. C astings produced from  ho t m etal 
a re  less liable to  be affected by absorbed gases 
th an  are  castings produced from  cold sluggish 
m etal.

Factors Governing Melting Rates.

R eplying to  M r. H ird ’s question w ith regard  to  
increasing  th e  o u tp u t of th e  cupola by increasing
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th e  coke ra tio , he said  th a t  w hat he m eant to 
convey was th a t  th e  lower the  percentage of coke, 
or th e  h igher th e  ra tio  of iron to  coke, th e  g rea ter 
th e  m elting  ra te .

W ith  reg a rd  to  M r. Y oung’s w ritten  communi­
ca tion  s ta tin g  th a t  a P ito t  tube  was all th a t  was 
necessary, M r. W ilson pointed o u t th a t , tak ing  
in to  consideration  the  collection of dust under 
o rd in ary  w orking conditions, th is  m ust affect the 
read ing  of the  P ito t  tube, and unless these tubes 
were k ep t clean th e  resu lts m ust he unreliable.

W ith  reg a rd  to  th e  expansion of the  iron 
re fe rred  to , th e  ob ject of quoting these figures was 
to  show th a t  th is  condition can arise where iron 
is highly oxidised, producing a g rea t expansion. 
The p a rticu la r  case m entioned by him was not 
obtained  w ith in  reasonable lim its, h u t was only 
given to  show th e  possible resu lts under very 
abnorm al conditions. The figures given were 
n o t ob tained  in  th is country, b u t in  a cupola 
abroad where very high b last was used.

MR. MACKENZIE’S REPLY.
M r. M acK enzie replied to  th e  discussion on his 

P ap e r in  the following w ritten  com m unication :—
R eplying to  M r. Shaw, the  au thor sta tes th a t  

i t  was no t the  idea to  obtain  from each ladle exactly 
th e  same am ounts of silicon, m anganese, etc. In  
fac t, i t  was fe lt th a t  the  inform ation would be 
b e tte r  if some varia tio n  in  these were allowed, 
and, therefore, small tap s were taken . I t  is well 
know n th a t  in  using high percentage alloys and 
ta k in g  ou t small am ounts, as was done in  these 
experim ents, th e  varia tions are  likely to  be very 
serious. In  fac t, in  using ord inary  m aterials, it  
is common p ractice  to  use a receiving ladle so 
th a t  b e tte r  m ix tu res m ay be obtained. I t  should 
also be borne in  m ind th a t  the  small cupola used 
was only 18 in. in  d iam eter w ith  a very low stack, 
so th a t  an excess coke had  to  tak e  the  place of 
th e  stack, to  some ex ten t, in  heating . We have 
tr ie d  ra tio s of 6 to  1  of coke in  all steel melts 
in  th is cupola, and  were very successful in ge tting  
good tem pera tu res, bu t w ith 17 per cent, ash coke 
th e  iron  could no t have been handled  in  the  ladle if 
such coke ra tio s  were used. Also, considering the 
fac t th a t  the  surface of the cupola varies w ith the
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first power of the  d iam eter, and the a rea  varies 
w ith  the square of the  d iam eter, i t  can be read ily  
seen th a t  more coke is usually  necessary in  a small 
cupola th a n  in a m edium  size. I n  la rger cupolas 
o ther factors obtain , and  th is  does no t go to  the  
o ther extrem e. The same is th e  argum en t for th e  
h igher bed. W ith  h igh ash coke i t  is necessary 
to  push a ir  th rough  a  very long column of coke 
to  ge t th e  m axim um  tem p e ra tu re  and carbon 
dioxide. I f  th e  r ig h t bed had  been used for the  
B a r re t t  coke we would n o t have been able to  m elt 
w ith  the  h igh  ash beehive coke, and  in  order to  
keep th e  conditions the  same, th e  bed was p u t a t  
a po in t where i t  would work w ith  these cokes, not 
w ith  any  idea th a t  if we used B a r re t t  coke in 
a cupola consistently  we would ever dream  of 
stick ing  to  a 40-in. bed. O ur personal opinion is 
th a t  if  we had  to  use D ayton  coke we would go 
to  a 60-in. bed.

The tem pera tu res  ob tained  have been recently  
checked w ith  the  U .S. B u reau  of S tandards, and 
the  resu lts w ill be published by the  Am erican 
F oundrym en’s A ssociation. The work done by the  
Grey Iro n  R esearch Com m ittee of th e  Am erican 
Foundrym en’s A ssociation on com parative tem ­
pera tu res  between th e  op tical pyrom eter and  the 
therm o-couple shows th a t  steam  tem pera tu res  give 
approxim ately  theo re tica l correction  for all m ix­
tu res, and  the  au th o r en te r ta in s  no doubt of the 
approxim ate accuracy of these figures.

About th e  heavy coke ra tio s, which were also 
m entioned by M r. Campion, i t  is n o t fe lt  th a t  th is 
h igh am ount of coke which was selected as a mere 
convenience in  hand ling  th e  m eta l in  sm all quan­
titie s  because i t  gave such excessive high tem p era­
tu res  would change th e  ra tio  of th e  different cokes 
w hatsoever if the  am oun t was c u t to , say 6 to  1 . 
In  one case we were able to  handle  all of th e  m elt, 
b u t fit 6 to  1  we would n o t be able to  handle the  
h igh ash coke a t  all. I t  is no t believed th a t  the  
re la tion  betw een th e  d ifferen t cokes would be 
changed a t  all by th e  absolute am ount of coke used.

R eplying to  D r. B ecker’s rem arks, the  au th o r 
reg re ts  th a t  no figures were available for re ac ti­
v ity . In  fac t, th ere  is very  li tt le  unan im ity  of 
opinion as to  th e  correct tes ts. A recen t P ap e r 
by P ro f. P a rr , of the  U n iversity  of Illinois, seems
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to  give a very useful te s t which can be carried 
o u t on a  labora to ry  scale. W e shall aw ait Mr. 
M o tt’s experim ents w ith considerable in terest. 
This te s t would seem to  be a la rg er scale modifica­
tio n  of P ro f. B ah r’s, published in  “  S tahl und 
E isen ,”  volume 44, pages 1 to  9 and  39 to  48. I t  
is hoped th a t  th e  U n iversity  of Sheffield will obtain 
some of the  more reactive cokes to  supplem ent 
charcoal, which is th e  upper lim it of P rof. B ah r’s 
experim ents. The au th o r would be glad to  ship 
M r. M ott a sample of the  B a rre tt  coke, and prob­
ably could ob tain  for him  one of the  ligh ter petro­
leum  pitches, if i t  is no t available in  England.

In  conclusion, the  au tho r would th an k  Mr. J .  E. 
F le tcher for ab strac ting  the  P aper, and also for 
h is k ind ly  rem arks. A g rea t deal of th is  work was 
done before th e  idea of a  complete series came 
in to  being, and  a g re a t deal of inform ation which 
would have been obtained had the  programme 
been carefully  m ade, was no t obtained in the 
earlie r melts. As i t  was not possible to  repeat 
these, on account of th e  exhaustion of the coke 
supplies, some d a ta  which were obtained on the 
la s t of the  m elts were no t p u t in to  the  table.



STRESSES IN NON-FERROUS CASTINGS.

By Professor Cecil H. Desch, D.Sc., F.R.S. (Member)*
The ex istence o f in te rn a l stress in  castings is a 

freq u en t cause of fa ilu re , g iving rise to  defects 
which are  fam ilia r to  every foundrym an. All 
m etals a re  liable to  in te rn a l stresses when cast 
in to  shapes which allow of th e  cooling of d ifferen t 
p a rts  a t  unequal ra tes , b u t th e  tro u b le  is ap t to  
p resen t itself in a  m ore acu te  form  in th e  non- 
ferrous foundry  th a n  in  the  iron foundry , owing 
to  th e  conditions of solidification. The g rea te r 
th e  change of volume d u rin g  solidification, and 
th e  g re a te r  th e  solid con trac tion  d u rin g  cooling, 
th e  m ore severe th e  stresses which will be 
developed. C ast iron co n trac ts  on freezing, b u t 
very shortly  a fte rw ard s an expansion occurs, 
owing to  the libe ra tion  of g rap h ite , and  th is  ex ­
pansion p a rtly  neu tra lises th e  effect of the  con­
trac tio n , so th a t  stress is to  t h a t  e x te n t relieved. 
Steel, on th e  o ther hand , does n o t undergo  an 
expansion, and as its  casting  te m p e ra tu re  is very 
h igh, th e re  is a long range  of tem p e ra tu re  over 
which con trac tion  is occurring  in  th e  solid sta te , 
and  th e  liab ility  to  in te rn a l stress is therefo re  
g rea t. Cooling stresses of th is  k ind  will obviously 
be in  g re a te r  p roportion , as th e  reduction  of 
volume on freezing and  th e  solid con trac tion  are 
g rea te r, b u t o th e r fac to rs a re  also involved. A 
very so ft m etal, such as lead, will yield  to  stress 
so th a t  th e  casting  will deform  m ore o r less, b u t 
will n o t crack. On th e  o th e r hand , a  h a rd  bronze 
or nickel alloy, w ith  a h igh  elastic  lim it, even a t 
tem pera tu res  above th a t  of th e  atm osphere, will 
be unable to  yield, and is likely to  develop cracks. 
Table I  gives th e  co n trac tio n  on freezing and 
th e  m ean coefficient of lin e a r  co n trac tio n  in the  
solid s ta te  of th e  p rinc ipa l pu re  m etals, b u t few 
d a ta  as to  th e ir  yield when h o t a re  available.

Sim ple sh rinkage is in  itself able to  account 
for qu ite  considerable stresses, b u t in some m etals 
and alloys th e  effect is acoentuated  by th e  c ry s ta l­
line n a tu re  of th e  m a te ria l. M etals such as 
copper, silver, iron , lead  and  alum inium  
crystallise in  th e  cubic system , and th e ir  con­
tra c tio n  is the  sam e in  all d irections, b u t o thers,
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such as zinc, b ism uth , antim ony and  cadmium, 
crystallise  in  less sim ple form s, and  co n trac t more 
in  one d irec tion  th a n  in  ano ther. F o r  instance, 
th e  coefficient of expansion (or con traction) of 
b ism uth  is 16.2 x  10-' para lle l to  th e  axis and  
only 12.0 x  10-6 perpend icu lar to  th e  axis, and 
a lthough  accu ra te  d e te rm ina tions of th is  k ind 
have n o t been m ade fo r o th e r m etals, i t  is cer­
ta in  t h a t  all m eta ls and  alloys which do  n o t 
crystallise in  th e  cubic system  m u st show sim ilar 
differences. Such  m etals, fo r exam ple zinc, 
usually  fo rm  crystals which a re  m uch longer in

T a b l e  L

MetaL
Coefficient of 

linear expansion. 
0 x  10‘.

Change of volume 
on melting. 

Per cent.

Aluminium 27.4 6.4
A ntimony 10 1.4
B ism uth 13 3.2
Cadmium 31 4.7
Copper 16.5 4 .0
Gold 14.5 5.2
Lead 29 3.4
Magnesium 29 —
Xickel . . 16 - -
Silver 24 5.0
T in . . 22 2 .8
Zinc 26 6.5

one d irec tio n  th a n  in  any o ther, and th e  high con­
tra c tio n  in  th e  d irection  of g rea test length  sets 
up  stresses which m ay be considerable. More­
over, such crystals grow most rap id ly  along the 
a v i s '  and  e x e r t a  m easurable th ru s t  in  so doing. 
A consequence o f th is  is th a t  when a  casting, such 
as a  long b ar, begins to  freeze, th e  o u te r shell, 
which firs t solidifies, consists of long crystals, 
th ru s tin g  ag a in s t one ano ther and causing an 
ap p a ren t expansion, leav ing  small cavities in the 
in te rio r. F o r  th is  reason, m any brasses and other 
alloys have been recorded as expanding during  
freezing, w hilst a  de term ination  of the  density 
proves ath a t  no rea l expansion has tak en  place, 
b u t th a t  th e  cast b a r is m inutely  porous. An 
o u te r  shell which has solidified in  th is  way is in  a 
s ta te  of stress, which is g rea te r the  g rea te r the
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difference in  the coefficients of expansion of the  
crystals in tw o d irec tions a t  right-angles to  one 
another.

I t  follows th a t  a  m ere knowledge of the 
coefficients of expansion of m eta ls and alloys 
counts fo r li t t le  in  decid ing how m uch shrinkage 
will be found in a casting , and  em pirical m easure­
m ents of ac tua l castings of sim ple form  are  of 
g rea te r value. The sh rinkage observed in  th is  
way is th e  n e t resu lt of a num ber of separa te  
changes, which m ay p a rtly  n eu tra lise  one another. 
As an example, th e  values of th e  shrinkage of 
ligh t alloys of alum in ium  m ay 'be considered. 
V arious w rite rs  have given figures, which differ 
rem arkably  li t t le  from  one ano ther, as the  com­
position is varied  w ith in  wide lim its, although 
every foundrym an knows th a t  th e  differences in 
actual sh rinkage  a re  very large, and  th a t ' th is 
accounts in  la rg e  m easure fo r th e  p o p u la rity  of 
the  alloys w ith silicon, w hich show a  sm aller 
shrinkage th an  m ost alloys of th e  k ind.

W hen an  alloy consists of tw o constituen ts of 
very d iffe ren t physical p roperties, stresses may 
easily be se t up. The gun-m etal and  sim ilar 
alloys mostly con ta in  th e  eu tec to id  of copper and 
tin , a h ard , b r i tt le  m a te ria l. The difference in 
con traction  between th is  and  th e  ad jo in ing  solid 
solution is so g re a t th a t  sm all cracks o ften  s ta r t  
from  th e  patches of eu tec to id . R ap id  cooling 
will d im in ish  th e  size of any such inclusions, and 
th u s  lessen the  concentration  of stress. A lthough 
rap id  cooling m igh t be expected to  cause therm al 
stresses, th is  is o ften  m ore th a n  com pensated for 
by th e  sm aller size of th e  crysta ls  and  by th e ir  
less reg u la r arrangem en t, causing a  m ore even 
d is trib u tio n  of the  sm all residual stresses. I t  is 
for th is  reason th a t  chill castings m ay be more 
free from  stress th a n  sand  castings, although  a t  a 
first glance th e  co n tra ry  m ig h t be expected to  be 
the case. W hen th e  chill is very  severe, as in 
p ressure die-casting, th e re  m ay be g re a t shrinkage 
stresses, and  th is has been observed w ith alu­
m inium  alloys. P is tons, when d ie-cast u n d er 
pressure, have been known to  sep a ra te  in to  tw o 
concentric shells, completely d is tin c t frcm  one 
ano ther, ow ing to  sharp  con traction  stresses 
between th e  tw o rapidly-chilled surfaces. O rd i­
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n arily , when th e  feeding of the  die-casting is pro­
perly provided for, th e  m etal ob ta ined  is com­
para tive ly  free  from  in te rn a l stress, unless tthe 
alloy is o f such a  k ind  th a t  a tran sfo rm ation  may 
con tinue  in th e  solid s ta te  a f te r  solidification. 
Such a  condition appears to  be responsible fo r the 
w arp ing  o f some zinc base die-castings in the 
course of tim e. The alloys of alum inium  w ith 
zinc con ta in  an  unstab le  phase, and  the  gradual 
change to  the  stable condition sets up stress. As 
an exam ple, d ie-cast tensile te s t pieces of an  alloy 
of 93 p er cent, zinc, 4 per cent, alum inium , and 
3 per cent, copper, showed a d is tin c t falling  off 
of tensile s tre n g th  a f te r  one year, b u t the resist­
ance to  shock was very grea tly  reduced, falling  in 
th e  sam e tim e  from  76 to  8 ft.-lb . sq. in ., although 
chem ical action  was prevented . This effect m ust 
be a ttr ib u te d  to  in te rn a l stress.

M any alloys pass th rough  a b rittle  range during  
the  process of cooling, and w ith in  certa in  lim its 
of tem p e ra tu re  they  a re  easily frac tu red . All 
alloys of copper and zinc have th is  p roperty . For 
cast brasses of the  alpha-beta  type th is range lies 
in  th e  neighbourhood of 300 to  500 deg C., and a 
sim ila r range is found in the t in  bronzes. Advan­
ta g e  is tak en  of th is  fa c t in knocking off the 
ru n n e rs  of castings, b u t i t  is obviously dangerous 
to  shake o r  handle castings while w ith in  th is 
ran g e  o f tem p era tu re .

Any local h ea tin g  subsequently to  casting is 
liable to  se t up  stresses. B urning-on a t  defective 
places is a  prolific source of trouble. I t  may 
happen  th a t  th e  burn t-on  portion  may appear to  
be qu ite  sound, and  th a t  cracking will occur a t  a 
la te r  stage . M onel-metal castings which have 
been tre a te d  in th is  way sometimes crack violently 
some ten  m inu tes a f te r  m aking th e  weld. Such 
troub le  can only be avoided by annealing, tak ing  
care th a t  th e  m eta l cools from  th e  welding tem ­
p e ra tu re  slowly enough to  allow of th e  gradual 
relief of stress. L arge castings have sometimes 
sp lit suddenly w ithou t known cause, and th e  pre­
sence of dissolved gases has been suspected as 
being responsible. M uch work is now in progress 
on th e  rem oval of gas from  casting  m etal, and i t  
rem ains to  be seen w hether th e  m easures which 
a re  recom mended will lead to  th e  production of
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of in te rn a l tension.

A rem arkable  case of crack ing  of castings 
through in te rn a l stress is th a t  of the valve cast­
ings used in the  construction  of th e  C atskill Aque­
duct for a supply of w ater to  New York, an 
account of which was published in  1915. These 
castings were of the  alloy usually called m anganese 
bronze, and were very large, som etimes up to  
10 tons in w eight. A lthough th ey  had  been sub­
jected  to hydraulic te s t  pressures of 200 o r 300 lb. 
per sq. in. ¡for ha lf an hour o r more, they  
developed leaks some m onths la te r  under very 
sm all pressures, and  these leaks became larger 
in course of tim e. An analysis of one of the 
castings g a v e :—Copper, 58.5; zinc, 39.1; t in , 1.0; 
iron, 1.4 per c e n t.; lead, trace , and m anganese,
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none. The s tru c tu re  was th a t  of an  approxi­
m ately  60 : 40 brass, composed of b e ta  crystals 
contain ing  num erous isolated a lp h a  crystals. 
M any of the  valves and  o ther objects had  been 
repaired  by “  b u rn in g -in ,”  cracks and o ther de­
fects being filled by m elting  in  some of th e  same 
m ateria l. Sound welds were ob tained  in  th is 
way, and the  castings had  every appearance of 
being in  good condition . I t  was only a fte r  an 
in te rva l of tim e th a t  fa ilu re  occurred. The 
m a tte r  was investigated  by th e  U .S. B ureau  of 
S tandards in  1916, and experim ents were made 
by casting  fram es of th e  shape shown in F ig . 1 , 
cu ttin g  th rough  a t  th e  p o in t A, and burn ing  in 
a supply of th e  sam e m etal, m aking  a weld. By
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saw ing th rough  th is  arm  of the fram e, after 
hav ing  removed th e  pouring  gate , i t  was possible 
to  m easure th e  stress in  th e  casting  by m easur­
ing  th e  change in distance between two gauge 
po in ts previously m arked. Tensile stresses rang­
ing from  2.8 to  4.3 tons per sq. in. were found 
to  exist. C alculations showed th a t  a stress four 
tim es as g rea t m igh t have been expected theo­
re tica lly , so th a t  in all p robability  there  had 
been some plastic  yielding of th e  alloy, th e  elas­
tic  lim it being exceeded. This would leave the 
o ther p a r ts  of th e  casting  near to  the  repair in 
a s ta te ' of severe in te rn a l stress, sim ilar to  th a t 
which is found in  a severely cold-worked metal.

F ig . 2.

The subsequent cracking would th en  be of 
exactly  th e  sam e k ind as the  “ season-crack ing” 
of cold d raw n tubes and rods. I t  would not occur 
im m ediately, b u t a f te r  an in terval, as in  season- 
crack’ing. The fa ilu re  was not in any way due 
to  th e  weld m etal itself, which gave norm al tests 
and stru c tu re , b u t to  in te rn a l stress, which could 
no t be rem oved by subsequent annealing, owing 
to th e  large size of th e  castings.

A more obscure condition of stress, in  which 
th e  w riter has tak en  p a rticu la r in terest, is th a t  
which m anifests itself betw een th e  individual
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crystal g ra in s  of a  cas t m etal. I t  is well known 
to  all who have been concerned w ith th e  casting  
of m arine  propellers in m anganese bronze o r 
sim ilar alloys th a t  occasionally a  b rittle  casting  
is obtained, which m ay frac tu re  on a blow, in ­
variab ly  showing a coarse in tercrysta lline  frac­
tu re . A fragm en t of a broken propeller of th is  
k ind is shown in F ig . 2. In  th is case fra c tu re  
occurred when a blade of th e  propeller happened 
to  s trik e  a  floating  p lank. The crystal g ra ins of 
such castings a re  occasionally of enorm ous size, 
th e  shape of one, which was of th e  size of a 
tu rk ey ’s egg, being shown in  F ig. 3. In  the  
w rite r’s experience, castings which have behaved

in  th is way have always consisted e ith e r of the 
beta  con stitu en t only, or of be ta  w ith  a 
re la tively  small p roportion  of a lpha, and 
they  have contained a  high proportion  of a lu­
m inium . The la te  P ro f. H u n tin g to n  noticed 
th a t  very coarse crysta lline  alloys of th is  kind 
would d is in teg ra te  if placed in  m ercury, and th is 
te s t has proved useful. The frag m en t of pro­
peller in question, if im mersed in  m ercury, will 
b reak  up in  th e  course of th ir ty  seconds in to  a 
loose mass like sand, each pa rtic le  being a single 
crysta l g ra in . O ther specimens d is in teg ra te  more 
slowly, and th e  process m ay take  m inutes or 
hours. O thers, again , although w ith grains as
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coarse as th e  specimens in question, are not 
loosened by th e  action  of m ercury, b u t are evenly 
am algam ated w ithout penetra tion  along th e  grain  
boundaries. The effect strongly  recalls the use of 
m ercury  or of m ercuric salts as a te s t fo r season- 
cracking. Cold-worked brasses a re  sometimes in 
a condition  in which spontaneous cracking may 
occur, perhaps m onths a f te r  m anufacture , on ex­
posure to  corrosive fum es or by a change of tem ­
p era tu re . The m ercury  te s t produces sudden 
cracking, which is evidence of in te rn a l stress. 
R easoning from  analogy, i t  m ay he supposed th a t 
th e  castings which respond to  the action of m er­
cury in th is  way are  also in  a condition of stress, 
and th is conclusion is alm ost certa in ly  justified. 
A com parison m ay be made w ith th e  action of 
t in  o r solder on brasses a t  high tem peratures, to  
which a tte n tio n  was first d irected  bv Dickenson, 
who described a be ta  brass (so-called manganese 
bronze) of th e  following composition :—

Copper, 55.75; zinc, 36.77; manganese, 3.87; 
and alum inium , 2.56 per cen t., which cracked 
owing to  the  p ene tra tion  of m olten solder between 
th e  g ra in s. I t  was shown th a t  the solder could 
only p en e tra te  while th e  brass was under tensile 
stress, and th e  alloy could be brought into con­
ta c t  w ith liquid solder when the specimen was 
under compression or on the  compression side of 
a ben t b a r w ithou t producing any effect. Failu re  
under tension was obtained in a  num ber of 
brasses, and  in  m ost instances the  penetra tion  
could be seen to  follow th e  boundaries of the  beta  
grains. The m ore regu lar the  polyhedral struc­
tu re  of th e  brasses the  more readily  such failure 
occurred. A very sim ilar k ind of frac tu re  is seen 
when gases p en e tra te  in to  m etals, as for example, 
when hydrogen is forced by electrolysis in to  cop­
per o r iron. The gases pen e tra te  along th e  grain  
boundaries and m ay readily  cause ru p tu re . 
Brasses which on slow cooling give an alpha and 
be ta  s tru c tu re  fra c tu re  more readily  in contact 
w ith m ercury  or w ith  m olten m etals when 
quenched from  a sufficiently high tem pera tu re  to  
give them  th e  s tru c tu re  of a homogeneous beta 
alloy. The w riter has m ade a large num ber of 
experim ents for th e  purpose of discovering the 
exact conditions under which d is in teg ra tion  could
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be brought about by m ercury. A com plete be ta  
s tru c tu re  is th e  m ost favourable, and it  appears 
th a t  th e  presence of some m eta l o ther th an  zinc 
is usually necessary. In  one series of experi­
m ents brasses were made to have a simple beta  
s tru c tu re  by vary ing  th e  zinc and adding a suffi­
c ien t q u an tity  of alum inium , m anganese or sili­

con. I t  was found th a t  2 per cent, of alum inium  
was necessary to  produce d is in teg ra tion , b u t th is  
m ight be replaced by a ra th e r  la rger qu an tity , 
perhaps 3 per cen t, of silicon. On the  o ther hand, 
m anganese did no t tend  to  develop th is type  of 
b rittleness, and i t  is of in te re s t to  notice th a t  
in  th e  Japanese  navy m uch a tte n tio n  has been 
given to  alloys con ta in ing  as much as 4 per cen t.
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m anganese for th e  castings of propellers, and it 
is understood th a t  these a re  no t so liable to  ex­
h ib it g re a t b rittleness. T ha t th e  question is not 
m erely one of chemical composition is shown by 
the  behaviour of a casting  which was examined 
recently . The analysis of th is  casting w as: — 
Copper, 64.40; zinc, 26.55; iron, 1.55; manganese, 
1.84; and alum inium , 5.30 per cent., w ith only 
m inu te  q u an tities  of o ther m etals. The struc tu re  
was th a t  of a be ta  brass and the  m echanical pro­
perties in  th e  cold were excellent, although i t  was 
possible to  produce a b rittle  in tercrystalline frac­
tu re  by m oderate heating . M ercury did not cause 
d is in teg ra tion  unless th e  surface to  which the 
m ercury  was applied was in  tension. The alu­
m inium  in th is  alloy is rem arkably high, and 
nevertheless d irec t d is in teg ra tion  by mercury 
w ithout stress was no t produced. W hen th e  sur­
face of an alloy of th is  k ind  is am algam ated and 
a section is cu t th rough  and exam ined by means 
of th e  microscope (special precautions being neces­
sary  to  avoid th e  sm earing of the  amalgam) i t  is 
seen th a t  am algam ation  has advanced along the 
g ra in  boundaries, w hilst th e  crystals as a whole' 
a re  unchanged. The behaviour of castings having 
th e  simple polygonal g ra in  s tru c tu re  of beta brass 
m ay be illu s tra ted  by F ig . 4. These polygonal 
masses co n trac t in  cooling, and there  is, th ere ­
fore, a tendency for each g ra in  to  pull away from 
its  neighbours, th e  stress in one such g ra in  being 
ind icated  by arrows. The more simple the form 
of th e  boundaries th e  more likely is ru p tu re  to 
occur, and th is  is in accordance w ith the  fac t 
th a t  such b ritt le  frac tu res  a re  almost always 
accom panied by a sim ple polygonal "structure. 
W hether i t  is considered th a t  an  amorphous 
m ate ria l exists between the  gra ins o r not, i t  is 
ce rta in  th a t  chemical action, including am algam a­
tio n  by m ercury, can proceed most readily  along 
th e  boundaries, and when considerable stresses 
are present a t  tbose boundaries th e  m ateria l may 
break  up. I t  seems very probable from  analogy 
w ith season cracking th a t  ru p tu re  by chemical 
m eans does n o t occur unless a s ta te  of stress 
exists in th e  region to  which the  reagen t pene­
tra te s . W hy th e re  should be so much difference 
between different castings rem ains unexplained.



116

DISCUSSION.
Largest Crystal Grains Absent in High-Grade 

Manganese-Bronze Propellers.
M r . W e s l e y  L a m b e r t  (V ice-President) com­

m ented on th e  a u th o r’s s ta tem en t regard ing  the  
very large crysta l g ra in  s tru c tu re  to  he found 
in some large m arine-propeller castings. As one 
who had  had  a very  considerable experience ir. 
th e  m an u fac tu re  of heavy m anganese-bronze 
castings, w eighing up to  30 tons apiece, he pointed 
o u t th a t  i t  would be a m ost a larm ing  th in g  were 
th e  P ap e r to  be allowed to  be published broadcast 
w ithou t a correction  being m ade. H e  fe lt sure 
th a t  th e  purchasers of m arine propellers and of 
o ther heavy m anganese-bronze castings would be 
extrem ely  chary  about o rd erin g  these castings if 
th e re  was even a likelihood of th e  crysta l g rain  
size in any p a r t  of a casting  even approaching 
th a t  shown in  F ig . 3, which represen ted  a single 
c rystal g ra in  of several cen tim etres d iam eter. He 
believed he recognised in  F ig . 3 a c ry s ta l g ra in  
which he him self had  loaned to  Professor Desch. 
Professor Desch had  published a  P a p e r  on th e  
isolation of m eta l g ra ins, and  a t  th e  conclusion of 
th a t  P ap e r had w ritten  th a t  he hoped in  th e  near 
fu tu re  to  succeed in  iso la ting  larger g ra ins. He 
(M r. L am bert) had  sen t P rofessor Desch th e  g rain  
illu s tra ted , and he could only surm ise th a t ,  seeing 
i t  came from  a propeller m an u fac tu re r, Professor 
Desch had concluded th a t  i t  m ust have resulted  
from  a very large  casting , presum ably a propeller.

Original Chill and Large Grains.
As a m a tte r  of fac t th e  la rg e  g ra in  in question 

came from  a sm all bulk of m eta l w eighing only 
about 200 lbs. E xp la in in g  th e  circum stances 
under which th e  la rg e  g ra in  was ob tained , he 
said th a t  on a certa in  M onday m orn ing  m anganese 
bronze was being ex truded , and a chill-cast billet 
had fallen to  pieces while being rem oved from  th e  
reheating  furnace. Among the  pieces of m etal 
was found th e  large  single crystal g ra in  shown in  
F ig . 3. H e  was sen t for and  inform ed th a t  th e re  
was som ething rad ically  wrong w ith th e  m eta l as 
evidenced by th e  large g ra in  s tru c tu re  exposed 
on the  frac tu red  surfaces of th e  billet. In q u irin g
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as to  when th e  billet was p u t in to  the  reheating  
fu rnace , he was to ld  th a t  i t  was p u t in th a t  
m orning. H e came to  the conclusion, however, 
th a t  th e  b ille t had been p u t in to  th e  furnace 
on th e  previous S a tu rd ay  m orning, and th a t  when 
th e  w histle to  cease work had blown th e  men had 
n o t troubled  to  ex tru d e  th e  la s t rem ain ing  billet, 
bu t had  allowed i t  to  rem ain  in  the furnace un til 
th e  M onday. Then, when th e  fu rnace  had been 
fired on th e  M onday m orning, the  billet had  been 
le f t a t  th e  back of th e  furnace, u n til a t last i t  
was b rough t forw ard for extrusion  and had fallen 
to  pieces as i t  was handled.

I t  is practically  impossible, when following the 
o rd in ary  ro u tin e  practice, so to  cast a propeller, 
even w hen w eighing say 30 tons, as to  produce 
a crystal g ra in  of th e  size shown in  F ig . 3. He 
had exam ined m any propellers accidentally broken 
d u rin g  th e  w ar, and in  several instances sections 
had been cu t r ig h t th rough  th e  heavy root portion 
ad jacen t to  th e  boss of a blade, planed, polished 
and  etched, and  he was in  a position to  affirm 
th a t  i t  is extrem ely doubtfu l w hether one would 
ever happen  upon a crystal g ra in  of a diam eter 
la rg er th a n  |  in.

The te x t of Professor Desch’s P aper m ight lead 
one to  believe th a t  in large castings of manganese 
bronze one can find large grains of the  size illus­
tr a te d  in  F ig . 3 of his P aper, b u t th is  was not so, 
and  he  was su re  Professor Desch would readily 
adm it his e rro r  in  th is  respect.

Composition and Large Crain.
P r o f e s s o r  D e s c h , replying, expressed regret 

to  M r. L am bert for hav ing  m isunderstood his 
com m unication. I t  was tru e  th a t  the  grain  re­
ferred  to  was th e  one M r. L am bert had  sen t him, 
and  he had  in ferred , from  Mr. L am bert’s le tte r, 
th a t  i t  had  come from  a propeller. H e was quite 
p repared  to  adm it th a t  g ra ins in castings never 
were th a t  size. However, he had had propellers 
from  o th e r sources w ith  crystals of very large 
size, and  i t  was, a fte r  all, a m a tte r  of degree. A 
crysta l w ith  a d iam eter of f- in . was p re tty  big, 
and he was re fe rrin g  to  crystals which would 
break  a p a r t and give such a coarse fra c tu re  th a t  
th e  size of th e  crystals was visible to  the  eye.
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The cause of such unusual crystallisation  was still 
obscure and was w orth investiga ting . A simple 
cast billet of such bronze could no t be m ade to 
give excessively large crysta ls  by h ea t- trea tm en t 
alone. W hen, however, th e re  was any local chill­
ing in  a casting, cooling stresses m igh t be se t up, 
so th a t  on re-heating  th e  mass of m eta l was in  a 
s im ilar condition to  a  mass which had  been cold 
worked, and  therefo re  g ra in  grow th could take  
place. I t  was qu ite  possible th a t  th e  occurrence 
of exceptionally la rge  g ra in s in some propellers was 
due to  such local stresses, b u t th e  conclusion had 
n o t ye t been proved. I t  was rem arkable th a t  such 
g ra in s were only observed w ith in  ce rta in  ranges 
of chem ical composition.

Result of Insufficient Feeding May Resemble 
Contraction Stress Pull.

M b . W e s l e y  L a m b e r t , reopening th e  discussion 
on the  following day, said th a t  he had  again  read  
P ro f. Desch’s P ap er, and  would like to  bear te s ti­
mony to  th e  fa c t th a t  i t  was a  really  valuable 
con tribu tion , con ta in ing  ,a considerable am ount 
of very useful in fo rm ation . D iscussing th e  P aper 
fu r th e r , he called a tte n tio n  to  th e  au th o r’s s ta te ­
m ent, in  a reference  to  chill castings, t h a t  “  W hen 
th e  chill is very severe, as in  p ressure d ie-casting, 
th e re  m ay be g re a t sh rink ing  stresses, and  th is 
has been observed w ith  alum inium  alloys. P istons, 
when die' cast u nder pressure, have  been known 
to  separa te  in to  tw o concentric shells, completely 
d is tin c t from  one ano ther, ow ing to  sharp  con­
trac tio n  stresses between the  tw o rapidly-chilled 
surfaces.”  I t  so happened, he said , th a t  a few 
days ¡ago a m em ber of the  In s ti tu te  had  sen t 
him  a gunm etal p la te , hav ing  a  superficial area  
of abou t 2 sq. f t .  and  about |  in . th ick . The 
casting  appeared  to  be quite good, b u t th e  mem­
ber in  question had  had  occasion to  m achine i t  
som ewhat deeply, and  had  th e n  found, to  his 
g re a t consternation , th a t  there  appeared  to, be 
some defect. In  exploring  i t  he had  found th a t  
th e re  was a wall space in  th e  in te rio r of th e  cast­
ing, and th a t  i t  was possible, w ithou t very m uch 
trouble, to  div ide the  casting  in to  tw o d is tin c t 
parts . This was n o t a t  all an  uncommon th in g  
in non-ferrous work when one was casting  th in  
castings. P ro f. Desch, apparen tly , would lead
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one to  believe th a t  i t  was due to  contraction 
stresses. I f  i t  were due  to  contraction  stresses, 
however, one would expect to  find some evidence 
of ru p tu re  of m etal, bu t, as a  m a tte r  of fact, 
in th e  m ajo rity  of these cases, if one exam ined 
th e  surfaces exposed by te a r in g  th e  tw o apart, 
one found th a t  th e  crystal form ation had  not 
been d istu rbed  by frac tu re  or ru p tu re  in any way. 
There w ere skeleton crystals and perfectly-form ed 
crystals exposed, and he believed i t  would be found, 
if one exam ined them  closely, th a t  the  trouble 
was due to  -a dual freezing, i.e ., freezing tak ing  
place on both sides of a  th in  casting, and  th a t  
th e re  was insufficient liquid m etal to  follow up 
th e  con traction . I t  d id  n o t appear to  be due so 
m uch to  con traction  stresses as to  the  fac t th a t  
one had  n o t been able to  feed th e  th in  casting. 
I n  order to  dem onstrate  th a t  th is  was n o t a t  all 
uncommon, he sa id  th a t  on several occasions 
specimens had  been sen t to  him  and he had  been 
asked fo r advice as to  how to  get over th e  trouble. 
The rem edy suggested itself. One m ust endeavour 
as fa r  as possible to  g e t th e  freezing to  tak e  place 
from  one side of a th in  casting. T ha t could be 
done by hav ing  one ha lf th e  mould warm and the 
o th e r h a lf colder. H e had  m et cases of pistons 
show ing tw o concentric castings, one inside the 
o ther, b u t he had  no evidence w hatever th a t  they 
had  p a rted  as th e  resu lt of in te rna l contraction 
s tre sses ; th e  troub le  was due to  th e  fac t th a t  
th e  castings were im properly fed.

Burning-On and Annealing.
L a te r  on in  th e  P aper P ro f. Desch had referred 

to  burning-on a t  defective places as being a  pro­
lific source of trouble . U nfortunately , however, 
burning-on had  to  be resorted  to, and P rof. Desch 
w ent on to  say  th a t  such trouble could only be 
avoided by annealing . I t  was very k ind of him  
to  call a tte n tio n  to  th a t  fac t, b u t all practical 
foundrym en recognised th a t  when they  had to  
have reso rt to  burning-on, an annealing operation 
followed, otherw ise th e re  would be many more 
fa ilu res to  record th an  were factually recorded. 
R eference had also been m ade to  the cracking of 
valve castings used in th e  construction of the 
C atskill A queduct to  New York. H e had  been 
asked, in 1915, by A m erican au thorities to  con­
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tr ib u te  to  the  investigation  in to  th e  fa ilu re  of 
these valves. I t  was tru e  th a t  in some instances 
th e  valves had  failed  because of th e  burning-on 
th a t  had been carried  o u t, which ap p aren tly  had 
no t been followed by adequate  annealing , b u t in 
some instances these large valves h ad  failed  
because th e  core was no t m ade in such a  m anner 
th a t  i t  would collapse sufficiently to  enable the  
casting  to  co n trac t as i t  should have done 
norm ally. H e d id  no t th in k  th a t ,  a t  th e  tim e the  
castings were m ade, th e  m akers had  understood 
the  idiosyncrasies of m anganese bronze to  the 
e x te n t th a t  th ey  were understood to-day.

Manganese-Bronze Propellers.
A s ta tem en t in P ro f. Desch’s P a p e r  which 

needed a litt le  exp lana tion  was to  th e  effect th a t  
i t  was well known to  all who had  been concerned 
w ith  th e  casting  of m arine  p ropellers in  m an ­
ganese bronze o r  s im ilar alloys th a t  occasionally 
a b rittle  casting  was ob ta ined , which m ig h t frac ­
tu re  on a  blow, invariab ly  show ing a  coarse in te r ­
crystalline fr-acture. Such a  s ta tem en t, said  M r. 
L am bert, m ig h t arouse some suspicion in  th e  m ind 
of th e  pu rchaser of a  p ropeller as to  w hether he 
had  n o t go t hold of one of th e  b r i t t le  ones. Some 
15 years ago th e  h igh-tensile bronzes, i .e ., th e  
bronzes of th e  be ta  range, were in troduced , and 
on account of th e ir  h igh  ten ac ity  and  good elonga­
tio n  th ey  w ere considered to  be an  excellen t 
m ateria l for propellers, so th a t  a very  la rg e  num ­
ber of propellers was m ade in th e  b e ta  bronzes. 
U n fo rtuna te ly , however, these b e ta  bronzes had  
to  be controlled w ith in  very n arro w  lim its , and  he 
believed propeller m an u fac tu re rs  would concede 
th a t  14 o r 15 years ago a r a th e r  b r i tt le  p ropeller 
blade o r solid propeller m ig h t occasionally have 
been m ade, b u t he wras pleased to  say  th a t  to-day 
they knew the lim ita tions of th e  be ta  bronzes.

The Mercury Test.
D iscussing th e  m ercury  te s t, re fe rred  to  by P ro f. 

Desch, he said  th a t  w ith th e  b e ta  bronzes, of a 
b rittle  character, one could g e t d is in teg ra tio n  in 
a  very sh o rt tim e, b u t the  bronzes of th e  a lpha- 
be ta  type , which were used m ore th a n  th e  wholly 
beta  bronzes, did no t d is in teg ra te  in m ercury  to  
any th ing  like th e  sam e ex ten t. H e had  asked
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Prof. Desch w hether he had arrived  a t an ex­
p lanation  of th e  in te r-p en e tra tio n  of m ercury, 
and th e  reply  was th a t  he was still carry ing ou t 
research  w ork in  th a t  d irection . The penetration  
of m anganese bronzes, p articu la rly  th e  beta 
bronzes, by m ercury  was a very in te resting  pheno­
m enon. Inc iden ta lly , one would gather from  the 
P ap e r th a t  th e  la te  P ro f. H un tin g to n  had dis­
covered th is  rem arkable effect of m ercury on 
bronzes. D r. Rogers was cred ited  w ith having 
first published th is  effect, bu t, .as a  m a tte r  of 
fac t, i t  was w ith in  his (M r. L am bert’s) knowledge 
th a t  some years before Dr. Rogers had d ea lt with 
th e  sub ject the  effect of m ercury on brasses had 
been discovered as the  resu lt of th e  fulm inate 
of m ercury  used in  th e  detonating  caps of 
ca rtr id g e  cases hav ing  caused th e  frac tu re  of a 
very la rge  num ber of cases.

M r. A. L ogan was glad th a t  P rof. Descli had 
d raw n  a tte n tio n  to  th e  question of volume changes 
du rin g  solidification, because th is  point, p a r t i­
cularly  w ith  reg ard  to  non-ferrous alloys, was one 
on  which a g re a t deal more inform ation was 
required . H e had  experienced w ith gunm etal 
w hat P ro f. Desch called “  ap p aren t expansion.” 
I f  one had  a  gunm etal liner, for instance, 10 ft. 
o r m ore long, 14 in. d ia ., and, say, 1 £ in. thick, 
and  moulded i t  in  a box which was ra th e r  small, 
so th a t  th ere  was only a small thickness of sand 
on th e  jo in t, i t  was quite possible to  see the 
re su lt of th e  actua l expansion of th a t  casting. 
I t  was such th a t  th e  tw o halves of the  box were 
ac tua lly  forced a p a r t , and one could see the  red 
casting  showing th rough  th e  jo in t. T hat was a 
case in which expansion was not merely 
“  ap p a re n t,”  b u t very real. P rof. Desch ex­
p lained it  by saying th a t  i t  was due to  th e  th ru s t 
of th e  crystals. W hatever i t  was due to, i t  was 
very in te restin g , and was a po in t which required 
fu r th e r  investigation . Of course, the  final resu lt 
was a  con traction  o r shrinkage. The statem ent 
in  th e  P ap e r, a lready referred  to  by Mr. Lam ­
bert, th a t  i t  was well known to  all who had been 
concerned w ith  th e  casting  of m arine propellers 
in m anganese bronze o r sim ilar alloys th a t  occa­
sionally a  b rittle  casting  was obtained, was incor­
rect, and likely to  be m isleading. This poin t had
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been effectively d e a lt w ith  by M r. L am bert, how­
ever, and he (M r. Logan) would only add his own 
confirm atory evidence.

Prevalence of Contraction Strains.
Mb. H . O. D e w s  (London) w rote th a t ,  on read­

ing the  first tw o sentences of th e  P ap e r, the  p rac­
tica l foundrym an is likely to  be seriously per­
tu rb ed  by the  reflection th a t  y e t ano ther worry 
is being added to  th e  already  m u ltifa rious troubles 
he has daily  to  overcome. I t  seems desirable to 
ask P ro f. Desch if he in tended  to  convey th a t  the  
position is quite  so serious as h is words m ay lead 
one to  suppose. C onsidering th e  large  num ber of 
castings which are  p u t in to  service “  as cast ” one 
canno t im agine th e  presence of in te rn a l s tra in s  
to  be very w idespread. I f  in te rn a l s tre ss  were 
libera ted  d u rin g  the  life  of th e  castings one would 
expect deform ation  o r crack ing  to  occur. Such 
cases, however, are  seldom reported , and  even in 
th e  la t te r  even t the  cracks can generally  be ascribed 
to  causes o th e r th a n  in te rn a l stress. One is thus 
forced to  the  conclusion th a t  th e  in te rn a l stress 
is locked up harm lessly in  th e  casting  t i l l ,  in the  
course of years, i t  finds its  way back to  th e  scrap- 
heap, o r else stress is n o t p resen t to  such an  ex te n t 
as m ay he presum ed. T here is li t t le  doubt, as 
P ro f. Desch po in ts out, th a t  “ b u rn ing  ” is a pro­
lific cause of dangerous in te rn a l stress, b u t the 
severe local h ea tin g  and  cooling in  th is  case is not 
usually  m et w ith  in th e  o rd in ary  cooling of a 
complete casting.

I t  is difficult to  agree w ith P ro f. Desch th a t  
volume change on solidification is responsible for 
in te rn a l stresses. I t  is well know n how m etals 
and alloys rap id ly  lose th e ir  s tre n g th  a t  h igh  tem ­
p era tu res . R esearches seem to  ind ica te  th a t  the 
fall generally  persists to  a very low value, and 
although a t  some tem p e ra tu re  below the  m elting  
po in t the  tem pera tu re-stress curve m ay s tra ig h ten  
out, i t  seems reasonable to  suggest th a t  n e a r the  
m elting  po in t the  s trengh  of m ost alloys is only of 
the o rder of a few pounds p er square inch. No 
in te rn a l stress of any appreciable m agnitude could 
be held by an  alloy in such a weak s ta te .

There appears to  be a litt le  confusion in th e  
reasoning of th e  p a rag rap h  which s ta tes  th a t  
coefficient of expansion figures a re  of li tt le  value
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to  p a tte rn m ak ers  in  dealing  w ith  shrinkage allow­
ance. I t  can readily  be agreed th a t  good working 
rules can be obtained  by m easuring  actual cast­
ings, b u t i t  is sometimes desirable to  have a more 
scientific check on these figures. This can be cal­
cu lated  from  coefficient of expansion d a ta  where 
such a re  known up to  near the  m elting  poin t of 
th e  alloy. F igures from  o rd inary  tem peratures 
to  n ear the  m elting  po in t are n o t generally avail­
able, b u t in cases where they  are known rem ark­
able agreem ent can be seen to  ex is t between the 
n e t expansion ob tained  from  those figures and 
th a t  found em pirically by th e  pa tternm aker. I t  
is im p o rtan t also in  m aking  such a comparison to  
deal only w ith sound castings, as the  presence of 
in te rn a l cavities m ay seriously affect the 
ap p a re n t shrinkage. In  choosing alum inium  
alloys to  illu s tra te  his rem arks P rof. Desch 
has confused th a t  portion  of the  to ta l 
shrinkage which th e  foundrym an has to  con­
te n d  w ith  and th a t  which is rectified by the 
p a tte rn m ak er. The difficulty in  th e  foundry w ith 
some alum inium  alloys and the  ease w ith which 
o thers m ay be cast is due to  a high liquid contrac­
tio n  and volume change on freezing in one case 
and  low values in the  o ther. The foundry­
m an can m ake good th e  liquid contraction 
and volume change on freezing by su it­
able feeding and the  p a tte rn  has to  rectify 
th e  solid contraction , which may be much 
the  same fo r alloys w ith very d ifferent liquid and 
pasty  contraction  values. No allowance which 
th e  p a tte rn m ak er can p u t on will make good the 
shrinkage which takes in the liquid, and on pass­
ing  to  th e  solid, and conversely, once these two 
stages are  past, none of the foundrym an’s artifice 
can m ake good the  solid contraction . From  th is 
po in t of view i t  would no t seem reasonable to  ex­
pect published d a ta  on th e  solid contraction  _ to 
agree w ith th e  foundrym an’s observations which 
re fe r to  th e  alloy in  th e  liquid and pasty stage.

M r . S. B. H ole -wrote asking w hether Dr. 
Desch considered th a t  d is in tegration  of bronzes by 
action of m ercury  is due to  p en e tra tio n  of mer­
cury in to  th e  in tercrysta lline  cem ent which (due 
to s tra in  to  which i t  is subjected) amalgamates 
much more readily . The s tra in  g rad ien t present
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probably causes an “  active ”  condition in  which 
an am algam  is form ed and  th e  cohesion between 
gra ins being destroyed, d is in teg ra tion  takes place.

Author’s Reply.
Professor Desch w rote in reply  th a t  the use of 

m ercury salts for the  detec tion  of stress in 
severely cold-worked m etals, such as brass c a r­
tr id g e  cases, was, he was well aw are, known m any 
years ago. The separa tion  of g ra in s of be ta  brass 
in a casting  by im m ersion in  m ercury  was quite  
a  d ifferent th in g , an  effect which had  n o t yet 
been explained , and  possibly unconnected w ith  
stress. H e first learned  of i t  from  Professor 
H u n ting ton , and he was n o t aw are of any previous 
observation of th e  k ind. The sta tem en t in  the 
P ap er was therefo re  correct. H e was n o t prepared  
to say  w hether th e  exp lana tion  was th a t  suggested 
by M r. H ole. This was one of th e  cases in  which 
the  hypothesis of th e  am orphous cem ent fitted 
the facts well, b u t he was n o t ready  to  commit 
himself to  th a t  hypothesis w ithou t fu r th e r  inves­
tig a tio n . M r. Dews had  ra th e r  missed th e  poin t 
of th e  rem arks concerning expansion figures. The 
coefficient of expansion was a  m ost useful figure 
to know for the  purpose of ca lcu la ting  contraction  
allowances. U nfo rtuna te ly , i t  was known for very 
few alloys, and m ost of th e  published figures, 
especially for alum inium  alloys, w ere worthless. 
The ex ten t of th e  volume change d u rin g  solidifi­
cation  was chiefly of im portance for die-casting. 
I t  was qu ite  unknow n for m ost m etals, and i t  
was only la te ly  th a t  an ap p ara tu s  had  been devised 
and constructed  in th e  U niversity  of Sheffield, by 
means of which th a t  q u a n tity  could be determ ined 
accurately.



NOTE ON THE MANUFACTURE OF STEAM CYLIN­
DERS FOR LOCOMOTIVES AND PISTON RINGS 
FOR THE PARIS-ORLEANS RAILWAY COMPANY.

By L. Audo, Ingenieur des Arts et Metiers, Works 
Director of the Paris-Orleans Railway Company.

[French Exchange Paper.]
“  There w ill therefore be two th ings to consider 

in  experim en tal re se arch : F ir s t ly , the a r t  of 
o b ta in in g  exact fa c ts  by rigorou s in v estiga tio n : 
secondly, the a r t  c f  ap p ly in g  them by m eans of 
experim en tal reason in g , in  order to establish 
knowledge o f the law s of phenom ena.”

C l a u d e  B e r n a r d .
On “ Observation and E xperim en t.”

The m anufac tu re  of high-tensile eastings p re­
sen ted  difficulties a t  a  tim e which m ay he regarded 
as h av ing  preceded th e  w ar, when the  methods of 
investigation  available to  foundrym en were ra th er 
crude. M anufactu re  was governed en tirely  by 
em piricism  and observation. The production of 
h igh tensile  m etals was restric ted  to  a few 'firms 
who had  acquired a world-wide repu ta tion  which 
was no doubt deserved, and to  th e  special metals 
employed, which were generally of B ritish  origin.

In  h is P a p e r presented  to  the  P a ris  Congress 
in November, 1925. M . V arle t defined these special 
irons as follow s: m etals m anufactured  w ith cold 
blast, a t  low pressure, in  small blast furnaces 
heated  by coke o r  wood charcoal. The mechanical 
p roperties of such m etals, when subjected to  
sim ilar tests, are  undeniably superior to  those of 
irons m anu fac tu red  in blast furnaces of large 
capacity  worked w ith  h o t b last. These differ­
ences can be ascribed only to  the  method of p re­
para tio n , i t  being impossible a t  p resen t to  deter­
m ine th e ir  precise cause.

N evertheless, th e  productive capacity  of small 
b last furnaces is restric ted , w hilst th e  cost price 
of th e  iron  ob tained  is h igh. The difficulties of 
im porta tion  d u ring  th e  war, and la te r  th e  regret­
tab le  influence of the  exchange impelled Con­
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tin e n ta l foundrym en to  endeavour to ob ta in  high- 
tensile castings from  th e  products of th e ir  own 
coun try ’s soil.

The m anufac tu re  of sem i-steel projectiles d u r­
ing th e  w ar was a  first step tow ards the  desired 
result. B u t even the  m anu fac tu re  of these was a t 
th a t  tim e carried  ou t, for th e  m ost p a rt , in  an 
em pirical m anner. The scientific s tu d y  of such 
m etal by M. P o rtev in , who has determ ined its 
s tru c tu ra l characteristics, enabled its m anufactu re

F i g . 1 .— A m e r ic a n  T y pe  L o c o m o t iv e  C y l in d e r , 
W e ig h t  7,260 l b s . Two C y l in d e r s  f o r  E ach  
E n g in e  m ad e  f r o m  O n e  P a t t e r n . E r ec te d  
on  t h e  V e r t ic a l  P lan  of  S y m m e t r y .

to be ca rried  on m ethodically and its uses to  be 
extended.

The lack oT hom ogeneity of sem i-steel made in 
the cupola for d irec t casting , however, does n o t 
perm it of i'ts em ploym ent fo r castings subjected 
to  fric tion , in p a rticu la r for eng ine cvlinders and 
piston rings. This defect can be rem edied by a
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prelim inary  p igging. This rem elted m etal will be 
made e ith e r in th e  cupola by th e  founder himself 
or in th e  elec tric  fu rnace  by specialists.

A lthough th e  cost of the  final p roduct is in­
creased by rem elting  in th e  cupola, i't is possible 
to  obtain  h igh-tensile m etals a t a practicable price 
by th e  em ploym ent of new m etal, even if of 
ind ifferen t quality  (provided, of course, th a t  it  
does n o t con ta in  th e  in jurious elem ents P  and  S 
i'n large q uan tities), la rger quan tities of scrap, and 
steel scrap—• th a t  is to say, cheap products. This 
steel m ay be of various origins, m anganese steel 
being excluded as, owing to the  presence of th a t

p IG 2 .— L o c o m o tiv e  T w in  H .P . C y l in d e r  op 
t h e  P eoavort T y p e , W e ig h in g  11,000 l b s .

elem ent, the re  would be a risk  of producing an 
abnorm al q u an tity  of cem entite, w'hich would be 
p re jud icial to  the s tren g th  of the castings and 
th e ir  efficiency in  service.

When th e  au tho r first introduced steel a t  the 
works of the  Paris-O rleans Railway, he used spring 
steel derived from th e  broken leaves of th e  sus­
pension springs of vehicles. This steel has the 
following com position :—TO, 0.523; Si, 1.5; t tn ,  
0.6; P , 0.03; and S, 0.02 per cent. The sim ilarity  
of th is  analysis, except as regards th e  carbon, 
w ith th a t  of a good hem atite  will be noticed.
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These leaves are  about 15 mm. in thickness and 
have a m axim um  lengtli of 20 cm.

He th en  extended the use of steel to  old rive ts  
and clippings from shearing  m achines—small pieces 
which are  easy to  handle and are  quickly m elted 
in the cupola.

F i g . 3 . — L o c o m o t i v e  L .P . T w i n - O y l i n d e r  o f  
t h e  P a c i f i c  T y p e , W e i g h t  1 2 ,2 1 0  l b s .

The p rep a ra tio n  of the  rem elted  m ix tu res should 
provide, as f a r  as possible, fo r all th e  necessary 
additions of ferro-alloys, so- th a t  th e  re-m elting  
may no t necessita te  any m odification of the 
charge. In  these two operations account should 
be tak en  of th e  influence of the  cupola on the 
various elem ents, each cupola being, of course, 
the subject of special study. The use of fe rro ­
alloys w ith  h igh  con ten ts will, of course, be 
avoided, as they  are  generally  friab le  and th e ir  
loss in  m elting  is h igh. These ferro-alloys, m ore­
over, produce irreg u la r products.

The, ob ject of th e  in troduction  of steel is, of 
course, to  lower the  to ta l carbon co n ten t and to 
ad ju s t i t  to  th e  silicon con ten t so as to obtain  
the pearlitic  s tru c tu re . I t  is ev iden t th a t  the 
production of high-tensile m etals does n o t neces­
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sarily  im ply th e  addition  of steel, and th a t  by the 
use of special irons and of well selected hem atite  
scrap th e  ob ject in  view may be a tta in ed  more 
directly .*

Semi-steel has been described as an  “ artificial 
m eta l.”  B u t very m any artic les which one

F i g .  4 . — S h e a r i n g  T e s t  M a c h i n e  ( F r e m o n t  T y p e ) 
f o r  S m a l l  B a r s  o f  5 .6 4  m m . D i a m e t e r .

hab itually  uses nowadays a re  m anufactured  a r t i­
ficially, y e t one is perfectly  satisfied w ith them . 
The m etal to be obtained, w hether m anufactured 
w ith  o r w ithout accessories, should have a pearlitic

* See “ Study on Perlitic M etal,” by M. Le Thom as, Marine 
Engineer, “ Fonderie M oderne,” February, 1926.

F



stru c tu re . This can be effected by an  ad ju s tm en t 
of th e  O and Si contents, which is a  very easy 
opera tion  in  th e  m anu factu re  of steam  cylinders 
and p iston  rings, castings in  which th e  thicknesses 
a re  p rac tica lly  regu la r and constan t. I n  addition
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F i g . 5 . — T r a n s v e r s e  T e s t i n g  M a c h i n e  ( F r e m o n t  
T y p e )  f o r  S m a l l  B a r s  o f  8  x  1 0  x 3 5  m m .

the  g rap h ite  laminae should be reduced as fa r  as 
possible, and th e  ad ju s tm en t of the  C and Si 
conten ts will he effected in  such a m anner th a t  the  
final p roduct w ill be less haa'd in regard  to  the  
rings th a n  th e  cylinders. As these castings are



constan tly  in  fric tional con tac t the  wear will take 
place norm ally on the  ring , a type  of casting , the 
cost of which is re la tively  low and which can be 
easily replaced.

In  order to  ob tain  th is o rien ta tio n  of the
B rinell num bers, account m ust be taken  o f :  ( 1 )
The fac t th a t  th e  thickness of the rings is gener-

13 L

F i g . 6 .— F r a c t u r e s  f r o m  P is t o n  R in g  I ro n , a il  
C a st  fr o m  t h e  sa m e  I r o n . A ctual S i z e .

ally less; (2) th e  more rap id  cooling of these 
rings.

The m ix tu re  for th e  la t te r  should therefore be 
modified by slightly  increasing the  C and  Si con­
ten ts , th e  basis m etals being s tric tly  identical in 
both cases. On the o ther hand, while obtaining 
the  pearlitic  s tru c tu re  in  th e  rings, a relatively

f  2
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high g rap h ite  con ten t may be allowed owing to 
the lu b rica ting  action of th is  ing red ien t.

The following is th e  chem ical composition of the  
m etals adopted by th e  Paris-O rleans R ailw ay 
Com pany: —

S team  C ylinders.—TC, 3.0; Si, 1.5; M n, 0.65; 
P , 0.2; and S, 0.10 per cen t. max.

P iston  B ings.—TC, 3.3; Si, 1.7; M n, 0.65; P , 
0.2; and  .9, 0.10 p er cen t. max.

P i g . 6 .— C ontinued.

The B rinell num bers approx im ate  to 230 in  the  
case of th e  cylinders and vary  from  200 to 210  
in  th a t  of th e  rings.

Melting.
The m elting  of the  steel in  th e  ciupola som etimes 

occasions difficulties. In  o rder to  overcome them  
i t  is desirable to  give th e  m elting  ap p a ra tu s  some-



w hat special fea tu res, v iz : —A heigh t from hearth  
to  th ro a t ra th e r  g rea te r th a n  th a t  generally 
a d o p ted ; about 6 tim es the  d iam eter of the hearth  
m ay be ta k e n ; and rec tangu la r tuyeres, wide bu t 
n o t very high in  order to  p rev en t oxidation. The 
to ta l section of tuyeres is one q u a rte r of th a t  of 
the  cupola a t  th e ir  level; The a ir  blown in should 
be regu la ted  by m eans of reg is te ring  appara tus as 
fa r  as possible. The d iagram s should be com-

F ig . *6 .— Continued.

-pleted w ith  all th e  particu la rs  which will enable 
th e  foundry  m anager to  exercise h is control over 
the  sm allest details.

The following should be shown, for exam ple: 
The tim e of s ta r tin g , in ten tional or accidental 
stoppages and th e ir  causes, th e  tem pera tu re  of 
the  m etal, th e  n a tu re  of the  charge (semi-steel, 
eng ineering  castings, e tc .), th e  num ber of slag-
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gings, the  precise tim e of these slaggings, the 
tim e of stopping , etc. Thus these d iagram s may 
in  fac t serve as a daily  record of the  work of the 
foundry.

The charges a re  m ade in th e  following o rder : 
th e  steel, th e  pig, the  scrap . The fu rnace  is 
lightly  forced w ith 12 to  14 per cent, coke, th e

F i g . 7 .— F r a c t u r e s  o f  R u n n e r s  T ak en  fr o m  a
S tea m  C y l in d e r  I r o n . A l l  h a v e  b een  C ast
FROM THE SAME IRON. ACTUAL S lZ E .

best quality  being chosen. All these conditions 
being observed, the  p ressure of th e  a ir  blown in 
will be about 35 to  40 cm. (14 to  16 ins.).

In  addition  to  the  fea tu res  a lready m entioned 
th e  cupolas used by the  Paris-O rleans R ailw ay 
Company a re  fu rn ished  w ith  receivers w ith a 
capacity  of 2-J- tons. These enable the  m eta l to
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be pro tected  from  the recarburis ing  action of the 
coke, w hich is appreciable in  an o rd inary  cupola. 
Thus in  th is  ap p a ra tu s  the  recarburisa tion  is only
0.05 per cent, w ith carbon contents of 3.0 per 
cent. The receivers a re  furnished w ith an inspec­
tion  hole enab ling  th e  q u an tity  of m etal contained 
in  them  to  be ascerta ined. T heir capacity  of 
2 t  tons enables small and m edium  cylinders to 
be draw n in  a single tapp ing , and  large cylinders

F i g . 7 .— C ontinued.

up to  5^ tons in  two tappings. U nder favour­
able conditions they have given G| tons w ithout 
b o tting  in.

The p roportion  of steel to  be used m ust obvi­
ously vary  according to  the  basis m etals employed 
and th e  thickness of th e  castings to  be obtained. 
T he q u an tities  of steel are  determ ined by the 
chemical analyses of these basis m etals and of
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th e  final p roduct requ ired , and also by micro- 
g raphical exam ination , which should show th e  
pearlitic  stru c tu re .

Inspection Conditions.
The F rench  railw ay companies rep a ir  and m ain ­

ta in  th e ir  p la n t in  th e ir  own works. O rders for 
new m ateria l a re  generally  e n tru s ted  to p riv a te

F ig . 7.— C ontinued.

enterp rise . T heir m anufactu res, p a rticu la rly  those 
of steam  cylinders and p iston  rings, therefo re  
cover a la rge  num ber of types, b u t on th e  o ther 
hand  only a  small num ber of castings to  each 
type. The term s of inspection for these castings 
apply to work executed by p riv a te  m anu fac tu re rs 
as well as to  th a t  done by the  works of the 
com panies them selves. A t present the  inspection 
tes ts  are  as follow s:
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Steam Cylinders.

Shock tes t:  ham m er 1 2 kg. (26 lb .) ; te s t pieces 
of 40 by 40 by 200 mm. (1.5 by 1.5 by 7.8 in s .); 
d istance between kn ife  supports 160 mm. (6.3 in s .) ; 
first blow 30 cm. (11.8 in s .) ; successive increases 
5 cm. (1.9 ins.) ; m inim um  ru p tu re  50 cm. (19 ins.).

Tensile te s t:  m inim um  ru p tu re  18 kg. per sq. 
mm. (11.4 tons per sq. in .) on bars su itab le  for the 
available machines.

P o ro s ity : hydrau lic  te s t a t  a pressure equal to 
th a t  of th e  working pressure of th e  boiler 
increased by 1  kg. in  th e  case of high pressure 
cylinders; a t a un iform  pressure of 10  kg. (22 lbs.) 
in th e  case of low pressure cylinders.

Piston Rings.

Shock t e s t : identical w ith th a t  used for the
cylinders. Tensile t e s t : identical w ith th a t used 
for the  cylinders. Transverse t e s t : a ring
m achined on its fou r faces to 26 by 15 mm. (1.0 
by 0.59 ins.) is opened by two saw-cuts giving an 
opening of 25 mm. (0.98 ins.). The segment thus 
ob tained  is suspended to  a  fixed point, th e  centre 
of the  opening coinciding w ith the horizontal 
diam eter. Tension is  exerted  vertically  by the 
successive add ition  of weights arranged  on a 
p la te  u n til ru p tu re  takes place.

The characteristics requ ired  are given in the 
following tab le  : —

External 
diam eter of 
the finished 

rings.

Breakin g load. Opening at 
breaking point.

Minimum. Average. Minimum. Average.

348 135 140 75 100
368 128 133 85 113
388 120 128 95 125
408 110 115 100 130
428 105 110 105 135
448 100 105 115 145
468 95 100 120 150
488 90 95 130 160
508 87 92 140 170
528 85 90 150 180
548 82 86 165 195
568 78 82 180 210
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From  th e  po in t of view of characterising  the  
m etals for cylinders and p iston  rings, the  tests

F i g . 8 . — T e s t  S a m p l e  f o r  M e t a l  f o r  S t e a m  
C y l i n d e r s .

N ote the sim ilarity of grain in  th e tw o  different sections 
th e  smaller of w hich (25 m m .) w as attached  at right angles  

to  th e larger (55 m m .). Tw o-thirds actual size.

such as have been described cannot in d i­
ca te  very clearly th e  ac tua l m echanical p roperties
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F i g . 9 a .— P is t o n  R in g  I ko n  (1) C e m e n t it e , (2) 
L ig h t  R e f l e c t io n s  fr o m  t h e  G r a p h it e  x  7C 0 .
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of the products cast. H ere  the shock te s t has 
no significance, while th e  tensile te s t, as M. 
P ortev in  has po in ted  ou t, is frequently  im paired  
by errors.

A few m onths ago th e  au th o r had  recourse to ' 
th e  tes ts  recom mended by the  Association Tech­
nique F rança ise  de Fonderie , viz., transverse  and  
shearing te s ts  on small bars. To these were added 
th e  hardness te s t, which is indispensable in  d e te r­
m ining th e  p roperties of castings subject to  
fric tion .

The te s t bars a re  tak en  as te s t  pieces poured 
w ith th e  castings, th e ir  dim ensions being identical 
w ith  those of th e  castings, so th a t  the  bars and 
castings m ay both have th e  sam e “ therm al 
h is to ry .”

The tran sverse  te s t carried  o u t on th e  F rém ont 
m achine, which reg isters th e  curves, is most 
valuable in exam ining m etals designed for piston 
rings, owing to  th e  possibility of studying  these 
curves and  th e  ease w ith which th e  te s t  can be 
repeated .

The tes ts  m ade by th e  Paris-O rfeans Railw ay 
Company applied to  a large num ber of cases, 
so as to  find sim ple formulae connecting  th e  old 
tes ts  and  th e  new. This was fo r th e  purpose of 
a t  once im p artin g  the  resu lts ob ta ined  to  p riva te  
foundrym en w ithou t th e ir  req u irin g  to  carry  
ou t them selves the  lengthy research  w ork involved.

The formulae established by th e  railw ay  com­
pany a re  obviously of p a r tic u la r  in te re s t in  con­
nection w ith  its  own m anufactu res. I t  m ust be 
rem em bered th a t  th e  re la tions in  question are  
influenced by th e  chemical com position of the  
m etals employed, th e  ra te  of cooling, etc. These 
formulae a re  as fo llow s:—-

Tensile strength  =  0.916 shearing strength — 1.2.
Shearing strength =  (A  X 0.23) — 25.

Manufacture.

A. S tea m  C ylinders .—C ontrary  to th e  m ethod 
generally  adopted in G rea t B rita in , w here cylinders 
are  cas t on the  flat, in  F ran ce  and  Belgium  they  
are cast vertically . W ith  reg ard  to the  m oulding, 
m ention will only be by way of rem inder of the  
d ifferent processes employed :
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(1.) By an  o rd in ary  p a tte rn  having loose side 
pieces;

(2.) W ith  a p a tte rn  and core boxes for the 
sides, th e  copes being filled round  the  cores afte r 
being  p u t in  place (a process very su itable in 
rep e titio n  practice) ;

(3.) U sing an ord inary  p a tte rn  and a series 
of box p a rts .

The la s t process is th a t  in  general use by the 
F rench  railw ay companies which do not m anufac­
tu re  in qu an tity .

The m ost su itab le  method of pouring  should 
be bottom  casting, and a t  an inverse pressure. 
S ingle cylinders should be cast , a t  the base of 
th e  cylindrical body, and double cylinders a t  the 
bosses for fixing them  to  th e  engine fram e, which 
will ensu re  a  maxim um  passage for the first 
m etal in troduced. The inverse pressure, which 
will am ount to 15 per cent-., is obtained by n a r­
row ing th e  upper p a r t  of the  gate. A quiet 
pouring  will th u s  be secured. The m etal is 
received in a decantation  basin of the W an R ie t 
type, e ith e r provided w ith  a  stopper or not.

The ra te  of pouring  m ust be dependent upon, 
(a) the  w eight of th e  cy lin d e r; (b) the average 
value of its  horizontal section in relation  to  the 
w eight, so as to  ob ta in  an  ascensional linear 
speed sufficiently low to  enable the  gases to  esoape 
from  th e  co res; and (c) the  num ber of the  cores,
i.e ., th e  difficulty of th e  liquid m etal in en tering  
th e  mould.

T aking  these considerations in to  account, the 
au th o r has adopted th e  following speeds for 
filling : —

44 lbs. per second for 1 ton cylinders 
66 ,, ,, 2 ,, ,,
81 „  „  3 „
99 ,, ,, 4 ,,

110 , 5 ,, ,,

Pouring Time.
50 seconds. 

• 70 „
■ 80 
. 90
, 100

The cylindrical casing and the d istribu tors 
(valves) are  surm ounted by surplus m etal from 
4 to  6 ins. in  height, its  thickness being equal 
to th a t  of th e  cylinder. These projections are 
not, properly speaking, feeding dead heads. Their 
upper p a rts  a re  connected tow ards th e  outside so 
as to  form  a “ s p o u t”  enabling th e  mould to  be
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lightly  “ w a sh e d ” in  case of accidental boiling. 
I t  will be found th a t  vertical casting  fac ilita tes 
the  elim ination of possible blow-holes.

Piston Rings.
The tan g en tia l casting  of cylindrical work, 

w hether by bottom  casting  alone or by bottom  
casting  w ith a re tu rn  gate , has long been recom­
mended in  connection w ith p iston  rings. I ts  p u r­
pose, according to  those who advocate it , is to  
produce in the mould a  ro ta ry  m ovem ent of th e  
m etal which helps to loosen th e  slag along the  
walls. I f  th is  m ovem ent could be effected over

th e  e n tire  he igh t of th e  casting  and d u ring  the 
en tire  d u ra tion  of pouring, bottom  casting  would 
undoubtedly fulfil its purpose and would be desir­
able.

U nfo rtunate ly , th is  is no t th e  case. The ro ta ry  
m ovem ent is produced effectively a t  th e  begin­
n ing  of th e  filling, b u t i t  takes place only in  the  
d rag , and  becomes progressively feebler tow ards 
th e  surface of th e  liquid, ceasing a t  a he igh t of 
10 to  15 cm. As th e  h o tte s t m etal is a t  th e  m iddle 
circum ference i t  breaks th e  upper film of cooler

F i g . 9 b .— S t e a m  C y l i n d e r  x  450.
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m etal, and brings any slag th a t  may have formed 
down on to  th e  walls.

W ith  top  pouring  by filtra tion  th e  au thor has 
obtained excellent results, and  has adopted it 
generally  for cylinder work.

The piston rings a re  poured open by means of 
a basin placed astrid e  th e  cope and the  core. 
The lower p a r t  of th e  basin is pierced w ith 15 mm. 
(0.59 in .) holes, th e ir  num ber varying w ith the 
w eight of the  casting  to  be poured. The filling is 
done a t  a speed of 220 lbs. in 15 seconds, th a t  is 
to  say, quickly.

F i g .  9 c .— S t e a m  C y l i n d e r  I r o n  x 450.

T his ra te  of pouring  is th e  resu lt of two facts 
which a re  readily  observable in  connection w ith 
th e  filling of open m ou lds:— (1) The presence in  
th e  liquid m etal of an ascending movement pro­
ceeding -from the  walls of th e  mould to  the  cen­
t r a l  stream , which m ovem ent carries th e  im puri­
ties tow ards it. T his is th e  sam e phenomenon 
which all have observed on th e  surface of a ladle­
ful of h o t m e ta l; (2) th e  production, owing to 
the rap id  fall, of a  d istu rbance favouring the 
freeing  of these im purities.

C erta in  au thors have recommended learned for­
mulae for the purpose of determ in ing  the  ra te
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a t  which moulds should be filled. The au tho r, 
however, does n o t consider i t  possible to  apply  
such formulae, owing to th e  differences in  th ick ­
ness and th e  vary ing  am ount of coring in cas t­
ings. Each casting  m ust be th e  sub ject of special 
study. Som e m ust be poured quickly, o thers less 
quickly, and others, again , slowly. Then, in  cer­
ta in  cases, th e  m ethod of slow pouring  so fre-

F i g . 9d.— S t e a m  C y l i n d e r  I r o n  x  450.

quently  recom m ended by M. R onceray  will be 
adopted, th is  m ethod being one which gives 
rem arkable resu lts , owing to  the  possib ility  of 
ob ta in ing  by i t  sound castings w ithou t feeding 
heads.

Machining Rings and Boring Cylinders.
The p iston  rings of engines and valves are  

m achined under th e  following c o n d itio n s :— (1 ) 
R oughing down to  th e  d iam eters D and D1 d e te r­
m ined by th e  form ulae:

d X 0.07 
D =  d -1-------------------+- 4 mm.

3.1416
d X 0.07 

3D1 =  dl -) — 4 mm.
3.1416
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in which cl is th e  d iam eter of the cylinder and dl 
th e  d iam eter of th e  cylinder less tw ice the thick­
ness of th e  ring .

(2 ) C u ttin g  the  rings in  two planes passing 
th rough  the  axis of th e  cylinder, th e ir  distance 
a t  the  periphery  being

e = D x 0.07

v'V"*

y \lo
1°
'I

F i g .  1 0 .— T u r n i n g s  f r o m  a  C . I .  C y l i n d e r .
N ote th e  num ber of spirals (8  and 9) and the length  
of th e  turnings (up to  2 |  ins.). They are indicative 
of th e  good m achining and mechanical quality of the  

iron from  w hich th ey  have been formed.

(3) P ressing th e  rin g  by m eans of two or three 
collars m ade of fla t iron w ith a m axim um  th ick ­
ness of 3 mm. (0.12 in .) and 35 to  40 mm. (1.3 to 
1.5 ins.) wide.
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(4) T ru ing  and finishing to  th e  d iam eters : 
E x te rn a l d iam eter d =  d iam eter of the  steam  

cylinder a t  its sm allest p a r t  ;
In te rn a l d iam eter d l  = d less tw ice th e  th ick ­

ness of th e  ring .
The rings a re  ad ju s ted  in th e  cylinder so th a t  

the play betw een th e  section  planes is equal to 
Tinny ° f  th e  d iam ete r a t  the  sm allest p a r t .  The 
purpose of th is  p lay  is to  enable th e  rin g  to  
expand  freely.

The rings a re  replaced : (1) W hen th ey  a re  
broken o r seized, (2) w hen th e  d istance betw een 
the  tw o edges of th e  section reaches rào ° f  the  
d iam eter, (3) when th e  la te ra l play in  th e  grooves 
reaches mm ., (4) when th e ir  e las tic ity  is in­
sufficient, i.e ., when th e  d istance between th e

3 5
sections when free -is only — ' of th e  d iam eter.

J 100
Period ical inspections are m ade as follows: — 
In  a sum m ary m anner, fo r every 10,000 km. run . 
I n  deta il: A fte r every 40,000 km. fo r th e  loco­

m otives of express or fa s t tra in s .
A fte r every 35,000 km. for th e  locomotives of 

o rd inary  and m ixed tra in s .
A fte r every 30,000 km. fo r th e  locomotives of 

goods tra in s .
A fte r each stoppage th e  am oun t of wear in  the  

cylinders and jaokets is m easured w ith a  micro- 
m etric  gauge. In  p a rticu la r th e  g rea te s t vertica l 
d iam eter and  th e  sm allest ho rizon ta l d iam eter 
a re  generally  m easured. The w ear is g re a te s t in 
the  middle of th e  stroke  in  th e  case of p istons w ith 
rods, and  a t  th e  ends of th e  stroke  and  opposite 
th e  in lets in  th a t  of pistons w ithou t them . The 
cylinders a re  rebored when th e  difference between 
these two d iam eters is 1  mm. o r more, when 
traces of seizing a re  found, o r if scratches 1  mm. 
o r m ore in  dep th  have been caused.

The cylinders are  reform ed when th e ir  thickness 
reaches a figure given by th e  fo rm u la : —

P (D +  30)
E  ---------------

500
in which D is th e  o rig in a l d iam eter of th e  cylin­
der in m illim etres and P  th e  w orking pressure of 
th e  boiler in  kg. per sq. cm. For low pressure
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cylinders P  is m ade to  equal 10. E  should in 
any circum stances be m ore th a n  10  mm.

Supervision of Manufactures.
All th e  observations m ade du rin g  casting , the 

m echanical s tren g th  of th e  m etals and the  analy-
/
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S h e a r  T e s t  and t h e  B r in e l l  N u m b e r s .

tica l and  m icrcgraphical d a ta  are  registered by 
th e  foundry . The steam  cylinders are  given an 
order num ber, and  the  p iston  rings a casting
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num ber as they  come from  th e  foundry , these 
num bers being in  re lief on th e  castings.

The m achine shops of th e  Com pany’s system  or 
the sections using th e  castings carefully  no te  any 
observations m ade during  th e  m achining, erec tin g  
and d ism an tling . These p a rticu la rs  are  com m uni­
cated  to  th e  foundry  which, a f te r  com paring them  
w ith th e  observations a lready  m ade by them , m ay 
be able to  in troduce  useful modifications in to  th e  
nex t work of a sim ilar n a tu re  produced.

T he m ost conclusive resu lts are  those obtained  
d u rin g  th e  periodical inspections of th e  cylinders 
and p iston  rings. Thus rings will obviously be 
regarded  as good which have done long journeys 
(longer th a n  th e  m inim a previously m entioned), 
which show only slight w ear on being taken  to 
pieces, and  which have affected th e  w ear of th e  
cylinders only slightly.

The d a ta  of a physical n a tu re  and  the  deduc­
tions draw n from  them  w ith  reg ard  to  th e  sa tis­
factory  w orking of th e  p roducts enable a consider­
able sav ing  to  be m ade in fuel and  lubrican ts. 
They also enable a fac to r which is by no m eans 
negligible to  be determ ined—th e  skill of th e  
engine driver.

Results.
The average d is tance  ru n  by 100 superheated  

engines on fa s t tr a in s  was 3,410 miles. T he w ear 
of th e  engine rings are  round abou t 3 mm. (0.12) 
and th e  corresponding w ear in  th e  cylinders is
yjhj m m .

These a re  a  few p a rticu la rs  based upon recen t 
observations. The au th o r considers these results 
sa tisfac to ry , and he would be glad if these notes 
should prove useful to  his colleagues in th e  foun­
dry  industry . Should th e ir  own resu lts be b e tte r  
he would beg them  to  com m unicate them , together 
w ith th e ir  methods, for the g rea te r advan tage  
of all.

Passenger Train Engine No. 3650 (superheated). 
Diameter of wheels . .  . . 1 . 9  m. (74 ins.)
Circumference of wheels . .  5.97 m. (19 ft.)
Stroke of engine pistons ..  0.65 m. (25 ins.)
Working pressure of boiler . .  16 kg. (35.2 lbs.)
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Cylinders.
Dia­

meter.
Before.

Cylin­
ders.
After.

Dis­
tance

travelled.

Wear in 
rings on dis­

mantling, 
in min.

Mm. Mm. Miles.
H P Right 423.53 423.57 34,659 3
HP Left 423.65 423.68 4
LP Right 640.30 640.35 2
LP Left 640.55 640.55 2
EG Right 270.20 270.20 J » 1
EG Left 270.20 270.20 ,, 1

N.B.—The total rectilinear distance travelled by the 
rings in the cylinders was 8,543 miles.

Passenger Train Engine No. 3557 (superheated).
Same characteristics as the foregoing.

Cylinders.
Dia­

meter.
Before.

Cylin­
ders.
After.

Dis­
tance

travelled.

Wear in 
rings on dis­
mantling, 

in min.

Mm. Mm. Miles.
HP Right 422.60 422.63 33,975 3
HP Left 423.90 424.10 3.5
LP Right 643.80 643.85 > » 3
LP Left 643.95 644.00 3
EG Right 270.15 270.15 J f 1
EG Left 270.15 270.15 1

N.B.—Total rectilinear distance travelled by the rings 
in the cylinders : 7,397 miles.

Goods Engine No. 5822 (superheated).
Diameter of wheels . .  . .  . .  63 ins.
Circumference of wheels . .  . .  . .  16 ft. 6 ins.
Stroke of pistons . .  . .  . .  . • 24.4 ins.

Cylinders.
Dia­

meter.
Before.

Cylin­
ders.
After.

Dis­
tance

travelled.

Wear in 
rings on dis­
mantling, 

in min.

Mm. Mm. Miles.
Right 622.97 623.00 35,017 3
Left . . 623.95 623.99 » > 3

Rectilinear distance travelled by rings in cylinders: 
8,648 miles.
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Goods Engine No. 5850 (superheated).

Cylinders.
Dia­

meter.
Before.

Cylin­
ders.

After.

Dis­
tance

travelled.

Wear in 
rings on dis­

mantling, 
in min.

Mm. Mm. Miles.
Right 624.00 624.08 44,818 5
Left 625.00 625.07 „ 4

Rectilinear distance travelled by rings in cylinders : 
13,522 miles.

Goods Engine No. 5878 (superheated).

Cylinders.
Dia­

meter.
Before.

Cylin­
ders.
After.

Dis­
tance

travelled.

Wear in 
rings on dis­

mantling, 
in min.

Mm. Mm. Miles.
Right 622.92 623.00 62,758 4.5
Left 622.95 623.01 » » 4.5

Rectilinear distance travelled by rings in cylinders: 
13,980 miles.

DISCUSSION.
M r . A. S. B ee c h  (who is also a  m em ber of the 

Association Technique de F onderie  de F rance) 
p resen ted  th e  P ap e r, in  th e  absence of th e  
au tho r, and  conveyed from  th e  F rench  A ssociation 
good wishes for the  success of th e  C onference.

R eferrin g  to  th e  d e ta ils  given in  th e  P a p e r as 
to  th e  m elting  of th e  m etals, used fo r cylinders 
and  p iston  rings, in  th e  cupolas, M r. Beech 
pointed  to  th e  s ta tem en t th a t ,  all th e  conditions 
being observed, th e  pressure of th e  a ir  blown in to  
th e  cupola would be abou t 35 to  40 cm. (14 to 
16 ins .), and  said he presum ed th a t  in  th is  case 
the  au th o r was re fe rrin g  to w ater p ressure. W ith  
reg ard  to  the  m ethods of m an u fac tu re  adopted  in 
F rance  and  Belgium , as m entioned in  th e  P aper, 
he said th e  p a rtic u la r  p o in t which appealed to  
him  was th a t  th e  cylinders were cast vertically  in 
F ran ce  and  Belgium , b u t w ere cast on  th e  fla t 
in  G reat B rita in . H e personally  had  seen m any 
exam ples of th e  successful resu lts  ob tained  by 
slow pouring , and  i t  would ap p ear th a t  M onsieur 
Audo was som ewhat in  ag reem ent w ith M onsieur
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R onceray in  th is m a tte r . F inally , M r. Beech 
com m ented th a t  the  supervision of m anufacture  
seemed to  he fa irly  thorough.

Errors from the “ Frem ont” Test.
M r. J ohn  Shaw  said th a t  th e  value of the 

a u th o r’s descrip tion  of h is m ethod of cylinder 
p roduction  was enhanced by his s ta tem en t of the 
m achining methods, and, to  a still g rea te r ex ten t, 
by th e  w ear figures given a t  th e  end of the  P aper. 
The P a p e r was valuable in  enabling  those con­
cerned w ith  cylinder production  in  th is country 
to  com pare th e i r  m ethods and  resu lts w ith those 
of M onsieur Audo, which comparison would bene­
fit all. D iscussing th e  a u th o r’s rem arks as to  his 
recen t use of th e  “  F rem ont ”  shearing and bend­
ing  te s t, M r. Shaw said th a t  its  chief advocates 
had  p u t forw ard  as one of th e  m erits of th is  new 
te s t th a t  i t  was so m uch more reliable th a n  th e  
tensile te s t, th e  specimen in  th e  la t te r  case being 
sub ject to  w ant of a lignm ent in  th e  m ach ine ; 
y e t in  th e  P ap e r i t  was found th a t  th e  tensile 
resu lts were being used to  build  up the  d a ta  from 
th e  “ F rem ont ”  m achine. There were a num ber 
of g rave  objections to  th is tes t, of which the  small 
size of th e  bar, 0.222 in ., w ith  its  m ultip lication  
of any sligh t e rro r, was no t the  least. Also, he 
no ted  th a t  th e  te s ts  were no t tak en  from holes 
d rilled  ou t of th e  casting , b u t from  projections 
cast on th e  surface of th e  casting, and  he asked 
if  th e  au th o r could give some idea of the  size of 
these bars, say, on  a cylinder vary ing  from 1  in. 
to  2 ins. in  d ifferent p a rts .

Wear and Hardness Said to be Different.
M r. F . J .  Cook (P ast-P residen t) said th a t  in  

some respects th e  experience of the  au tho r in 
the  m aking  of cylinders for steam  locomotives was 
co n tra ry  to  h is own experience in  th e  production 
of cylinders fo r s ta tio n a ry  steam  engines. The 
au th o r h ad  p a id  very special a tten tio n  to  hard ­
ness as shown by th e  B rinell te s t as being a 
m easure of w earability , b u t he himself believed 
th a t  anyone who had  tr ied  to  ge t some co-relation 
between hardness and  w earability  would come to  
th e  conclusion th a t  th e re  was no re la tion  per se 
betw een th e  two. H e assured h is hearers th a t 
he could m ake an  iron  as b ard  as one could wish
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for, b u t which would no t w ear a t  a ll well, and  
ano ther which was as so ft as possible b u t which 
would give th e  opposite resu lt. The question of 
w earability  was qu ite  an  in te re s tin g  one, and  a 
g re a t m any people would be very  pleased to
find a reliable tes t. I n  his view the  au th o r was
paying  too m uch a tte n tio n  to  th e  B rinell h a rd ­
ness as a m easure of w earability , and  he believed 
i t  was generally  agreed th a t  for th ick  castings, 
such as locomotive cylinders, th e  B rinell hardness 
te s t  was n o t a  reliable te s t from  any  p o in t of 
view. I t  was his experience th a t  th e  d rill m ethod 
would give a very  m uch b e tte r  and  m ore reliable 
ind ica tion  of th e  n a tu re  of th e  casting  as to  
general hardness and  w earab ility  th a n  would the 
B rinell hardness te s t, w hilst th e  tensile  te s t was 
also a good guide for w earability . I t  appeared  
also th a t  th e  au th o r had  stru ck  a  fallacy w ith  
regard  to  th e  soft ring  in  th e  h a rd  cylinder. I t  
looked very feasible, and i t  was qu ite  a good ta lk ­
ing  p o in t to  say th a t  i t  was b e tte r  to  w ear the 
ring  th a n  th e  cylinder, th e  r in g  being m uch more 
easily  reproduced th a n  the  cylinder itself. H is
own experience, however— and he had dealt with 
m any thousands of cylinders—was th a t  one should 
no t aim  a t  g e ttin g  e ither of the  item s to  wear, 
because if  one set up w ear in  a so ft p iston  ring  
i t  did n o t stop th e r e ; the  cylinder also would 
wear.

Cylinders and Rings Better of Similar Composition.
The old adage abou t casting  th e  p iston  rings 

ou t of th e  same p o t as th e  cylinder was a very 
wise one, and i t  was his experience th a t  if th e  
piston ring  were m ade o u t of th e  same m etal as 
th e  cylinder very good resu lts  w ere obtained. 
T h a t experience had  been gained a f te r  ru n n in g  
m any thousands of cylinders, w ith  very high
superheats, h igh  p iston  speeds and  h igh pressures, 
and in  m any instances w ithou t any  lubrication  
o f  any descrip tion  in  the h igh-pressure cylinder. 
I t  was desirable to  have a  m etal which would 
very quickly a t ta in  a very h igh  polish on th e  su r­
face, because th a t  tended to  give very good w ear­
ing  qualities. F o r th is  purpose a liberal am ount 
o f  pea rlite  seemed to  be very good, b u t he p re­
f e r r e d  to  have, n o t a fu ll p ea rlitic  s tru c tu re , b u t 
r a t h e r ,  o n e  som ewhat op th e  lines of w hite bearing
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m etals, where one had  ha rd  spots interspersed in 
a soft m a trix . One heard  of cylinders made in 
th e  old days which had given w onderful results 
from  the  po in t of view of w earability , h u t the 
analyses were n o t ' s ta rtlin g , except th a t  they 
showed th e  m eta l to  be of poor quality . In  the 
old days i t  was n o t unusual to  ru n  the  engines 
very slowly on no load w ith  sa tu ra ted  steam , with 
a liberal am oun t of lub rican t, for long periods; 
he knew of cylinders which were runn ing  for 
six weeks, w ith  th e  resu lt th a t  a hard  skin was 
produced, g iving good w earability , even w ith the 
commoner k inds of m etals. Nowadays, however, 
an engine of perhaps 1,000  h .p ., w ith very high 
superheats, was p u t on to  th e  te s t p late , tu rned  
round a few tim es by hand in  order to see th a t  
all was clear, and then  p u t s tra ig h t on to full 
load. I f  one used some of th e  poor m etals, such 
as w ere used in  the  old days, under those condi­
tions, one would find th a t  the  working results 
were no t w hat they appeared to  he from the 
earlie r results. F inally , Mr. Cook asked if the 
au th o r would give th e  u ltim ate  life of the 
cylinders m ade by the  Paris-O rleans Railway 
Company.

Influence of Cooling Conditions.
M r . W . H . P o o l e  asked w hether M r. Cook, in 

advocating the  use of th e  same m etal for botli 
th e  cylinder and  the  piston ring, had taken  into 
account cooling conditions.

M r . C o o k  s a id  h e  s h o u ld  h a v e  p o in t e d  o u t  t h a t  
t h e  c y l i n d e r s  h e  h a d  r e f e r r e d  t o  w e re  t h i c k ,  a n d  
t h a t  t h e  p i s t o n  r i n g s  w e r e  a ls o  r e l a t i v e l y  t h i c k ,  
a l t h o u g h  n o t  so  t h i c k  a s  t h e  c y l in d e r s  th e m s e lv e s ,  
b u t  t h e  c o o l in g  a c t i o n  w a s  s lo w  e n o u g h  n o t  to  
i n f l u e n c e  u n d u l y  t h e  r e l a t i v e  h a r d n e s s .  H e  h a d  
h a d  e x p e r i e n c e  o f  m a n y  t h o u s a n d s  o f  c y l in d e r s  
a n d  r i n g s ,  w h ic h  p r o v e d  t h a t  t h e  s u g g e s te d  
s y s te m  w o it ld  g iv e  g o o d  r e s u l t s .

Fallacy of Correlating Formula.
M r . J .  G . P e a r c e  (D irector, B ritish  Cast Iron 

Research Association) said th a t  the significance 
of the  A  in  th e  form ula on p. 140 of the  P aper 
was no t specifically sta ted . Presum ably it  
re ferred  to B rinell hardness. V arious C ontinental 
workers, notably P o rtev in  and Sehuz, had 
advanced formulae connecting B rinell hardness



154

and  tensile stren g th , b u t these formulae had  no t 
been found reliable for cast iron when tested  by 
resu lts obtained in  th is  country . D id the  resu lts 
given in  F ig . 11 rep resen t th e  whole of th e  ex­
perim en ta l d a ta  obtained for 'th e  construction  of 
th e  formulae? I f  no t, references to  de ta iled  pub­
lications of the  resu lts would be appreciated . As 
Mr. Shaw  had  pointed  out, i t  was a li tt le  incon­
s is ten t to advocate th e  shearing  te s t on account 
of the  deficiencies of th e  tensile te s t, and  then  to  
use a form ula for converting  th e  one to  th e  other. 
So fa r  as was known, shearing -test figures had not 
been obtained  in  th is  coun try , so th a t  th e  first 
fo rm ula on p. 140 could n o t be criticised,, b u t i t  
was hoped to  do th is  shortly.

Effect of Small Changes in Composition.
M r . H orace  J .  Y o u n g , F .I .C ., in  a w ritten  

com m unication, asked w hether th e  compositions 
of th e  m etals used by th e  P aris-O rleans R ailw ay 
Company for cylinders and p iston  rings, as given 
in  th e  P aper, re fe rred  to  m etals in  the  actual 
castings as used on th e  locomotives. H e had 
noted th a t  the  cylinders and th e  p iston  rings were 
alike in  all else save th a t  th e  rings had  0.3 per 
cent, more carbon and 0.2 per cent, more silicon. 
I t  would appear difficult to  contro l these  com­
positions, so th a t  th e  to ta l carbon  con ten ts were 
3 per cent, in  th e  one and  3.3 per cen t, in  th e  
o ther. M oreover, i t  was n o t clear to  him  why 
th e  p iston  rings should have more carbon th a n  th e  
cylinders. Theoretically  i t  m ight ap p ear th a t , 
therefore , th e  p iston  rings would have more 
g rap h ite  flakes, b u t th ere  had  been li tt le  proof in  
p rac tice  th a t  low-carbon irons were b e tte r  w ear­
ing, or, a t any ra te , t h a t  th ere  was any  advan­
tage  to  be gained by such sm all differences as 
would be practicab le  u n d er th e  specifications set 
o u t by th e  au tho r. I n  ano ther p a r t  of th e  P ap er 
th e  au th o r had claimed a recarb u risa tio n  of only 
0.05 per cent, w ith  carbon con ten t of 3 per cent. 
D id th is  m ean th a t  when he charged in to  th e  
cupola irons con ta in ing  a  to ta l of 3 per cent, of 
carbon he obtained from  th e  cupola a cast iron 
con ta in ing  only 3.05 per cen t.?  The au th o r had  
unusual fac ilitie s for ascerta in ing  th e  effect of 
various elem ents upon th e  w earing  p roperties of 
cast iron. Suppose he took irons all of th e  same 
hardness, and differing only in one constituen t,
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would he find th a t  an iron  con tain ing  0.05 per 
cent, of su lphur would be d ifferent from  one 
con ta in ing  0.15 per c e n t . ; o r th a t  one contain ing  
0.65 per cent, of m anganese would be different 
from  one con ta in ing  1.15 per c e n t.; or th a t  one 
w ith  3 per cen t, of carbon would be d ifferent from  
one w ith 3.3 per cent. ? These points were 
v i t a l : we were u n certa in  of ourselves when i t  came 
down to  definite figures and single comparisons 
of th is n a tu re , and  he fe lt sure th a t  if the author 
would be good enough to  give h is experience it  
would be appreciated .

Limits of Composition Sought.
M r. W . H . P o o le , refe rrin g  to  the  fac t th a t  the 

phosphorus con ten t of th e  m etals used by 
th e  au th o r was 0.2 per cen t., asked whether 
th e re  was any advantage to  be gained by 
such a  low phosphorus con ten t as against 0.6 
or 0.8 per cent. The general practice in  th is 
coun try  was to  have a low phosphorus content. 
H e asked for inform ation  as to  the  relation 
between phosphorus con ten t and wear, and carbon 
co n ten t and  w ear, and also w hether the  au thor 
aim ed a t a particu la r lim it of the combined 
carbon.

M r . C o l in  G r e s t y  (Newcastle B ranch), com­
m enting  on M r. Cook’s rem arks as to  w earability, 
and  the  question of w hether or no t the pearlitic  
s tru c tu re  gave the  best w earing properties, 
re fe rred  to  a paper read recently in Germany by 
L ehm ann, which supported M r. Cook’s statem ent 
th a t  B rinell hardness and w earability  were not 
re la ted  a t  all. The same worker had proved th a t  
irons w ith  a pearlitic  stru c tu re  gave the best 
w earing qualities, which was in  accordance w ith 
his (M r. G restv’s) experience.

M r . C ook  said he had read the P aper, "but in 
his view i t  was a  question of degree. One could 
find p len ty  of cases in  which, for w earability , one 
did requ ire  a  p earlitic  struc tu re . He had not had 
experience w ith  a wholly pearlitic  struc tu re , b u t he 
aim ed a t  a pearlitic  s tru c tu re  as a ground work, 
w ith  probably m ore cem entite th an  was usually 
accepted by th e  wholly pearlitic  s tru c tu re  people, 
for th e  reason he had sta ted , namely, th a t  as 
w ith  w hite m etals w here one had a more or less 
soft m a trix  w ith h ard er spots in it  th e  best results 
were obtained from  a w earing po in t of view.
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M e. E . L o n g d e n , a fte r  rem ark ing  th a t  th e  dis­
cussion had  em phasised the  complex n a tu re  of cast 
iron, said th a t  the  phosphorus con ten t of the m etal 
used by M onsieur Audo had  rem inded him of 
an  experience of his some years ago, when he 
was m aking  heavy gas engines. F o r years the  
company m aking these engines had employed a 
No. 4 D erbyshire iron, w ith  a  silicon con ten t of 
2.68, and a  phosphorus con ten t of ju s t over 1 per 
cent., and  they  had never heard  of any trouble 
being experienced. An inspector h ad  th en  speci­
fied w hat was considered to  be a  b e tte r  analysis, 
th e  phosphorus con ten t being low, h u t th a t  m etal 
had  less w earing  qualities th a n  had  th e  No. 4 
D erbyshire iron  prievously used.

Centrifugal Cast Liners and Piston Rings.
The P r e s id e n t , dealing  w ith  th e  question  of 

the hardness of cylinder liners and  p iston  rings, 
as referred  to  by M r. Cook, said th a t  w hilst he 
would no t a tte m p t to  d ispu te  M r. Cook’s word, 
he would like to  allay any m isapprehension which 
m igh t arise. H e assumed th a t  M r. Cook had in 
m ind casting  in  th e  usual way in  green  or dry- 
sand moulds.

M r . C ook  s a id  t h a t  t h e  c a s t in g  w a s  m a d e  in  
d r y  s a n d .

The P r e s id e n t  em phasised th a t  rings m ade by 
the  cen trifuga l process should be considered 
a p a r t  from  sand  cast rings. The question as to 
w hether a p earlitic  s tru c tu re  is desirable in  a 
cen trifuga l casting  is a very debatable one, and 
he fe lt th a t  a g re a t deal of in fo rm ation  had  yet 
to  be gained  in  reg ard  to  cen trifu g a l casting. 
C ertain ly , from prac tica l experience a t  his works, 
toge ther w ith  th e  in fo rm ation  available in  m any 
of th e  technical jou rnals, he was led to  believe th a t  
cen trifu g a l casting  for cylinder liners and  piston 
rings had a g re a t fu tu re . H e fe lt th a t  fu r th e r  
in fo rm ation  had  been gained from  th e  resu lts 
of ac tua l ind u stria l applications, and th a t  he 
could assure his hearers th a t  we were only on the 
fringe of its uses yet. H e hoped th a t  some day 
they  would be able to  say th a t  they  had  d a ta  which 
was s tan d a rd  d a ta  and em braced the  resu lts of 
tes ts u nder m ost conditions l ik e ly 'to  he m et in 
service, and th a t  he would have an oppo rtun ity  
of p lacing i t  before mem bers of th e  In s titu te .
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Importance of Weights of Bearings Emphasised.
P r o f e s s o r  T. T u r n e r  (L ate  Professor of M etal­

lurgy  a t  B irm ingham  U niversity , and  P ast-P resi- 
d en t of th e  In s ti tu te  of M etals), discussing the  
re la tio n  betw een B rinell hardness and  w earing 
p roperties, said th a t  one knew, of course, th a t  
m etal which was extrem ely soft did not grind 
aw ay so read ily  as a h a rd e r  m etal. F rom  the 
genera l use of bearing  m etals we had  learned some­
th in g  w ith  regard  to  wear, and the  same factors 
m igh t be applied  to  cast iron. F or some purposes 
one m igh t use an expensive B abbit m etal, rich 
in  tin , and  in  some cases one m ight get be tter 
w earing  p ropertie s w ith  a m etal costing about 
a q u a rte r  as m uch, having a lead base. I t  
depended to  a considerable ex ten t on the  weight 
th e  bearing  had  to  stand , i.e ., th e  pressure per 
sq. in ., and  th e  speed. These again  affected the 
tem p era tu re . W ith  regard  to  th e  w ear of cast 
iron, he said th a t  for some purposes a soft, non- 
p earlitic  iron—a highly g raph itic  iron—would 
give very adm irable w earing properties, as, for 
example, in  th e  case of the  old large reciprocating 
engines. There was a ce rta in  smoothing effect, 
due to  th e  large flakes of g raph ite , and no doubt 
th e re  was produced w hat we had  been in  the 
h ab it of perhaps mis-calling an  “  amorphous ” 
m ate ria l, as a coating on th e  inner surface of the 
cylinder. I n  o ther cases, where the  pressure was 
g rea te r o r where th e  tem pera tu re  was h igher, one 
m igh t requ ire  to  use ano ther k ind  of cast iron. 
H e suggested th a t , while i t  could be accepted as 
proved th a t  th e  B rinell hardness te s t did no t 
necessarily ind ica te  th e  w earing properties of the 
cast iron, th e  question of th e  k ind  of cast iron 
which would wear best would depend to  a con­
siderable ex ten t upon th e  conditions of the service 
of th e  specimen.

M r . J .  E . F l e t c h e r  (C onsultant, B ritish  Cast 
Iro n  R esearch Association), as one who had  had 
experience in  th e  m easurem ent of the  effects of 
both engine cylinder and rolling mill jou rnal fric­
tio n , associated him self w ith  Professor T u rn e r’s 
rem arks, and  drew a tte n tio n  to  the  difference 
th e re  was in  the  type of w ear, say, in  rolling mill 
roll-neck, when ru n n in g  in  a cast-iron bearing, 
which had sometimes been tr ied , as was illu stra ted  
bv th e  older engines, and  in  th a t  of a steam-
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engine cylinder. H e had  tak en  some of th e  old 
cast-iron shafts  ou t of ro lling  m ills a f te r  they 
had been a t  work for m any years. T here seemed 
to be a closer connection between B rinell hardness 
and the  w earing  properties in  a revolving piece 
in a jo u rn a l th a n  in , say, a p iston  ring  and  a 
cy lin d e r; th ere  was a difference betw een th e  
resistance from  revolving fric tio n  and  slid ing 
fric tion  when com pared w ith  B rinell hardness 
values. Com m enting on th e  difference betw een 
th e  m ethods of casting  cylinders, p a rticu la rly  th e  
m odern form  of locomotive cylinders, in  th is 
country  and  on th e  C on tinen t, he said th a t  
founders needed carefully  to  study  th a t  question, 
because th e re  was a very  g re a t difference between 
the  way in which th e  m olten m etal rose in  the  
m ould, p roducing d ifferen t types of s tru c tu re  in 
th e  bottom  and  th e  top  of the  casting , and one 
m ust view th a t  in  th e  l ig h t’of vertica l and  hori­
zon ta l casting  m ethods. The B ritish  C ast Iro n  
R esearch Association had  found some ra th e r  
curious s tru c tu ra l differences in  th e  cast iron , in 
the  cases of cylinders cast horizontally  and  those 
cast vertically , due to  differences in  th e  ra te  of 
pouring  and cooling.

AUTHOR’S WRITTEN REPLY.

A fter expressing his th an k s  to  M r. A. S. Beech 
for subm itting  th e  P ap er, M. Audo poin ted  out 
th a t  th e  contro l of th e  blower ough t n o t to  be con­
fined exclusively to  pressure, b u t first and  fore­
m ost to  the  o u tp u t. The cupola m ight be regarded  
as an ap p a ra tu s  for b u rn ing  coke. S ta r tin g  from  
th is princip le  i t  was necessary to  supply i t  w ith  th e  
q u an tity  of a ir  necessary to  effect * combustion 
u nder th e  best possible conditions, nam ely, w ith  a 
m inim um  production  of CO. The pressure would 
be the  re su lta n t of the  factors o u tp u t and  sections, 
the  la t te r  of which should be calculated liberally . 
P rac tic a l steps should be tak en  to  ensure th a t  th e  
pen e tra tio n  of th e  b las t was such th a t  the  en tire  
mass of the  m ateria ls  form ing th e  charge should 
be completely subjected to  th e  ac tion  of th e  a ir.

In  add ition  to  th e  checks ca rried  ou t d u rin g  th e  
m elting  th e  au tom atic  o u tp u t m eter would enable 
the  oxidation , which was invariab ly  caused if  the 
pressures only were controlled, to' be suppressed
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when the  m elt was finished. The furnace, in  fac t, 
was em ptied a t  th a t  m om ent. The m ateria ls  
offered b u t a  feeble resistance to  th e  b last, and  if 
a co nstan t pressure were relied  upon a consider­
able excess of a ir  was in troduced , which was u n ­
favourable to  the  p roduction  of sound m etal. H e 
had  th u s found th a t  w ith an  alm ost constan t o u t­
p u t th e  m elt was finished w ith  a pressure of only 
a few centim etres.

Errors of the Fremont Test.
The very simple s tan d a rd isa tio n  of the  F rem ont 

m achine in  th e  shearing  te s t  p e rm itted  of rem ark ­
ably concordant resu lts being ob tained , no tw ith ­
stand ing  th e  sm all section of th e  te s t piece. I t  was 
precisely th is  small section th a t  enabled the  te s t 
to  be repeated  and  p erm itted  of te s t pieces being 
taken  from  th e  castings. I t  was th is  la t te r  m ethod 
which ensured of th e  m eta l of th e  casting  itself 
being tes ted  and no t the  m eta l of th e  m elt as a 
whole.

The te s t piece m igh t be ta k e n  e ith e r from  the  
casting  itself, o r from  a te s t b a r of th e  same 
dim ensions as th e  casting  sen t from  th e  foundry 
w ith  th e  casting  and  a ttach ed  to  i t  by its  en tire  
section. This m ethod ensured th a t  th e  b a r should 
have a therm al history  absolutely iden tica l w ith 
th a t  of th e  casting . I t  was sufficient to  provide 
for a te s t  bar a t  each p a r t  of th e  casting  to  be 
exam ined in  o rder to  ascerta in  th e  properties of 
th e  casting  in  all its  parts .

Thus a locomotive cylinder m igh t be provided 
w ith the  following te s t b a r s : —

(a) One in  th e  lower th ird  of th e  cylinder body, 
150 x 150 x 35 mm. (b) One in  th e  u pper th ird  
of th e  cylinder body, 150 x 150 x 35 mm ., and  (c) 
one on the  steam  chest, 150 x 150 x 30 mm.

Each te s t b a r was separa ted  m echanically (w ith­
ou t shock) and th en  sawn in to  two portions, one 
for ball te s ts  and  chemical analysis, th e  o ther for 
bending and shearing  te s t and  m icrographieal 
exam ination .

Difference Between Wear and Hardness.
I t  had  never occurred to  th e  au tho r, M. Audo 

observed, to  estab lish  a correlation  betw een h a rd ­
ness and  w ear. H ere a reg re ttab le  confusion
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existed. The ball te s t  enabled the  degree of homo­
geneity  to  be ascerta ined  owing to  the  ease w ith 
which i t  could be repeated , as also the  m achining 
capabilities of castings. H e agreed w ith Mr. F . J . 
Cook in  recognising th a t  in  the  la t te r  case a 
m achining, d rilling  o r tu rn in g  te s t was excellent. 
I n  an o th er connection he also agreed th a t  neither 
th e  wear of th e  p iston  ring  nor of the  cylinder 
should be sought for, b u t ra th e r  the  wear of th a t  
one of th e  two castings th e  cost price of which was 
lower. This d id  no t m ean th a t  he recommended a 
soft ring . On th e  co n tra ry ; th e  B rinell numbers 
he had  given (200 to  210) 'dem onstrated  this.

W hat, he asked, was the  p a r t  played by the 
rin g  in  th e  cylinder? (1) To ensure a  good fit 
between th e  two faces of the  piston—th e  property  
of e lastic ity  ascertained by the  transverse tes t 
(m easurem ent of the  loads and  deflections, determ i­
n a tio n  of the  coefficient of elasticity). (2) To pre­
ven t abrasive action  on th e  cy lin d er; hence the 
necessity fo r free carbon, which was a lubricating  
elem ent, and, on  the  o ther hand, the necessity of 
avoiding h a rd  constituents (cem entite and 
stead ite).

F o r segm ents M r. Cook p referred  a m etal iden­
tica l w ith  the  w hite m etals, viz., hard  crystals en­
cased in  a so ft constituen t. H e (M. Audo) was not 
convinced th a t  th is  view was correct. A white 
alloy was an  in tim a te  m ix tu re  of hard  and soft 
crystals, the  purpose of the  form er being to  sup­
p o rt a  load which was generally high and to  resist 
w ear, while th e  soft constituen t enabled the hard 
crystals to  dispose themselves suitably in  its mass, 
while conform ing to  the  shape of the ro ta ting  
cham ber, itse lf consisting of a homogeneous m etal 
of g re a t hardness. The so ft crystals were more 
sub ject to  w ear th an  the  hard , as a result of which 
depressions of 5 or 6 microns, in  which the lub ri­
c an t was deposited, were produced on the  surface 
of th e  m etal. Could an identical phenomenon be 
looked fo r in  th e  cylinder if the  pressure of the 
segm ents were weak and  the  two m etals in contact 
were p rac tica lly  iden tical?  Could i t  be supposed 
th a t  the  very h a rd  cem entite crystals would 
a rran g e  them selves in  the  pearlitic  mass, which 
was itse lf h a rd  (A =  200 to  260), acoording to 
th e  fineness of th e  lamellae, m erely under the in-

G
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Huence of th e  low load due to  th e  elasticity  of 
th e  segm ent? M ight i t  not be concluded, on the 
o ther hand, th a t , as th e  p earlite  was worn because 
it  was less hard , the  partic les of cem entite would 
p resen t th e ir  sharp  edges and  accelerate the  wear 
as rap id ly  as an  equal num ber of small high-speed 
steel tools would do?

M. Audo reg re tted  th a t  he was unable to reply 
definitely regard ing  th e  distances travelled , and 
th e  w ear and te a r  in  service, and th a t  he person­
ally could no t give any o ther figures th a n  those he 
had  quoted, which, however, he regarded as satis­
factory . H e alluded to  th e  w earing tests carried 
out by MM. B. Buffet and A. Roeder, quoting the 
following figures : —

D ry tests.

Number of alterations per minute ..  110
Area of contact . .  . .  . .  58.75 sq. cm.
Pressure per sq. cm. ..  . .  . .  293 gm.
Loss of w eight:

Cylinder metal . .  .. 10 gm. in 4 days.
Pearlitic cast-iron ..  . .  7 gm. in 4 weeks

Influence of the Cooling Conditions.
The divergences indicated  in the carbon and the 

silicon contents were d u e : (1) To the differences in 
thickness of th e  two cylinder castings (in the 
body), viz., 35 to  40 mm ., and of the  segments 25 
to  30 m m .; (2) to  the  differences of tem perature  
of the  moulds a t  the  m om ent of casting, due to  the 
differences in  mass of the  moulds and the heat 
losses by rad ia tio n  between the  tim e of leaving the 
dry ing  stove and  c a s tin g ; and (3) to  the  differences 
in  th e  ra te  of h ea t exchange due to  the ra tio  
between th e  mass of the castings and the  mass of 
the moulds.

Error in the Correlative Formula.
M. Audo directed  a tten tio n  to  the  restric ted  

lim its w ith in  which the  formulae given were valid. 
H e said th a t  they  had been draw n up merely for 
the  purpose of inform ing the  suppliers of the Com­
pany  a t  once in  case the F rem ont tests were to 
be applied a t  the  inspection of the castings, so as 
to  m ake i t  unnecessary for them  to carry  o u t long 
and  costly researches for th e  same purpose.

G 2
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Effects of Slight Changes in Composition.
The compositions he had  specified were those 

a t  p resen t in  use. No p rac tica l m an , however, 
would im agine th a t  they  could he obtained m athe­
m atically  in  th e  cupola. These compositions were 
averages, and  special efforts were now being m ade 
to  ob ta in  divergences of con ten t in  th e  d ifferen t 
elem ents in  p roportion  to  th e  differences of speed

1 6 4

in  cooling, as already  explained, and  w ith  th e  very 
definite ob ject of ob ta in ing  th e  p ea rlitic  s tru c tu re  
in  th e  various p a rts . The feeble recarbu risa tion  
he had ind icated  was due to  th e  presence of cupola 
receivers, w hich enabled th e  liqu id  m eta l to  be 
w ithdraw n rap id ly  from  contac t w ith  th e  liquid 
coke. This recarbu risa tion  was fully 0.05 p e r cent, 
of to ta l carbon per 3 per cen t, of th e  charge.



H e did no t give th e  process of m anufactu re  as 
absolute. H e had  m erely described i t  in  th e  belief 
th a t  i t  m ig h t prove profitable. W ith  regard  to 
th e  compositions adopted  they  were the  re s u lt : (1) 
Of th e  study  of the  various factors affecting the  
m echanical p ropertie s of cast iron  in  g en e ra l; (2) 
of an  exam ination  of th e  cooling conditions of the  
castings concerned, according to  the  method of 
m an u fac tu re  adop ted ; and  (3) of an exam ination 
of th e  resu lts  obtained  in  service—results which 
h ad  been specified in  his P ap er and which 
appeared  to  h im  satisfactory .

The lim its of his p resen t note were too re­
stric ted  to  enable him  to  go in to  the  question of 
th e  influence of the  various elem ents contained in 
cast iron  of different types on th e ir  mechanical 
p roperties. H e would therefore  beg his readers 
to  re fe r to  th e  studies already  m ade on the  sub­
jec t, and  more particu la rly  to  th e  very in teresting  
com m unication of M. P ortev in  in  M arch, 1927. t  
There they  would find an account of th e  transverse 
s tren g th  and  th e  value of th e  deflections, p roper­
tie s  which were of suprem e im portance in  the 
m an u fac tu re  of piston rings.

W ith  reg a rd  to  the  phosphorus content, and in 
reply  to  M r. W . H . Poole, he sta ted  th a t  he 
adopted 0.2 per cent, (sometimes 0.3 per cent.) in 
place of 0.6 to  0.8 per cent., owing to  the possi­
b ility  of th e  form ation of stead ite  (phosphorus 
eutec tic), a h a rd  and  b rittle  constituent, the 
abrasive properties of which were comparable with 
those of cem entite. Phosphorus tended, moreover, 
to  dim inish th e  deform ation capacity  on rup tu re . 
H e reg re tted  th a t  he was unable to  give p a r­
ticu la rs  on th e  subject of cen trifugal casting. He 
considered, however, th a t  th is  m ethod of m anu­
fac tu re  ought to  give excellent results. H e wished 
to  th a n k  h is B ritish  colleagues for the  in terest 
they  had  been good enough to  show in  his P aper, 
and  tru s te d  researches of a more exhaustive 
n a tu re  would be carried  out on the  subject of wear.

t  See B u lletin  de l ’A ssociation  Technique Française de 
Fonderie, March, 1927.
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ON THE EFFECT OF NICKEL AND CHROMIUM ON 
THE STRENGTH PROPERTIES OF GREY CAST IRON.

By Professor E- Piwowarsky, Dr.Eng., Aix-la-Chapelle.

A fa irly  extensive li te ra tu re  a lready  exists on 
the  effect of nickel and  chrom ium  additions on th e  
p roperties of cast iro n .1 F rom  these works, and 
also from  th e  rep o rts  and  com m unications of 
num erous m an u fac tu rin g  and  consum ing concerns, 
i t  is ap p a ren t th a t  even a nickel add ition  of from  
0.5 to  3.0 per cen t, appreciab ly  increases th e  un i­
form ity  and density  of th e  s tru c tu re , ensures very 
good m achinab ility  even in  ha rd  types of iron, 
prevents th e  appearance of h a rd  spots, and  in ­
creases th e  resistance to  corrosion and  wear, etc. 
I t  is also known th a t  a m oderate  add ition  of 
chrom ium  in cast iron w ith  a nickel co n ten t has 
a p a rticu la rly  beneficial effect in  im proving th e  
s tru c tu re  and increasing th e  resistance  to  wear 
and  th e  liab ility  to  “ grow .”  M ost of 
these chem ico-m etallurgical and  physical advan­
tages are p resen t—and fa r  too litt le  reg a rd  is paid  
to th is fac t—even when th e  m echanical te s t shows 
scarcely any, o r only a  m oderate increase in  th e  
stren g th  figures. I n  p o in t of fac t, indeed, th e  
increase of s tren g th  found by num erous investiga­
to rs (Campion, H u rs t, M oldenke, Piw ow arsky and 
B aver, Smalley, M erica, W ickenden, Y anick, etc.) 
in  p earlitic  cast iron as a resu lt of alloying w ith 
nickel and chrom ium , as a ru le  hard ly  exceeds 
30 per cent. So long, there fo re , as th e  mech­
anical p roperties obtained by alloying do n o t ex ­
ceed these lim its, which are  such as can  he 
ob tained  in  unalloyed cast iron by su itab ly  m ixing 
the  charge and  by pay ing  regard  to  th e  m ore 
recen t refining processes (e.g., abnorm al super­
h ea ting  of the  liquid  iron2), th e re  is obviously no 
occasion to  add nickel and chrom ium  to  the  m eta l 
merely for th e  purpose of increasing its s tren g th . 
Moreover, i t  is by no m eans ce rta in  a t  p resen t

1 Cf.  th e  b ib liograp h y  in  th e  B u ltetin  of th e  B r itish  C ast  
Iron R esearch  A ssocia tion , N o . 8, A pril, 1925, p. 5.

2 G erm an P a te n ts , under G. 63,543 V I/18  b ., F eb ru ary  21, 
1925.



w hether th e  resu lts  so fa r  obtained m  increasing 
th e  m echanical p roperties of cast iron by nickel 
and  chrom ium  additions m ay not be m ainly a t t r i ­
bu tab le  to  causes which—as, for example, the  re­
finem ent of th e  g rap h ite—could be obtained by 
cheaper and sim pler m eans (deoxidation, super­
hea tin g  th e  m olten m etal, e tc .). I t  appeared 
necessary, therefo re , to  investiga te  th e  influence of 
these two m ost im portan t alloying elements, which 
unquestionably  opera te  beneficially in  regard  to 
th e ir  physico-m etallurgical reaction , on cast iron 
to  which the best m echanical qualities, as fa r as 
technical judgm ent could an tic ipate , had  been 
im parted  by suitable tre a tm en t.

The course was therefo re  adopted of bringing 
very h o t m olten iron to  a s ta te  of solidification, 
a t  first m ainly w hite, and of g raph itising  i t  only 
by subsequent annealing  so th a t i t  con tained : —

(1) The p rim ary  carbon in  th e  finest and most 
favourable a rrangem ent possible, and (2) as fine­
gra ined  a sorbitic-pearlite  ground mass as pos­
sible.

A t th e  same tim e i t  was intended to pay special 
a tte n tio n  to  the  effect of nickel and chromium on 
the therm al stab ility  of th e  m etal. The charge 
of the  m elts had, therefo re , to  be ad justed  so th a t  
by accelerated solidification and cooling the  iron 
solidified preponderating ly  w hite, h u t neverthe­
less contained sufficient silicon to  render probable 
the  com plete dissociation of the  hyper-eutectic 
carbon by m eans of as short as possible a subse­
quent annealing  a t  not too high a tem perature , 
for a  long period of annealing, particu larly  a t  too 
high a tem p era tu re , m igh t possibly have elimi­
nated  again  th e  advantages of the  fine prim ary 
stru c tu re . I t  was necessary, however, th a t  the 
silicon con ten t should no t be so h igh as to perm it 
of large q u an tities  of fe rrite  m aking th e ir appear­
ance d u ring  th e  cooling when the  annealing had 
been effected. This could be secured if a grey to 
m ottled  charge were caused to  solidify m ottled to 
grey by artificially  accelerated cooling.

F o r th e  te s ts  in  question tw o m ain series of 
experim ents were arranged , viz., one w ith  high 
carbon and  low silicon iron  (indicated by A), and 
one w ith  low carbon and high silicon m etal (indi­
cated by B).
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W ithin  these two series heats were carried  o u t 
w ithout nickel, as well as h ea ts  which were ad ­
justed  to  1 and  3 per cent, nickel and 3 p er cent, 
nickel +  0.5 per cen t chrom ium  in  th e  final p ro ­
duct. A charge of G erm an hem atite  and  ingot 
iron (dead m ild steel) was used as raw  m a te ria l 
in  all th e  heats. A bout 10 p er cen t, of Swedish 
p ig-iron  was used in  the  charge of h e a t 1 only. 
The increase of the  silicon add ition  in  series B was 
effected by adding  high percen tage ferro-silicon to  
the finished heat. The w eight of all th e  casts in  
the tes ts  was about 25 kg. (55 lbs.). They were 
carried  o u t in  a g ra p h ite  crucible lined  w ith  m ag­
nesite, and  in an  o il-heated  furnace. The tem ­
p e ra tu re  of th e  h ea t was in  all cases ra ised  to  
about 1,550 deg. C., when th e  crucible was tak en  
ou t of the  fu rnace, and th e  h e a t poured when the 
tem p era tu re  had  fa llen  to  1,400 deg. The tem ­
p e ra tu re  was m easured optically  (by th e  Holborn- 
K urlbaum  pyrom eter) and by in sertin g  p la tinum  
and  p la tinum -rhodium  therm o-elem ents in  the  
heats to  check th e  m easurem ents. F rom  each 
h ea t fou r te s t  bars about 33 mm. in  d iam eter and 
700 mm. in  leng th  were cast, two of these being 
poured in to  a n  iron chill, lined fa irly  th ick ly  w ith 
clay, which was in  each case p rehea ted  to  100 deg. 
The la s t tw o bars were eas t in  a d ry  sand  m ould .3 
Top casting  was employed th roughou t. The bars 
cast in  chills were rap id ly  hea ted  in  a  gas muffle 
furnace to  about 925 to  950 deg. C. As soon as 
they  had  reached th is tem p era tu re  th e  fu rnace  was 
shu t off and the  samples were le f t to  cool. H alf 
of these chill b ars were thereupon  reheated  to 
20 to  30 deg. above th e  A3 p o in t and  quenched in  
oil. The harden ing  tem p e ra tu re  varied , accord­
ing to  th e  composition of th e  sam ples, from  820 
to  850 deg. The quenched sam ples were k ep t a t 
650 deg. fo r ha lf an  hour, when they  were again  
quenched in  o il; they  w ere th en  rehea ted  to  450
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3 T he bars c a st in  san d  show ed  th rou gh ou t a e u tec tic  to  
tem per-carbon-like stru ctu ra l form ation , and  had a  tran sverse  
stren g th  o f 48 to 65 k g /m m 2 w ith  a ten s ile  stren g th  o f 28 
to  36 k g /m m 2 (17.8 to 20.3 ton s per sq . in .) . As th ese  h e a ts  
had  not been d eoxid ised  and  con seq u en tly  did n ot approach  
th e  b est va lu es h ith erto  reached  in  sand  ca s t in g  by sup er­
h ea tin g  th e  m elt [up to  ab ou t 75 k g /m m 2 tran sverse  
stren g th  a n d  36 to  42 k g /m m 2 (22.8 to  26.6 to n s per sq . in .)  
ten s ile  s tren g th ) th ey  h a v e  been om itted  from  con sid eration  
in  th e  trea tm e n t o f  th e  p resen t P ap er.



cleg, for 15 m inutes for th e  removal of any hard ­
ness stresses, and  th en  le f t to  cool.

F o r m echanical te s tin g  all the  bars were tu rned  
to a  d iam eter of 30 mm. The results of th e  re ­
search  a re  sum m arised in  Table 1. These show 
th a t  as a resu lt of th e  therm al and m elting  pro­
cess here  employed unusually  high bending 
s tren g th s  were in  fac t a tta in ed . * These m ight pos­
sibly have been even higher if more care had been 
devoted to  th e  process of deoxidation and to over­
coming the  occurrence of piping, to  which fu r th e r 
reference is m ade la te r. Series of tests on th is 
p o in t are  in  p repara tion . I t  should be noted 
th a t  very  high deflection values are peculiar to 
high transverse  strengths. W hen i t  is considered 
th a t  in  the  norm al transverse tes t, w ith  a bar 
d iam eter of 30 mm. and a distance between the  
supports equal to  20 tim es the diam eter, deflec­
tions of 10 to  15 mm. are usual and norm al, the 
deflection values of 20 to  about 45 mm. m ust be 
characterised  as exceptionally high. They demon­
s t ra te  th e  g rea t toughness1 .and elastic ity  of the  
m ateria l. I n  these tests , un fortunate ly , i t  was 
no t as ye t possible, as has already been stated , 
en tire ly  to  elim inate  th e  p ip ing  favoured by the 
w hite o r m ottled  solidification and the  large 
d iam eter of th e  bars. Suitable signs are accord­
ingly inserted  in column 5 of Table 1 to  indicate 
w hether the  fra c tu re  was found faultless, or 
showed a slight or a serious pipe. W hen i t  is con­
sidered th a t  only a few of the  values are  indicated 
as free from  pip ing  i t  is surprising  th a t  notw ith­
stand ing  th is  occurrence of defects such high tran s­
verse values were still obtained. No doubt the 
reason of th is  is th a t  in the  transverse te s t the neu­
tr a l  fibre plays a relatively  small p a r t  in  s tra in ­
ing th e  m ate ria l, while th e  p ipe is generally dis­
posed cen tra lly  (see F ig . 1, which shows th e  frac­
tu re  of ce rta in  bars in  which th e  size of the  pipe 
is reduced). On th e  o ther hand , the  effect of the 
pipe became all the  more unpleasantly  observable 
in th e  tensile te s t. F o r th is tes t, however, the 
broken pieces from  th e  transverse te s t were used.

4 T he specific shock  en ergy of th e  a lloyed  sam ples was  
tw o to  th ree tim es th e  va lu es h ith erto  observed in  ordinary  
grey  ca st iron. For exam p le , h eat 5 showed 1.39 m k g /cm 2 ; 
h ea t 12, 1.05 m k g /cm 2.
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T a b l e

1 2 3

Heat Type of
Chemical Composition.

No. Heat.
Gr. C.C. Si. Mn. P. S. Ni. Cr.

1 CA I 
\ A  I  V

\
/

0.28 1.98 1.57 0.76 0.068 0.014 — —

2 r a  i i
\  A II  V

\
/

0.14 2.70 1.88 0.62 0.092 0.027 — —

3 /  A III  
\ A  I I I v

\
/

0.21 2.38 1.74 0.60 0.076 0.025 0.89 —

4 r a  IV
\  A IV V

\
/

0.59 2.48 1.61 0.56 0.083 0.025 2.73 —

5 / A  V 
\ A  V v

\
/

0.19 2.88 1.40 0.75 0.052 0.015 2.86 —

6 r A VI
\ A  VI V

\
/

0.26 2.60 1.74 0.60 0.084 0.024 3.10 0.80

7 f B I 
\ B  I  y

\
/

0.37 1.98 2.58 0.60 0.040 0.020 — —

8 IB  II  
\ B  II  y

\
/

0.23 2.03 2.49 0.53 0.092 0.03 0.86 —

9 f  B II I  
\ B  I I I v

\
/

0.33 1.99 0.96 0.48 0.060 0.032 3.02 —

10 r  B IV 
\ B  IV V

\
/

1.54 1.38 2.09 0.55 0.072 0.028 3.17 —

] r B V 
\ B  V v

\
/

0.35 2.13 2.06 0.52 0.04 0.026 2.80 0.50

12 / B  VI 
\ B  VI V

\
/

0.37 2.05 1.70 0.68 0.06 0.016 2.69 0.47

O= Perfect fracture. *=Sm all pipe. **=Large pipe.
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I.

4 5 6 7

Composition after 
Heat Treatment. Transverse Test. Tensile Test.

Js
nn

el
l

H
ar

dn
es

s
N

um
be

r.

Gr. c.c. kg/mm2. Deflection 
in mm. fracture. kg/mm2.

lia. of
bars.
mm.

fracture.

/  2.34 0.69 87.0 39.5 * 44.5t 5 * 240
\  1.78 0.60 90.5 32.3 ** 51.7 20 * 249

/  2.07 0.73 85.6 38.8 0 30.9 ? 20 *** 238
\  2.37 0.45 — — — 36.9 ? 20 *** 167

/  1.98 0.58 90.3 38.8 0 24.3 ? 20 *** 263
\  1.94 0.73 75.8 19.0 ** 26.8 ? 20 *** 255

/  — _ _ _ _ 31.7 ? 20 *** —
\  - — 93.4 22.5 ** 57.2 5 ** —

r 2.18 0.71 90.2 24.2 * 40.7 ? 20 *** 2.63
\  - — 87.4 23.5, ** 42.8 ? 20 *** 2.73

r i.85 0.97 100.0 30.2 * 69.4 5 * 300
\  - — 102.0 15.6 * 71.4 5 0 300

/  1.43 0.85 99.25 43.2 * 38.5 20 ** 238
\  1.43 0.82 90.7 26.0 * 28.8 20 ** 233

/  1.38 0.78 _ _ —. — — — —
\  1.50 0.70 104.0 28.5 0 33.5 20 ** 225

/  1.43 0.58 58.3 ? 109 ? ** — — — 257
\  1.77 0.47 106.0 32.0 ** 37.4 20 *** 246

/  2.72 0.20 81.8 8.0 ? ** 39.4 20 * 218
\  - 71.7 15.6 * 33.7 20 ** 183

f  — __ 75.7 5 * 292

\  ~ — 102.3 27.5 * 67.3 5 * 285

r  1.46 0.95 119.6 28.7 0 60.0 5 * 303

\  - — 128.6 37.2 * 56.7 5 * 316

***=Very large pipe, t  To convert kg/mm* to tons/sq. in. multiply by 0.63.
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They had been tu rn e d  to a d iam eter of 20 mm. in 
order th a t  the  tensile  te s t bars m ight have conical 
enlargem ents a t  th e ir  ends. The m ajo rity  of the  
tensile bars consequently show m uch too low 
values, for n o tw ith stand ing  th e  w eakening owing 
to  th e  pipe the  m axim um  load was in  re la tion  to

F i g .  2 .— A p p e a ra n c e  o f  T u r n i n g s  s h o w in g  
E l a s t i c i t y — N a t u r a l  S iz e .

th e  e n tire  cross section. The figures of tensile 
s tren g th  nevertheless show th a t  w ith to lerab ly  good 
bars one can count on tensile s tren g th s  of over 
50 k g /m m .s (31.7 tons per sq. in .). To prove th is, 
sm all tensile  te s t bars, 5 mm. in d iam eter (also
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w ith conical en largem ents a t  th e  ends) were m ade 
from  ce rta in  bars in  which th e  pipe form ation  
was less pronounced, th e  sides which were free  
from  defect being used for th e  purpose. I t  will
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be seen from  Table 1  th a t  these bars showed te n ­
sile streng th s up  to  abou t 75 k g ./m m .2 (47.6 tons 
per sq. in .) , even in  cases w here these sm all bars 
still showed a s ligh t defect in  th e  fra c tu re . More-



over, an  elongation  of 2 to  4 per cen t, was noted 
in m ost of these sm all tensile  samples.

The B rinell hardness of alm ost all the  alloys is 
fa irly  h igh. I t  varies between about 200 an d ’300. 
N o tw ith s tand ing  these high hardness figures all 
th e  bars were found to  be easily m achined w ith 
o rd in a ry  tu rn in g ’tools, and  showed no appreciable 
increase in shearing  s tren g th  com pared w ith 
o rd in a ry  cast iron. C ontinuous tu rn in g s 3 to  5 m. 
in leng th  were obtained  on m achining, and these 
were m ain ta in ed  even when the  feed was increased. 
F igs. 2 and  3 show the  appearance of these tu rn ­
ings. F rom  th e  transverse  s tren g th  figures, and 
in  p a r t  also from  th e  tensile  s tren g th  figures of 
th e  d iffe ren t sam ples, i t  is ap p a ren t th a t  a  nickel 
add ition  clearly exercises a beneficial, although 
n o t a  very g ro a t, effect on th e  m echanical pro­
p e rtie s ; while on th e  o th e r hand , nickel in  con­
ju n c tio n  w ith  chrom ium  is capable of increasing 
th e  m echanical p roperties even of th is  high-grade 
iron  by 10  to  20 per cent, in  th e  high-carbon 
series A and  by 10 to  30 per cent, in the  low- 
carbon series B. The tre a te d  samples, however, 
ind ica ted  in  column 2 of Table I  by th e  le tte r  v, 
do n o t show any notew orthy im provem ent in the  
m echanical p roperties com pared w ith  the u n trea ted  
sam ples. This is in  itself rem arkable, b u t i t  may 
be exp la ined  as fo llow s: The g ra in  of th e  g round 
mass and  th e  s tru c tu re  of th e  p rim ary  carbon 
libera ted  by th e  annealing  process are so fine, 
ow ing to  th e  therm al tre a tm e n t m entioned, th a t  
a  subsequent alloying process is incapable of ren ­
derin g  th e  g ra in  s till finer. As a m a tte r  of fac t, 
in th e  sam ples cast in  sand  an increase of s tren g th  
of abou t 10 to  15 p er cen t was observed as a 
resu lt of such tre a tm e n t. A lthough n o t large, th e  
increase was certa in ly  p resen t. Among the  bars 
cast in  chill m oulds, on th e  o th e r hand, only the 
m elts con ta in ing  chrom ium  and nickel showed a 
s lig h t increase in  th e  figures re la tin g  to  m echani­
cal p roperties as a re su lt of the  ad ju s ting  process 
(c/. m elts 6 and  12 in  Table I).

The s tru c tu re  of the  fra c tu re  in  a large num ber 
of the  heats—particu la rly  those contain ing  nickel 
and chrom ium —was so fine in  g ra in  th a t  the  
m ate ria l could be d istinguished from  hardened 
tool steel only by a  p ractised  eye. F ig . 4 shows,
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by way of exam ple, two fragm ents which were 
chipped off in the  fra c tu re , which took th e  form  
of a cup o r basin, of a tran sverse  te s t b ar in 
h ea t 12. T he fineness of g ra in  resembles, in fac t, 
th a t  seen in th e  fra c tu re  of h igh-grade tool steel.

A t th e  o u tse t of th is  P ap e r i t  was s ta ted  th a t  
th e  therm al a f te r- tre a tm e n t was so ad ju s ted  th a t  
a sorb itic -pearlite  ground  mass w ith  finely-distri-

4. *  »
■*y, ■' ■*-

*»-•*- >• *
*

* *
*

• 4  •
* ■ *.

* „ «
% ■' *  * * *•"
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F i g .  5 a . — G r a p h i t e  S t r u c t u r e  f r o m  
H e a t  A V I x  100.

bu ted  p rim ary  carbon m ust m ake its  appearance. 
All th e  micros, in  fac t, showed in  th e  unetched 
s ta te  a  s tru c tu re  of p rim ary  carbon in  an  a rran g e ­
m en t as regards m agn itude  such as is shown in 
F ig . 5a, m agnified 100 tim es. Only a single h ea t, 
nam ely, No. 10, in which th rough  an oversigh t 
th e  carbon co n ten t tu rn e d  o u t too high, showed 
even in the final condition, toge ther w ith  con­
siderable quantities of ferrite, very fine-grained



eu tec tic  g raph ite , which could scarcely be dis­
tinguished  when m agnified 100 tim es. The un ­
etched micro, of th is  h e a t had  therefo re  to  be 
reproduced (F ig. 5b) m agnified 500 tim es. Some 
of th e  bars showed in parts , together w ith  the 
p rim ary , as shown in F ig . 5a m agnified 100 tim es, 
also p rim ary  carbon—dis tribu ted  very uniform ly 
over the  so rb itic -pearlite  ground mass—of such a
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F i g . 5 b .— G r a p h i t e  S t r u c t u r e  p r o m  
B I  v x 500.

high degree of fineness th a t  i t  had  to  be magnified 
500 tim es to  be identified. This is ap p aren t from 
F ig . 6 (a and b). These illu stra tions reproduce 
th e  s tru c tu re  of h e a t 7 magnified 500 and 1,000 
tim es. I t  will be seen th a t  here also one has to 
do w ith  a sorb itic -pearlite  ground mass, for even 
when m agnified 1,000  tim es i t  was still impossible 
to  d is tingu ish  certa in  p earlite  fields, which, how­
ever, could be done in  th e  case of the  heats con-



ta m in g  chrom ium  and nickel. The illu s tra tio n s 
c and d of F ig . 6 show the s tru c tu re  of th e  same

hea t a f te r  th e  ad ju s tin g  process, nam ely, a t  those 
points where the  coarsest separa tion  "of tem per
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carbon was found, so th a t  a comparison of the 
illu s tra tions a and  d shows the  upper and lower

lim it values in th e  form ation of the elem entary 
carbon in respect of m agnitude. I t  is apparen t,
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m oreover, th a t  by th e  ad ju s tin g  process the  
so rb itic -pearlite  g round  mass has been converted  
in to  exceptionally  fine g ra n u la r pearlite  of th e  
coagulated cem entite . In  th is  connection re fe r­
ence should also be m ade to  F ig . 7, which shows 
th e  s tru c tu re  in therm ally -regu la ted  sand-cast 
iron, 7 a being th a t  in  o rd in a ry  grey cast iron, 
while th a t  in  F igs. 7b and  7c is from  th e  sam ples

(a)
F i g . 7 .— S t r u c t u r e  o e  H eat-T r ea ted  

C ast  I r o n s , x 500.

of sand-cast iron  m entioned a t  th e  beginn ing  of 
th is  P ap er, th e  g rap h ite  con ten t of which was 
caused to  solidify in  the form  of a fine s tru c tu re  
by therm al superheating  of the  m elt. I t  had  stru ck  
the  au th o r th a t  in  o rd inary , o r superheated  
unalloyed grey cast iron, therm al tre a tm e n t fre ­
quently  produces a s tru c tu re  which in  its  fo rm a­
tio n  resembles b lu n t needles of m arten s ite , b u t



w h ic h  in  r e a l i t y  h a s  a ls o  a  p r e p o n d e r a t i n g l y  
g r a n u l a r - p e a r l i t i c  g r o u n d  m a s s ,  w h ic h ,  h o w e v e r ,  
b e a r s  a n  apparent r e s e m b l a n c e  t o  m a r t e n s i t e — a  
s t r u c t u r a l  p h e n o m e n o n  w h ic h  is  a ls o  o b s e r v a b le  in  
t h e  h a r d e n i n g  a n d  t e m p e r i n g  o f  s t e e l ,  a n d  w h ic h  
h a s  l e d  H a n e m a n  t o  e s t a b l i s h  a  n e w  t h e o r y  o f  
h a r d e n i n g 5 o n  a  m e t a l l o g r a p h i c  b a s i s .

W h i l s t  i t  fo l lo w s  f r o m  th e s e , t e s t s  t h a t  a  n ic k e l
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(6)
F i g .  7.— Continued.

a d d i t i o n ,  p a r t i c u l a r l y  i n  c o m b in a t io n  w i t h  a  
m o d e r a t e  c h r o m iu m  c o n t e n t ,  is  v e r y  w e ll a d a p t e d  
t o  p r o d u c e  a  n o t e w o r t h y  i n c r e a s e  i n  t h e  m e c h a n i ­
c a l  p r o p e r t i e s ,  e v e n  w i t h  t h e  b e s t  f o r m a t i o n  o f  
t h e  e l e m e n t a r y  c a r b o n ,  i t  is  f u r t h e r  a p p a r e n t ,

5 W erkstoffausschuss-B ericht des V.D.E. (R eport of the 
M aterials  Com m ittee of the  G erm an E ngineers’ Association), 
No. 61.



(e)
F i g .  7 .— C o n t in u e d .

accelerated  cooling (pouring  in chill m oulds o r in 
w e t m o u ld s ) . This type of charge requires, accord­
in g  to  th e  carbon con ten t, silicon con ten ts of 
a b o u t  1.4 to  abou t 2.2 per cen t. These sm all

6 K . E m m el h as  a lread y  p u b lish ed  som e figures o f th e  
sam e order of m ag n itu d e  b ased  upon a  s im ila r  process 
(cf.  S ta h l u nd E isen , 1 9 2 5 , I I ,  p a g e  1 4 6 9 ). P . B ard en h eu er  
a lso  ob ta in ed  a p p r o x im a te ly  s im ila r  figures (c / . S ta h l und  
E isen , 1927, p a g e  857).

even from  the te s ts  so fa r  ca rried  o u t, th a t  i t  is 
possible to  o b ta in  by th e  m ethods here  adopted  a 
special type  of m alleable cast iro n 6 w ith  which 
s tren g th s h ith e rto  unreached will be associated. 
H ere  i t  is simply a question, in  con trad is tin c tio n  
to  the  known m alleable-iron process, to  cause a 
m etal of which the  charge is grey to  m ottled , to  
solidify w hite  to  m ottled  by m eans of artificially-
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castings, poured white or m ottled, can be com­
pletely g raph itised  w ith in  a few m inutes. The

au th o r succeeded, in fac t, in completely and uni­
form ly g raph itising  small castings w ith a wall
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thickness up to  35 mm. as quickly as 10 m ins. by 
im m ersing them  in a sa lt b a th  a t  a tem p era tu re  
of 925 to  950 deg. C., when the  g round  m ass 
showed a  so rb itic -pearlite  s tru c tu re  w ith  a  m uch 
finer tem per-carbon fo rm ation  th a n  is observable 
w ith  th e  m alleablising  process as norm ally prac­
tised  to-day in  A m erica and  E urope.

F rom  th e  resu lts of these researches, m oreover, 
the in troduc tion  of a  new annealing  process, in 
which quick m alleablising  would be effected in  con­
tinuous service w ith  the  use of sa lt baths, would 
appear to  be advantageous. This process was, in 
fac t, p rac tica lly  tes ted  by th e  a u th o r ;  am ong 
o th e r th ings, in su la to r ibells, w hich a re  s till m ade 
of m alleable iron  o r cast steel, w ere p roduced by 
way of tr ia l  in  th e  m an n er here  described in  
m a te ria l of excellen t quality  which was also 
economical. F ig . 8 shows th e  s tru c tu re  of an 
in su la to r bell of the  k ind  (m agnified 100  tim es), 
in connection w ith  which i t  should be expressly 
noted  th a t  the  illu s tra tio n  a does n o t by any 
m eans rep resen t th e  finest fo rm ation  of the  
elem en tary  carbon. The illu s tra tio n  b shows th a t  
here also the  g round  mass is so rb itic  p ea rlite .

The phosphorus con ten t of a ll th e  h ea ts  d ea lt 
w ith was very low. T ests w ith  h igher phosphorus 
con ten ts will be m ade before com pleting these 
researches, and  w ith  m oderate  con ten ts (up to  
about 0.30 p er cen t. P ) they  m ay even be expected 
to  give s till h igher s tre n g th  values, p a rticu la rly  
a f te r  th e  add ition  of nickel and  chrom ium .

Summary.
By causing a cast iron  hav ing  a grey to  m ottled  

charge to  solid ify  a t  first w h ite  to  m ottled  by 
accelerated  oooling, and  g rap h itis in g  i t  only  by 
subsequent annealing , m echanical s tre n g th s  of a 
range  h ith e rto  unreached  were ob ta ined . I n  high- 
g rade  m a te ria l of th is  k in d  (transverse s tren g th s  
of 80 to  100  k g ./m m 2, in  a  p e rfec t b a r) , a s till 
fu r th e r  increase in  th e  tensile  p ropertie s  of 10  to  
30 per cent. (100 to  130 k g ./m m 2.) was effected 
by the  add ition  of nickel o r  of n ickel and 
chrom ium . The deflection of such m a te ria l in  the  
transverse  te s t is tw o to  th ree  tim es th a t  of 
o rd inary  p earlitic  grey cast iron. Tensile tests , 
in which th e  e lim ination  of la rge  defects was 
ensured, showed m easurable elongations of 2 to  4
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per cen t., w ith  values up to 75 k g ./m m 2. (47.6 tons 
per sq. in .). N o tw ithstand ing  the  high hardness 
figures (200 to  300), th e  m achinability  of all the 
sam ples was a t  leas t as good as th a t  of ordinary  
good grey cast iron.

If  su itab ly  tu rn ed  to  account, these tests should 
re su lt in  a quick annealing  process giving 
unusually  h igh s tre n g th  values w ith the  shortest 
possible h ea tin g  period.



THE STRENGTH OF CAST IRON.

By J. E. Fletcher, M.I.Mech.E., Consultant to the
British Cast Iron Research Association (Member).

M any foundrym en a re  unaw are of th e  difficulties 
experienced by th e  b last-fu rnacem an  in  th e  pro­
duction  of foundry  p ig-iron  of un iform  m echanical 
s tren g th , in th e  p ig  form , even though  th e  
chemical analysis be closely sim ilar in  th e  pigs of 
a p a rt ic u la r  cast. The num ber iof drops on  th e  pig 
sam pler’s anv il necessary to  b reak  pigs from  d if­
fe ren t p a rts  of th e  p ig  bed m ay vary  considerably, 
and  th e  frac tu res  m ay vary  correspondingly. The 
so-called “  sca tte red  ”  f ra c tu re  has always been a 
source of anx ie ty  to  th e  b last-fu rnacem an , an d  he 
is perhaps as much a t  sea to-day as ever in 
d iagnosing th e  cause of th e  vari-g ra in ed  f ra c tu re  
in  cast irons o f m edium  silicon co n ten t (1.5 to  2.5 
per cent.).

I t  is well known th a t  w ith in  th is  range—which 
is th e  one m ost used by th e  foundrym an—th e re  is 
th e  g rea te st v a ria tio n  in  b las t-fu rnace behaviour, 
th e  cause being probably  complex in  ch aracter. 
In  try in g  to  avoid th e  troub le all k inds of m ethods 
have been tr ied , no one of which seems to  be 
un iversally  successful.

I n  th e  re-rnelted p ig-iron  from  th is  c ritica l range 
th e  va ria tio n s in  s tru c tu re  and m echanical 
s tren g th , especially in  iron  of 1 . 2  to  1 .8  p e r  cent, 
silicon con ten t, a re  even m ore pronounced, frac­
tu res  from  m ottled  to  grey occurring  betw een 
narrow  ranges of silicon varia tio n . Sometim es
1.5 per cent, silicon iron  is unm achinable, and  a t  
o thers is extrem ely  soft. The au th o r has found 
th a t  th is  c ritica l range corresponds w ith  th e  pas­
sage th ro u g h  th e  m axim um  pea rlite  condition , th e  
range  being comm ercially th a t  betw een m ottled  and 
No. 4 h a rd  pig-irons, these irons becom ing w hite or 
m ottled  when rem elted . The ab ruptness of th e  
p earlitic  change is  seen in  F ig . I  (a). The p ea rlite  
percentage in a series of Scotch pig-irons is seen to 
reach its  m axim um  a t  abou t 1.25 p e r cen t, silicbn. 
H ere  th e  p ig-iron f ra c tu re  would be a close grey, 
b u t a th ick  fin or flash on th e  p ig  would be m ottled
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or w hite in  frac tu re . Such a  pearlitic  p ig  when re- 
m elted and  cast in to  a 1 .2-in. d ia . bar would he 
m ottled  o r soft-w hite in fra c tu re  when poured into 
a cold m ould.

F ig . I  (a) shows a m ethod of g raph ing  the  struc­
tu ra l  composition of a series of pig-irons from a 
c e rta in  b last-fu rnace and was first used by the 
au th o r in  his A .F .A . P ap e r of 1925. I t  is perhaps 
th e  first a tte m p t to  produce a descriptive graph 
charac te ris tic  of th e  production of a blast-furnace 
w orking on a certa in  burden. F rom  such a fur-

F ig. 1.

nace g raph  th e  foundry  m eta llu rg ist is enabled to  
choose th e  iron  most su itab le  for his cupola m ix­
tu re .

I t  shows clearly the  critica l character of the 
b last-fu rnace  opera tion  when ru n n in g  on 1 .0  to  
2.0  p e r cent, silicon irons, and should m ake foun- 
dxymen sym pathetic  tow ards th e  blast-furnacem en 
who a re  n o t in frequently  asked to  work to  frac­
tu re  and  analysis when supplying pig-irons w ith in  
th is  c ritica l range. The request is a t  once seen to  
be unreasonable, and is th e  cause of innum erable 
quarrels.

The varia tions in th e  s tru c tu re  and  mechanical 
p roperties of foundry  p ig-iron are  reflected in the
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rem elted m etal, and i t  is obvious th a t  th e  foundTy- 
m an m ust tak e  account of th is  fac t when m aking  
up any cupola m ix tu res for th e  production  of 
castings w hich m ust comply w ith  a specification 
co n ta in ing  m echanical s tre n g th  clauses.

F i g . 1a .

In  considering th e  m echanical s tren g th  of cast 
iron  th e  m etallu rg ical eng ineer is faced w ith  th e  
fac t th a t  considerable v a ria tio n  in  tensile , t r a n s ­
verse, to rsional, compressive an d  im pact te s ts  m ust 
be looked for in  a group of te s t  bars cast sim ul­
taneously  from  th e  same ladle of m eta l in sim ilarly  
p repared  moulds cooled a t  equal ra tes. This is a 
d is tu rb ing  fac t, th e  reasons for the  lack of
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u n ifo rm ity  hav ing  occupied the  m inds of foundry- 
men, engineers and  m eta llu rg ists for m any years.

The In s ti tu te  of B ritish  Foundrym en has 
rendered  a  signal service to  th e  engineering world 
by its  a tte n tio n  to  th e  m a tte r  of s tandard  
m echanical te s ts  fo r c a s t iron , and  in  th e  m any 
hundreds of bars of various sizes tested—of varying 
chem ical composition—th e  values recorded for the  
tensile  and  tran sverse  b reak ing  loads in  any one 
series of bars of sim ilar size and  approxim ately 
sim ilar com position vary  considerably from  the 
m ean  o f th e  series. T he sam e k in d  of varia tion  
has been found in  th e  m any series of te s ts  carried  
o u t by th e  B ritish  C ast Iro n  .Research Association 
u nder conditions which have enabled th e  im portan t 
de ta ils  of th e  cupola m ixtures, m elting  practice, 
pouring  tem pera tu res  and  cooling ra te s  to  be corre­
la ted  w ith  th e  analysis and  m icro-structure of th e  
te s ted  bars.

W ork o f a  p ara lle l n a tu re  has been done in  th e  
TJ.S.A., G erm any, F rance , Belgium , J a p a n  and 
elsewhere, th e  resu lts  of th e  te s ts  on sim ilar bars 
giv ing  th e  ch aracteristic  varia tions. These ind i­
ca te  th a t  th e  sam e causes for such irregu la rities 
a re  a t  w ork w hatever casting  m a te ria l has been 
used—w ith in  th e  range  of chemical composition 
common to  th e  cast iron  series. I n  th is  P aper the  
w rite r  does n o t in ten d  to  convey th e  idea th a t  th e  
range  of s tre n g th  varia tions m akes i t  impossible to  
a rr iv e  a t  a  p rac tica l w orking m ean in  any p a r­
tic u la r  narrow  range  of cast iron  compositions, 
b u t, in  view of th e  developm ents which are  tak in g  
place in  cupola m elting  practice, and  in  the 
m ethods of casting  and  cooling th e  pieces, he would 
seek to  call a tte n tio n  to  some of th e  possible causes 
of these v a ria tions. B efore doing th is , a  few 
ty p ica l exam ples of s tren g th  varia tions m ay be 
placed cn  record , d raw n  from  reliable sources.

E xam ple Xo. 1 is draw n from  a  series of 1.2-in. 
d ia . dry-sand cast bars hav ing  th e  following range 
of chem ical an a ly s is :—T.C., 3.3 to  3 .6 ; Si, 2.0 to  
2 .5 ; M n, 0.3 to  0 .65; P , 0.5 to  0 .7 ; and  S, 0.11 to  
0.145 p er c e n t .; th e  average analyses o f th e  series 
be ing : T .C ., 3 .47; S i, 2 .22; M n, 0 .52; P , 0.62; 
and  S , 0.13 per cent.
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A ctually, the  divergences from  th e  m ean a re  as 
u n d e r :—

Per cent. Per cent.
T.C. . .  0.13 above, and 0.17below mean (actual values)

(3.75) (4.9)
C.C. . .  0 .12  „  0.28

(31.0) (72.0)
Gr . .0 .3 1  „  0.14

(10.0) (4.5)
Si . .0 .2 8  „  0.12

(12.6) (5.4)
Mn . .0 .1 2  „  0.09

(23.0) (17.3)
S ..0.015 „  0.02

(11.5) (17.3)
P ..0 .0 5  „  0.10

(8 . 1 ) , (16.2)
Total Carbon plus Silicon C on ten ts .—These 

values w e re :—M axim um , 5.83; m inim um , 5.57; 
and  m ean, 5.69 p er cent.

Tensile Tests.—M axim um , 11.1; m inim um , 8 .3 ; 
and  m ean, 9.1 tons per sq. in .

Transverse T ests .—M axim um  ru p tu re  stress 
(modulus of ru p tu re ) , 23.8; m inim um , 19.7; 
and  m ean, 20.9 tons per sq. in.
R atio  T R u p tu re  stress, tons per sq. in . "I

I U ltim ate  Tensile stress, tons per sq. in . I
Tv

~~Tjj M axim um  2.39, m inim um  2.14, and mean 
2.29.

The divergences in  th e  conten ts of th e  various 
elem ents a re  expressed in  percen tages of th e  
m ean analysis values and a re  no t abnorm al. 
The differences in the m echanical s tre n g th  of th e  
irons are, however, seen to be considerable and 
a re  difficult to  account fo r in  term s of th e  
analysis. W hen th e  tensile  and transverse  ru p ­
tu re  stresses were p lo tted  as o rd in a te s  over a 
base in d ica ting  th e  to ta l carbon plus silicon con­
ten ts , and  th e  various elem ents also sim ilarly  
p lo tted , i t  was seen th a t  th e  ra tio  of th e  t r a n s ­
verse ru p tu re  stress to  u ltim a te  tensile  stress 
curve followed th e  silicon line closely in  the  
above series (see F ig . 1), b u t in  o thers th e  
characteristics of th e  two curves were n o t so 
closely a like . The dom inan t influence of th e
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two elem ents carbon and silicon is generally seen 
by thus p lo ttin g  th e  resu lts , and when th e  m etal 
tem p era tu res—as taken  from the  stream  leaving 
th e  cupola spout— are  also p lo tted , i t  is often 
possible to  see th e  effect of vary ing  m etal tem ­
pera tu res.

In  the  series in question the  spout tem pera­
tu re s  w ere low when irons of between 2.0 and
2.2 p e r  cen t, were being tapped . The silicon, 
m anganese, su lphur, phosphorus, and carbon 
curves show a  series of kinks, all bu t th e  carbon 
showing w hat appears to  be a  fa ll in  th e  con­
ten ts  due to  g rea te r ox idation  a t  the lower m etal 
tem pera tu re . The k inks are  reflected also in  the 
ru p tu re  s tress /ten s ile  stress curve. (See F ig. 1.) 
This ra tio  is of some—perhaps considerable— 
im portance in  connection w ith stren g th  investi­
gations concerning cast iron. The w rite r has 
elsewhere shown th e  connection of th e  ra tio  w ith 
th e  oompressional and  tensile  s treng th s of cast 
iron, and  has a ttem p ted  to  determ ine therefrom  
th e  re la tive  values of these s tre n g th s ; also the 
position  of th e  n eu tra l axis o r p lane in the 
tran sv erse  te s t  b a r when under load. The h igher 
values of th e  ra tio  rep resen t lower tensile 
s treng th , th e  curves showing these h igher values 
as the  silicon—and silicon plus carbon—contents 
are  increased. I t  does no t necessarily follow th a t  
th e  deflections of th e  transversely  tested  bars 
will increase in  th e  inverse sense to  th a t of the 
ru p tu re  m odu lus/u ltim ate  tensile ra tio s; because 
of th e  lower tensile  s tren g th  signified, for i t  is
well know n th a t  a  so fter iron will sometimes
give a  b e tte r  deflection th a n  a h ard er one. The 
w rite r  has found th e  B rinell figures to give 
fa irly  concordan t resu lts when com paring these 
w ith  th e  carbon-plus-silicon values, and, as these 
are  generally  com parable w ith  th e  ru p tu re  modu­
lu s /ten sile  ra tios fu r th e r  research should make 
the  B rinell te s t m ore useful th a n  i t  has been 
in cast-iron  investigations.

Exam ple No. 2 is from  a  sim ilar series of dry 
sand  cast bars having th e  following range of 
chem ical an a ly s is :—T.C., 3.3 to  3 .7 ; Si, 1.6 
to  1 .9 ; M n, 0.40 to  0.96; S, 0.09 to  0.14; and
P , 0.42 to  0.50 per c e n t . ; th e  m ean analysis

H
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b e in g :—T.C., 3.45; S i, 1.77; M n, 0 .71; S, 0 .11; 
and P , 0.46 p er cent.

The divergences from  the  mean a re  as shown 
below : —

Per cent. Per cent.
T.C. . .  0.24 above, and 0.16below mean (actual values)

(7.0) 14.6)
Si . .  0.13 „  0.17

(7.2) (9.6)
Mn . .0 .1 9  „  0.31

(2.6) (4.2)
S . .0 .0 3  „  0.03

(2.7) (2.7)
P , .0 .0 4  „  0.04

(8.7) (8.7)
The figures in  brackets give th e  v a ria tio n  in 

term s of th e  m ean con ten ts of th e  various 
elem ents, as in  th e  case of Exam ples 1 and 3.

The v a ria tio n s in  th e  combined and  g rap h itic  
carbon con ten ts w ere : —

Per cent. Per cent.
Gr . .  . .  0.15 above, and 0.25 below mean.

(5.1) (8.5)
C.C................... 0.19 „  0.27

(36.0) (51.0)

Total Carbon plus Silicon  con ten ts w e re : — 
M axim um , 5.44; m inim um , 4.95; and  m ean, 5.23 
per cent.

Tensile R esults.—M axim um , 14.9 ; m inim um , 
1 0 .6 ; and m ean, 12.8  tons p er sq. in.

Transverse Tests.—R u p tu re  stress (m odulus of 
r u p tu re ) : M axim um , 27 .5 ; m inim um , 20 .9 ; and 
m ean 24.9 tons per sq. in.

The R a tio— Transverse R u p tu re  Stress : Tensile 
Stress  (u ltim ate) was found to  b e : M axim um , 
2.25; m inim um , 1 .6 8 ; and  m ean, 1.81.

In  ,a th ird  series, E xam ple No. 3 rep resen ts 
sim ilarly  cast bars to  those in th e  two form er 
series. The chem ical analyses w e re :—T.C., 3.4 
to  3 .6 ; S i, 1.0 to  1.7; M n, 0.5 to  1.0; IS, 0.09 
to  0 .13; and  P , 0.33 to  0.53 per c e n t.;  th e  m ean 
analysis b e in g :—T.C., 3.55; Si, 1.43; M n, 0 .75; 
S, 0 .11; and P , 0.41 per cent.

The divergences from  the  m ean  were as 
follow s: —
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T.C. . .
Per cent. Per cent.

0.04 above, and 0 .0 6 below r

C.C. . .
(1 . 1 ) (1.7)
0.09 » » 0.13

Gr ..
(14.8) (21.3)

0.14 » > 0 . 1 1

Si
(4.7) (3.7)
0.28 » f 0.37

Mn ..
(19.0) (26)

0.23 »> 0.22

S
(30.6) (29.7)

0.02 >> 0.02
(18) (18)

P 0 .12 f  f 0.09
(29.3) (22 .0)

Total Carbon plus Silicon  contents w ere: — 
M axim um , 5.28; minim um , 4.55; and mean, 4.99 
per cent.

Tensile Tests.—M aximum, 15.1; m inim um, 11.6; 
and m ean, 13.0 tons per sq. in.

Transverse Tests (Modulus of R u p tu re ).—M axi­
mum, 25.9; m inim um , 22.3; and m ean, 24.4 tons 
per sq. in.

R atio— Transverse R u p tu re  Stress : U ltim ate  
Tensile S tress;  M axim um , 2.07; minimum, 1.72; 
and m ean, 1.95.

O th e r series of tests, including th e  valuable 
resu lts recorded by J .  T. MaoKenzie, in his 
A .F .A . P ap e r of 1926, have furn ished  closely 
com parable figures in  which th e  in te resting  rela­
tionsh ip  between the  B rinell hardness values and 
the carbon-plus-silicon contents is clearly brought 
ou t. These are  g raphed in Figs. 2 and 3. Two 
sets of curves a re  shown, illu s tra tin g  a series of 
irons of low m anganese (below 0.5 per cent.), low 
phosphorus (under 0.5 per cent.), w ith variable 
carbon and silicon contents, F ig . 2, and higher 
m anganese (0.5 to  1.0 per cent.), together with 
o ther two sets of curves, illu stra tive  of higher 
phosphorus con ten t (0.5 to  1.0 per cent.), F ig . 3.

Combined Functions of Total Carbon and Silicon.
In  recording the  resu lts of th e  th ree  examples 

of o rd in ary  cast irons, th e  first of which is 
graphed  in F ig . 1, i t  will be noted th a t  the 
various curves showing the  analyses, mechanical 
s tren g th s  and casting  tem pera tu res are  plotted 
over a base rep resen ting  the  sum of the  to tal

h  2
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carbon and  silicon conten ts in  each of th e  iro n s 
tes ted . I f  th e  to ta l  carbon con ten t in  each of 
th e  irons h ad  been co n stan t the  silicon curve 
would have been a s tra ig h t line in  th e  case where

th e  sum  of the  to ta l carbon and  silicon con ten ts 
was constan t or where th e  silicon con ten ts pro­
gressively increased or decreased by a  like am ount 
from  cast to  cast th ro u g h o u t th e  series. The

F
ig

.
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usual divergences of the  carbon and silicon con­
te n ts  resu lt in  a broken line or curve, and th is 
variab ly  contoured line has been found by the 
au th o r to  give a m ost useful index to  th e  effect 
of varia tio n s in analysis when plo tted  above the 
to ta l carbon-plus-silicon base. Ledebur was pro­
bably th e  first to  po in t o u t th a t  desirable pro­
perties in  cast iron could be expressed in term s 
of th e  to t a l  carbon  and  silicon contents, his 
resu lts being shown in a form ula which can be 
sim ply s ta ted  in  th e  following fo rm : —

Silicon con ten t =  6.6 —1.5 x to ta l  carbon content 
(m ax.) to  5.7 —1.5 x to ta l carbon conten t (m in.).

The to ta l carbon content is here made the basis 
fo r de term in ing  th e  silicon content, and, though 
th e  expression has been simplified in more recent 
days, L edebur’s fundam ental conception th a t  the 
sum  of the  to ta l carbon and silicon contents in  a 
cast iron  a re  of first im portance is now generally 
accepted, modified to  su it th e  thickness of the 
casting , conditions of service required , and the 
mould tem p era tu re  (Lanz hot-mould iron).
T a b l e  I.— Ledebur's Table of Silicon with varying Total 

Carbon contents in Cast Iron

T.C. Si. T.C.+Si. Si.
T.C.+Si

Max. Min. Max. Min. Max. Min.

Per Per Per­ Per Per Per
cent. cent. cent. cent. cent. cent.

3.8' 0.9 0.0 4.7 3.8 0.192 — .

3.6 1 .2 0.3 4.8 3.9 0.250 0.083
3.4 1.5 0.6 4.9 4.0 0.306 0.150
3.2 l.S 0.9 5.0 4.1 0.360 0.248
3.0 2 . 1 1 .2 5.1 4.2 0.412 0.286
2.8 2.4 1.5 5.2 4.3 0.462 0.349
2.6 2.7 1 .8 5.3 4.4 0.510 0.410

The preceding table is of in te rest as showing the 
L edebur determ inations of silicon per cent, in  cast 
irons of to ta l carbon con ten t vary ing  between 3.3 
and  2.6 p e r cent. (3.8 per cent. T.C. being the  
m axim um  con ten t th e  form ula allows).

A glance a t  the  tab le  will show th a t  the modern 
expression used regularly  on the  C ontinent, per
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cent. T.O. p er cent. + Si p e r cen t. = 4.0 to  5.2 
has been directly  deduced from  L edebur’s o rig inal 
form ula.

Ledebur (D as llo h e ise n : p. 57) expresses th e
Si _

T.O. and  Si re la tionsh ip  th u s :— 1 .0 .  +  y g
4.2 to  4.4 and , for low Si irons th e  constan ts  4.2 
and 4.4 m ay fall to  3.8.

This w orker realised  th e  function  of th e  
eutectio  con ta in ing  4.3 per cen t, carbon in cast 
iron  s tru c tu ra l s tren g th  connections, and i t  will 
be seen th a t  th e  o rig inal form ula expresses th e

F i g . 2a .

view th a t  f rd s  of th e  silicon con ten t corresponds 
w ith th e  difference between th e  to ta l carbon con­
te n t and 4.3 (which is th e  carbon percen tage  of 
th e  iron-carbon eu tec tic), in  th e  com positions 
recom mended for general service. Thus a  1.5 per 
cent. Si iron  should have a T.O. p e r cen t, of 3.3 
when th e  eu tec tic  c o n stan t 4.3 is used. The 
values given in  Table I , when g raphed  above a 
T.O. + Si base, are  shown in  F ig . 2a. The T.C. 
and Si percentages for th e  m axim um  and m inim um
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values of th e  constan ts (4.4 and  3.8) are indicated 
by lines D K -L F  and  AB-BC respectively. The 
lines D K -L F , when extended, m eet in  po in t E 
and th e  line EB is the  locus of th e  junctions of

all o ther T.C. and Si lines corresponding to  con­
s ta n ts  between 4.4 and 3.8. These junction  
points, such as E , 0  and  B, illu s tra te  the  cast 
irons hav ing  sim ilar T.C. and Si contents. The

F
ig
.
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vertical YX rep resen ts th e  4.3 per cen t. T.C. 
eu tec tic  (Si per cent. =  0 ) corresponding to  the  
expression T.C. per cen t. + Si per cen t. =  4.3, 
w here th e  m axim um  Si and  m inim um  T.C. have 
like values; when T.C. +  Si =  5.15 per cen t, 
(po in t O). The tr ian g le  XYO graphically  verifies 
th e  eu tec tic  basis of th e  L edebur form ula. The 
d iag ram  has a peculiar in te re s t in  showing th e  
compositions (w ith respect to  T.C. and  Si con­
ten ts) of m odern cast irons of m axim um  stren g th . 
The w rite r has found th a t  by draw ing th e  lines 
FB , GB, th e  T.C. and Si con ten ts of strong  irons 
m ay be taken  to  vary  between 3.0 and  2.6 p er 
cent. T.C. and  1.2 and 2.6 per cent. Si. The 
tr ian g le  FB G  gives th e  lim iting  T.C. con ten ts line 
F B —and th e  lim iting  Si con ten ts line GB.

The com positions of th e  s tro n g  P e rlit , Emm el 
and Corsalli cast irons a re  ind ica ted . R ecent 
research ihas shown th a t  L edebur’s work w as of 
g re a t im portance, and i t  should be no ted  th a t , 
a f te r  P rofessor T u rn e r’s researches had  proved 
th e  im portance of silicon in  oast iron , L edebur 
ind icated  th e  fundam enta ls governing th e  com­
bined effect of to ta l carbon and silicon, o r, a t  any 
ra te , pointed  o u t th e  d irection  in  w hich fu tu re  
research should proceed in  finding the  conjo in t 
influence of the  two a ll-im portan t elem ents.

Relationship between the T.C. +  Si Contents and 
Mechanical Strength.

In  F ig . 1 th e  ac tua l resu lts of a series of cast 
irons m ade for the  experim ental purpose of te s tin g  
ou t th e  1.2-in. dia. b a r by th e  G erm an Ironfound- 
ing  Em ployers’ F edera tion , D üsseldorf, have fu r ­
nished th e  w rite r  w ith  th e  m eans for de term in ing  
the influence of to ta l carbon  an d  silicon 
(prim arily ) on th e  physical p ropertie s of o rd in ary  
irons. S im ilarly, M r. J .  T . M acK enzie’s experi­
m ents have enabled th e  B rinell hardness fac to r to 
be re la ted  to  th e  iron composition. In  both sets of 
tes ts  th e  im p o rtan t function  of th e  combined 
silicon and  carbon contents in  reg u la tin g  th e  s tru c ­
tu ra l s tren g th  and hardness is confirmed, much 
add itional works d a ta  hav ing  been exam ined before 
the au th o r fe lt ce rta in  of his ground. B oth  th e  
G erm an and A m erican resu lts  a re  rep resen ta tive  
of som ewhat w eaker irons th a n  would re su lt from
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B ritish  m ix tures yield ing sim ilar analyses, bu t the 
m any B ritish  tes ts  exam ined confirm th e  accuracy 
of th e  fundam enta l tren d  of th e  combined silicon 
and carbon action  as illu s tra ted  in Figs. 1  and 2 .

Effect of Altering the Silicon Content in the T.C. +  Si 
Factor.

I t  will be easily realised th a t  the to ta l carbon 
and  silicon contents in a cast iron whose carbon 
and  silicon percentages together equal, say, 5.0 
m ay vary  between 4.0 per cent. T.C. w ith 1.0 per 
cent. Si and  2.5 per cent. T.C. w ith 2.5 per cent. 
Si. The T .C .+ S i factors may be alike, b u t clearly 
th e  s tru c tu ra l and s tren g th  characteristics m ust

vary  as the ra tio  p.y ■ =- changes.
1  .o .

The comparison between any cast irons of 
s im ilar T .C .+ S i contents is perhaps best seen by

using th e  ra tio  7j  q  as th e  index of com pari­
son. This is well illu s tra ted  in  Table I I ,  where a 
series of irons having T.C. +  Si contents is equal to
5.6 p er cent.

T a b l e  II.

T.C. Si. T.C.+Si. Si.
T.C.+Si.

Per cent. Per cent. Per cent.
2.6 3.0 5.6 0.536
2 .8 2 .8 5.6 0.500
3.0 2.6 5.6 0.465
3.2 2.4 5.6 0.429
3.4 2.2 5.6 0.393
3.6 2.0 5.6 0.357
3.8 1 .8 5.6 0.322
4.0 1 .6 5.6 0.286

The characteristics of the  irons of equal T.C. +  
Si contents differ more considerably as the  T .C .+  
Si values are sm aller, as shown in Table I I I .

I f  th e  irons in  Table I I I  are assumed to cool a t 
such a ra te  th a t  th e  s tru c tu res  are  fully pearlitic , 
th e  g raph itic  carbon and combined carbon contents 
will closely approxim ate to  the  values given in 
columns (a) and  (b), m anganese, su lphur and phos­
phorus contents being ignored in th e  estim ations
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for th e  sake of sim plicity . This enables th e  
s tu d en t to  visualisé th e  re la tiv e  effect of th e  to ta l 
carbon and silicon in  producing g rap h itisa tio n  
between th e  solidification and  p ea rlitisa tio n  po in ts. 
Thus a rise of 0.5 per cent, in to ta l carbon and  a 
corresponding fall of 0.5 per cen t, in  th e  silicon

T a b l e  III.

T.C. Si. T.C.+Si. Si. G.C.

{a)

In
pearlitic

condition.
C.C.
(b)

T.C. +  Si.

Per Per Per Per Per
cent. cent. cent. cent. cent.

2.5 2.0 4.5 0.44 1.67 0.83
3.0 1.5 4.5 0.33 2.16 0.84
3.5 1 .0 4.5 0.22 2.65 0.85
4.0 0 .5 4.5 0 . 1 1 3.14 0.86

contents resu lts in  an  increase of th e  g rap h itic  
carbon con ten t of about 0.50 per cen t, in  irons 
hav ing  sim ilar T.C. +  Si conten ts. B u t th e  w eak­
en ing  effect of th e  increasing  g rap h ite  conten ts in 
th e  four irons in  Table I I I  is best seen by com­
p arin g  th e  volum etric compositions of th e  castings 
th u s : —
Per cent. Per cent. Per cent.
(1) 2.5T.C. iron Gr. 5.47 Silico-Pearlite 94.53
(2) 3.0T.C. iron „  7.05 „  92.95
(3) 3.5T.C. iron ,, 8.65 „ 91.35
(4) 4 .0T. C. iron______ „ 10.10__________ 89.90

A ccepting S au v eu r’s conclusion th a t  th e  g rap h ite  
volume (per cen t.) is approxim ately  equal to  th e  
sectional area  p e r cen t, as shown on th e  m icro 
s tru c tu re  photographs, th e  above figures for th e  
volum etric analysis of th e  fou r cast irons m ay bt 
tak en  as showing the  areas of the  g rap h ite  flakes 
and of th e  p earlite  approxim ately .

The T.C. +  Si con ten ts of a cast iron  do not, 
therefo re , ind icate  th e  s tren g th  of th e  iron, unless 
th e  silicon influence, as shown by th e  ra tio

T C + S i~ ^a^en *rr*>0 consideration , to g e th er w ith  
th a t  of th e  to ta l carbon conten t.
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In  a series of bars 1.2-in. d ia ., cast a t  sim ilar 
tem pera tu res, and of sim ilar T .C .+ S i contents, 
the  ru p tu re  stress (transverse tests) varies in pro

portion  to  th e  ra tio  ^  g. approxim ate!;

Phosphorus, betw een say 0.4 and 0.8 per cent., 
does n o t affect th e  s tren g th  to  any considerable 
ex ten t, n e ith e r does su lphur, up to , say, 0 .12  per 
cen t., b u t m anganese has a very pow erful effect, 
increasingly as th e  con ten t exceeds, say, 0.6 per

cen t., th e  ra t io -=-? being an index to  the increase 
Si

in transverse  and tensile streng th .
G enerally, th e  irons low in manganese (below 

0.5 p e r  cent.) show the  g rea test varia tions in 
m echanical streng th . H ere th e  power of the 
silicon in  prom oting g raph itisa tion  is unrestric ted , 
m anganese being in  an  insufficient proportion  to 
stabilise th e  combined carbon. W henever th e  
silicon exceeds, say, 1.5 per cent., sulphur, even up 
to  0.13 per cen t., though increasing th e  Brinell 
hardness, does no t m ateria lly  affect the  rup tu re  
stress. In  the irons of lower Si-content sulphur has 
a  m ore p o ten t effect, harden ing  and lowering the 
ru p tu re  stress and dim inishing the deflection.

T he au th o r has found th a t  by recording the

T.C. +  Si conten ts th e  ra tio  ^  ^  and the T.C.
T.C. +  Si

per cent, in  irons cast a t  th e  same tem peratures 
from  sim ilar m ixtures, an index to  the  ru p tu re  
stress m ay be obtained. This index corresponds to 
a low m anganese co n ten t in  th e  iron (below 0.5 
per cen t.). H igher M n-eontents may be expected 
to  increase th e  s tren g th , w hilst in  low M n, low Si 
irons th e  presence of su lphur m ay be expected to 
reduce th e  s tren g th .

In  exam in ing  a large num ber of te s t results the 
divergence in th e  transverse  and tensile streng th  
values was very confusing. I t  was found possible 
to  divide th e  mass of d a ta  in to  groups according to

the T.C. +  Si and proportions. This has

been done in  the  case of th e  D üsseldorf group of 
irons, which were cast under system atised condi­
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tions and therefo re  give com parisons of an  ex­
trem ely useful character. I n  an exam ination  of 
B ritish  irons the  conditions varied  so m uch and th e  
lack of in form ation  w ith  respect to  casting  tem ­
pera tu res  (together w ith  th e  fac t th a t  so m any of 
the  bars were no t 1 .2-in. d ia .), has compelled the  
au th o r to  keep these resu lts  o u t of Table IV , bu t 
i t  m ay be definitely s ta ted  th a t ,  generally , th e  
m echanical s treng th s in  th e  B ritish  irons were 
som ewhat h igher th a n  the  G erm an, w hilst being 
re la ted  to th e  T.O. and S i sum, and  to  th e  ra tio s

Si T C—— —and —- in  the  same m anner as shown in
T.C. + Si Si 
Table IY .

In  com piling th e  tab le  i t  was necessary to 
tak e  th e  average values of a  num ber of tes ts  
in  each o f th e  seven series as th e  va ria tio n s 
were o ften  confusing. By so doing th e  general 
tre n d  of th e  various influences was revealed. 
The ind iv idual influence of th e  elem ents was seen 
in the  m ajo rity  of th e  te s t results, b u t n o t clearly 
unless com pared w ith  th e  m ean values. The 
m ost useful po in ters w ere seen to  be the  various 
ra tib s betw een th e  chief elem ents which affect 
th e  m echanical s tren g th , viz., to ta l carbon, com­
bined carbon, silicon, and  m anganese. Su lphur, 
which is so o ften  quoted as being d e tr im en ta l to  
tran sv erse  and  tensile  s tren g th , does n o t appear 
seriously to  affect th e  results. Indeed , in  ex ­
am ining th e  deflections, su lp h u r con ten ts in 
excess of 0.13 p er cen t, are  associated w ith  th e

T C ■highest deflections. In  F ig . 4 th e  ra tio s  -

M n ; Tv , S i , ,
—gT “ T  and T C  +-gj; a re  p lo tted  over a T.C.

+  Si base. In  th e  case of th e  last-nam ed ra tio  
th is  is p lo tted  downwards (from  the horizon tal 
A B) in  o rd e r to show more clearly its  connec­
tion  w ith  th e  tran sv erse  ru p tu re  stress (Tv) and 
the  tensile  s tre n g th  (u ltim ate) (T). The g raphs 
are  self-explanatory , b u t a tte n tio n  should be 
draw n to  th e  rela tionsh ips of to ta l carbon to  
silicon, silicon to  to ta l carbon plus silicon, and 
m anganese to  silicon. These influence th e  com­
bined carbon con ten t and the  ra tio  of tran sverse  
ru p tu re  to  th e  u ltim a te  tensile  stresses.
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vestigators had a ttem p ted  to  re la te  th e  tw o in 
formulae fo r th e  de te rm ina tion  of th e  s tren g th s  
of cast-iron  heams. In  Table IY  i t  will be seen

th a t  th e  ra tio  increases when th e  T.C. +  Si

values fa ll below abou t 5.4 per cen t., th e  te n ­
sile s tre n g th  fa lling  to  betw een 8 and  9 tons 
per sq. in . w hen th e  T.C. +  S i con ten ts exceed 
5.8 per cen t., w ith  low M n ('below 0.5 per cen t.) 
and h igh  P  (above 0.8 per cen t.) . W ith  lower 

TV
T.C. +  Si values th e  ra tio s  fall.

The Significance of the Ratio
Transverse Rupture Stress _  Tv 
Ultimate Tensile Stress T

In  a num ber of e a rlie r  investigations, where the  
tensile, tran sverse , and compression te s ts  were 
correlated , i t  was ap p a re n t th a t  th e  ra t io  of th e  
tensile  to  th e  compression s tren g th s  was an  index 
to  th e  tran sverse  s tren g th  of cast iron—n o t a 
new finding, fo r H odgkinson and  o th e r ea rly  in-
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The ru p tu re  stress Tv accom panying th e  frac­
tu re  of a tran sverse  b ar, th e  tensile  s tre n g th  T 
of whose m eta l is know n, is re la ted  to  th e  com­
pression s tren g th  of th e  m a te ria l. W hen th e  
T v /T  ra tio  is high th e  tensile  s tren g th  T is low, 
and vice versa.

A useful exam ple is recorded, a cylinder about 
9 f t .  long, 1.75 in . th ick , hav ing  been c u t up fo r 
tests. The analysis of th e  m eta l averaged : — 
T.C., 3 .09; C.C., 0 .80; G r.C ., 2.29; Si, 1.14; 
M n, 0.70; -S, 0 .13; and  P , 0.39 p er cen t.

Tensile, com pression and  transverse  tes ts  
showed th e  following v a r ia tio n s :— Tensile, 11.65 
to  14.77 to n s p e r sq. i n . ; compression, 48.8 to
55.2 tons per sq. i n ; and  transverse ru p tu re  stress, 
25.1 to  26.5 tons p er sq. in.

In  th e  various te s t pieces broken th e  re la tio n ­
ships between th e  ru p tu re  stresses and the  
analyses were as shown in  Table V .

T he g rea te s t ca re  was exercised in  th e  
p rep a ra tio n  and m easurem ent o f th e  te s t 
pieces, which w ere sound th roughou t. The 
accuracy of th e  de te rm ina tions was unquestion­
able, and  th e  au th o r has there fo re  no doubt or 
h esita tion  in w orking upon  th e  d a ta  provided by 
the  chem ical analyses, m icro-exam ination  and 
m echanical tes ts , which were ca rried  ou t a t  th e  
Sheffield U niversity .

The resu lts  fu rn ish  a  clue to  th e  re la tionsh ip  
between th e  transverse  ru p tu re  stress and the  
u ltim a te  tensile  and  compression stresses.

I f  th e  values in  th e  columns (i), (k) and  (1) 
a re  exam ined i t  will be found th a t  th e  ra tio  
U ltim ate  compression stress To
 U ltim ate  tensile  stress = " T  and  th& r a t l°
Transverse ru p tu re  stress T v
‘ U ltim ate  tensile  stress =  T" a re  m  alm ost 6xact 
relationsh ip , be ing  in  th e  p ropo rtion  of 1 .93:1.0, 
excep t in  te s t No. 4, where th e  h ighest tensile  
and compression values were found, ydiich, inci­
dentally , was ta k e n  from  n ea r th e  bo ttom  of th e  
cylinder as cast, te s t  No. 3 being n ea re s t th e  top 
and of lowest tensile  s tren g th .

The p o in t of in te re s t is th a t  th e  ra t io  T c/T v 
is p rac tica lly  constan t, no tw ith stan d in g  the 
considerable varia tions in  th e  tensile  and  compres­
sion (u ltim ate  stresses T  and  Tc). T he mean



values for th e  stresses T and Tc a re  12.61 and
50.5 respectively, and fo r Tv 25.9. The ru p tu re  
stress (transverse) Tv is therefore nearly  52 per 
cent, of th e  oompressive stress fo r the cast iron 
in  question in  all except te s t No. 4, whereas the 
re la tion  between th e  ru p tu re  stress Tv and the 
tensile  stress T varies th roughout the  series. 
This fa c t supports the  view held by th e  au thor 
th a t  th e  ru p tu re  stress Tv is directly propor­
tio n a l to  th e  u ltim a te  compression stress in  a cast 
b ar and  n o t in d irec t p roportion  to  th e  tensile 
s tren g th , w hich varies in  its re la tion  to  the  
compression s tren g th . T his is supported by the 
resu lts  given in  column (i), where the  T c /T  ratio  
varies, and  in  Table IV , where th e  ra tio  T v /T  
dim inishes in  value as th e  T.C. +  Si contents and

th e  q  ratios fall. A w arning is necessary

here in  respect to  conclusions arrived  a t  from odd 
tes ts  ta k e n  under d ifferent conditions of casting. 
I t  is only by m eans of comparisons w ith series 
of bars cast under sim ilar conditions and from 
th e  sam e type  of m ix tures, cooled in  sim ilar 
fashion, th a t  comparisons between the  tensile, 
compression and transverse  tes ts  will furn ish  in ­
fo rm ation  of a  really  useful character. The use 
of th e  compression te s t for cast iron has no t been 
general, th e  tensile  and  transverse  tes ts being 
considered sufficient. The fac t th a t  tensile and 
tran sv erse  te s t resu lts so generally show differ­
ences in  th e  ra tio  of th e  u ltim ate  tensile to the  
ru p tu re  stress would p o in t to  the  use of th e  com­
pression te s t  in  order to  reveal th e  re a l value and 
m eaning of th e  transverse  te s t. I t  has already 
been shown in  Table IY  th a t  the  variable char­
acter of th e  T v /T  ra tio  is due to  th e  to ta l carbon 
and silicon proportions—modified m ainly by the 
m anganese con ten t. A knowledge of th e  u ltim ate  
compressive s tre n g th  in  add ition  is necessary if 
th e  resu lts of th e  transverse  te s ts  are  to  be in te r­
p re ted  fully. I t  is n o t th e  desire of th e  au thor 
to  suggest th a t  these additional tests are  com­
m ercially necessary in o rd inary  foundry testing  
practice , b u t a  m ore complete knowledge of cast 
iron  is dem anded, fu r th e r  system atic research on 
th e  relationsh ip  between th e  analysis, s tru c tu re  
and m echanical s tren g th  being overdue.

209
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Deflection in Transverse Tests.
T here has alw ays been g re a t difficulty in 

accounting fo r differences in  th e  am ount of de- 
fleotion in th e  tran sverse  te s t bar. The usual 
deflection form ula is based on th e  assum ption 
th a t  th e  deflection varies inversely as th e  m odulus 
of e lastic ity , ta k e n  as 6,000 tons per sq. in ., th ere  
being no allowance for possible differences in 
elastic deform ation  in  tension  and  compression, 
which differences would a lte r  th e  position  of the  
n eu tra l ax is  o r p lane. The au th o r does n o t p ro­
pose to touch th e  complex m a them atica l problem 
involved in  any  ra tio n a l m ethod of ca lcu lation , 
but, as in  th e  case of th e  ru p tu re  stress estim a­
tion , would draw  a tten tio n  to  the  fa c t th a t  th e  
ra tio  of tensile  to  compression s tre n g th  (u ltim ate), 
which has been already  observed to  be re lated  
to  the  T v /T  ra tio , also appears to  be approx i­
m ately  re la ted  to  th e  deflection a t  m om ent of 
ru p tu re .

I f  th e  deflection values g iven  in  Table IV  be 
divided by th e  corresponding T v /T  ra tio s , th e  
resu lting  figures will be found to  increase as th e

T .C .+ S i — — , and  rp values decrease, asto 1 1 . L-. + to 1
shown below : —

T a b l e  VI.

Deflection 
in ins.

T.C.+Si. Deflection
Tv/T. Tv/T.

0.40 6.01 0.172 2.33
0.44 5.74 0.197 2.23
0.35 5.59 0.177 1.97
0.46 5.43 0.225 2.05
0.44 5.10 0.228 1.93
0.49 4.89 0.272 1.80
0.48 4.34 0.250 1.91

The deflections in  th e  s ta n d a rd  te s t bars m ay 
there fo re  be expected to  increase in  cast irons 
of low T.C. +  Si conten t, th e  increase being

g rea te s t when th e  ra tio  — — — —. is th e  least 

p rac tica l m inim um . I t  may be expected  also th a t
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th e  deflections will be increased when the ra tio

-^rr-exceeds 0.6. I t  should also he noted th a t  Si
th e  phosphorus, in excess of 0.7 or 0.8 per 
cen t., de trim en ta lly  affects th e  deflection, as 
proved by J .  T. M acK enzie, whose A .F.A . P aper 
(Syracuse m eeting, 1925) is well worthy of close 
study.

The Influence of Micro-Structure.
As th e  m ethod of in te rp re tin g  th e  chemical 

analysis of cast iron  in  term s of the  various 
s tru c tu ra l constituen ts  is now well known, the 
range  of cast irons tak en  for illu s tra tio n  (Tables 
IY  and  V) can be readily  analysed s truc tu ra lly , 
and the  degree of p earlitisa tion  and g raph itisa tion  
a rrived  a t.

Summary.
The dom inating  influence of silicon and to ta l 

carbon together, and th e  im portance of th e  carbon 
and  silicon proportions in th e  (T.C. +  Si) fac to r 
m ust have first a tte n tio n  when a ttem p tin g  to 
in te rp re t th e  analysis of a cast iron in  te rm s of 
its m echanical s tren g th .

F ig . 5 has been prepared  from  a mass of te s t 
resu lts and shows how m any differen t compositions 
(in respect to  to ta l carbon and silicon contents) 
may be used in  ob ta in in g  iron of given transverse 
ru p tu re  s tren g th . The position  of th e  special 
m odern strong  irons, such as Oorsalli, P e r lit  and 
M eehanite, in  th e  ranges of silicon and. T.C. + S i 
should be noted (m arked O. P . and M .).

The influence of to ta l carbon, silicon, m anganese 
and phosphorus have been re la ted  to  B rinell h a rd ­
ness values. H ere  again  the  sum of th e  to ta l 
carbon and silicon contents have been shown to  be 
of g re a t im portance. In  Figs. 2 and  3 the  ranges 
of to ta l carbon and silicon, p lo tted  over a T.C. + 
Si per cen t, base, are  correlated  w ith  th e  ranges 
of B rinell hardness.

The m odulus of ru p tu re  o r ru p tu re  stress in 
transverse te s ts , when considered in  re lationship  
to  th e  u ltim a te  tensile  s tren g th , yield a valuable 
fac to r, T v /T , which plays an  im p o rtan t p a r t in 
the study  of th e  s tren g th  of cast iron. This factor 
is re la ted  to  th e  deflection, to  th e  sum  of th e  to ta l 
carbon and silicon contents, and to  the  relationship 
of carbon to  silicon in th a t  sum.
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In  conclusion, th e  au th o r ven tu res th e  hope th a t  
by th is  new view of th e  factors a t  work in  d e te r­
m in ing  th e  s tre n g th  of cast iron  some fu r th e r  ligh t 
will be th row n on th e  reasons for some of th e  
g re a t differences in m echanical s tren g th  in cast 
irons of app a ren tly  sim ilar chemical analysis. The 
question of im pact te s tin g  has n o t been considered 
in  the  P ap e r fo r th e  reason th a t  th e  au th o r does 
n o t believe th e  tim e has a rrived  fo r concluding

F ig . 5.

th a t  a notched b a r  of sm all dim ensions (ham m ered 
a t  tw o opposite sides a lte rn a te ly  w hen broken by a 
certa in  num ber of blows of a rb itra r ily  determ ined  
fa lling  energy) can fu rn ish  figures which a re  a tru e  
m easure of th e  s tre n g th  of cast iron , especially 
when i t  is realised th a t  th e  iron  has been m u tila ted  
by p loughing a  groove th ro u g h  w hat is o ften  th e  
strong  envelope of a weak cored m etal. The te s t
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is of use as a m easure of toughness and of res ist­
ance to  shock in  a very approxim ate sense only, 
for, as is well known, cast-iron te s t bars less th an , 
say, 1 .2-in. d ia . re ta in  casting  stresses which in 
m any cases p reven t th e  ob ta in ing  of tensile or 
transverse  s tre n g th  values actually  represen tative 
of th e  m eta l as a whole.

The o u te r ha lf of th e  b ar area contains th e  best 
po rtion  of th e  iron, and  if th is  is tu rn ed  off the 
w eaker and  o ften  micro-porous m etal core becomes 
th e  te s t piece. T his troub le  is common in  th e  pre­
p a ra tio n  of tensile  and transverse bars if  too much 
is tooled off th e  outside, and is much m ore serious 
in  th e  case of im pact te s t  specimens. Grey cast 
iron is heterogeneously fissured by th e  graphite, 
and  in  cast bars th e  degree of s tru c tu ra l homo­
geneity  decreases rap id ly  from th e  outside to  the 
inside. I f  from  any cause th e  cast b ar is, during  
pouring , caused to  cool m ore slowly on one side 
th a n  on th e  o th e r , as when a bar is cast on to  a 
la rg er casting , o r if th e  m etal stream  hugs one 
side of the  mould, th e  m etal when cold has an 
irreg u la r s tru c tu re . R ecently  a case was exam ined 
where two te s t bars, one cast separately  and 
an o th er cast on to  th e  flange of a large cylinder, 
gave tensile  resu lts showing a  difference of 3 tons 
per sq. in ., th e  m etal being cast from  th e  same 
ladle. The w eaker m etal showed a m ix tu re  of 
coarse- and fine-grained s truc tu res  in  the  broken 
bar.

This exam ple is typ ica l of th e  varia tions in  te s t 
results so o ften  found in series of sim ilar bars cast 
from  th e  same ladle, and points to  the  difference 
in cooling ra te  as perhaps the  chief reason for the  
divergences in  m echanical s tren g th  of m ateria l 
known to  have been cast from  sim ilar m ix tures of 
like chem ical analysis and in  moulds of sim ilar 
size, of th e  sam e character, ga ted  and poured in 
the  sam e m anner.

The pa ram o u n t influence of th e  ra te  of cooling 
of th e  m etal in  th e  mould has n o t been lost sight 
of, b u t th e  au th o r has purposely avoided touching 
the  m any-sided problem involved in th e  considera­
tion  of the  varia tions in  stren g th  due to  varying 
thicknesses of a  casting .

T he p resen t P ap e r therefo re  seeks to  po in t out 
the differences in  m echanical s tren g th  in cast­
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ings of about 1 ^ in. d ia ., or 2-in. x 1 -in. section, 
hav ing  approxim ately  th e  sam e cooling ra tio  
/p e r im e te r  of sectioux A11  th e  d a ta  given re fers to  
\  area  or section f
bars o r castings of th is  ty p e  (excepting th e  1.75-in. 
th ick  cylinder re fe rred  to  in  Table V).

In  view of th e  general tr e n d  of opinion in  re ­
g a rd in g  a 1.2 o r 1.25-in. dia. b a r as the  m ost 
su itab le  size fo r an a rb itra tio n  o r s ta n d a rd  te s t for 
cast iron, the  au th o r Fas d raw n his illu s tra tio n s 
from  and based h is conclusions on th e  resu lts of 
m any hundreds of tes ts  m ade on bars and  castings 
of sim ilar thickness to  th a t  of th e  b ar recom ­
m ended in  th e  I .B .F . te n ta tiv e  specification and 
to  th a t  stan d ard ised  by th e  A .F .A .

The g re a t va ria tio n s recorded in  th e  m any te s t 
resu lts on bars less th a n  1  in . dia. o r thickness, 
even when cast from  th e  sam e lad le  of m etal—• 
obviously due to  unavoidable differences in  p ou r­
ing  speed, casting  tem p e ra tu re  and cooling ra te — 
po in t, in  th e  au th o r’s opinion, to  th e  u n d esira ­
b ility  of using  bars less th a n  1 .2-in. dia. fo r the  
purpose of s tan d a rd  or a rb itra tio n  te s ts  fo r grey 
cast iron.

The au th o r is g rea tly  indebted  to  M r. J .  T. 
Goodwin, of th e  Sheepbridge Coal & Iro n  Com­
pany, L im ited , to  M r. J .  T. M acK enzie, of th e  
A m erican P ip e  Com pany, B irm ingham , A labam a, 
U .S .A ., to  M r. Jo h n  Shaw, of the  B righ tside 
Foundry  Company, and  to  th e  B ritish  C ast Iro n  
R esearch Association, th ro u g h  th e  good offices of 
th e  D irector, M r. J .  G. P earce, B .Sc., fo r much 
of th e  d a ta  used in th e  p rep a ra tio n  of th e  P aper.

JOINT DISCUSSION ON PROF. PIWOWARSKY’S 
AND MR. FLETCHER’S PAPERS. 

A New Era in Cast Iron.
M r . T. H . T u r n e r , of B irm ingham  U niversity , 

dealing  w ith  th e  sub jec t of th e  P ap e r, sa id  he 
had  been in s tru m en ta l in  s ta r tin g  a research  on 
som ewhat sim ilar lines abou t a  y ear ago, and  he 
welcomed th e  success th a t  P ro f. P iw ow arsky’s p re ­
lim inary  P ap e r ind icated . I t  was astounding  to  
find a cast iron  of 47 o r 48 tons per sq. in . tensile  
stren g th , though  th a t  m ig h t no t be a  com m ercial
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m a tte r  yet. We m ight not ye t have reached the 
alloy-cast-iron age dn the  way th a t—a>s Sheffield 
to ld  us every day—we had  reached th e  alloy-steel 
age (having passed th e  o rdinary-steel age in tro ­
duced by Bessem er), b u t P ro f. Piwowarsky and 
others had  shown th a t ,  a t  any ra te , we were en te r­
ing  th e  alloy-cast-iron age. W e oould make th is 
so rt of oast iron, b u t i t  would probably be less 
expensive, for th ree  reasons—its m achinability , 
s tren g th , and  resistance to  corrosion. I t  was 
ex trao rd in a ry  to  find th a t  P ro f Piw ow arsky’s 
cast iron, of 45 tons o r so tensile, m achined as 
well as a n  o rd in ary  one. Diesel engines, aero­
p lane  engines, and m achines of th a t  type  would 
call for th e  g rea test s tren g th  and resistance to  cor­
rosion, and in th a t  connection he m entioned th a t  
a M idland firm were m aking alloys w ith a still 
h igher percen tage of nickel and chromium than  
th a t  m entioned by P ro f. Piwowarsky, as corrosion- 
resisting  m ateria l for o rd inary  purposes. The 
vary ing  resu lts th a t  had been obtained in G reat 
B rita in  d u rin g  th e  p a s t few years could best be 
seen in a still la te r  bibliography th a n  th a t  men­
tioned  in  the  Paper, i.e ., th a t  p repared  by D r. 
E verest and published by th e  B ritish  Oast Iron  
R esearch Association th is  year. M ost of the  
w orkers who had  tr ie d  adding nickel and 
chrom ium  to  cast iron  had  inade practically  no 
a lte ra tio n  to  th e  cast iron  itself.

Nickel to be Added to Low Silicon Irons.

The advan tage  of nickel was obtained  only 
when th e  silicon co n ten t was lowered, because 
silicon an d  nickel acted in  th e  same direction in 
th a t  th ey  produced g raph ite , b u t the_ nickel d id  
not produce i t  so m uch as silicon. Silicon tended 
to  produce a coarse g raph ite , and nickel tended 
to  produce a  finer g raph ite , and in  some cases, 
w ith ex trao rd in a rily  successful hea t trea tm en t, 
i t  had  given a tru ly  fine g raph ite—so fine th a t  
i t  could hard ly  be seen u nder th e  microscppe. 
The tw o alloys, steel and cast iron, m ust hang 
together when one bore in m ind th a t  one factor, 
g raph ite . By various m eans one could a lte r  the  
size of the  g raph ite , and th a t  was fundam ental 
in th e  s tren g th  of a cast iron. Every engineering 
achievem ent was now a tta in ed  by th e  use of alloy
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steel. M ajor Seagrave’s ca r was b u ilt of nickel- 
cliroine steel o r nickel s te e l; th e  sam e applied  to  
L indbergh’s aeroplane engine, so th a t  when we 
w anted th e  best s tre n g th  in  cast iron i t  was essen­
tia l th a t  we should follow th e  sam e movem ent. 
The addition  of nickel would never be successful 
unless we reduced th e  silicon, and h e  believed 
also th a t  th e  best resu lts would be a tta in e d  w ith  
a com bination of nickel and chrom ium , b u t the  
proportion  m ust be like th a t  of th e  alloy steels— 
the am ount of nickel m ust be tw o o r th ree  tim es 
g re a te r  th a n  th e  am ount of chrom ium . F ina lly , 
he said  th a t , since the  very best resu lts were 
a tta in e d  w ith  an alloy steel always a f te r  i t  had 
been h ea t tre a te d , P ro f. P iw ow arsky was proceed­
ing on logical lines in  developing n o t only alloy­
ing b u t h e a t tre a tm e n t also. T h a t was n o t always 
necessary, however, and  fo r m ere m ach inab ility  
the  add ition  of nickel alone, w ithout h e a t t r e a t ­
m ent, had  been successful.

D r . P . L o n g m u ir  welcomed P ro f. P iw ow arskv’s 
P aper, no t only because of its  m erit, b u t also 
because of th e  exceptionally  good work w hich had  
been done in A achen in  connection w ith  both 
cast iron and steel. D ealing w ith th e  au th o r’s 
brief reference, a t  th e  beg inn ing  of th e  P ap er, 
to  th e  work done in  G erm any and  in  o ther 
countries, D r. L ongm uir asked if he would s ta te  
the  m ethod of m elting , because .a crucible-m elted 
alloy oast iron should n o t be com pared w ith  a 
cupola-m elted cast iron. A good deal of work 
had  been done successfully in ea rlie r  days on  th e  
influence of w hat, in Sheffield, w ere called special 
elem ents, b u t m uch of th a t  w ork had  n o t been 
published. The au th o r had  opened o u t ,a field of 
very g re a t prom ise to  th e  foundry  w orld in  th e  
a fte r-tre a tm e n t of oast iron , including quenching. 
Some years ago p re lim inary  work was done a t  
Sheepbridge, he believed, b y 'th e  la te  M r. H e rb e rt 
P ilk ing ton , a  P a s t-P re s id en t of th e  In s ti tu te ,  on 
quenohing, w ith  a quenching m edium  of clay 
wash, and some very prom ising resu lts were th en  
obtained . The au th o r h ad  also opened o u t an 
in te resting  field in th e  study  of c a s t iron by pro­
ducing a casting  w ith  th e  carbon in a  s ta te  of 
com bination, thus to  a la rge  e x te n t e lim in a tin g  
crystallised g raph ite . Some very prom ising work
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was done by Roys ton , ,at M ason College, B irm ing­
ham, years ago on quick h ea t trea tm en t. 
T h a t work, u n fo rtuna te ly , had  n o t been followed 
up to  th e  ex te n t th a t  i t  m igh t have been, b u t he 
(D r. Longm uir) had had th e  p leasure of repeating  
some of R oyston’s experim ents a t  Sheffield U ni­
versity , and  of confirm ing them  land carry ing  
them  forw ard to  quenching. This work was done 
on crucible-m elted cast-dron alloys. Commercial 
alloy cast irons, contain ing  com binations of 
nickel, chrom ium , and o th e r special elem ents, were 
being produced in  Sheffield, and th e  e x tra  ex­
pense en ta iled  in  producing them  was amply 
justified.

Importance of Factors Other than C -(- Si Stressed.

M e. J o h n  S h a w  said th a t ,  although any P aper 
by M r. F le tch e r m erited  oareful a tten tio n , he 
m ust confess to  a feeling of disappointm ent with 
th e  p resen t one. I t  was so general in character 
and  was hedged about w ith so m any qualifications 
th a t  its  p rac tica l u ti li ty  was doubtful. The 
au th o r was apparen tly  obsessed w ith th e  idea of 
reducing  every th ing  to  graphs and formulae. His 

Tv
ra tio  — m igh t hold good when using the  same 

T
m ix tu re , and  u nder s tan d a rd  conditions, b u t if 
th e  phosphorus con ten t were increased to  any 
e x te n t a  new ra tio  would be formed. This, for 
one th in g , answered M r. F le tcher’s query w ith 
reg a rd  to  th e  fac t th a t  tensile and transverse 
te s t resu lts so generally showed differences in the 
ra tio  of th e  u ltim ate  tensile to  th e  ru p tu re  stress. 
M anganese and su lphur were s ta ted  to  have an 
influence on s tren g th . I f  th a t  were adm itted , 
i t  was necessary considerably to  modify th e  s ta te ­
m en t th a t  “ The h igher values of th e  ra tio  repre­
sen t lower tensile s tren g th , th e  curves showing 
these h igher values as th e  silicon—and silicon plus 
carbon—conten ts are  increased. I t  does n o t neces­
sa rily  follow th a t  th e  deflections of the  _ tra n s­
versely-tested bars will increase in the  inverse 
sense to  th a t  of th e  ru p tu re  m odulus-ultim ate 
tensile ra tio s .” The re la tion  of B rinell also 
needed qualifying, as h igh  phosphorus led to 
h igher readings. The au thor had then  proceeded
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to  build up a theory  concerning the  dom inating  
influence of to ta l carbon plus silicon, a fa c t gener­
ally ad m itted , b u t n o t to  th e  e x te n t of leaving 
ou t th e  influence of th e  equally  im p o rtan t factors 
of combined carbon, phosphorus, m anganese, su l­
phur, mould tem p era tu re , casting  tem p e ra tu re , 
and th e  effect of annealing , say, lin n  ja ck e t cores 
on s tru c tu re . One m ig h t cast a  box of bars of 
1, 1J, 2 and 3 in. d ia . from  one ladle. One would 
ob ta in  a tensile  of 12.9 on th e  1 in ., 10.84 on th e  
1§ in ., 10.4 on th e  2 in ., 5.5 on th e  3 in . All 
these bars would have th e  sam e to ta l carbon plus 

Si
silicon and ------------ , b u t w hat a difference th e re

T O + S i
would be in  th e  physical resu lt due to  the  cooling 
action  alone ! M r. F le tcher d id  a tte m p t to  rectify  
one objection to  TO +  Si =  5 or 4, in  Table I I I .  
H e had based his conclusions on th e  exam ination  
of castings, and  he (M r. Shaw ) was qu ite  p re ­
pared  to  accept th e  figures and tab les for th e  p a r­
ticu la r ty p e  M r. F le tch e r had  exam ined. On th e  
o th e r hand , m ost foundrym en h ad  to  visualise the  
effect of th e  various elem ents and  th e  casting  and 
cooling conditions before th ey  could calcu late  a  
su itab le  m ix tu re , which even th e n  m ig h t be regu ­
la ted  by th e  stocks carried .

Correlation with American Experiments.

M r. F le tcher had  quoted from  M r. M acK enzie’s 
P ap e r before th e  A m erican F oundrym en’s Asso­
c iation  la s t year. The lis t of, roughly, 200 sets 
of bars, 2 in. by 1 in. by 24 in ., w arran ted  any­
one’s a tten tio n . They were te s ted  on th e  flat. 
All th e  m oulds were dried , and  th e  bars cast 
vertically, top  pouring  being used. H e h ad  spen t 
some hours study ing  th e  resu lts , in  o rd e r to  see 
w hat confirm ation of M r. F le tch e r’s resu lts  they  
gave. U n fo rtuna te ly , th e  ten s ile  resu lts w ere nod 
taken . H e had  first collected all resu lts  (except 
very low carbons) th a t  had  a h igh  im pact value, 
and had  averaged them . In  o rd e r to  find o u t the  
influence of phosphorus, he had  ex trac ted  th e  high- 
phosphorus bars and  h ad  averaged  them . Going 
a step  fu r th e r , he h ad  ta k e n  a ll h igh -su lphur bars, 
excep t those w ith  h igh  phosphorus. The resu lts 
are  shown in Table A. (See facing  page.)
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F rom  Table A i t  would be seen th a t  a h igh 
phosphorus lowered the break ing  load, deflection 
and im pact value, while th e re  was a s lig h t increase 
in th e  B rinell num ber. The h igh-su lphur resu lts  
ce rta in ly  showed th e  sam e characteristics, b u t to 
a  sm aller degree. This ra ised  th e  whole question  
of th e  m anganese-sulphur re la tion . I f  the  whole 
of th© su lphur were in  th e  m anganese-sulphur 
condition, th e  su lp h u r could have no effect on 
the  s tab ilisa tion  of th e  carbide. F rom  where did 
th e  increase in  combined, carbon arise?  This was 
m uch m ore noticeable in  some of th e  bars th an  
th e  average showed. Th© T.C. +  Si form ula took 
no account of the  heated  mould o r superheated  
m etal.

The Perlit Process.

M r. F le tcher had  m entioned th e  L anz process, 
b u t i t  followed th a t  if  one ra n  a fa ir  q u a n ti ty  
of h o t m etal th rough  th e  risers, on© pre-heated  
th e  mould and a ltered  the  s tru c tu re . The design 
of a  casting  had  also a bearing  on th e  s tru c tu re . 
In  a  recen t issue of “  The F o u n d ry  ”  an  exam ple 
of th a t  was given. B ars c u t from  th e  in n e r  liner 
of a  25-ton jacketed  cylinder gave 8.16 tensile, 
w ith  a combined carbon of 0.05 p er cen t., and  a 
B rinell of 89, while bars cu t from  a  bush 3J-in. 
th ick , of approx im ately  th e  sam e m ix tu re , gave
12.5 tons tensile , w ith a combined carbon of 0.55 
p e r cen t, and  a B rinell of 138. T here was no 
doubt th a t  th e  poor resu lt shown in  th e  cylinder 
was due to  th e  annealing  effect of th e  narrow  
jack e t re ta in in g  the  h ea t for a long tim e. This had 
n o t been allowed for in th e  com position, b u t would 
m eet M r. F le tch e r’s form ula. H e (M r. Shaw) 
had  n o t sa id  th is  in  any hypercritica l sp ir it , for 
no one had a h igher respect for M r. F le tch e r’s 
ab ility  th a n  he had, b u t he was q u ite  sure , from 
th e  pre-casting  p o in t of view, th a t  i t  was b e tte r  
to  deal w ith each job on its m erits. H e person­
ally fixed the  carbon, phosphorus and  su lphu r 
as low as his m ateria ls would allow, and  le t th e  
thickness of th e  casting  determ ine  the  silicon and 
m anganese conten ts to  be employed, a im ing  to  
ob ta in  a p earlitic  stru c tu re . Checking th is  w ith 
a  chill te s t before casting  was im portan t.
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Nickel-Chrome Cast Iron.
D iscussing Professor Piw ow arsky’s paper, Mr. 

Shaw first com plim ented the  au tho r upon the  large 
and  valuable am oun t of work he had contributed 
to  th e  im provem ent of cast iron. H e  himself had 
experim ented  w ith  chrom ium  and nickel additions 
for the  la s t six years, and could confirm th a t  the 
add itions did n o t add much to  th e  physical 
resu lts , as tes ted , on b a r s ; in  fact, if much car­
bide w ere p resen t, th e  m ateria l seemed more 
b r itt le  u nder th e  d irec t shock tes t. On th e  o ther 
hand , in  very heavy sections i t  appeared th a t  the 
fin© g rap h itic  s tru c tu re  was carried  r ig h t down 
to  th e  centre, and in  th a t  case, therefore, gave 
g rea te r s tren g th . H e  had  carried  o u t a certain  
am oun t of work on th e  h ea t tre a tm en t of small 
castings con ta in ing  0.7 per cent, chrom ium and 
0.45 p er cent, nickel. I t  was found th a t  th e  best 
resu lts  were obtained w ith a double h ea t t r e a t­
m en t a t  over 950 deg. C. The B rinell was reduced 
from  512 to  269. Q uenching in  w ater was tried , 
w ith another ob ject in view, and 713 B rinell was 
reg istered . H is directors were now considering 
p lans for th e  erection  of annealing  furnaces to  
deal w ith some of th is  work, which promised to  
branch o u t in several directions. Professor Piwo­
w arsky’s p ap e r was a model of conciseness; every 
de ta il was given, and  i t  was possible to  repeat 
the  experim ents and compare the results. W ith  
regard  to  the p iping, he suggested th a t  possibly 
th is  was clue to  th e  bubbling action of th e  clay 
w ith which the chill ‘"was lined. H e himself 
experienced no difficulty in th a t  direction with 
much heavier sections cast in chills, w ith  lower 
carbons and silicons, and about the  same chromium 
conten t, b u t less nickel. Th© commercial aspect 
of castings of th is  type  was th e  most serious. I t  
was ev iden t th a t  a lined chill could not be applied 
to  m any types of casting. To ge t th© struc tu re  
aim ed a t  in th is investigation  w ith composition 
alone le f t very li tt le  room for erro r e ith e r in 
analyses o r works m ethods. To obtain  th© com­
position in Table I even dem anded e ith e r an O .H. 
or e lectric  furnace. I t  was very doubtful if the 
carbons could be obtained in th e  cupola w ith any 
certa in ty , even if all-steel charges were u sed ;
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certa in ly  th e  su lphurs could n o t. To th e  cost of 
annealing  th e re  m ust be added depreciation  and 
in te re s t in  respec t-o f th e  fu rnace . By th is  tim e 
one was approaching steel castings in  cost of 
m anufactu re . H e asked P rofessor Piw ow arsky if 
he could give any advan tage  th a t  could he claimed 
for such castings over a  steel casting . T h a t bug­
bear of th e  steel foundry , “  fly ing,”  was also 
p resen t in  a ttem p tin g  to  anneal com plicated 
castings of th is m etal. They m ust b© strip p ed  as 
h o t as possible and placed in  a ho t oven. To allow 
them  to  go cold and th en  a tte m p t to  anneal was 
nearly  fa ta l, as he knew to  his sorrow. These 
la t te r  rem arks, of course, did n o t apply to  th e  
sm all type  of casting  d ea lt w ith  by th e  au thor. 
The sa lt-ba th  method m igh t m eet th e  requirem ents 
in th a t  case.

German Results Confirmed.
M r . J .  G. P e a r c e  (D irector, B ritish  C ast Iron  

R esearch Association) suggested th a t  perhaps th e  
neares t commercial approach to  th e  line of labora­
to ry  investigation  followed by Professor Piw o­
w arsky was n o t a  steel casting , b u t a  w h iteh ea rt 
m alleable casting . H e could no t give figures a t 
th© m om ent to  confirm Professor P iw ow arsky’s 
results, b u t th e  A ssociation had  done a  l i t t le  work 
on nickel and chromium additions and chill 
casting  in  respect of comm ercial w h itehea rt 
m alleable iron. In  some tes ts  on th e  influence 
of nickel and chrom ium  on comm ercial w hite iron 
of the  m alleable-pig type  th ey  had  found th a t , 
in  th e  annealed  s ta te , add itions of from  1  to  2 
per cent, of nickel and  chrom ium  did definitely 
give b e tte r  resu lts ; d is tinc tly  h igher tensile  
s tren g th , of the  o rder of from  30 to  40 tons per 
sq. in ., was ob ta ined  qu ite  easily, and  w ith  add i­
tions of up to  1.5 per cent, of nickel th e  bend 
te s t was improved, i.e ., th e  d u c tility  of the  m etal 
was im proved. I t  was very difficult to  com pare 
th e  ductilities in  th e  two cases, because th ey  had 
used th e  bend te s t and P rofessor P iw ow arsky had 
used th e  transverse  tes t. Also, following th e  pro­
posals of M r. P le tcher, th e  A ssociation had  experi­
m ented  on tough  m alleable iron  w ith  nickel and 
chrom ium  additions, and had  obtained some really  
rem arkable resu lts  by casting  m alleable in chills.
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T hat, of course, m igh t no t b© a commercial pos­
sib ility  a t  the p resen t m om ent, b u t i t  did fit in 
very rem arkably  w ith some of th e  work the 
A ssociation had  in hand. B ars were cast in chills 
and in sand, and annealed under identical condi­
tions. Sand bars b en t 45 deg. before frac tu re , 
w hereas the  chill bars gave a perfect bend of 180 
d©g. and  s till showed no sign w hatever of frac tu re . 
Those parallels m igh t be in teresting , in  view of the 
s im ila rity  of w h itehea rt annealing  and the  heat- 
tre a tm e n t adopted by Professor Piwowarsky. He 
asked if th e  Professor could give the elongations 
on  th e  large  tensile  bars. I t  was difficult to  see 
from  th e  P ap e r w hether the  sand cast bars were 
ac tua lly  hea t-trea ted . R eferring  to  Table I  in 
th e  P aper, M r. Pearce said there  appeared to be 
one o r two erro rs. The to ta l carbon appeared 
to  be about 2.26 a t  first, and a fte r  h ea t trea tm en t 
i t  was 3.03.

Higher Elongation Sought.
M e. E . R . T a y l o r , A .R .S .M ., F .I.C ., said th a t 

th e  m ethod ou tlined  by Professor Piwowarsky, of 
pouring  th e  superheated  iron in to  chill moulds 
and  subsequently  annealing  th e  castings in such 
record tim e, appeared to  be a very economical 
m eans of producing sm all malleable castings of 
g re a t s tren g th  b u t of m oderate ductility . Such 
m echanical p roperties as 47.6 tons per sq. in . when 
using a nickel-chrom ium  iron, and of 31.7 tons 
per sq. in . on unalloyed cast iron, were figures 
fa r  g rea te r th an  th e  usual 20 to  25 tons o rdinarily  
ob ta in in g  in  malleable cast iron. A t the same 
tim e , th e  elongations reg istered , viz., from  2 to  4 
per cen t., could no t compete w ith th e  8 per cent, 
on 2  in . which was possible w ith  w hiteheart 
m alleable. There should be m any uses, however, 
for an iron  of such unusual s treng th , even if the 
duc tility  were of a lower order. I t  was in teresting  
to  know th a t  the  resu lts given by Professor 
P iw ow arsky compared w ith those obtained in the 
m alleablising of Emmel iron. Any successful 
m eans, however, of increasing the  ductility  beyond 
4 p er cent, would add very g reatly  to  the value 
of the m alleable produced. The real advantage 
of such a process was no t so much in  producing 
a super-strong  m etal as in obv iating  th e  necessity
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for long an n ea lin g ; hence its possible economy. 
H igh-tensile iron was always possible in  the  p ro­
duction of w hitehea rt m alleable provided th e  rig h t 
composition was employed as th e  base. As an  
exam ple, by using a high-m anganese hem atite  
iron w ith  a com position M n 1.25, S 0.13, and  
annealing  for th e  usual period  in  th e  case of 
w h iteh ea rt m alleable, tensile  s tren g th s  of 32.5 
tons p er sq. in. and elongations of 3 p er cent, on 
2 in. could always be obtained . This composition 
base m etal would anneal to  a  sorbitic s ta te , as in 
th e  examples cited  by Professor Piw ow arsky. Such 
high ten s ile  figures as th e  47.6 tons p e r sq. in. 
ob tained  in  his experim ents w ere rem arkable 
achievem ents, b u t any su b s titu te  for m alleable 
cast iron  requ ired  to  hav© good bending p roperties, 
of a t  leas t 45 deg. in a f-in . th ick  bar, in  order 
to  sa tisfy  th e  m alleable trad e . H e would p refer 
to  call the  p roduct described by P rofessor Piw o­
w arsky h igh-du ty  m alleable cast iron, as d is tin c t 
from  "the o rd inary  w h iteh ea rt m alleable cas t iron, 
because, apparen tly , i t  excelled in s tren g th  as 
d is tin c t from  bending properties.

M r . C o l in  G r k s t y  (Newcastle B ranch), dis­
cussing M r. F le tch e r’s P ap er, said i t  was su r­
prising  to  h im  th a t  so very li tt le  had  been said  
about oombined carbon. In  th e  various analyses 
given by M r. F letcher, by fa r  the  g rea test v a ria ­
tion  from  th e  m ean was shown in  the  combined 
carbon, and y e t th a t  was n o t p lo tted  in  F ig . 1, 
b u t every th ing  was p u t down p ractically  to  th e  
to ta l carbon and silicon. I t  seemed to  him  th a t ,  
since th e  combined carbon varied  to  such a  very 
g re a t ex ten t, a t  least i t  ough t to  be p lo tted  w ith  
th e  o ther th ings, because i t  m igh t be a v ita l fac­
to r. W ith  reg ard  to  th e  to ta l carbon plus silicon 
basis i t  should be rem em bered th a t  th is  depended 
always on a certa in  assum ption, nam ely, th a t  th e  
cupolas w ere w orked so th a t  th e  s a tu ra tio n  of 
th e  m eta l as regards silicon and  carbon was com­
plete, w hereas he believed he was rig h t in  saying 
th a t  p rac tica lly  all m odern cast iron developm ents 
w ith  cupola irons depended on exactly  th e  oppo­
site fac t, th a t  is to  say, th e  w orking of cupolas 
so th a t  the  m eta l was not completely sa tu ra te d  
w ith  silicon and  carbon.
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Com m enting on M r. Shaw ’s po in t th a t  Mr. 
F le tcher had  no t d ea lt w ith the ra te  of cooling, 
he said th a t  M r. F le tcher had  explained, of 
course, th a t  he had deliberately  avoided it. He 
(M r. G resty), however, did not see how one could 
possibly d isregard  the  ra te  of cooling factor when 
considering processes such as the P e r lit  process 
or any o ther in  which the  ra te  of cooling was, 
one m igh t alm ost say, th e  p redom inant factor. 
In  the P e r lit  process th e  ra te  of cooling was con­
tro lled  by the  hea t of the mould. I n  other pro­
cesses superheated  iron -was used, and he did not 
th in k  i t  was r ig h t to  draw  the conclusions which 
M r. F le tcher had  draw n unless he did take  th a t  
fac to r in to  consideration.

There appeared  to  be one or two slips in Fig. 
2A. F or example, M r. F letcher referred  in  the 
te x t  to the  lines FB  and GB, and apparently  
G was iat the end of the  to ta l carbon line and 
F  a t  the end of the  silicon line instead of 011 
th e  base line as shown. M r. F letcher said th a t 
he h ad  found th a t  by draw ing the lines FB, GB, 
the  to ta l carbon .and silicon contents of strong 
irons m igh t be tak en  to  vary between 3.0 and
2.6 per cent, and  1 .2  and  2.6 p e r cent, respec­
tively. Im m ediately following th a t  he talked of 
the  compositions of the  strong P erlit, Emmel and 
Corsalli cast irons, b u t he (Mr. Gresty) did not • 
unders tand  th is  because, in his experience of the 
P e r l i t  process 1.2 per cent, silicon was the top 
lim it for small castings. In  his own practice, 
m eta l con tain ing  less th a n  0.5 per cent, silicon 
was often  used, and, therefore, i t  was difficult 
to  find the  basis of M r. F le tcher’s statem ent. 
Also, from  w hat he knew of the Emmel process 
he did n o t th in k  M r. F letcher was justified in 
p u tt in g  a definite line m arked “ 2 ” on F ig. 2A 
as denoting  th e  composition of Emmel iron—in 
fac t i t  seemed th a t  F ig . 2A was an  a ttem p t to 
confine these special irons to  particu la r composi­
tions w hereas in  rea lity  they  had much wader 
lim its. F o r instance, line “ 3 ” in F ig . 2A 
showed P e r l i t  iron as having ,a to ta l carbon plus 
silicon con ten t of 4.2 per cent., b u t a study of 
th e  P e r lii  p a te n t specifications would show th a t  
provision was m ade for th e  to ta l carbon plus 
silicon con ten t to  be from  3.4 to  4.6 p er cent.

1
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H e would be glad  if M r. F le tcher would explain 
fu r th e r  these ,po in ts reg ard in g  th e  special irons. 
The P a p e r was no t by any m eans an easy one to 
follovv, and  i t  m igh t be th a t  he (M r. G resty) had  
no t correctly  understood soriie of M r. F le tch e r’s 
references.

Ni and Cr Additions for Ordinary Castings.
M r. J .  G. R o b in s o n , H alifax , asked P ro f. 

Piw ow arsky if he had  any in fo rm ation  w ith  reg ard  
to  th e  use of nickel-chrome in  o rd in ary  g rey  iron 
castings, because he understood th a t  i t  had  been 
used very extensively for th a t  purpose in  th e  
U nited  S ta tes. An alloy was now being p u t on 
the  m ark e t in  th is  coun try  w ith th e  elem ents 
balanced—nickel and  chrom ium —and i t  was 
claim ed th a t  by add ing  th is  to m olten m eta l in 
th e  ladle in correct p roportions i t  was possible to  
produce castings w ith a low silicon and high com­
bined carbon (up  to 0.8  per cen t.) which d id  no t 
give a  h a rd  skin  and thereby  cause troub le  in th e  
m achine shop, b u t which were easily m achinable, 
had  increased  s tren g th  and  w earing  p ro p e rtie s  
and  a 25 per cent, increase in  B rinell hardness 
tests . The approxim ate ex tra  cost of such castings 
would be about a  halfpenny  per pound. H e asked 
w hether P ro f. Piw ow arsky had  found i t  possible 
to  add such an  alloy to  m olten m eta l and  ob ta in  
these results.

Empiricism Stifling Progress.
M r . H o r a c e  J .  Y o u n g , in  a w ritten  com m uni­

cation , sa id  th a t  undoubtedly  th e  add ition  of 
alloys to  cast iron  -would be th e  fu tu re  of im proved 
iron, b u t commercially th e  sub ject was n o t suffi­
ciently  developed a t  the  m om ent. M r. F le tcher 
and him self had done m uch work on th e  hea t 
tre a tm en t of iron, and i t  was possible to  double its  
s tren g th  w ithou t affecting its  m achining qualities, 
w hilst a t  th e  same tim e th e  B rinell was g rea tly  
increased. W ith  alloy irons th e  effects would he 
even g rea te r. T h a t m alleablising  would tak e  a 
few hours in stead  of days would also be possible, 
and if we had  n o t fallen  in to  th e  groove of 
em pirical procedure such changes would have come 
about long ago. There was very m uch research 
going on nowadays w ith regard  to  alloy irons, and 
none was welcomed more th an  th a t  by P ro f. 
Piwowarsky.



Discussing Mr. F le tcher’s P aper, he said th a t, 
when speaking of bars only l j - in .  d iam eter, o r of 
2-in. x 1 -in. section, M r. F le tcher had s ta ted  th a t 
th e  o u te r half of th e  bar area  contained the best 
portion  of th e  iron, which, if tu rn ed  off, le ft a 
w eaker and o ften  micro-porous core. H e had 
pointed  to  a  case where a te s t bar cast separately  
had  given a te s t 3 tons per sq. in. above th a t  of 
a bar cast on th e  flange of a cylinder. H e (Mr. 
Young) could po in t to cases m et w ith in practice 
where separa te ly  cast te s t bars had  given, say, 1 1  
tons, whereas pieces cu t o u t of th e  flanges (of 
tu rb in es or cylinders) had given only about 7 or 
8 tons. C om petent au tho rities  seemed to dread 
tak in g  th e  bull by th e  horns, and he agreed th a t  
a nasty , unpopular bull he was. S till, th e  fact 
rem ained th a t  te s t  bars cast separately , when 
they  weighed a few pounds each, and when the 
castings weighed m any tons each, were about as 
useless and m isleading as any th ing  possibly could 
be. The fiction th a t  because a te s t bar gave a 
ce rta in  stren g th  th© iron in th e  casting  m ust be 
good was no t w orth discussion. As a m a tte r of 
fact, th e  best m etal for im p o rtan t castings would 
rare ly  m ake good te s t bars, and would be un su it­
able m etal if i t  did. Moreover, we needed to 
study o u r iron in th e  condition in  which i t , was 
going to  be used, and the  g ra in  size, the size of 
the g rap h ite  and of th e  pearlite , and of the  
phosphide, in a large casting were quite different 
from  those th ings in any te s t bar. W ear, hea t 
resistance, corrosive qualities, and so on were 
affected by these sizes, and i t  was high tim e th a t  
foundrym en faced the facts and, in th e  case cf 
heavy and im portan t castings, recognised th a t  tes t 
bars cas t as such were no longer to  be seriously 
considered.

PROF. PIWOWARSKY’S REPLY.
M r. T. H . T u r n e r , who acted as liaison officer 

between P ro f. Piwowarsky and the speakers, and 
in te rp re ted  th e  reply  to  the  discussion, said th a t 
P ro f. Piw ow arsky w anted to  say first th a t  he 
regarded the  P ap e r as of classical value and not 
of im m ediate use. I t  was said th a t  if th e  research 
Tvorkers were continually  try in g  to get the 
strongest cast iron they  would have to  be stopped 
by the  producers, because the la t te r  said th a t  the

i  2
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form er were increasing th e ir  difficulties, b u t it 
was th e  research w orker’s job to  try  to  p o in t o u t 
the  way to  do' it, even though they  did no t claim 
th a t  the  producers could do i t  a t  once. P ro f. 
Piw ow arsky agreed w ith  D r. L ongm uir th a t  we 
could no t compare crucible-m elted w ith  cupola- 
m elted cast irons, b u t poin ted  o u t th a t  when, as 
had happened in some cases, the  cupola was con­
nected w ith an  electric fu rnace, these resu lts  were 
of d irec t benefit, and  could be tran s la ted  im me­
d iately  in to  works p ractice. R eplying to  M r. 
Shaw, he sa id  th a t  th e  occurrence of pipes was 
due to th e  w rong pouring  tem pera tu re . Also, in 
la te r  tests, th e  phosphorus con ten t had  been 
a ltered , and by co rrecting  those tw o fac to rs  he had 
been able to overcome th e  trouble  w ith  reg ard  to 
pipes. R eplying to  M r. P earce’s question as to  
elongation  on large  tensile  bars, he said  the  
elongation  th ere  was n il, because th e  bars s ta rted  
to  fail from the  cen tre . The sand-cast bars were 
h ea t-trea ted . The P rofessor had  no ted  th e  e rro r 
w ith  reg ard  to  to ta l carbon in  Table I . W ith  the  
exception of th e  top  figure, i t  would be found th a t  
th e  agreem ent was pretty* fa ir, th e  general rule 
being th a t ,  th rough  carbon being burned  off, the  
second figure to  th e  r ig h t was som ewhat lower. If  
one added toge ther th e  combined carbon and th e  
g rap h ite  one would find th a t  they  were generally 
a li t t le  lower in  the righ t-h an d  colum n th a n  in 
the  left-hand  column, because of th e  carbon being 
burned away.

Longer Treatment Gives Higher Elongation.
In  reply to  M r. Taylor, he said th e  e longation  

was low, b u t th a t  depended upon th e  leng th  of 
tim e of th e  annealing  process. The annealing  
period was a very sh o rt one. I f  i t  had  been 
a ltered  from 15 m inutes to, say, an hour, i t  was 
possible to  sacrifice some of th e  h igh tensile 
s tren g th  and to  get elongations up to  10  per cen t., 
o r still more, according to  th e  tensile  s tren g th . 
R eplying to M r. R obinson’s question  as to  
w hether i t  would pay to  add nickel and  chrom ium  
to a  ladle of o rd inary  grey iron, he said th a t , 
n a tu ra lly , figures so high as were shown in  the  
P ap er could no t be so obtained , because the  
figures in  the  P ap e r had  been ob ta ined  by add i­
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tions and superheating . The fine g raph ite  struc­
tu re  could be obtained  by the  superheating , but 
the  add ition  of nickel and chrom ium  was an every­
day commercial proposition on the  lines indicated 
bv Mr. Robinson. I t  was im p o rtan t to p o in t out 
th a t  th e  work described in the  P ap e r was no t vet 
finished, and th a t  te s ts  were s till going on. For 
example, th e  repeated  im pact te s t on some of the 
new m etals had  exceeded 250,000 blows, and was 
still going strong .

M r . F .  J .  C ook  a s k e d  w h a t  w a s  t h e  w e ig h t  o f 
blow .

M r . T u r n e r  r e p l ie d  t h a t  t h e  w e ig h t  w as 3 k g ., 
on t h e  s t a n d a r d  I v ru p p  t e s t i n g  m a c h in e .

M r . P ea r c e  s a id  h e  g a th e r e d  t h a t  t h e  te s ts  w ere  
m a d e  w i th  t h e  s m a lle s t  d ro p .

M r . T u r n e r  replied th a t  th e  drop was 30 mm. 
W ith  regard  to  bends, P ro f. Piwowarsky had not 
carried  o u t a bending te s t, b u t only a  transverse 
tes t.

M r . F a u lk n er  said some m isunderstanding had 
probably arisen  because th e  usual German word 
for “  tran sv erse ,”  was tran s la ted  by the  average 
technical tra n s la to r  as “  bending .” ' H e did not 
ju s t rem em ber th e  d ifferent ivords in German 
for “  bending ”  and  “ transverse ,”  bu t in  French 
“  transverse ”  was “  flexion ”  and “  bending ” 
“  p liage .”

MR. FLETCHER’S REPLY.

In  rep ly ing  to  M r. Shaw, M r. F le t c h e r  said 
th a t  th e  difficulty experienced by every investiga­
to r of the  s tren g th  of cast iron was the in te rp re ­
ta tio n  of the  resu lts in  term s of any one variable. 
The perm uta tions and com binations possible due to 
th e  five p rinc ipa l elem ents carbon, silicon, m an­
ganese, su lphur and  phosphorus, tak in g  one-tenth 
of a per cent, of any one elem ent as producing a 
difference in  the  physical streng th , were of the 
oi der of m any millions.

As alm ost every casting  cooled a t  a  different 
ra te  to  its  fellow—if its  shape or thickness were 
different or if th e  casting  tem pera tu re  varied— 
the  combined carbon and  g raph itic  carbon contents 
were affected and  a fu r th e r  add ition  to  th e  pos­
sible num ber of varia tions brought about. W here 
would th e  investiga to r be landed unless he n a r ­
rowed bis view to  tbose influences which could bo

v
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shown to produce the g rea te st effect on the  m etal 
s tren g th ?  H e, M r. F le tcher, had  therefo re  dealt 
w ith  sim ilar castings, m ade under similar^ condi­
tions, w ith  a definite view to  th e  com parison of 
th e  stren g th s of bars of the  sam e size as suggested 
in  the  I .B .F . te n ta tiv e  specification, viz., 1.2-in. 
d iam eter, covering approxim ately  the  th ree  grades 
corresponding to  ranges in  tensile  and  transverse  
s treng th .

I t  had been shown th a t , though  th ere  were 
s tren g th  varia tio n s in irons of approx im ately  the 
same chem ical analysis, th e  m ean resu lts  of m any 
tes ts  m ade on groups of castings ind ica ted  th a t  
th e  tensile and  transverse  s tren g th  decreased 
progressively, as the  sum of th e  to ta l carbon and 
silicon conten ts increased, independen tly  of the  
varia tio n  in  m anganese, phosphorus and  su lphur 
contents — though  these play  a m inor p a rt . 
Table IV  ind ica ted  th a t  a lthough  th e  phosphorus 
varied  betw een 0.33 and  0.95 per c e n t . ; th e  su lphur 
between 0.10 and  0.13; and  th e  m anganese 
betw een 0.45 and  0.77 per cen t., th e  sum of the  
to ta l carbon and  silicon conten ts was d is tinc tly  
re la ted  to  th e  tensile and transverse  s tren g th .

H e had w arned the  readers aga in s t basing con­
clusions on odd tests, and  did no t adm it th a t  the  
P ap e r was general in  its  n a tu re . On closer study  
i t  would be found th a t  p a rticu la r and  no t general 
conclusions had  been a rrived  a t. H e had  pointed  
to  .the influence of th e  sum  of T.C. and  Si con­
ten ts , b u t h ad  also shown th a t  th e  Si p roportion  
ir. any T.C. plus Si value was im p o rtan t (see 
Table IV ).

H e (M r. F letcher) would fu r th e r  em phasise the  
im portance of the  relationsh ip  between the  tensile 
and transverse  s tren g th  values (T v /T ). The 
transverse s tren g th  was compounded of th e  com­
pressive and  tensile streng ths. H ence th e  ra tio  
T v /T  had very considerable significance. H e m ade 
no apologies for th e  use of g raphic  m ethods in  
showing th e  tre n d  of th e  T.C. plus C and  o ther 
influences.

Could M r. Shaw express th e  mass of resu lts  in 
any o ther in tellig ib le w ay? Only one form ula had  
been quoted—th a t  of L edebur—and  he (M r. 
F letcher) had  shown th a t  th is  was n o t em pirical, 
b u t was based on sound scientific research  and 
conclusions.



M r. Shaw ’s Table A bears out the  au th o r’s con­
clusions, the  im pact, deflection, and transverse 
figures being in  proportion  to  the  T.C. plus Si 
values. The cylinder and  bush tests were obviously 
influenced by d ifferent wall thicknesses and ra te  
of cooling. To have a ttem p ted  the influence of 
variab le  cooling ra te s  would have made the P aper 
un in tellig ib le  and  overburdened w ith confusing 
values, b u t would no t have a ltered  the  fac t th a t, 
under sim ilar cooling conditions and casting tem ­
p era tu res , tes ts  tak en  from  the  same position in 
sim ilar castings would show th a t  the highest 
s tren g th  values are inversely proportional to  the 
to ta l carbon plus silicon contents of the  metal. 
This p roportionality , as explained, is not a defi­
n ite ly  arithm etic  or geometric one, bu t is in­
fluenced by the  rem ain ing  constituents.

The P ap er has not, for obvious reasons, dealt 
w ith  cast irons cast in  specially hot moulds, the 
cooling of which castings affects the carbon and 
silicon relationship  seriously ; bu t even in P e rlit 
castings, a high T.G. plus Si con ten t is associated 
w ith  lower tensile strengths, w hilst a low T.C. 
plus Si con ten t is generally coincident w ith high 
s tren g th  valves. The au thor recognises th a t, 
w hilst th e  composition of a particu la r P e rlit iron 
is shown a t  line 3 in  F ig . 2 a , there  is a much wider 
range  for such irons, though these are bounded 
by th e  lines m arked T.C. line and Si line when 
extended. M r. G resty is correct in  assuming th a t  
p o in t G is a t  the  end of the  to ta l carbon line 
and  p o in t F  a t  the  end of the silicon line. I t  
m ight in te re s t Mr. G resty to  know th a t  much lower 
silicon .percentages th an  1 .2  have been found in 
P e r lit  castings exam ined by the  au thor (down to 
0.5 per cen t.). F ig . 2 a was not prepared w ith a 
view to  illu s tra tin g  special irons, bu t only as 
g raphically  showing the  basis of L edebur’s 
formulae.

I f  M r. G resty could give the In s titu te  the results 
of tensile and  transverse tes ts  on P e rlit irons of 
vary ing  to ta l carbon and  silicon contents such in­
form ation would be of g re a t in te rest and value. 
In  th is connection the effect of combined carbon 
con ten t would possibly be more im portan t th an  in 
the  case of the  tes ts  described by the  author.
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THE MANUFACTURE OF A LARGE STEEL 
CASTING.

By F. A. Melmoth (Member) and T. W. Brown 
(Associate Member).

The w riters propose in  th e  following P ap e r to  
ou tline  th e  com plete h isto ry  of th e  production  of 
a large steel casting , and  have chosen as th e ir  
sub jec t th e  case of a cast steel p ropeller sh a ft 
bracket. They propose to  deal w ith  each of th e  
operations en tailed  in its p roduction , both m etal- 
lurg ically  and from  th e  m oulding shop s tan d ­
points, and to  express th e ir  reasons for the  choice 
of any p a rtic u la r  m ethod where a lte rn a tiv es exist.

The p roduction  of any  steel casting  falls n a tu r ­
a lly  in to  the  perform ance of th e  following opera­
tions, tak en  in  th e ir  o rder of sequence : — (1) The 
m an u fac tu re  of th e  necessary s te e l ; (2) th e  p re­
p a ra tio n  of th e  s a n d ; (3) th e  m aking o f th e  mould 
and cores; (4) the  ac tua l casting  of th e  job ; (5) 
the  annea ling ; (6) the  fe ttlin g , and  (7) inspection 
and testing .

I t  is no t th e  in ten tio n  of th e  w rite rs to  deal 
w ith th e  m aking of th e  p a tte rn , and i t  is assumed 
for th e  purpose of th e  P ap e r th a t  th is  is p ro­
vided. F ig . 1 shows th e  p a tte rn  as received ready 
for work in  th e  foundry.

The Manufacture of the Steel.
The processes open to  th e  steelm aker which are  

capable of producing steel su itab le  for th e  job 
under discussion are  th ree  in  n u m b e r :— (1 ) 
Siemens open h e a r th ; (2) c o n v e rte r ; and (3} 
electric. The m ain  points ap p e rta in in g  to  each 
process are  appended.

Siemens Open Hearth.
In  th is process th e  necessary p ig-iron  and  scrap  

steel to  co n stitu te  a sa tisfac to ry  composition in 
the  m olten charge a re  m elted toge ther on  e ith e r 
an acid or basic h earth , th is  depending on both 
the  composition of th e  m ateria ls  available and 
also th e  n a tu re  of the desired p roduct.

In  th e  case of th e  acid h ea rth , th e  existence of 
a  necessarily acid slag perm its no possibility of
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refinem ent where su lphur and phosphorus a re  con­
cerned, and, therefo re , th e  raw  m ate ria l used 
m ust be of the  required  degree of p u rity  in these 
two elem ents. The basic slag used on a fu r ­
nace equipped w ith a basic lin ing , however, aids 
the  possibility of the  abstrac tion , d u ring  th e  pro­
cess, of a ce rta in  am ount of these  elem ents, and, 
therefore , a g rea te r degree of la titu d e  can be 
allowed in th e ir  existence in  th e  o rig ina l scrap 
and  pig-iron. In  th is  country , acid lin ing  is the  
more popular, and has been developed to  a much 
g rea te r ex ten t, due probably to  th e  ease w ith 
which low su lphur and phosphorus p ig-irons can 
be obtained, and  p a rtly  due to  th e  generally  
accepted idea of the  superio rity  of th e  resu lting  
steel when made by th e  acid process. The w riters 
do no t feel qualified to  deal w ith  any serious dis­
cussion on the  question of th is superio rity , bu t 
th e re  seems li tt le  doubt h u t th a t  th e  acid pro­
cess is the more popular and probably th e  more 
consistent in its product, w hilst possessing in a 
m arked degree an e lastic ity  which makes th e  pro­
duction of a wide range of com positions of steel 
an every-day occurrence.

Procedure When Making a Steel Casting.
T he scrap' and  p ig-iron  a re  m elted down as 

quickly as possible, and  also as h o t as possible. 
To th e  re su ltin g  m olten b a th , iron  ore is added, 
which th rough  th e  agency of th e  slag oxidises 
m anganese and  silicon w ith  th e ir  consequent re ­
moval to th e  slag. These elem ents being  rem oved, 
the  iron ore acts d irectly  upon th e  carbon p re­
sen t, rem oving i t  in  the  fo rm  of carbon monoxide 
gas, which, escaping in  bubbles th rough  th e  layer 
of slag, causes th e  well-known phenom ena known 
as th e  “  boil.”  This is con tinued  by th e  add ition  
of the  necessary am ounts of ore o r lim estone, or 
both, u n ti l such tim es as th e  carbon co n ten t is 
reduced to  th e  neighbourhood of th e  requ ired  
figures.

D uring  the  whole of th e  process, th e  d irec tion  
of th e  gas and a ir  th ro u g h  th e  reg en era tin g  
cham bers and  th e  fu rnace  is freq u en tly  reversed, 
thus build ing  up continually  the  in itia l tem p era ­
tu re  of th e  incom ing gases, w ith  a consequent in ­
crease in  th e  tem p e ra tu re  produced by th e ir  com­



bustion. The slag being in  the  correct condition 
the tem pera tu re  sufficiently h igh, and th e  carbon 
con ten t near to  the  required  figure, de-oxidising 

j  i j ’ ^erro silicon and ferro  m anganese, are 
added to  th e  bath  in calculated am ounts to re­
move active oxide, and leave in the  steel the 
am ounts called for in the  specification. The steel 
is then  tapped  into th e  ladle and poured in the 
usual way.

F i g . 2 .— M o u ld  R eady  fo r  C l o s in g .

The w riters recognise th a t  th is  is an extrem ely 
sketchy descrip tion  of w hat is in  itself a highly 
skilled and  com plicated process, b u t th e  scope of 
such a P ap er as th e  one now subm itted  will not 
allow of a detailed  description of any steel-m aking 
process.



Main Characteristics of Siemens Open Hearth Metal.
(1) I t  can be produced in  large charges, and is, 

therefore , ideally adap ted  for large, heavy ca s t­
ings ; (2) i t  is u nder complete control both chemic­
ally and in  tem p era tu re , and therefore  specifica­
tio n  work can be rig id ly  adhered t o ; (3) th e  tem ­
p e ra tu re  ob tainab le  being on th e  low side as com­
pared  w ith  elec tric  o r converter processes, coupled 
to  the  fac t of th e  la rge  charges usually made, 
makes th e  process not so su itab le  for small w o rk ;
(4) produced under properly  controlled slag con­
ditions, th e  steel is rem arkably  free from  non- 
m etallic inclusions, and is of consistently  high 
q u a li ty ; and (5) th e  process is capable of sa tis­
factorily  producing quite  a wide range of alloy 
steels.

The Converter Process.
In  th is process a q u an tity  of m olten cast iron, 

previously m elted in a cupola, is subjected to  the  
oxidising action  of a b la s t of a ir . The a ir  can 
be applied e ither from  the  bottom , th u s passing 
through  the  m olten m etal, or a t  th e  side. In  
e ith e r case, th e  process of operations is identical. 
The m anganese and  silicon, and  finally the  car­
bon, are oxidised by th e  a ir , w ith  the  production 
of a g rea t am ount of h ea t. The blown m etal is 
therefo re  raised  to such a h igh  tem p e ra tu re  th a t ,  
a f te r  th e  add ition  of th e  necessary de-oxidisers 
a t  th e  te rm in a tio n  of th e  blow, i t  is sufficiently 
hot and fluid to  cast the  ligh tes t of sections.

No refining is possible from  th e  po in t of view 
of su lphur and phosphorus con ten t when th e  vessel 
is acid lined, which is th e  usual p rac tice  in th is  
country . I t  m ust be rem em bered, therefo re , when 
selecting the  irons used for th is process th a t  an  
increase, particu la rly  of su lphur, wall occur due to 
th e  cupola m elting  p rio r to  th e  blowing operation .

A dvantages of the process are:— (1) The steel is 
extrem ely h o t and possesses in  a h igh  degree th e  
property  of fluidity , so valuable to  th e  m aker of 
ligh t castings; and (2) th e  very rap id  production  
of th e  steel compared w ith  any o th e r process in ­
ev itab ly  m eans some reduc tion  in cost, and  is of 
g rea t assistance p a rticu la rly  where rep e titio n  p ro­
duction m ethods are in  progress.

The disadvantages are:— (1) The steelm aker is 
a t  the  mercy of his scrap  and pig-iron supply, as
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no refining is possible ; (2) the  v ita l po in t a t the 
te rm ina tion  of the  blow can only be determ ined 
consistently  a f te r  considerable practice, and the 
regu larity  of th e  required  compositions is, th ere ­
fore, not so g rea t as is the  case in e ith e r open- 
hearth  or electric processes; and (3) th e  to ta l 
weight per charge is lim ited, and is usually in­
sufficient for heavy castings. This necessitates 
blowing more th an  once when a heavy casting has 
to  be made w ith consequent risk of trouble and 
failure.

The Electric Process.
From  the  po in t of view of re liab ility  and con­

sisten tly  high quality , th e  production of steel from 
electrically  operated  furnaces has m et w ith almost 
universal approval. A lthough th e  la test comer 
in to  th e  foundry  field, its m erits have won for it 
a  high place as a  means of satisfying th e  somewhat 
exacting  steel requirem ents of the  modern 
foundry.

Furnaces are available e ither basic or acid 
lined, and in the  case of the form er the composi­
tion  of the scrap m ateria l used is, w ithin wide 
lim its, alm ost negligible. By correct slag m anipu­
lation , im purities can be removed almost to traces, 
and the  sim plicity of the  process makes i t  easily - 
possible to  produce steels of almost any compo­
sition  w ith  g re a t regu larity . I t  is adm itted  th a t 
the  fu tu re  of th e  furnace for such steels as are 
th e  norm al products of a foundry, depends greatly  
on a cheap supply of electric power.

A Typical Charge.
I t  is assumed th a t the scrap or tu rn ings avail­

able are  of medium quality , and th a t  a certain  
am ount of refining is necessary to bring sulphur 
and phosphorus w ith in  the  specification limits.

The scrap and tu rn in g s a re  charged on to  the 
h ea rth  in  the  order nam ed, the  ob tain ing  and 
m ain ta in ing  of a steady arc being more easily 
effected on the tu rn ings th an  would be the case 
w ere an arc  to  be struck  on bulky masses of scrap 
steel. By bring ing  the  electrodes in to  close proxi­
m ity  to  the  charge, an electric arc is formed 
between the  electrodes and the  m etallic charge. 
This arc  is m ain ta ined  as continuously as possible, 
by th e  careful regulation  of th e  distance between
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electrodes and charge, u n ti l such tim e as pools of 
liquid m etal a re  form ed u n d er th e  electrodes.

From  th is po in t th e  control of th e  load becomes 
an easier m a tte r , and a f te r  th e  add ition  of the 
required  am ount of lim e to  form  a  covering slag, 
the  power in p u t is m ain ta in ed  a t  as h igh a figure 
as possible u n til th e  charge is p rac tica lly  com­
pletely m elted. Any small am ounts of unm elted  
m etal adhering  to  th e  banks are  th en  pushed in to  
th e  bath .

The scrap and tu rn in g s commonly possess a 
sufficient covering of ru s t  to  m ake i t  to lerably  
certa in  th a t  when m elted, alm ost th e  whole of the 
carbon, silicon and m anganese will have been oxi­
dised. The slag will be definitely oxid ising  a t 
th is  point, and  in these conditions phosphorus is 
removed by ox idation  from  th e  m olten  b a th  and 
passes to  th e  slag. The rem oval of th is  slag, 
therefore , a t  th is  point, ensures th a t  refinem ent 
in  th is elem ent is established. M elting  by th is  
m ethod, and  w ith  no> special add itions to  m a in ta in  
a high carbon on m elting , th e  composition of th e  
m etal a t  slagging will probably approx im ate  the  
fo llow ing:—Carbon 0.06, Silicon 0.04, M anganese 
0.08, S ulphur as charged, and Phosphorus 0.015 
per cent.

I t  will be seen, therefo re , th a t  su lphu r is the  
only o rd inary  elem ent rem ain ing  unaffected u p  to  
th is po in t. This is due to  reducing conditions 
being a necessity for th e  rem oval of su lphur, 
whereas th e  form er oxidising conditions only sa tis­
fac to rily  accounted fo r th e  carbon, silicon, m an­
ganese and phosphorus. T he reduction  of su lphur 
being desired, i t  is necessary, therefo re , fo r th e  
oxidised character of th e  m eta l to  be now 
removed. A new slag is form ed by th e  add ition  
of lime and  fluorspar, th e  la t te r  low ering th e  slag 
fusion p o in t and  quickly g iv ing a  fluid covering 
of slag to  th e  m eta l. The oxidised condition  of th e  
bath  is rem oved by sm all successive add itions of 
ferro-silicon, and  a t  th e  sam e ¡time th e  cha rac te r 
of th e  slag is rendered som ewhat reducing  by 
sm all q u an titie s  of crushed an th rac ite  o r coke. 
A continuance of th is  will produce a steel free 
from wildness, and under the  reducing slag su lphur 
is rem oved from  th e  steel, passing in to  th e  slag as 
a sulphide. C arried  to  th e  po in t of w hat m ay be
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te rm ed  super-refining, th e  slag will, on cooling, 
definitely fall to  a greyish powder.

Tests are  taken  both for analy tica l purposes 
and fo r tem p era tu re , th e  required  add itions of 
ferro-silicon and ferro-m anganese, e tc ., are  added 
to th e  fu rnace  and th e  steel poured in to  the  
ladle.

W here a h igh degree of freedom  from  su lphur 
and phosphorus is no t called for charges can be 
made quite  sa tisfac to rily  under one slag only, and 
it  is the  opinion of m any experienced steel m akers 
th a t  m ade thus, electric steels possess an increased 
degree of fluidity , m aking them  m uch easier to 
handle in  the  foundry . Economically, however, 
very g re a t advantages ex is t in single slag w orking 
as to ta l tim e per charge is lessened, h ea t losses 
du ring  the  slagging period a re  avoided, and  slag 
m ateria ls are  used in  less q u an tity .

The liab ility  to dangerous v a ria tio n s in the 
quality  of the  raw  m ateria l, more p a rticu la rly  
the tu rn in g s, makes it  som ewhat risky, however, 
to  adopt single slag w orking, unless the  orig in  of 
the scrap  and  tu rn in g s  is defin itely  known and 
controllable.

From  the  ra th e r  m eagre ou tline  of these p ro­
cesses, perhaps sufficient can be gathered  to  ap p re ­
ciate  th e ir  applicability  to  such a job  as the  
casting  which forms th e  subject of th is  P ap er. 
In  th e  first place, a converter was n o t available 
m th e  p a rticu la r shop in  w hich th e  casting  was 
made. As about 12 ton's of steel was needed to 
cast the  job sa tisfac to rily , th e  w rite rs  would, in 
any case, have h esita ted  to  use th e  process. 
Q uite a p a r t  from  the  difficulties associated w ith 
blowing tw ice for th e  one job, th e  specified te s ts  
were of such a high order th a t  no th ing  b u t steel 
of the  very h ighest quality  oould be contem plated .

I t  therefo re  resolved itself in to  a  decision 
between open h e a rth  and elec tric  steel, both  of 
which were available in am ple q u an titie s  to  cast 
the job. F rom  th e  po in t of view of general su ita ­
bility, the  w rite rs are  of the  opin ion th a t  e ith e r 
would give sa tisfac tion , always w ith th e  proviso 
th a t  p ig-iron and scrap  of known h igh quality  
were used in th e  open-hearth  furnace. Econom i­
cally, th e  balance is definitely in favour of the 
open-hearth  process by which steel can be
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F i g . 5.—S te e l  C a st in g  as Oa st  x 50.

d ea lt w ith. In  considering th is, th e  physical 
requirem ents dem anded by th e  inspecting  au th o r i­
ties a re  n a tu ra lly  the contro lling  fac to r. F o r 
th is  class of work th e  te s t  requ irem en ts a re  no r­
mally as fo llow s:—M axim um  stress 28-35 tons 
per sq. in ., yield p o in t 14-18 tons p er sq. in ., 
e longation  20 per cent, m inim um , and bend (cold) 
90 deg. on 1 in. square.

The influence of th e  various elem ents on the

produced a t  p resen t a t  a lower figure th a n  by 
electric methods.

C ircum stances a t  th e  tim e  of casting , however, 
m ade i t  necessary to  use elec tric  steel for th is  
casting, and  in  considering te s t  resu lts , e tc ., it  
should be rem em bered th a t  they rep resen t those 
ob tainable from  such a  casting  made from  basic 
e lectric steel.

Composition of Steel.
H aving  decided on process, th e  question  of com­

position requirem ents now only rem ains to  be

242
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physical te s t resu lts of the  annealed casting; is as 
fo llow s:—•

Carbon.—Increases m axim um  stress w ith increas­
ing qu an tity , and coincidently  reduces ductility , 
and  therefore elongation and cold bend results. \

S ilicon.—No appreciable efFect in the normal 
q u an tities  found m  commercial mild steel for 
castings. Is  p resen t alm ost en tire ly  as a deoxi- 
diser to  ensure soundness.

M anganese .—Tends to  increase maximum

F i g . 6 .— S te el  C a st in g  as C ast  x 200.

s tren g th  and yield point, w ithou t seriously 'affect­
ing the  d u c tility  if p resent in  the usual amounts. 
Over 1.2 p er cent, tends to  reduce elongation to  
some ex ten t. Is  also an effective deoxidiser, and 
assists soundness very considerably.

Su lp h u r .—An accidental im purity , and d e tr i­
m ental in m any ways if in  excess—0.05 to  0.06 per 
cent, being looked upon  as u pper safe lim its. In  
excessive am ounts induces red  shortness, and may 
be the cause of cracks and tea rs  by causing in ter-
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crystalline weakness. The am ount of m anganese 
presen t acts as a p a r tia l corrective, by form ing 
m anganese sulphide, and th u s  ̂ p reven ting  the 
form ation  of th e  extrem ely  de trim en ta l su lphide 
of iron. F rom  all stan d p o in ts  best k ep t w ith in  
low lim its. M axim um  stress, yield po in t, elonga­
tio n  and bend are  all badly affected by excess.

Phosphorus.—This e lem ent is regarded  w ith  
g re a t suspicion by steel founders, ow ing to  its  te n ­
dency to  produce cold shortness when in  excessive

F i g . 7.—S t e e l  C a s t i n g  A n n e a le d  x  50.

quan tities. M axim um  stress and e longation  may 
be b u t li t t le  affected a fte r  annealing , b u t im pact 
tests may be badly  affected. The safe u pper lim it 
is regarded  to  be 0.05 per cent, to  0.06 p er cent.

B earing  in  m ind th e  previously m entioned te s t 
requirem ents, and  the  effects of com position in  
the various elem ents above described, i t  was 
decided to  m ake th e  steel to  th e  fo llow ing : — 
Carbon, 0.25 to  0.30; silicon, 0.15 to  0.25; m an-



gañese, 0.6 to 0.7 per cen t.; sulphur, low; phos­
phorus, low.

This was produced in an electric furnace of the 
necessary capacity , and the  resu lting  m aterial 
analysed as below :—C arbon, 0.26; silicon, 0.18; 
m anganese, 0.56; su lphur, 0.017; and phosphorus, 
0.022 per cent.

Sand Preparation.
The m ain requirem ents of a m oulding sand for 

such a  casting  as the  one being considered a r e : -—

F i g . 8 .— S te el  C a st in g  An n ea led  x 200.

(1) I t  m ust be sufficiently bonded to make a good, 
firm mould, able to  res ist th e  erosive action of 
the  large  q u an tity  of steel which necessarily flows 
over i t ;  (2) i t  m ust be sufficiently open, although 
strong  in  bond, to perm it of the easy egress of 
gases produced during  casting ; and (3) i t  m ust he 
of such a composition th a t  i t  can hear w ithout 
serious fusion the high tem pera tu re  of th e  steel 
with wdiich i t  is in  contact, bearing in m ind the
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length  of tim e such oontact takes place and  the 
w eight of liquid  steel superim posed upon it.

The norm al m oulding sand , w ith  a  silica  base, 
and  bonded by any of th e  usual m ateria ls , does 
not, in  th e  w rite rs’ experience, fill th e  whole of 
these requ irem en ts sa tisfac to rily . The usual 
m ateria l for suoh heavy castings is some form  of 
m oulding com position. These m oulding composi­
tions can be ob tained  from  m any of th e  suppliers 
of foundry  m ateria ls , ready  m ixed for use. In  
m any cases, however, they  a re  m ade up  by th e  
foundries them selves, from  m ix tu res w hich are  th e  
re su lt of m any years’ investiga tion  and  tr ia l .  
Such m ixtures a re  o ften  very jealously  guarded , 
and  i t  m ust be accepted th a t  such an  a tt i tu d e  is 
qu ite  com prehensible when th e  im portance of the 
effect of composition reg u la rity  and  th e  correct 
balancing of its various constituen ts to  m eet th e  
above outlined  requ irem ents a re  recognised.

In  the  m anu factu re  of la rge  castings, th e  risk  
of fa ilu re  involves such a  heavy loss th a t  too  much 
care can hard ly  be tak en  to  ensure a  sa tisfac to ry  
m oulding composition. C arefu l selection and 
exam ination  of each and every  one of its  com­
ponen t m ateria ls  is h ighly  necessary. The acci­
d en ta l in troduction  of some m ate ria l of easy 
fusib ility , fo r instance, can  be a tten d ed  by such 
d ire  resu lts  as to  m ake th e  a i te r  fe ttl in g  of th e  
casting  a  comm ercial im possibility.

The base m ateria ls  of composition a re  m ore or 
less iden tical, th e  varia tio n s usually  being  in  the 
n a tu re  of vary ing  quan tities. B u rn t bricks of 
good quality—firebrick and  silica, probably  a p ro­
portion  of used crucible pots—th e  req u isite  
am ounts of good sand, th e  whole being carefu lly  
milled and m ixed, and  th en  bonded w ith  th e  
h ighest quality  fireclay, rep resen t th e  usual 
schedule of m ateria ls  from  w hich steel m oulding 
compositions a re  m ade up. The presence of a 
percen tage of crushed coke to  assist porosity  is 
also common practice.

The Making of the Mould.
M any poin ts req u ire  carefu l consideration  before 

the m oulding itself is commenced. I t  is assumed 
th a t  all th e  necessary details on th e  ch a rac te r of 
the  p a tte rn  have been sa tisfac to rily  se ttled , and 
th a t  i t  is supplied ready  to  go in to  th e  sand.



The g rea te r p a r t  of th e  mould for the  job under 
discussion being in  th e  floor, i t  is necessary to  
decide on th e  m ost su itab le  position in '  the  
foundry . The charac te r of the  floor, ease in  
hand ling  and  casting  facilities, m ust all come up 
for th e  requ ired  degree of consideration. In  some 
foundries p its  a re  actually  available perm anently 
in  th e  floor, and  for som e'cases th is  offers decided 
advantages.

AVliere th is  is n o t th e  case, a hole of the  required 
size is taken  ou t. and th e  p a tte rn , supported on
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F i g .  9.— W e l d  M f . t a l  x  200.

loose brick p illars, is placed in to  i t  in the  actual 
position of casting . The p a tte rn  is th en  removed 
and old sand  is ram m ed in to  a bed approxim ately 
to  the shape of th e  brick  supports  previously 
m entioned, b u t abou t six inches lower all over.

On th is  sand bed old firebricks a re  th en  placed, 
covered w ith a  layer of well burr^t ashes. This 
ensures a free passage fo r th e  gases form ed during  
casting , th rough  th e  bottom  p a r t of the  mould.
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The ashes are  covered by a layer of old san d ; the 
p a tte rn  is th en  replaced allowing abou t 1 |  in. 
clearance, which is ram m ed up w ith th e  p repared  
facing  composition, previously re fe rred  to.

On a job of th is  charac te r thorough  d ry ing  
is an essential, and du rin g  th e  m oulding opera­
tions th e  g e ttin g  of h e a t to  all p a r ts  of the  
mould m ust be considered and  allowed for. I t  
was, therefo re , so arran g ed  as to  allow of some 
p a rts  of th e  mould being easily lifted  out. This 
served a double purpose, as th is  p a r tic u la r  mould 
was d ried  by the  build ing  of a  fire ac tua lly  in  the  
mould itself, and n o t by one of th e  p a te n t d ryers 
now often  used. The lifted -ou t p a r ts  arranged  
for, therefore , n o t only p e rm itted  of a  su itab le  
fire being used, b u t also opened o u t th e  mould so 
completely as to  fa c ilita te  its  rem oval and th e  
thorough cleaning of the  mould. The lifted  away 
p a rts  w ere, of course, tak en  aw ay and  su itab ly  
stove dried.

A decision being a rrived  a t  on  th is po in t, th e  
sides and ends of th e  mould can be proceeded w ith . 
Facing  com position to  a th ickness of one and a 
ha lf inches, backed up by used sand, supported  in 
tu rn  by old firebricks, is ram m ed up  in  successive 
layers. The old bricks are  carefully  spaced, the 
spaces being filled w ith  ashes, and su itab le  vents 
are  led to  these, as required . This progresses 
u n til th e  p a tte rn  is ram m ed up to  th e  top , th e  
draw backs being su itab ly  jo in ted  and b u ilt up  in 
the same m anner. The jo in t for th e  top  p a r t  is 
then m ade and th e  top  ram m ed up in  th e  usual 
fashion.

As w ith  all castings, one of th e  m ost im p o rtan t 
points in  th is  one is the  position and m anner of 
runn ing . A reference to  th e  photograph  of th is  
p a tte rn  will show th a t  each end is much deeper 
th an  th e  cen tre  portion . C asting  from  both  ends 
sim ultaneously, therefo re , will m ean th a t  th e  ends 
will fill first, d u ring  which tim e  th e  steel is 
rap id ly  cooling. By the  tim e these two portions 
are  filled -and m eet one ano ther, th e  p robability  
is th a t  th e  advancing edges of th e  m olten steel 
are  so cold as to  in troduce  the  possibility  of an 
im perfect union. A weak p lane w ill resu lt, and 
such a casting  being u n d e r severe con trac tion  
stresses, frac tu re  is n o t a t  all im probable.



Ifc was decided, therefore , to cast from  one end 
only. P revious experience had  dem onstrated  th a t 
the  m ost sa tisfac to ry  resu lts were obtained when 
ru n n in g  was from  th e  boss or la rger end. This 
is in  favour of sa tisfac to ry  casting and feeding.

I t  will be noticed th a t  the varia tion  in section 
in th is  casting  is in the  form  of a progressive 
reduction  from  th e  boss end. To ensure efficient 
feeding, therefo re , one should aim a t conditions 
which produce as nearly  as possible a progressive 
reduction  in tem p era tu re  during  solidification from 
boss end to th e  end of the  palms. By runn ing  
in to  the  boss such a s ta te  of affairs is established ; 
th e  la s t and h o ttest m etal, when the  casting  is 
full, going in to  the  large riser on the  boss. A 
feeder head of sufficient size satisfactorily  to  feed 
th is large boss is a ttached , and th e  efficient feed­
ing of the  boss being ensured th e  liquid pressure 
from  the  heavy end will be found sufficient to 
m ake i t  ce rta in  th a t  satisfactory  feeding of the 
re s t of the  casting  takes place du ring  solidifica­
tion . I t  is, of course, essential th a t  the riser is the 
last place to  solidify, and i t  will be seen th a t  in 
th is case th is  s ta te  of affairs is almost ideally pre­
sen t. A reference to  the photograph of the un- 
fe ttled  casting  (Fig. 3) wdll still fu r th e r em pha­
sise th is. In  the  casting shown, the head is 
approx im ate ly  36 ins. above th e  m ain level of the  
casting  to  ensure a sa tisfactory  pressure and con­
sequent feeding during  solidification.

All these po in ts being attended  to  in the m anner 
s ta ted  and  the  mould and drawbacks being 
thoroughly dried, the  la t te r  are  replaced in  the ir 
respective position, cores inserted  and the  mould 
closed in the usual m anner (Fig. 2).

In  th e  lig h t of previous experience, any tendency 
of th e  top  p a r t  to  lif t du ring  casting is counter­
acted by w eighting i t  down to  the necessary ex­
ten t, and the mould is ready for casting.

A fte r th e  pouring  operation , i t  is custom ary in 
some foundries to  a ttem p t to  assist contraction by 
libera ting  a t as m any points as possible. The 
w riters a re  of the opinion th a t  much of th is only 
am ounts to wasted effort.

C areful exam ination  of a succession of w hat are 
known as con traction  “  pulls ” convinces them 
th a t  th e  defect takes place alm ost a t the  moment
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of solidification. F u r th e r  con trac tion  in  the  
solid form  m ay undoubtedly  en large o r ex tend  
such a  defect, b u t i t  appears ra re  th a t  a “  pull ”  
should ta k e  place a t  a la te r  stage  in  th e  cooling 
Deriod. A crack due to  unequal cooling is a pos­
sibility , b u t th is is usually due to  a desire to  
hasten  m a tte rs  by s tr ip p in g  th e  casting  too  soon. 
These cracks o r “  clinks ” as they  are  called, are 
more likely to  occur in the  h a rd e r types of ca r­
bon steels or in  alloy steels th a n  in  th e  soft 
m ateria l used fo r th e  casting  being discussed in 
th is P ap er.

Assum ing th a t  th e  w rite rs’ opinions a re  correct, 
th a t  con trac tion  “ pulls”  are  a defect definitely 
o rig in a tin g  a t  th e  m om ent of solidification, th e n  
i t  logically follows th a t  th e  correct th in g  to  do is 
to  tak e  such steps du rin g  th e  m oulding and  core 
m aking  as will reduce th e  resistance of th e  cores 
and  mould to  a m inim um , and n o t to  rely  on the  
a f te r  lib era tio n  of the  solidified casting  fo r th is  
purpose. Judicious libera tion  to  p rev en t possible 
d is to rtion  is qu ite  ano ther m a tte r , and  a  lo t can 
be done in  th is  d irec tion  to  assist th e  keeping of 
the casting  in  shape.

Annealing.

A sufficient leng th  of tim e h av ing  elapsed to  
ensure th e  cooling of th e  casting  to  a p o in t a t  
which no d anger of f ra c tu re  exists, i t  is w ith ­
draw n from  th e  mould and moved fo rw ard  to  th e  
annealing  operation . B efore th is  opera tion , i t  is 
roughly trim m ed and th e  g rea te r p a r t  of the  
adhering  masses of sand removed. F igs. 3 and  4 
show th e  casting  in  th is  condition.

The annealing  process is designed to  perform  
two very  im p o rtan t fu n c tio n s :— (1) B y th e  com­
plete recrystallisation  of th e  steel from  a p o in t 
ju s t above its  u p p e r change po in t, to  remove th e  
coarsely crystalline, and  th ere fo re  weak, s tru c ­
tu re  caused by its  cooling from  liquid  tem p era ­
tu re s  in  th e  m o u ld ; and (2 ) to  remove as fa r  as 
possible th e  various s tra in s  se t up d u rin g  cooling 
in th e  m ould, bo th  from  th e  resistance  o f th e  
mould and  from  th e  effects of unequal cooling due 
to  vary in g  section.

The perform ance of function  (1) can  be ensured 
by h ea tin g  th e  casting  to  a tem p e ra tu re  of 850



to  900 deg. C., and m ain ta in in g  i t  a t  th a t  tem ­
p e ra tu re  for a  tim e sufficient to  allow of equili­
brium  of tem p era tu re  in  all p a r ts  of th e  easting.

A t th is  tem p era tu re  th e  crystalline fe rrite  of 
th e  coarse “  as cast ”  type, shown in  micro-photo- 
g rap h  F ig . 5, en ters in to  m u tua l solid solution 
w ith  th e  eutec tic  pearlite  and  on cooling is re ­
crystallised, b u t w ith  a degree of fineness some­
w hat p ropo rtiona te  to  the  tem pera tu re  to  which 
it  has been heated .

F unction  (2) is one associated w ith  cooling and 
to  remove s tra in s  in  such a casting  i t  is neces­
sa ry  th a t  i t  should be cooled both slowly and 
evenly. Any d ep a rtu re  from  th is m av leave th e  
casting  alm ost as badly stressed as before anneal­
ing, s tra in s  being set up due to  unequal speeds of 
cooling on p a rts  vary ing  in  section.

Severe drop tests, to  which such castings are 
subjected, m ay show up th is  disastrously. Care­
fu l suppo rt and packing  in  th e  furnace is found 
to  be very necessary for such a job, and in every 
way steps are  taken  to  ensure th a t  d isto rtion  or 
sagging is p revented . Should such distortion 
ap p ear in th e  casting  as i t  comes from th e  mould, 
a g re a t deal can  be done by careful m anipulation  
a t  th is  po in t to  b ring  i t  back in to  the  required 
shape again.

The influence of correct h ea t tre a tm e n t on the  
physical p roperties of th e  m ateria l is very m arked, 
an d  a  reference to  th e  tab le  of te s ts  will show 
th a t  a g re a t im provem ent is apparen t. A com­
parison  of th e  te s t  figures w ith the  micro-photo- 
g raphs F igs. 5 and 7 will make th e  reason 
fo r th is  im provem ent a t  once obvious. I t  will be 
seen th a t  as th e  correct perform ance of function 
(1 ), i.e ., th e  re-crystallisation  of th e  steel involves 
perfect so lu tion  of its  fe r rite  and pearlite  con­
s titu en ts , a tim e fac to r becomes operative. This 
is controlled p rincipally  by th e  size o f th e  casting 
and  th e  thickness of its  section.

V io len t h ea tin g  up in th e  early  stages of the  
annealing  process may cause e ith e r d is to rtion  or 
frac tu re , o r perhaps both, by th e  production  of 
sharp  varia tions of tem p era tu re  betw een th ick  and 
th in  sections. I t  is im portan t, therefore, th a t  
th e  tem p era tu re  is so controlled th a t all p a rts  of 
th e  casting  a re  heated  as evenly as is p ractically
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possible. The tem p e ra tu re  requ ired  being reached, 
i t  is th e n  necessary to  m a in ta in  i t  fo r such a 
period as will ensure th e  complete so lu tion  of th e  
coarse “ as cast ”  crystalline arrangem en t.

As previously s ta ted , th ickness of section is 
largely the  contro lling  fac to r, and in  such a cast­
ing as th e  one being considered, th e  soaking 
period is approxim ately  12 to  15 hours.

The influence of cooling speed is considerable, 
b u t in  th e  case of a large casting , p a rticu la rly  
w ith  vary ing  section thicknesses, i t  is n o t possible 
seriously to  affect th e  m etallu rg ical p ropertie s by 
quick cooling, owing to  risk  of f ra c tu re . I n  th e  
case of sm aller o r p lain  castings very  m arked 
im provem ents are  noticeable by sub jecting  th e  
castings a f te r  reach ing  annealing  tem p e ra tu re s  to  
a quick cooling, e ith e r in  a ir  o r some suitab le  
liquid  m edium ' w ith  subsequent reh ea tin g  to  a 
lower tem p era tu re  to remove any induced stresses.

In  th e  case of the  p a r t  form ing th e  sub ject of 
th is  paper, however, efforts m ust be m ade to  en­
sure, as fa r  as possible, th e  equal cooling speed of 
its vary ing  sections, and th is  can only be done by 
slow cooling. I t  is consequently cooled r ig h t down 
a t  a slow ra te  in  th e  fu rnace, and  is n o t exposed 
to the  a ir  u n til th e  tem p e ra tu re  is so low th a t  all 
danger of uneven cooling and  risk  of fra c tu re  is 
well past.

Fu lly  to  app rec ia te  th e  effect and  significance 
of th e  annealing  opera tion  i t  is necessary to  study  
th e  physical p ropertie s before and a f te r  anneal­
ing together w ith  th e  m icro-photographs. The 
m icro-photograph shown in  F ig . 5 is a t  50 d ias., 
and shows th e  s tru c tu re  as cast. F ig . 6 is th e  
sam e, b u t a t  200 dias. M icro-photograph F ig . 7 
is of th e  annealed  casting  a t  50 d ias., w hilst 
F ig . 8 is the  same a t  200 dias.

The tensile  te s t resu lts  before an nea ling  were : 
M axim um  stress, 29.8 tons per sq. i n . ; yield p o in t, 
15.0 tons p e r sq. in. ; e longation , 14.0 p e r cen t, on 
3 i n . ; and  reduction  of a rea , 18.58 per cent. 
A fte r annealing  th is  b ecam e: M axim um  stress, 
31.2 tons per sq. in .;  yield po in t, 16.6 tons per 
sq. in. ; elongation, 26.5 p er cent, on 3 i n . ; and  
reduction  of area, 31.58 per cent.

The cold I »ends were respectively 87 and  180 
deg. unbroken, before and  a f te r  annealing .
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As a m a tte r  of in te re s t, and s till fu r th e r  to  
dem onstrate  th e  benefits of th e  an n ea lin g  process, 
im pact te s t pieces w ere c u t from  both unannealed  
and  annealed  te s t  pieces and  broken by th e  Izod 
m ethod. The resu lts ob ta ined  w ere: U nannealed  
—18 f t .  lbs. (average of two b a r s ) ; annealed— 
32 ft. lbs. (average of th re e  bars).

I t  w ill be seen, therefo re , th a t  th e  sum m arised 
effect of annealing  on th is  casting  i s : (1) I t  has 
increased the  yield p o in t by approxim ately  1 |  tons 
per sq. i n . ; (2 ) i t  has ra ised  appreciably  th e  te n ­
sile s tren g th  of th e  m a te r ia l;  (3) th e  d u c tility  of 
the  steel, as shown both  by e longation  and  bend 
te s t results , has been prac tica lly  d o u b led ; and 
(4) the  resistance to  shock im pact of th e  m a te ria l, 
an extrem ely  im p o rta n t fea tu re ,, has been 
increased by abou t 78 p er cent.

An exam ination  of th e  fra c tu re s  of th e  broken 
tes ts  showed, as would be expected, th a t  th e  
as-cast sam ples were coarsely cry s ta lline , w hilst 
th e  annealed  ones w ere fine and  silky.

A com parison of m icro-photographs F igs. 5 and 
7 dem onstrates th a t  th e  coarse, strong ly  la tticed  
and angu la r a rran g em en t of s tru c tu re  associated 
w ith  m ild  steels in  th e ir  cas t condition, has been 
replaced by a more even and finely-graded s tru c ­
tu re  alm ost free from  pronounced an g u la r ity .

Welding.
I t  som etimes happens th a t  i t  becomes necessary 

on such large castings to  ob ta in  perm ission fo r 
the  w elding up of surface  defects. The influence 
of th is w elding o p era tio n , and  its  va lue  as a 
m eans of rep a irin g  o r im proving th e  ex te rn a l 
appearance of a casting , has been o ften  discussed, 
and  very o ften  unfavourab ly . The progress of 
th e  a r t  of welding, a n d  th e  trem endous increase 
in its  possibilities o f app lica tion , due to  th is  
advance, have a lte red  th e  s itu a tio n , ¡in th e  
w rite r’s opinion, to  a g re a t  ex ten t. I t  is now 
possible w ith  m odern p la n t to  u n d e rta k e  very 
am bitious s tru c tu ra l w elding problem s, a n d  w hilst 
welding, from  a. foundry  p o in t of view , is never 
likely to  call for such big jobs, th e  progress 
along engineering  lines does undoubted ly  reflect 
itself on w elding operations upon castings. The 
vast m a jo rity  of w elding cases occurring  in  a
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steel foundry  are  pu re ly  m a tte rs  which affect th e  
appearance  of a  casting , and  th e re  appears no 
logical reason why such defects should n o t. by 
carefu l w orkm anship, be m ade perfectly  good in 
th is m anner.

W ith  a  Tiew to  ob ta in in g  some ac tu a l d a ta  
under workshop conditions, th e  w riters have, on 
occasions, ca rried  o u t observed te s ts  on  w elding 
of cast steel. B ars have been ta k e n  rep resen tin g  
norm al foundry  p roduct, and  a f te r  c u tt in g  in to  
two, have been th en  welded to g e th e r e lectrically , 
the resu ltin g  b a r being m achined and  pulled  fo r 
tensile s tren g th .

They a re  satisfied th a t  even u n d er shop con­
ditions a well-made weld possesses alm ost th e  
s tren g th  of th e  o rig in a l casting , to g e th e r w ith  a  
good degree of ductility . Two typ ica l te s ts  are  
as follows: (1) M axim um  stress, 30.0 tons per
sq. in. and  elongation . 1 1  per cen t, on 2 in. : 
(21 m axim um  stress, 29.5 tons p e r sq. in ., and  13.2 
per cent, e longation  on 2  in.

W hilst ad m ittin g  th a t  very perfec t welds a re  
m ade bv th e  oxyacetylene process, th e  w rite rs a re  
of th e  op in ion  th a t  fo r steel foundry  purposes 
e lectric  w elding possesses m arked  advantages. 
The welds a re  sound an d  very  quickly produced, 
w hilst th e  effect on th e  casting  is m ore local and 
less likelv to  produce d is to rtion .

F o r deta iled  in fo rm ation  of a h ighly  in te re s t­
ing ch arac te r re fe rrin g  specifically to  w elding as 
applied to  castings, th e  w rite rs  would re fe r th e  
reader to  a P ap e r given by E ngineer-C om m ander 
Jackson before th e  Sheffield B ranch  o f th e  I .B .F . 
on J a n u a ry  24, 1919. I n  th is  P a p e r  a  num ber of 
p rac tica l cases a re  quoted  w hich prove both  th e  
value and  efficiency of th e  process even e ig h t or 
n ine years ago. S ince th a t  tim e  im provem ents 
have continually  ta k e n  place, bo th  in  a p p a ra tu s  
and  the  m an u fac tu re  of w elding rods, and  i t  is 
safe to  say th a t  to-day w elding is a  m ost reliable 
and  useful m ethod o f re p a ir in g  steel castin g  
defects, when such defects a re  of a  ty p e  ju s tify in g  
rep a ir .

T he essen tia l po in t which should be stressed  is 
th a t  of careful p rep a ra tio n . A bsolute cleanliness 
is v ita l to  th e  success of th e  weld, and  any 
a ttem p t to  weld an unsound o r d ir ty  surface
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merely resu lts iin a deposit of a porous and  weak 
ch aracter.

F ig . 9 shows th e  ac tua l m ic ro struc tu re  of the  
weld m eta l in  one of the  te s t  cases previously  
re fe rred  to , and is^ tak en  a t  200 m agnifications.

Inspection and Testing.
Such castings as th e  one form ing  th e  sub ject 

of th is  P a p e r a re  alm ost invariab ly  u nder th e  
inspection of one o r more of th e  im p o rtan t te s t­
ing au th o rities , and  th e  final exam ina tion  is of 
a very severe o rder. They m u st in  all cases be 
free from  ex te rn a l or in te rn a l defects likely to  
weaken th e  castings in  any way, and th e  m a te ria l 
specification m ust be rig id ly  adhered to .

The norm al physical requ irem en ts a re  as 
follows : M axim um  stress 28 to  35 tons p e r sa. i n . ; 
e longation , 20 per cent, m inim um  on  2 or 3  i n . ; 
and cold bend, 90 deg. m inim um  on 1 in. sq. bar 
over 1 J  in. rad .

In  add ition , a final drop te s t  is applied in 
which th e  casting  is dropped bodily from  the  
specified h e igh t on to  a sound floor. Such a te s t, 
by app ly ing  suddenly severe shock and  v ib ra to ry  
stresses, is m ost likely to show up any hidden 
points of weakness which m ay have escaped pre­
vious notice.

H av ing  w ithstood satisfac to rily  th e  various 
m ateria l te s ts  and  been pronounced free from  dis­
to r tio n  and  visible defects, our casting  is  then  
ready fo r th e  m achine shop. F ig . 10 shows th e  
casting  in th is  condition , and F igs. 11 and 12 
illu s tra te  its final appearance, m achined and ready  
for despatch.

The w riters, in  concluding, desire  to  record  
th e ir  thanks to  th e  d irectors of M essrs. Thos. 
F ir th  & Sons, L im ited , fo r perm ission to  subm it 
m a te ria l co n stitu tin g  th e  P ap er, and  also to  th e  
d irec to r of th e  B row n-F irth  R esearch L abora to ries 
for valuable assistance w ith  th e  m icro-photo­
graphs.
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DISCUSSION.
Alternative Moulding Method Described.

D r. P . L o n g m u ir  (Sheffield), who re fe rred  to  
the  P ap er as being of a type  which was of very



special in te res t to a Sheffield audience, heartily  
cong ra tu la ted  th e  au thors on th e ir  very clear p re­
sen tm en t of th e  m aking of a fa irly  heavy and 
in tric a te  casting. The m etallurgical p a r t  of the 
P ap e r was so good th a t  one could have wished 
th ere  had  been more of it. As i t  stood, the 
descrip tion  of th e  Siemens acid and  the  electric 
fu rnace w ere very effective, and, like the 
au thors, he wished they  had  carried  fu rth e r the ir 
account of th e  differences which existed in  the 
electric  steel process when worked w ith  one slag 
or w hen worked w ith  two slags. The question of 
annealing  was very effectively trea ted , and the 
m icrophotographs illu s tra ted  th e  po in t very well. 
W hilst he had nothing b u t p raise for the  Paper, 
he fe lt th a t  th e  m ethod of m oulding was perhaps 
som ewhat open to  criticism , or, a t any ra te , th a t  
m oulding practice  on castings of th is type was 
very much in  advance of th a t  given in  the  Paper. 
A t one tim e  i t  had been his good fo rtune  to  be 
in te rested  in  th e  production of sim ilar castings, 
which a t  th a t  tim e were made in phosphor bronze, 
and of w eights equal to  or exceeding th e  8 tons 
10  cwts. finished w eight m entioned by the authors. 
H e knew th e  in h e ren t difficulties of steel castings 
as com pared w ith  phosphor bronze. Of course, 
th e re  was the  very much h igher tem pera tu re , but, 
on the  o th e r hand, from  the foundry po in t of 
view, phosphor bronze was fa r  more searching 
in to  the  pores of the  mould th a n  was steel, so 
th a t  actually  th e  m oulding difficulties in  th e  case 
of phosphor bronze w ere g rea te r th an  in the  case 
of steel. The mould was made in  th e  floor, and 
th e  p rac tice  th e n —25 years ago—w orking from  a 
solid p a tte rn  was somewhat sim ilar to th a t  
described in  th e  P ap er, w ith  th e  exception th a t  
th e  sides and ends of the  mould were m ade as 
draw -backs, and were lifted  away and stoved. By 
th a t  m eans they  were able to elim inate, o r largely 
m inim ise, th e  very objectionable open fires in the  
foundry , and also considerably to cheapen the  job 
and  lessen th e  risks th rough  excessive burning. 
The p ractice  was, before bedding in, to  have a 
p late , if  possible one p la te  w ith suitable snugs on 
tile outside, well off th e  sides of the  job, or, if not, 
two or more p lates were used bedded on girders. 
M oulding was followed as usual, th e  draw-backs

k  2
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lifted  away and  carried  to  th e  stove, th e  
job  was re-assem bled, and—th is  w as where 
they  were in  advance of th e  m ethod de­
scribed in  the  P ap e r—th ey  never used a 
w eight. No m a tte r  how in te res tin g  calculations 
of hyd rosta tic  p ressure were, a job of th is  k ind 
should n o t be tru s te d  to  weights. A fte r closing 
th e  mould, from  th e  snugs in  th e  bottom  plates, 
w ringers were carried  up to  b inding bars across 
th e  top  p a rts , and  th e  whole bolted down. I f  th e  
m iddle of th e  top  p a r t  stood any  chance of s tra in , 
th a t  was wedged by a m ethod very common a t 
th a t  tim e  in  foundries on th e  Clyde. Loose p lates 
w ere p u t on the  inside of th e  holding-down bolts 
and  th e  space betw een ram m ed up as in a p it. 
N ot even phosphor bronze, w ith  its  p en e tra tin g  
action, could possibly find an  ou tle t, and  th e  job 
was done fa r  more safely th a n  by m erely w eight­
ing  down.

Welding Steel Castings.
W ith  reg a rd  to  th e  p rep a ra tio n  of sand, he fully 

appreciated  th e  au th o rs’ reticence in  th e  m a tte r , 
and  respected it , b u t he welcomed th e ir  f ran k  
a tt itu d e  in  reg a rd  to  w elding. The m an  who 
could produce a  perfect, flawless casting  every 
tim e  was unknow n to  him  a t  any  ra te . Some­
th in g  in  th e  n a tu re  of w elding was sometimes, 
though  n o t often , essential, and  when i t  was 
essen tia l why hide th e  fac t?  I t  was no d e trim en t 
a t  all to  th e  casting , and  th e  tensile  te s ts  given 
in  th e  P a p e r constitu ted  valuable sup p o rt in  th is  
respect. D iscussing inspection, he said  th ey  all 
had th a t  to  m eet, and  th e  k in d es t th in g  they 
could say about i t  was th a t  i t  was ju s t  a  very 
necessary evil.

M r. E . L o n g d e n , re fe rrin g  to  the  fins in  Big. 3, 
said he supposed th e ir  purpose was to  stren g th en  
the casting  and p rev en t cracking, b u t he asked 
if i t  w ere n o t th e  common p ractice  now adays to 
om it fins and  use chills. The fin, of course, had  
a  sligh t chilling  effect locally. W ith  reg a rd  to  
the  m ethod of m oulding, i t  was to  a  la rge  ex ten t 
a  m a tte r  of expediency; and  also w hether o r no t 
the  floor was prepared  fo r th a t  m ethod a t  the 
m om ent. I t  m ade a  difference to  th e  cost of 
m oulding if one had to s ink  a p i t  and  lay down 
girders, b inders and  p la tes, and so on. I n  an



iron foundry  one m ust m ake the  casting  where it  
was no t always th e  best because the  p its  m ay be 
in  use fo r o ther work. The determ ination  of the 
hydrosta tic  pressure was n o t easy. T h a t was why 
it  was b e tte r  to  fasten  down w ith  hinders if pos­
sible. N ot only had one to  consider s ta tic  pres­
sure, ■ b u t pressure from  th e  gases which were 
form ing, and  which acted curiously.

Size of Feeder Heads Criticised.
M r. D. C. L loyd  said i t  appeared, from the 

photographs of the  casting , th a t  the heads were 
ra th e r  sm all, especially for steel, which he 
im agined was ru n  fa ir ly  hot. H e asked, th ere ­
fore, w hether th e  au thors could ge t definite sound­
ness u n d ern ea th  th e  heads, in  view of th e  fact 
th a t  they  w ere ra th e r  sm all heads and th a t  there 
were r a th e r  few of them  for a casting  of th is 
size.

A Successful Welding Job.
E n g in e e r -C o m m a n d er  J a c k so n , discussing weld­

ing, said th a t ,  if i t  were properly  carried  o u t by 
a  com petent m an, he would have no hesita tion  
w hatever in  accepting a casting  which had  been 
electrically  welded. No doubt M r. Brow n would 
rem em ber one very big job which was done a t 
Messrs. Thos. F ir th  and  Sons a t  th e  tim e he 
(E ngineer-C om m ander Jackson) was serving in 
th e  Royal N avy. This p a rticu la r casting  was for
H .M .S . Hood, and  had  a defect on a  p a r t  of the  
steel casting  sub ject to  steam  pressure, and 
although  elec tric  welding is n o t p erm itted  on such 
surfaces, in  th is  p a rticu la r case perm ission to  
electrically  weld th is  casting  was given by the 
A dm iralty . I t  was subjected to  very severe and 
searching tes ts  in  th e  presence of the  D eputy 
E ng ineer in Chief of th e  N avy, and as a  resu lt 
was accepted and p u t in to  service, and so fa r  as 
he knew was still sa tisfactory .

M r . W . H. P oole suggested th a t  th e  feeding 
effect o f some of the  risers on the  casting described 
m igh t he im proved, and asked if  the au thors really 
th o u g h t th a t  the  feeders used were of th e  r ig h t 
size and shape. H e considered th a t  th e  diam eter 
of th e  necks in  a t  least tw o of th e  th ree, was 
very small, and if i t  were much bigger one would 
g e t a b e tte r  feeding effect w ith  less he igh t of 
m etal.
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Charging Electric Furnaces.
A m em ber asked w hether th e  scrap  charged 

in to  th e  electric fu rnace was heavy o r lig h t 
scrap. The au thors h ad  sa id  th a t  they  p u t 
th e  scrap in  first and  th e  tu rn in g s  on top , in  
o rder to ge t b e tte r  w orking, b u t he asked w hether 
they  did n o t find th a t  th e  m olten steeel dropping  
from  th e  tu rn in g s  tended  to  solidify on the  bottom  
of th e  furnace, so th a t  when th e  fu rnace  was 
east some of th e  steel was le f t behind on th e  bar.

Use of Brackets.
M r . H . L. T u r n e r , dealing w ith  the  use of 

brackets, sa id  his experience had  been th a t  they  
were very useful in  c e rta in  places, b u t in  o thers 
they  developed troubles of th e ir  own. H e had 
found frequen tly  th a t  if one a tta ch ed  brackets 
ru nn ing  down th e  body of a casting, th e  con trac­
tion  of the brackets—for they  cooled very rap id ly  
—set up tin y  cracks a t  the  ends of th e  brackets, 
and  if th e  ends occurred in  one s tra ig h t line 
in stead  of being staggered  th e re  was produced a 
line of weakness r ig h t across th e  casting , which 
frequen tly , a t  th e  p o in t of solidification re fe rred  
to  by th e  au thors, developed in to  a hot pull r ig h t 
across th e  casting . H e had  also found th a t  in  
c e rta in  instances w here th e  b racke t crossed the  
rib  of m etal one was try in g  to  p ro tec t, i t  would 
set up a crack along th e  line of the  b rack e t itself.

M r . J .  H . C o o p e r , re fe rrin g  to  bracketing , said  
th e re  were m any d ifferent system s, b u t he had  
found th a t  th e  chief difficulty arose w hen th e  
brackets were m ade too large  fo r th e  job. A 
b racket should be as th in  as possible, so th a t  
when i t  was in a  solid condition  i t  was n o t suffi­
cien tly  strong  to  te a r  th e  casting , and  so as to  
allow th e  casting , although  sem i-plastig, to  draw  
th e  b racket slightly—which could happen . R e fe r­
ring  to  welding, he asked w hether th e  au thors had  
found th a t  in  arc  welding th e re  was an  increasing  
carbon con ten t locally. Also, he asked w hat elec­
trodes they  would use w ith  th e  quasi-arc o r o ther 
systems. W hilst he considered th a t  th e  P ap e r was 
very convincing, and dem onstra ted  th a t  The 
au thors had  a g re a t deal of knowledge of th e  sub­
jec t, he d id  agree w ith  D r. L ongm uir th a t  some of 
th e  m ethods adopted could have been slightly  
im proved.



AUTHORS’ REPLY.
M r . M e l m o t h  asked th a t  M r. Brown m ight be 

excused from  replying, inasm uch as he had been 
very ill for a  m onth or so, but, w ith his usual 
pluck, had insisted  upon a tten d in g  the  meeting 
.for th e  p resen ta tio n  of th e  Paper.

Iron Oxide in Steel Thought to Increase Fluidity.
Replying to  th e  various points raised, Mr. 

M elmoth, on behalf of M r. Brown and himself, 
th an k ed  D r. L ongm uir for his rem arks. H e him ­
self was p a tr icu la rly  in terested  in  ob tain ing  more 
deta ils of m oulding processes. W ith  regard  to  
the  difference between steels produced under single 
and double slags, for a good many years he had 
been producing steel from  th e  electric furnaces 
alm ost en tire ly , and th a t  steel had  to  be of a type 
which could be used to  ru n  castings very d if­
fe ren t from  th a t  described in  the  P ap e r.' The 
w eights of the  castings varied  from  probably J  lb. 
up to  15 cwts., and  occasionally perhaps even 
more, and, na tu ra lly , the  m ain  th ing , a p a r t from 
soundness, was fluidity—the  ability  to  ru n  th in  
sections. H e knew th a t  he had  been accused of 
labouring  th e  question of fluidity, h u t in  the  
p resen t P ap er th e re  whs no need to  m ention it, 
as w ith a casting  of the  type dealt w ith one did 
n o t requ ire  a  very  fluid steel in order to  ru n  i t  
sa tisfac to rily , from  th e  s tan d p o in t of g e ttin g  i t  
all th ere . In  th e  case of th e  o ther castings he 
had  ju s t  m entioned, however, th e  proposition was 
a very  d ifferen t one. They had  had  to  tak e  a 
couple of tons of steel and “  hand-shank  ”  it  
round  th e  foundry  and  cast these very sm all cast­
ings. A fte r experim ent and  observations they  
h ad  come to  the  conclusion th a t  a steel m ade in 
th e  elec tric  furnace under a single slag which 
contained fa ir  am ounts of iron  oxide was defi­
n itely , so fa r  as they  could say from  a w orks’ 
s tan d p o in t, a more fluid steel th a n  one under 
th e  m ore strong ly  reducing  slags which were 
norm al in  th e  elec tric  furnace process. P rom  th a t  
they  had  evolved th e ir  p resen t methods, and they  
were used alm ost consistently, always assuming 
th a t  th e  scrap supplied was sufficiently good to  
ju s tify  it. H e had been a fra id  th a t  had th a t  
po in t been b rought into th e  P ap e r i t  would have
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sounded alm ost like a rep e titio n  of a P a p e r which 
he had subm itted  to  th e  L ancashire B ranch  some 
tim e  ago, h u t i t  was certa in ly  a p o in t of very 
g re a t in te re s t th a t  th e re  appeared  to  be such a 
d ifference in  th e  ru n n in g  properties of th e  
m ateria l as produced by d ifferen t processes in  th e  
sam e furnace. The ex p lan a tio n  of i t  was n o t 
e a sy ; in  fact, lie did n o t th in k  i t  was know n ac tu ­
ally. I t  was p u t down, of course, to  possibili­
ties of dissolved oxide, and  so on, b u t one was 
hard ly  able to  say  w hether th a t  was the  exac t 
exp lana tion .

Moulding Methods.
W ith  reg ard  to  m oulding m ethods generally , he 

sa id  i t  was obvious to  everyone th a t  th e  m ethod 
adopted in any p a rtic u la r  case was th a t  which 
was m ost su ited  to  th e  shop in  which th e  job was 
being m ade. A t th e  same tim e, he did n o t u n d er­
estim ate  th e  value of th e  deta iled  descrip tion  th a t  
D r. L ongfnuir had  given as an  a lte rn a tiv e  to  th e  
m ethod the  au thors had  adopted, and  D r. Long- 
m u ir’s descrip tion  would be very  helpful to  them .

Use of Chills—A Warning.
Discussing M r. Longden’s reference to  th e  use 

of fins, and  th e  use of chills as a lte rn a tiv es, M r. 
M elmoth re fe rred  aga in  to  th e  sm aller castings 
he had  handled  some tim e ago, and  said th a t  th e  
use of chills had  been carried  a  very long way 
in  connection w ith  th e  p roduction  of fa irly  sm all 
castings, b u t one had  to  be very carefu l. There 
was no doubt th a t  i t  was possible to  produce, by 
th e  use of a chill, a s ta te  of affairs very  m uch 
worse th a n  would have been produced if no th ing  
had  been p u t on a t  all. A sudden  cooling of one 
p a rticu la r p a r t ,  if a chill were a li tt le  over-effec­
tive , was alm ost bound to  produce pulls in  m ild 
steels, and  i t  was a  very common experience to  
produce chill cracks in  cases where chills were 
no t very carefully  th o u g h t o u t and  designed. In  
th e  case of a fin o r b racke t th e  th ickness m ust 
be such as would coun te rac t sa tisfac to rily  th e  
con trac tion  stresses of th e  m a te ria l and  hold the  
casting  to g e th er th rough  its  c ritic a l period.

D ealing  w ith  M r. Lloyd’s suggestion th a t  the  
heads on th e  casting  appeared  to  be ra th e r  small, 
he said th a t  where steel castings were concerned



th e  proof of the  pudding was in  th e  eating , or, 
in o ther words, in  th e  fe ttlin g  shop, and he 
assured M r. Lloyd th a t  he had  no t seen a cavity 
u n dernea th  a feeding head in  any of these cast­
ings. I f  th e  heads had  no t been large enough, it  
was qu ite  obvious, there  would have been cavities 
th e re . A dm ittedly  th e  question of th e  shape of 
head was a  v ita l one, and  one m igh t criticise 
theoretically  th e  shape of th e  heads, b u t the fact 
rem ained  th a t  th e  yield of casting was very sa tis­
facto ry  011 th is  p a rticu la r job, tak in g  w eight for 
w eight and having in view th e  heavy m achining 
allowances on it, and  ye t i t  was perfectly  sound 
un d ern ea th  th e  heads. ,

Melting Practice.
R eplying to  a member, he said  th e  scrap used 

was th e  norm al scrap such as was found in  the  
works of th e  type of Messrs. Thomas F ir th  & 
Sons— crop ends and so on, and tu rn ings. He 
had  no t found th a t  in  a continuously worked fu r­
nace the  tu rn in g s on th e  top  m elted first, trickled 
down th rough  the  scrap, and  formed solid on the  
bottom , so th a t  th e ir  rem oval gave trouble. The 
fu rnace  used was a H erou lt furnace, and if any 
fu rnace  was going to  suffer from  th a t  trouble he 
was inclined to  th in k  i t  would be the H eroult, 
because none of the m uch-vaunted claims as to  
bottom  h ea tin g  effects were m ade in respect of it.

Brackets Need Study.

The p o in t raised  by Mr. T urner, as to  the  use 
of brackets, was one which M r. Brown and him ­
self had  found of very g rea t in terest. Questions 
of th e  shape of th e  brackets, th e ir  thickness, 
where they  ended, b ring ing  them  parallel in the ir 
effective ends and producing other pulls, were 
undoubtedly extrem ely im portan t, and he agreed 
th a t  if a  rib  o r succession of ribs were p u t on 
in  such a fashion as to  pass on th e  contraction  
stresses to  ano ther definite line, i t  was quite  prob­
able th a t  a t th a t  definite line a crack would 
appear. H e gathered  th a t M r. T urner, when he 
had  m entioned a b racket runn ing  down a body, 
had  in  m ind a  valve-like casting, hav ing  a  rib  
ru nn ing  down the  body and a large core inside. 
The au tho rs’ view as to  th a t  was th a t  the  rib ,
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if too th ick , caused a ho t place, which, being 
delayed in  its  cooling by th e  presence of th e  rib , 
le ft th e  steel weak a t  one p o in t and localised the  
con trac tion  stresses a t  th a t  spot. Consequently, 
th e  casting  was liable to  b reak  down its  whole 
leng th  alongside th e  rib . H e had  seen cases in  
which th e re  was such a rib , and  in  which i t  had 
been necessary to  provide also sm aller ribs in 
o rder to  p reven t th e  o rig ina l rib  cracking.

H e agreed w ith  M r. Cooper th a t  th e  b rackets 
m ust be of th e  m inim um  thickness which would 
enable them  sa tisfac to rily  to do th e  w ork they  
were in tended  to  do. W ith  reg a rd  to  welding, 
he sa id  he was n o t p repared  to  say, from  m em ory, 
w hat was th e  thickness of th e  rods, b u t they  
were th e  o rd in a ry  quasi-arc rods, flux covered. 
Any rod of a sim ilar type, flux covered, seemed 
to  give sim ilar resu lts . The au thors were of 
opinion th a t  a flux-covered rod was necessary for 
fine welding.



267

THE INFLUENCE OF MANGANESE AND MANGA­
NESE SULPHIDE ON WHITEHEART MALLEABLE.

By E. R. Taylor, A.R.S.M., D.I.C., F.I.C. (Associate 
Member).

M uch has been w ritten  from tim e to  tim e on the 
question of m anganese, su lphur and manganese 
su lphide in  cast iron and steel, b u t th e re  is no t a 
g re a t deal of published inform ation on the effect 
of these constituen ts on w hiteheart malleable.

I t  is generally agreed th a t  th e  in jurious effect 
of su lphu r in  ferrous alloys may be neutralised 
very considerably by the  presence of manganese. 
W hen m anganese and sulphur combine to  form 
m anganese sulphide, 32 p a rts  of su lphur combine 
w ith 55 p a rts  of m anganese to  form 87 parts  of 
m anganese sulphide, so th a t  one p a r t of sulphur 
requires f f  or 1.72 p a rts  of manganese. I t  is 
well known, however, th a t  the  form ation by m an­
ganese and sulphur of m anganese sulphide is 
rare ly , if ever, com pleted when iron and carbon 
a re  p resen t, since o ther com binations may and in 
fac t do tak e  place. Assuming for the  m om ent 
th a t  in  a p a rticu la r case m anganese and sulphur 
are  p resen t in  an  iron in  th e  atom ic proportions 
m entioned above, i.e ., 172 p arts  of manganese 
for every 100 p a rts  of su lphur, no t all th e  272 
p a rts  of m anganese sulphide would be formed, as 
some of the  su lphur would combine w ith the  iron 
to  form  ferrous-su lph ide; a lte rnative ly  some of 
th e  m anganese m ay combine w ith carbon to form 
m anganese carbide. According to  th e  law of mass 
action, th e  tendency of a given am ount of sul­
ph u r in  the  presence of m anganese to  form  noth ing  
bu t m anganese sulphide will be assisted if the 
concentration  of m anganese ( th a t is th e  am ount 
of m anganese present) is increased. If , therefore, 
i t  is desired to secure the  g rea test possible am ount 
of su lphur as m anganese sulphide, o r as a com­
pound sulphide contain ing  the  g rea test possible 
am ount of m anganese, the  am ount of manganese 
m ust be increased much beyond th a t  dem anded by 
the  theore tica l ra tio . In  o ther words, an  excess
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of m anganese is requ ired , and the  g rea te r th is  
excess th e  la rger will he th e  p roportion  of sul­
p hu r combined w ith m anganese.

In  o rd in a ry  grey-iron castings m anganese is in ­
variab ly  p re fe rred  in  excess of th e  theo re tica l 
ra tio  needed to  convert su lphur to  m anganese sul­
phide. The excess of m anganese over th e  
theore tica l dem and of su lphur will he re fe rred  to 
as “ ex cess”  m anganese, and clearly th e  g re a te r  
th e  am ount of “ excess ” m anganese th e  la rg er 
th e  p roportion  of su lphur combined w ith m an­
ganese. The w rite r does n o t desire to  re fe r, in  
connection w ith  th is P ap e r, to  controversies w ith 
respect e ith e r to  th e  precise influence of m an­
ganese on  cast iron, th e  d ifferen tia tion  of sulphides 
under th e  microscope, or th e  possibility  of su l­
phides of iron  and  m anganese ex is ting  as com­
pounds. H e m erely desires to p o in t o u t t h a t  in 
cast iron  i t  is generally  recognised th a t  su lphur 
exists best combined w ith  m anganese, and  to  en ­
sure  th e  m axim um  p roportion  of su lp h u r so ex is t­
ing, m anganese is used in  excess of th a t  th eo re tic ­
ally required.

In  m ild steel th e  su lphu r is usually  n o t over 
0.05 p er cen t., and th e  m anganese is o rd in arily  
about 0.5 per cent. In  th e  recen t R ep o rt on  th e  
H eterogeneity  of S teel In g o ts ,f  i t  is s ta ted  th a t :  — 
“  W hen m anganese is added to  th e  steel in  th e  
bath , th e  d is tribu tion  of the  su lphur betw een th e  
two elem ents iron  and m anganese is determ ined  
by th e  re la tive  am ounts of th e  two m etals p resen t 
and th e ir  respective affinities, and th e  sulphide is 
always of a complex cha rac te r (FeM n)S. I t  is 
generally  accepted th a t  th is  complex is insoluble 
in  liquid iron, and  its d is tr ib u tio n  is governed 
by a  d ifferent law  from  th a t  of th e  o th e r con­
s titu en ts . In  add ition , th e re  is no doubt th a t  th is  
su lphide is of lower density  th a n  liqu id  iro n .”

O rd inary  text-book l i te ra tu re  rep ea ted ly  con­
veys th e  im pression th a t  an  excess is p re fe rred  to  
a  deficiency of m anganese, and  num erous re fe r­
ences could be given to scientific P ap ers  to  th e  
sam e effect.];

f  “ Journal of th e Iron and Steel In stitu te .” N o . 1, 1926. 
p. 39.

t  See E . Pv. Taylor, “ Carnegie Scholarship M emoirs,” Vol. 15 , 
1926, pp. 382'and  406.



Whiteheart Malleable Pig Iron.
In  w h itehea rt malleable p ig-iron th e  silicon con­

te n t  is low. U navoidably, under p resen t condi­
tions of b las t-fu rnace operation , therefo re , the sul­
p h u r p resen t is h igh , considerably in  excess of 
w hat is ob tained  in  foundry  pig. The grow th of 
cupola m elting  of w h iteheart m alleable natu ra lly  
em phasises th e  sulphur' difficulty owing to  the 
absorption  of su lphur from  th e  coke. The chill­
ing  effect o f su lphu r is well known, and  in  the  
absence of m anganese th e  su lphur would clearly 
re ta rd  th e  annealing  operation . Furtherm ore, 
th e re  would be p rac tica l difficulties in  the  way of 
securing  a  predeterm ined  sulphur content, which 
would m ake any system atic control, by means of 
su lphur, difficult if n o t impossible, small changes 
in  th e  sulphur con ten t producing m arked dif­
ferences of th e  stru c tu re . The question of the  
desirable m anganese co n ten t in  w h iteheart malle­
able is therefo re  of p rac tica l im portance, as m an­
ganese in  rem oving some su lphur takes from  the 
m eta l a carbide-stabilising agen t of g re a t power. 
The in trin s ic  influence of m anganese, a p a r t from 
su lphur, on th e  carbide is still disputed, b u t 
m eta llu rg ica l opinion as a  whole takes the  view 
th a t  m anganese also stabilises th e  carbide. Thus 
i t  would re ta rd  annealing , and if th is  view is cor­
rec t th e  rem oval of m anganese and sulphur de­
prives th e  m eta l sim ultaneously of two hardening  
agents. The problem would be simple if the  fo r­
m ation  of m anganese sulphide were complete and 
non-reversible. An excess of m anganese is neces­
sary , and  i t  m ay be assumed th a t  th is  excess is 
p resen t in  th e  m eta l as m anganese carbide. The 
question th en  arises— is i t  preferab le  to  remove 
th e  m axim um  q u a n tity  o f su lphur by excess m an­
ganese, or should th e  m anganese be lim ited? In 
o th e r words, which is th e  g rea te r evil to  th e  m alle­
able founder, m anganese carbide from  excess m an­
ganese or ferrous sulphide from  su lphur not oom- 
bined w ith  m anganese, both of which m ay re ta rd  
annealing?  W h a t m iddle course, if  any, is open?

Purchasers of w h itehea rt malleable pig-iron have 
th e  choice of m a te ria l from  various localities, and 
the  su lphur conten ts differ very widely. The w riter 
has found such p ig  as high as 0.65 per cent, in 
su lphur, w ith  traces of m anganese, while a t the
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o ther extrem e irons w ith a  much h igher m an­
ganese con ten t gave only 0 .12  per cent, su lphur. 
In  view of these varia tio n s th e re  is therefo re  a 
good deal to be said for the  p rac tice  of m ixing 
and rem elting  these irons in to  so-called refined 
pig-iron before they reach the  m alleable founder, 
as th is perm its a p redeterm ined  ra tio  of m anganese 
to  sulphur.

The final question th a t  arises, assum ing th a t  for 
w h itehea rt m alleable a desirable ra tio  of m an­
ganese to  su lphur could be fixed, m ay be s ta te d  as 
follows. Is th e re  any difference betw een irons of 
differing su lphu r conten ts? In  o th e r words, could 
a  h igh-su lphur p ig  be u tilised  as sa tisfac to rily  
by th e  industry  (provided i t  con ta ins its quo ta  of 
m anganese) as a low -sulphur p ig  w ith  its  proper 
m anganese ra tio  ? C an m anganese sulphide be 
regarded  as n eu tra l from  the  p o in t of view of its 
effect on th e  p roperties of w h iteh ea rt m alleable?

Sulphur and Manganese in Black Heart.

In  a P ap e r given by Professor E n riq u e  Touceda 
before th is  In s titu te , a t  the B irm ingham  C onfer­
ence in  1922, th e  question of m anganese and sul­
phur in  black h e a r t  was discussed. H e sa id : — 
“  The question, then , really  resolves itself in to  
w hat are  the  perm issible lim its for th e  su lphu r 
and m anganese. W hile i t  is  generally  conceded 
th a t  these elem ents should be p resen t in  atom ic 
proportions to  form  m anganese sulphide, th e  
au th o r has seen m any instances in  which th e  
p roduct was excellent where th is  was n o t th e  case. 
Based upon d a ta  ob tained  from  th e  te s tin g  of 
m any te s t bars, th e  au th o r would s ta te  th a t  w ith 
a su lphur con ten t betw een th e  lim its of 0.05 and 
0.08 p er cent, i t  is safe  to  use a m anganese con­
te n t  betw een the  lim its of 0.20 to  0.30 per cen t., 
w ith  recom m endation to  avoid using, co inciden t­
ally, the  h igh lim it for m anganese w ith  th e  low 
one for su lphur, and con trariw ise. The m an­
ganese should be increased w ith increasing  sul­
phur, and  w ith  th e  la t te r  a t  0 .12  per cent, i t  
should lie between 0.34 and 0.40 per c e n t.”

Professor Touceda also refers to  cupola-m elted 
black h e a r t  in  which su lp h u r averaged  in  the  
casting  0.25 and m anganese 0.6 p e r cen t., th is  
being used for fittings in which superio rity  in



qu ality  is no t essential. I t  was po in ted  o u t by 
h im  th a t  th is  m eta l would show abnorm al s tru c ­
tu re  in  heavy sections, and be low in  elongation. 
I t  m igh t fa irly  be concluded from  these rem arks 
th a t  poor d u c tility  m ay be a ttr ib u te d  to the 
presence of m anganese sulphide.

D r. W . H . H atfield ,*  in  discussing black hea rt 
malleable, s a y s :— “ The m anganese in  th e  black- 
h e a rt m ate ria l is th e re  to  neu tra lise  th e  sulphur, 
and th is  co n ten t should largely  be determ ined by 
the  con ten t of th e  la t te r  elem ent.”

Influence of Sulphur in Whiteheart Malleable.

The au th o r first determ ined th e  influence of 
su lphu r in  w h itehea rt malleable. This m ateria l 
m ay be regarded  as an  im pure iron-carbon alloy, 
and in o rder to  ascerta in  th e  influence of su lphur 
in th e  absence of all elem ents o th e r th an  iron and 
carbon, a Swedish iron  base was used, to  which 
1 1  p e r cen t, ferro-silicon was added to  secure a 
un ifo rm  silicon co n ten t th roughou t th e  series, of 
0.6 per cen t., together w ith  ferrous-sulphide to  
give v ary ing  su lphu r contents th roughou t the 
series. A t th e  sam e tim e  a second series was 
m ade up, using as a base h em atite  iron of the  
k ind  commonly used in  th e  trad e , b u t of high 
su lphur and low m anganese content, silicon being 
k ep t th e  sam e as before. Tensile and bend bars 
were cast in  green sand, B .E .S .A . s tan d a rd  bars 
being em ployed.f I n  th e  chemical analyses sul­
p hu r was always determ ined gravim etrically . 
The deta ils  of th e  analyses of th e  orig inal Swedish 
w hite iron  and of th e  subsequent m ix tures made 
up, before and a f te r  annealing, a re  given in the 
o rig inal P a p e r , \  together w ith  those of the  series 
m ade from  th e  hem atite  iron. The Swedish iron 
con tained  3.10 per cent, to ta l carbon, and 14 
m elts were m ade up, th e  su lphur vary ing  between 
0.019 and  1.49 per cent. The hem atite  iron con­
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* Journal of th e Iron'and Steel Institu te, 1917, p. 319. 
t  See B .E .S .A . Specification 5022 (1923), on whiteheart 

m alleable for autom obile castings. The u ltim ate tensile strength  
spceified is 20 ton s pePsquare inch w ith  an elongation on 2 inches 
of 5 per cent., and a bend of 45 degrees round a 1 inch radius. 
The sam e figures have been proposed for the tentative specifica­
t io n  for general w hiteheart m alleable, although ¡.there are slight 
chan ges in th e te s t  pieces and te s t conditions.

X See E . R . Taylor, “ Carnegie Scholarship Memoirs,” 1925, 
p. 131.



ta ined  2.9 to ta l carbon, 0.70 silicon, 0.65 su lphur, 
0.03 per cent, m anganese, and  10 m elts w ere m ade 
up w ith  su lphu r v ary ing  betw een 0.151 and  1.28 
per cen t., th e  lower su lphurs being secured by 
Swedish iron  additions.

The bars were annealed  under com m ercial con­
ditions a t th e  works of th e  Incandescen t H e a t 
Company, L im ited , Sm ethw ick, by courtesy of 
M r. J .  J .  Fallon . The ore ra tio  employed was 
1 :3 , th e  annealing  period being  125 hours, of 
which 60 hours was betw een 890 and  960 deg. C. 
This annea ling  cycle is n o t ideal, being too sho rt

F i g . 1 .— I n f l u e n c e  o f  S u l p h u r  o n  B e n d  
T e s t  i n  t h e  A b s e n c e  o f  M a n g a n e s e .

a t  th e  top tem p era tu re , and th e  cooling being 
too rap id . The influence of su lphur on tensile 
s tren g th  was shown to  be wholly deleterious in  
both series. In  th e  Swedish series th e  u ltim a te  
tensile  s tre n g th  fell from  24 tons p e r  sq. in . for 
0 .1  p e r cent, su lphu r, to  8 to n s  p e r sq. in . for
1.5 p er cent, su lphur. The B .E .S .A . specified 
figure was m ain ta in ed  w ith  su lp h u r u n d er 0.5 
per cen t. The elongation figures for both series 
were d isappoin ting , due to rap id  cooling. In  the  
h em atite  series th e  u ltim a te  tensile  s tre n g th  was
23.5 tons per sq. in . a t  0.15 per cen t, su lphur,
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fa lling  to  10  tons p er sq. in. for 1.28 per cent, 
su lphur. The B .E .S .A . figure was m ain tained  
under 0.7 per cent, su lphur. The influence on 
th e  bend te s t is shown in  F ig . 1. F or complete 
de ta ils of th e  m echanical tes ts  th e  reader is 
referred  to  the  o rig ina l P aper.

W ith  th e  adoption  of a commercial silicon con­
te n t, th e  m ain  difference between the  Swedish 
and hem atite  bases, in view of th e  low manganese 
con ten t of th e  la t te r , was th a t  of sulphur, which 
was, of course, varied  deliberately in  th e  melts 
m ade up. I t  m igh t be an tic ipated , therefore,

F i g . 2 . — I n f l u e n c e  o f  M a n g a n e s e  a n d  
S u l p h u r  o n  B e n d  T e s t .

th a t  th e re  would be li tt le  difference between the 
resu lts of th e  tw o series, and th is  is confirmed 
by F ig . 1.

Conclusions.—F o r th e  Swedish series both te n ­
sile s tren g th  and elongation dim inish w ith 
increasing su lphur. The elongation figures on
th is series were unduly  low, doubtless owing to 
the  rap id  cooling from  th e  fu rnace and short 
annealing . The bend te s t is below the  specified 
figure a t  over 0.3 per cent, su lphur.

The h em atite  series afford a m ore satisfactory  
basis for com parisons w ith comm ercial m aterial. 
Again m echanical p roperties dim inish regularly  
w ith increasing su lphur, and the  bend te s t shows



th a t  su lphu r over 0.3 per cent, is below specifica­
tion . Su lphur, therefo re , exercises a  wholly 
deleterious influence on th e  p roperties of w hite- 
h e a rt m alleable when m anganese is absent.

The Influence of Manganese.
The influence of m anganese was th en  de te r­

m ined using  o rd inary  hem atite  w hite iron  as 
employed in  th e  trad e . Two series of m elts were 
und ertak en , th e  first hav ing  a su lphur co n ten t of 
0.133, th e  second of 0.24 p er cen t., each w ith  
increasing  m anganese. There was am ple evidence 
du rin g  h igher su lphu r m elts of th e  com bination 
betw een m anganese and  su lphur, th e  sulphide 
rising  to  the  surface in  a  pasty , viscous mass, 
fusible w ith  difficulty, and v irtu a lly  precluding a 
series being m ade w ith  su lphu r above 0.3 p er cent.

I n  each series th e  base m etal, a  h em atite  pig- 
iron  of 3.09 to ta l  carbon, 0.60 silicon, 0.28 m an­
ganese, 0.133 su lphur, and  0.103 p er cent, phos­
phorus, was crucible m elted  w ith  increasing  
am ounts of spiegeleisen to  give increasing  m an ­
ganese, h igh-su lphur p ig  of sim ila r o rig in  being 
added in  series 2  to  give th e  h ig h er su lphur con­
te n ts  desired. In  th e  first series th e  m anganese 
varied  in  9 m elts from  0.32 to  1.28 p er cen t. Tn 
the  second series, in  7 m elts th e  m anganese varied  
from  0.21 to  1.29 per cen t., and  in  both series a 
li tt le  su lphur was lost th rough  m anganese su lphide 
ris ing  to  th e  top of th e  po t. This loss n a tu ra lly  
increased as th e  m anganese increased. In  
Series 1  th e  su lphu r d im in ished  from  0.133 to  
0 .10  p e r cen t., and in  Series 2 from  0.24 to  0.20 
per cent.

F o r the  analyses of th e  w hite and  annealed  bars 
together w ith  fu ll m echanical tes ts , th e  reader is 
re fe rred  to  th e  o rig in a l P a p e r . t  The b a rs  were 
annealed  in a  1: 5 ore m ix tu re  a f te r  b arre lling  in 
a commercial gas-fired fu rnace  a t  A. S. S m ith  and 
Sons, W alsall, by courtesy of M r. G. S. Bayli'ss. 
The h ea tin g  up  took 50 h rs ., and  th e  cooling 
60 hrs., th e  bars being k ep t 120 hrs. a t  960 deg. C.

In  Series 1 the  u ltim a te  tensile  s tren g th  
increased w ith m anganese, and  th e  elongation  
dim inished, being 5 p er cen t, a t  0.6 p er cent, 
m anganese. All th e  tensiles were over 20 tons in
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both Series 1  and  2. In  Series 2 th e  u ltim ate  
stress increases with increasing m anganese up to
0.6 p er cen t., and th e n  falls "away again. The 
e longation  does th e  same, increasing up to  0.45 
per cent, m anganese and then  dim inishing. The 
e longation  was over 5 p er cent, w ith  th e  m an­
ganese between 0.4 and 0.8 per cen t., w ith  a peak 
of 8.5 per cent, a t  0.45 per cent, m anganese.

R S 8 .

F i g . 3 . — M n . 0 .0 4 5  a n d  S. 0 .0 1 4  p e r  c e n t . 
A n n e a x e d . E t c h e d  w i t h  P i c r i c  A c i d . 
x 200.

F ig . 2 shows th e  resu lts of th e  bend tests, 
in d ica ting  th e  fall of bend value w ith  manganese.

The bend and tensile tes ts taken  together indi­
ca te  th a t  th e  best resu lts for a given sulphur 
value arise  when th e  m anganese is no t more th an  
1  to  2 tim es th e  sulphur. In  the  first series th is 
occurs w ith  the  lowest m anganese a tta in ed , as i't 
was n o t found possible to  go lower th a n  0.32 per 
cent, m anganese. In  the  second series the  best



276

elongation  is given by 0.45 per cen t, m anganese, 
th e  su lphur co n ten t being  0.24 per cent.

Conclusions.—I t  may therefo re  be concluded 
from these tests th a t  in  w h iteh ea rt m alleable the  
best m echanical resu lts  a re  ob tained  when the 
m anganese: su lphur ra t io  is n o t g rea te r th a n  
1: 2. W hen th e  ra t io  is much less th a n  th is, 
good bend tes ts  can  be obtained , b u t th e  elonga­
tion  appears to  suffer. M etal con ta in ing  excess

R S 20.

F i g . 4 . — M n . 0 . 1 7  a n d  S. 0.131 p e r  c e n t . 
A n n e a l e d . E t c h e d  w i t h  P i c r i c  A c i d . 
x 200.

m anganese is strong  w ithou t being ductile , and 
anneals to  finely divided pea rlite  in s tead  of 
fe rrite .

The Influence of Manganese Sulphide.
I t  was ev iden t from  th e  above-m entioned 

investigation  th a t  b e tte r  m echanical resu lts were 
ob tained  from  a low -sulphur p ig  co n ta in ing  th e  
proper quota of m anganese, th a n  from  a high- 
su lphur p ig  w ith  th e  p roper quota of m anganese.
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R eference to  F ig . 2 n o t only indicates a 
de te rio ra tion  of bend value w ith increasing m an­
ganese, b u t i t  will be noted th a t  th e  bend values 
for Series 2, con ta in ing  su lphur 0.24 per cent., 
are  uniform ly lower th a n  for Series 1, contain ing  
su lphur 0.13 per cent. F or a given am ount of 
excess m anganese th e  form er iron w ill contain  a 
la rg er q u an tity  of m anganese sulphide th a n  the 
la tte r . Since th e  m ixtures, m elting  and anneal-

RS 2.

F i g .  5 .— M n .  0 .2 5  a n d  S. 0 .1 7  p e e  c e n t . 

A n n e a l e d . E t c h e d  w i t h  P i c e i c  A c i d . 

x 200.

ing  conditions are  identical a p a rt from th is one 
difference, i t  may fa irly  be concluded th a t  the 
duc tility  suffers if the  am ount of sulphide p re­
sen t increases. This resu lt was generally  sup­
ported  by o ther tes ts  irrespective of th e  character 
of the  base m etal, w hether b last furnace or 
refined iron, b u t i t  was considered desirable to  
confirm i t  w ith  fu r th e r  tests.

These were made on a  Swedish iron base of the
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an a ly s is :—T.C., 3 .90; C.O., 3.90; Gr, n il ;  Si, 0.05; 
Mn, tra c e ; S, 0.015; and P , 0.015 per cen t.

Seven m elts were m ade up* of th is  base w ith  
1 1  per cent, ferro-silicon, to  give a  com m ercial 
silicon figure of 0.6 per cen t., and w ith calculated  
am ounts of ferrous-sulphide and  spiegeleisen to  
give m anganese and su lp h u r conten ts vary ing  
between th e  d ifferent m elts of th e  series, and yet

R S  18.

F i g . 6 .— M n .  0.386 a n d  S. 0.187 p e e  c e n t . 

A n n e a l e d . E t c h e d  w i t h  P i c r i c  A c i d . 

x 200.

being fixed in  any one m elt a t  th e  ra tio  1 .7 : 1 . 
Three s tan d a rd  tensile  and  th ree  s tan d a rd  bend 
bars were cast for each m elt, being subsequently  
barrelled, packed in  ore in  th e  ra tio  o f 1  p a r t  of 
new to  5 p a r ts  of old, and  annealed  in  a com­
m ercial, producer-gas-fired oven for 120  h rs. a t  
960 deg. C. Cooling was slow, being a t  th e  ra te  
of 15 deg. C. p er hour u n ti l  650 deg. C. was 
reached.



Table I  gives th e  analyses of th e  w hite bars, and 
Table I I  those of th e  annealed  bars, i t  being 
assumed th a t  silicon, m anganese and phosphorus 
rem ained unchanged du ring  annealing. Table I I I  
gives resu lts  of m echanical tests, including ten ­
sile, elongation  and  bend tests.
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T a b l e  I .— White Bars.

Cast. T.C.
~0//o

C.C.
°//o

G.C.
°//o

Si.
%

Mn.
°//o

S.
%

RS 8 . . 4.08 4.01 0.07 0.17 0.04 0.014
RS 22 .. 3.54 3.46 0.08 0.55 0 .12 0.197
RS 20 .. 3.68 3.58 0 .10 0.63 0.17 0.131
RS 2 .. 3.87 3.78 0.09 0.77 0.25 0.170
RS 18 .. 3.53 3.45 0.08 0.79 0.39 0.187
RS 17 3.71 3.61 0 .10 0.60 0.33 0.199
RS 9 .. 3.53 3.45 0.08 0.85 0.34 0.213

The phosphorus con ten t rem ained constan t a t 
0.015 p e r cent.

T a b l e  I I .— Annealed Bars.

Cast. T.C. 
Per cent.

C.C. 
Per cent.

G.C. 
Per cent.

S.
Per cent.

RS 8 1.98 0.65 1.33 0.038
RS 22 1.96 0.74 1 .2 2 0.203
RS 20 1.87 0.66 1 .2 1 0.151
RS 2 2.13 0.83 1.30 0.197
RS 18 1.97 0.52 1.45 0.181
RS 17 2 .0 1 0.66 1.35 0.244
RS 9 1.98 0.69 1.29 0.239

M anganese, silicon and phosphorus contents are 
assumed to  rem ain  unchanged.

T a b l e  III.

Cast.

Mn. S. 
assuming 

all S. 
changed 

to Mn. S.

Slight
excess

of

Ult. Ten. 
Str. 
Tons/ 

sq. in.

Per cent. 
Elong. 
on 2 in.

Bend
value.

RS. 8 ..
Per cent. 

0.038 Mn. 23.5 3.6 46°
RS 22 .. 0.193 S. 27.0 4.5 50°
RS 20 .. 0.269 S. 24.6 5.0 40°
RS- 2 . . 0.395 S. 25.0 3.7 34°
RS 18 .. 0.509 Mn. 19.6 8.3 90"
RS 17 .. 0.527 S. 20.4 4.0 41°
RS 9 .. 0.542 S. 25.8 5.0 33=
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I t  will -be seen from  th e  above resu lts  th a t ,  in 
a series in which m anganese and su lphur rem ain  
re la ted  in  th e  sam e way b u t in  which th e  ac tua l 
am ounts vary , no definite decline or im provem ent 
is shown as th e  am ounts of su lp h u r an d  m an­
ganese p resen t increase. I t  is p ractically  difficult 
to  ge t m elts in  which th e  m anganese and  su lphur 
a re  p resen t in a given ra tio , even approxim ately ,

R S  18.

F i g .  7 .— A n n e a l e d  B a b  ( |  i n . ) .  E t c h e d  i n  

P i c r i c  A c i d . M n. 0.386 a n d  S. 0.187. 
x 10 0 .

and the  varia tions in silicon and carbon a re  qu ite  
sufficient to  explain  th e  differences shown. The 
h igh value ob tained  fo r bend in  R S  18, in  add i­
tio n  to  th e  h igh elongation, is exp la ined  by the  
high silicon and  th e  low com bined carbon  a f te r  
annealing . This iron  had  annealed  wholly to th e  
b lackheart condition. I t  is possible th a t  some 
favourable oondition in  m ix ing  o r annealing  
resulted  in  a g rea te r p ropo rtion  of su lp h u r being



converted to  m anganese sulphide in R S 18 th an  
in  th e  o th e r samples, and  th is  would have facili­
ta te d  annealing  to  th e  fe rrite -g rap h ite  struc tu re  
capable of y ield ing  relatively  good bend and 
elongation  figures.

G enerally  i t  may be concluded th a t  th e  presence 
of sulphide does no t seriously affect th e  ductility  
of w h iteh ea rt malleable, an d  any harm ful ten-
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R S  22.

F ig . 8 .—M n. 0.122 a n d  S. 0.197 p e r  c e n t . 
U n e t c h e d  x 200.

dency is probably more th an  offset by the  accelera­
tio n  of th e  annealing  due to  th e  combined 
rem oval of both su lphur and  m anganese as sul­
phide. M ore reliance should be placed upon the  
bend te s ts  in  th e  above series th a n  upon tensiles, 
as f-in . bars were used for th e  la t te r  in stead  of 
■i--in. d iam eter, and these proved in  p rac tice  to  
be. unsatisfac to ry  on account of th e  g rea te r differ­
ence in  thickness between tensile and bend bars.
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Five-eighths-inch tensile bars a re  proposed in  th e  
te n ta tiv e  m alleable specification, and m igh t well 
be reduced, to  th e  orig inal figure unless a fla t bar 
can  be adopted.

Influence of Sulphide on Fracture.
I t  was noted  th a t  in  R S  8 and  R S  22 th e  

fra c tu re  was crystalline and  steely, w hereas in  th e  
o ther oasts th e  fra c tu re  is d arker, R S  17 h av ing  a

R S  18

F i g . 9 .— S a m e  S p e c im e n  as F i g . 6, bu t
SHOWING HOW THE SULPHIDE HAS
S h a t t e r e d  d u r in g  A n n e a l in g . U n e t c h e d  
x 200.

black cen tre  w ith a steely rim  |  in. th ick . R S 18 
annealed  to  a fe rrite -g rap h ite  s tru c tu re  en tire ly , 
w ith  a velvety black' appearance. R eference to  
Table I I ,  however, shows th a t  th e re  is no ac tua l 
increase in  tem per carbon deposited as th e  
sulphide increases, except in th e  one case of R S 18 
m entioned above.



The m icrostructu re  of the  series in th e  cast 
s ta te  was norm al, except th a t  a li tt le  free graph ite  
was presen t. F ig . 3 shows R S 8 a f te r  annealing, 
being m ainly p earlitic . F ig . 4 shows R S 20 afte r 
annealing . F ig . 5 shows R S 2 a f te r  annealing, 
and  F igs. 6 and  7 show R S 18 of f  in. bar and 
|  in. b ar respectively, all these being etched.

F ig . 8 shows R S  22 unetched, showing a small 
am ount of su lphide and tem per carbon, and F ig . 9 
shows R S 18 w ith  a g rea te r am ount of sulphide, 
and a ch aracteristic  effect of th e  sulphide in  very 
small partic les. F ig . 10 shows R S 17 sim ilarly.

Loss or Gain of Sulphur During Annealing.

S ulphur in  th e  w hite iron  castings appears to 
be affected d u ring  th e  anneal, largely depending 
on w hether m anganese is p resen t o r not. In  the  
absence of m anganese, the  su lphur exists as the 
eu tec tic  F e  — F eS  freezing a t  980 deg. C ., i.e., 
200 deg. C. less th a n  th e  m elting  po in t of pure 
iron  sulphide.

In  th is  case the  au th o r found th a t  elim ination 
of su lphur takes place d u ring  the annealing  opera­
tio n  to  an  ex te n t equal to  50 per cent, or more of 
th e  orig inal su lphur present.

W hen m anganese is p resen t, however, more p a r­
ticu la rly  over th e  ra tio  1.7 tim es th e  sulphur, an 
absorption  of su lphur takes place from  th e  ore 
m ix tu re , so th a t  th ere  is an increase in  sulphur in 
th e  annealed  castings over th a t  of th e  white 
castings.

The following results were ob tained  as illus­
tr a t in g  t h i s : —
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T a b l e  IV .— Hematite Iron (Manganese absent).

Original white 
iron bars. 

Sulphur per cent.
Annealed bars.

Percentage
Sulphur

eliminated.

Per cent. Per cent. Per cent.
0.151 0.071 53.0
0.25 0.153 38.0
0.324 0.296 8.64
0.65 0.51 21.5
1.28 0.65 49.2
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T a b l e  V.—Hematite Iron (Manganese present).

Original white 
iron bars. 

Sulphur per cent.
Annealed bars.

Percentage
Sulphur
gained.

0.133 0.152 14.3
0 .12 1 0.151 24.7
0.115 0.146 27.0
0.117 0.146 24.7
0.109 0.136 24.7
0 .1 12 0.133 18.8
0.11 0.14 27.2

0.24 0.257 7.1
0.213 0.232 8.95
0 .2 11 0.239 13.2
0.20 0.232 16.0

Also in  th e  series in  which m anganese is p re sen t 
in a definite r a t i o : —
T a b l e  VI.—Hematite Iron, Manganese present in Definite 

Ratio to Sulphur.

Sulphur in the 
white iron 

bars.

Sulphur in 
the annealed 

bars.

Percentage 
gain in 

Sulphur.

Per cent. Per cent.
a s  22 0.197 0.203 3.04
RS 20 0.131 0.151 15.2
RS 2 .. 0.17 0.197 15.8
RS 18 0.187 0.181 - -  3.2
RS 17 0.199 0.244 22.6
RS 9 .. 0.213 0.239 12 .2

I t  is difficult to suggest a definite re la tionsh ip  
betw een th e  m anganese co n ten t and  th e  behaviour 
of su lphu r du rin g  annealing , b u t th e  genera l 
tendency is clearly  ind icated .

Conclusions.-—(1 ) S u lphur in  th e  absence of m an­
ganese is deleterious to th e  m echanical p roperties 
of w h itehea rt malleable.

(>2) M anganese in  th e  a b s e n c e  of su lphu r is 
deleterious to  the  d u c tility  of w h iteh ea rt m alle­
able.

(3) M anganese and su lp h u r toge ther n eu tra lise  
th e  harm fu l p ropertie s of both, by th e  fo rm ation  
of sulphide. The m anganese m ay be p resen t in 
th e  p roportion  of 1  to 2  p a r ts  m anganese to  1  of
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su lphur, to  offset th e  d isadvantage of sulphur 
w ithou t in cu rrin g  th e  d isadvantage of undue 
excess m anganese.

(4) T here seems to  be no reason why medium 
and h igh  su lp h u r irons, otherwise suitable, should 
n o t be employed for w h itehea rt malleable provided 
the iron carries the  quota  of m anganese n o t exceed­
ing th a t  given in (3) above, as the  sulphide formed

R S  17.

F i g . 10 .— M n . 0 .3 3 3  and  S . 0 .199  p e e  c e n t .
A n n e a le d .  U n e tc h e d  x  200.

does no t appear seriously to  affect th e  mechanical 
p roperties. The lowest su lphur p ig  available, of 
course, is to  be p referred .

(5) W h iteh ea rt m alleable bars appear to lose 
su lp h u r d u ring  annealing  when m anganese is 
absent, and  g a in  i t  when m anganese is present,
i.e ., su lphu r change d u ring  annealing  appears to 
depend upon th e  charac te r of th e  sulphide formed.

The au th o r th in k s  i t  desirable to  s ta te  th a t  the
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work embodied in th is paper was com pleted before 
jo in ing  th e  staff of th e  B ritish  C ast Iro n  R esearch 
A ssociation, and  has since been continued  w ith 
respect to th e  influence of to ta l carbon and silicon 
on th e  p roperties of w h itehea rt m alleable. A t th e  
sam e tim e  th e  paper could no t have been presented  
w ithou t th e  facilities provided by th e  A ssociation, 
and to  th e  D irec to r of th e  Association th e  a u th o r’s 
g ra te fu l th an k s a re  there fo re  tendered , and  also 
to  those gentlem en a t  th e  works of mem bers of 
th e  A ssociation in  which th e  p rac tica l annealing  
work was conducted. The investigations on sul­
p h u r and  m anganese were ca rried  o u t by m eans 
of C arnegie Scholarship g ran ts  from  th e  Iro n  and 
Steel In s titu te . The work on th e  influence of 
m anganese sulphide was un d ertak en  by m eans of 
a g ra n t from  th e  G overnm ent G ra n t C om m ittee of 
th e  R oyal Society.

DISCUSSION.

Definite Field for Low Elongation 
Malleable.

M r . F . J .  Cook (P as t-P residen t) was of opinion 
th a t  th e re  certa in ly  were comm ercial uses for an 
iron  which would give very high tensile  s tren g th , 
say, of over 30 tons per sq. in ., w ith  a m oderate 
elongation of 3 p e r cent., in  such th in g s as tr a n s ­
mission gear, heavy conveyor work, cam levers for 
Diesel engines, and so on, w here one w anted 
good s tren g th  and rig id ity . A few years ago 
enorm ous elongations were ob tained  in  A m erica 
w ith  m alleable iron, and  very  g re a t stress was la id  
on th a t  point, b u t anyone who was fam ilia r  w ith 
the  work carried  o u t over th ere  now knew th a t  
they  had  dropped, a  g re a t deal of th a t .  They 
had  found th a t  i t  was n o t a d is tin c t advan tage  
in  m any cases to  have an iron  w ith  th e  sam e 
a ttr ib u te s  as lead, b u t th a t  they  requ ired  a m alle­
able iron  of a stiffer n a tu re , and  he could q u ite  
conceive th a t  the advantages, for such purposes as 
he had ind icated , of a high tensile  s tren g th  would 
be g rea te r th a n  th e  advantages of an  abnorm ally 
high elongation. Therefore, one could qu ite  
tru th fu lly  answ er M r. T aylor’s question in  th e  
affirm ative. H e re fe rred  to  a d iag ram  exhib ited  by
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Mr. Taylor, which showed th a t ,  w ith  m anganese, 
the u ltim a te  stress rose, th en  i t  dropped down, 
and la te r  th e re  was again  a d is tin c t rise. The 
ta ils  of th e  d iag ram s for u ltim a te  stress, yield 
and elongation took the  sam e direction, and i t  
appeared  th a t  M r. Taylor had  le f t off a t  a  point 
from  which he o ugh t to  have continued very 
much fu rth e r, because i t  appeared, if  he had, he 
would have g o t w ith in  th e  ran g e  of th e  results 
which had  been shown by P ro f. Piwowarsky. I f  
th a t  were so, the re  were two ways of g e ttin g  a t 
a m ateria l which would give sim ilar results, and 
he suggested, therefore , th a t  Mr. Taylor should 
carry  th e  w ork a litt le  fu r th e r  in order to  see 
w hether the  rise in  th e  curve persisted. The 
sub ject was fu ll of possibilities; the  P aper was 
well conceived, and the  work had  been very well 
carried  out.

M r . T . H . T u r n e r  a s k e d  w h a t  t h e  f ig u r e  w a s  
a t  t h e  e n d ,  w h e r e  t h e  d i r e c t i o n  o f  t h e  c u r v e  
c h a n g e d .

M r . C o o k  replied th a t  the  u ltim ate  stress was 
round  about 26 or 27 tons. The m anganese con­
te n t  a t  th e  p o in t of change was round  about 1 
per c e n t . ; above th a t , th ere  was a d is tinc t advance 
to  such an  ex te n t th a t  i t  looked as though it  
m ight go up considerably fu rth er.

Higher Sulphur in Skin.

Mu. W. H . P o o l e  asked M r. Taylor if he 
th o u g h t th a t  a m alleable iron of 30 tons tensile 
and 3 per cent, elongation was of very high grade, 
because he him self regularly  tested  malleable of 
30 and 40 tons tensile, and from  7 to  12 per cent, 
e longation. H e also asked why i t  was th a t  there  
was more su lphur in  the  skin th a n  in the 
rem ainder of the  iron, and w hat, in M r. Taylor’s 
view, actually  took place to  cause th a t  high sul­
p hu r con ten t. H e also asked th a t  when M r. 
Taylor carried  o u t any fu r th e r experim ents he 
would keep in m ind the  practica l casting  results 
in th e  foundry , because when try in g  o u t casting 
resu lts one o ften  experienced a lo t of trouble. If 
one cast a high-m anganese m etal and a low-man- 
ganese m etal in th e  foundry  one found an  appre­
ciable difference.

M r . E. L o n g d e n  asked M r. Taylor if, in view
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of th e  im portance of su lphu r in th e  m etal used 
for malleable iron castings, he had carried  ou t any 
research in to  de-sulphurisation . In  g rey  iron i t  
was no t so im p o rtan t as in m alleable iron , b u t 
du ring  th e  las t e igh teen  m onths m eta llu rg ists  bad  
been som ewhat confounded, because he had  regu ­
larly  produced m etal w ith  a su lp h u r con ten t of 
0.16 p e r cent., th e  sulphur h av ing  no dam aging 
effect on th e  m etal.

Migration of Sulphur in Malleable.
M r . F . H . H u r r e n  said  th a t  th e  P a p e r was 

very in te re s tin g  and  useful, inasm uch as serious 
research  w ork on w h iteh ea rt m alleable had  been 
sadly neglected. M r. Taylor h ad  proved conclu­
sively in  his P ap e r and  in  th e  te s t  resu lts given 
in  the  C arneg ie  Scholarship M em oirs th a t  high 
m anganese was n o t a desirable fac to r, inasm uch 
as, a lthough th e  tensile was increased, th e  bend 
te s t  resu lt was seriously reduced. H e d id  n o t 
qu ite  agree w ith th e  s ta tem en t in  p a rag rap h  4 
of Mr. T aylor’s conclusions, to  th e  effect th a t  
th ere  seemed to  be no  reason why m edium  and high- 
su lphur irons should n o t be employed. D espite 
w hat M r. F le tch er had  said  abou t th e  difficulty, 
w ith  a  b la s t fu rnace , of p roducing cast irons to  
specification, he did n o t see why the  very  h igh 
su lphur irons now p u t on  th e  m ark e t could not 
be im proved upon, and, w ith  all due deference to  
the  pig-iron m anufac tu re rs, he considered i t  was 
up to  them  to  produce irons lower in  su lphur and 
remove the  tro u b le  from  th e  m an who h ad  to  
m ake th e  castings. A nother in te re s tin g  p o in t 
b rough t o u t by M r. Taylor was th e  fac t th a t  
du rin g  annealing  some castings lost su lphu r and 
o thers gained. H e him self had  found th a t  o u t in 
a num ber of tes ts , b u t had  never realised  w hat 
the  exp lana tion  was u n ti l  M r. T aylor h ad  proved 
i t  in his P ap e r, and he th an k ed  M r. Taylor for 
hav ing  g iven it.

AUTHOR’S REPLY.

M r. T a y l o r , replying to  th e  discussion, said 
th a t  Mr. Cook’s suggestion th a t  th e  m anganese 
con ten t be carried  fu r th e r  was a  good one, 
because a t  about 1.25 or 1.3 per cent, m anganese 
th ings d id  n o t seem to  be going b e tte r . Those
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who w anted a high tensile m alleable cast iron 
would ge t i t  w ith  1.25 p er cent, m anganese, h u t 
th e  elongation  was only m oderate, i.e ., 3  per cent. 
T here m ust he m any purposes in  engineering for 
which such a m ate ria l of high tensile stren g th  and 
low ductility  would be specially valuable, b u t such 
a  m alleable cast iron did not appear to  achieve 
th e  p opu larity  th a t  perhaps i t  m ight. H e would 
tak e  th e  opportun ity , when he could, of increas­
ing  th e  m anganese in  order to see w hat happened, 
because a t  1.3 per cen t., where he had finished, 
the  tensile  s treng th  was soaring up to  35  tons 
p er sq. in ., and would perhaps have reached 40 
tons. I t  m ig h t be th a t  th e  properties of th e  
m ateria l would coincide very closely w ith those 
obtained  by P ro f. Piwowarsky. P ro f. Piwowarsky 
had indicated , in reply  to  the discussion on his 
P ap er, t h a t '  if  he had  lengthened th e  annealing 
period beyond a q u a rte r  of an  hour he could 
have increased th e  elongation  of 10  per cen t., 
Presum ably, however, in  reaching an  elonga­
tio n  of 10  per cent., th e  s tren g th  of the
m ate ria l would have been reduced somewhat. 
The action of th e  sulphur du ring  anneal­
ing very likely explained some of the  failures 
th a t  had  occurred in  th e  past. H e could
no t im agine th a t  the  properties of a malle­
able cast iron con tain ing  a  large percentage of 
su lphur and no m anganese, even if the  sulphur 
were elim inated  during  annealing, would be so 
good as th ey  would be if one s ta rted  w ith  a more 
select p ig-iron and had  no elim ination  of sulphur. 
I t  seemed probable th a t  th e  e lim ination  of a large 
percen tage of su lphur would be detrim en ta l du r­
ing annealing . I f  one s ta rted  w ith a p ig-iron con­
ta in in g  0.5 per cent, su lphur, and perhaps
elim inated  ha lf of th a t  su lphur so th a t  i t  was 
reduced to  0.25 per cen t., th e  effect of having 
elim inated  i t  would be to  leave traces of in ju ry . 
T here were cases on record which showed th a t  
th a t  was the  case.

Correspondence.
In  a w ritten  com m unication as prom ised by the 

au th o r a t  the  Conference, Mr. Taylor deals briefly 
w ith a few ou tstand ing  points raised in the  dis­
cussion as follow s: —

L
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M b. W. H .  P o o l e  spoke of h igh  tensile  m alle­
able (30 to  40 tons) w ith  7 to  12 p er cent, elonga­
tion  as aga in s t th e  3 per cent, quoted  in  the  
P ap er. As high tensile  s tren g th s a re  in im ical to  
h igh elongations i t  would be in te re s tin g  to  all con­
cerned if M r. Poole would publish a series of such 
resu lts  toge ther w ith  fu ll analyses and  tests . I t  
m ust no t be fo rgo tten , however, th a t  Hat bars are  
known to  reg is te r h igher e longations th a n  do round  
bars of th e  same m ateria l. I t  is understood  M r. 
Poole used flà t te s t  bars. The th ickness of the  
te s t bar used, of course, also lias a decided influence 
on th e  elongation observed. E xperim en ts are , as 
a m a tte r  of fac t, ac tua lly  in  h an d  to  determ ine 
th e  relationsh ip  betw een th e  resu lts  ob tained  from 
both round and fla t bars.

In  reg ard  to  th e  concen tra tion  of su lphu r in  
the  skin of the  iron , th e  cases of m anganous and 
non-m anganous m alleable m ust be considered 
separately . In  the  form er th e re  is usually  an 
increase of su lphur du rin g  annea ling  which m ust 
come from  th e  ore. I n  th e  case of non-m anganous 
m alleable th e  su lphur m igra tes tow ards th e  skin 
and  would appear to  account for th e  local con­
cen tra tion .

In  reply to  M r . E. L o n g d e n ,  M r. Taylor s ta tes  
th a t  de-sulphurisation  of iron in tended  for m alle­
able does n o t appear to  be p ractised , a lthough  good 
resu lts  m igh t arise thereby. A t the  p resen t tim e 
the  production  of refined m alleable p ig-iron  appears 
to  be th e  resu lt of cupola m ix ing  ra th e r  th a n  
chemical trea tm en t.

The au th o r th an k s M r. F . H .  H u r r e n  for his 
rem arks, and  is in terested  to  know th a t  he is in 
genera l agreem ent reg ard in g  th e  effects of su lphur 
and of m anganese.
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Lancashire Branch.

EARLY HISTORY OF THE INSTITUTE.

By F. J. Cook, MJ.Mech.E. (Past President).
I t  is a rem arkable fac t th a t  although the 

A ssociation has been in  existence since 1904, so 
fa r  no a ttem p t has been made to give an account 
of the  circum stances which led to  its form ation 
or to  te ll th e  sto ry  of its early developments. I t  
is im p o rtan t th a t  these de tails should be given 
since th e  lapse of tim e has reduced the num ber 
of th e  foundrym en who formed the  Association and 
set i t  on its forw ard path . I t  will be the  object 
of th is  p ap er to  de ta il very briefly the  orig in  and 
progress of the  Association up to  the p resen t tim e.

Inciden tally , no b e tte r  example of th e  power of 
the  Press could be given, since i t  was in  th e  pages 
of T h e  F o u n d ry  T ra d e  J o u rn a l  th a t  th e  first 
asp ira tions for an  association found th e ir  expres­
sion. The first issue of T h e  F o u n d ry  T r ade 
J o u rn a l  appeared  in  Jan u a ry , 1902. I t  is clear 
th a t  a t  th a t  tim e th e re  m ust have been, although 
more or less lying dorm ant for lack of th e  means 
of expression, a  desire for a foundrym en’s associa­
tio n  on  th e  lines of th e  American one. F or as 
ea rly  as th e  second issue of T h e  F o u n d ry  T rade 
J o u r n a l  two le tte rs  appeared under th e  nommes 
des plum es of “  Foundrym an ”  and “  Foundry  
F o rem an ,”  bo th  of which urged the  form ation of 
such an association.

These were followed in  the  M ay issue w ith a 
le t te r  on sim ilar lines signed “ Foundrym ite .” 
A fte r th a t  tim e, no doubt owing to  lack of in itia ­
tiv e  and  pushfulness, th e  m a tte r  appears to  have 
la id  dorm ant, as no fu r th e r  le tte r  on the  subject 
appeared  u n til M ay, 1903, when J .  Ellis (South­
am pton), who subsequently became P res id en t of 
th e  Association, w rote under th e  nom  de plume 
of “ F oundry  M anager,”  again  u rg ing  the  form a­
tion  of such an  association and suggesting th a t  
th e  first general m eeting should be held a t  M an­
chester in  connection w ith  th e  forthcom ing

l  2
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E xhib ition . In  th e  n ex t issue of Ju n e  a  w riter 
sign ing  him self “  T .9 .,”  w hilst ag reeing  in 
p rinc ipal w ith  the  suggestion, po in ted  o u t w hat 
he believed to  be insurm ountab le  difficulties, 
including th a t  of cost. J u s t  p rio r to  th is  M r. 
F inch, the  p resen t T reasurer, had  been read ing  
in  th e  issues of th e  A m erican jo u rn a l ‘ ‘ The 
Foundry  ”  accounts of th e  A m erican C onventions 
and  was strong ly  im pressed w ith  th e  desirab ility  
of form ing a  sim ilar association in G rea t B rita in . 
A t th e  same tim e  he learned  of th e  existence of 
T h e  F o u n d r y  T ra de  J o u r n a l , and, w ith  his c h a r­
ac te ris tic  energy w rote in  th e  J tn ie  issue g iv ing  a 
practical tu rn  to  the discussion by suggesting  th a t  
if those in te rested  in th e  fo rm ation  would com­
m unicate w ith  him  he would ta k e  th e  in itia tiv e . 
A t the  same tim e he recalled a p revious a tte m p t 
he had made to  form a foundry  m anagers’ associa­
tion .

The First Meeting.

The discussion vigorously continued and  in the  
Ju ly  issue le t te rs  appeared  from  M r. F inch  and 
“ Foundry  M a n a g e r”  both m aking  lig h t of th e  
difficulties suggested by th e  correspondent “ T .S .” 
A fu r th e r  p rac tica l suggestion cam e from  M r. 
F inch  to  th e  effect th a t  th e  E d ito r should provide 
space for th e  in sertion  of nam es and  addresses of 
those in terested . “ F oundry  M a n a g e r”  again  
u rged  th e  holding of a general m eeting  in  M an­
chester, suggesting th a t  th e  seventy foundries in  
th a t  d is tr ic t would no doubt com bine to  see th e  
th in g  successfully c a rried  th rough . M ore le tte rs  
appeared on sim ilar lines w ith  E d ito ria l notes in 
p rac tica lly  every  issue. B u t s till th e  m a tte r  
flagged and in  November, 1903, th e  E d ito r, in  his 
notes was very despondent a t  th e  ap p a re n t lack 
of progress and em phasised th e  necessity  of M r. 
F in ch ’s slogan “ W ake u p .”  In  December, 1903, 
appeared  an excellent a rtic le  by D r. P ercy  Long- 
m uir en titled  “ A F oundrvm en’s Association, Tts 
Possibilities and A dvantages to  th e  F oundry  
In d u s try .”  In  the  same issue appeared  an
en thusiastic  le t te r  from  J .  A. Ph illips, some help­
ful E d ito r’s notes, and a le t te r  from  a Scottish 
rep resen ta tive  of th e  J o u r n a l , s ta tin g  th a t  a sug­
gestion for th e  form ation of an association had 
been well received by th e  Scottish  foundries.



S till th e  actua l form ation was delayed, u n til Mr. 
F inch , tak in g  his courage in both hands, invited, 
th rough  th e  m edium  of the  J o u r n a l , all those 
in te rested  in the form ation  of an association to 
m eet him  a t  th e  Oobden H otel, B irm ingham , on 
S a tu rday , A pril 9, 1904. This appeal resulted  in 
th e  appearance of the following gentlemen, 
nam ely, R. B uchanan (B irm ingham ), C. M orehead 
(R ugby), J .  E llis (Southam pton), F . W. Shaw 
and  W. V ickers rep resen ting  F . J .  Cook (B ir­
m ingham ) and  F . W . F inch  (Gloucester).

N o th ing  daun ted  by th is poor response to  the 
appeal, th e  h and fu l of pioneers decided to  take  
the  bold step of form ing an association. M r. R. 
B uchanan was nom inated P residen t, M r. F . W. 
F inch  S ecretary  and T reasurer, and those present 
to  form  the  Council w ith power to  add to  the ir 
num bers. I t  was also decided to  make a special 
effort to  obtain  fu r th e r  support for the p roject by 
circu larising  all th e  foundries w ith more th an  five 
moulders. The details re la tive to  the foundries 
were obtained for th is purpose from  the annual 
rep o rt of the  M oulders’ Society, and those for Scot­
land  from  M r. Jack , the  Secretary  of th e  Scottish 
U nion. M r. R oxburgh (K ilm arnock) was very 
helpful a t  th is  stage in classifying the Scottish 
list.

First Results.

The second m eeting revealed the fac t th a t  the 
special appeal had  m et w ith a fa ir  am ount of 
success; fifty applications for membership had been 
received, which was considered so satisfactory  as 
to  w a rra n t the  holding of th e  first annual Con­
vention in  M anchester du ring  the  A ugust B ank 
H oliday week. M r. J .  G. S tew art, of 
U rm ston, M anchester, who was present a t 
th e  m eeting, undertook to  m ake th e  neces­
sary  arrangem ents for th a t  Convention. By the 
tim e of th e  Convention 89 members had been 
enrolled of whom over 50 a ttended , and it  can 
safely be asserted th a t  no Convention has ever 
been m ore thoroughly enjoyed, and a t  none has 
a la rger percen tage of the  members attended . 
F riendsh ips were m ade on th a t  occasion th a t  have 
lasted  u n til th e  p resen t day. By the end of the 
year 1904 the  m em bership had  increased to  100.
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Initial Objects.
The Council gave a g rea t deal of th o u g h t and 

a tte n tio n  to  th e  question of defining th e  lines on 
which the  A ssociation should he ru n , and though 
m any ideas were never p u t in to  w ritin g  some of 
them  have always been well understood and con­
sidered as un w ritten  laws. The p rim ary  object 
was considered to  be purely educational—the  
education  of th e  m an ac tua lly  a t  work in  th e  
foundry, such as workmen, forem en and  m anagers. 
This was ,to be followed by educating  those o u t­
side the  shops who are more or less d irectly  or 
indirectly  concerned w ith  it, such as draughtsm en, 
p a tte rnm akers , p roprietors and works m anagers, 
etc. As an incentive to  mem bership the  subscrip­
tion  was placed a t  th e  absurdly low figure of 
7s. 6d. per annum . I t  was also definitely decided 
th a t  th e  A ssociation should no t countenance any 
discussion of T rade U nion m a tte rs , w hether 
ap p erta in in g  to  wages or conditions of labour. 
F u rth e r , th e  A ssociation was n o t to be used in  
any so rt of p ropaganda fo r business houses in  the 
selling and  advertising  of th e ir  goods. The suc­
cess which has followed th e  ideals se t u p  in  those 
early  days proves th a t  th e  Association was well 
and wisely governed from  its  inception.

The Official Organ.
In  December, 1904, a f te r  discussion by 'th e  

Council in  conjunction  w ith  M ajor Cheesewriglit, 
i t  was decided to  appo in t T h e  F o u n d r y  T r a de  
J o u rn a l  as the  official o rgan of the  Association. 
This step was considered an  economical way of 
keeping d irectly  in  touch w ith  the members, as a t 
th a t  tim e th e  A ssociation funds would no t allow 
of heavy expend itu re . The mem bers w ere allowed 
a reba te  on the  J ou rn a l  by th e  p roprie to rs, who 
also undertook to  provide space for rep o rts  or 
com m unications from  foundrym en. In  fu r th e r ­
ance of th is  idea, and  also for th e  purpose of 
draw ing u p  a se t of rules for th e  Association, a 
li te ra ry  com m ittee was form ed com prising M r. 
B uchanan  and  the  au th o r of th is  review, 

“ th is  com m ittee prom ising to  p rovide artic les 
from  tim e to  tim e in  the  J o u r n a l  on 
p o in ts ap p e rta in in g  to  th e  w elfare of the  
Association. The first of these artic les 
appeared  in th e  M arch issue of 1905 over the
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in itia ls  of “  F .J .C .”  (the au thor). In  th is article 
the w rite r po in ted  o u t th e  inadequacy of one 
m eeting a  year to  such an  Association, and sug­
gested th a t  u n til B ranches could he formed (a 
policy which th e  Council always had in  mind) it  
was desirable th a t  w herever members of th e  Asso­
ciation  gave papers to  o ther Societies they  should 
s tip u la te  th a t  in v ita tio n s should be sen t to  all 
members of th e  Foundrym en’s Association in  the 
d is tric t. T his artic le  was followed by o thers from 
th e  pens of F . W . Shaw, C. More'head and  R . 
B uchanan.

The First Branch.
M anchester w ith  h er n a tu ra l foresight and push­

fulness m ay well be proud of the  fac t th a t  in  1905 
she received the sanction  of the  Council to  form 
th e  first B ranch, to  be know n1 as th e  “  L ancashire 
B ranch .” I ts  first m eeting  took place in  the 
au tum n  of th a t  year when M r. F inch  addressed 
an  audience of about seven. The first P residen t 
was M t . W. Russell, of Pendleton, and the  first 
Secretary , M r. J .  G. S tew art, of th e  B ritish  "West- 
inghouse Company, a  m an who did valuable work 
a t  th e  commencement of our history  both in  and 
o u t of the  Council. B irm ingham  was the  nex t to 
form  a B ranch, its  first m eeting being held on 
A pril 28, 1906, under th e  Presidency of R .
B uchanan, and the  au tho r as Secretary. Mr. 
R . Mason, now in  A ustra lia , also helped to  found 
the B irm ingham  Section.

Several m eetings were held a t  Cardiff w ith a 
view to  th e  form ation of a B ranch. They were 
organised en tire ly  by the  la te  M r. C harles Jones, 
who no t only did all tHe work, b u t paid  the 
expenses o u t of h is own pocket. B u t Cardiff 
seemed to  lack the  necessary enthusiasm , and th is 
a ttem p t g radually  faded away. A bout eighteen 
m onths from  its  form ation th e  Association was 
being ru n  on lines which have proved most suc­
cessful down to  th e  p resen t day. T h a t in  itself 
speaks volumes for th e  tim e and a tten tio n  given 
by th e  members of the  Council, and reflects cred it 
on th e ir  adm irable foresight and business acumen.

Milestones of Progress.
The Association now having been .firmly estab­

lished th e re  only rem ains to  enum erate  some 
of th e  various m ilestones which stand  out on the
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high road of progress. These have been very 
m any, and the  im portance of some of them  is p ro­
bably hard ly  realised  to-day. B u t they  are  
destined to be of g re a t value, p a rticu la rly  in  ou r 
worldwide relations.

D uring  th e  first few years of the  A ssociation’s 
existence, and  particu la rly  a f te r  the  fo rm ation  of 
the B ranches, i t  soon became clear th a t  th e  annua l 
subscrip tion  of 7s. 6d. per m em ber was n o t suffi­
c ien t to  allow of developm ents which w ere sq 
u rgen tly  needed. The B irm ingham  and  C ardiff 
B ranches, rea lising  th a t  h eadquarte rs  could no t 
afford to  pay B ranch expenses, both decided to  
pay th e ir  own. Up to th a t  tim e  B irm ingham  had  
m et th e  difficulty by a  subscrip tion  of 3s. per 
annum  from  each B ranch m em ber, and , as p re ­
viously m entioned, M r. Jones had  liimself pa id  the  
expenses of the  Cardiff B ranch. B u t th e  p a ren t 
body continued to  finance th e  L ancash ire  B ranch , 
and th is  fa c t b rough t fo r th  com m ent a t  several 
annua l m eetings w hen the  s ta tem en t of accounts 
came to  be p resen ted . This question, toge ther 
w ith th e  desirab ility  of p rin tin g  a  more extended 
annua l copy of P roceedings, was considered by a  
sub-com m ittee of the  Association, w ith th e  re su lt 
th a t  th e  following recom m endation was adopted  
a t  th e  B irm ingham  C onvention in A ugust, 1909:—- 

‘ ‘ T h a t a scheme of mem bership be in au g u ra ted  
consisting of members a t  one gu inea per annum  
subscrip tion ; associate m em ber a t  ha lf a guinea, 
and  branch  associates a t  th ree  shillings, and  all 
B ranch  expenses to- be p a id  by h ead q u a rte rs .” 

This enabled th e  im m ediate com m encem ent of 
en larged  Proceedings in  th e ir  p resen t form  to  be 
issued annually .

A t th e  Convention in Glasgow, A ugust, 1911, the  
Council p u t forw ard  a scheme of D iplom as for the 
best paper of th e  year read  before B ranch  m eet­
ings, believing th a t  such .a scheme would ac t as an 
incentive to  members to  w rite  papers of an 
em inently  p rac tica l ch arac te r. I t  was also hoped 
to fo rm ulate  schemes of aw ards for the  whole 
Association.

Growth of Branches.

The num ber of Branches was g radua lly  grow ing, 
and the  in au g u ra tio n  of a Sheffield B ranch  in 
1908 was followed by th e  Scottish B ranch in  1910,
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London 1911, and H alifax  and  Newcastle-on-Tyne 
in  1912. The read ing  of papers before these 
Branches, the  au thors in  m any cases being 
em inent m etallu rg ists , evinced a general desire 
am ong th e  members for a comprehensive “ Glos­
sary  of T erm s,”  to  enable a  b e tte r  understand­
ing of th e  p u rp o r t of chemical and m etallurg ical 
phenom ena. The sequel to  th is was a “  Glossary 
of Terms ” published in th e  Proceedings of 
1911-12, th is  having been prepared by a sub­
com m ittee consisting of D r. P . Longm uir, th e  la te  
M r. R . B uchanan, D r. T. Swinden, and  the 
au thor.

A nother im p o rtan t educational question 
occupied th e  a tte n tio n  of th e  Council a t  th a t  
tim e, nam ely, appren tice  tra in in g . A strong 
C om m ittee, w ith  M r. S idney A. Gimson as its 
C hairm an  and M r. A. H ayes as Secretary , was 
formed, and, largely  owing to th e  ac tiv ities of 
•these gentlem en, a comprehensive scheme was p re­
sented a t  th e  Convention in Ju n e , 1915. I t  was 
hoped and expected th a t  i t  would be possible to 
expand  th is  work still fu r th e r , so as to form ulate 
a definite curriculum  for both shops and nigh.t- 
class tra in in g . B u t un fo rtu n a te ly  the exigencies 
of the  w ar cu t short any fu r th e r  work on the 
m atte r .

In  add ition  to  services rendered  in tim e by 
members of Council, some had fu rthered  its in­
te re s ts  by p resen tations, such as design and dies 
of crest for th e  Association by the la te  Mr. 
Charles Jones, of Cardiff, fo r use on the  Asso­
c ia tion ’s no tepaper. Badges were also m ade to  
be worn by members a t  Conventions, etc. B u t a t 
th e  London Convention, in  Ju n e , 1916, M r. M ayer, 
of D um barton, the  then  re tir in g  P residen t, 
presented to  th e  Association a valuable and beau­
ti fu l  P re s id en t’s gold chain of office, w ith links on 
which to  engrave the  nam es of the  successive 
w earers. This was duly handed over, together 
w ith  a  properly draw n up legal deed of g if t  set­
t in g  fo r th  th e  term s of the  present, and th is 
chain  was worn for the first tim e by M r. J .  Ellis, 
th e  incom ing P residen t.

Increased Fees Bring Prosperity.
In  1909, when the  scale of members’ subscrip­

tions was increased, there  were those who pro­
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phesied a g re a t reduction  in  mem bership, and 
thereby  a shrinkage in  funds. This, however, 
proved to  be unfounded, for both m em bership and 
funds increased rap id ly , and  by 1915 the  Asso­
ciation  had  1,047 members as com pared w ith  448 
in  1909, and th e  balance a t  th e  B ank  in  1917 was 
such as to w a rra n t an  investm ent in  W ar Loan 
to  help the  na tio n  to the  ex ten t of £350.

International Connections.

The G rea t W ar of 1914 to  1918 m ilita ted  aga in s t 
m any th ings being done which m igh t otherw ise 
have been undertaken . Y et a t  th e  end of i t  an 
event took place which, though on th e  surface 
may appear to  have litt le  or no connection w ith  
th e  Association, bids fa ir  to  have far-reach ing  
effects in  our endeavours tow ards in te rn a tio n a l 
relationsh ip .

A t th e  end of October, 1918, a t  th e  in v ita tio n  
of the  B ritish  M in istry  of In fo rm ation , th e re  
sailed from  America a p a rty  of A m erican indus­
tr ia l  Press rep resen ta tives to  inspect th e  b a tt le ­
fields, b u t who a t  th e  same tim e were specially 
in te rested  in  th e  ind u stria l ac tiv ity  of G rea t 
B rita in . Among th e  p a rty  was M r. H . Cole 
E step , of “ The F o u n d ry ,”  who d u ring  his to u r 
of inspection of p lan ts got in touch, as fa r  as tim e 
and circum stances would perm it, w ith  several 
members of th is  A ssociation. H is  re tu rn  was fol­
lowed in  the  n e x t year, 1919, by a v is it from  his 
colleague, the  la te  M r. A. O. Backer,t, and  in  1921 
by M r. John  P en ton . The v is it of M r. B ackert 
synchronised w ith  his P residency of th e  A m erican 
F oundrym en’s A ssociation, and  as such he was 
w arm ly received and  e n te r ta in e d  officially by 
members of our Association a t  Sheffield, C oventry 
and  B irm ingham . M r. B ackert, as m any  of you 
know, was a m ost charm ing m an, who endeared  
him self to  everyone he m et, and  he carried  back 
to  A m erica a  very keen apprecia tion  of th e  
position ou r Association held. This apprecia tion  
he soon tu rn ed  to  the  m u tu a l benefit of both  the  
A m erican and B ritish  Associations by suggesting  
th a t  th e re  should be an  annual exchange of P ap ers  
between the two countries, these papers to  be given 
a t the  respective Conventions. This suggestion 
was warm ly received, and the  first exchange paper
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was given by the. la te  M r. G. K . E llio t on behalf 
of the A m erican Association a t  the  Blackpool 
C onvention of Ju n e , 1921. In  th e  following year, 
1922, M r. Oliver Stubbs, th en  our P residen t, and 
the  la te  M r. Thomas F ir th , visited the S tates, to­
gether w ith  the au tho r, who a tten d ed  the  Roches­
te r  C onvention and  presented  the  first paper on 
behalf of th e  B ritish  Association.

A t th e  B irm ingham  Convention in the  same year, 
Ju n e , 1922, which im m ediately followed the  re tu rn  
of these gentlem en from  th e  S ta tes, M r. Stubbs 
held a p riv a te  luncheon a t  th e  M idland H otel, 
B irm ingham , a t which rep resen ta tives of America, 
F rance , Belgium  and B rita in  were p resen t in the 
persons of M r. S tanley G. F lagg, Ju n r .,  U .S.A ., 
P .P .,  A .F .A .; Professor Touceda, U .S .A .; M r. E. 
R am as, F rance  (P residen t of Foundrym en’s Asso­
ciation) ; M r. E . V. R onceray, F ran ce ; Mr. 
L eonard, Belgium (P residen t of Foundrym en’s 
A ssociation); M r. Y arle t, B elgium ; Mr. H . L. 
Reason, P res id en t I .B .F .;  Mr. F ran k  Somers, 
P ast-P res id en t, S taffordshire Iron  and Steel 
In s ti tu te ;  M r. F . J .  Cook, P ast-P res iden t, I.B .F . 
and Staffordshire Iro n  and Steel In s ti tu te ;  Colonel 
O heesewright, D .S.O ., of T h e  F o u n d r y  T ra d e  
J o u r n a l ; M r. T . H . F ir th , P ast-P res iden t, I .B .F . ; 
M r. Cole E step , Cleveland, O hio; M r. Y. C. 
Fau lkner, E d ito r of T h e  F o u n d r y  T r a d e  J o u r n a l ; 
M r. Oliver S tubbs, P ast-P res iden t, I .B .F .

There grew o u t of th is  m eeting a movement for 
closer cordial relations between Societies holding 
sim ilar ideals, a m ovem ent of a wide and in te r­
na tio n a l character which has now become firmly 
established.

The Research Movement.
Coming back to the history  of the  Association, 

the  need ¡had been fe lt for a long tim e of an 
In fo rm ation  B ureau  and of some so rt of facilities 
for the  carry ing  o u t of research work. There had 
been given " to  th e  Association th e  results of 
research work by Coe, and also those th a t  had led 
up to  the  “ N e tw o rk ”  Form ation  of Cem entite 
and Phosphide E u tectic  and the  action of B last 
in  C upola W orking. This d a ta , however, had  been 
th e  resu lt of ind iv idual effort and  no t directly  
th e  outcome of th e  Association. The m a tte r  was 
considerably influenced by a paper given a t the
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Sheffield C onvention in Ju n e , 1918, by R. 
B uchanan, en titled  “  A N ational In fo rm ation  
B ureau  fo r F oundry  m en.”  As th e  resu lt of th is  
a special com m ittee was appoin ted  by th e  Council 
in  A ugust of th e  sam e year to  deal w ith  th is  
m a tte r . G rea t consideration  was given to  th e  
m a tte r  from  all aspects, and  th e  com m ittee were 
convinced th a t  a body w ith  a  much w ider scope 
th a n  th e  A ssociation was needed adequately  to  
cope w ith  th e  subject. S teps w ere th en  ta k e n  to  
form  a  R esearch A ssociation u nder th e  auspices 
of, and in  conjunction  w ith , th e  G overnm ent 
D epartm en t of Scientific and  In d u s tr ia l R esearch. 
This Association cam e in to  -being in  1920, and is 
an  in s titu tio n  of which th e  A ssociation is ju s tly  
proud and  in  th e  w orking o f which its  mem bers 
a re  tak in g  a  p rom inen t and  im p o rtan t p a r t .

The Royal Charter.
A t th e  sam e Council m eeting, in  A ugust, 1918, 

a com m ittee was form ed to  consider th e  question 
of apply ing  for a  Royal C h a rte r  T his was a 
tedious and  costly business. B u t largely  owing to  
th e  u n tir in g  efforts and  perseverance of th e  la te  
M r. Thomas F ir th , th e  C h arte r was secured, and 
w ithou t any financial responsibility  to  th e  Associa­
tion .

The expenses of th e  Association n a tu ra lly  grew 
w ith the  expansion and  w ider scope of its  work, 
and du rin g  th e  year 1920 exp en d itu re  o u tran  the  
income by £165. I t  was considered essen tia l th a t  
a  p a id  S ecre tary  w ith  an office in  London should 
be appointed, and fo r th is  purpose, to g e th er w ith 
a desire to  see the  A ssociation on a  sound finan­
cial basis, th e  C onvention held  in  London in  
A ugust, 1920, passed th e  Council’s recom m endation 
to  increase th e  mem bership fees to  M em bers 
two guineas, Associate M embers one gu inea, 
and Associates ha lf a  guinea. I t  was also decided 
to  in s titu te  a  new form  of m em bership under the  
head of “ Subscribing F irm s ” a t  five guineas per 
annum , and th is action  has added considerably to 
th e  p restige and scope of th e  In s t i tu te ’s ac tiv ities .

Oliver Stubbs Medal.
A t the  Blackpool Convention in  Septem ber, 1921, 

the P res iden t announced th a t  th e  N ational Iron- 
founding Em ployers’ F ed era tio n  had been pleased

5
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to  offer a  sum  of £200  to  be invested in th e  name 
of th e  B ritish  Foundrym en’s Association, the  in­
te re s t from which should provide for a gold medal 
called th e  O liver S tubbs’ M edal, in appreciation  of 
th e  esteem in  which th a t  gentlem an was held by 
both Associations and th is  medal sliould be awarded 
annually  to_ a mem ber of th e  In s ti tu te  who had 
shown sufficient m erit to  w a rra n t it . This g if t was 
g ra te fu lly  accepted, and a  sub-com m ittee, under 
th e  chairm anship  of M r. Carey H ill, of Coventry, 
fo rm ulated  ru les to  be adhered to  in  m aking the  
an n u a l aw ard. The first rec ip ien t under th is scheme 
was the  au thor, a t  th e  B irm ingham  Convention 
in Ju n e , 1922.

Foundry Exhibition.
T h a t C onvention of 1922 was im p o rtan t in 

o ther ways, fo r i t  was in  conjunction  w ith  th a t  
m eeting  th a t  th e  first Foundry  E xhibition  sup­
po rted  by th e  Association was undertaken . I t  was 
th e re  th a t  Oliver Stubbs, as before m entioned, 
forged and  welded the  link  of internationalism . 
The E xh ib ition  was a g re a t success, and a t  the 
Convention P ap ers  were given by representatives 
from  F rance , B elgium  and  th e  U nited  S ta tes of 
America.

In  the  sam e year, 1922, W. M ayer again  gave 
expression of his continued in te re s t in th e  work 
of the  A ssociation by presen ting  funds, th e  in terest 
from  which would provide medals, to be called the 
“  Surtees M edal,”  to be competed for annually  by 
th e  Scottish and Newcastle-on-Tyne B ranch 
members.

The in te rn a tio n a l side of foundry  work was 
stead ily  gain ing  ground, and in  1923 an in te r­
na tio n a l ga thering  was held a t  P aris , a t  which 
m any of ou r members were p resen t, as well as a 
la rge  p a rty  from  th e  U nited  S tates, who previous 
to  going to  P aris , m ade an extended to u r, and were 
officially en te r ta in ed  by our members in  London, 
Sheffield, M anchester, B irm ingham  and Coventry. 
D uring  192b th e  second in te rn a tio n a l m eeting took 
place a t  D etro it, U .S.A ., when a  fa ir  num ber of 
ou r mem bers a ttended . The exchange P ap er was 
given by M r. J .  Shaw, and i t  is very g ra tify ing  
to  know th a t  both he and Professor T urner were 
presented  w ith  gold medal awards by the  Ameri­
can Association.
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No account of th e  work of th e  A ssociation could 
be considered complete th a t  did no t pay a special 
tr ib u te  to the  loyal, en thusiastic  work of the 
honorary  secretaries. The A ssociation has been most 
fo r tu n a te  in  being able to  a t t r a c t  men to  th is 
position who hifve laboured for th e  good of the  
cause in  a w hole-hearted fashion.

Mr. F inch, the  first secretary , held the  position 
from the  form ation  of the  A ssociation till A ugust, 
1907. In  th is  year he was followed by M r. J .  E. H . 
A llbut, who continued to  hold the  office till he was 
relieved by M r. E . A. P ilk in g to n  in  1913. In  1918 
C ap ta in  A lexander H ayes was appo in ted  to  the  
office.

D u ring  th is  tim e the  work of the  A ssociation 
had grown to  such an  ex ten t th a t  i t  became neces­
sary  to  employ a paid  secretary . A special com­
m ittee  was form ed to  consider th e  m a tte r , and  in  
1920 i t  was decided to  elect M r. W . G. H ollinw orth  
as secretary  and  open an office for th e  A ssociation 
in London. Owing to  ill-health , M r. H ollinw orth  
had to  re tire , and  the  position was occupied by 
Mr. T. M akemson, the  p resen t secretary , in 
December, 1926.

Looking back over th e  long years, one cannot 
b u t be im pressed-w ith th e  fac t th a t  th e  fo rm ation  » 
and destiny  of th is  A ssociation has been carefully  
and wisely looked a f te r  by men of o u ts tan d in g  
m erit and ab ility , both on th e  scientific and  p rac­
tica l side of th e  industry , and  to  have been asso­
ciated  w ith  such pioneers is a  las ting  de ligh t to  
th e  au th o r of th is review.

DISCUSSION.

T h e  C h a ir m a n  (M r. S. G. Sm ith) said the  
address by M r. Cook had  been deligh tfu l, and 
would be looked upon as a h is to rica l even t. I t  was 
suitable for p rin tin g  separately  and sending o u t 
to th e  Branches. The address revived memories 
of the  past. H is first acquain tance w ith M r Cook 
began in  1908, when M r. Cook persuaded him  to 
give one of his earlies t P apers a t  th e  B irm ing ­
ham  Conference of the  In s titu te , and they  had



*" been in  close association ever since. M r. Cook had 
been actively in terested  from  th e  beginning, and 
was one of th e  h a rd es t workers for its welfare.

Future Progress Depends on Membership.

M e. O l i v e r  S t u b b s  said i t  was sometimes sug­
gested th a t  th e  conduct of the  affairs of the  In ­
s t i tu te  was carried  o u t by too few people, and 
too li t t le  work le f t to  o ther members of the 
G eneral Council. The reply to  th a t  was th a t  o ther 
members would n o t tak e  up the  work. There were 
P ast-P res id en ts  who, a fte r  they  had closed the ir 
te rm  of office, d id  not continue to  take  an in terest 
in  i t  as they o ugh t to  do. To a c e rta in  ex ten t 
th a t  rem ark  applied to  th e  Branches as much as 
to  th e  G eneral Council.

They w ere expecting  th e  new G eneral Secre­
ta ry , M r. M akemson, to  undertake  propaganda 
w ork, and  to assist h im  M r. Cook’s address should 
be re p rin te d  and d is trib u ted  widely. I t  p re­
sented  reasons why both firms and  individuals 
should jo in  the  In s titu te . H e believed th e  work 
done by th e  In s titu te  had  accomplished more to 
m a in ta in  peace in  th e  foundry  in d u stry  th an  the 
jo in t conferences specifically held for th a t  p u r­
pose. B u t i t  had  to  move onw ard, and the  only 
way to continue im proving was by b ring ing  in 
fresh  members. C onsidering th e  h a rd  tim es 
th rough  which they  had  been passing in the  last 
th ree  years, th e  m em bership had  k ep t up re ­
m arkably  well. Indeed, when one saw the 
num bers who were passed for mem bership a t  each 
G eneral Council m eeting, i t  seemed siirprising  
th a t  th e  membership did no t actually  increase, 
h u t, un fo rtu n a te ly , th e  newcomers only replaced 
those who had resigned or dropped ou t through  
in ab ility  to  pay th e  subscriptions. H e sym­
path ised  w ith men who had  to  look carefully a t  a 
gu inea o r two guineas in such hard  times. B u t 
in th e  n ear fu tu re  th e  In s titu te  would recover 
any  ground i t  had  lost. The first step should be 
to  leave th e  m eeting  w ith th e ir  minds made up 
th a t  they  were going to  ge t more members. Men 
of some education were w anted. L e t them  be 
given P apers of a  character n o t too  academic, so 
th a t  they  m ig h t feel they  w ere m aking some pro­
gress, and th e  work would no t be in vain.

303
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M e . H .  S h e e b u e n , a f te r  expressing liis f a th e r ’s - 
reg re t a t  n o t being able to  a tte n d  and  m eet his 
old friends, w ith whom he became acquain ted  
th rough  th e  B ritish  Foundrym en’s Association, 
said  a t  one tim e h is fa th e r  was both  P res id en t 
and S ecre tary  of (the L ancashire B ranch. H a p ­
pily those days were past, b u t fo r some years 
the  position of th e  L ancashire B ranch  was full 
of difficulties, and  any th in g  b u t p leasan t. One 
of th e  best men they  had  ever had  was M r. 
K enyon, who, un fo rtu n a te ly , because of a d ­
vancing years, oould n o t now ta k e  th e  sam e in ­
te re s t in  th e  work th a t  he used to  do. P erhaps 
th a t  reason explained why some ex -P residen ts 
of th e  In s ti tu te  who were pioneers of th e  In s t i ­
tu te  were no longer active in  its cause. M r. 
Cook was a b r illia n t exam ple to  th e  c o n tr a ry ; 
he had  been ac ting  r ig h t th ro u g h  th e  piece, and  
s till carried  on w ith  undim in ished  vigour. T h a t 
afternoon  he had  con tribu ted  a  valuable address 
to which th e  m axim um  publicity  should be given.

M e . H a i g h  rem arked  th a t  he had  been a 
member of th e  L ancash ire  B ranch  since 1906. All 
th rough  th e  mem bers had  regarded  men like M r. 
Cook and  th e  la te  M r. ‘R obert B uchanan  as 
leaders and d irectors in  th e  movem ent. B u t he 
w anted now to  appeal to  th e  young men in  th e  
foundries. A t th e  p resen t tim e  i t  was difficult 
to  induce skilled opera tives to  ta k e  a n  in te re s t 
in it. The people in  executive positions, th e  
scientific people, th e  men who held  ad m in is tra tiv e  
posts, had  become in te re s te d ; i t  was tim e  th e  m an 
on th e  floor o r th e  bench was b ro u g h t in  also. In  
his opinion th e  In s ti tu te  was suffering now 
th ro u g h  th e  p rac tica l n o t being linked  up  w ith 
th e  academ ic and technical.

M r. T. W. M a e k l a n d  sa id  th e  o u ts tan d in g  
fea tu re  of the  work of th e  In s ti tu te  was t h a t  it  
was educational, and he th o u g h t th e  young men 
w ere beginn ing  to  rea lise  th a t .  P roof of h is s ta te ­
m ent was given by th e  Ju n io r  Section. The con­
d itions to-day were very d ifferen t from  those 
which prevailed th ir ty  or fo r ty  years ago. M en 
were seeking knowledge, they  w anted  to  be 
educated, and th e  In s titu te  would help  them .

Double Office.
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M r . T. M a k e m s o n  said a h istory  of the In s titu te  
was needed ; th e  in form ation  available about its 
early  days was very scanty, so they had reason to 
be glad th a t  M r. Cook had  had  th e  tim e and the 
inc lination  to p repare  th is address. No one was 
b e tte r  qualified to  do so, because he had  him ­
self tak en  p a r t  in  m ost of th e  events of those 
ea~' J —  -Ll-e In s titu te .

th e  subscrip tions were increased, th e  mem bership 
rose. A few years ago th e  subscriptions were 
again  raised , and  th e  mem bership again  increased. 
H owever, he did n o t suggest th e  inference was 
th a t  they  should m ake a fu r th e r increase in order 
to  ge t add itional members. B u t th e re  were many 
people outside to whom m em bership of the  In s ti­
tu te  should be invaluable. Besides th e  educational 
advantages in  th e  form  of Papers , th e re  was the 
g re a t benefit derived by associating w ith other 
people engaged in  th e  sam e industry . There was 
p len ty  of work for th e  In s titu te  to  do. The more 
mem bers th ey  had , and th e  more en thusiastic  they 
w ere, th e  b e tte r  i t  would be for all.

M r. J .  S. G. P r i m r o s e  said if M r. Cook would 
te ll them  som ething abou t the  Conventions, it  
would be a  m ost in te res tin g  sequel to  th e  p re ­
sen t P ap er. H e rem em bered seeing M r. Cook a t 
th e  Glasgow Convention in  1905, and had  the 
priv ilege of showing M r. Cook and  o ther members 
som ething abou t m etallography. The B ritish  
F oundry  m en’s A ssociation was th e  first society 
th a t  m et in  th e  Royal Technical College, Glasgow. 
M r. B uchanan gave h is second presiden tia l 
address. An appendix  g iving a lis t of the  Con­
ventions and th e  names of th e  P residen ts,- in 
add ition  to  th e  Secretaries, would be a  useful 
add ition  to  th e  P ap er. M r. Cook m igh t also 
favour them  w ith  a lis t of th e  honorary  members. 
H e moved th a t  a  h ea rty  vote of thanks be given 
to  M r. Cook for th is  P aper.

M r . R . A. M i l e s , in seconding the  motion, re ­
m arked  th a t  some members of th e  Lancashire 
B ranch had also in te resting  rem iniscences.
• M r. G. H a l l  said he was a member of the 
London B ranch, and, while expressing on his own

m entioned th a t  a fte r  1909, when

Vote of Thanks.
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account his apprecia tion  of th e  address, he would 
suggest to  M r. F au lk n er th a t  he should induce 
M r. Cook to  rep ea t i t  (to th e  mem bers of th e  
London B ranch.

M r . C o o k  said  a t  one tim e th ere  was^ troub le  
which looked like w recking the  A ssociation, b u t 
i t  was g rappled  w ith. The first secre tary  was 
M r. F in ch ; he was followed by M r. A llb u tt; th en  
came M r. P ilk ing ton , ju n io r. Those th ree  were 
honorary  secretaries. The fou rth  secretary , 
M r. H ayes, had  a  certa in  am ount given to  him , 
b u t i t  was very sm all com pared w ith  th e  ex ten t 
of the  work done. A g re a t deal of th e  success of 
th e  In s ti tu te  was due to  the  work of (those th ree  
honorary  secretaries, and  he did n o t know how 
they  m anaged to  g e t th rough  th a t  work. I t  had  
to  be done a t  n igh t, because they  were engaged 
in business the  whole of th e  day.

H e had no hesita tion  in  say ing  th a t  th e  In s t i ­
tu te  was going to  have a good tim e  in th e  fu tu re . 
F or some tim e p a s t he h ad  fe lt th a t  p ropaganda 
work for g e ttin g  in  new mem bers was lacking. 
In  th a t  respect th e re  should be an  im provem ent 
now, because they  were on th e  r ig h t lines for 
g e ttin g  such work done. T h a t applied  also to  the  
m en in  th e  shops to  whioh M r. H aig h  re fe rred . 
I t  was a difficult m a tte r , and he h ad  given m uch 
tim e  an d  th o u g h t to  it. H is conclusion was th a t  
they  m ust t r y  to  g e t th e  foundry  people when 
they  were y o u n g ; if they  grew u p  w ith  th e  I n ­
s titu te , they  would n o t w an t to  leave it . T ha t 
g re a t strides h ad  been m ade since th e  A ssociation 
was founded became a p p a re n t when one considered 
th e  s ta te  of knowledge in  th e  found ry  tra d e  a t 
th a t  tim e. To th e  foundrym an then  pig-iron was 
pig-iron, and cast iron was cast iron ; he did not 
troub le  him self about th e  elem ents in  it. In  order 
to  en ligh ten  the  people in  th e  in d u s try  som ewhat 
a  glossary of te rm s w as published. H e did n o t 
th in k  any association of an educational charac te r 
in  th is  country  could claim  to  have progressed in 
its educational work to  th e  sam e degree as the
I.B .F .



London Branch.

PRESIDENTIAL ADDRESS.

By R. J. Shaw.

The London B ranch of the  In s ti tu te  of B ritish  
Foundrym en held th e  first m eeting of its  1926-27 
session a t  th e  E ng ineers’ Club, Coventry S tree t, 
W .l, on Septem ber 23, when M r .  R . J .  S h a w , the  
new B ranch-P residen t, delivered his P residen tia l 
Address.

Induction of New President.
M r . G e o . C. P ie r c e  (the re tir in g  B ranch- 

P res iden t) , who occupied the  chair a t  the  opening 
of th e  proceedings, in troduced M r. Shaw. I t  
gave him th e  g rea te s t pleasure, he said, to do so, 
a lthough M r. Shaw was so well known to  the 
members of the  B ranch th a t  an in troduction  was 
really  unnecessary. H e felt th a t  th e  B ranch had 
made a  w orthy choice in  th e ir  new P residen t, and 
was confident th a t  M r. Shaw ’s year of office would 
be a very successful one.

M r . S h a w  t h e n  to o k  t h e  C h a i r ,  a n d  w a s  
r e c e i v e d  w i t h  e n t h u s i a s m .

Presidential Address.
M r . S h a w , expressing thanks for his election, 

said  he appreciated  th e  g rea t honour conferred 
upon him . H e was a very keen mem ber of the 
In s titu te  and had its in terests  very much a t heart, 
and assured the  members th a t  he would do his 
very best to fu r th e r the in te rest of the  Branch 
du ring  his period of office. H e then  delivered his 
presiden tia l address.

THE PRESENT STATE OF OUR INDUSTRY.
M r . P ie r c e  and G e n t l e m e n ,—You will remem­

ber th a t  las t year th e  re tir in g  P residen t, M r. 
P ierce, addressed you on “  W hat is W rong with 
O ur In d u s try ,”  and much th a t I  have to  say to 
you th is  evening can be tak en  as an extension of 
th a t  address although i t  has a slightly  different 
title , and is perhaps exam ined from another angle.



Tt seems to me th a t  although  a g re a t deal of in­
form ation concerning th e  m etals and  processes, 
which are in  common use in our industry , is avail­
able, th a t  for some reason we a re  not m aking  the  
progress th a t  we ought to.

M etallu rg ists, both p rac tica l and scientific, 
have enorm ously increased the  knowledge avail­
able for use in  th e  successful hand ling  of th e  m elt­
ing, casting  and hea t tre a tm e n t of those m etals 
which we, as founders, have to  use daily. They 
have given us in th e  case of alum inium , s tronger 
alloys w ith less liab ility  to  corrosion, and  in  th e  
silicon-alum inium  alloy one which has m uch less 
con traction—it  has about th e  sam e con trac tion  as 
cast iron  Toth inch p er foot. This is a n  exceed­
ingly im p o rtan t p roperty  w here long, th in  cas t­
ings have to  be produced. “  L igh tness,”  th a t  
quality  which has always m ade alum in ium  so 
fasc in a tin g  a m ateria l, has also received a tten tio n , 
and additionally  there  is m agnesium , which is 
nearly  40 per cent, ligh ter, being used fo r th e  
pistons of in te rn a l com bustion engines, b u t  we 
requ ire  in  all these alloys less liquid  sh rinkage 
before rou tine  work in  the  found ry  will be p er­
form ed w ith  ce rta in ty . In  th e  case of th e  brasses 
and bronzes we have been shown th e  im portance 
of th e  analysis of th e  raw  m ateria ls, and  th e  
pow erful effect of very small am ounts of im p u ri­
ties has been proved by physical tes ts  and  m icro­
scopical exam ination , and foundrym en will no 
doubt be called upon to  supply gunm eta l and  
bronze castings hav ing  h igher physical tes ts  th an  
a t  p resen t.

Steel.
Steel, as used for castings, has always been 

closely under th e  control of p rac tica l m eta llu rg ists  
who have been able to  reduce to  p ractioe th e  re ­
sults of years of research  work by th e ir  learned  
colleagues, and therefo re  i t  is handled  w ith much 
more ce rta in ty  and re ta in s  its h igh  place in  th e  
productions of th e  engineers.

Cast Iron.
C ast iron  has of recen t years been receiving a 

more reasonable share of a tte n tio n  and research 
th an  in the  p a s t; due m ainly to  th e  fa c t th a t  i t  
has been recognised as a very  useful m ateria l,



which is n o t too difficult to handle in  actual foun­
dry  prac tice—a very im portan t po in t indeed when 
some of th e  complicated castings of modern engi­
neering  designs have to  be m ad e ; and progress in 
its im provem ent has been m ost m arked, b u t I  do 
no t th in k  the  foundry industry  can tak e  much 
c red it for in itia tiv e  in  th is  m a tte r , as u n til 
Diesel eng ine m akers, and o ther engineers de­
m anded b e tte r  m ateria l we jogged along producing 
very indifferent cast iron, b u t to-day we a re  asked 
for tes ts  of 16 tons tensile in  pistons, 13 tons in  
flywheels, and 12  tons in  cylinders by autom obile 
m anufactu rers, and for oil-engine work, m ateria l 
which, in  add ition  to  being strong  has heat-resist­
ing  qualities, th a t  is, will n o t “  creep ”  or grow 
under th e  influence of h igh tem pera tu res. These 
requirem ents a re  only being  m et to-day by those 
foundries where th e  foundry  m anager makes the 
fu llest use of available m etallurgical and mech­
anical aids, such as special cupola p rac tice ; t r e a t­
ing  th e  m elted iron  in  th e  rece iv e r; jo lting  i t  in 
special receivers; pouring  i t  in to  heated  moulds. 
All have th e  sam e object in  view, namely, an 
im proved m ateria l, and in  th is  connection i t  has 
long been known th a t  th e  s ta te  and q u an tity  of 
th e  carbon had  a g re a t influence, on streng th , 
bu t though silicon, phosphorus, m anganese and 
su lphur could all be controlled under works con­
ditions w ith in  fa ir  lim its, carbon was a very d if­
fe ren t proposition, and  th e  p a ten ted  process which 
has been most discussed, and in which you have 
all been so much in terested  is a definite a ttem p t 
to  ensure th a t  cast-iron castings have correct 
m ateria l in  its  best form  of crystallisation . I t  
seems here desirable to  rem ind those who th ink  
mostly in  term s of silicon, phosphorus, su lphur 
and m anganese, when deciding on a su itab le  
analysis for a ce rta in  casting, and who know by, 
say, lowering th e  silicon and phosphorus, etc., th a t 
they get a stronger m ateria l, th a t  in so doing they 
were really ad ju s tin g  these constituen ts in the  
cast iron, so th a t  th e  carbon could tak e  up its 
best condition. Now i f  in th e ir  a ttem pts they had 
gone a li tt le  too fa r  in  th e  reduction  of silicon 
and produced a casting, quite  sound, b u t too hard  
to  m achine, i t  is conceivable th a t  if they could 
have cast i t  m  a hot mould they  would have had a
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casting  of grey cast iron and of m achinable 
qualities, having the  carbon so disposed th a t  a 
pearlite  s tru c tu re  resulted . M any of us who have 
used heated  moulds for years on special castings 
m ust adm it th a t  we did not do i t  for th is  definite 
purpose, b u t for in su ring  aga in s t a blown or mis- 
ru n  casting , especially in th e  case of a casting  of 
in tr ic a te  design and th in  section. I  p o in t out 
th is  to  show how th is one step forw ard  from  w hat 
was o rd in ary  procedure when m a tin g  good 
m ateria], has resulted  in  th a t  definite s tru c tu re  
associated w ith g rea te st s tren g th , being  ob tained  
w ith regu larity  under p rac tica l workshop condi­
tions.

And now, hav ing  som ewhat sketchily  ind icated  
to  you th a t  the  scientific side of th e  in d u stry  is 
going forw ard, I  would rem ind you th a t , although  
m any of these im provem ents have been in itia te d  
by engineers in th e  foundries of th e ir  own estab­
lishm ents for th e ir  own productions, engineers 
generally  will a c t on them  and  dem and from  all 
foundry  m en sim ilar m ateria l. They a re  very 
much alive to  th e  fac t th a t  a reduced w eight w ith 
im proved re liab ility  and  lower freigh t-charges a re  
very g rea t aids to  selling th e ir  m achinery, and 
the  question arises, have we labour sufficiently 
skilled and w ell-directed, w ith  th e  necessary m eta l­
lurgical and m echanical aids to  enable us to  
“ deliver th e  g o o d s” ? I f  we com pare th e  skill 
of ou r craftsm en, moulders and  corem akers w ith 
othei; skilled workmen in th e  eng ineering  tra d e  
from  a h a n d ic ra f t p o in t of view, i t  is a t  least 
equal o r superior, b u t as to  technical knowledge 
foundry  workers are found lacking, and i t  is, as 
our A m erican friends say, “  r ig h t here  ”  where th e  
weak spot exists. I  cannot see how we are  to use 
th e  technical knowledge available a t  p re sen t if 
our workmen have not, for instance, th e  elem en­
ta ry  knowledge of science to  enable them  to  listen  
w ith understand ing  to  a lectu re on cast iron, or 
any of the  o ther m aterials they  use in  th e ir  daily 
work. I t  is not fa ir  th a t  we should be continually  
asking th a t  lec turers should speak in  “  foundry  
language .” Scientific men, as a ru le , a re  concise 
and ex ac t in speech, though  perhaps some of them  
m ay have a happ ie r m anner th a n  o thers in  p re ­
sen ting  th e ir  subject, b u t I  do no t th in k  th e  mem-
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bers of any trad e  should confine themselves to  mere 
handw ork, as so m any of ours do. A good-looking 
mould is, of course, desirable, b u t i t  will no t pro­
duce a good casting  unless i t  has been planned to  
resist th e  scouring action and th e  pressure of the 
m etal to  be poured in to  it. I  have often  tr ied  to  
in te re s t young men in  the m etallurg ical and mech­
anical side of th e ir  work, b u t w ith  indifferent re ­
sults. I t  seems to  me th a t  th e  trouble is th a t  
elem entary  schools are n o t very successful in  
teach ing  boys the  relationship  between some very 
simple scientific facts, and th e ir  application to 
everyday workshop processes, and so boys, when 
they  arrive  in works, have very litt le  to  in te rest 
them , and a f te r  a few weeks they  d rif t w ith the 
rest, even those young workmen whose tem pera­
m en t and am bition lead them  to  aspire to become 
forem en w an t to be forem en first, and take  a little  
m ild technical in struction  afterw ards. I f  we are 
to go forw ard and make rea l use of the scientific 
in fo rm ation  which is now available, our boys and 
young men will have to  tak e  advantage of our 
technical schools, leng then ing  th e ir  hours of work 
by study and shorten ing  th e ir hours of play, for 
th e re  is no royal road to learning.

In  add ition  to  th is, th e  industry  does no t seem to 
be able to  a t t r a c t  to  i t  sufficient apprentices, 
though I  do n o t th in k  i t  is much worse th a n  other 
skilled trades in  th is  respect. The trouble seems 
to  be th a t  p a ren ts  nowadays w ant th e ir sons to  
be salesmen n o t producers. I t  is so much cleaner 
and b e tte r  paid. This la t te r  po in t is becoming 
more prom inent, and i t  seems probable th a t  in  th e  
fu tu re  the  m iddlem an will have to  tak e  a more 
reasonable share from  the  products of industry  
th an  he does a t  present.

Managers and Foremen,

A re those in control of foundries keeping up to  
d a te  and able to  tran s la te  in to  practica l use the 
knowledge available? I  th in k  th is  extrem ely 
doubtfu l when i t  refers to men who have been 
tra in e d  as m oulders, for in  sp ite  of some b rillian t 
exceptions fa r  too few deliberately aim  a t  and 
p repare  themselves for responsible positions. 
Foundries are  such easy places in which to  lose 
money th a t  owners give grave consideration to  the



m a tte r before en tru s tin g  th e ir  foundry  to  any 
app lican t. The forem an who can  “  m ix by 
analysis ” is an im provem ent on th e  one who 
ex trac ts  his m ix tu res from  his g ra n d fa th e r’s no te­
book, b u t i t  is also necessary th a t  he should know 
of the  differing qualities required  by engineers in 
th e ir  various castings and  th e  best analysis to  
ob ta in  them , though unless he has supplied to  him  
th e  correct analysis of each parcel of p ig-iron  and 
scrap and  can have his ac tua l m ix tu re  checked by 
analysis I  do n o t see how he can fu lly  u tilise  th is  
knowledge. I t  follows, therefore , th a t  he m ust 
have th e  aid  of a  chem ist, and  I  believe i t  to  be 
beyond doubt th a t  even a very young chem ist 
capable of perform ing  physical te s tin g  and 
ro u tin e  analysis w ith in  reasonable comm ercial 
lim its can  be an  economy in  a foundry  producing 
20 tons per week of good-class eng ineering  cast­
ings, b u t he can only be used to  ad v an tage  when 
th e  m anager or forem an knows his job. Consensus 
of opinion is th a t  a chem ist should be on every 
foundry  staff, b u t in  some cases he has no t been 
a success, and I  have hea rd  a P as t-P re s id en t of 
th is  In s ti tu te  express th e  opinion th a t  a chem ist 
would have to  undergo a tr a in in g  in  foundry  
p rac tice  before he would be of any  use in  th e  
foundry . Now th is  can  only be tru e  if  th e  young 
chem ist has had  th ru s t  upon him  du ties and 
responsibilities which only years of experience of 
th e  various castings requ ired  by engineers would 
enable h im  to  perform  sa tisfac to rily . I  cannot 
suggest any o th e r reason why th e  foundry  
chem ist should no t be a success, and  you will no te  
th a t  th e  reflection is on th e  m anagem ent. I t  is 
well to  rem em ber th a t  th e  difference in  cost 
betw een very m ediocre cast iron  and  very  good 
cast iron is negligible, when th e  analysis of th e  
raw  m ateria ls  fu rn ished  by th e  chem ist a re  
u tilised  by one who knows w hat is requ ired  fo r a 
c e rta in  casting  o r types of castings, so th a t  alm ost 
in  a single step a foundry  no t only produces a 
m a te ria l su itab le  for high-class castings, b u t a t  
th e  sam e tim e  e lim inates a f ru itfu l  source of 
fric tion  betw een the  m oulders and th e  m anage­
m ent, as happens when good m eta l is given 
them  w ith reg u la rity . I  ought perhaps to  have 
m ade i t  clear th a t  a g re a t deal of w hat I  have

312



ju s t  sa id  applies to  th e  foundries of m oderate 
size whose o u tp u t is m ainly jobbing castings. The 
la rger foundries and  those who specialise in  ligh t 
castings, ra in w a te r goods o r pipes are usually ru n  
by specialists, and a re  reasonably well organised 
and  much b e tte r equipped w ith m achinery th an  
th e  foundry of m oderate size.

Modern Plant.

Now th is  question of m echanical aids in the 
foundry is of the  highest im portance because 
although p rim arily  th e ir  object is to  enable men 
to  produce good work w ith reg u la rity  so th a t 
resu lts a re  m ore certa in , ye t up to  th e  p resen t 
they do no t seem to  have reduced the h a rd  m anual 
labour which is associated w ith  foundry  operations 
as they  ought, and  when we compare the  small 
am oun t of energy expended by iron tu rn e rs , 
m illing and o ther m achine operators w ith th a t  of 
our craftsm en  i t  is ap p aren t th a t  here we have 
an o th e r possible exp lana tion  of why we cannot 
a t t r a c t  a good type of boy to  th e  tra d e  o r re ta in  
men when in  it, fo r i t  is an  undoubted  fac t th a t  
m any a re  leaving i t  to  tak e  up semi-skilled work. 
C on tras t s ta r tin g  tim e each m orning as i t  affects 
th e  m oulder and th e  m ach in is t; th e  la t te r  pulls 
th e  belt lever over and  s ta r ts . The m oulder has 
probably to  assist in  knocking o u t his boxes, p re­
pare  his floor, and if his castings appear satisfac­
to ry  he is onUj physically  tired  before s ta r tin g  to  
m ake moulds, b u t if a few w asters have tu rn ed  
up d u rin g  th e  knocking-out process he is also 
m entally  d isp irited , and no t in  th e  best form  to 
proceed w ith h is day ’s work. I t  appears obvious, 
then , th a t  any m echanical aid  which will spare 
our men undue exertion  should be installed in our 
foundries. S and-preparing  p lan t which will clean 
th e  sand from  iron, in  addition  to  m ixing it, ample 
crane un its , runw ays, sand-blasting  barrels, or 
those of th e  tab le-type form  (I do no t th in k  those 
of th e  room type  should be encouraged), and all 
th e  o ther ap p ara tu s, exam ples of which were to  
be seen a t  th e  recen t F oundry  E xhib ition  held in 
London. F oundry  buildings also should be well 
lighted  and fitted  w ith  plenty  of plug connections 
for handlam ps. This also applies to  a ir  supply 
for blowing o u t moulds, b u t w hat we require most



is p lenty  of space. W e m igh t well consider the  
advisability  of hav ing  our shop large  enough to  
enable the  men to  work in one-half of i t  to-day 
and p repare  th e  o ther ha lf for to-m orrow. J u s t  
th in k  how orderly  i t  would be fo r a m an to  pick 
up his tools and cross th e  shop to  a floor all cleared 
and w ith am ple sand ready, in stead  of hav ing  to  
s ta r t  amid all th e  bustle of labourers knocking 
boxes ou t. I t  would all conduce to th e  produc­
tio n  of sound, reliable and well-finished castings, 
such as would reflect c red it on th e  industry .

Costing and Selling.

I t  would be p leasan t to  end on th is  note, b u t 
in  th is  comm ercial age, when everyone seems to  
be in te rested  only in  th e  cheapest a rtic les they  
can buy, w e m ust “  count th e  cost.”  I t  is th is  
counting  of th e  cost th a t  adds so m uch to  th e  
worries of th e  m anagers and  forem en, and  while 
i t  is im pera tive  th a t  p roduction  cost should 
be tak en  very thoroughly, a b e tte r  s p ir i t  m igh t 
be infused in to  i t  if forem en were shown how th e  
e x tra  shillings m ounted up when overhead 
charges a re  added. W e are  to  have th e  p leasure 
of hearin g  a P ap e r th is  session by M r. Bagshawe 
on th is  subject, and I commend th is question of 
costing  to  your notice because as an  in d u s try  we 
are  hopelessly behind th e  tim es in  th is  m a tte r , 
and buyers of castings have, and  canno t help b u t 
have, a  low opinion of o u r business capab ilities 
when they  com pare th e  w idely d ifferen t prices 
quoted for the  sam e casting . I t  is impossible for 
foundries to  price th e ir  castings a t  so much each, 
b u t i t  is not impossible to d ra ft a sliding scale 
of prices which will be ju s t and  equ itab le  to  both 
th e  buyer and th e  foundry , n o t th a t  buyers in  th e  
eng ineering  in d u s try  evince any eagerness fo r a 
slid ing  scale, th e ir  idea is an all-round p rice per 
cw t., and th is  is one reason w hy we d rag  a t  th e  
heels of th e  eng ineering  in d u stry . Y et they  sub­
jec t ou r products to  th e  closest sc ru tiny , in  th e  
larger shops by inspection d epartm en ts and  in th e  
sm aller by th e  forem en in  charge, and these do 
n o t tak e  any risks, n e ith e r does th e  purchasing  
d epartm en t. The last-nam ed m akes qu ite  su re  
th e  price is r ig h t, and  an all-round one p er cwt. 
T h a t slogan to  which engineers stick  so grim ly
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and on which they have bu ilt successful businesses, 
leaving th e  foundry  tra d e  as an industry  
im poverished. I  doubt if 10  per cent, of our 
foundries are  m aking profits. How, then , can an 
in d u stry  so financially em barrassed afford up-to- 
da te  p lan t, clever staffs and a  reasonable liveli­
hood fo r all those engaged in  it . I  suggest 
to  you th a t  s trong  efforts will have to  be made 
in  th e  near fu tu re  to  im press upon engineers th a t  
we will m eet w hat they  are  dem anding in th e ir 
castings, b u t th a t  h igh-grade w orkmanship and 
reg u la rity  in  qua lity  of m ateria l cannot be m ain ­
ta in ed  unless they  are  p repared  to be more reason­
able w ith regard  to  th e ir methods of paying for 
it . A t p resen t when one undertakes th e  supply 
of castings to  a new custom er on an all-round price 
p er cwt. basis, i t  is a sheer gamble, and when 
badly designed and  badly m ade p a tte rn s  are 
included the  founder is a ce rta in  loser. I  th in k  
m ost of th e  blam e for th is  s ta te  of affairs rests 
w ith  ourselves, and w ithou t doubt has been due 
to  a lack of costing, for I  cannot th in k  th a t  
anybody would persist in  supplying an  article 
below cost if he knew th e  t r u th  of the  m a tte r . 
I t  has been said tru ly  th a t  the  finding of costs 
accomplishes tw o th ings. F irs tly , i t  tells you w hat 
m ust be charged for your castings in order to  make 
a profit, and secondly i t  tells ju s t where th e  money 
goes.

Those who tak e  costs are  fully alive to  th e  b itte r  
tru th  of th e  second, and we have to  th an k  those 
who do not ta k e  costs th a t  we can make li tt le  use 
of th e  first.

Therefore, gentlem en, le t us continue our efforts, 
both scientific and prac tica l, to  im prove our 
product so fa r  as ou r p resen t im poverished s ta te  
will allow u s ; b u t hav ing  done so, le t us see th a t  
we get paid  for it—the  labourer is w orthy of his 
hire.

DISCUSSION.
A lthough it  is no t usual to  discuss P residen tia l 

Addresses, i t  was decided, w ith the  B ranch-Presi- 
d en t’s perm ission, to  follow th e  practice  inau­
gu ra ted  last year, when the  presiden tia l address 
by M r. P ierce en titled  “  W hat is W rong w ith 
our In d u s try ? ”  was discussed.



316

M r. V. O. F a u l k n e r  (p res id en t of the  In s t i ­
tu te )  opened the discussion, and said th a t  the  
B ranch-P residen t had focussed the  though ts of 
th e  industry  in  the  r ig h t d irection , especially 
when he had em phasised th e  necessity for adequate 
costing. There was only one m eans of ensuring  
th a t  proper costing m ethods should be adop ted , 
and  th a t  was beyond th e  scope of th e  In s titu te , 
i.e., by th e  form ation  of a very strong  foundry  
em ployers’ federation . T here was ju s t a danger 
th a t  if  we had in G rea t B r ita in  an  em ployers 
federa tion  of th e  s tren g th  of th e  G erm an 
em ployers’ federation , i t  would become the  play­
th in g  of th e  politicians. The federa tion  in  G er­
m any had  1,400 members, a lthough th e re  w ere 
only 1,600 foundries in th a t  country . They had 
th e ir  own co-operative buying a rran g em en ts; they  
simply dealt w ith th e  p ig-iron rin g  w hen buying 
p ig -iron ; w ith th e  coke rin g  when buying  coke, 
and th ey  had  a  selling price-fixing a rran g em en t 
based on a  unified costing system, w ith  d is tr ic t 
modifications. They were so s trong  th a t  they  
invited  th e ir  best custom ers, such as th e  railw ay 
companies, to ta k e  costs fo r them selves and com­
pare  th e ir  figures w ith  those ob ta ined  by  th e  
system  they  (the em ployers’ federation) had  
evolved. A t th e  D üsseldorf E xh ib ition  th ey  had  
shown curves based on th e ir  system an d  curves 
obtained by independent aud ito rs, and i t  was very 
in te re stin g  to see th e  curves of the  aud ito rs lying 
between the syn thetic  curves of the  founders.

The m ethod adopted by em ployers in  Am erica 
was to  appo in t one aud ito r to p u t th e  sam e cost­
ing  system  in to  th e  works of one locality, and 
th a t  seemed to be th e  only feasible way of ta ck ­
ling  the  m a tte r  in B rita in .

A Proposed Junior Section.

W ith  regard  to  th e  appren ticesh ip  question, 
th a t  was very much in  th e  m inds of th e  B ranch 
Council a t the p re s e n t ' tim e. The Council had  
had a dem and from some of the  foundry  app ren ­
tices for the  fo rm ation  of a section for them , 
sim ilar to  those in  existence in  o ther large 
centres, and a m eeting was to  he held du rin g  the  
following week to  explore th e  possibilities. There 
seemed to  he some prospect of form ing such a
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section, and  if they could ge t only 10  boys to 
a tten d , he was convinced th a t  there  were a t  least 
8 o r 10 mem bers of th e  In s titu te  who would be 
p repared  to  give one n ig h t a year to  ta lk  to 
them .

As to  the  equipm ent of foundries, he was very 
much alive to  the fac t th a t  there  were numbers 
of foundries in th is country  who knew exactly 
w hat p la n t they  w anted, b u t were too poor to  buy 
it. They knew also th a t  they  w anted b e tte r 
buildings, b e tte r  ligh ting , and so on, bu t they 
were sim ply so poverty stricken th a t  they  could 
no t afford it . The only way to  save the founding 
industry  from' complete bankrup tcy  was to  equip 
th e  foundries properly. The industry  was in 
much the  same position as th e  m ining industry, 
except th a t  the  m ining industry  knew i t  was 
b an k ru p t, whereas th e  founding industry  did not. 
He had been u rg ing  for a long tim e th a t  
foundries should be properly lighted , and, 
although some were properly constructed, no pro­
vision was m ade for cleaning th e  windows- He 
had seen som ething prac tica l in th a t  direction, 
however, a t th e  foundry  of th e  Esperance Longdoz, 
du ring  a recen t v is it to Belgium, where they had 
fixed u p  a run-w ay alongside the windows, and 
had p u t an  aux ilia ry  m achine on top of the  crane 
to  enable the  roof windows to  be k ep t clean. 
F inally , M r. F au lk n er proposed a hearty  vote of 
th an k s to  M r. Shaw for having focussed a tte n ­
tion  in  his p residen tia l address upon so m any 
im portan t points, which affected all th e  members 
in th e ir  daily  business.

Mb. H o b a c e  J .  Y o u n g , who seconded the vote 
of thanks , said he had  heard  a good m any presi­
d en tia l addresses th roughou t th e  country from  
tim e to  tim e, b u t he really believed th a t  Mr. 
Shaw, in  about a q u a rte r of an hour, had delivered 
th e  best address he had ever heard . H e did not 
say th a t  m erely fo r the  pleasure of saying it, bu t 
because he really  and tru ly  believed th a t  every 
one of th e  th ings he had said in such a clear 
m anner—th ings which he himself would n o t have 
dared  to  have said (laughter)—was correct. H e 
had never heard  a P res iden t of any B ranch say 
w hat was really  tru e  about th e  foundry trade. 
F ir s t  of all, M r. Shaw had  said very plainly th a t
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we were igno ran t. T ha t was q u ite  tru e . The 
chemists were ig n o ra n t; they  knew practica lly  
no th ing  about cast iron, and  y e t one could go 
round th e  country  and find people who th o u g h t 
they  knew all about it. W e w ere ju s t on the  
fringe  in  regard  to  cast iron, and  u n ti l th e  foun­
dries supported  inquiry  in to  i t  we should rem ain  
in th a t  position. The B ranch -P residen t was also 
perfectly  r ig h t in  saying th a t  i t  was possible fo r 
science to  save money in the  foundry . D uring  
th e  last six m onths he him self had  come across a t  
least four foundries which were w asting  an  enor­
mous am ount of money on pig-iron and  coke, and 
were tu rn in g  ou t absolute rubbish , because they  
had old-fashioned m ix tu res. They were pay ing  
ex travagan tly  for m ateria ls  they  did n o t know 
how to  use. W ith  reg a rd  to  th e  engineers and 
th e ir  influence upon th e  p rice  of castings, he as­
sured th e  B ranch-P residen t and  all concerned th a t  
nobody was rubbing  i t  in to  th e  engineers m ore 
th a n  he was. The foundry  tra d e  was sim ply a 
sw eated trad e , b u t he did n o t th in k  th e  foundry- 
men had  been able to  help i t ; i t  was th e  fa u lt 
of the  engineer. On th e  o th e r hand , very big 
first-class castings were needed, b u t as th e  resu lt 
of th e  sw eating, nobody was able to  supply th em ; 
as th e  re su lt of the  sw eating, foundries had  n o t 
employed science, and  now th a t  i t  was requ ired  i t  
was no t available.

Training of Apprentices.

W ith  regard  to  th e  tra in in g  of boys, he re fe rred  
to  classes which he had conducted in  th e  N o rth  of 
E ngland , and said th a t  th e  very g re a t success 
which could be a tta in ed  in  th a t  d irec tion  was 
su rp ris ing . One did n o t get any th an k s , however, 
and if anybody in  th e  London B ranch s ta r te d  a 
Ju n io r Section, or helped boys, and expected to  
get thanks , he was s ta r tin g  w ith  an  en tire ly  
w rong po in t of view. One’s rew ard, however, was 
to  be found in  th e  resu lts ob ta ined . Several 
years ago he had  had a class of 73 boys from  th e  
foundry  and th e  eng ineering  shops, and  had  
s ta rted  lec tu ring  them  in the  orthodox m anner, 
b u t soon became aw are th a t  none of them  seemed 
to understand  w hat he was ta lk in g  about. T here­
fore, he had  a ltered  his methodsi  had supplied
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them  w ith paper, and had asked them  to w rite 
down ttio answers to  various questions. In  the  
first place he had asked w hat was m ean t by 5 per 
cent., w hat was 5 per cent, of 98, and w hat was 
5 per cent, of 102. O ut of the  73 apprentices, only 
th ree  could answer correctly, and those th ree  were 
prem ium  pupils. A t the end of th ree  lessons, how­
ever, they  were able to  answ er all sorts of ques­
tions'. T here was th en  a very g rea t im provem ent, 
and  i t  was possible, o u t of the 73 lads, to  pick 
ou t 13 who were w orth tak in g  fu rth e r. T ha t was 
th e  p o in t; i t  was useless educating  the  l o t ; we 
had to have w orking men, and he considered they 
were best le ft alone, . b u t if we picked o u t the 
good ones and educated  them , we should produce 
foremen and chargem en, and perhaps m anagers. 
If  th e  London B ranch formed a Ju n io r Section, it 
would get the  best, and th ere  was no need to 
worry about th e  rest. W ith  reg ard  to  the  pos­
session and application  of scientific knowledge in 
th e  foundry, he did no t agree w ith th e  B ranch- 
P res id en t in  blam ing th e  working m an o r the 
forem an. H is experience w ith  th e  companies of 
th is country  was th a t  if the re  were an in te lligen t 
m anaging d irector, whose word would go, it  did 
no t m a tte r  about anybody else. I f  th e  m anaging 
d irecto r had got the  pluck or th e  knowledge to 
say th a t  he was going to  have a th in g  done pro­
perly, evorbody else in th e  works—th e  works m ana­
ger, th e  forem en and th e  re s t—would gain  the 
m anaging  d irec to r’s enthusiasm , and good results 
would accrue. N early  all th e  m anaging directors 
were financial people, however, who ne ither knew 
nor cared any th ing  about cast iron. Some years 
ago th e  question of cast iron had been raised  in 
the  B ritish  P arliam en t, b u t th e re  was not one 
Member of P a rliam en t who was able to say one 
word of common sense about it. (L aughter.) In  
a final com plim ent to  th e  B ranch-P residen t, he 
said  he had p u t so much tru th  in to  his rem arks 
because he understood the problems of the indus­
try . I f  th e re  were more people such as the 
B ranch-P residen t in the  foundry  trade , we should 
do a g rea t deal be tter.

Demarcation Disappearing.
M r . A . H .  M u n d e t , in his capacity  of Chairm an 

of th e  London Local Section of th e  In s titu te  of
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M etals—lie is also a  mem ber of th e  London 
B ranch of the  In s titu te —offered th e  g ree tings of 
the  form er body to  th e  new B ranch  P res id en t, 
and  expressed the  hope th a t  th e  annua l jo in t or 
corporate  m eeting of th e  two bodies was an  ea rn es t 
of th e  desire of both the p rac tica l m an and  th e  
scientific m an—two very much overworked and  
badly-worked phrases—to m erge th e ir  in terest? . 
H e could not, and  would n o t, separa te  th e  two. 
H e did no t like p u ttin g  th e  p rac tica l m an in to  one 
w a te rtig h t com partm ent, and th e  scientific m an 
in to  an o th e r; if th e  p rac tica l m an could n o t be 
a  scientific m an. and th e  scientific m an could no t 
be a p rac tica l m an, th en  th e  outlook was hopeless; 
b u t th e  so rt of co-operation which was evinced 
between them  was th e  su rest sign th a t  th ey  were 
moving forw ard on th e  r ig h t lines. The B ranch 
P res iden t, in  his address, had  indeed provided a 
a  good deal of food fo r though t. I n  th e  first place, 
th e  B ranch P res id en t had  m ade th e  adm ission 
th a t  foundrym en as a body were ig n o ran t. I f  we 
s ta rte d  o u t w ith  such an admission, i t  was one 
of th e  su rest signs th a t  we were going to  lea rn  
som ething. There w ere men p resen t who were 
old enough to  rem em ber th e  tim e when th e  
foundry  forem an and  th e  foundrym an th o u g h t he 
knew every th ing , when th e  m an who w ent in to  
the  foundry  as a m e ta llu rg is t was considered a 
m ere highbrow, who knew noth ing , and  who was 
only a general detective w orking in  a  labora to ry  
w ith te s t tubes and so on, ju s t to  say how m uch 
carbon, or copper, or som ething else, th ere  was 
in  th e  p a rtic u la r  charge of m etal th a t  was being 
opera ted  on. I t  was a t  th a t  tim e  considered 
an im possibility for anyone b u t a foundrym an to  
say any th ing  abou t the  characters of m etals, th e ir  
whims and  fancies, th e ir  weaknesses and  th e ir  
streng th s , and he was sure th a t  foundrym en to-day 
would adm it th e  t r u th  of th a t .

Training Apprentices.

D ealing w ith th e  tr a in in g  of boys, h e  said, as 
one who, for tw enty-five years, had  been a  lec tu re r 
in  m etallurgy to  engineering  and  foundry  
s tuden ts, th a t  the position of th e  young men in 
London who w anted  to  know som ething about 
m etallu rgy  was no t so despera te  as some people 
m ight th ink . One of th e  g re a t reasons why we
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did not g e t good foundry apprentices was th a t it  
was a d ir ty , uncom fortable, ill-paid business and 
unless th e  young m an could see somev prospect 
of g e ttin g  away from  i t  p re tty  soon, and ge tting  
on to  th e  ac tua l ca rry ing  o u t of th e  work, he did 
not w ant to  s tay  and serve o u t an  apprenticeship. 
There was not sufficient inducem ent, and th a t  was 
one reason why all engaged in the  trade , whether 
foundrym en, foremen, or employers, ought to  see 
to  i t  th a t  th e  work was made more acceptable 
to the young men, th a t  it  was be tte r paid, th a t 
a young m an should n o t be tre a ted  as an ou tsider 
because he worked in  the foundry, b u t should 
be tre a te d  as well as, and should mix w ith, other 
young fellows, ju s t as if he were employed in the 
office or in  ano ther p a r t of the  works.

Junior Sections.
H e himself always took a trem endous in te re st in 

th e  boys associated w ith him , and he wished M r. 
F au lkner good luck in connection w ith  the  Jun io r 
Section it  was proposed to  form in  London. A t 
the sam e tim e, he hoped th a t  those concerned with 
the  Section would not try  to  educate the  boys too 
much ; one could no t teach  them  in  a few m onthly 
m eetings all they would have to  know, bu t one 
could get them  in terested  sufficiently for them 
to seek o u t inform ation. The boys m ust do a good 
deal more th a n  a tten d  a few m eetings; they m ust 
pu rsue  th e ir  education, b u t m ust be encouraged. 
N early  all th e  members of th e  London B ranch were 
in some au th o rita tiv e  capacity  w ith them , and, 
therefore , should encourage them  to  pursue th e ir 
education. There was the  question of the 
boys’ expenses, h u t surely employers and m anagers 
could pay som ething tow ards th e ir  expenses, as 
a m eans of encouraging them . H e knew one 
firm who saw to  it  th a t  all th e  boys had an oppor­
tu n ity  of a tten d in g  classes th a t were acceptable 
to  the  D irectorate , and in  cases of hardship  the  
boys’ expenses were always paid . Surely any 
decent, self-respecting firm would do as much as 
th a t .  F inally , he wished Mr. Shaw a happy and 
successful year of office as P residen t, and  felt 
c e rta in  th a t , if th a t  m eeting were an indication 
of the  en thusiasm  he was able to infuse, then  the 
y ear was going to  be a very profitable one for 
th e  London B ranch. ,.
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A National Foundry Certificate.

M r. A. F . G ib b s  was in  agreem ent w ith  th e  sug­
gestion to form  a  Ju n io r  Section in  London, if 
th is  could possibly be done, and added th a t ,  a t  
the  tim e of th e  In s t i tu te ’s Convention in  New­
castle, two years ago, he had  spoken to  M r. Y oung 
as to  th e  possibilities of form ing such a Section. 
H e had  had  appren tices who had  a tten d ed  classes 
for two or th ree  years, b u t who h ad  no visible 
resu lts  of th e ir  tra in in g , in  th e  form  of a  cer­
tificate, and  he suggested, therefo re , th a t  very 
soon th e  B ranch  would have to  ask th e  p a re n t 
in s titu te  to  provide for and a rran g e  exam inations 
for appren tices and to  aw ard  a certifica te . H e 
had  known stu d en ts  who, h av ing  com pleted th e ir  
courses, were absolutely dow nhearted  sim ply be­
cause they  h ad  no certificate o r o ther visible re ­
w ard for th e ir  success, so th a t  he hoped th e  B ranch 
would tak e  th e  in itia tiv e  and  approach th e  p a re n t 
body as suggested.

Foundry Economics.

M r. A. W . G. B a g s h a w e  (D unstable) considered 
th a t  th e  solu tion  of th e  foundry  appren ticesh ip  
problem was to  be found in  th e  d irec tion  of pay ing  
h igher wages to  foundrym en. H e  was no ph ilan ­
th ro p ist, b u t th e  m oulder m ust be paid  wages 
h igher th a n  those of a  skilled m echanic, and  i t  
was for th e  foundry  m anagem ent to  find ways of 
doing it . T h a t was bound up w ith  th e  question 
of w hat castings could be m ade for, an d  w h a t they  
could be sold for. H e  was to  read  a P a p e r  before 
th e  B ranch  in  J a n u a ry  on th e  question  of costing, 
and he was going to suggest in  th a t  P a p e r  th a t  
th e  best th in g  th e  foundry  tr a d e  could do for 
itse lf was to  t r y  to  find an d  adop t a  un ifo rm  
costing system . T here w ere hund reds of costing 
systems in  existence, m any of th em  good an d  
m any of them  bad, and  i t  should be possible to  
s tudy  them  and to  evolve from  th em  one which 
was properly  applicable to  th e  foundry  business. 
I f  foundry  p roprietors could sell a t  a  p rice  which 
would give them  a m arg in  over cost they  would be 
able to  equip th e ir  foundries properly. I t  was 
no t enough, however, m erely to  p u t in  m achines 
to  save labour and to  do no th ing  else. They had 
first to  p u t in m achines which would increase
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o u tp u t w ithou t saving labour, and, having 
increased o u tp u t, they  could look round and try  
to  save labour. M ost of them  had  tr ied  to  p u t 
in m achines m erely for th e  purpose of saving 
labour, h u t had  found th a t  they  were no b e tte r 
off for it. I f  th ey  could find a way to  increase 
o u tp u t and  to  pay th e  men m ore w ithou t m aking 
them  do m ore work, th ey  would he ge ttin g  tow ards 
a solution of th e  problem. The foundry business 
would always be d ir ty  and unp leasan t, and in 
very m any foundries, pa rticu la rly  the  ligh t 
foundries, where casting  was carried  o u t every 
day and sometimes all day, th e  men would he sent 
home sw eating  every n igh t. Therefore, the  
problem had  to  be solved by b e tte r  pay, and no 
appren ticesh ip  system would ever solve it . De­
veloping fu r th e r  his view th a t  th e  foundrym an 
should receive b e tte r pay th a n  th e  m achine hand, 
he  said i t  was th e  foundrym an who had  to  take  
all th e  risk. W hen a machine hand  m ade a m is­
take , he knew it  alm ost th e  second he m ade it, 
b u t if a foundrym an m ade a m istake he m ight not 
be aw are of i t  fo r a day, o r maybe longer. There­
fore, if  th e  piece-work svstem  were in troduced—■ 
and, a f te r  all, he believed i t  was th e  best svstem— 
th e  foundrym an was ta k in g  a  b ig  risk. Those in 
the  foundry  in d u stry  o ugh t to  tr y  to  adopt a 
un iform  costing system, so th a t  they  would know 
th e  prices a t  which they  could afford to  sell, and 
could ensure a m arg in  of profit sufficient to  enable 
them  to  in sta ll proper appara tu s, and so make 
labour in the  foundry  a  reasonable occupation.

The “ Ford” Ideal.
M e . J .  W . G a r d o m  (D unstable) said th a t  every­

body seemed to  be anxious to  increase the  
m oulder’s knowledge, b u t in his view they  were 
going th e  wrong way about it. I t  would he agreed 
th a t  foundrym en had  got in to  th e  h a b it of looking 
a t  a pyrom eter ind ica to r and read ing  th e  tem ­
p e ra tu re  on it, never th in k in g  for a m om ent th a t  
th e  read ing  was in milli-volts and n o t degrees 
C entigrade. I f ,  when try in g  to  im prove th e  
foundrym an’s knowledge, one ta lked  to  him  in  
term s of money, he would understand . M r. 
G ardom  agreed w ith the  B ranch-P residen t th a t  
th e  chem ist was n o t always a success in the 
foundry , b u t one reason was th a t  the m anagem ent

m 2
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would no t pay tlie  sa la ry  which a good chem ist 
could comm and. T herefore, th ey  engaged an 
inexperienced chem ist, and  would n o t allow th a t  
inexperienced chem ist to  m ake a m istake. Com­
m enting on th e  B ranch -P residen t’s rem ark  th a t  
the m oulders s ta r te d  th e ir  day physically and 
m entally  tire d , a f te r  hav ing  sh ifted  th e ir  equ ip ­
m en t and puzzled over th e  m istakes of th e  previous 
day, he suggested th e  m anagem ent m igh t a rran g e  
to  ge t all th e  moulds o u t th e  n ig h t before and 
w rite  on th e  m oulders’ cards some ind ica tion  as 
to  why they  had  m ade those m istakes. T h a t would 
relieve them  of some o f th e ir  w orry, and  enable 
them  to  avoid those m istakes in  th e  fu tu re . As 
to  th e  suggestion th a t  each foundry  should have 
two floors, he po in ted  o u t th a t  th a t  would cost' 
money, and  th a t  th e  sam e resu lt could be achieved 
by ta k in g  th e  sand  o u t of th e  foundry  and  b rin g ­
ing  i t  back again . The firm w ith  w hich he was 
associated were doing th e ir  best to  help th e ir  
employees, on  th e  princip le  th a t  by help ing  o th e r 
people th ey  w ere also help ing  them selves. The 
castings m ade by o th e r foundries w ere sold a t  
ce rta in  prices, and  h is firm  had  to  undersell 
th e m ; o ther foundries pa id  ce rta in  wages, and  
h is firm  w ere going to pay  more wages. T h a t was 
an  ideal they  were try in g  to  achieve, and  he 
believed th ey  w ere m eeting  w ith  a li t t le  success, 
because th e y  were g e ttin g  b e tte r  people and were 
educating  them  to  produce rea lly  good castings.

M r . G e o . C. P i e r c e  (P as t B ranch -P residen t), 
speaking as one who h ad  come m ore closely in to  
contac t w ith  th e  m oulder a t  his work, perhaps, 
th a n  m ost of th e  members, and  who understood 
the  m oulder’s po in t of view, agreed w ith  M r. Bag- 
shawe th a t  if  th e  tra d e  offered adequate  rem unera­
tion  th ere  would be sufficient appren tices . H e had  
n o t th e  sligh test doubt th a t  th e  solution of th e  
problem would be found in  th e  d irection  of b e tte r  
wages. H e agreed th a t  p resen t costing methods 
in  foundries did n o t co n stitu te  a business propo­
sition , and  th a t  unification  was necessary, b u t 
differed from  the  suggestion th a t  th e  em ployers’ 
federations in th is  country  w ere n o t s tro n g  enough 
to  rem edy th e  position. H e knew som ething of 
th e  s tren g th  of these bodies, and consilered  
th a t  one of th e  ligh tes t tasks they  could u n d ertak e
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system. As to the apprenticeship question, it was 
all very well to say that the Institute could deal 
with the matter by establishing Junior Sections. 
Mr. Young, who was perhaps entitled, in  view of 
his experience, to  say mast about Junior Sections, 
had put his finger on the spot when be had sug­
gested th at we should not bother so much about 
the working man, but that we should pick out the 
best- of the apprentices and train them as fore­
men, chargemen. and managers. But it  would not 
get the industry out of the hole i t  would 
be in  very soon. I f  there were a boom in the 
industry, as he believed there would be. the dearth 
of skilled moulders would become evident. I t  was 
not so much a question of training chemists, fore­
men. chargemen and managers, because the short­
age did not lay in that direction.

The vote of thanks to the Branch-President for 
his excellent address was then put to the meeting, 
and carried with acclamation.

Branch-President’s Reply.
The B e a n c b -Pr e s ident. after expressing his 

appreciation o f the vote of thanks, replied to some 
of the points made in the discussion. He thanke- 
Mr. Bagshawe particularly for his remarks as to 
the purpose o f installing machinery, because they  
reflected his own views. What happened to-day 
was that when a new machine was brought into  
the foundry, the number of hands employed was 
reduced immediately. That created disquiet 
among the men, and it was altogether wrong. 
Something must be done to lighten the labour of 
the men, and, in  addition, he did not see why a 
foundry should be very dirty. Mr. Gardom had 
rather misunderstood his reference to a foundry 
with two floors. What he had in mind was a big. 
broad, long shop, with a proper gangway along 
the middle—not one that varied from day to day 
—so that while work was in progress on one side, 
the other side was being prepared for the next 
day's work. When the work was finished on one 
side, the moulders c-ould take their tools to  the 
other side, where they would find their boxes ready 
for them. It would not entail much shifting of 
boxes. Again, he saw no reason why foundries



326

should no t have less sand and  m ore concrete floors, 
a n d  he had  seen a foundry  recen tly  in  which th is  
policy had been adopted  w ith  p leasing results . 
Boys would n o t e n te r  th e  foundry  tr a d e  as 
appren tices when they  could e n te r a com para­
tively clean trad e , and one in  which th ey  were 
offered b e tte r  opportun ities. The boys m ust be 
tre a te d  b e tte r, they m ust have b e tte r  shops, and 
So on, b u t th is  could n o t be done w ithou t money, 
and, hav ing  reg ard  to  th e  slum p which th e  
in d u stry  was now passing th rough , th e  money 
was n o t available. The difficulty was th a t  
investors would no t p u t  th e ir  money in to  
foundries as they  were n o t very  a ttra c tiv e  
sources of profit. Unless th e  m oulders were 
b e tte r  educated , both technically  and  on  th e  
economic side, and app rec ia ted  w hat was involved 
in conducting a foundry , i t  would be impossible to  
get th e  co-operation betw een them  and  th e  m an­
agem ent th a t  was really  necessary. One d id  find 
men occasionally, however, who had  some no tion  
th a t th e  position of th e  m anagem ent was n o t 
always p leasan t, and th a t  very  o ften  they  were 
scrap ing  along and did no t know w here th e  n ex t 
week’s wages were coming from . A fte r all, th e  
m en were always sure of th e ir  wages, b u t i t  was 
very difficult indeed, as a  ru le , to  ge t them  to  
und ers tan d  how small w ere th e  profits, or how 
problem atical. H e was glad to  find M r. Bagshaw e 
in agreem ent w ith him  on so m any po in ts, and 
particu la rly  on th a t  of wages and  conditions ; some­
how o r o ther th e  foundry  tra d e  m ust be able to  pay 
b e tte r  wages and  a t t r a c t  b e tte r  people to  th e  
foundry. W hen th a t  stage  was reached they  
would be able to  in troduce more m achines and  to  
organise th in g s b e tte r  for th e  benefit of all ; 
people would th en  work b e tte r  and  profits would 
accrue n a tu ra lly . The sav ing  which could be 
effected w hen everybody was happy  and  th ings 
were going all r ig h t was rem arkable .

F inally , th e  B ranch -P residen t proposed a  vote 
of th an k s to  M r. H . G. Sommerfield (B ranch- 
Secretary) for th e  enorm ous am ount of w ork he 
had  done as H on. S ecre ta ry  of th e  In s t i tu te ’s 
Convention, held in  London in  Ju n e .

The vote of th an k s  was accorded w ith  acclam a­
tion , and a f te r  a  b rief response by M r. Sommer­
field th e  m eeting closed.
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East Midlands Branch.

A COMPARISON OF WHITEHEART AND BLACK- 
HEART MALLEABLE CAST IRONS.

By A. E. Peace (Member).

Introduction.
The history  of malleable cast iron commenced 

about 200 years ago when th e  Frenchm an, 
R eaum ur, m ade w hat is now known as w hite- 
h e a rt m alleable cast iron. A t th a t  period there  
were only th ree  kinds of iron know n; these were 
w rought iron  and caet iron—obtained by reduc­
tio n  of th e  ore—and blister or cem entation  steel 
obtained  by heating  w rought iron .in charcoal. I t  
seems probable th a t  th is  cem entation process was 
th e  germ  of the  idea of m aking malleable cast iron 
by su b s titu tin g  ore for the charcoal and thus 
rem oving carbon instead  of adding i t ; th is sprung 
up  in to  an industry  in  Europe, th e  m anufacture 
chiefly being confined to  harness p a rts , nails, and 
sim ilar sm all work. About 100 years la te r  an 
a tte m p t was m ade in  A m erica to  produce m alle­
able cas t iron by th is  process. Boyden, in  New­
ark , U .S.A ., sp en t some years try in g  to  make 
malleable cast iron, and was rew arded w ith suc­
cess; b u t th e  frac tu re  of h is iron was black-
h e a rt instead  of w hiteheart. This was due to  the 
d ifferent composition of th e  A m erican pig-irons. 
The E uropean  irons were chiefly low m anganese 
and high su lphur, whereas th e  American irons were 
th e  reverse; and thus, in addition  to  rem oving 
carbon by th e  action of the  ore, g raph itisa tion  
took place, p roducing the  black frac tu re . I t  is 
thus seen th a t  th e  two types sprung from th e
same idea and were a t one tim e m ade by the
same process, bu t owed th e ir  ind iv iduality  to  the 
difference in  th e  local pig-irons. I t  is only com­
para tive ly  recently  th a t  packing th e  castings with 
ore has been abandoned in  th e  b lackheart indus­
try , thereby  em phasising the  m etallurgical differ­
ence of th e  two products.
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Method of Manufacture.
Pig-iron  and scrap  a re  m elted to  give an iron 

which when cast in  sand m oulds shall be free  from  
graph ite , i.e ., a  w hite iron. The production  ot 
castings free from  p rim ary  g rap h ite  is essen tia l m 
m aking m alleable cast iron, as du rin g  th e  annea l­
ing process any g rap h ite  flakes are  sub jec t to  
grow th which so weakens th e  iron  th a t  in  bad 
cases th e  m etal is more b r i tt le  th a n  o rd inary  g iev  
cast iron. The w hite  iron  castings a re  subjected 
to annealing  a t  a high tem p era tu re  fo r 6ome days 
w ith  o r w ithou t a h em atite  ore packing, when th e  
p roduct is rendered  malleable.

Chemical Composition.

The essen tia l difference in  th e  two m ate ria ls  is 
due to  th e  pig-iron used. T he w h iteh ea rt in d u stry  
uses w hite and  m ottled  h em atite , th e  com positions 
of which a re  n o t s ta n d a rd  except in respect of 
phosphorus co n ten t, which is always low. The 
carbon, silicon, m anganese and su lphur all v ary  
w ithin fa irly  wide lim its, and th is  is probably th e  
g rea te st difficulty th e  w h itehea rt m an u fac tu re r lias 
to face. The carbon varies from  3.0 to  3.6 per 
cen t., th e  silicon from  0.3 to  1.0 p e r cen t., th e  
m anganese from  0.05 to  0.60 per cen t., th e  su lp h u r 
from  0.15 to  0.40 per cen t., and  th e  phosphorus 
0.08 per cent, and  less. These figures do n o t 
cover all th e  p ig-irons used in  w h itehea rt m anu ­
fac tu re , as some special refined irons of low sul­
phur and low carbon con ten t a re  on th e  m arket, 
b u t th e  irons indicated  form  th e  basis of th e  w hite­
heart. m ix tures. The b laokheart iron  is m ade from  
grey hem atites differing chiefly in  th e ir  h igher 
m anganese con ten t, w hich is 0.50 to  1.00 per cen t., 
and low sulphur, which is usually  n o t above 0.06 
per cent. The silicon in these irons is generally  
h igher, particu la rly  where th e  m elting  medium 
provides a m eans of ox idation .

Melting and Casting.

W h iteh ea rt is chiefly m ade from  th e  cupola, 
though crucible m elting  is still p rac tised . Black- 
h e a rt is ra re ly  cast from  cupolas ow ing to  the  
increase in  su lphur ob tained  and to  th e  h igher 
carbon co n ten t of cupola m etal. A ir fu rnace,



open-hearth , crucible, electric furnace, and a com­
b ination  of the electric furnace, cupola and Besse­
m er converter are  all used, b u t th e  most popular 
m elting m edium  is th e  air-furnace. I t  •will be 
readily  understood th a t  th e  m elting  of iron for the  
b lackheart in d u stry  is considerably m ore expen­
sive th a n  for w hiteheart. Thi6 fac t tends to  make 
the  economical production  of b lackheart only pos­
sible when conducted on a com paratively large 
scale.

The only sim ilarity  between the  h a rd  iron before 
annealing  is th a t  i t  is in  each case w hite frac tu red . 
The b lackheart is lower in  carbon th an  w hiteheart, 
and consequently is stronger, less b rittle , and no t 
so ha rd  in th e  unannealed  s ta te . W hiteheart, 
before annealing , contains from 3.0 per cent, to 
3.5 per cent, of carbon, and b lackheart from 2.3 
to 2.8 per cen t. In  both cases the  carbon is in  the 
combined form. The s tru c tu re  of th e  irons both 
consist of pearlite  and free cem entite, b u t there  
is considerably m ore of the  la t te r  in  the white­
h e a rt th a n  in  the  b lackheart, which accounts for 
th e  difference in  streng th . The s tru c tu ra l com­
position of w hiteheart as cast is p earlite  60 per 
cen t., and free cem entite 40 per cen t., w hilst 
b lackheart is pearlite  75 per cent, and free cemen­
ti te  25 p er cent.

B lackheart is usually cast a t  a h igher tem pera­
tu re  th a n  w hiteheart, th is  being necessitated by 
the  h igher freezing po in t of th e  iron, which 
involves a much h igher tem pera tu re  to  get suffi­
c ien t superhea t to  give the  m etal “ long life ”  and 
fluidity . The usual m elting  furnaces employed in 
b lackheart m anu fac tu re  perm it of h igher casting 
tem pera tu res  th an  are common w ith ihe cupola.

C asting  in  both industries is usually  done by 
hand or shank  ladles, d irect casting  w ithout tra n s­
fe rring  from  a large ladle to  a small one is the  
general rule, b u t in b lackheart foundries using 
air-furnaces, open-hearth , o r e lectric  furnaces 
pouring  very ho t m etal the  iron  is frequently  
carried  in  large ladles to  th e  m oulder’s side. Crane 
ladles a re  in  use, and a  one-ton bottom  pouring 
ladle is in use in a t  least one b lackheart p lan t 
in th is  coun try .
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The methods of m oulding a re  sim ilar, both irons 
possessing g re a t liquid  shrinkage and h igh con trac­
tion  ; the feeding and g a tin g  difficulties a re  com­
mon to  bo th  processes. T he linear con trac tion  
of both irons is approxim ately  J  in. per foot, b u t 
as th e re  is about -¿-in. p er foot for expansion on 
annealing , p a tte rn s  are  made to  in. con traction .

B lackheart possesses a ce rta in  ad v an tag e  in 
casting  in th a t , as ju s t m entioned, th e  furnaces 
used p erm it of o b ta in ing  longer life and g rea te r 
flu id ity  th an  does th e  cupola.

W h iteh ea rt castings in th e  h a rd  s ta te  requ ire  
m ore careful hand ling  th a n  b lackheart on account 
of th e ir  g rea te r b rittleness. A ce rta in  am oun t of 
fe ttlin g  is done on b lackheart castings in  th e  hard  
s ta te , as they  a re  s trong  enough to  p e rm it of 
knocking off flash w ithou t cracking.

B arre lling  is largely  used fo r rem oving sand 
before annealing  in th e  case of b lackheart, bu t 
th is  is generally  too severe a tre a tm e n t for any­
th in g  b u t sm all castings in  w h itehea rt, and  sand 
b lasting  is generally  adopted. The castings are, 
of course, inspected before going in to  th e  annea l­
ing  ovens.

Annealing.
The g re a t difference in  annealing  is due to  th e  

fa c t th a t  all th e  carbide of iron in  b lackheart is 
decomposed by heat, b u t th a t  th e  carbide in  w hite­
h e a rt is stab ilised  by th e  h igh  su lphur con ten t, 
and  only yields sligh tly  to  h e a t tre a tm e n t. In  
w h itehea rt red  and  black iron ores a re  used to  
provide oxygen for rem oving th e  g rea te r p a r t  of 
th e  carbon.

B lackheart castings a re  packed in sand, slag, 
gravel o r mill scale. T his is done to  p rev en t d is­
to rtion  du rin g  annealing . B lackheart anneals 
qu ite  sa tisfac to rily , however, w ithou t any packing 
m edium. The annealing  is ca rried  o u t a t  800 to  
880 deg. C. for a period of from  2 |  to  3J days. 
W hiteh ea rt castings req u ire  a h ig h er tem p e ra tu re  
and a longer period, and a re  annealed  a t  900 to  
1,000 deg. C. for 3 to  4 days. These tim es cover 
only the  period a t th e  annealing  tem p era tu re . 
The tim e  tak en  for h ea tin g  up and cooling down 
depends on the  size of th e  oven, am ongst o ther 
th ings, and makes the  to ta l cycle in both  pro­
cesses from  8 to  14 days. Slow cooling is neces­



3 3 1

sary  to  ob ta in  th e  best results, and th a t  malleable 
m ade on a sho rt annealing  cycle is generally 
in ferio r. To ob ta in  perfect results w ith white- 
h e a rt necessitates sligh tly  different tre a tm e n t for 
castings of d ifferent section, the annealing under 
s tan d a rd  conditions being less and less complete 
as th e  cross section increases. The section which 
can be sa tisfac to rily  annealed in w h iteheart is 
therefo re  lim ited  by th e  dep th  to  which decar- 
bu risa tion  can be commercially effected. This 
lim it is somewhere in the  region of § in. The 
section which can be m ade in blaclcheart, on the 
o ther hand , is lim ited no t by th e  annealing  pro­
cess, b u t by th e  section above, which i t  is impos­
sible to  cast w ithout ge ttin g  p rim ary  graphite . 
This lim it is somewhere around 3 in.

The cost of annealing  is much higher in the case 
of w h iteheart th an  b lackheart. The use of ore 
and th e  g rea te r tim e  taken  in  packing th e  cast­
ings add to th e  expense. I t  is usual in  th e  white­
h e a r t tra d e  to  su rround  each casting  w ith hem a­
t i te  ore, whereas in b lackheart the packing 
m ateria l fills up th e  spaces le ft a fte r  th e  castings 
are  placed as closely together as is possible. Thus 
a g rea te r tonnage of b lackheart can be packed 
in a certa in  space.

The chief item  in th e  difference in  annealing 
expend itu re  is fuel. From  one to  two tons of 
coal are  required  to  anneal one ton  of w hiteheart 
malleable, b u t only J to § to n  will anneal a ton 
of b lackheart castings. Owing to  the h igher tem ­
p era tu re  in th e  w hiteheart anneal, th e  pans do 
n o t las t so long. The pans used in both processes 
a re  usually  m ade of a w hite hem atite  iron, the  
sam e type  of pig-iron which is used fo r m aking 
th e  w h itehea rt castings being very satisfactory. 
The use of nickel chrom ium  alloy pots has been 
tr ie d  ou t, b u t reducing atm ospheres and the 
sulphur gases from  th e  coal p revent them  giving 
the  life which one would expect from them , and 
in any case th e  in itia l cost is prohibitive. For 
exam ple, th e  cost of equipping the  p lan t with 
which th e  au tho r is associated w ith nickel 
chrom ium  alloy pans would be som ething like 
£100,000. The o rd inary  white hem atite  iron pans 
last from th ree  to six anneals w ith w hiteheart 
and about eigh t w ith blackheart.
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B lackheart p lan ts  usually o p e ra te  011 a la rger 
scale th a n  th e  m a jo rity  of w h itehea rt foundries, 
and as a consequence th e  annealing  ovens are  
la rger. F rom  10 to  30 tons capacity  is common 
in  th e  h lackheart trad e , w hilst 4 to  10 tons is 
usual in  w h itehea rt foundries.

A fte r annealing , barre lling  is o ften  resorted  to  
in o rder to  remove any adhering  packing m ateria l. 
This also gives a good surface to  th e  castings, which 
is appreciated  by a g rea t m any consum ers. G rind ­
ing and chipp ing  is adopted in both industries for 
fe ttling .

Straightening.
P resen t-day  rap id  m achin ing  m ethods call for 

accura te  castings which can  he se t up in  jigs. As 
th e  annealing  process in troduces d is to rtion , due 
frequently  to  th e  ir reg u la r expansion of in tr ic a te  
castings and  to  sagging of th e  pots, i t  is necessary 
to  s tra ig h ten  and set a la rge  num ber of castings. 
W h iteh ea rt m alleable being annealed  a t  a h igher 
tem pera tu re , is sub ject to  ra th e r  more d is to rtion  
th an  b lackheart. G eneral p rac tice  is to  se t th e  
castings hot, though th ere  is a tendency  to-day in  
both w h itehea rt and b lackheart foundries to  adopt 
cold se ttin g  w herever possible. Cold s tra ig h te n ­
ing m eans stressing  th e  castings beyond th e  elastic 
lim it to  give them  a perm anen t set, and th is  
n a tu ra lly  weakens them , b u t th ere  is always a 
danger in  h o t se ttin g  of h ea tin g  above th e  c ritica l 
tem p era tu re  when, in  the  case of b lackheart, th e  
carbon will re-combine w ith  the  iron, rendering  
th e  casting  m ore o r less b r i tt le , and  probably 
useless. This overheating  troub le  is n o t likely to 
occur w ith w hiteheart, as the  am ount of carbon 
p resen t is low, and  is usually all, o r nearly  all, 
p resen t in th e  combined s ta te . The lower c ritica l 
tem p era tu re  of malleable cast iron is about 730 deg. 
C., so th a t  h ea tin g  b lackheart m alleable in the  
neighbourhood of 700 deg. C .L which is only a 
red h ea t, is decidedly dangerous.

Structure and Physical Properties.
The s tru c tu re  and frac tu re  of th e  two m ateria ls  

a re  en tire ly  different. The names w h iteh ea rt and 
b lackheart were derived from  th e  appearance of 
the  frac tu res . W h iteh ea rt is steely looking and is 
greyish on th e  edge, changing to  b rig h t coarse
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w hite crystals in the  core ; th e  line of dem arcation 
is often tim es well m arked.

The microscope shows i t  to  be fe rrite  011 the 
surface, sometimes w ith a sligh t netw ork of oxide 
of iron, and  changing from the  edge to  th e  centre 
w ith g radually  increasing pearlite , u n til m  the 
cen tre  th ere  is frequently  free cem entite in  sec­
tions of ^ in. and over. There is usually a small 
am ount of free carbon in nodular form. Blaek- 
h e a rt has a un iform  black frac tu re , except for a 
sligh t greyness in  th e  skin. The m icro-structure is 
fe r rite  th roughou t, and all th e  carbon is present 
in th e  free sta te . The surface to a slight depth 
contains no carbon a t  all, due to the  oxidising 
effect of th e  atm osphere in th e  annealing pots. 
This sligh t décarburisation  is incidental, and is 
not sought a fte r  a t  all. The g ra in  size is sm aller 
th an  in th e  case of w hiteheart, due to  the  lower 
tem p era tu re  of anneal. The high tem pera tu re  
used in  w h itehea rt annealing  makes the  struc tu re  
coarse, and  if  any free carbon is found i t  is in 
la rg e r particles th a n  are found in  blackheart 
m alleable.

This description of s tru c tu re  of the two mal­
léables is tru e  of th e  general ru n  of castings, bu t 
varia tio n s from  w hat has been described are m et 
w ith, particu la rly  in th e  case of w hiteheart m al­
leable.

Owing to  th e  n a tu re  of th e  annealing 
process in  w h iteheart, the  section of the 
casting  largely governs th e  ex ten t of annealing. 
For example, a casting  w ith a uniform  circular 
section of, say, J  in. dia. m ight well have all 
b u t a trace  o,f carbon removed, resem bling in 
properties w rought iron o r dead mild steel, 
whereas a la rger casting w ith  sections § in. dia. 
would, under the  same conditions, only be 
annealed  to , perhaps, a in. or § in. depth, the  
cen tre  contain ing  up to  2 per cent, of carbon, 
practically  all being in  the  combined form, and 
such a casting  would possess 110 m alleability, 
although being strong and resistan t to  shock.

I t  will be readily  understood th a t  there  is a 
lim it of sections above which the  commercial 
annealing  by th e  w h iteheart process produces no 
m alleability  a t  all. There is, however, no lim it 
to  th e  size of b lackheart malleable which can be



annealed. The section in th is case is, as s ta ted  
before, lim ited  by th e  size above which i t  is 
impossible to  m ake th e  casting  w ithou t g e ttin g  
p rim ary  g rap h ite . I t  is essential in  both pro- 
desses, b u t particu la rly  in  b lackheart, to  produce 
castings which, before going to  th e  ovens, shall 
be free, or p rac tica lly  free, from  g ra p h ite ; o th e r­
wise, on annealing , th e  flakes of p rim ary  g rap h ite  
are  sub jec t to  grow th, and  in bad cases th e  iron  
a f te r  annealing  consists of a  netw ork of 
g raph ite , and  is w eaker th a n  a n  open-grain  cast 
iron. P rim a ry  g rap h ite  in  w h iteh ea rt is n o t so 
subject to  grow th  on annealing , owing to  the  
re s tra in in g  effect of th e  h igh  su lphur con ten t, 
and  also to  th e  fa c t  th a t  th e  carbon is largely 
removed by ox idation , bu t, in  any case, a 
g rap h ite  flake is a source of weakness. To com­
pare  th e  physical p roperties of th e  tw o m aterials 
is very difficult, as will be understood when i t  
is realised th a t  th e re  are  somewhere in  the  
neighbourhood of 200 firms in  th is  coun try  m aking  
m alleable cast iron, and, since prac tice  is n o t 
standard ised , th e  quality  varies very  consider­
ably. N o t more th a n  abou t ha lf a  dozen of these 
200 firms a re  engaged in  m aking  m alleable by 
th e  b lackheart process. The physical p roperties 
to  which m ost im portance is a ttached  a re  ten ac ity  
and ductility . The tensile  s tre n g th  is 
m easured on th e  unm achined bar. The reason 
for th is appears to  lie in  th e  idea th a t  th e  re ­
moval of th e  surface of th e  te s t b ar reduces the  
s tren g th  and  ductility . I n  connection w ith 
w hiteheart, th e re  is _ some t r u th  in  th is  idea, as 
the  m etal is, as a  Tule, more thoroughly  annealed 
in the  surface th a n  in  th e  core, b u t w ith  black­
h ea rt, num erous tes ts  show no loss in  elongation , 
or u ltim a te  tensile  values, a f te r  th e  skin  has 
been tu rn ed  off. However, th e  con tinued  use of 
the  unm achined b ar is undoubtedly  stim u la ted  
by the  expense saved, and, as th e  m ateria l is 
ductile, th e  e rro r due to  th e  te s t piece n o t being 
m ounted in  th e  m achine w ith  its  axis in  a 
s tra ig h t line  w ith  th e  d irection  of th e  pull, is 
negligible. The bar for th e  tensile  te s t  is by 
no m eans standard ised , and  i t  is a  g re a t p ity  
th a t  th e  la te s t B ritish  E ng ineering  S tan d ard s 
Association’s specification is n o t accepted by all
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consumers. The tensile value of w h iteheart 
varies from 20 to  as much as 30 tons per sq. in., 
b u t w ith th e  la t te r  tensile  s tren g th  th e  elonga­
tion  is very low. E longation  values on 2 in. 
have been ob tained  up to  9 per cent., usual figures 
for good w hitehea rt being 23 tons tensile, and 
4 to  6 per cent, elongation. B lackheart mal­
leable shows a  g re a t superiority  in  ductility— 
m ost of th e  b lackheart produced in  th is  country 
having an average elongation of over 15 per cent, 
on 2 in. The tensile s tren g th  associated with th is 
is 23 to  25 tons p er sq. in . Good b lackheart 
m alleable should never show less th an  22 tons 
per sq. in, tensile, nor 10 per cent, elongation. 
The yield p o in t of both m ateria ls is about the 
sam e—nam ely, 14 to  16 tons p er sq. in. All the 
results m entioned are  w hat m ight be obtained 
on th e  B ritish  E ngineering  S tandards Associa­
tio n ’s te s t piece “ C ,” having a diam . of 0.564 in. 
The bend te s t is nearly  always made on a  bar 
1 in. by f  in. Good w hitehea rt gives 45 to  90 
deg. bend, and b lackheart from  90 to  180 deg on 
such a b a r bend round a 1-in. rad ius. The 
B ritish  E ng ineering  S tandards A ssociation’s 
specification for w hiteheart is m inim um  tensile 
s tren g th  20 tons per sq. in ., and m inim um  elonga­
tion  5 p er cent. ; an d  fo r b lackheart, m inimum 
tensile 20 tons per sq. in ., and minim um  elonga­
tion  7-J per cent.

Specifications ra re ly  call for tests o ther th an  
these. The Izod im pact value for b lackheart is 
about 13 to  14 f t . lbs. on the  s tan d ard  Izod notched 
bar, w hilst w h itehea rt is slightly less th an  th is. 
A large  am ount of m alleable castings are p u r­
chased solely on account of the easy m achinability , 
and th is quality  is undoubtedly a very im portan t 
fea tu re  of malleable cast iron. Good w hiteheart 
machines more readily  th a n  mild steel, b u t is 
hard ly  as good as b lackheart. This appears to  
be due to  the  presence of free carbon in  the  black­
h e a rt m alleable which prevents clogging of the  tool. 
I t  is claimed for b lackheart malleable th a t  i t  is 
the  most read ily  m achinable of all ferrous pro­
ducts.

The following figures ind icate  the  m achinability 
of b la c k h e a rt:—T urn ing  and  facing a flange of 
10 in. d ia ., a roughing speed was used of 108 ft.
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per min.,- the  finishing speed was 182 ft. per m ill .; 
tu rn in g  and facing  cylindrical piece 6 t in. d ia ., 
the  roughing speed was 140 f t .  per m in ., th e  
finishing speed was 400 ft. per m in. F o r th e
tu rn in g  and  given c u ttin g  of a lig h t sleeve 
casting, the  rough tu rn in g  was done a t  100 ft. 
per m in., and th e  finish tu rn in g  a t  235 f t .  per 
m in .; the  screw -cutting w ith a single p o in t tool 
was done a t  170 f t .  per min. The la te s t B ritish  
E ng ineering  S tan d ard s A ssociation’s specification 
for m alleable requires a m achining speed of
approxim ately  90 f t .  per min.

An im p o rtan t po in t w ith users of m alleable 
is un ifo rm ity—and th is applies no t only to  the 
general m alleability  of the  m ateria l, b u t to  
m achinability . There a re  so m any mass p roduc­
tion  methods adopted nowadays th a t  i t  is common 
to  find expensive lay-outs fo r m achining. I n  such 
cases i t  is very im p o rtan t th a t  th e  castings shall 
possess un iform  c u ttin g  hardness, n o t only in 
each p a rt , b u t in  each and every batch . One hard
casting , o r even a h a rd  spot, will sometimes
upse t a complete lay-out, and cause considerable 
expense.

B lackheart m alleable undoubtedly  possesses
g rea te r un iform ity  th a n  w h iteh ea rt, due largely  
to  the b e tte r  'knowledge of its m etallu rgy , and 
also in a g re a t m easure to  its sim pler annealing  
process. The m anufactu re  of w h itehea rt is, how­
ever, rap id ly  im proving, and  the  B ritish  C ast Iron  
Research A ssociation is devoting considerable 
tim e and  energy to  th e  industry , and its
research  work in  th is  branch  is m eeting  w ith  con­
siderable success.

As m igh t be expected, th e  resistance of m alle­
able cast iron to  abrasive w ear is poor. W hite­
h ea rt shows some superio rity  over b lackheart in 
respect to  w earing  properties.

Magnetic Properties.

B lackheart malleable cast iron possesses
useful m agnetic properties. I t  has h igh  p er­
m eability , and very low hysteresis loss and  coer­
cive force. W hilst no m agnetic d a ta  is
available on w h itehea rt malleable, i t  seems, from  
a knowledge of its s tru c tu re , th a t  i t  would hardly  
possess th e  useful m agnetic p roperties to  such 
an ex te n t as b lackheart m alleable.
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I t  is in te resting  to  note th a t  both w hiteheart 
and  b lackheart have a g rea te r resistance to 
atm ospheric corrosion th an  o rd inary  carbon steel 
and grey cast iron. This is probably due to  the 
surface being practically  carbon-free.

Applications.

I t  is no t in tended  to  enum erate  the  uses to 
which m alleable cast iron is p u t, b u t ra th e r to 
ind icate  jobs for which the  two types are  best 
su ited . F o r years m alleable has been th e  chief 
m ate ria l in  th e  construction  of ag ricu ltu ra l im­
plem ents, and in  th is field w h iteheart is quite 
as su itab le  as b lackheart. A large  am ount of 
malleable is used in  th e  chain belt industry , and 
here, again , th e re  is li tt le  to  choose between the 
tw o types. A mongst the heaviest customers cf 
malleable is th e  m otor industry , where axle cases, 
d ifferen tia l carriers, dumb irons, hubs, brake 
pa rts , and  all sorts of brackets are  m ade in  m al­
leable. In  th is  industry  no t only are high 
s tre n g th  and  duc tility  of v ita l im portance, bu t 
easy m achinability  is an essential. There is no 
doubt th a t  b lackheart is the most suitable 
m ateria l for motor work from  all points of v iew ; 
ho t-w ater and steam  rad ia to rs  a re  alm ost exclu­
sively assembled w ith m alleable cast iron 
nipples, and  since easy and uniform  m achinability 
is the  chief dem and, b lackheart is th e  b e tte r type 
to  use. Tram w ay work, railw ay  stock, and  elec­
tr ic a l m achinery  all make dem ands on the  m al­
leable trad e . The shipbuilding industry  also calls 
for num erous malleable parts . M alleable is some­
tim es used as a .substitu te  for cast iron to  obtain 
lightness, and  here  w hiteheart is very suitable. 
G enerally speaking, where streng th  w ithout duc­
tili ty , b u t w ith  some fa ir  resistance to  shock, is 
required , w h itehea rt is b e tte r ; particu la rly  is th is 
th e  case when resistance to  fric tional wear is a 
factor. W here high ductility  combined w ith good 
tensile s tren g th  are  the dom inating  requirem ents, 
61ackheart is th e  superior m aterial.

Occasionally castings are required  which are to  
be subject to  b razing or o ther heating  operations, 
and  in  such cases w hiteheart should always be 
used, as b lackheart is em brittled  if heated  even 
m om entarily above 730 deg. 0 .
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F o r jobs where easy m achinab ility  is essentia] 
b lackheart cannot be im proved upon. A t th e  
p resen t tim e b lackheart malleable has th e  w ider 
field of app lica tion , and  th is will probably rem ain  
so ; b u t th e  scope of w h itehea rt will g rea tly  in ­
crease when i t  can be produced w ith  equal 
un iform ity . B lackheart, by its  un ifo rm ity , has 
established a g rea te r confidence am ongst users 
th an  is possessed by w hiteheart. This un ifo rm ity  
of b lackheart castings is perhaps th e  p ro p erty  in 
which i t  most differs from  w h itehea rt. W hen pig- 
iron producers m ake m ore re liab le  irons, and  
when w hiteheart becomes s tandard ised  on scien­
tific lines, and  is m ade from  a  m ore reliab le  
m elting m edium  th a n  th e  cupola, th en  will i t  
c reate  a  confidence am ongst users, and be in  a 
position to  com pare favourably  w ith  b lackheart 
m alleable cast iron, from  th e  un ifo rm ity  po in t 
of view.

DISCUSSION BY EAST MIDLANDS FOUNDRYMEN.
D r . B r a m l e y  a s k e d  i f  t h e  a u t h o r  w o u ld  

e l a b o r a t e  o n  h is  r e m a r k s  a s  t o  t h e  p a r t  s u l p h u r  
p la y e d  i n  t h e  a n n e a l i n g  o f  w h i t e h e a r t  c a s t i n g s .

M r . P e a c e  r e p l i e d  t h a t  i n  w h i t e h e a r t  m a l l e a b l e  
t h e  s u l p h u r  is  a lw a y s  u n b a l a n c e d  i n  r e f e r e n c e  t o  
t h e  m a n g a n e s e ,  t h i s  b e i n g  p r a c t i c a l l y  e s s e n t i a l  t o  
g u a r a n t e e  o r i g i n a l  h a r d  i r o n  c a s t i n g s  f r e e  f r o m  
g r a p h i t e .  V a r i a t i o n s  i n  s u l p h u r  c o n t e n t  d o  n o t  
a p p e a r  s e r io u s ly  t o  a f f e c t  a n n e a l i n g  o f  w h i t e h e a r t  
p r o v i d i n g  t h e ,  s i l i c o n  is  s u f f i c i e n t ly  h i g h ,  b u t  w i t h  
lo w  s i l i c o n - c o n t e n t  i n c r e a s i n g  s u l p h u r  w i l l  
a p p r e c i a b l y  r e t a r d  t h e  a n n e a l i n g .

Obtaining Low Carbon.
M r . R u s s e l l  s a i d  h e  w a s  i n t e r e s t e d  t o  h e a r  o f  

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

I n  r e p l y  t h e  a u t h o r  s a i d  t h e  p i g - i r o n s  p u r ­
c h a s e d  f o r  b l a c k h e a r t  m a n u f a c t u r e  a r e  b y  n o  
m e a n s  lo w  i n  c a r b o n .  B e i n g  lo w  s u l p h u r  g r e y  
h e m a t i t e  i r o n s  t h e  r e v e r s e  is  t h e  c a s e ,  3 .8 0  t o  4 .0 0  
p e r  c e n t ,  b e in g  c o m m o n  f ig u r e s .  A s  t h e  c h a r g e  
c o n t a i n s  a b o u t  5 0  p e r  c e n t ,  o f  s h o p  s c r a p  w h ic h
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is low carbon, th e  ac tua l carbon conten t of the 
m ix tu re  charged is around 3.00 per cent. On 
m elting  in the  a ir  fu rnace th is  carbon con ten t is 
reduced to  about 2.50 per cent. The loss varies 
w ith  th e  fu rn ace  design and th e  blast which is 
used. Occasionally steel scrap is included in the  
charge to  reduce th e  carbon content.

M r .  G o o d w i n  said th e  au tho r had sta ted  th a t 
® 4‘in . section would be a th ick  section to  make 
in  w h itehea rt. H e, personally, could no t see any 
difficulty in annealing  sections up to  3 in. He 
would, however, agree th a t  there  was a g rea t 
difference in  th e  “ m ach ineah ility .”  In  his (M r. 
Goodwin’s) opinion, th e  reason w hiteheart had 
n o t its  share  of th e  m ark e t was th a t  th e  w hite­
h e a r t founders did no t appreciate  the value of 
the  works chem ist to  a proper ex ten t, and a g rea t 
num ber of firms m aking  w hiteheart castings left 
every th ing  to the  forem an.

M r . P e a c e  insisted th a t  there  was perhaps some 
d isagreem ent as to  w hat is sa tisfac to rily  annealed 
w h itehea rt, and  w hilst he agreed a 3-in. section 
could be annealed  to  an ex ten t which would give 
i t  fa ir  resistance to  shock, i t  is doubtful if it  
would possess th e  p roperty  of “ m alleability  ”  to  
any  degree. M r. Goodwin was undoubtedly 
correct in  saying th a t  th e  w h itehea rt industry  is 
suffering from  adherence to  “ ru le  of thum b ” 
m ethods, and th a t s tandard isa tion  and g rea te r 
scientific control of th e  composition and of the 
annealing  tem pera tu res would, by producing a 
more reliable product, g rea tly  increase th e  m arket 
for w h iteheart.

M r .  P e a c e , in  answer to  a question by M r .  
D r i v e r ,  said th a t  th e  “  scrap ”  used in the 
m anu fac tu re  of malleable cast-iron was' the  
runners, gates and  feeders and o ther shop scrap 
from  th e  malleable foundry  itself. Any annealed 
scrap castings a re  consumed and ord inary  carbon 
steel scrap is used to  a sligh t ex ten t. The u tilisa ­
tio n  o f o rd in a ry  scrap  cast-iron is impossible in 
m aking  m alleable. Answering a fu r th e r query by 
M r .  H a m m o n d ,  th e  au th o r s ta ted  th a t  th e  steel is 
usually  m elted s tra ig h t in to  th e  m ix tu re  when 
th e  q u an tity  necessary is small, say no t above 
7 o r 8 per cen t., b u t in  some instances i t  has 
been used alloyed w ith p ig  o r o ther iron in the 
form of a low carbon pig-iron.
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Heat Treatment Limitations.
M r . H a m m o n d  said b laekheart castings could 

no t be double annealed , b u t a 3-in. section in 
vvlnteheart would s tan d  th ree  annealings, and 
inquired  if i t  were possible to  m ake a  3-in. sec­
tio n  in  b laekheart perfectly  sound, and also if, in  
b laekheart annealing , a period  for soaking was 
taken . H e (M r. H am m ond) was su re  th a t  one 
of th e  reasons for th e  com parative shortcom ings 
of w h itehea rt was due to  m elting  in  th e  cupola, 
as aga in s t m elting  in  th e  a ir  fu rnace , b u t if th e  
cupola was properly ru n  accura te  resu lts  could 
be ob tained  indefinitely. I f  th e  w h iteh ea rt 
founders would tak e  th e  p roper scientific in te re s t 
i t  would be found q u ite  possible to  ge t as uniform  
resu lts from  th e  cupola as from  th e  a ir  fu rnace .

M r . P e a c e  t h o u g h t  t h a t  i f  a  s e c t io n  o f  w h i t e ­
h e a r t  w a s  a n n e a l e d  t h r e e  t i m e s  t h e r e  w o u ld  a lm o s t  
c e r t a i n l y  b© a  p e n e t r a t i o n  in  t h e  s k i n  o f  i r o n  
o x id e  w i t h  p o s s ib le  p e e l i n g .  I t  w a s  q u i t e  p o s s ib le  
w i t h  s u i t a b l e  g a t i n g  a n d  f e e d i n g  t o  m a k e  a  3 - in .  
s e c t i o n  i n  b l a e k h e a r t  p e r f e c t l y  s o u n d .  A s  r e g a r d s  
t h e  p o s s i b i l i t y  o f  g e t t i n g  a s  u n i f o r m  r e s u l t s  f r o m  
t h e  c u p o la  a s  f r o m  t h e  a i r  f u r n a c e — w i t h  c a r e f u l l y  
s t a n d a r d i s e d  c u p o la  p r a c t i c e  i t  m i g h t  b e  t h o u g h t  
t h a t  s u c h  a  p o s s i b i l i t y  c o u ld  b e  m a d e  a  r e a l i t y ,  
b u t  e x p e r i e n c e  s h o w s  t h a t  t h e r e  a r e  m o r e  v a r i a b l e s  
i n  c u p o la  m e l t i n g  t h a n  i n  a i r  f u r n a c e .

In  reply to  M r .  D r i v e r ,  who asked w hat was 
th e  m ost economical section fo r th e  designer to  
aim  a t— were th ere  any thicknesses which would 
give th e  cheapest casting , M r . P e a c e  po in ted  ou t 
th a t  th e re  was no general economical section for 
the  designer to  adopt, each job would requ ire  
consideration  on its own m erits . U n ifo rm ity  of 
section is ce rta in ly  a fac to r to  be aim ed a t  in 
designing m alleable castings. P erhaps th e  most 
common section found in  m alleable is § in. to  i  in. 
In  answ er to  a query by M r . L u c a s  as to  th e  best 
m ethod of obv iating  d is to rted  casting , M r . P e a c e  

referred  to  his P ap e r, w herein i t  was s ta ted  th a t  
any m ethod of h ea tin g  b laekheart m alleable cast­
ings which canno t be carefully  controlled pyro- 
m etricallv  was dangerous. A coke fire should no t 
be used as carbon would be absorbed. Unless a 
fu rnace was available w ith pyrom etric  equipm ent, 
i t  was b e tte r  to  re tu rn  th e  d is to rted  castings to  
the  m anu fac tu re r.
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DISCUSSION BY LANCASHIRE BRANCH.
A t th e  November m eeting of th e  L ancashire 

B ranch, held a t  th e  M anchester College of Tech­
nology, th e  B ranch-P residen t, M r. S. 6 .  Sm ith, in  
th e  chair, a P ap e r w a s  read by M r . A. E . P e a c e ,  of 
Derby, upon the  “ M anufactu re  and P roperties of 
B lackheart M alleable C ast I ro n .”  The ground 
covered was sim ilar to  th a t  given by th e  au thor 
before th e  E ast M idlands B ranch (pp. 327 to 338).

M r. J .  S. G. P r i m r o s e  said to those among 
them  who had th e  privilege a short tim e ago of 
v is iting  th e  works where M r. Peace was engaged, 
i t  b rough t home w hat they  then  saw in a prac­
tica l way and supplem ented the  in form ation they 
th en  gained. W hen it  was published i t  would be 
a s tan d a rd  to  which they could refer. In  the 
first place he should say th a t  here they had an 
exam ple of th e  careful and thorough control which 
was necessary in  carry ing  o u t w hat was apparen tly  
a very simple operation . They had an iron with 
w hat m ight be called a perfectly  w hite frac tu re  
m ade in to  an  iron w ith w hat m ight be called a 
perfectly  black frac tu re , by simply annealing  and 
p rec ip ita tin g  th e  oarbon. I t  seemed exceedingly 
simple, bu t the  composition and tem pera tu re  m ust 
be controlled, and th a t  was som ething to  which 
th e  o rd inary  ironfounder was no t accustomed. 
W ould m etal of th e  same composition be suitable 
for th e  production of both w hite and b lackheart 
m alleable? D uring  th e  w ar period, when shell 
noses of m alleable iron  were produced very com­
monly, a G overnm ent inspector undertook to  get 
both from  iron of th e  sam e composition. The 
w hite iron selected was annealed in th e  usual way, 
b u t one half of the  casting  was packed in oxidis­
ing m aterial, i.e ., ore up to  a m ark, and th e  other 
half was packed in non-oxidising m ateria l, i.e., 
boneash. W hen th e  castings were frac tu red  one 
half showed perfectly  w h iteheart steel frac tu re , 
and in th e  o th er half a perfectly b lackheart frac­
tu re . I t  m ay have been a freak, b u t i t  was 
dem onstrated  th a t  i t  could be produced.

From  th e  samples he had received from America 
he considered th a t  an essential fea tu re  which dis­
tinguished  th e  A m erican b lackheart from the  
English b lackheart described in th e  P aper, was
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th a t, when exam ined under th e  microscope, i t  was 
found to have, in  add ition  to  th e  black velvety 
frac tu re , a good deal of pearlite  in  w hat M r. 
Peace would say was a norm al fe r r ite  m atrix . 
T hat, of course, increased its  s tren g th , b u t very 
much dim inished its ductility , its capacity  for 
elongation, and also, in his opinion, reduced its 
toughness, th a t  is to  say, th e  am ount of bending 
and shock th a t  i t  would s tand . F rom  w hat th e  
au th o r had said, it  would appear th a t  th e re  was 
a ra th e r  c ritica l p o in t in  th e  fu r th e r  h e a t t r e a t ­
m ent of b lackheart m alleable castings. They usually  
had th e  pu re  fe rr ite  and th e  nodular g ra p h ite  
or free carbon, as i t  m igh t be called, b u t if  th is  
m etal was heated  up to  a  su itab le  tem p e ra tu re  
some of th a t  carbon would go back in to  solution,
th a t  is, rev ert to  pearlite . W as th a t  de trim en ta l
in cases where heat tre a tm e n t had  to  be used? 
For exam ple, in h ea ting  to  th e  dull red  h ea t which 
M r. Peace said was usual in s tra ig h ten in g  certa in  
castings which had to  be fitted  in to  jigs.

Defects of Blackheart.

A m erican m akers som etimes had  difficulties 
th rough  w hat they  called unaccountable b rittleness 
occurring  in b lackheart m alleable iron . I t
occurred in  various ways. I f  they  galvanised a
piece of b lackheart m alleable i t  became b r i t t le ; o r 
under certa in  conditions, if they  ground off some 
of th e  ru n n e r ends, they  got i t  very b rittle . Q uite 
close to  th e  h o tte s t p a r t  of th e  m eta l th e re  was a 
w hite steel frac tu re  which was d e tr im en ta l to  th is 
m ateria l, b u t a litt le  b it fu r th e r  back, beyond th e  
range  where th e  g rin d in g  affected it , th e re  was a 
tru e  b lackheart fra c tu re .

A nother th in g  was th a t  som etimes when they  
riveted  a piece of stra in ed  b lackheart m alleable, 
like a b racket, on to a g irder, i t  was b ri tt le , and 
fac tu red  th rough  th e  riv e t hole on cooling.

As fa r as he had been able to  g a th e r these sligh t 
d isabilities of A m erican b lackheart seemed to  ind i­
ca te  th a t  i t  was in th e  range  of blue h ea t (so called 
because of th e  colour of the  oxide scale produced 
a t  th is  low tem p era tu re ) th a t  th is  b r itt le  defect 
showed itself sometimes, b u t n o t always, in black­
hea rt. Inves tiga tion  seemed to  show th a t  i t  only 
happened when a certa in  am ount of stressing  had
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been previously p u t upon th e  m etal, and perhaps 
Mr. Peace m igh t tell them  w hether he had ex­
perienced th a t ,  and how he overcame it.

M r. Peace had  told them  th a t  A m erican iron 
was preferab le  to  English iron for m aking black- 
h ea rt. H e had some recollection th a t  when they  
were a t  D erby M r. Peace told some of them  th e  
reason for th a t  lay in the different chromium con­
te n t of th e  two irons, b u t perhaps he would confirm 
th a t  view to  them .

M r . S h e r b t j r n  seconded the  vote of thanks, and 
observed th a t  i t  was a very valuable P aper, con­
ta in in g  so much in form ation th a t  i t  was difficult to 
apprecia te  i t  fully on the  spur of the  moment.

Early Beginnings.
The C h a i r m a n  (M r. 8. G. Sm ith) said the 

fundam ental principles of m alleable • cast iron 
were published by Boyden in 1822. Presum ably 
it  was w hiteheart. M r. Peace had referred  to  
Boyden as an American, who first m ade th is 
b lackheart in  America. Boyden was, in  fact, 
born in S taffordshire.

A m an called M atthew s, of Sheffield, paten ted  
a process in  1782 o r 1783, 40 years before Boyden 
s ta r te d  his A m erican foundry.

H e w anted to  ask a question whioh was sup­
plem ental to  the  questions. M r. Prim rose had put. 
W hat was the  difference between the American 
b lackheart and th e  B ritish  o r European black­
h ea rt, leaving o u t a ltogether the question of 
w h iteheart ?

Moulding Troubles.
M r . E v a n s  (Derby) said the  chief troubles were 

p re tty  much the  sam e in  malleable as in o rd inary  
grey "iron. F o r instance, wet sand would cause 
a g rea t deal of trouble, even more so th a n  i t  
would in th e  case of o rd inary  grey iron. The 
sand m ust be d ry ; also, the use of large quantities 
of new sand  would lead to  trouble.

In  certa in  oases they would apply red sand to 
ac t as a  chill. They would appreciate, therefore, 
th a t  if they  used a ‘large q u an tity  of red  sand in 
the facing and tr ied  to  m ake a casting  w ith th is 
m ateria l they were not likely to  succeed. There 
were well-known castings, s tra ig h t fla t round 
discs from  15 to  20 in. d ia., -which were made in
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malleable. The m ateria l m igh t be of the  correct 
com position, they m igh t ge t super hea t, b u t they  
were in  for trouble  if th e  facing  sand was no t 
su itable. To ru n  successfully they  had  to  make 
a core, cu t in  two sections. G enerally  speaking  
it  w anted  more carefu l contro lling  th a n  was 
required  w ith o rd inary  grey iron.

Since the  members v isited  th e  works a t  D erby 
they had changed m any of th e  m ethods, so he 
hoped a litt le  la te r  they  would be able to  rep ea t 
the v isit.

They checked th e  w eights of th e  feeders and 
runners. T h a t was a  p o in t which needed to  be 
controlled in m alleable iron where th e  percentage 
of iron used to  w eight of castings produced was 
much h igher th a n  in an  o rd in a ry  grey-iron 
foundry.

Essentials.
M r. P e a c e  said M r. P rim rose had  m entioned 

several po in ts as essen tia l in  casting  b lackheart 
m alleable iron. C areful control of the  composition 
of the  iron  by carefu l analysis of th e  m ateria l 
used, very carefu l m oulding practice , and , in 
annealing , pyrom etric control of th e  tem pera tu res . 
H e understood M r. P rim rose to  say  th a t  i t  was 
impossible to  make b lackheart m alleable w ithou t 
those factors. H e him self d id  n o t go so fa r ;  i t  
was possible to make b lackheart m alleable w ith ­
o u t hav ing  any analysis or ta k in g  tem pera tu res  
for th e  annealing . B u t he was convinced th a t 
w ithou t careful control i t  was impossible to  m ake 
i t  as set ou t in  the  paper.

A Common Base.
I t  was possible to  make w h iteh ea rt o u t of 

b lackheart composition, b u t i t  was p ractically  
impossible to  make b lackheart o u t of w h iteh ea rt 
m ateria l. The reason was th a t  the  w h iteh ea rt 
always was high in  to ta l carbon and  was nearly  
always very h igh in  su lphur.

The Origin of the Black Fracture.
M r. P r i m r o s e  h ad  m ade a p o in t th a t  th e  black 

frac tu re  was effected by p rec ip ita tin g  carbon 
when there  was sufficient to  m ake th a t  fra c tu re  
wholly black. They would see by th e  photographs 
th a t  probably 75 per cent, of th e  m ate ria l had 
no ca rb o n ; th e  fra c tu re  was black because the
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fe rrite  g rains were so frac tu red  th a t  they did not 
reflect th e  ligh t. I t  was possible to frac tu re  
b lackheart so as to  show a w hite frac tu re . This 
was accomplished by using a  very heavy blow 
which sh a tte red  the  crystals and they  then  had 
the  fe r r ite  crystals reflecting the  ligh t. He 
inv ited  th e  members to  inspect the  frac tu res  in 
the specimens exhibited.

The re ten tio n  of p earlite  in the  skin, very close 
to th e  surface, he m entioned in the paper only 
casually, because a t  th e  p resen t tim e they  con­
sidered  th a t  they had  practically  rem edied th a t  
trouble.

Effect of Subsequent Heat Treatment.

W ith  reg a rd  to  fu r th e r hea t tre a tm en t a fte r 
annealing , i t  was essential to  use pyrom etric con­
tro l. I f  they  reached 730 deg. C. they would 
approach a b rittle  casting unless i t  was cooled 
a t  a ra te  n o t exceeding, say, 4 deg. C. per hour, 
which was hard ly  likely in works practice.

M r. P rim rose had referred  to  the em brittlem ent 
effect in  galvanising, g rin d in g  and riveting . In  
galvanising  it  was purely  a tem pera tu re  effect, 
th e re  was no question of s tra in . There seemed 
to  be some critica l po in t which had  nothing to  
do w ith  carbon content. Exam ined under the 
microscope i t  was ju s t like norm al blackheart, 
th e re  was no difference. The frac tu re  in th is 
case was always in te rg ra n u la r instead of tran s- 
g ranu lar.

H e th o u g h t i t  was a  different problem from 
the  g rin d in g  hardness M r. Prim rose m entioned, 
g rind ing  em brittlem en t in th is  case being due to  
h eating  to  730 deg. 0 . In  connection w ith riv e t­
ing, the  trouble arose from  again  a different 
cause. H e had some m alleable iron castings 
which had  been rive ted  and sp lit a t  th e  top . In  
his opinion th a t  was due to  excess of cold-work­
ing. M alleable was very subject to  deform ation, 
and if i t  was much cold-worked i t  would become 
b rittle , b u t by re -h ea tin g  i t  to  700 deg. C. and 
air-cooling o r quenching i t  in  w ater, th a t  
em brittlem en t could be rem edied.

American and British Pig-Iron Compared.
In  regard  to  th e  comparison of American pig- 

irons and E nglish pig-irons, M r. P rim rose had
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said English  p ig-iron  was n o t su itable. T h a t was 
ra th e r  a strong  s ta tem en t. H is firm used  2,000 
to  3,000 tons p er annum  of E nglish  p ig -iron  fo r 
m alleable. B u t they  w ere n o t as usefu l as 
A m erican irons if they  were d is tined  to  be th e  
sole pig-iron in  th e  m ix ture . As fa r  as h is know­
ledge w ent i t  was due to th e  chrom ium  conten t. 
He had  never ye t analysed common brands of 
English Hem. p ig-iron w ith  less th a n  0.02 per 
cent, chrom ium ; in  th e  A m erican p ig-irons he 
used the  chrom ium  con ten t was never m ore th an  
0.01 per cen t. The ac tua l effect of th a t  chrom ium  
con ten t in the  English irons was to  re s tra in  th e  
decomposition of th e  carb ide; and if p u t th rough  
the o rd inary  an nea ling  process they  found small 
nodules of free  cem entite  which reduced  the  
m alleability.

H e agreed w ith M r. Sm ith  th a t  Boyden was an 
Englishm an who came from  S taffordshire, b u t he 
made his b lackheart m alleable in  the  U nited  
S ta tes  by v ir tu e  of the  fa c t th a t  he used A m eri­
can p ig-iron which had h igh m anganese and  low 
su lphur, and one could get th is  decom position of 
th e  carb ide of iron. H e had  heard  of M atthew s’ 
process and  had  an  idea th a t  i t  was n o t a  tru e  
b lackheart process.

E ssentially  E nglish  and A m erican b lackheart 
were th e  same, as th e re  could be only one good 
b lackheart; and  w hilst th e  A m erican foundries 
m ade it, and  his firm m ade i t  also, lie th o u g h t 
the A m ericans were ra th e r  casual in  th e ir  
methods.

In  th e  paper he had no t d ea lt w ith  th e  size of 
the castings. The average size was probably 
about 10 to  28 lbs.

Oxidising packing m ateria ls  w ere prac tica lly  
d iscontinued in  b lackheart m aking . T here was 
no advantage to  be gained  from  them . I f  a m alle­
able casting  were packed in  sand i t  would anneal 
ju s t  as sa tisfac to rily  as if i t  were packed w ith 
o ther m ateria l.

Machine Fingers.

A  M e m b e r  asked for M r .  Peace’s opin ion as to  
w hether i t  was b e tte r  to  m ake ag ricu ltu ra l m achine 
fingers in  w h itehea rt o r in  b lackheart. H e 
suggested th a t  crack ing  m igh t be preven ted  
by h ea ting  up the  mould and casting  h o t quickly .
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I t  would be found th ere  was a considerable reduc­
tio n  in contraction .

Mb. P e a c e  said i t  was no t his wish to  compare 
th e  two m ateria ls w h iteheart and  b lackheart. He 
could say, however, th a t  his firm had made mil­
lions of mowing machine fingers in  b lackheart, 
and were continu ing  to  do so.

Hot Moulds.
In  connection w ith  cracking, if a  mould was 

heated  and  th en  cast w ith  b lackheart iron, they 
got a g rey  casting . I t  was impossible to  use 
a  mould which had  been made very hot. They 
had found th a t  cracking could be prevented  by 
proper ga ting . P erhaps hea ting  th e  mould would 
'be useful in  w h itehea rt w ith its h igher sulphur 
content, which d id  no t have a  g re a t deal of effect 
in  p reven ting  annealing , b u t did  have a g rea t 
effect in p reven ting  p rim ary  graphitising .

R eplying to  ano ther question, M s. P e a c e  said 
resistance to  corrosion was n o t due to  th e  carbon 
content, b u t was due to  th e  complete absence of 
carbon of any ty p e  in  th e  skin. I t  was a well- 
recognised fa c t th a t  pu re  iron d id  not rust. 
T here was a process in  which p u re  iron was de­
posited on the  casting  to  prevent rusting . The 
p o in t about b lackheart m alleable was th a t  i t  had 
a composition which was practically  pu re  iron. 
I t  contained probably silicon in  solution up  to 
1 p er cent, an d  a low m anganese conten t—perhaps 
0.3 per cen t., which was generally recognised to 
be favourable fo r resisting  corrosion.

M r . C a i r n s  asked w hat would be ( 1 )  an approved 
composition of m oulding sand for general casting, 
from  a few ounces up to  2 cwt. ? H e knew th a t 
th e  tem p era tu re  requ ired  w ith  malleable iron 
was very much h igher th an  with grey ir o n ; (2) 
w hat was th e  difference between th e  ru nn ing  of 
a m alleable mould and  a steel mould? and (3) 
would no t th e  sam e m ethod of “ feeding ” apply to  
both?

The C h a i r m a n  observed th a t  by “ black sand ” 
M r. E vans m ean t sand which had  been used over 
and over again , b u t th e  bond had  not been burned 
ou t quite. W hether dealing w ith heavy castings 
o r w ith sm all ones, every precaution  ought to  be 
tak en  in each case to  avoid those little  “ draw n 
plaoes.



M r . H o p w o o d  a s k e d  w hether M r. E vans had 
ever come across cases of ho t spots—th a t  is, places 
on th e  casting  th a t  a re  grey  in  colour in stead  
of w hite, th rough  the  mould becoming locally 
heated  by a la rge  q u a n tity  of m etal passing over 
th a t  place.

M r. E v a n s  rep lied  th a t  he had , and the  
rem edy was to  chill th e  places affected. I t  
was possible to  ge t grey  and w hite iron castings 
on th e  same runner.

Coal-Dust.

M r . S h e r b u r n  said he was in te rested  in M r. 
P eace’s s ta tem en t th a t  in  th e  U n ited  S ta te s  ,tlie 
consum ption of malleable cast iron  p e r head of 
population  was te n  tim es more th a n  in th is  
country . There m ust be some reason  for th a t ,  
and perhaps M r. Peace would te ll them  w hat i t  
was.

P erhaps th e  mem bers of th e  B ranch  generally  
were n o t very com petent to  go deeply in to  th e  
question of malleable castings, b u t i t  had struck  
him th a t  th e  o rd inary  iron founder could profit 
very much from h earing  a  P ap e r of th is  k ind, 
and  observing th e  processes to  which a tten tio n  
was called. H e  m igh t derive from  i t  m any lessons 
in regard  to  shrinkage and  o ther difficulties which 
he was up aga in s t in  his own practice.

H e would like some in fo rm ation  to  be given 
w ith regard  to the  pulverising  p lan t. W hen they  
visited th e  works a t  D erby, p a rticu la rs  were given 
of th e  size of g ra in  in to  which th e  coal was 
broken up  by th e  pulverisers, and i t  had  occurred 
to  him  th a t  m achines of th is  type  m igh t solve the  
coal-dust problem for th e  foundrvm an , and 
ensure more un ifo rm ity  in  g ra in  size th a n  the  
methods a t  p resen t secured. C oal-dust was a  very 
variable a rtic le  a t p re s e n t; those who had  tak en  
th e  trouble to  te s t th e  g ra in  size of sam ples 
from  various consignm ents knew perfectly  well 
th a t  was the case. I t  im pressed itself upon him 
th a t  th is  method of pulverising  coal m ig h t provide 
coal-dust of un iform  qu a lity  in  reg ard  to  g ra in  
size. Foundrym en were up  ag a in s t th e  lack of 
un ifo rm ity  in raw  m ateria ls, and  i t  would be 
an  ad v an tag e  to  secure some un ifo rm ity  in th is 
m atte r .

348
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A nother question he asked referred  to  the  
am ount of b reakage occurring in the  cleaning 
process H e believed M r. Peace’s firm rum bled 
th e ir castings in the hard  condition. H ad they 
any special method of safeguard ing  against such 
breakages P

Consumption per Capita.
M b. P e a c e  said the g rea te r consumption of m al­

leable per head of population  in America was, 
he believed, due ito th e  fac t th a t  the  qualities 
of malleable were no t sufficiently recognised in 
th is country, and people were ra th e r  chary  of 
specifying m ateria l which they  th ough t unreliable. 
I t  was qu ite  reliable if properly made, and th a t 
i t  was properly  made could be gathered  from  the 
lis t of rejections by customers which he had on 
exhibit.

The cleaning p lan t included sand-blast barrels, 
and also a hand-operated  sand-blast. This was used 
on castings which were of such design th a t  they 
had  in te rn a l stresses set up on cooling. I t  was 
only th e  stronger section castings which were 
rum bled. Very li tt le  breakage occurred during  
ru m b lin g ; th a t  was due to th e  iron being really 
strong, owing to its  low carbon content. I t  was 
n o t like the  o rd in ary  w hite iron from  the  cupola, 
which was more b rittle , due to h igher carbon 
content.

M r. C a i r n s  asked w hether M r. E vans used any 
mould dressing in order to  ge t a  clear skin on the 
casting.

M r. E v a n s  s t a t e d  t h a t  110 d r e s s i n g  o f  m o u l d s  
o f  a n y  d e s c r i p t i o n  w a s  u s e d .

The C h a i r m a n  rem arked  th a t  the  tem pera tu re  
of the  m etal for malleable castings could not be 
com pared w ith  th a t  of steel castings of the  same 
size. The size m ade all the  difference to  the 
“ ea ting  in  ”  or part-fusion of the sand.
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Scottish Branch.

ALUMINIUM ALLOYS.

By. H. Hyman, Ph.D., B.Sc. (Member).
M ost of th e  P apers which have been addressed 

to  th e  In s ti tu te  of B ritish  F oundrym en  had  been 
concerned m ainly  w ith  cast iron and  th e  heav ie r 
non-ferrous alloys, b u t th is  one dealt w ith  alu ­
m inium  o r ligh t alloys. T h e re 'h a d  been g re a t 
developm ents in  th a t  b ranch  of m eta llu rgy  in  re- 
cen t years, and i t  was hoped to  give some idea of 
the  scope of these developm ents.

Nature of Aluminium.
I t  would be seen from  th e  g rap h  (F ig . 1) th a t  

th e re  had  been considerable fluc tuation  in th e  
world o u tp u t of a lum inium  d u ring  th e  p a s t 10 
years. Since 1912 th e re  had  been a  g rad u a l in ­
crease, and  th is increase became very  rap id  d u r­
ing th e  W ar, when the  o u tp u t reached 200,000

F i g . 1 .— W o b l d ’s  O u t p u t  j f  A l u m i n i u m  
(1913-1923).

tons. A t th e  end of th e  W ar th e re  was a  ra p id  
decline, b u t since 1921 th e  o u tp u t had  again  in ­
creased. F or the  year 1924 th e  o u tp u t was a li tt le  
g rea te r th a n  in  1923, and in  1925 th e  record of 
over 200,000 tons was reached.
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A lum inium  as a 'p u re  m etal was com paratively 
weak. I t  was much weaker th a n  th e  well-known 
m etals, iron and  copper, which form ed th e  basis 
of th e  iron and steel and  heavier non-ferrous in­
dustries. F o r  th is  reason alum inium  found a 
lim ited  app lication  in  industry , b u t a t  th e  same 
tim e i t  possessed m any valuable properties. In  
add ition  to  its  ligh tness i t  was very ductile, and 
could therefo re  be draw n read ily  in to  wires, tubes, 
and sheets. In  o rder to  extend its  application 
for in d u s tria l purposes, i t  was advisable to  use 
th e  m etal in  th e  form  of alloys.

Alloys of Aluminium.

The chief m etals w ith  which alum inium  was com­
bined in  alum inium  alloys w ere copper, zinc, m ag­
nesium  and  silicon, and th e  specific g rav ity  of 
these m etals were respectively 8.5, 7.0, 1.7 and*2.4; 
w hilst th e  specific g rav ity  of alum inium  itself 
was 2.7. The w eight of th e  alloy would of course 
depend upon th e  w eight of th e  m etals added to  
th e  alum inium . W ith  copper and zinc they  would 
all be fam ilia r. M agnesium , on the o ther hand, 
was a  com paratively new m etal. I t  had  been 
known fo r a considerable tim e  in  th e  form  of 
m agnesium  ribbon, b u t i t  now came in to  the  
m ark e t in  th e  form  of rods about 1 f t . long and 
1 in. in  d iam eter. I t  was a very  ligh t m etal, and 
fo r th is  reason i t  was employed in  alum inium  
alloys where lightness was of extrem e im portance. 
M agnesium  was n o t found in  n a tu re  in  as large 
quan titie s  as alum inium , and  on th a t  account i t  
would never displace alum inium  from  its position. 
Silicon, the  rem ain ing  m eta l of those he had 
m entioned, was of more recen t application  th a n  
m agnesium . I t  was steel grey  in  colour and very 
b r i tt le  in n a tu re , and was produced chiefly in  
Am erica. This m etalloid was well known to  the 
ironfounder as a con stitu en t of cast iron.

These four elem ents readily  dissolved in alu­
m inium . The zinc, copper, m agnesium  or silicon 
was first m elted, and th e  alum inium  was then  
stirred  in . In  the  case of silicon i t  was necessary 
to  raise  th e  tem p era tu re  to  about 900 deg. C. 
W hen p rep a rin g  an alloy w ith copper, i t  was 
desirable to  p repare  an  in term ed ia te  alloy of 50 
per cent, copper and 50 per cent, alum inium .
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Commercial Impurities.

T here were m any im purities p resen t in  a lu ­
m inium  as comm ercially obtained , and  since the 
p u rity  of th e  m eta l had  a pi'ofound effect upon 
alloys, i t  was necessary, as th ey  would readily  
understand , to  know som ething about these im p u ri­
ties. A lum inium  was ob tained  in  two grades. I n  
one iron and silicon were p resen t in very small 
percentages (Table I) , and th e re  was a  b e tte r

T a b l e  I.-—Impurities in Commercial Aluminium.

Grade I. Grade 2.

Iron Not more than 1% Not more than .6%
Silicon „ „ 1% >> >> » -5%
Copper ~] 
Zinc }- „ „ „ .25% „ „ „  -1%
Manganese J 
Aluminium.. 98-99% 99% and over

grade  in which these im purities am ounted to  about 
1 per cen t. A t th e  p resen t tim e, however, i t  was 
possible to  o b ta in  alum inium  in  a still b e tte r  g rade  
in  which iron and  silicon d id  n o t exceed 0.5 per 
cent.

In  study ing  th e  p rep a ra tio n  of alum in ium  alloys 
they  could learn  a g rea t deal by com paring  a series 
of alloys of a lum inium  and  copper only, in  which 
th e  percen tage of copper varied  by 10 per cent. 
P u re  alum inium  had  a  tensile  s tre n g th  of about 
5 tons, and  a very high elongation—abou t 30, as 
is shown in  Table I I .

T a b l e  II .— Addition of Copper to Aluminium Sand-cast 
Test-bar Results.

Copper
°//o

Yield 
Point 

Tons per 
sq. in.

Tensile 
Strength 
Tons per 

sq. in.

Elongation
°//o

Hardness
(Brinell)

1.7 4.8 28.0
2 2.8 6.0 4.4 40
4 3.6 6.8 3.8 52
6 4.4 7.2 1.9 54
8 6.4 7.6 1.3 57

10 8.4 8.4 — 60
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W hen they compared th e  d ifferent alloys w ith
vary ing  percentages of copper, they  found th a t  
th ere  was a steady fall in the  elongation, un til it 
became zero. A t th e  sam e tim e th e re  was a steady 
increase in  th e  B rinell hardness. I f  they drew 
up sim ilar tables fo r alloys contain ing  zinc and 
m agnesium , they  would find th e  sam e tendency—a 
decrease in elongation  as th e  percentage of com­
bin ing  m etal was increased, accompanied by an 
increase in  th e  B rinell hardness. E ven when com­
parisons were made w ith alloys contain ing  varying 
percentages of two combining m etals, the same 
tendency was observed.

Effect of Alloy in Copper.
I t  m igh t seem su rp ris ing  th a t  when they  added 

to  alum inium , which had  such a  high ductility , 
ano ther m etal like copper, also very ductile, they 
produced an alloy so b rittle . The explanation  was 
seen when they  exam ined and  compared alum inium  
and alum inium  alloys under the  microscope. Alu­
m in ium  was b u ilt up of crystal g rains. In  com­
m ercial alum inium  there  were always present 
specks of im purities and m inute  cavities. Copper, 
iron , t in  and o ther m etals as 'commercially 
obtained , were very much alike in  th is respect. 
W hen they  added 2 per cent, of copper to alu­
m inium , th e  copper combined w ith th e  alum inium  
to  form  a chemical compound. This separated  o u t 
between th e  gra ins of th e  m etal as i t  solidified. 
Such a  chemical compound was very b rittle , and 
th e  m ateria l b u ilt up in  th is  way was therefo re  
itself very b rittle . A sim ilar effect was seen in 
cast iron. C ast iron  was a  mass of steel in te r­
spersed w ith b r ittle  flakes of g raph ite . I f  these 
flakes were n o t p resen t, the  m eta l would have a 
tensile  s tren g th  of about 30 tons, and an elonga­
tio n  of about 35 per cen t. These flakes when p re­
sent, however, broke up th e  m etal, which then 
had  a  tensile  s tren g th  of only 10 to 12 tons, and 
prac tica lly  no elongation. D uctility  in  cast iron 
was of li tt le  consequence, because cast iron found 
its  app lication  in industry  for its g re a t streng th  
under compression, and for th is  reason alum inium  
alloys would not displace cast iron from  its im port­
a n t position as a foundation  m ateria l in industria l 
struc tu res.

N
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A lum inium  alloye used in  th is  coun try  con­
ta in ed  from  4 to  12 per cent, of copper, o r 3 per 
cen t, of copper, and  12 p er cen t, of zinc, as shown 
in Table I I I .
T a b l e  I I I .— Composition and Properties of Engineering 
Aluminium Alloys (Impurities included in Aluminium  %).

Tensile 
Strength 
Tons per 

sq. in.

Elongation
%

Specific
Gravity.

A1 96% Cu 4% 7 4 2.8
A1 92% Cu 8% 8 1 2.9
A1 88% Cu 12% .. 10 — 3.0
A184% Cu 4% Zn 12% 9-11 2-5 3.0
A1 87% Si 13%

(Alpax) 12 7-10 2.7
A1 82^% Cu 4% Ni.

Mg 1 i%  (Y Alloy) 10-12 2 2.8
Do. (Wrought and

Heat Treated) . . 25 25 2.8
A1 95% Cu 4% Mn \%

Mg i%  (Duralumin) 30 20 2.8

T he s tru c tu re  of such an  alloy is c ry s ta lline , a 
s tru c tu re  typ ical of these alloys. W hen such an 
alloy is exam ined u nder th e  microscope, i t  is 
found to  show w hite and  d a rk  patches, caused 
by th e  unequal ra te s  of solidification. There is 
no t sufficient tim e in  cooling u n d er com m ercial 
conditions to  allow th e  co n stitu en ts  of th e  alloy 
to  reach a s ta te  of equilibrium .

Aluminium-Silicon Alloys.
A lum inium -silicon alloys, which had  recen tly  

come in to  use, con tained  up to  12 p e r cen t, of 
silicon. Silicon is always p resen t in  com m ercial 
a lum inium  to  th e  e x te n t of about 0.5 p e r cent. 
An alloy con ta in ing  silicon was q u ite  b r i tt le , and 
the  reason for th is  was o bv ious: silicon crystals 
w ere very b rittle , and  they  broke up  th e  con­
tin u ity  of th e  ductile  m ate ria l. I t  is found, how­
ever, th a t  if th e  alum inium -silicon alloy is 
b rough t up to  a te m p e ra tu re  of abou t 900 deg. C. 
in  th e  crucible, and  th e n  tr e a te d  w ith  some a lka­
line fluoride as a flux, th e  alloy changed in 
s tru c tu re , which instead  of being coarse and
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crystalline, becomes finely divided and emulsified. 
The s tru c tu re  is completely altered , and of course 
so a re  th e  m echanical p roperties of the  alloy. I t  
now had  a  tensile  s tren g th  of from  12 to  14 tons, 
and  an  elongation  of 7 to  10 per cent. No exact 
scientific exp lana tion  h ad  been advanced for th is 
change. These alloys are  now being m anufactured  
on a la rge  scale. T heir duc tility  is an advantage, 
because in  c e rta in  castings i t  was possible.to m ake 
use of such an alloy by bending w ith in  reasonable 
lim its. I t  does n o t m achine so well, however, as 
an  o rd in a ry  comm ercial alum inium , and  owing to  
the h igh tem p e ra tu re  necessary in  th e ir  m anufac­
tu re , silicon alloys have a tendency to  show a 
spongy frac tu re .

Commercial Alloys.

A lum inium  alloys were com paratively simple in 
com position. The o rd inary  copper alloy contained 
from  12 to  14 p e r cent, of copper, while alloys 
con ta in ing  a h igher percentage of copper were 
used—p articu la rly  in  America—for castings for 
pistons, and  generally  for castings which had  to  
be close g rained . Such an alloy, if  i t  frac tu red , 
shows a fine silky frac tu re . Table I I I  showed 
some com parison. The r< Y ”  alloy, which has 
been developed by the  N ational Physical L abora­
tory, has a tensile  s tren g th  (w rought and  heat- 
tre a ted ) of 25 tons, and an elongation of 25 p e r 
cen t.— alm ost as good as m ild steel. D uralum in, 
composed of 4 per cent, copper, 0.5 m anganese, 0.5 
m agnesium , and  95 p er cent, alum inium , had  an 
even g rea te r ten s ile  s tren g th , b u t its elongation 
was less by about 5 per cent. T here were a num ­
ber of p ro p rie ta ry  alloys in  th e  m arket, b u t i t  
was found on analysis th a t  th e ir  composition varied  
very li tt le  from  th a t  of th e  o rd inary  commercial 
alloys.

Improving the Properties.

J u s t  as i t  was possible to  im prove th e  pro­
perties of c e rta in  o th e r alloys by the  add ition  of 
a  sm all percen tage  of o ther m etals—brass, for 
instance, was im proved by th e  addition  of small 
percentages of iron, nickel, and  m anganese—so 
also i t  was possible to  ge t alum inium  alloys of 
g re a t b reak ing  s tren g th  and d u c tility  by th e  addi­
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tion  of small percentages of o ther m etals. I f  small 
percen tages of iron  and nickel are  added to  a plain  
copper-alum inium  alloy, a m a te ria l was produced 
which has a tensile  s tre n g th  of abou t 11 tons 
and qu ite  a good elongation— about 5 per cent. 
Such an  alloy, if i t  is rem elted, re ta in s  its  good 
qualities. I f  its s tru c tu re  is exam ined u n d er th e  
microscope, i t  is found to  be very close and  silky. 
The n a tu re  of th e  fra c tu re  of any  alum in ium  
alloy gives one a very good ind ica tion  of th e  
p roperties of the  alloys. I f  th e  frac tu re  is coarsely 
crystalline, i t  ind icated  a weak m etal.

I f  an  a tte m p t is m ade to  fu r th e r  im prove th e  
p roperties of th is  alloy by increasing  th e  p e r­
centages of the  add itiona l m etals used, i t  is found 
th a t  th e re  were p resen t b r i tt le  crystals of an iron- 
alum inium  compound. The alloy is n o t im proved 
therefo re . The tendency is th e  o th e r way, and 
th e  m ate ria l is com paratively  w eak. This is 
common experience. Good resu lts  a re  ob ta ined  up 
to  a c e rta in  po in t, b u t th e re  is a lim it beyond 
which resu lts were fa r  from  good.

Corrosion of Aluminium Alloys.
The properties which were desirable in  a lu ­

m inium  alloys for comm ercial purposes m ig h t be 
sum m arised as follow s: (1) The m eta l m ust be 
capable of being easily handled  in  th e  fo u n d ry ; 
(2) i t  m ust have reasonably good tensile  s tren g th  
and  d u c t i l i ty ; (3) i t  m ust he easily m achinable 
in  th e  shop ; and (4) i t  m ust be capable of re s is t­
ing  atm ospheric and sea-air corrosion. The au th o r 
has had  occasion to  exam ine qu ite  a num ber ,«f 
alloys in  regard  to  corrosion, and  he has found 
th a t  th e  following m ethod of te s tin g  is ' th e  
b est: A steel b a th  is p rep ared  in  which th e  
alum inium  specimens a re  hung . Some sa lt  w ater 
is p u t in to  th e  ba th , and  compressed a i r  is then  
blown in. This forces th e  w ate r up th ro u g h  fine 
nozzles, and  as i t  m eets th e  a ir  c u r re n t i t  was 
changed in to  a m ist which fills th e  b a th . This 
te s t is a very good index as to  how an alloy 
would stan d  up to  work as a fitm ent on board 
ships. I t  is im p o rtan t also to  s tudy  th e  various 
conditions w hich arose when th e  alloy is in  con­
ta c t  w ith o ther m etals, and for th is  purpose holes 
are  drilled in to  th e  specim en p la te , screws m ade
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of o ther m etals a re  inserted , and th e  changes 
occurring  are  noted. I f  a steel screw were 
inserted  in th e  specimen p late, there  was not so 
much corrosion as when brass or copper screws 
were used. A lum inium  alloys which contained 
high percentages of copper corroded most quickly. 
I t  was found in th e  te s t which he had  described 
th a t  th e  “  Y ”  alloy showed th e  best resu lts for 
the  first week or two, b u t the  BS7 alloy u lt i­
m ately  proved the  best.

Heat-T reatmenU

In  view of the com paratively low strengths of 
commercial alloys, some o ther method which would 
give b e tte r  resu lts is necessary. The h ea t-trea t- 
m en t process is employed. This process has been 
carried  o u t for a long tim e in the  iron and steel 
industries, and th e re  was no reason why i t  should 
not be applied to  alum inium  alloys. They would 
get a very good idea of th e  effect of th is t r e a t­
m ent by com paring a series of alloys contain ing 
increasing  percentages of copper. As the per­
centage of copper was increased it  was found th a t  
the tensile  s tren g th  increased from  6 to  8.4 tons,
11.6 w ith 10 per cent, copper, while th e re  was 
a corresponding fall in  elongation, as se t out in 
Table IV .

T a b l e  IV.—-Addition of Copper to Aluminium. Heat 
Treated Sand Cast Test Bar Results. 6 Hours at 
500° C. Quenched in Water. Aged 6 Days.

Copper %
Yield 
Point 

Tons per 
sq. in.

Tensile 
Strength 
Tons per 

sq. in.

Elongation
0//o

2. As cast 2.8 6.0 4.4
Heat treated 4.0 8.0 8.8

4. As’cast 3.6 6.8 3.8
fHeat treated 6.2 9.2 3.8

6. As cast 4.4 7.2 1.9
Heat treated 6.4 9.2 2.0

8. As cast 6.4 7.6 1.3
Heat treated 10.0 10.8 1.0

10. As cast 8.4 8.4 —
Heat treated 10.6 11.6 0.6



U nder comm ercial conditions th e re  was no t 
sufficient tim e  in  cooling for th e  co n stitu en ts  of 
the alloy to  a tta in  equilibrium . B u t if th e  alloy 
were raised  to  a tem p era tu re  of 500 deg. C., and 
m ain ta ined  a t  th a t  tem p era tu re  for several hours, 
there  was an im provem ent in  both  th e  tensile  
s tren g th  and elongation . In  th e  case of one alloy 
the elongation was doubled by th is process. B u t 
although im provem ent was effected, i t  was no t 
sufficient—seldom more th a n  50 per cen t.—to  
w a rra n t such an expensive process, and one which, 
moreover, requ ired  so much tim e. Unless i t  could 
be m ade to  effect a v ast im provem ent, th e  h ea t- 
tre a tm en t process was n o t w orth  while. W ith  
steel i t  was possible to  ge t m ore th a n  100 per 
cent, im provem ent in p roperties by th is  t r e a t ­
m ent, and if th ey  could effect as g re a t im prove­
m ent w ith alum inium  alloys, th ey  would be tak in g  
a very big step .

In  th e  qase of steel, i t  was the  presence in 
the  m etal of only 1 p e r cent, of carbon which 
made th is  vast im provem ent possible, and  if they 
could in troduce to  th e  alum inium  a con stitu en t 
w ith analogous properties, a g re a t advance would 
have been m ade. I t  was found th a t  by adding 
to  a lum inium  alloys a sm all percen tage  of m ag­
nesium  an im provem ent was effected, b u t i t  was 
not the  m agnesium  alone which caused th is 
im provem ent. I t  was possible to  draw  up tables 
for alum inium -zinc or alum inium -silioon alloys, 
showing th e  sam e general tendencies when 
m agnesium  was added. A lthough m agnesium  has 
been used for a considerable tim e for alloys— 
notably  in  th e  case of du ra lum in—no scientific 
exp lana tion  of th e  change was advanced u n til 
recently. H e had  already  m entioned th a t  th ere  
was always presen t in comm ercial a lum in ium  a 
small percentage— about ^ per cen t.—of silicon, 
and i t  was found th a t  when m agnesium  was added 
to  the  alloy i t  combined w ith th e  silicon to  form  
m agnesium  silicide, and i t  was th is compound, and 
not the  m agnesium  alone, th a t  caused the  
im provem ent in th e  p roperties of the  alloy under 
h ea t-trea tm en t.

Raising Strength Al-Cu Alloy.
The N ational Physical L abora to ry  had done a 

r r e a t  deal of work in th is d irection , and i t  was
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found th a t  by th is process, a fte r quenching in oil 
o r w ater, the  tensile  stren g th  of the alloy was 
increased from 7 tons to  about 14 tons—more than  
100 per cent, im provem ent could be effected. By 
ro lling  or forging, a stress of 20 to  25 tons and 
an  elongation of about 20 per cent, could be 
obtained. I t  was in teresting  to  note th a t  the heat 
tre a tm e n t of iron  and steel had  been carried  on 
fo r centuries long before a scientific explanation  
was given of th e  changes which occurred. The same 
th in g  had happened in th e  case of alum inium  
alloys, and  i t  was only w ith in  th e  p ast year or 
two th a t  an  exp lana tion  was furnished. I f  alu­
m inium  had  always been produced in  a high sta te  
of p u rity —th a t  was to  say, if no silicon had been 
p resen t—then  i t  would no t have been possible to  
produce duralum in  and o ther alloys of sim ilar 
s tren g th . I t  was only by reason of th is  accidental 
presence of silicon, for instance, th a t  i t  had been 
possible to  build up th is industry  which was so 
im p o rtan t in th e  production of aeroplanes. The 
hea t tre a tm e n t of alum inium  alloys was now a 
commercial proposition. Such alloys were used for 
small castings—pistons and o ther ligh t p a rts—very 
successfully. In  th e  case of la rger castings, diffi­
culties arose, for they  had  a tendency to  sag and 
bend, b u t i t  was possible to  overcome some of these 
difficulties.

Ageing.
Closely connected w ith th e  hea t tre a tm en t pro­

cess was th e  phenomenon of ageing. This term  was 
applied to  th e  gradually  increased hardening  which 
occurred in  these alloys du ring  com paratively short 
periods a fte r  quenching. I f  the  alloy was tested , 
a few hours a fte r  te s ting  i t  was found to give 
h igher figures of stress. I n  the  case of duralum in 
rods, th e  tensile  s tren g th  im m ediately a fte r 
quenching was about 16 tons per sq. in. This 
figure rose in  24 hours to 25 tons, and  the  m axi­
m um value was reached in  two days. No satis­
fac to ry  exp lana tion  had been given of th is change, 
b u t i t  was possible th a t  some of th e  consituents 
separa ted  o u tv and so produced a harden ing  of the 
alloys. W ith  'such results, th e re  was a chance of 
lig h t alum inium  alloys displacing some of the other 
ligh t m etals. I t  should be noted, however, th a t  
if  th e  tem p era tu re  were too high, some of the



c o n s t i t u e n t s  o f  t h e  a l lo y  w o u ld  m e l t ,  a n d  i n  t h i s  
c o n d i t i o n  t h e  m a t e r i a l  w a s  q u i t e  w o r th l e s s ,  b e in g  
v e r y  w e a k  a n d  b r i t t l e .  A t  t h e  s a m e  t i m e ,  i f  t h e  
t e m p e r a t u r e  w a s  to o  lo w , d i f f u s io n  d i d  n o t  t a k e  
p l a c e  q u i c k ly  e n o u g h ,  a n d  g o o d  r e s u l t s  w o u ld  n o t  
b e  o b t a i n e d .

Foundry Application.

In  reg ard  to  foundry work w ith alum inium  
alloys, i t  was necessary in o rder to  ob ta in  good 
results to  be guided by th e  sam e princip les which 
applied  in  th e  casting  of o th er alloys—irons, steels 
and th e  heavier non-ferrous alloys generally . I t  was 
im p o rtan t to  pay carefu l a tte n tio n  to  th e  m etals, 
owing to  th e ir  com paratively low streng th s . One 
had to avoid over-heating, and  tem p e ra tu re  con­
tro l had to be good. These lig h t alloys, however, 
possessed ce rta in  pecu liarities which m ade them  
quite  d is tinc t. They were com paratively weak a t  
high tem pera tu res—those tem p era tu res  which 
occurred im m ediately a f te r  the  m etal had  solidified 
—and also they  h ad  qu ite  a h igh  con trac tion . 
Unless ad justm en ts were m ade for un ifo rm  ra te s  
of cooling on heavy and ligh t sections, con trac tion  
cracks would develop.

In  the  p rep a ra tio n  of th e  m etal for casting , care 
should be tak en  th a t  i t  was n o t overheated  in  th e  
furnace, and  i t  should be poured  a t  as low a  tem ­
p e ra tu re  as possible—generally  abou t 700 deg. C. 
The m etal should be very carefully  skimm ed. This 
removed most of the oxides p resen t, b u t a small 
percen tage s till rem ained in  th e  alloy, and  fluxes 
were used to  ge t rid  of th is . The m elting  of 
alum inium  was generally  ca rried  o u t in  plum bago 
crucibles o r iron pots. W ith  th e  la t te r , i t  was 
necessary to  line th e  in te rio r w ith a coating  of 
silicate  of soda and w hitew ash. W ith  plum bago 
crucibles i t  was found th a t  the  alum in ium  had 
qu ite  a searching action  on th e  m ate ria l of th e  
crucibles. I t  app a ren tly  dissolved some of the  
silicon p resen t in  the  m ake up of th e  crucible, 
m aking th e  walls qu ite  friable . The au th o r has 
found th a t  beneficial action of fluxes was more or 
less nullified by th e ir  bad effect on th e  walls of th e  
crucible, which were liable to  give way a t  c e rta in  
points, form ing a dust.

Some advocated th e  use of a sm all percen tage of
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magnesium  as flux, and i t  was said th a t  the  mag­
nesium  reduced any alum inium  oxides th a t  m ight 
be p resen t in the m etal. T hat, however, was not 
th e  case. Even if such an  action did tak e  place, 
th e  m agnesium  oxide produced would still rem ain  
in  th e  m etal. A fte r th e  m etal had been skimmed, 
th e  tem p era tu re  should be read. The best tem ­
pe ra tu re  for pouring  alum inium  castings was the  
lowest casting  tem pera tu re , say, 700 to 750 deg. C. 
In  some cases, and especially w ith th in  castings, 
i t  was necessary to  pour above th a t  tem pera tu re . 
The m etal should always be poured in as quietly 
as possible.

Gating.

In  reg a rd  to gating , the  best type of gate  was the  
b ranched type, w ith a num ber of sm aller open­
ings leading in to  th e  m ain  casting, which could 
read ily  be c u t off w ith  a hack saw. I f  they  s ta rted  
w ith a  sym m etrical casting  and then  a ttached  a 
gate, the  sym m etry or un iform ity  of th e  casting  
was broken, because th e  gate  was p a r t of th e  cast­
ing. N o t only so, b u t as th e  m etal en tered  the 
mould i t  cooled as i t  reached the  fa r  end, which 
solidified .first and set, oausing  con-tractkm a t 
one end of th e  casting, and tension a t  th e  o ther 
end. I f  th e  casting  was unsym m etrical w ith one 
side th icker th a n  the  other, i t  was b e tte r  to  a t­
tach  th e  g a te  to  the  th in n e r  side. This produced 
un iform ity  in th e  casting  and in th e  cooling, and 
inequalities were avoided.

Contraction in Aluminium Alloys.

W ith  alum inium , con traction  took place on the 
outside of th e  casting, and  n o t inside as in  th e  
case of iron castings. I t  was b e tte r  to  have any 
con traction  which m ight occur on th e  outside. The 
rem edy in  both cases was th e  same—th e  application 
of a chill of iron or brass to  th e  heavier section. 
The use of chills was qu ite  leg itim ate  and could 
not be classified as a fake. Scientifically and tech­
nically  i t  was a process which should be used 
w herever possible. The employment of a riser and 
a  chill produced a sound job. W ith  a riser, how­
ever, th ere  was a large mass of m etal which cooled 
m ore slowly th a n  o ther p a rts  of the  casting, and 
the  use of too m any risers brought too many varia ­
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tions in th e  ra te  of cooling. I t  was qu ite  common 
for a novice to  apply a chill in the  m iddle of a 
th in  casting  in  o rder to  avoid a crack. T h a t was 
th e  wrong m ethod. The correct m ethod was to  
apply th e  chill a t  th e  heavier section of th e  cast­
ing, and a t th e  sam e tim e to  round off -the short 
corners.

DISCUSSION.
M e. L o n g d e n  said  he th o u g h t they  should con­

g ra tu la te  D r. H ym an on his address, which had  
been very in te re s tin g  and which h ad  been given 
in  a very helpful way. I t  was probably in ev it­
able, when a lec tu re r covered so much ground  as 
D r. H ym an had  covered, th a t  he should touch 
upon points on which th e re  was a difference of 
opinion. R efe rrin g  to  shrinkage of a lum inium  as 
com pared w ith  th e  shrinkage of cast iron  D r. 
H ym an had given th e  im pression th a t  cast iron  
in  th is  respect was a dangerous m ate ria l, and 
th a t  in  crystallis ing  i t  always showed its  sh rink ­
age in  cavities in  th e  in te rio r of th e  casting . 
T h a t was no t So. In  m any cases th e  sh rinkage, if 
i t  occurred, took the  form  of an  ex te rio r cav ity  
as in  the  illu s tra tio n  of alum inium . H e did no t 
agree w ith  D r. H ym an’s conclusions as to  the  
mechanism by which solid ity  was reached. D r. 
H ym an had  led them  to  believe th a t  only th e  
action of quick cooling due to  th e  use of th e  
chill in  a heavy p a r t  of th e  casting  was respon­
sible for th is. T h a t was n o t th e  case. Quick 
cooling by itself was no t th e  cause of solidity  in 
e ith e r cast iron o r alum inium . H e th o u g h t, also, 
th a t  the  application  of a chill probably increased 
liquid  contraction . Quick cooling was m erely th e  
step which m ade th e  correction  of th e  defec t 
possible. In  e ith e r case p rac tica lly  th e  same 
am oun t of sh rinkage would tak e  place, b u t in  th e  
one case solidification was speeded up ju s t  a t  the  
most effective m om ent, which would allow of the 
en try  of new m etal to  fill th e  void consequent 
on quick cooling of th e  heavy p a rt .

In  regard  to corrosion, D r. H ym an had  led 
them  to believe th a t  alloys of alum in ium  con ta in ­
ing zinc were bad. H e was n o t sure  th a t  th e  
figures given were an e n tire  p roof of th is . H e 
though t th a t  Dr. H ym an’s s tric tu res  were a li tt le
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too severe to be rep resen ta tive  of the tru th . The 
resu lt of such a s ta tem en t m ight be th a t  people 
w orking w ith alum inium -zinc alloys m ight be 
a fra id  to  proceed w ith th e  work. H e did not 
know w hether Dr. H ym an’s te s t w ith the  steel 
b a th  was a  tru e  tes t, because he should th ink  
th a t  sea-spray was a very much more complicated 
te s t th a n  th a t  employed. H e was inclined to 
believe th a t  the  organ ic  constituen ts of sea w ater 
were very much more complex. H e was sure th a t  
ce rta in  alum inium -zinc alloys had been proved 
to  be superior to  some of the o thers mentioned 
by D r. H ym an.

Action of Chills.
D r . H y m a n , i n  reply, said th a t  the action of a 

chill was tw ofold, and in  th is respect he agreed 
w ith th e  speaker th a t  i t  hastened liquid contrac­
tion . H e wished to  po in t ou t, however, th a t  it  
was really  th e  ra te  of solid contraction  ju s t a fte r 
the m etal had solidified th a t  had  a pronounced 
effect upon unequal ra tes of cooling, and th e re ­
fore upon any cracks which m igh t develop. In  
th e  case of cast iron the  chills were used chiefly 
to  overcome liquid contraction .

So fa r  as corrosion was concerned, his own work 
confirmed th a t  of previous experim enters, and ¡he 
should like very m uch to  see any au th o rita tiv e  
d a ta  of alum inium  alloys con tain ing  zino which 
behaved b e tte r th a n  those in  which zinc was not 
present.

American Practice Compared.
M r . W i l l ia m s o n  said he agreed w ith m ost o f 

w hat D r. H ym an had said. The Americans pre­
ferred  a copper alum inium  alloy, b u t they  in 
B rita in  p re fe rred  an  alloy (L5) w ith  13 per cent, 
o f  zinc and  3 per cent, of copper. D r. H ym an had 
m entioned a figure of about 700 deg. C. If  they 
raised the  tem p era tu re  of the  alum inium , w hat 
effect would th a t  have upon th e  casting?

D r. H y m a n  said th a t  the commercial alloys 
con ta in ing  copper only were used chiefly in 
America, and those contain ing  both copper and 
zino were used chiefly in  th is country. He 
th o u g h t th e re  m igh t be tw o reasons for th is. The 
first was th a t  in th is  country  we s ta rted  w ith 
copper-zino alloys. The industry  got used to  
these alloys and did no t like the  change. In



America, on the  o ther hand , they  had  been work­
ing w ith p lain  copper-alum inium  alloys from 
the  very beginning. The second reason was th a t  
th e  copper-zinc alloys were cheaper.

As to  the  effect of increasing th e  tem p era tu re— 
by, say, 100  deg., as the  speaker had  suggested— 
th e re  was a danger when using  a  m etal h o tte r  
th a n  necessary of super-heating . The casting  
would therefo re  rem ain  a t  a high tem p era tu re  
longer th a n  necessary, and  under these condi­
tions th e re  was a danger of cracks ta k in g  place.

Aluminium Alloys at Elevated Temperatures.

M r . W i l l i a m s o n  in te rru p te d  to  p o in t o u t th a t  
D r. H ym an had evidently  m isunderstood him. 
W hen he referred  to  tem p era tu re  he did no t mean 
th e  tem p e ra tu re  of th e  m elting  alloy. T here was 
no t much danger of over-heating  the  m etal in  th e  
furnace, if they  b rough t th e  tem p e ra tu re  down 
before m aking the  casting . Of course, i t  was 
b e tte r  to  be on th e  safe side, and b ring  th e  m etal 
up to  pouring  tem p era tu re , ra th e r  th a n  overheat 
and then  cool i t  down. W hat he requ ired  
to  know was w hat effect the  h ea tin g  of 
typ ical B ritish  and A m erican alloys in w orking 
p a rts  of m achines, say to  100  deg., would have 
upon th e  m etal.

D r . H y m a n  rep lied  th a t  as long as th e  tem ­
p e ra tu re  d id  no t ge t h igher th a n  300 deg. O. 
th e re  was no t much danger of an y th in g  going 
wrong w ith  th e  casting . As a  m a tte r  of fa c t 
a lum inium  c a s t in g s ' like p istons, as used in th e  
m otor industry , had  to  w ith s tand  as h igh a tem ­
p e ra tu re  as 300 deg. C. T here was one advan tage  
in  th a t  case w ith  alum inium —it  was a  good con­
ductor of heat, and  super-heating  fo r th a t  reason 
was less liable to  occur.

M r . A r n o t t  said th a t  w ith  m ost of th e  P ap e r 
he was in  agreem ent. I t  was perhaps a m a tte r  
of in te re s t to  members to  know th e  e x te n t to  which 
alum inium  castings w ere rep lac ing  gun m etal. 
M ost people regarded  alum inium  castings as 
ra th e r  fiddling so rt of th ings, b u t a t th e  p resen t 
tim e complete pum p castings up  to  4 cwt. had 
been made in  alum inium . Such a  casting  made 
in  gun  m etal would weigh abou t 1 2  cwt. 
A lum inium  castings were really coming into
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o rd inary  engineering  work to  an  ex ten t which waa 
quite  unknow n ten  years ago. F o r some reason 
o r o ther th e  A dm iralty  had awakened to  th e  fac t 
th a t  th e re  was such a  m ateria l as alum inium . 
They w ere going in to  th e  m a tte r  now very whole­
h earted ly  and  qu ite  a few of th e ir  own members 
were benefiting to  some ex ten t from  th a t  change 
of policy.
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Wales and Monmouth Branch.

WASTERS.

By J. J. McClelland, M.I.Mech.E. (Member).

In  collecting m ate ria l for th is  P ap e r, th e  au tho r 
tr ied  to  divide th e  responsibility  for w asters 
u nder two headings, one th e  m oulder and th e  o ther 
th e  m anagem ent, b u t th is  proved to  e n ta il diffi­
culties and appeared  undesirable .

The various types of w asters found in  foundries 
reach  an  alm ost aston ish ing  num ber. To m en­
tio n  a few would be to  include “ ru n o u ts ,” 
“ sho rt pours ,”  “  scabbing,”  “  crushes,”  
“  blows,”  “  cold sh u ts ,”  “  m isruns ,”  “ cross 
jo in ts ,”  “ cores l i f t in g ,”  “  cores b reak in g ,”  “  con­
trac tio n  cracks,”  “  s tra in s  and  sw ells,”  “  d ir t  and 
s lag ,” “  hard  spo ts,”  “  w arp in g ,”  “  bad feed­
in g ,” etc.

A k ind  of cou rt of inqu iry  o r inquest is helpful 
in  all foundries, and th e  forem an o r some equally 
qualified person should be appo in ted  to  call a t  
least th e  appren tices tog e th e r to  discuss th e  cause 
of all w asters, and  ins truc tions should be given on 
how to  p reven t th e ir  repe tition . As an  ap p ren ­
tice  th e  au th o r m ade castings for m echanical 
stokers for boilers, and  one of th e  castings came 
o u t badly scabbed. The forem an, a f te r  lec tu ring  
him  soundly, k ind ly  rem inded him  th a t  if he noted 
th e  cause of th e  troub le  he would have learned  
more from  th e  bad casting  th a n  he would have 
le a rn t from  a thousand  good ones.

Runouts.
In  P ig . 1-—an o rd in ary  scullery copper—i t  is 

qu ite  obvious th a t  if th e re  be a ru n o u t th e re  is 
li t t le  chance of saving th e  casting , and  i t  is p er­
haps advisable to le t i t  go and  n o t w aste fu r th e r  
tim e  and  m etal on it . B eing th in , th e  casting  
will set quickly, which would add to th e  chances 
of being able to  save it . The jo in t, being a t  th e  
lowest ex trem ity , adds still fu r th e r  to  th e  possi­
b ility  of its being saved.
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To p rev en t th is  trouble , the  jo in t should be 
ram m ed sufficiently hard . No jo in t can be 
ram m ed too h a rd , and when th e  mould is open 
no th ing  should be done to  d is tu rb  or a lte r the  
shape of th e  jo in t. I f  th is  be done, and sufficient 
w eights or cram ps a re  used when casting, runouts 
will be considerably reduced.

F ig . 2 shows a lead pot, and in  th is case if there  
be a ru n o u t th e re  is a  b e tte r  chance of saving the 
casting , b u t some m oulders have a careless hab it 
of lean ing  on th e ir  jo in ts, sometimes slicking them

F i g . 1 .

over w ith  th e ir  tools and sometimes kneeling on 
jo in ts , all of which have a tendency to  d istu rb  the  
shape and  crea te  gaps th rough  which th e  m olten 
m eta l can find a way. I f  i t  is impossible to  avoid 
g e ttin g  on to  a jo in t, th en  som ething should be 
sp read  over i t  to  avoid damage.

Short Pours.

These are  nearly  always inexcusable. There are 
am ple m eans of finding o u t how to  calculate the 
w eight of castings and th e  capacity  of ladles, w ith 
which in form ation  i t  would be well for every 
foundrym an to  equip him self.



Scabbing.
This is probably th e  m ost common evil in the  

foundry , and canno t always be a ttr ib u te d  to  fau lty  
m oulding. M ateria ls provided by th e  m anage­
m en t m ay som etimes cause a good deal of h e a r t  
ache, and o ften  a long tim e elapses before th e  tru e  
cause of th e  troub le  is discovered. A personal 
experience m igh t serve as a  su itab le  illu s tra tio n  
on th is po in t. W hen v is iting  a c e r ta in  foundry  
which was hav ing  considerable troub le  from  scab­
bing, th e  au th o r was asked oould he define th e  
cause. H e first inspected th e  sand, of which two 
kinds of sand were being used, nam ely, M ansfield 
and Southam pton yellow, and upon exam ination  i t

was found th a t  th e  yellow sand  contained  large  
lum ps of c lear clay. The sands n o t being  suffi­
ciently  well m ixed, th e  clay lay  in  patches. W hen 
th is troub le  was elim inated  scabbing ceased. 
W hilst clay is an  essen tia l in  the  foundry , i t  is 
an enemy when used indiscreetly .

F igs. 1  and  2 a re  alm ost sim ilar in  shape, ye t 
very few m oulders would recom m end m aking  these 
tw o castings in  th e  sam e m anner. F ig . 1, being 
th in , th e  casting  has to  be ru n  very  quickly, 
usually  w ith  a th in  flat g a te  on  top (A). I f  an 
a tte m p t were m ade to  cast th e  o th e r way up , i t  
would necessita te two o r th ree  ru n n ers  on th e  jo in t 
of th e  m ould, and even th en  success would n o t be
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assured. F ig . 2, if m ade the  same way, would 
probably scab because th e  gases could no t escape 
sufficiently freely, and  th e  casting , being so much 
th icker, contains m ore gases.

The in te rn a l po rtion  of th e  sand is supported 
for lif tin g  by the  insertion  of a four-winged grid 
or arbor. In  th e  cen tre  of th e  arbor is a screwed 
rod, suspended from  a p la te  re s tin g  on two of the  
bars in  th e  top portion , and to  p reven t th e  risk of

screw ing up too tigh tly  d istance pieces (X) are 
inserted , and a wedge (Y) driven in under th e  bar 
to  ensure r ig id ity  when lif tin g  th e  top mould 
away for th e  w ithdraw al of a p a tte rn .
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In  F ig . 3 is an  ou tline  d raw ing  of a w inding 
drum  w ith double arm s se t a t  each end. I t  is cast 
in green  sand , w here th e  risks of scabs a re  g rea t. 
To th e  general founder i t  is well understood th a t  
a job of th is  descrip tion  con ta ins nearly  a ll th e  
elem ents to  which a m oulder is opposed. I n  th e  
first place, th e  m oulder canno t be given a  com­
plete p a tte rn  to  work w ith, th e  drum  itself being 
4 ft . x 3  f t ., he will probably have to  w ork from  
a p a tte rn  consisting of a p la in  ring , probably 
9 or 10 in. deep, w ith  loose arm s and  flanges for 
top  and  bottom . Consequently, he would only be 
able to  ram  in itia lly  to  th e  dep th  of th e  p a tte rn  
ring . T hen th e  rin g  would need to  be d raw n  up 
3 or 4 in. a t  a tim e  w ith  ad d itio n a l ram m ing  each 
tim e, and  all th is  add ing  to  th e  difficulties of 
m aking  th e  job safe. As i t  is th e  genera l p rac­
tice  to  m ake th is  class of work for casting  on end, 
i t  will be obvious th a t  th e  m ould m ust be very 
firmly ram m ed all over, and  p a rticu la rly  a t  th e  
bottom  end. I t  will also be ap p a re n t th a t  special 
arrangem ents a re  necessary for g e ttin g  th e  a ir  or 
gases away from  th e  o u te r po rtion  of th e  m ould, 
as well as from  th e  core. E very  p recau tion  should 
be ta k e n  to  p rev en t th e  possibility  of runo u ts  a t  
th e  bottom  jo in ts , fo r once th e  m e ta l has s ta r te d  
to  m ake its  escape in  th is  v ic in ity  th e re  would be 
very l i t t le  hope of sav ing  th e  casting . F u r th e r , 
in  connection w ith  th e  core, i t  will be noticed from  
th e  illu s tra tio n  th a t  th e  o rd in ary  lif tin g  p la tes as 
used for pulley arm s a re  in serted , b u t for work of 
th is  descrip tion  i t  is necessary th a t  p lates should 
be very securely a ttach ed  to  each o ther in  th e  form  
of a s to u t b ridge b ar (M ), or a sim ilar a rran g e­
m ent for lif t in g  th e  core when ram m ing  is com­
pleted and  for th e  ex trac tio n  of th e  p a tte rn s . 
This being a six-arm ed drum , a lif t in g  rod o r eye 
bolt is shown a t  “  N .”  T here would be th ree  such 
bolts d is trib u ted  equally betw een th e  six arm s. 
On th e  th ree  rem ain ing  lif tin g  p la tes i t  would be 
necessary to  p rovide some m eans of p rev en tin g  
th e  pressure of th e  m eta l from  lif t in g  th e  p lates. 
I f  these p lates were allowed to  li f t ,  in  consequence 
of th e  condensation which takes place in  th e  mould 
they  would be sw eaty, and if th e  m etal w ere to  
come in to  con tac t w ith th is sw eaty condition  th e re  
would undoubtedly  be a very serious explosion,
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causing extensive dam age and probably in ju ry  to 
those in the  im m ediate v icin ity . To provide 
ag a in s t th is  contingency, on the  th ree  liftin g  
p la tes where th ere  a re  no eye bolts, an ordinary  
length  of core barre l “ 0  ” is inserted  which pro­
tru d es  ju s t  th rough  th e  top , and  when th e  mould 
is completed these p lates a re  fastened down by 
th e  m ost su itab le  m eans available. Six pieces of 
gas barre l, “ P I  and  P 2 ,”  a re  ram m ed up in  the 
top p a r t  around th e  eye bolts and core barre l to  
p reven t dam age when being removed and replaced.

The m ethod of ru nn ing  found most satisfactory  
will be as shown a t  Q l, Q2, Q3 and  Q4, rep re ­
sen ting  two runners  fixed on th e  top  boss, 
which a re  ex tended th rough  th e  core to the  bottom  
boss. One p ecu lia rity  about th is system  of ru n ­
n ing is th a t  the  runners between th e  bosses m ust 
be com parative in  size w ith the  section of m ateria l 
in  th e  casting . O therwise th e re  would be danger 
of unequal con traction  in cooling, and if th e  ru n ­
ners had the tendency of cooling more quickly 
th a n  th e  m ain casting  they  would be likely to  
cause fra c tu re  in the  arm s. I t  should also be 
borne in m ind th a t  they  should no t be made 
heavier th a n  necessary, owing to  th e  difficulty in 
rem oving them  when th e  casting  is being trim m ed. 
In  some cases, where they  do no t have th e  effect 
of being unsightly , they are  n o t removed a t  all, 
b u t a re  allowed to  rem ain  in  th e  casting where 
they  undoubtedly would perform  th e  function  of 
a stren g th en in g  bar and distance piece between 
the two bosses.

There is one im p o rtan t fea tu re  in connection 
w ith a job of th is  k ind and th a t  is th e  necessity 
of carefu l ven ting  and ample provision for th e  
escape of gas, especially in  connection w ith th e  
core, as all gases m ust be b rough t away through  
th e  three-core barrels which also function for hold­
in g  down the  liftin g  p late . I t  is also necessary 
w ith  a core of these dim ensions and shape to  in ­
se rt a  fa ir  num ber of stiffening rods du ring  the  
ram m ing up of th e  core and a t  least a t  two or 
th ree  in tervals th ere  should be a good layer of 
sm all coke o r cinders th rough  which th e  a ir  could 
escape rap id ly  to  th e  channel of ex it, which in 
th is  case would be the  small pieces of core barrel. 
G rea t care is also necessary in  ram m ing. The



po in t of the  ram m er should no t be allowed to  come 
closer to  th e  p a tte rn  th an  from  l j  to  1 |  inches. 
This p rac tice  applies to  all classes of work in  th e  
foundry. I f  the  ram m er is allowed to  come in to  
close co n tac t with’ th e  p a tte rn , th e  resu lt is a 
series of small shell scabs.

Crushes.
These are  avoidable, and usually  come from  

careless m ending up o r p lastering  on too much 
where i t  has been found necessary to  p a tch  a 
mould. To be on th e  safe side, every mould should 
be re-opened a f te r  closing, to  ensure th e re  is no 
trouble of th is character. Blows also have several 
causes. They a re  chiefly a ttr ib u ta b le  to  gases 
in the  m etal. The m oulder is n o t responsible for 
th e  m ateria ls  used in  m etals, consequently he is 
no t always responsible fo r blowholes. As is well 
known, cast iron n a tu ra lly  absorbs su lphur, and  if 
a fau lty  supply of coke is ob tained  which contains 
more su lphu r th a n  i t  should, th e  iron  will absorb 
some of the  su lphur which m igh t probably show, 
up la te r  in  th e  casting  in  th e  form  of blow holes. 
The m oulder is sometimes a t  fa u lt w ith  his ram ­
m ing, or if he uses sand  con ta in ing  too  much 
m oisture, also im proper ven ting , o r th e  p lacing of 
runners  and risers in  th e  w rong position.

Cold Shuts.
H ere th e  m oulder can  be responsible, and  p er­

haps, also, th e  m anagem ent, should th e  la t te r  
insist upon th e  use of m etals unsu itab le  for th e  
work in  hand . F o r instance, F ig . 1 could n o t be 
cast w ith  strong  Scotch iron, and  even in Scot­
land, where a  large am ount of work of th is  ty p e  
is m ade, M iddlesbrough iron  is chiefly used, owing 
to  its  excellent flu id ity  allowing free ru n n in g  for 
th in  castings. I t  is also no t so troublesom e from  a 
con trac tion  p o in t of view. F o r F ig . 2 and  F ig . 3 
the  lower phosphorus irons are m ore suitab le . In  
th e  case of th in  work, if th e  sand be too strong, 
i t  would have th e  tendency of h in d erin g  th e  free 
flow of m etal, resu lting  in cold shuts.

Cross Joints.
These a re  also inexcusable. F a u lts  of th is  descrip­

tion  may be a ttr ib u ta b le  to  both sides. W here
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boxes a re  m ade to fit too loosely, th e re  is a  well- 
known p rac tice  of keeping them  tw isted  in th e  
d irection  of th e  travel of th e  sun, and if th is  is 
n o t possible, th ere  a re  o ther methods for m aking 
sure th a t  th e  jo in ts  m eet properly. On th e  o ther 
hand, i t  is fa r  b e tte r, and i t  removes the possi­
b ility  of risks being taken , if th e  m anagem ent will 
provide well-made boxes for use in  th e  foundry, 
and thereby  e lim inate  th is  class of trouble to  a 
la rge  ex ten t.

Cores Lifting.
The m oulder o ften  has com plain t against the  

pa tte rn -m ak er on account of insufficient p rin ts  so 
o ften  being p u t on p a tte rn s . Take an 18-inch 
cylinder, fo r example, probably from  two to  th ree  
feet long. A common practice  would be for the 
p a tte rn -m ak er to  only p u t on an inch or an inch 
and a  half core p r in t on the  p a tte rn , leaving the 
moulder th e  difficulty of having to  secure a core 
on p rin ts  of such dim ensions. This is a system 
of false economy, and although i t  may m ean the 
saving of a few pence in th e  pattern-shop , i t  neces­
sita tes  add itional work for th e  moulder, besides 
the  added risk  of losing a casting. The American 
practice  is to  go to the  o ther ex trem e by providing 
ample core p rin ts  on all types of cylindrical or 
pipe p a tte rn s . They do no t use core barrels as 
num erously as we do. C haplets also preven t cores 
from  liftin g  and  th e  proper use of these acces­
sories should be well understood.

Cores Breaking.
This may be more a ttr ib u tab le  to the  core m aker 

th a n  to  th e  moulder. Every  core should be sa tis­
factorily  ironed and streng thened , and of course 
a good core cannot be made with bad sand.

Contraction Cracks and Warping.
These cannot always be a ttr ib u te d  to  the 

m oulder, ye t he should be conversant w ith the 
causes and remedies. By giving proper a tten tion , 
some castings can be prevented  from w arping. 
Take a la the  bed for example. These are no t de­
signed of un iform  section, and therefore p a r t  of 
th e  m etal has completed contraction  before th e  re ­
m ainder. This means th a t  the  box portion  of the 
bed, which is designed to  be of sufficient stren g th



to  bear th e  an tic ipa ted  load, is always th in n e r  in 
section th a n  the  slide rails, which have to  tak e  th e  
w ear and te a r  of th e  saddle. A common practice  
when m oulding th is  type  of casting  is to  hend th e  
p a tte rn  to  th e  same am ount as th e  an tic ipa ted  
w arping. This is no t th e  m ost desirable m ethod, 
as a casting  tre a te d  in  th is  way always re ta in s  a 
s tra in  on th e  s tru c tu re , which is never released 
un til f ra c tu re  takes place. The more p referab le  
custom  is to  mould th e  p a tte rn  s tra ig h t, and  im me­
d iately  a f te r  casting , when th e  iron has solidified, 
the  heavier sections should be stripped  and  m ade 
bare, in  accordance w ith  th e  dim ensions of th e  bed 
being m ade, so th a t  th e  heavier sections m ay be 
encouraged to  cool down and  complete con trac tion  
in  th e  sam e period of tim e  as th e  lig h te r section. 
This produces a casting  free  from  s tra in , and  is 
much m ore sa tisfac to ry  to  all concerned.

Strains and Swells.
These are  usually th e  re su lt of careless and  u n in ­

te lligen t ram m ing and a re  nearly  always avoidable.

Dirt and Slag.
These com plaints very often  a rise  from  th e  u n ­

satisfacto ry  system of a rran g in g  runners. F ig . 2 
illu s tra tes a ru n n e r  “  W ”  carried  to  th e  base of 
th e  casting. I t  would be possible to  ru n  th e  sam e 
casting  on the  jo in t a t  “ Z ,”  b u t th e  resu lts would 
more th a n  likely be unsatisfac to ry . F irs tly , th e re  
would always be a suction in th e  ru n n e r  du ring  
th e  casting , which would n a tu ra lly  a t t r a c t  all d ir t  
which got in to  th e  pouring  bush, conveying i t  in to  
the  casting . Secondly, th e  flow of th e  m eta l over 
“  V ”  would have a tendency  to  cause scabbing, 
and beating  aga in s t “  I t  ”  m ay also c rea te  th e  
sam e troub le  and th e  d ir t  which would accum ulate 
from  these two troubles m igh t become ap p a re n t a t  
points “  S I and S2.”  In  all work of th is  descrip­
tion , i t  will undoubtedly  be found p refe rab le  to  
ca rry  the ru n n e r to  th e  bottom  if possible.

In  the  same illu s tra tio n  we ge t an exam ple of 
th e  effects of sponginess and  fau lty  feeding. 
A lthough the  bottom  of th e  po t is of a  th ick e r 
substance th a n  the  sides o r th e  flange, i t  is n o t 
usual to  find sponginess in  the  bottom  po rtion  of 
th e  casting . I t  would be more likely to  appear a t
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“ T1 ” and “  T2.” This could be overcome by the  
in troduction  of % riser a t “ 2X .” This would act 
as th e  feeder, and i t  will be noticed th a t  a  riser 
has been m ade considerably la rg er in  sectional 
a rea  th a n  th e  casting, the  idea being th a t  th is  is 
always preferable where possible. I t  is recom­
m ended th a t  in casting  a job of th is description, 
pouring  should cease im m ediately the m etal has 
appeared  in th e  riser. Probably a handful of 
charcoal would be helpful in re ta in in g  the  tem ­
p e ra tu re  u n til i t  would be possible to  bring  along 
a fresh  supply of hot m etal from  th e  cupola, w ith 
which th e  riser should be filled to  the top . W ith  
the  renewed rising  tem p era tu re  the riser would 
have a tendency to  rem ain  fluid u n til th e  m ain 
casting  h ad  completely solidified. I f  o r when it  
is found necessary to  reso rt to  the  use of a feeding 
rod, th e  o pera to r should be very in telligently  
schooled in th e  use of same.

Discussion.
In  opening the  discussion, Mb. G at.l e t l y  (P resi­

den t) suggested th a t  a n  im provem ent m igh t he 
effected in th e  system  of runn ing  F ig . 2 if the 
method shown by dotted  lines were used in  place 
of th e  ru n n e r shown. This po in t was agreed, bu t 
i t  was suggested the in troduction  of such a runner 
m ight en ta il some difficulty. M r. Galletly also 
confirmed th e  types of iron necessary for ligh t and 
heavy castings, s ta tin g  he had  had an unpleasan t 
experience owing to  high-phosphorus iron having 
been used for a heavy casting.

M r. H ird ,  re fe rrin g  to  the  question of clay in 
th e  sand, s ta ted  th a t  th ere  was clay in  all mould­
ing sand, and  if i t  was elim inated , th e  sand would 
be useless fo r m oulding. I t  was in te resting  to  
exam ine washed and raw  sand under a microscope. 
The form er appeared  as a b rig h t substance, w hilst 
the la t te r  had a li tt le  coating  of clay covering i t .

H e  a s k e d  f o r  a n  e x p r e s s io n  o f  o p i n i o n  o n  o p e n  
a n d  c lo s e d  r i s e r s ,  t h e  r e p l y  b e in g  t h a t  c lo s e d  or 
c o v e r e d  r i s e r s  s h o u ld  b e  u s e d ,  p a r t i c u l a r l y  in c o n ­
n e c t io n  w i t h  t h i n  w o rk ,  w h e r e  i t  w a s  n e c e s s a r y  to  
r u s h  t h e  m e t a l  i n  a s  q u ic k ly  a s  p o s s ib le ,  w h ic h  
u s u a l l y  c a u s e s  r i s e r s  t o  r o a r ,  w h ic h  i n  t u r n  h a s  a  
t e n d e n c y  t o  p u l l  d o w n  t h e  f a c e s  o f  t h e  m o u ld .  
M r . H i r d  t h o u g h t  t h a t  f o r  s o m e  c la s s e s  o f  t h i n
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work there  was an advan tage  in  hav ing  an open 
riser. I f  i t  were closed th ere  was pressure on th e  
sand all th e  tim e. W ith  reg ard  to  coal dust, he 
asked w hether i t  was advisable to  use none a t  all 
o r a reduced am ount for th in  work, o r should old 
sand be used.

In  reply, M e . M c C l e l l a n d  s a i d  t h a t  fo r very 
th in  work no coal d u s t a t  all was requ ired . By 
way of illu s tra tion  he quoted th a t  when m aking  
th in , fla t p lates about 5 f t . by 3 f t . ,  |  in . th ick , 
w ith  a 1 -in. flange all round, i t  h ad  been found 
th a t  an equal proportion  of new and old sand 
thoroughly  m ixed and  a coating  of plum bago on 
the  face of th e  mould had been m ost sa tisfac to ry . 
F ig . 1, fo r example, would always be m ade w ith ­
o u t th e  use of coal d u s t.

R eplying fu r th e r  to  M r. H ird , th e  speaker said 
th a t  th e  elim ination  of coal d u s t helped to  p re ­
v en t seam s on th in  castings. F o r  vary in g  tyjpes 
of castings i t  was suggested th a t  coal d u s t in the  
p roportion  of 6 to  1  should be used fo r heavy cast­
ings, 8 to  1  fo r lig h t castings, and  for very lig h t 
castings no coal dust a t  all. F o r a casting  as 
illu s tra ted  by F ig . 2, th e  p roportion  should be 
6 to  1 .

M b . H i e d  t h o u g h t  i t  w a s  v e r y  d i f f i c u l t  t o  g e t  a  
l a t h e  b e d  s t r a i g h t  b y  s t r i p p i n g ,  b u t  t h o u g h t  t h a t  
b y  p u t t i n g  i n  c a m b e r ,  a l t h o u g h  a d m i t t i n g  th e re  
a lw a y s  w a s  a  s t r a i n ,  t h i s  w a s  n o t  a  s e r i o u s  d e f e c t .

M e . M c C l e l l a n d  replied  th a t  w hilst i t  m igh t 
be all r ig h t to  cam ber th e  p a tte rn  of a sm all la the  
bed, he could no t agree w ith  th e  p rac tice  when 
m aking a la rge  la th e  bed, say, of 11 tons. W eight­
ing moulds had been re fe rred  to  in  connection 
w ith runou ts. The rough practice  in  m any 
foundries was to  use th ree  tim es th e  estim ated  
weight of th e  casting . A well-known m oulding 
m achine m aker in A m erica had  advocated th a t  
th e re  was a 3 |-lb . to  th e  sq. in. l if t in g  pressure 
on all types of castings, no m a tte r  w hat th e ir  
dep th , b u t th e  more reliable formulae was one 
established in th is  coun try  of 1 -lb. p ressure to  the  
sq. in. fo r every  4 in. of depth , e.g., 8 in. deep 
would have 2 lbs. pressure to  the  sq. in. and 12  in. 
deep 3 lbs. p ressure per sq. in ., and  so on.

M r . J e n k i n s  s p o k e  o f  h a v i n g  s e e n  a  p o t  v e r y  
s i m i l a r  t o  F i g .  2  m a d e  t h e  r e v e r s e  w a y ,  w i t h
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disastrous resu lts , the casting  having a perfora­
tion  in  its  base when the  te s t was m ade w ith 
w ater.

M r . E v a n  D a v i e s  asked w hat m ethod would b e  
adopted in  ex trac tin g  th e  p a tte rn  from  the mould 
in F ig . 3. Also, w hether i t  would help m atte rs  
if th e  runners  were p u t in  on th e  slan t to  prevent 
con traction  between th e  bosses. The reply was 
th a t  i t  would be necessary to  l i f t  the m iddle p a rt 
of th e  mould away and  th en  w ithdraw  the  core to  
e x tra c t th e  p a tte rn  and m ake the  necessary repair 
to  th e  mould and also for convenience in  blacking 
th e  mould. W ith  regard  to  th e  slan ting  runner, 
th is  m ethod m igh t be an  im provem ent on th a t  
shown.

M r . K i n s m a n  asked w hether the  ru nner in F ig . 3  
was no t liable to cool more quickly th a n  the  o ther 
p a r t  of the casting, th e  reply being th a t  the ru n ­
ners should be of such proportion  as to obviate 
this. A t th e  same tim e, i t  m ust be remembered 
th a t  by the flow of m olten m etal th rough  the 
runners w hilst the  casting  is being poured, the 
su rround ing  sand  is raised  in tem pera tu re  to such 
an ex ten t th a t  i t  assists in  re ta in in g  the  h ea t in 
th e  run n ers  so th a t  th e  whole casting  cools down 
more o r less equally.

M r . R .  G . W i l l ia m s  s ta ted  th a t  patternm akers 
did n o t like to  ta k e  any blame, b u t p referred  to 
re fe r to  d raugh tsm en’s errors and pa tte rn m ak ers’ 
oversight. I t  was p a r t  of th e ir  du ty  to consider 
the economical use of th e ir  m ateria ls.

In  proposing a vote of thanks to  th e  lec tu rer, 
M r . P . L e o n a r d  G o u l d  offered congratu lations, 
saying th a t  he th ough t th is was the  type of lecture  
needed in th is  B ranch. M r . M a r s h  seconded, 
and the m otion was supported  by M r . R. G. 
W i l l i a m s .
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Middlesbrough Branch.

NON-FERROUS FOUNDRY PRACTICE

By A. Logan (Member).
The first o u ts tan d in g  fac t abou t brassfounding  

as com pared w ith ironfounding  which m ust s trik e  
everyone is th a t  of purely  comm ercial considera­
tions, i.e ., th e  big difference in  th e  cost of the  
m etal going in to  the  respective m oulds. W hereas 
a pound of good-quality cast iron  costs only a 
m a tte r  of th ree  fa rth in g s , non-ferrous alloys m ay 
range from  7d. to  Is . 6d. per lb ., o r from  9 to  24 
tim es as much'. Assum ing th e  sam e percen tage 
profit in  each case, castings in non-ferrous alloys 
will yield a m uch h igher profit com pared w ith  
sim ilar castings in iron. A brass foundry  of the 
same o u tp u t as an iron foundry  will there fo re  
have a fa r  g rea te r comm ercial value per annum . 
Conversely, w hereas a w aster in cast iron  m ay no t 
am ount to  m uch, a sim ilar w aster in  non-ferrous 
m eans a fa r  g rea te r loss of p o ten tia l profit.

The following rem arks are  m ainly  concerned 
w ith some of th e  m eta llu rg ica l considerations of 
brass founding, consequently th e re  is li tt le  to say 
regard ing  ac tua l brass m oulding as com pared w ith 
iron moulding. One th ing  is ce rta in , how ever; 
a good brass m oulder can go over to  iron  and  p ro­
duce first-class iron castings, b u t an iron m oulder 
cannot produce successful non-ferrous castings 
w ithou t some previous brass-foundry experience or 
knowledge. G enerally speaking, brass m oulding 
calls for g rea te r care and  accuracy a t  every stage. 
A lthough non-ferrous alloys m elt, and  are  poured 
a t  a very much lower tem p era tu re  th a n  iron, i t  is  
su rp ris ing  how fluid and searching some of these 
alloys are upon th e  m ould.

Solidification of Non-Ferrous Alloys.
In  tra c in g  trouble , i t  is necessary to  u n d ers tan d  

the  principles which govern th e  solidification of the  
p a rticu la r m eta l o r alloy in  question. As alloys of 
th e  bronze type are  g rea tly  used, the  equilibrium



diag ram  of th e  copper-tin  series should be con­
sulted . The complete diagram  is ra th e r  compli­
cated , b u t the  portion  contain ing  up to  20 per 
cent, t in  (which includes all the  commercial 
bronzes) is quite  simple, and w orth studying by 
the  prac tica l foundrym an. P u re  copper has a 
freezing po in t of 1,084 deg. C., and pure t in  a 
freezing po in t of 232 deg. O., consequently none 
of the  bronzes can have a freezing point as great 
as 1,084 deg. C ., as th e  g rea te r the  am ount of tin  
added, the lower the  freezing point of the  resu lt­
ing alloy.

379-

E q u il i& r iu m  D ia g r a m  o f  

C o p p e r  -  Ttrs A l l o y s  .

F i g .  1 .— E q u i l i b r i u m  D ia g r a m  o f  t h e  C o p p e r-  
T i n  A l lo y s ,  u p  t o  20 p e r  c e n t .  T i n .

The line A—B (see F ig . 1 ) is called the liquidus, 
as a t  tem pera tu res  above th is  line the  alloys are 
completely liquid. The line A—B—C is called the 
solidus, and  a t tem pera tu res below th is  the alloys 
are completely solid. Between the  two solidifica­
tion  takes place d u ring  an in terval of tim e. Any 
line shown below the solidus relates to  changes 
which take  place in the solid m ateria l whilst cool­
ing. Such a change is shown to  take  place a t
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500 deg. C. in alloys con ta in ing  over 9 per cent, 
tin . To ta k e  an  ac tua l ex am p le : In  a  bronze 
con tain ing  10  per cent, t in  the first solidification 
commences about 1,000 deg. O. As can be ex­
pected  w ith  two m etals hav ing  such big differences 
in freezing points, i t  is re la tively  pu re  copper 
which s ta r ts  to  solidify first. This shoots o u t in 
s tra ig h t lines form ing a so rt of skeleton o r back­
bone for th e  rem ainder of th e  alloy to  solidify 
round. Solidification commences sim ultaneously 
th ro u g h o u t th e  alloy a t  all poin ts a t  which th e  
tem p era tu re  is 1,000 deg. C1. In  th e  case of a 
casting, the m eta l which trave ls th e  fu r th e s t, i.e ., 
w hich is cooled th e  m ost, is th e  first to  solidify, 
and  th is solidification n a tu ra lly  alw ays commences 
a t  th e  wall of th e  m ould, and  proceeds inw ards. 
The d end rites , as they  a re  called, which have 
s ta r te d  to  grow, soon find th e ir  progress checked 
by o thers round  them , consequently branches a re  
throw n o u t a t  r ig h t angles to  th e  m ain  axes, and  
when these m eet w ith in terfe rence , branches again  
shoot o u t a t  r ig h t angles. In  th is  w ay th e  crystals 
are  g radually  b u ilt up, and i t  will be seen th a t  
the  shapes of the  crystal boundaries a re  en tire ly  
haphazard , and  are  due to  th e  in te rfe rence  one 
w ith ano ther. The size to  which th e  crystals grow 
depends upon the  ra te  of cooling, which in tu rn  
depends upon th e  casting  tem p e ra tu re  and the 
size and section of the  m ould, and  in  a  lesser 
degree on th e  ram m ing  and th ickness of sand.

W hen a w aster casting  is broken up , exam ina­
tio n  of th e  fra c tu re  (when guided by prac tica l 
experience) will ind ica te  w hether th e  casting  tem ­
p e ra tu re  was a t  fa u lt. As th e  te m p e ra tu re  falls, 
solidification proceeds and  the  liqu id  portion  
becomes richer in t in , as also does th e  m ateria l 
which is build ing up th e  s tru c tu re , and  which is 
known as th e  a lpha solid-solution. A t 790 deg. O. 
the  a lpha form ed should con ta in  9 per cent, t in , 
and  th e  rem ain ing  tin -rich  liqu id  now solidifies. 
I f  a specimen of 10 per cent, bronze was quenched 
in w ater from  ju s t below 790 deg. C. i t  would be 
found to  consist of two constituen ts. One, th e  
heterogeneous alpha from  alm ost pu re  copper 
up to  approxim ately  9 per cent, t in , and  a small 
am oun t of w hat is called th e  be ta  constituen t, 
which contains approxim ately  from  22.5 to  27 per



cent. t in . This beta constituen t is no t stable, and 
when slowly cooled to  500 deg. C. breaks down 
in to  a lpha and  a th ird  constituen t known as 
de lta .

According to  th e  equilibrium  diagram , a 10  per 
cen t, t in  bronze should con tain  only very small 
am ounts of the  b e ta  constituen t (or, as i t  finally 
appears in  th e  casting, th e  delta  constituen t), bu t 
in  ac tu a l p ractice , however, the  ra te  of cooling 
is th e  most im p o rtan t determ ining factor. The 
slower the  ra te  of cooling, th e  g rea te r th e  am ount 
of b e ta  form ed, and  consequently the  g rea te r the  
am ount of d e lta  found in  the  casting. This has 
a very p rac tica l application . The delta  constituen t 
is qu ite  d ifferen t in  physical properties and 
appearance from  the  alpha m a tr ix  in  which i t  
occurs, and  i t  influences th e  physical properties 
of th e  casting  con tain ing  i t  in  proportion  to  the  
am ount p resen t and  its  d is tribu tion .

The lec tu re r th en  described a  series of photo­
m icrographs shown on th e  screen illu s tra tin g  the 
s tru c tu res  o f sound, strong  gunm etal, and  weak, 
unsound gunm etal. The chief o u ts tand ing  differ­
ence in  th e  case of the  good gunm etal was th a t  the 
strong  in te rlac ing  dendritic  s tru c tu re  was strongly 
developed, and th is  was always associated w ith a 
very sm all am ount of th e  d e lta  constituen t and 
freedom  from  oxide films, etc. In  th e  case of the 
weak gunm etal, th e  pronounced dendritic  s tru c ­
tu re  was replaced by a weak, loose arrangem ent 
assooiated w ith  a large q u an tity  of th e  delta  con­
s titu e n t in  a  more o r less netw ork form ation , and 
o ften  considerable oxide inclusions and  films. 
The im portance of th e  delta  con stitu en t was shown 
w hen its  p roperties were described. The delta  is 
a hard , b rittle , bluish-w hite compound of copper 
and  t in  in  th e  proportion  of one atom ic p a r t  of 
t in  to  fou r atom ic p a rts  of copper (actually  
approxim ately  32 p er cent, of tin ). Being in 
itself h a rd  and com paratively b rittle , i t  im parts 
these qualities to  the  casting  in  which i t  occurs, 
reducing  th e  tensile  and elongation in  proportion 
to  th e  am ount present. Foundrym en cannot 
always look a t  th e  s tru c tu re  of th e ir  castings 
th rough  a microscope, b u t th e  fra c tu re  of the 
m ateria l does to  some e x te n t give an idea of the  
type of s tru c tu re  which the  m ateria l possesses.



Fig . 2 illu s tra tes  th e  in te rc ry sta lline  fra c tu re  of 
a piece of strong  gunm etal when broken ho t, w hilst 
F ig. 3 shows th e  sam e piece of m etal sectioned 
and  etched to  show the  m icro struc tu re  or crystal 
a rrangem en t.

I f  a consignm ent of scrap gunm eta l is being 
bought, and th e  frac tu res  of the  m a te ria l resemble
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F i g . 2 .— F r a c t u r e  o f  S tr o n g  G u n -M e t a l . 
(B r o k e n  H o t .)

th a t  shown, i t  can be fa irly  safely assum ed th a t  
m ateria l of good quality  is being ob tained . On 
the  o th e r hand , if any pieces have frac tu re s  
sim ilar to  th a t  shown in  F ig . 4 they  should be 
rejected . S im ilarly  any risers o r  run n ers  broken 
from  castings g iving frac tu res  of th is  k in d  in d i­
cate  th a t  th e  s tru c tu re  of the m a te ria l is a t  fau lt,

F ig .  3 .— M a c r o  o f  G u n -M e ta l .

and  a poor resu lt can be expected from  the  cast­
ing. I f  subject to hydrau lic  te s t, i t  will in all 
p robab ility  prove porous. The physical p roperties 
of gunm etal are  thus dependent upon the  s tru c ­
tu re , and the  practical question th en  arises as how 
best control th e  m ateria l in o rd e r xo produce the 
r ig h t type  of stru c tu re .
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Careful Melting Essential.

In  m any brass foundries the old-fashioned type 
of p it  fired fu rnace is still in use, and although 
th is type is fa r  from  ideal, y e t i t  has a num ber 
of good points. I ts  first cost is low, and i t  is 
cheap to  m a in ta in . These advantages, however, 
are  probably m uch more th a n  counterbalanced by 
its  low efficiency. I t  is also slow in  m elting, bu t 
except where mass production is in operation , th is 
need n o t necessarily be a d isadvantage. The 
slower m elting  probably leads to  economy of 
crucibles, and these are an im portan t item . W here 
care is taken , the  crucible w ith na tu ra l-d raugh t 
pit-fire m elting  is capable of giving the least 
oxidised m ateria l. O ther forms of furnace used 
for brass m elting  are the  ti lt in g  furnace, either

F i g . 4.—F r a c t u r e  o p  W e a k  G u n - M e t a l . 
( B r o k e n  H o t .)

coke or gas fired, or oil fired, as dem onstrated a t 
the recent Foundry  Trades E xhibition in  London. 
W here la rg er q u an tities  of m etal are required  a t  
one tim e, reverberatory  furnaces are used. 
G enerally the pit-fire type only tak e  up to 300 or 
400-lb. crucibles, and a num ber of un its  are built 
together. W here more th an , say, a ton  o r 30 cwts. 
of m etal are  required  for one cast, th en  a rever- 
batory  furnace m ust be used, and these can be 
bu ilt to  su it w hatever capacity  is required. F ig. 5 
is a general view of a foundry, and shows a battery  
of 12  p it fires and one tilt in g  furnace.
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Method of Making the Alloy.
The copper should be charged in to  th e  crucible, 

and, if scrap is being used, th is  should go along 
w ith  it. A good covering of charcoal should be

given, the  fire m ade up, and the  fu rnace  cover 
p u t on. A good p lan  is to s ta n d  th e  crucible on a 
firebrick slab, th en  as the  fire burns away the 
crucible rem ains und istu rbed . The m elting  should
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be as rap id  as possible. W hen the  contents of the 
crucible are  ju s t m olten, the zinc is added, then  
the  tin , and  th e  r ig h t am ount of superheat is 
a tta in e d  as rap id ly  as possible. The mould should 
always be completely ready before the m etal, so 
th a t  th e  m om ent th e  r ig h t tem pera tu re  is reached 
the  pot can be w ithdraw n from  th e  fire, and, 
a f te r  careful skim m ing, poured. These precautions 
are all w ith the ob ject of p reven ting  oxidation  of 
the  copper. A very large proportion  of the 
troubles which occur in  non-ferrous castings is a 
d irec t resu lt of th is  one th in g —oxidised m ateria l. 
W hen i t  is realised how readily  and easily copper 
picks up oxygen when heated , and especially when 
m olten, th e  im portance of tak in g  the u tm ost p re­
cau tions aga in s t ox idation  will be appreciated . A 
very simple ob ject lesson, and one which should be 
b rought to  th e  notice of all furnacem en, is to  take  
a" sheet o r piece of scrap copper and place i t  in 
the  fire for a few m inutes. I f  i t  is lifted  o u t 
carefu lly  and  cooled down on a p la te  i t  will be 
found to  be thickly covered w ith a black powdery 
scale. This is th e  copper-oxide which has been 
form ed as a  resu lt of th e  com bination of the 
m etallic copper w ith oxygen from  th e  a ir. A t the 
tem p era tu re  a t  which copper is m olten th is 
reaction  takes place w ith g rea t rap id ity  whenever 
the surface comes in to  contac t w ith the  air. If  
the  copper-oxide so form ed would come to the top 
of the m etal i t  could be skimmed off, and  the only 
troub le would be th e  loss of copper. U nfo rtu ­
nately , however, copper has the property  of dis­
solving o r alloying w ith its own oxide, and all the 
copper-oxide form ed during  m elting  goes in to  the 
alloy. I f  no steps were tak en  e ith e r to  p revent 
th e  fo rm ation  of oxide during  m elting, or to 
remove th e  sm all am ount which is formed in spite 
of th e  g rea te s t care, th e  resu lting  alloy would be 
sluggish and  pasty , and  castings poured from 
such m eta l would certa in ly  be unsound.

In  th e  case of A dm iralty  gunm etal, th e  composi­
tio n  is 88 per cen t, copper, 10  p e r cent, 
tin , and 2 per cent, zinc, and th e  function  of th is 
sm all am ount of zinc is to  remove the  oxide formed 
du rin g  m elting. The oorrect tim e to  add the  zinc, 
therefore , is before th e  t in . I f  th is  is done, zinc 
unites w ith  th e  oxygen from the  copper-oxide,

o
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form ing zinc-oxide, which is a lig h t w hite powder, 
and is n o t soluble in  th e  m olten alloy. Z inc alone 
is n o t a p erfec t deoxidiser, fo r if  th e  m eta l is 
badly oxidised i t  will no t reduce m ore th a n  a  por­
tio n  of th e  oxide p resen t, and  in  any case, even 
w ith  m a te ria l w h ich . is carefu lly  m elted , i t  does 
no t remove every tra c e  of oxide. I t  is a good plan, 
therefo re , w here th e  h ighest qua lity  m ate ria l, 
g iving the  best possible resu lts , is desired to  add 
a fu r th e r  deoxidiser in  th e  form  of a phosphor-tin . 
V ery li t t le  of th is  is requ ired , th e  aim  being ju s t 
to  add sufficient to  deoxidise and  leave prac tica lly  
none, o r li t t le  m ore th a n  a trace  of phosphorus in 
th e  finished m eta l. The ob ject is to  g e t th e  m eta l 
as thoroughly  deoxidised as possible before th e  
add ition  of th e  t in , n o t only to  p rev en t th e  loss 
of valuable t in  by th e  fo rm ation  of tin -ox ide , b u t 
because tin -ox ide once form ed is very difficult to  
g e t r id  of. M oreover, tin -ox ide  does n o t free  
itself so read ily  from  the  m e ta l as does zinc-oxide, 
and  i t  has a bad h a b it of cry sta llis ing  in  sm all 
crystals of trem endous hardness, w hich a re  d e tr i­
m en tal to  th e  m ateria l.

Casting Temperature.
Once th e  m a te ria l has been carefu lly  m ade and  

m elted, th e re  is s til l an o th er p o in t which m ust be 
a tten d ed  to  before even th e  perfec t m ould can  be 
poured and a sound casting  resu lt. This is correct 
casting  tem p era tu re , and  neglec t of th is  one p o in t 
is qu ite  sufficient in  itse lf to  b ring  abou t a w aster 
casting . F o rtu n a te ly , w ith  th e  bronzes th e re  is 
a fa ir  am ount of la titu d e . I n  th e  case of 
A dm ira lty  gunm etal, th e  range  of casting  tem ­
p e ra tu re  ex tends from  about 1,100 deg. C. for very 
heavy castings to  abou t 1,220 deg. C. fo r lig h t 
work. The ru le to  follow is to  ta k e  in to  account 
th e  section and  mass of th e  casting , how fa r  th e  
m eta l has to  ru n , e tc ., and  cast a t  as low a tem ­
p e ra tu re  as ever possible.

W asters due  to  too  h igh  a  casting  tem p e ra tu re  
can  be expected when “  t in  sw eat ”  o r segregation  
m akes its  appearance on th e  top  of th e  ru n n e r , 
o r wells up in th e  cen tre  of th e  fra c tu re  when th e  
ru n n e r is broken off soon a f te r  casting . Analysis 
and m icro exam ination  prove th a t  th e  ex truded  
segregated  m ateria l is th e  b e ta  co n stitu en t, con­
ta in in g  up to  about 25 per cen t. t in . (See F ig . 6 .)



Acoording to  the  equilibrium  diagram , a bronze 
w ith only 10  p e r cen t, t in  should contain  only 
traces of th is beta  constituen t, b u t in actual prac­
tice the  ra te  of cooling has a very considerable 
influence ; and  unless th e  solidification is suffi­
c iently  rap id , th en  la rge  quan tities of tin -rich  
liquid will accum ulate and form  segregations in 
th e  portions of th e  casting  la s t to  solidify. In  
extrem e cases some of th is  is actually  squeezed ou t 
by th e  solidifying m etal, and  fornis th e  “  tin
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sw eat,”  as i t  is called, seen on top of the  
The im portance of correct casting  tem pera tu re  will 
he realised , for if th e  casting  tem pera tu re  is too 
h igh i t  m eans th a t  th e  walls of th e  mould will 
absorb an undue and unnecessary am ount of heat, 
which, owing to  th e  poor conducting properties of 
sand, will be re ta ined  and  re ta rd  the  solidification 
of th e  casting. This is o ften  the  cause of trouble 
where castings have vary ing  sections. The casting 
tem p e ra tu re  m ust be high enough to  ru n  th e  th in  
p a rts  w ithou t any fear of “  cold sh u ts ,”  ye t if the

F i g .  6 ,— P h o t o - M i c r o g r a p h  o p  S e g r é g a t i o n  
T o p  o f  R u n n e r ,  x  5 0  d i a m s .
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th icker portions are  very much g rea te r in  section 
th e re  is a chance of segregation  o r “  draw n ”  
places resu lting . In  such cases i t  m ay be necessary 
to  reso rt to  chills to  even o u t th e  ra te  of solidifi­
cation . In  th is  connection i t  should be m entioned 
th a t  much can be done by m eans of co rrec t g a tin g  
and ru nn ing .

F ig . 7 illu stra tes th e  d ifferen t types of ru n n e r  
heads which ind ica te  pou ring  too ho t, correct, and  
too low. C astings w ith  ru n n e r heads sim ilar to  A

€

E i g .  7 ,— E f f e c t s  o f  E x t r e m e s  o f  P o u r i n g  
T e m p e r a t u r e s .  (G u n m e t a l . )

will probably suffer from  ox idation  films and  p in ­
hole unsoundness, and possibly show t in  spots or 
segregation  in  heavy sections. The crystal size 
will be very large. C astings w ith  ru n n e r  heads 
sim ilar to  C will also be unsound, ow ing to  th e  
solidification tak in g  place w ithou t p roper feeding. 
The presence of blow holes is also alm ost a cer­
ta in ty , due to  th e  fa c t th a t  th e re  is no tim e  for 
gas to  ge t free from  th e  m eta l before solidification 
takes place.

T here is generally  a  tendency to  pour on tho  ho t
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side, especially where a num ber of sm all boxes are 
poured from  one crucible. The h igh-tin  bronzes, 
and  especially th e  phosphor bronzes, m ust n o t be 
poured too h o t owing to  the g rea te r am ount of 
“ be ta  ” which is norm ally formed, and which 
would segregate badly if th e  solidification was too 
slow.

Other Bronze Compositions.
A dm iralty  gunm etal is a high-quality  general- 

purpose bronze, and  as such is in  general use for 
high class engineering. Cheaper and  more easily 
handled  alloys are  used for o rd inary  eng ineering 
purposes. These usually con tain  less tin  and more 
zinc, and o ften  appreciable am ounts of lead. An 
alloy such as 86 per cent, copper, 8 per cent, tin , 
2 p er cent, lead, and 4 per cent, zinc is in  very 
wide use, and has been successfully used for 
pressure work.

W hen bearing  bronze is required  i t  is necessary 
to  add more t in . U sually phosphorus is also added, 
n o t only to  act as a deoxidiser, b u t to  form the  
h a rd  compound of oopper-phosphide, which, asso­
c iated  w ith th e  “  de lta  ” constituen t, assists 
m ateria lly  th e  good w earing properties. Although 
th e  “ de lta  ”  con stitu en t is harm fu l in  castings 
for o rd in ary  purposes, m aking them  weak and 
b rittle , y e t its presence is purposely encouraged 
in  bearing  m etal, as its g re a t hardness enables th e  
m eta l to  w ithstand  a considerable am ount of wear.

Lead is o ften  added to  bearing  m etals, a common 
composition for locomotive work being 84 per cent, 
copper, 15 p er cent, t in , and 1 per cent. lead. 
Lead added to  a bronze does n o t alloy, b u t is dis­
tr ib u te d  th roughou t the s tru c tu re  in the  form  of 
small globules.

Brasses.
Although th e  usefulness of th e  bronze series is 

beyond question, y e t th e  continual rise in  the  price 
of t in  m akes i t  w orth while considering w hether 
brass could no t be used ju s t as well in  m any cases. 
B rass is n o t su itab le  for bearings, nor is i t  suitable 
to  tak e  big pressures, nor to  carry  corrosive 
liquids. All constructional parts , however, can be 
more easily and cheaply cast w ith a brass of the 
M untz m etal type—th a t  is, 60 per cent, copper 
and 40 per cent. zinc. I f  desired, both tin  and 
lead can be added, and the physical properties still 
m ain ta ined  about th a t  of gunm etal.
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Manganese Brass.
M untz m etal is really  th e  base of all th e  high 

tensile brasses. By th e  add ition  of t in , iron, m an­
ganese, a lum inium , and  in some cases nickel, an 
alloy can be produced w ith  qu ite  d is tin c t p ropertie s 
of its  own. D ifferent grades of m anganese brass 
can be m ade, depending upon th e  purposes for 
which they  are  requ ired , hav ing  tensile  s tren g th s 
ran g in g  from  30 to  45 tons per sq. in . The 
m edium  stren g th  alloys generally  fa ll w ith in  the  
following range  of com position :—Copper, 54 to  60 ; 
t in ,  tra c e  to  1 .2 ; lead, up to  0.5 per cen t, (th is  
is a c rite rion  of th e  q u a lity  of zinc used, o r m ay 
ind ica te  th e  use of scrap  in  th e  m a n u fa c tu re ) ; 
iron, abou t 1.0 ; m anganese, tra c e  to  3 ; alum inium , 
trace  to  1 ; and  zinc, rem ainder (approx. 39 to  
40 per cen t.).

Owing to  th e ir  pecu liarities, these alloys a re  
ra th e r  difficult to  hand le  in  th e  foundry . The 
e x tra  liquid  con trac tion  and  sh rin k ag e  m ust be 
allowed fo r by m eans of risers and  large  feeding 
heads.

This alloy is p rinc ipally  used for pum ps and  pro­
pellers, and  anyw here w here res is tance  to  corro­
sion is desired. I t  h as been specified and  used 
successfully for locomotive axle boxes. T he best 
m ethod of m an u fac tu rin g  th is  alloy is  to  m ake i t  
in crucibles and  cast in to  ingots, rem elting  these 
(if for a la rge  casting) in  a rev erb era to ry  fu r ­
nace. T he usual procedure is to  place th e  iron  
(which can  conveniently  be in  th e  form  of w ire 
nails) on the  bottom  of th e  p o t, along w ith  th e  
cupro-m anganese. The copper is placed on top  
and  m elted, th en  th e  zinc, t in ,  and  a lum in ium  are  
added. M anganese brass has a h igh  su rface  te n ­
sion, due ap paren tly  to  th e  in s tan taneous form a­
tion  of an  oxide film on th e  surface. A tten tio n  
should th ere fo re  be paid  to  g a tin g  and  ru n n in g , 
otherw ise laps m ay be form ed due to  th e  fa c t th a t  
th e  tw o stream s m eeting  m ay n o t u n ite  perfectly .

The casting  tem p e ra tu re  ran g e  is very sm all, 
being approxim ately  1,000 deg. C. +  20 deg. C., 
so th a t  pyrom etric  control is alm ost essential.

Aluminium Bronzes.
A nother series of alloys which offer g re a t pos­

sib ilities as substitu tes fo r t in  bronzes a re  th e  
alum inium  bronzes. A p la in  90 per cent, oopper,
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10  per cent, t in  bronze, w hilst having good 
physical p roperties, is practically  useless as a 
foundry  proposition, owing to  th e  alm ost physical 
im possibility of ob ta in ing  sound sand castings. The 
add ition  of from  3 to  5 p er cent, iron  w ith a  
li tt le  silicon and m anganese improves the  casting 
qualities, b u t th e  alloy steel rem ains difficult to  
handle, being sim ilar to m anganese brass w ith its 
h igh  shrinkage, etc. I t  is sim ilar to  th e  medium 
ranges of m anganese brass (35 tons per sq. in. 
and  20 per cent, elongation), and  has a good re ­
sistance to  corrosion. There is no doubt th a t  
th e re  is a  fu tu re  for th is  class of m aterial, and 
i t  is being  developed for propeller work.

The p u re  alum inium  alloys for aeroplane and 
m otor engine crankcase p a rts , e tc ., a re  also of 
g re a t im portance, and  dem and a  foundry  tech­
nique of th e ir  own. A recen t developm ent is the 
incorporation  of lig h t alum inium  alloys into 
m arine eng ineering practice.

General Considerations of Non-Ferrous Work.
C onstan t care and  supervision of non-ferrous 

alloys is required  w hilst m elting  and pouring. 
W hereas w ith cast iron, once the  cupola con­
ditions have been established, charg ing  and 
tap p in g  proceed almost autom atically , ye t every 
orucible of non-ferrous alloy requires indiv idual 
a tten tio n , especially w ith  reg ard  to  th e  correct 
casting  tem p era tu re  requ ired  for a particu la r 
casting . A lthough i t  is su rp ris ing  how near a 
ce rta in  tem p era tu re  can be judged by a m an 
doing i t  day a fte r  day, ye t i t  is b e tte r to  be on 
the  safe side for im p o rtan t work, and use a 
pyrom eter. “ P in h o le ”  unsoundness and liqua­
tio n  or segregation are  a resu lt of overheating and 
too h igh  a casting  tem pera tu re .

A nother form  of unsoundness, often  accompanied 
by ac tu a l blowholes, is due to  too low a 
casting  tem pera tu re , and  is caused by lack of 
feeding, and insufficient tim e liquid in  the  mould 
to  allow gas to  free itself. These troubles are 
avoided by casting  a t  the  correct casting  tem pera­
tu re  for the pa rticu la r casting. The correct 
casting  tem p era tu re  is a  m a tte r of th e  section 
and  mass of th e  casting, the  d istance the m etal 
has to  ru n , etc., in conjunction w ith previous
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experience. C orrect casting  tem p e ra tu re  will no t 
ensure a sound casting  when th e  m etal has been 
carelessly m elted and  is oxidised. Such m etal, 
in  add ition , is nearly  alw ays poured  too h o t on 
account of its  lack of fluidity .

Nowadays, i t  m ay be tak en  for g ran ted  th a t  
the  possibility  of chemical im purities giving 
trouble in o rd in ary  brass or bronze is fa irly  re ­
mote. Chemical im purities can, and  do, give 
troub le  occasionally, as c e r ta in  b rands of copper 
have been found unsu itab le  for bronze m a k in g ; 
b u t o rd inarily , w here good b rands of p u re  m etals 
are  used, no troub le  need be expected  from  th is  
source. Of fa r  g re a te r  im portance is th e  dam age 
which can  be done in  th e  foundry  itself by u n ­
su itab le  m anu fac tu re , careless m elting, and  incor­
rec t casting  tem p era tu re .

DISCUSSION.
Acid-Resisting Alloys.

M b. N i s b e t  asked if th e  lec tu re r would s ta te  
some acid-resisting  a llo y s ' su itab le  fo r chemical 
work.

The lec tu re r replied  th a t  he could n o t claim  
to  have h ad  a g re a t deal of experience w ith  re ­
g a rd  to  acid-resisting  alloys, b u t i t  would depend 
en tire ly  upon  th e  circum stances as to  w hich p a r ­
tic u la r  composition would be m ost sa tisfac to ry . 
F or ac tua l chemical purposes, lead w as o ften  used 
alone, or, a t  any ra te , lead-lined vessels; b u t if 
for constructional p a rts  of m achinery, th e n  lead 
was obviously n o t h a rd  or strong  enough. An 
alloy of g rea te r s tren g th  and hardness was ob­
ta in ed  by add ing  antim ony, and a  composition 
of 90 p er cent, lead  and 10 p e r cen t, an tim ony 
was used for pum ps dealing w ith  corrosive liquids. 
W here g rea te r s tre n g th  was requ ired , th en  i t  was 
necessary to  use a  high nickel alloy. M onel m etal, 
for instance, was an alloy of copper, nickel, iron, 
m anganese, silicon, e tc ., and  possessed a good 
resistance  to  corrosion. O ther h igh nickel and 
chrom ium  alloys were being developed fo r cor­
rosion res is tin g  purposes.

Removing the Delta Constituent.
M r. S. V. T o y  asked w hether th e  lec tu re r could 

s ta te  w hether th e  delta  form ation , th e  cause of
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th e  hardness in  bronze, could be removed by 
annealing  o r even rem elting , as he bad  understood 
him  to  say th a t  scrap contain ing delta was useless 
for rem elting .

In  reply, M r . L o g a n  s ta te d  th a t  th e  delta  con­
s t i tu e n t was certa in ly  removed by annealing . The 
correct tem p e ra tu re  was approxim ately  700 deg. 
C ., and  the  delta  was absorbed in to  th e  alpha 
solid-solution, b u t w hether i t  was advisable to 
anneal bronze in  p rac tice  was ano ther m atte r . 
I n  th e  case of bearing  p a rts , th e  good w earing 
properties would suffer. As th e  delta  constituen t 
was m ainly produced by slow cooling an d  pro­
longed solidification, i t  followed th a t  rem elting  
and  m ore ra p id  solidification would elim inate it. 
H e did n o t mean to  im ply th a t  scrap contain ing 
d e lta  was useless for rem elting , b u t th a t  often  
th e  presence of a  large am ount of th is  consti­
tu e n t was an  ind ication  of poor m elting practice 
and  oxidised m etal, consequently scrap w ith  such 
a fra c tu re , as illu s tra ted , was best le f t alone.

Etching Reagent.
M r . N. E .  R id s d a l e  a s k e d  w h a t  e t c h i n g  r e ­

a g e n t  w a s  u s e d  f o r  e t c h i n g  t h e  s p e c im e n s  o f  b r o n z e  
s h o w n  u p o n  t h e  s c r e e n ,  a n d  w h e t h e r  p h o s p h o r -  
c o p p e r  o r  p h o s p h o r - t i n  w o u ld  b e  t h e  m o s t  s u i t ­
a b l e  d e o x i d i s e r  f o r  m e l t i n g  c o m m e r c ia l  p u r e  c o p p e r ,  
o r  w o u ld  a r s e n i c  o r  m a n g a n e s e  b e  e q u a l ly  o r  m o re  
s u i t a b l e .

M r. Logan s ta te d  th a t  all th e  bronzes 
shown, w ith  th e  exception of these heat- 
tin te d , w ere etched w ith  an alcoholic solu­
tion  of acidified ferric  chloride. The effect ob­
ta in ed  was simply a  m a tte r  of th e  tim e of im­
mersion. D ealing  w ith  th e  question of the 
deoxidation  of pu re  copper, M r. Logan said th a t  
i t  was m ainly th e  purpose fo r which th e  finished 
artic le  was requ ired  which determ ined which 
deoxidiser was th e  best to  use. F o r electrical 
purposes, fo r instance, phosphorus would raise 
th e  elec trical resistance too much, and th e  most 
su itab le  deoxidiser in th is  case was cupre-silicon. 
W here phosphorus and  t in  w ere permissible, then 
probably th e  use of phosphor-tin would he the 
more satisfactory , as the addition  of' th e  tin  would 
also aid th e  casting  properties. The lecturer
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sta ted  th a t  he had  n o t heard  of arsenic being p u r­
posely in troduced  in  th e  foundry  fo r use a« a 
deoxidiser. H e did th in k  m anganese would he as 
su itab le  as phosphor-tin .

In  a f u r t h e r  q u e s t i o n ,  M e. R id s d a x ,e  a s k e d  w h a t  
k i n d  of p l a t e s  w e r e  u s e d  in  o r d e r  t o  g iv e  t r a n s ­
p a re n t c o lo u r  l a n t e r n  s l id e s ,  a s  he u n d e r s t o o d  t h e  
a u t o c h r o m e  p r o c e s s  g a v e  s l id e s  w h ic h  w e r e  u s u a l l y  
t o o  d e n s e  f o r  t h e  l a n t e r n .

In  reply , M r. L ogan said  th a t  th e  colour photo­
g raphs of th e  h ea t- tin ted  sections shown were 
p rep ared  by the  autochrom e and P a g e t processes. 
The m ain  th in g  was to  g e t th e  exposure correct, 
o r, if any th ing , a  shade on th e  generous side, in  
th e  first in s tance ; th en  th e re  should be no diffi­
culty  in  o b ta in ing  a slide which was n o t too 
dense.

Melting Losses.

M r. C l ay  asked if th e  lec tu re r could explain  
how i t  was th a t  a  copper co n ta in ing  silicon gave 
b e tte r  resu lts a f te r  th e  second m elting , also how 
an  ad d itio n  should be m ade for th e  loss of spelter 
on th e  first m elting  of m anganese brass.

R eplying to th e  first question ra ised  by M r. 
Clay, M r. L ogan said th a t  he  was unable , off­
hand , to  give a  reason for th is . W ith  reg ard  
to  th e  loss of zinc on m elting  m anganese brass, 
th is  could he qu ite  serious u nder c e rta in  con­
ditions, am ounting  to as m uch as 3 o r 4 p e r  cent. 
As i t  was im p o rtan t to  w ork to  olose lim its of 
composition, th is  loss had  to be m ade good. I t  
Was possible to  tak e  sam ples from  th e  fu rnace  
a t  short in tervals, and  exam ine them  u n d er th e  
microscope, and  determ ine  th e  q u a n tita tiv e  posi­
tion  of th e  zinc. The best m ethod was to  m ake 
u p  the  orig inal ingots w ith a sufficient excess 
or zinc to  allow for th e  loss which took place on 
rem elting . W ith  definite fu rnace  conditions, 
fu r th e r  ad ju s tm en t would th en  be very  seldom 
necessary.

The m eeting was concluded by a h ea rty  vote of 
thanks to  th e  lec tu re r, proposed by M r. Sm ith 
and  seconded by M r. Clay, to  which M r. Logan 
briefly responded.
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London Branch.

CONTRACTION IN ALLOY CASTINGS.*

By H. C. Dews (Member).
The volume of any  substance depends on its tem ­

p e ra tu re  and its pressure. This e lem entary  law of 
physics has an im portan t hearing  on the  casting  of 
m etals and alloys, and th is  P ap er deals m ainly 
w ith some of the ways in which th e  soundness of a 
casting  is re la ted  to  th e  volume changes brought 
about by change of tem pera tu re . The effect of 
pressure, though not un im portan t, will not be con­
sidered here.

A t the ou tse t i t  would be advisable to  describe 
in  a simple, scientific m anner w hat is m eant by the 
reference to  “ soundness ”  in  castings. A t any 
given tem p e ra tu re  a  c e rta in  mass of m etal, if in 
equilibrium , occupies a definite volume, or in o ther 
words its  density  a t  th a t  tem p era tu re  is a specific 
figure. This density  of th e  m etal in equilibrium  is 
known as its  “  real ’’ o r “  tru e  ”  density . The den­
sity  a t  norm al tem pera tu res of a piece of cast 
m etal, as determ ined in th e  o rd inary  way, gener­
ally falls sho rt of its  rea l density. The casting 
occupies m ore volume th a n  theory demands. The 
difference betw een th is  “ ap p aren t ”  and th e  tru e  
density  is due to  th e  presence of cavities in  the 
mass of m etal generally  supposed to  be filled w ith 
gases which weigh considerably less th a n  the m etal 
which should occupy th is  space. The n earer the  
ap p a ren t and tru e  density  figures approach th e  less 
m ust be th e  in te rn a l cavities, and th e  more con­
tinuous and com pact will be th e  m ateria l of the 
casting . In  a perfectly  sound casting—if such a 
th in g  exists—th e  two values will coincide. Careful 
d is tinction  should be m ade between th e  apparen t 
and real density  when e ither of these values is 
m entioned subsequently.

The founder, s tric tly  speaking, handles his 
m etals in only two forms—th e  solid and th e  liquid. 
I t  is convenient, however, to  study  the  produc­

* A Paper read before a joint m eeting with th e London Section  
of the In stitu te  of M etals, D ecem ber 9, 1926.
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tion  of a  casting  in  th ree  stages—when th e  m etal 
is all liquid, when both solid and liquid  are 
p resen t, and when th e  casting  is en tire ly  solid.

The Liquid State.
M r. A. H . M unday, th e  P re s id en t of th e  

London Section of th e  In s ti tu te  of M etals, in 
his address a t  the  opening of th is  session, called 
a tte n tio n  to  th e  serious lack of d a ta  dealing  w ith  
the  behaviour of m etals in  th e  liquid  s ta te . The 
p resen t a u th o r would like to  reinforce M r. M un- 
day’s com plaint, and  to  commend th e  sub jec t to  
th e  research associations and in s titu tio n s  as one 
well w orth  th e ir  im m ediate and  serious a tte n tio n . 
A few reliable physical constan ts fo r common 
m etals and  alloys in  th e  liqu id , p a rticu la rly  in  
th e  ran g e  n ear th e  freezing po in t, would be a rea l 
help to  those p rac tica l technologists who are  
w restling  w ith  a co rrec t u n d e rs tan d in g  of foun­
dry  problems.

T here  a re  ap p aren tly  no re liab le  published 
figures of th e  change of volume of liqu id  m eta l 
w ith  change of tem p era tu re . Occasional a ttem p ts  
have certa in ly  been m ade to  determ ine  these 
figures for some low m elting -po in t m etals and 
alloys, b u t even these researches a re  out-of-date. 
The figures for ou r widely used in d u s tria l alloys 
of m edium  m elting  p o in t have been le f t en tire ly  
to  conjecture.

I t  is well known th a t  w ater has its m axim um  
density  4 deg. C. above its  freezing po in t. T h a t 
is, i t  con tracts w hen fa lling  from  100 to  4 deg. C. 
and th e n  from  4 to  0 deg. C. i t  expands again . 
C erta in  m etals, p a rticu la rly  b ism uth , have been 
suspected of sim ilar behaviour, b u t confirm ation 
is lacking. On th e  o th e r h an d  th e re  appears to  
be no reason why such anom alous effects should 
n o t occur in  m etals and  alloys, and  i t  ce rta in ly  
is a fa c t  th a t  th e  behaviour of c e rta in  alloys could 
be b e tte r  explained by some o th e r th a n  a s tra ig h t 
line  volum e-tem perature curve. F a ilin g  definite 
d a ta , however, one feels d riven  to  assum e th a t  
alloys co n trac t regu larly  w ith fa lling  tem p era tu re , 
and  where q u an tita tiv e  considerations a re  involved 
i t  seems fa irly  safe to  assign about 2 to  4 tim es 
th e  solid con trac tion  to  th e  liquid  con trac tion . 
On certa in  deductions below such a sim ple re la ­
tionship  will be assumed.



The Solid State.
Much more d a ta  is available for m etals in the 

solid, b u t here, again , th e  range of tem pera tu re  
very n ear to  th e  freezing po in t has received less 
a tte n tio n  th a n  i t  deserves. The profusion of 
d a ta  dealing  w ith solid contraction  falls in to  two 
classes—th a t  which is expressed as inches per foot 
con traction  and th a t  which is expressed as co­
efficient of expansion. The form er deals w ith the 
n e t con traction  of a  foot of m etal fa lling  in  tem ­
p e ra tu re  from its  freezing po in t to  norm al tem ­
pera tu res. The la t te r  gives th e  increase in  length 
suffered by u n it leng th  of th e  m a te ria l d u ring  a 
rise of one degree. This figure applies only to  a 
lim ited  range of tem pera tu re .

The p a tte rn m ak ers’ work is in tim ate ly  con­
nected w ith  solid contraction . A p a tte rn  is 
always m ade a certa in  frac tion  bigger th a n  the 
designer’s dimensions, so th a t  th e  casting  which 
im m ediately on solidification takes th e  size of the  
p a tte rn  shall, on con traction  w ith fall of tem ­
p e ra tu re , eventually  a tta in  th e  desired size. The 
am ount of th is  allowance for shrinkage is usually 
arrived  a t  by deliberate experim ent o r by general 
experience based on a  long series of checking 
various castings. In  view of th e  in tricacies of 
m ost m odern castings, pa tte rnm akers are  to  be 
congra tu la ted  on the  success they  have obtained 
w ith  these figures, compiled w ithout much help 
from  our scientific investigators.

One would expect th a t  shrinkage figures could 
be obtained by m ultip ly ing th e  coefficient of expan­
sion of th e  alloy by th e  difference between norm al 
tem p era tu re  and its freezing point. Calculated 
in th is  way th e  theoretical figures are  all somewhat 
h igher th a n  those in  p rac tica l use, and the  d if­
ference calls a tten tio n  to  an im p o rtan t point. A 
casting  is seldom in stable equilibrium  in respect 
to  volume and tem p era tu re . The low viscosity of 
th e  solid m etal induces a hysteresis, and when the 
casting  reaches norm al tem p era tu re  th e  volume 
changes are  sligh tly  incom plete. The residual 
energy necessary to  com plete th e  contraction  is 
locked up in  th e  form of s tra in , and  contributes 
to  w hat is spoken of as “  casting  s tra in .” This 
s tra in  m ay he liberated  during  th e  dressing of 
rough castings, o r even du rin g  th e ir  la te r life, and
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will resu lt in  crack ing  and  w arping. S tra in  will 
be m ost severe in  rap id ly  cooled castings, and it  
m ay usually  be d issipated  en tire ly  by annealing 
when th e  volume changes will be completed.

The Pasty State.
The b a ttle  for successful castings is, more often  

th a n  not, won or lost du ring  th a t  in te rm ed ia te  
period when both  solid and  liqu id  are  p resen t 
toge ther. I t  has been shown th a t  change of tem ­
p e ra tu re  in  th e  solid o r in  th e  liqu id  produces a 
fa ir ly  sm all and  reg u la r volume change. W hen 
th e  m etal passes from  solid to  liqu id—or vice 
versa—a sudden volume change of considerable 
m agn itude  tak es  place. The solid m ay occupy 
much m ore o r m uch less volume th a n  th e  liqu id— 
th a t  is th e  rea l density  suddenly increases o r sud­
denly decreases. In  p u re  m etals and  ce rta in  
alloys th is  sudden volume change takes place a t 
a definite tem p era tu re , in  o ther alloys i t  is sp read  
over a small range  of tem p era tu re .

The sim ple case of a p u re  m eta l o r an  alloy 
freezing a t  a  co n stan t tem p e ra tu re  w ith  increase 
of volume will be first considered. B ism uth  is the  
classic exam ple of such a  case. P u re  iron  is 
ano ther exam ple, less o ften  quoted, and oerta in  
alloys—p articu la rly  of a lum inium  and antim ony 
— also show th e  sam e effect.

Im ag ine  a casting  in  th e  shape of a  ball 
m ade so th a t  w hen th e  mould is completely 
fu ll th e  supply of m eta l can  be imme­
d ia te ly  sh u t off. P r io r  to  casting , th e  m ould, 
of course, is cold, and  h e a t is there fo re  absorbed 
by th e  mould from  th e  m eta l ad jacen t to  th e  
mould face. A ssum ing norm al the rm a l conductiv i­
ties, th e  in te rio r of th e  ball will be considerably 
above th e  freezing p o in t of th e  m etal a t  th e  tim e  
th a t  th e  walls begin to  set. The tem p e ra tu re  a t  
th e  in s ta n t before th e  first sk in  freezes of each 
po in t th rough  the  casting  m ay be shown on a  curve 
such as th a t  draw n a t  th e  top  of F ig . 1. The 
therm al conductiv ity  of th e  m etal will be g rea te r 
th a n  th a t  of th e  m ould, and as cooling proceeds 
th e  tem p e ra tu re  across th e  casting  ten d s to  even 
o u t u n ti l when th e  las t drop of m etal has frozen 
th e  tem p e ra tu re  g rad ien t will he sim ila r to  th a t  
shown by th e  second curve in Fig. 1. A t th e  r ig h t
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hand side of the  d iagram  is p lo tted  th e  tru e  den­
sity  of th e  m etal a t  each tem pera tu re . The true- 
density  curve shows contraction  on cooling in  the 
liquid, expansion on solidification, and then  con­
trac tio n  again  in th e  solid. The change in

ap p a ren t density, du ring  the  tim e th a t  th e  tem ­
p e ra tu re  fa lls from  th e  upper to  th e  lower tem ­
p e ra tu re  curve may now be derived. A t th e  begin­
n ing  of th is period the  outside edge of th e  casting 
has density  A. A t th e  end of th e  period its den-
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sity  is B. I t  has th u s  changed in density  to  the  
e k te n t of (A —B) which is seen to  be positive. 
E xpansion  has there fo re  occurred p ropo rtional to 
(A —B,). This is p lo tted  on th e  bottom  curve. Now 
ta k e  a p o in t half-w ay to  th e  cen tre  of th e  casting. 
A t th e  beginning of th e  period its density  is C, 
a t  th e  end D. The change of density  (C —D) is 
now negative. C on traction  has ta k e n  place p ro ­
p o rtiona l to  (C —D). This p o in t is also p lo tted  on 
th e  bottom  curve. S im ilarly  fo r th e  cen tre  of th e  
casting  th e  change in  density  is (E  —F ), in d ica ting  
a  fu r th e r  con traction . I f  every p o in t from  th e  
cen tre  to  th e  ou tside is tre a te d  in  th is  way th e  
ap p a ren t density  curve can be com pleted, as shown 
in  th e  figure. The area  enclosed by th is  curve 
above th e  zero line is p roportional to  th e  gross 
expansion of th e  casting , and th e  a rea  below the  
zero line is p roportional to  th e  gross con trac tion . 
In  th e  p a rticu la r case illu s tra ted , th e  la t te r  a rea  
is la rger th a n  th e  form er, show ing a n e t con trac­
tio n  of th e  casting  proportional to  th e  difference 
betw een these tw o areas.

Suppose th is p a rt ic u la r  casting  were m ade in  a 
rig id  mould, th e  unyielding face of which would 
re ta in  in tim a te  con tac t w ith  th e  first sk in  of th e  
casting . The n e t con trac tion  would th en  cause a 
cavity  to  be form ed somewhere n ea r th e  cen tre  of 
th e  casting . I f  a so ft sand  mould w ere used the  
first expansion of th e  skin  of th e  casting  would 
m ake th e  mould a li t t le  la rger, and th e  in te rn a l 
cavity  would be th ere fo re  g rea te r.

I f  th e  liquid eon traction  is less th an  th a t  shown 
in  F ig . 1, th e  p o in t E  will move n ea re r to  F  and 
th e  gross con trac tion  correspondingly dim inished, 
u n til when th e  p o in t S is vertica lly  above T no 
contraction  will occur a t  all. The sam e resu lt 
would be obtained if th e  difference in tem p e ra tu re  
betw een th e  cen tre  and th e  ou tside  of th e  casting  
a t  th e  beginn ing  of freezing were less th a n  shown 
in  F ig . 1. In  th is  case th e  gross con trac tion  will 
disappear, when th e  h ighest p o in t of th e  tem p era ­
tu r e  curve falls below th e  level I t . This could be 
b rou gh t about by a  low casting  tem p era tu re .

The therm al p roperties of th e  mould m ateria l 
and th e  m eta l also affect th e  con trac tion . I f  th e  
mould has a  h igh  conductiv ity  th e  p o in t IT will 
move lower down th e  density  curve and th e  gross
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expansion will l>e dim inished. I f  th e  m etal has a 
high conductiv ity  th e  po in t U will move up the 
density  curve and the  gross expansion will be 
increased.

Also, if th e  slope of the  solid contraction  curve 
is g re a te r  th a n  is shown in  th e  d iagram , th e  gross 
expansion will be dim inished.

Sum m arising these points, one can expect th a t  
in  a  m eta l which freezes w ith  expansion a t  con­
s ta n t tem p era tu re , the  volume of any in te rna l 
cav ity  will be increased by using a soft mould 
m a te ria l of high conductivity , by using a m etal 
w ith a high coefficient of expansion in  th e  liquid 
and solid and w ith a low -therm al conductivity, 
and by casting  a t  a h igh  tem pera tu re .

The m ajo rity  of m etals con trac t on freezing, 
b u t th e  sam e line  of reasoning as the  above may 
be applied. The te m p e ra tu re  grad ien ts across 
th e  casting  a t  th e  beginning and end of freezing 
a re  shown in  F ig. 2 exactly  the  same as before. 
The tru e  density  curve on th e  righ t-hand  side 
of th é  d iagram  has the  sam e slope in th e  liquid 
and  solid ranges as before, b u t in stead  of a de­
crease in  density  on freezing an increase is now 
assumed ix> occur. Consider first th e  outside skin. 
W hen th e  first layer is ju s t  about to  freeze i t  will 
have density  A ; when the  easting  is en tire ly  
solid i t  will have density  B. The difference 
(A —B) is negative, ind ica ting  contraction . Every 
po in t to  th e  cen tre  of the  casting  on th e  top 
curve has density  less th an  A, and even po in t 
on th e  bottom  curve has density  g rea te r th an  A. 
E very  layer to  freeze, th en , adds to  th e  n e t con­
trac tio n , and  the  to ta l contraction  is shown on 
th e  curve a t  the  bottom  of the  diagram . As 
in  th e  previous case, th e  contraction  cavity  will 
be increased in volume by increasing th e  slope 
of th e  liquid density  curve, by increasing the 
he igh t of the  in itia i tem p era tu re  g rad ien t and 
by increasing the  slope of th e  solid density  curve. 
A high therm al conductiv ity  in the  mould and 
a  low therm al conductiv ity  in  the  m etal also 
increase th e  con traction  cavity.

What Happens when Alloys Freeze.
The general ru le , then , can be laid down 

as follow s:—W hen a mass of m etal o r alloy
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freezes a t  co n stan t te m p e ra tu re  und istu rbed  
in  a m ould i t  will usually develop a con­
tra c tio n  cav ity , and th e  volume of th is  cavity  
will be increased by (a) a  h igh  therm al capacity  
of th e  m ou ld ; (b) a low the rm a l capacity  of th e  
m e ta l; (c) a  h igh  coefficient of expansion  in  th e  
liquid  and  solid m e ta l; (d) a n  algebraically  high 
con traction  on freez ing ; and (e) a  high casting  
tem pera tu re .

By controlling these factors, th en , i t  appears 
th a t  th e  con trac tion  cav ity  should be consider­
ably reduced, if n o t en tire ly  e lim inated . U n­
fo rtuna te ly , a ll these po in ts  a re  n o t always con­
trollable, as considerations o th e r th a n  e lim inating  
oontraotion  have to  be ta k e n  in to  account 
when m aking castings. The properties of 
the  m etal, for exam ple, when one is com­
pelled to  use th a t  p a rticu la r m etal, have to  be 
accepted willy-nilly.

The common m etals have a  fa ir ly  wide range  
of therm al conductivities. A few values a re  
given in  Table I . All th e  values quoted a re  for

T a b l e  I.

Metal Temp. 
deg. C.

Thermal
Conductivity

Nickel 1,200 0.06
Lead 200 0.08
Tin .......................... 200 0.14
Zino 400 0.22
Copper 1,000 0.70
Aluminium 600 1.01

tem pera tu res n ear th e  freezing p o in t of th e  
m etal, as i t  is only in  th is  range th a t  th e  therm al 
conductiv ity  affects th e  con trac tion . I t  has 
been shown th a t  a h igh  conductiv ity  is desirable, 
and on th is basis a lum inium  and  copper a re  
favourably  s itu a ted , whereas lead an d  nickel have 
unfavourable values. The low conductiv ity  of 
nickel is probably g rea tly  responsible fo r some 
of the  difficulties experienced in  casting  th is 
m etal.

The volume change on freezing has been de­
term ined  recen tly  for a  num ber of p u re  m etals 
and  a  few alloys. Some of th e  values a re  given
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in Table I I ,  from  which i t  can  be seen th a t  
th ere  is a  considerable v a ria tion  from  one m etal 
to  another, which may necessita te considerable 
m odification of general foundry practice . The 
h igh value of alum in ium  is w orthy of notice. 
This h igh figure is in  keeping w ith th e  excessive 
“  d raw ing  ”  experienced when casting  pure 
alum inium .

The pauc ity  of d a ta  on th e  volume changes 
in  liquid m etals has a lready been referred  to . In  
th e  solid the  volume change is re la tively  low, 
and  its effect on th e  ex ten t of th e  contraction  
cavity  is probably only slight.

T a b l e  II.

Volume Change on Freezing.

Pure Fe.
Bi.
Sb.
Sn.
Brass 60/40 
Pb.
Al-Si.
Cu.
Zn.
Al.

(12%)

5.5 L 
3.32 f  
1.40' 
2.80 
2.89 
3.44 
3.41
4.05 
6.50 
6.26

Expansion.

= Contraction

There rem ains, then , of th e  points enum erated  
above only th e  h e a t capacity  of the  mould and 
th e  casting  tem p e ra tu re  as being capable of 
control.

The som ewhat loose expression “ h ea t capacity  
of th e  mould ’’ has been chosen to  cover the  
p roperty  of th e  mould fo r cooling th e  ad jacen t 
cast m etal. This p roperty  depends m ainly on the  
the rm a l conductiv ity  of the  mould, and also 
on th e  specific h e a t of th e  mould m ateria l, its 
tem p era tu re , its  degree of con tac t w ith the 
m etal, and so on. Considering the  common 
mould m ateria ls, such as moulding sand, cast iron 
and steel, one finds th a t  d ry  silica sand 
has th e  lowest therm al conductivity. The 
presence of clay m ateria lly  increases th e  con­
ductiv ity , and  the  presence of m oisture increases 
i t  s till more. M oisture also increases th e  specific 
h ea t of th e  sand m ix ture . The conductiv ity  of
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iron and steel is considerably  h igher th a n  
any sand m ix tu re , iron h av ing  a sligh tly  h igher 
value th a n  steel. The specific h e a t of iron  and 
steel is o f th e  sam e o rder as d ry  sand . The 
g re a t difference in  th e  conductiv ity  betw een a 
sand an d  a chill m ould is sligh tly  off-set by  th e  
more in tim a te  co n tac t ob ta ined  in  sand  th a n  
in  a chill mould. I n  general, th en , a  p u re  m eta l 
casting  will show th e  g re a te s t con traction  
cavity  when m ade in  a cast-iron  m ould, and  the  
leas t in  a  d ry  silica-sand mould.

F rom  th e  curves on which these  no tes are 
based i t  is seen th a t  th e  m agn itude  of th e  in ­
fluence of the rm al p roperties of th e  mould is 
dependent on th e  m agn itude  of th e  solid con­
trac tio n , which is re la tive ly  sm all. The e x te n t 
to  which th e  las t rem ain ing  controllable fac to r— 
th e  casting  tem p era tu re—influences th e  p ip in g  is 
governed essentially  by th e  liquid  con trac tion , 
which is usually  m uch g rea te r th a n  th e  solid con­
trac tio n . The danger from  a  h igh  casting  tem ­
p e ra tu re  is there fo re  serious. The genera l ru le  
will be th a t  a  m etal o r alloy freezing  a t  a  con­
s ta n t tem p e ra tu re  should invariab ly  be cas t a t  
th e  lowest possible tem p e ra tu re  a t  which the  
flu id ity  of th e  m eta l will allow th e  m ould to  be 
p roperly  filled.

Location of Contraction Cavity.

H aving  now by these various m eans reduced 
th e  n e t con trac tion  to  th e  low est am oun t com­
pa tib le  w ith  th e  exigencies o f the  w ork in  hand , 
one can tu r n  a tte n tio n  to  contro lling  th e  location  
of the  con trac tion  cavity .

In  th e  sim ple casting—th e  sphere— chosen to  
illu s tra te  th e  above princip les, th e  whole of th e  
outside freezes first. As each succeeding layer 
sets i t  will a tta ch  itself to  th e  g radually  th icken ­
ing solid skin  u n ti l  no liqu id  is  le f t, and  th e  
whole of th e  con trac tion , g re a t o r sm all, w ill 
be localised in  th e  cen tre  of th e  casting . In  
th is  p a rticu la r case th e  location of th e  cav ity  
is in  th a t  p a r t  of th e  casting  to  solidify las t. I t  
is probably th e  th o u g h t of such a  sim ple case 
th a t  inspires th e  co n stan t rep e titio n  of th a t  
popular slogan which says th a t  a  casting  will 
draw  a t th e  la s t place to  solidify. I t  only needs
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th e  exam ination  of a few complicated engineer­
ing castings to  show how m isleading such a s ta te ­
m ent m ay be. Some of th e  contraction  will cer­
ta in ly  be located a t  th e  po in t which freezes last, 
b u t draw s may also be found a t  places which 
freeze early  in  th e  m aking of the  casting . A t 
all these po in ts i t  can  be shown th a t  th e  solidi­
fy ing m etal has been cu t off from  th e  liquid. 
D raw ing can only be avoided, then , by ensuring  
th a t  a supply of liquid m etal is available to  every 
p a r t  of th e  casting  as i t  solidifies.

Equal Section Not Desirable.

A nother p roduct of loose th in k in g  is th e  fre ­
quen t request to  th e  draw ing office for an even 
section all over th e  casting . I n  actual fa c t th e  
casting  w ith  an  extensive even section is often  
th e  w orst type  of casting  to  produce really 
sound. The foundrym an who asks for an even 
section generally  gives as h is reason th a t  he 
w ants th e  whole of th e  casting  to  cool a t  the  same 
tim e. This is exactly  con tra ry  to  w hat is re ­
quired to  secure soundness. I f  th e  whole of a 
casting  cools toge ther, th e  con trac tion  cav ity  will 
be d is tribu ted  all over th e  casting, and th e  re ­
su lt will be general unsoundness and weakness. 
I f , however, th e  casting  cools directionally , the  
con trac tion  cavity  is, as i t  were, ga thered  up  as 
each layer freezes, an d  i t  m ay finally be brought 
to  a  place where feed ing  can be applied. Indeed, 
i t  is in  a rran g em en t of th is  d irectional cooling 
and  th e  concentration  of th e  con traction  a t  a  
su itab le  p o in t for feeding th a t  the  foundrym an 
m ay m ost usefully  exercise h is a r t  and ingeniously 
apply h is experience.

C astings a re  of such a  d iversity  of shape and 
size th a t  one can only apply th e  principle of 
d irectional cooling and feeding by giving each 
ind iv idual casting  ind iv idual a tten tio n , b u t a 
few general rem arks m ay be m entioned by way 
of illu s tra tion .

The p o in t w here one expects to  localise th e  con­
trac tio n  m ust obviously com m unicate w ith a rise r 
o r a  ru n n e r , and  th is  rise r o r ru n n e r m ust con­
ta in  liquid  m etal a f te r  th e  casting- is solid. The 
la t te r  p o in t seems self-evident, h u t th e  m eagre­
ness of m any run n ers  and risers suggests th a t
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i t  is o ften  overlooked. Feeding  m ay be accom­
plished from  runners, o r risers, or both. I f  no 
risers a re  used, feeding from  th e  ru n n e r  m ay tak e  
place in tw o ways. T he ru n n e r may be jo ined  to  
a th ick  section, in  which case i t  m ust be a  very 
big ru n n er, so th a t  i t  rem ains liqu id  u n ti l  all 
the  th ick  section is solid. A lternative ly , th e  
casting  m ay be ru n  on its  th in n e s t section. In  
th is case th ick  sections m ust be cooled very 
quickly, generally  by chilling, o r th e  casting  m ust 
be poured very slowly, so th a t  th ick  p a r ts  a re  
fed before the  th in  section solidifies. I f  
risers a re  used th e y  will generally  be placed on 
th e  th ickest p a rts  of th e  casting . The m ost 
useful application  of a  rise r is to  feed any  p a r t  
of a  casting  isolated from  th e  m ain  wave of 
freezing. R isers m ust alw ays be la rg e r th a n  
th e  section they  are  in tended  to  feed.

Alloys with Freezing Ranges.

The argum ents so fa r  have been based on 
th e  supposition  th a t  th e  m etal or alloy freezes 
a t  a  co nstan t tem p e ra tu re . I t  h as been shown 
how th e  e x te n t of the  con trac tion  can  be m in i­
mised by ce rta in  m oulding and  castin g  de­
ta ils , and  how, by con triv ing  d irectional 
freezing, th e  res idua l con trac tion  can  be fed. 
M ost eng ineering  alloys, however, freeze th rough  
a ran g e  of tem p era tu re , an d  th is  p ro p erty  
modifies some of th e  above conclusions. To 
apprecia te  th is , i t  is  necessary to  discuss some 
m etallurg ical theories.

W hen a  m etal has passed its  freezing p o in t i t  
begins to  solidify from  a num ber of isolated 
points. A t each of these po in ts a  tin y  crysta l of 
m etal is form ed, and  in  line  w ith  each axis of 
the crystal new crystals a tta ch  them selves. In  
th is way arm s of solid a re  b u ilt o u t in to  th e  
liquid , and  from  these sm all branches grow  a t  
r ig h t angles, u n til th e  well-known fir-tree  p a t­
te rn  is ob ta ined  (F ig . 4). E ach  d en d rite  grows 
u n ti l i t  m eets dendrites grow ing from  o th e r 
centres, and in th is  way th e  whole of th e  m etal 
eventually  solidifies. The location of th e  sh rink ­
age cav ity  is governed by th e  position  and  num ber 
of th e  orig inal c rystallisation  cen tres, and 
by th e  ra te  of grow th of the  dendrites.
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Below a certain distance from the freezing  
point the centres of crystallisation form spon- 
taneouslv in  the liqnid, the number forming being 
a constant for the particular conditions. 
Between the freezing point and th is temperature 
of spontaneous crystallisation—that is, in the 
metastable range—nuclei are only formed by the 
influence o f extraneous conditions, such as the 
presence of solid particles, mechanical movement, 
etc.

F x g . 4 .  T y p i c a l  D e s p b i x i c  G b o w i h  i n  A l l o t s .
C o p p e r - X ic k e l  A l l o y  x  30.

Consider first a pure m etal or alloy which 
freezes at a  constant temperature. I f  the  
rate of cooling is sufficiently slow, crystallisa­
tion w ill proceed entirely in the metastable 
-range This is independent of how or a t what 
temperature the first nuclei are formed, since the  
vectorial force o f crystallisation w ill be sufficiently 
great to  follow close on the heels of the falling
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tem pera tu re , and  th e  liquid  will have no oppor­
tu n i ty  of reach ing  th e  labile ran g e  while crys­
ta llisa tion  is proceeding. A colum nar m icrostruc­
tu r e  will generaly  resu lt. I f  th e  cooling is rap id , 
th e  labile ran g e  will be reached a  sho rt d is tance  
in  advance of th e  ery ta llising  solid, a n d  new 
nuclei will he quickly form ed. C rystallisation  
from  these new nuclei, however, will n o t have 
tim e  to  sp read  very  fa r  before th e  d end rites  from  
th e  advancing solid behind have  cau g h t up , owing 
to  th e ir  g rea te r degree of super-cooling. An 
equiaxed s tru c tu re  will re su lt in  th is  case. In  
e ith e r case, however, th e  liquid-solid in te rface  
will be fa irly  d is tinc t, and  will closely follow 
th e  tem p era tu re  g rad ien t.

In  alloys which freeze th rough  a range  o f tem ­
p e ra tu re , conditions arise w hich ten d  to  destroy 
an even solid-liquid in te rface , and  to  leave islands 
of liqu id  isolated by solid form ed in  advance of 
th e  tru e-d en sity  contours. Alloys which consist of 
solid solutions invariab ly  show ooreing in  a norm al 
“ as cast ” m icrostructure . This is due to  each 
succeeding layer of so lu tion  to  be deposited being 
richer in  th e  lower freezing-poin t co n stitu en t and 
fa ilin g  to  diffuse in to  th e  solid mass. W here m ore 
th a n  one con stitu en t is p resen t in  th e  norm al 
alloy i t  is qu ite  common to  find m ore of th e  second 
con stitu en t th a n  equilib rium  conditions specify. 
In  th e  m icro struc tu re  in  F ig . 5, showing a 90 : 10 
pure  copper t in  alloy, the  ground  m ass consisting 
of a solid-solution is seen to  be d is tinc tly  cored 
and  th e re  a re  also considerable areas of a-S eutec- 
to id , which under equilibrium  conditions should 
no t appear in alloys con ta in ing  less th a n  about 
13 per cent, of t in . The slow diffusion th en  in 
such an  alloy brings about d u rin g  freezing a con­
tin u a l sh if t in  th e  effective com position of th e  
alloy tow ards th e  lower freezing-po in t side of th e  
equilibrium  d iagram . W hen a casting  m ade in 
such an  alloy is freezing  th e re  will be n ea r th e  
solid a layer of liquid of a com position which, 
under equilibrium  conditions, would belong to  a 
lower freezing po in t alloy. Beyond th is  unstab le  
liquid  is liquid of th e  tru e  alloy com position. I f  
th e  tem p e ra tu re  difference betw een th e  two places 
is small, one can see th e  possibility  of th e  stable 
liqu id  becoming considerably more under-cooled
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th a t  i t  m ay reach th e  labile range and commence 
to  crystallise. This may be illu s tra ted  by a diagram  
such as F ig . 6 (page 399). F reezing  is assumed to  
have been proceeding from th e  left-hand  side of the  
d iag ram , and as freezing has proceeded a  layer of 
liqu id  has been form ed, w ith a lower freezing 
p o in t th a n  th e  norm al alloy. The th ick  line shows 
th e  freezing  po in t of th e  liquid, and th e  dotted  
line th e  tem p era tu re  of spontaneous crystallisa-
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F ig . 5.— P u k e  10 P e r  C e n t . B r o n z e  x 250,
SHOWING C oR E IN G  AND A l P H A -D e LTA E u TECTOID.

tion . Suppose th e  tem p era tu re  g rad ien t to  be as 
shown by th e  th in  line. All to  th e  le ft of A is 
solid. A t th e  p o in t B is liquid, which is still a 
li tt le  above its  freezing point, b u t fu r th e r  on a t  C 
th e re  is liquid which has reached the  labile range. 
C rystallisation  will therefo re  set in  a t C, w ith the  
resu lt th a t  th e  area  B will be isolated and le f t to 
freeze o u t of contac t w ith liquid—th a t  is, beyond
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develop a t  C. As th e  sam e conditions a re  form ed 
around every crysta llite , th e  casting  will be gener­
ally unsound. This type  of unsoundness can only 
arise  w ith a  low -tem perature  g rad ien t, as one can 
see from  F ig . 6 th a t  if th e  tem p e ra tu re  g rad ien t 
is tilte d  so th a t  i t  passes under X  and  over Y, 
d irectional freezing is bound to  occur. A n exam ple 
of an  alloy showing “  d raw ing ,”  due to  a  fla t tem ­
p e ra tu re  g rad ien t, is shown in  F ig . 7. T h e  cavi­
ties  a re  dispersed over th e  whole section, causing  
ex tended unsoundness.

Now rev e rt to  th e  type  o f d iag ram  w hich was 
used to  illu s tra te  density  changes in  pu re  m etals. 
A sim ilar d iagram  draw n for alloys freezing  
th rough  a ran g e  of tem p e ra tu re  was shown in  
F ig . 3. E xactly  th e  sam e reason ing  as before m ay 
be applied to th is  d iagram , and th e  sam e conclu­
sions as applied to  p u re  m etals will be a rrived  a t 
fo r alloys. A m ongst these  conclusions was th e  
¡desirability fo r a  low -tem perature  g rad ien t in  th e  
liquid  castin g  a t  th e  m om ent of freezing. From  
a m etallurgical p o in t of view i t  has ju s t been shown 
th a t  a h igh tem p e ra tu re  g rad ien t is desirable . 
Alloy casting  th en  resolves itself in to  discovering 
the- happy  compromise betw een a  too flat and  a 
too  steep tem p e ra tu re  g rad ien t. The longer th e  
freezing range of th e  alloy and  th e  g rea te r m ust 
be d ep a rtu re  from  a  fla t te m p e ra tu re  g rad ien t. 
In  p rac tice  tem p e ra tu re  g rad ien t is generally  m ost 
conveniently  controlled by casting  tem p e ra tu re . I t  
follows, then , th a t  alloys w ith  a  long freezing 
range m ust be cast a t  a h igher tem p e ra tu re  th a n  
alloys w ith  a sh o rt freezing  range. A sim ple illus­
tr a tio n  is found in  2F ca rtr id g e  brass and  A dm ir­
a lty  gunm etal. B oth  alloys commence to  freeze a t  
approxim ately  th e  sam e tem p e ra tu re , b u t gun­
m etal has a  freezing ran g e  abou t tw ice th a t  of 
brass, and  i t  is found th a t  sim ilar castings have 
to  be poured m uch h o tte r  in  gunm etal th a n  in  
brass to  secure soundness. A very rough w orking 
ru le  fo r m edium  m elting  p o in t alloys is to  add 
the  freezing range to  th e  tem p e ra tu re  of com­
m encem ent o f freezing to  get th e  approx im ate  
casting  tem p era tu re  fo r average work.

W ith  high m elting  p o in t alloys which have a 
fa irly  long freezing range, an  inconveniently  high

410
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casting  tem p era tu re  would be necessary to  obtain 
a sufficiently steep tem p era tu re  g rad ien t. This can 
be avoided som ewhat by using a low-conducting 
m ould-m aterial, such as d ry  silica sand. On th e  
o ther hand, w ith lower m elting-point alloys, such 
as those of alum inium , th e  correct tem p era tu re  
g rad ien t can be best obtained  by using a chill 
mould.

I t  appears, then , th a t  by a critica l control of 
th e  steepness of th e  tem p era tu re  g rad ien t, and 
by m an ipu la ting  the  m oulding practice so th a t

F i g .  7 .— U n s o u n d n e s s  i n  a B e o n z e  C a s t  at too  
L o w  a T e m p e e a t u e e .

th e  tem p era tu re  g rad ien t slopes evenly from  the  
rem otest pofnts to a feeding point, sound castings 
should be ob tainable in m ost alloys, and the  bogey 
of a long freezing range need no t be feared.

The benefits from  theoretical reasoning, such as 
much of th e  above, can only be obtained by very 
careful tran s la tio n  in to  foundry practice, and
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m eetings which encourage co-operation betw een 
foundryinen and  m eta llu rg ists  appear to  be 
ideal occasions for defining th e  conditions and 
discussing how to  comply w ith  th e  conditions 
necessary to  securing sound castings.

DISCUSSION.

M r. A. H . M u n d e y  (C hairm an o f the  London 
Local Section of th e  In s t i tu te  of M etals) re tu rn ed  
th an k s to  the London B ran ch  of th e  In s t i tu te  of 
B ritish  Foundrym en— of which he is also a mem ­
ber—for hav ing  provided such an excellen t lec tu re , 
which contained  m uch food fo r th o u g h t fo r th e  
mem bers o f both  bodies. D ealing  w ith  th e  be­
hav iour of liquids, he recalled experim ents which 
were m ade to  produce a non-freezing liqu id  which 
could be p u t in to  th e  buffer cy linder of a  gun, 
so th a t  i t  could be used in  d is tr ic ts  where th e  
tem p e ra tu re  was very low w ithou t fe a r of p rev en t­
ing th e  gun firing. G lycerine and  m any  o th e r 
th in g s had been tr ie d . Alcohol and  w ater had  
been used m ostly, and  oil also h ad  been used, 
b u t someone had  suggested experim ents w ith  
sugar and  w ater. M any w onderfu l th in g s  were 
discovered w ith  reg a rd  to  sugar and w ater, and 
he was rem inded of them  when w atch ing  th e  way 
in which the  low tem p e ra tu re  m eta ls w hich had 
ra th e r  long ranges of solidification crystallised  
ou t. I f  one h ad  10 lbs. of sugar and  a  gallon 
of w ate r and dissolved th e  sugar in  th e  w ater, 
one would have abou t 1 J, gallons of fluid, and  i t  
was n o t s a tu ra te d  th en . I n  these experim en ts th e  
liqu id  was frozen, and  some p a rtic u la r ly  curious 
curves were ob tained , and  those concerned w ith  
th e  experim ents were anxious to  see w hether it  
was going to  impose any very p a rtic u la r  stresses 
on th e  cylinders.

Contractions and Small Castings.
Thus the  question of so lu tions and  the a lte ra ­

tio n  of th e  co-efficients of expansion  and con trac­
tion  due to  the  am ount of m a te ria l in  solution 
was really  r a th e r  s trik in g . Only th a t  day he had 
been try in g  to  find o u t why a very sm all flat 
casting , ju s t  over 5 f in . long, 4 in. w ide, and  
abou t 0.2 o r 0.15 in. th ick , had  sh runk  0.033 in .,

/
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when, by all calculations, i t  should have shrunk  
only 0.0 1 in ., because, when dealing w ith  certa in  
castings which received no m achining w hatever 
i t  was very necessary th a t  they  should n o t shrink  
to  a g re a te r  e x te n t th a n  had  been calculated. 
F req u en tly  one had  to  ad ju s t moulds in  such a 
way th a t  th e  castings, which h ad  n o t to  be 
m achined, should n o t be sm aller th a n  required, 
and  calcu lations had  to  be m ade w ith  very g rea t 
accuracy. F o rtu n a te ly , one was able to  cast to  
w ith in  0.001 in . in  d ie  casting  moulds, and  to  get 
as n early  as possible perfectly  rec tan g u la r castings, 
b u t one could do th a t  only w ith  alloys which were 
very  easily  stu d ied  and  which could be very care­
fully  m an ipu la ted— alloys which froze a t  abou t 230 
o r 240 deg. C. I t  would be realised, therefo re , th a t  
those concerned w ith  die castings, which had to  
be so accu ra te ly  cast, and were sometimes cast in 
iron m oulds w ith  cores of sand , o r w ith one side 
of th e  mould m ade of papier mâché, had  much 
food fo r anxious th o u g h t w hilst carry ing  o u t the ir 
work.

N.P.L. Researching on Liquid Metals.
D r .  W a l t e r  R o s e n h a in , F .R .S ., expressed his 

sincere ad m ira tio n  fo r th e  clear m anner in  which 
M r. Dews had  d ea lt w ith  a  very com plicated and 
difficult sub ject. H e had  d ea lt w ith i t  in  a  stric tly  
scientific way by sim plifying the  problem as fa r  
as he possibly could and  analysing i t  o u t 
accurately  in  th e  simplified form, and he had also 
done w hat was very necessary w hen adop ting  th a t  
form  of tre a tm e n t, i.e ., he had  w arned his hearers 
th a t  i t  was n o t always possible to  apply in full 
d e ta il a ll th e  conclusions a rr iv ed  a t  from  a  sim pli­
fied analysis of th a t  k ind . T h a t was inevitable 
because th e  conditions of p ractice were never as 
simple as those one had  to  postu late  if one w anted 
to  a rr iv e  a t  exact conclusions w ith  th e  lim ited 
knowledge available. H e agreed th a t  i t  was de­
sirab le  th a t  we should know more about the p ro ­
perties of liqu id  m etals. F o r th e  la s t two o r three 
years one m an  a t  leas t a t  th e  N ational Physical 
L abora to ry  had  been devoting  him self en tire ly  to 
t h a t  sub ject, and had  been m easuring  the  solu­
b ility  of gases an d  surface tension , b u t no t den­
sities, which la t te r  involved m any complications. 
M uch work on volume changes on freezing had
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been done by Endo, of Japan, and th a t encouraged  
one to  think that the problem m ight not be so 
insoluble as it  appeared at first sight.

Alloys Expanding on Freezing.

Incidentally, the question whether there are 
many alloys which expand on freezing would hare  
to  be settled rather more definitely than  it  had  
been up to the present. That property had been 
ascribed to  m a n y  m aterials which did not possess 
it . W ith some o f the alum inium  alloys, such as 
alum inium manganese, aluminium-iron, and so on, 
if  one cast a  little  ingot one would find th a t after  
a certain stage o f freezing a  little  aperture was 
forced in  the surface skin and liquid m etal came 
o u t; ih is was o f the eutectic composition. I t  
was not, however, due to  expansion on freezing, 
but had been conclusively shown to  arise from a 
totally different phenomenon—a phenomenon 
which entered very largely in to  the m atters w ith  
which Mr. Dews had been dealing, namely, the  
liberation o f gas from the solidifying m etal. That 
was a phenomenon w ith which we were only 
gradually becoming fully acquainted, and it  was 
so important in  the production o f sound m etal—- 
not only of sound castings, but of sound ingots 
which had to be rolled afterwards—th at i t  re­
quired th e closest attention .

The Importance of Gas in liq u id  Alloys.

In  ordinary foundry practice no attem pt was 
made to  elim inate gases. An attem pt was made 
sometimes to  minimise their presence by special 
methods o f m elting, but he doubted whether those 
methods were successful. Liquid m etal had a 
higher power o f dissolving gases than the solid, 
and during the process o f freezing gas was ex ­
pelled. The casting produced never had the theo­
retical density o f the m etal, and even if  it  were 
compressed mechanically afterwards it  was very 
difficult indeed to get to  th e fu ll theoretical 
density. That could be determ ined by X-ray 
analysis and knowledge o f the atom ic weight. One 
could get fairly near it  in  some cases, but the  
difference was due. at any rate, to  a large ex­
ten t, to  gas, for the presence o f gas altered the 
contraction conditions immensely. There occurred
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a localisation  of sm all cavities in the  crystal 
boundaries, which a lte red  th e  stresses se t up by 
con trac tion  and  th e  d ifferen tia l d iagram s which 
M r. Dews had  shown, so th a t  th e  whole m a tte r  
wias very m uch affected.

Liquid Metal Never Still.
A nother p o in t which should be m entioned was 

th e  fa c t th a t  th e  theore tica l ideas which M r. Dews 
had  so clearly  developed depended upon the 
assum ption th a t  one had  liqu id  m eta l a t  re s t in  
th e  m ould before solidification commenced, or, 
a t  any  ra te , du rin g  th e  m ajo r p a r t  of the  process 
of solidification. H e him self believed, however, 
th a t  such was never th e  case, fo r two reasons. 
F ir s t,  th e  cooling was never so even th a t  one did 
n o t g e t differences of tem pera tu res in  th e  liquid, 
lead ing  to  convection cu rren ts. I f  one could 
avoid convection cu rren ts  one would g e t no den­
d ritic  c rysta llisa tion  a t  ta.ll, b u t would get crystal 
layers. The grow ing up of th e  dendrite  was 
affected by th e  convection cu rren ts . Then there  
was ano ther phenom enon, th e  fa c t th a t  th e  liquid 
was ag ita ted  by th e  ac t of pouring  i t  in to  the 
mould. On th e  whole, therefo re , the  phenom ena 
of th e  freezing of a casting  cwere really very com­
plex, an d  th e  astonishing th in g  was th a t  the  
foundrym an m et w ith  as much success as he did. 
I t  was no t astonishing to  find th a t  castings con­
ta in ed  pores, draw s, and  all th e  o th e r ills to  
which they  were heir, b u t we should get beyond 
th a t ,  and  he believed we should get beyond i t  
p a rticu la rly  by learn ing  now to  e lim inate  gas, or, 
a t  any ra te , the  g rea te r p a r t  of it , from  ou r liquid 
m etal. A g re a t deal of successful work had been 
done in  th a t  d irec tio n , w ith  the  resu lt th a t  m any 
of th e  castin g  difficulties, in  cases where draw ing 
was p a rticu la rly  prevalen t, were being 'overcom e 
in  practice . I t  app lied  to  copper, to certa in  
n ickel-iron  alloys, and  to  a lum inium  alloys, and 
he h ad  no d o u b t i t  could be worked o u t equally 
elsewhere.

Temperatures Gradients and Nature of Crystallisation.

T here iwas one p o in t in  M r. Dews’ address in 
regard  to  which he m ust differ. M r. Dews had 
suggested th a t  one obtained rad ia l crystallisation ,
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i.e ., acicu lar crystals, if th e  tem p e ra tu re  g ra d ie n t 
was sm a ll; t h a t  when th e  g ra d ie n t was sm all no 
p a r t  of th e  liqu id  became under-cooled to  the 
labile stage, an d  rad ia l c ry s ta llisa tion  extended  
to  th e  cen tre . In  th e  first place, in  experim en ts 
w ith  lead, copper o r  alum inim um , if one poured 
the  m etal in to  a chill mould one would g e t a deep 
fo rm ation  of chilled c ry s ta ls ; th e  d en d rite s , from  
th e  m ould wall, 'would reach n ea rly  to  th e  cen tre . 
If , on th e  o th e r hand , one used a g rap h ite  m ould, 
o r still m ore a sand  m ould, th e  d e p th  of th e  den ­
d rite s  was very sm all, and  equi-axed cry sta ls  p re ­
dom inated  th ro u g h o u t th e  whole section. Those 
were th e  facts as he knew them . In  his lab o ra to ry  
they  had  repeated ly  p repared  ingots of various 
m etals, and  of various sections, d e libera te ly  to 
show th a t  those were th e  fac ts, and  'had succeeded 
in  doing so every  tim e. H e believed th a t  th e  
labile stage  was n o t so im p o rta n t in  m eta ls as 
some people w ere inclined to  th in k , and  th a t  
nearly  always th e  conditions were such as to  p re ­
c ip ita te  c rysta llisa tion  alm ost im m ediately  the  tru e  
liquidus was p a ssed ; consequently, w hether o r no t 
one ob ta ined  acicular crystals o r equi-axed crystals 
depended upon w hether th e  flow of h ea t was su f­
ficiently rap id  to  determ ine th e  ra te  of grow th 
of crystals. W hen th e  ra te  of g row th  was h igh  
th e  cry s ta l grew  definitely ag a in s t the  flow of 
h ea t, b u t w here i t  was slow th e  iso-therm als were 
very wide a p a rt , th e  d irec tional effect was very 
sligh t, and  grow th took place m ore o r less in  all 
d irections. H e had  y e t to  be convinced th a t  th e re  
was any objection  to  th a t  v iew ; in  fac t, he 
believed th e  experim en ts ra th e r  supported  it . 
However, he did n o t th in k  th a t  really  a lte red  th e  
fac ts very m uch, because on th a t  view one still 
ob ta ined  th e  resu lts  th a t  M r. Dews had  said  
were ob ta ined  experim en ta lly , th a t  w ith  a lower 
tem p e ra tu re  g rad ien t one w as m ore a p t  to  ge t 
enclosures d u ring  th e  grow th  o f th e  dend rites 
th a n  w ith  rap id  cooling. One would a t  first s ig h t 
have been inclined to  believe th a t  th e  ideal s ta te  
of affairs was one in  w hich th e  whole of th e  cry s ta l­
lisation  was rad ia l, because th a t  would push 
the  cav ity  to  the  cen tre . T h a t was n o t tru e , 
because th e  gas was tra p p e d  by th e  grow ing den ­
d rite s  and  th e re  was a  tendency  fo r weakness to
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ex ist betw een ad jacen t d e n d r i te s ; one had a  con­
cen tra tion  of these li tt le  gas' cavities there , and  
possibly also shrinkage cavities, lying in rows, 
w hereas in an equi-axed s tru c tu re  they  were much 
more sca tte red  and d id  n o t produce localised 
weakness.

Density of Liquid Metals.
P r o f e s s o r  T. T u r n e r  (P as t-P residen t, In s titu te  

of M etals) said  th a t  a good deal of work had been 
done under his d irection  in recen t years on the 
density  of liquid m etals. T hat work had no t been 
published, b u t tin , lead, zinc, antim ony, 
alum inium  and copper had  all been studied , and 
th e  line above th e  m elting  po in t was practically  
a  s tra ig h t line in  all those cases; therefore, know­
ing th e  coefficient, one could p re tty  well estim ate 
w hat the- density  of th e  liquid m etal was. The 
a tte m p t had  also been m ade to  arrive a t  the  
density  of liquid cast iron, b u t th a t ,  of course, 
involved considerable difficulties, on - account of 
tem p era tu re  and o ther circum stances ; th e  results 
obtained  were anomalous, and he had been afra id  
to  publish them  u n til they  had been confirmed. 
M r. Dews had very  wisely divided th e  sub ject of 
his lec tu re  in  such a way as to  m ake i t  more or less 
simple for consideration . T aking fii;st th e  case of 
a pu re  m etal, Professor T u rner poin ted  o u t th a t  it 
changed very ab rup tly  a t  the  solidifying point. 
I t  was very lim pid above th a t  poin t, i.e ., its 
viscosity was very sm all, and i t  ran  qu ite  freely, 
and, w ith th e  exception of bism uth—to which he 
d id no t th in k  any g rea t a tten tio n  need be paid , 
because i t  was no t very much used, particu la rly  as 
a m eta l— it  con tracted  during  solidification. 
One po in t to  which M r. Dews had not referred  in 
connection w ith a pu re  m etal was w hat m ight be 
called th e  skin  effect in determ in ing  the shape and 
size of th e  u ltim ate  c a s t in g ; th e re  was on the  
ou tside a rig id  envelope while solidification was 
proceeding inside. According to  the  character of 
th e  m eta l or th e  alloy, th a t  outside skin would 
grow in a  charac te ristic  way and behave in a 
charac te ris tic  m anner.

Contraction of Bars of Varying Diameters.
One could illu s tra te  th is by casting  four bars, in 

cast iron, for exam ple, of different thicknesses, but
p



in a mould of th e  sam e leng th  and  m easuring  
them . One would find, of course, th a t  the 
sm allest d iam eter b ar had  co n trac ted  in  leng th  
th e  most, w hilst th e  la rg est d iam eter bar 
had  con trac ted  th e  least. On th e  co n tra ry , 
if  one cast in  th e  sam e way copper o r brass 
o r a num ber of o th e r alloys, one would find 
th a t  th e  sm allest d iam eter b ar co n trac ted  th e  least 
and th e  la rgest d iam eter b a r con trac ted  th e  most. 
H e was n o t p repared  to  exp la in  why th a t  was so, 
h u t d ifferen t alloys behaved d ifferently , and i t  was 
certa in ly  a ttr ib u ta b le  in  p a r t  to  th e  sk in  effect. 
In  th e  case of iron , i t  was due p a r t ly  to  the  
chilling effect and th e  preven tion  of th e  sep a ra ­
tion  of g raph ite . I n  cast iron one had  a substance 
which was anom alous, and  yet i t  was th e  m ost 
im p o rtan t of all th e  o rd in a ry  m etals cast.

Two Types of Contraction.
G enerally, we d iv ided th e  co n trac tion  which 

took place in to  th e  liquid  con trac tion  and  th e  
shrinkage. The liqu id  con trac tion  was p rac tica lly  
uniform . Then we cam e to  th e  expansion th a t  took 
place d u rin g  o r a f te r  solidification, an  expansion 
which in w hite iron  was very small, b u t which in 
grey iron m igh t be considerable— over 5 per cen t, of 
the  to ta l volum e in  th e  case of a very  grey  iron , 
and  th a t  was qu ite  a la rge  p ropo rtion . F rom  th e  
m om ent of solidification u n ti l  th e  tim e  when th e  
casting  a tta in e d  th e  tem p e ra tu re  of th e  room 
th ere  occurred  w hat we commonly called sh rinkage, 
as d is tin c t from  liquid con trac tion . The te rm  was 
applied first by K eep, and  was m easured by his 
well-known sh rinkage ap p ara tu s.

Defective Nomenclature.
U n fo rtuna te ly , th e  te rm  “  sh rink  ”  was also 

applied to  th e  cavities th a t  were m et w ith  in  cas t­
ings, and  th ere fo re  th e re  was some vagueness as to  
th e  m eaning  of th e  te rm  as i t  was commonly 
applied. W hen alloys and  m ix tu res were allowed 
to  cool, however, they  d id  n o t necessarily  sh rink  
u n ifo rm ly ; in  fact, i t  was th e  exception ra th e r  
th a n  th e  ru le  to  find th a t  th ey  contracted  
uniform ly.

Volume Changes in Cast Iron.
The reasons for th a t ,  i t  m ig h t alm ost be said, 

were m anifold, b u t in th e  case of cast iron there
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were th ree  reasons, which were perfectly  clear. In  
the first place, one had g raph ite  absolutely

F ig s .  A  t o  F  il l u s t r a t e  t h e  V a r io u s  A p p a r a t u s  u s e d  f o r  t h e  
D e t e r m in a t io n  o f  D e n s it ie s  o f  t h e  L iq u id  M e t a l s .

separa ted , and instead of having a density, like 
the  carbide from which i t  was formed, of 5 or 6, •

p 2



i t  had a density  of som ething in  the  neighbourhood 
of 2. N ot only was th a t  th e  case, b u t th e  g rap h ite  
occurred in th e  form  of ir reg u la r flakes, which 
preven ted  the  close pack ing  of th e  cubic crystals 
of iron. Hence, th e  la rger the  flakes of g rap h ite , 
th e  m ore difficult would i t  be to  pack closely, and 
th e  m ore g rap h ite  presen t, th e  g rea te r would be 
th e  decrease in  density . In  o ther words, th e  
g re a te r  would be th e  expansion of th e  casting— 
the ac tua l increase of leng th , thickness and  w idth  
of the  specim en—over a range  of tem p era tu re , and 
p a r t  of th a t  expansion  was p erm anen t. T here 
was ano ther expansion, when th e  iron  carb ide was 
throw n o u t of solution, a t  a tem p e ra tu re  of about 
700 deg., which, though m uch sm aller, was qu ite  
perceptible on an extensom eter. Betw een these 
tw o expansions th e re  was a th ird , which took place 
when th e  phosphide of iron was th row n  ou t 
orig inally  as iron-carbon-phosphorus eu tec tic , 
which th en  decomposed in  grey iron and th rew  
o u t some m ore g rap h ite , both actions of which led 
to  expansion. H ence, we could te ll th e  cha rac te r 
of the  cast iron  which was being poured  in to  a 
mould if we a ttached  to  the  end of th a t  mould a 
su itab le  po in ter.

Germans Appreciate Extensometer.
T h a t m ethod was used in m any foundries in 

America, and he had been very in te rested  to  hear, 
in connection w ith  visits pa id  by rep resen ta tiv es  of 
th e  B ritish  C ast Iro n  R esearch  A ssociation to 
G erm any lately , of th e  large num ber of foundries 
in  G erm any which had  th is  expansion ap p a ra tu s  
or extensom eter in use. I t  was a small ap p ara tu s , 
in  which was cast a bar, abou t 1  f t . long, a t  the, 
end of which was a ttached  a po in te r, and  by m eans 
of a pencil and a drum  i t  recorded th e  expansions 
of th e  casting  while i t  was solid ify ing  in  th e  
mould. Anybody fam ilia r w ith  th e  curves could 
see a t  once w hether th e  casting  would prove to  be 
hard , so ft or strong. One could p red ic t w ith  cer­
ta in ty  th e  ch arac te r of th e  m etal by no tin g  th e  
changes in volume which took place while th e  
m etal was cooling. In  connection w ith  o ther 
alloys, such as brasses, bronzes and so fo rth , one 
found th a t  there  w ere expansions corresponding 
roughly w ith th e  crystallising  in te rva l. The
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longer th e  crystallising  in te rva l, th e  g rea te r the 
expansion recorded on a bar a t  ce rta in  definite 
tem p era tu res  du rin g  the  progress of solidification.

Piano Frame Volume Changes.
One would see th e  im portance of th is  in connec­

tio n  w ith m any  designs. H is a tte n tio n  had been 
draw n to  th e  m a tte r  more th a n  tw enty  years ago 
in  connection w ith  cast iron  fram es for pianos. 
The fram es were sometimes heard  to  crack  in  the  
m ould ; in  o th e r cases th e  fram es were placed on 
one side in th e  foundry , and  one could hear them  
crack th e re ; in  o th e r cases they  cracked m onths 
a f te r  casting , and  in  s till o ther cases they  cracked 
while in  th e  possession of the  purchaser. There 
were sections of d ifferen t thicknesses, and  in  the 
mould one was expand ing  while th e  o th er was con­
tra c tin g , so th a t  they  were w orking one against 
the  o ther, and th e  castings were le ft in  a s ta te  of 
s tra in . T here w ere tw o rem edies in  th a t  case. 
One was th e  rem edy which th e  foundrym an always 
desired, nam ely, to  te ll th e  engineer to  give him  
un iform  sections, and  th e n  th e  trouble  would, to  
some e x te n t a t  all events, d isappear. The o ther 
m ethod was to  produce an iron which had  sm aller 
g rap h ite  and  less phosphorus eu tec tic , because 
those caused th e  expansions, and by th a t  method 
th e  liab ility  to  fra c tu re  was reduced.

The Case of Brass Grids.
A nother instance had come to  his notice some 

years ago in  connection w ith  th e  casting  of brass 
g rids. V ery o ften  grids were th ick  outside, and 
had th in n e r  bars th rough  the  middle, and these 
g rids would crack on th e  corners. H e had  in ­
quired  as to  th e  m ateria l used and had  looked a t 
th e  expansion curve, and had found th a t  they 
w ere a t  th e  p o in t a t  which th e re  was th e  maxim um  
expansion for th a t  ran g e  of alloys. H e had  sug­
gested a lte rin g  th e  composition in  order to  get to  
a p o in t a t  which th e re  was no expansion as 
recorded by th e  extensom eter. T h a t suggestion 
was adopted, and th e  trouble had  ceased imme­
diately.

Importance of Slow Teeming.
D ealing w ith M r. Dews’ s ta tem en t in connection 

w ith th e  casting  of liquid m etals and alloys, th a t
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p recau tions could be tak en  so as to  p rev en t th e  
fo rm ation  of sh rin k  holes o r con trac tion  cavities, 
he sa id  he was definitely of th e  op in ion  t h a t  i t  
was possible to  cast any  o rd in a ry  alloy o r any 
o rd in ary  m e ta l w ithou t hav ing  these con trac tion  
cav ities a t  all if only one could ta k e  th e  tim e 
necessary to  allow th e  m e ta l to  be poured suffi­
cien tly  slowly. Of course, he was assum ing th a t  
one h ad  no th in  sections in  th e  m iddle—fo r th a t  
one m ust have some su itab le  a rran g em en t— b u t for 
a s tra ig h tfo rw ard  casting , assum ing t h a t  th e  
pouring  tem p e ra tu re  was correct and  th a t  one had  
cooled th e  m eta l slowly before s ta r t in g  to  pou r, i t  
could be done. The slow cooling was in  o rd e r  to  
g e t r id  of as m uch of th e  gas as possible, because 
th a t  question of gas was of very  g re a t im portance. 
By keeping th e  m eta l ju s t  above th e  pouring  
tem p e ra tu re  for some tim e  a  good deal o f th e  gas 
would n a tu ra lly  pass off, and  by th en  p o u rin g  i t  
sufficiently slowly one could p rev en t o r largely  
d im inish th e  fo rm ation  o f cav ities.

Chilled Rolls.
T aking  as a n  illu s tra tio n  th e  casting  of a chilled 

roll o r a  la rge  cylinder, cas t u p rig h t, P ro f. 
T u rn e r sa id  t h a t  very  o ften  th e re  w ere q u ite  con­
siderable cavities a t  th e  top , an d  endeavours were 
m ade to  overcome th a t  by a lte rin g  th e  com position 
of th e  m eta l. People th o u g h t, perhaps, th a t  i t  
was a li t t le  too grey or a l i t t le  to o  h a r d ; each of 
those defects, of course, m igh t increase th e  trouble . 
A g re a t deal could be done by reg u la tin g  th e  speed 
a t  which th e  m eta l was poured  d u rin g  th e  las t 
stage of filling th e  m ould. One could p ou r i t  in 
as quickly as one liked  while th e  lower p a r t  of th e  
m ould was heing  filled.

Determining the Densities of Liquid Metals.
Db. S. W . S m i t h  (V ice-C hairm an of th e  London 

Local Section of th e  In s t i tu te  of M etals) showed a 
num ber of la n te rn  slides to  il lu s tra te  m ethods 
which had  been adopted  from  tim e  to  tim e  in 
o rder to  determ ine th e  densities of m etals in  th e  
liqu id  s ta te . These m ethods bore a close analogy 
to  those which w ere used fo r de te rm in ing  th e  
densities of o rd in a ry  liquids, and  m ay be briefly 
classified according to  p ro ced u re : — (1) M easure­



423

m ent of th e  volume of a known w eight of liquid 
a t  some p a rtic u la r  te m p e ra tu re ; (2) m easurem ent 
of th e  loss of w eight of a “ sinker ”  when 
immersed in the liquid, and (3) m easurem ent of 
the  pressu re  p e r u n it a rea exerted  by a column of 
liquid of known height.

F ig . A illu s tra ted  the  application  of the  first 
m ethod by R obert M allet in  1874, who was one of 
th e  first to  a ttem p t to  determ ine  th e  liquid density 
of cast iron. A conical vessel of w rought iron 
abou t 2 f t .  in  dep th , 1.5 f t . in  d iam eter a t  the 
base and  tap e r in g  to  an  open neck of 6 in. 
d iam eter, was filled to  th e  brim  w ith  m olten grey 
cas t iron. The vessel and  its  contents were again 
weighed w hen cold. F rom  th e  known volume of the 
vessel, corrected  for expansion a t  th e  h igher tem ­
p e ra tu re , i t  was possible to  calculate th e  liquid 
density  of m olten  cast iron as compared w ith 
d is tilled  w ate r a t  o rd inary  tem pera tu res.

M allet repea ted  his experim ents a t  Woolwich 
A rsenal by using  a- spherical bomb-shell as the  con­
ta in in g  vessel, th e  fuse-hole being closed by a screw 
p lug . This was shown in  F ig . B. Subsequent 
workers have followed th is m ethod by using glass 
or silica tubes as “  d ila tom eters.”

A m ore recen t application  of th is  method was 
m ade by F ra ry  and  E dw ards in  America, who 
filled a g rap h ite  crucible of known volume w ith 
liquid  m eta l a t  a known tem pera tu re . T heir 
ap p ara tu s  was shown in  F ig . C.

R oberts-A usten repeated  some of M allet’s work 
in  1875, and la te r, in  1881 and 1882, in collabora­
tion  w ith Thomas W rightson, adopted th e  second 
m ethod re fe rred  to  above. A m etal sphere, used 
as a  sinker, was suspended from  a sp ring  balance 
and  th e  loss of w eight m easured. This in strum en t 
th ey  called an “  oncosim eter.”

F ig . D showed a quartz  bulb filled w ith gold 
which he (D r. Sm ith) had used some years ago as 
a “ sinker ”  in m aking some determ inations of th e  
liquid densities of lead and  bism uth. This method 
was also followed by Pascal and  Jo un iaux  in  
F rance  in 1914 by using a hollow q uartz  bulb 
fixed to  th e  arm  of a balance.

Slide E showed a sim ilar sinker con tain ing  an 
iron  cylinder which was used by F ra ry  and 
Edw ards to  determ ine the  liquid density  of
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alum inium . They abandoned th is  m ethod, how­
ever, in  favour of the  one already  described.

An in te res tin g  developm ent of th e  “  displace­
m ent ”  m ethod was m ade by B ornem aun and 
Sauerw ald in  1922, and  ano ther along sim ila r lines 
by E ndo  in  1923, to  which M r. Dews had  re fe rred .

F ig . F . illu s tra ted  th e  app lica tion  of th e  th ird  
m ethod by Hogness, in  C alifo rn ia , to  m eta ls of 
low m elting  po in t. The m eta l was m elted in  an 
ap p a ra tu s  of “ P y rex  ” glass and th e n  forced up 
a vertica l tu b e  by th e  p ressure of some in e r t  gas. 
The re la tio n  of th is  p ressu re  to  th e  difference of 
level in  the  two arm s gave th e  necessary d a ta  for 
calcu lating  th e  liqu id  densities.

P r o f e s s o r  T u r n e r  sa id  th a t  in  h is d e te rm in a ­
tions he had  used th e  sinker m ethod, b u t not 
being provided w ith  gold, he had  used tu n g s ten  as 
th e  w eighting  m a te ria l inside th e  sinker. F or 
high tem p era tu re  determ inations th e  s in k e r was 
made of “ A lundum ,”  which was a very  re frac to ry  
m ateria l, q u ite  su itab le  for cast iron.

THE AUTHOR’S REPLY.
M r . D e w s  replied  to  th e  discussion. A fte r ex ­

pressing his g ra tifica tion  a t  th e  m anner in  which 
th e  P ap e r had  been received, he said he sym pa­
th ised  w ith M r. M undey in  his efforts to  produce 
castings exactly  to  size. H e m ust have some really  
g re a t difficulties to  contend w ith  in  producing  
castings accu ra te  w ith in  0.001 in . of th e  requ ired  
size, b u t he envied h im  to  a c e r ta in  e x te n t in  
hav ing  low -m elting-point alloys to  work w ith , and 
i t  m ust be very fasc inating  to  be able to  determ ine 
th e  constan ts, which he him self had deplored th e  
lack of, for h igh-m elting-point alloys. C ontinu ing , 
he said  he was glad to  h ear th a t  work had  been 
done a t  th e  N ationa l Physical L abo ra to ry  on liquid  
alloys, b u t D r. R osenhain had  dashed h is hopes to  
the  ground by saying th a t  work had  n o t been done 
on density  determ inations. D ealing  w ith  th e  
question of the  eu tec tic  sq u irtin g  o u t of th e  ingots 
of a lum inium  alloys, he said  th a t  very frequen tly  
th e  same th in g  was found in gunm etals, of course, 
when cast too hot, and also in  phosphor bronzes 
one m et w ith  th e  condition  in  which th e  alpha- 
de lta  eutec to id  squ irted  o u t on th e  ru n n er. H e 
agreed th a t  to  explain th a t  by expansion of the
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alloy was n o t necessarily c o rre c t; in  fac t, it  
seemed to  him  th a t  con traction  would squeeze the 
m olten eu tec to id  o u t of th e  alloy. D r. R osenhain, 
however, had given, as his idea of the  tru e  ex­
p lana tion , th e  presence of gas. H e (M r. Dews) 
agreed to  a ce rta in  ex ten t w ith all th a t  had been 
said in th e  discussion on th e  question of gas in 
m etals, b u t, a t  th e  same tim e, he wished to  u tte r  
a word of w arning. In  th e  la s t tw o years or so 
th ere  had been an increasing tendency to  a ttr ib u te  
every foundry  defect to  the  presence of gas. Gas 
in  alloys was certa in ly  im portan t, b u t i t  was cer­
ta in ly  not responsible for shrinkage cavities.

Columnar and Equi-axed Crystallisation.
D r. R osenhain  had  ap paren tly  m isunderstood 

th e  reference in  th e  P ap er to  th e  colum nar and 
equi-axed crystals, and  had ra th e r  confused the 
reference to  tem p e ra tu re  g rad ien t and ra te  of 
cooling. The two, of course, were entirely  
different, and th e  p o in t of his rem arks in  the  
P ap e r was th a t  w hether a colum nar or equi-axed 
s tru c tu re  would be form ed, th e  solid and liquid 
would be always in even contac t. W ith  a pure 
m etal, w hether i t  was cooled quickly o r slowly, 
th e  solid-liquid in te rface  was always fa irly  even ; 
w ith  an  alloy i t  m igh t no t necessarily be so. H e 
had  n o t in tended  to  imply th a t  one should seek to  
o b ta in  big d e n d r ite s ; the  weakness of a dendritic  
s tru c tu re  was very well known. H e was pleased 
to  h ear th a t  P ro f. T urner had  carried  o u t investi­
gations in to  the  determ ination  of densities, and 
u rged  him  very strongly  to  publish his work, 
w hether o r n o t he was confident th a t  i t  would m eet 
w ith approval, for th e  necessity for an  advance in 
th is d irection  was very pressing. In  his P ap e r he 
had  no t considered th e  question of the  skin effect 
of castings, although he agreed th a t  i t  was ra th e r  
im p o rtan t. H e was ra th e r  sorry, however, th a t  
P ro f. T u rn e r had based some of his argum ents in 
re la tion  to  skin effect on cast iron. Cast iron was 
th e  alloy most universally used, and was th e  most 
com plicated alloy in  engineering practice a t  the 
p resen t tim e ; un fo rtuna te ly , too, i t  was the  alloy 
we knew least about, so th a t  he considered i t  
ra th e r  unwise to  base any conclusions on the 
behaviour of cast iron. In  the P aper he had not
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solid, because he was ra th e r  doub tfu l as to  
w hether, once th e  whole casting  was solid, any 
volume changes would affect th e  con trac tion  
cav ity ; he believed th e  con trac tion  cav ity  was 
form ed and finished w ith im m ediately th e  alloy 
was com pletely frozen. D iscussing th e  m ethods 
adopted  fo r density  determ inations, described by 
D r. Sm ith, he said th a t  they  all suffered from  th e  
defect th a t  th ey  were applicable only to  low- 
m elting-poin t alloys, o r they  m easured th e  con­
trac tio n  from  th e  liquid to  th e  so lid ; w hat was 
w anted  was a m ethod of de term in ing  th e  density  
changes in  th e  liquid only, and n o t th e  density  
changes th a t  took place du rin g  th e  whole of the  
freezing of th e  casting .

On th e  proposition of M r. A. H . M undey, 
seconded by M r. D . F in layson , a h e a rty  vo te  of 
th an k s was accorded M r. Dews for his P ap er.

426
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Newcastle-on-Tyne Branch.

THE MANUFACTURE OF IRON CASTINGS FOR 
PETROL ENGINES.

By W. J. Molyneux (Member).
This p ap e r will endeavour to  exp lain  some of 

th e  m ethods commonly used in  th e  m anufacture 
of petro l-engine castings and will also show some 
devices new, and  perhaps novel, of which the 
au th o r has m ade use d u rin g  some 10  y ea rs’ close 
connection w ith  th e  business. Few foundries in 
th is coun try  have la id  o u t th e ir  p la n t on such a 
lavish  scale as th e  highly-specialised m otor 
foundries in  Am erica, although some of the 
cylinder foundries in  th e  M idlands a re  m aking 
rap id  s trides in  th is  d irection . W hen carried  on 
u nder capable m anagem ent th is is one of th e  most 
profitable branches of the  foundry  business, bu t 
w here guesswork is in  vogue and  lax ity  is allowed 
to  creep in, d isaster is inevitable. Jobbing 
foundry  p rac tice  is useless in  th is  highly- 
specialised work. The following a re  a  few of the  
factors th a t  m ake fo r success.

Important Factors.

(1) D esign .—I t  is h igh ly  desirable fo r a  foundry 
eng ineer to  be consulted during  th e  design of a 
new engine, as m uch useless labour can  th u s  be 
saved, and  m any difficulties avoided, m ost p a r t i­
cu larly  on such castings as th e  cylinder u n it, w ith ­
o u t any  sacrifice of efficiency in  th e  ¡final product. 
On one occasion th e  au th o r quoted fo r  a  large 
q u a n tity  of cylinders fo r a well-known American 
m ake of ca r, the  price  of which w orked o u t a t  
abou t one ha lf th a t  of a rep resen ta tive  English 
oar of th e  sam e horse power an d  of th e  sam e class 
of design. The reason for th is  considerable 
difference was th a t  in the  case of the  American 

• design th ere  was every ind ication  o f ex p e rt 
foundry  knowledge hav ing  been well applied, 
whilst in  th e  E nglish  design th ere  had been litt le
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F i g . 1 .— S h o w s  U s u a l  M e t h o d  o p  M o u l d in g  a P i s t o n  *
TOGETHER, W ITH SUITABLE CORE BOXES FOR QUICK AND
A c c u r a t e  P r o d u c t i o n .
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or no effort in  th is direction , although th e  two 
cars were com peting in  the  same m arket.

(2) The foundry executive m ust, o r should, plan 
every operation  down to  the  sm allest de ta il before

pa ttern -m ak ing  is s ta rted . Definite location 
points for jigg ing  purposes th a t  can  be guaran teed  
by the  founder m ust be m utually  arranged  between 
the  tool design and the  foundry executive.
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(3) P a tte rn -m ak in g  m ust be of th e  very best 
and no reasonable expense spared in  equipm ent 
for th e  p a tte rn  shop to  enable a  h igh  degree of 
accuracy to  be m ain ta ined . P a tte rn s  should s tr ip  
cleanly from  th e  sand and leave no hand  tooling 
to  be done except in  dry-sand work which requ ires 
wet blacking, which should be done by spray ing . 
Cores m ust fit accurately  in to  th e ir  p r in ts  and  be 
made from  core boxes so constructed  th a t  finish­
ing is unnecessary. Provision m ust be m ade for 
th e  ven tin g  of cores; th is  o ften  involves qu ite

.

F i g . 3 .— U s u a l  M e t h o d  o f  M o u l d in g  a  
Z e p h y r  T y p e  P i s t o n .

elaborate  provision in  these core boxes o r th e  use 
of jig s fo r in sertin g  the  ven ts w here requ ired . I t  
is a  fallacy to  assume th a t  oil-sand cores do no t 
require  venting , extensive ven ting  is o ften  neces­
sary . P orosity  in  a cylinder or cy linder head 
can  o ften  be traced  to  an  unven ted  o r im properly- 
vented  core. This can  be read ily  seen if  a  mould 
w ith  all its  cores in  is cast w ith o u t th e  to p  box 
on, and  th e  d istu rbance in  th e  m eta l observed as 
c e rta in  p a r ts  of th e  core a re  covered.

(4) To ensure accuracy and cheap p roduction  
m oulding m ust be done on su itab le  m achines, p re ­
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ferably power operated. Moulding boxes must be 
accurately machined and have well-fitting pins.

(5) All operations—especially the cupola prac­
tice—should be under accurate control. Raw 
materials should be cheeked and analysed syste­
matically and routine analysis of the daily casts 
taken. I t  is a good practice to have the date of

F i g .  4 . — N e w  M e t h o d  o e  M o u l d i n g  w i t h  
T h e e e  O i l  S a n d  C o e e s  a n d  S t r a i n e r  
C o r e s .  It i s  a n  A c c u r a t e  M e t h o d ,  
a s  C o n c e n t r i c i t y  c a n  b e  C h e c k e d  
d u r i n g  C o n s t r u c t i o n .

pouring for some code mark to indicate the date) 
cast on to cylinders and other important castings. 
I t  is then possible to  refer to the charge book at a 
future date and trace any abnormality or irre- 
crularitv in a casting even after the engine has 
been in service for a long time.
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im oo r r tu c t i on

LI GH T GHR F U  W HE EL  

H E I G H T  Z & l* j

(>.— F l y w h e e l s  M ade w it h  J et  R u n n er s  
and no F e e d e r s . C lu t c h  R in g  w it h  S pe c ia l  
S pra y  R u n n e r  fo r  F e e d in g  M etal op 
E v e n  T e m p e r a t u r e , and  t h u s  A v o id in g  a 
“  H o t  S p o t . ”  F ee d in g  i s  E l im in a t e d .
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Making Petrol Engine Pistons.

A lthough alum inium  alloy pistons have sup­
p lan ted  thdse of c a s t iron fo r speed w ork, and 
also in  m any cases are now used fo r ca r work 
generally, m any cast-iron  p istons a re  s till m ade. 
These a re  best moulded on ja r  ram  m achines w ith  
p in  lif t , the  cores being of oil sand. The m ost 
su itable sand, in  th e  a u th o r’s experience, is a  very 
fine silica sand , such as R yarsh , the  cores being 
le f t unblacked. These castings m ust m achine

F i g . 5 .— S e c t io n  o f  M a in  C o r e- 
n o x  fo r  Z e p h y r  P is t o n .

easily, be qu ite  clean, free from porosity, and  due 
to  th e ir  rap id  m ovem ent in  th e  cy linder, they  
m ust be as ligh t as possible and  of uniform  
weight. To set up in  th e  la the  a  collet is 
expanded inside th e  p istons, and  as th e  finished 
thickness of the  sk ir t is 1 /16, or even less, th e  
insides m ust be quite  free from  even sm all 
irregu la rities.

A p iston  th a t  was used largely  du rin g  th e  w ar 
and is still much used for lo rry  work, is th e  
Zephyr p iston , shown in  F ig . 2. I t  is n o t gener­
ally used for cylinders u n d e r 100  mm. in  dia. 
I t s  chief advantages over the  orthodox ty p e  are 
its small w eight, g rea te r s tren g th , and freedom 
from  p iston slap. This is one of the  few cast-
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iligs found to  be more satisfactorily  m ade by (hand 
th an  machine moulded. M any founders have 
found th is  a difficult casting  to  m ake and up to  
90 per cent, of a  consignm ent of eastings have 
been known to  be rejected , chiefly because the  
job  was tre a te d  as an o rd inary  moulding pro­
position, and the  few castings th a t  were finished 
cost a t  least tw ice as much to  m achine a s  those 
produced by the following ra th e r  orig inal methods.

Flywheels and Clutch Rings.
These a re  m ost im p o rtan t castings which 

revolve a t  a  h igh  speed. The m ateria l m ust be

F i g . 7 .— A n  1 8 |- i n . D ia . F l y w h e e l  as sh o w n  
in  F i g . 6. S e l it  to sh o w  F ree d o m  fr o m  
P o r o s it y .

strong, qu ite  free from  porosity  and surface 
defects, and easily machined. A fter m achining 
these castings m ust be accurately  balanced, th is 
is usually done by drilling  holes in  th e  periphery, 
and i t  is su rp ris ing  to  see the  am ount th a t  has 
to  be drilled  o u t of some wheels (even if they are 
m achined all over) before they  are  in  balance. 
The best resu lts have been obtained b y :

(1) M achine m oulding from m etal p a tte rn s  and 
plates (the heavier wheels being m ade in dry 
sand).
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(2) C asting  w ith very ho t m etal th rough  je t  
runners, and dispensing en tire ly  w ith  feeders, 
som ewhat on th e  lines ind icated  by R onceray.

F ig . 6 shows a  lorry  flywheel; and a heavy lig h t­
ing  set flywheel which is drilled  in  several places 
and m ust be free from unsoundness; two ligh ter 
c a r  flywheels. A dditionally  i t  shows a clu tch  
rin g , a section ivhich is very prone to  porosity  
th rough  h o t spot. The ru n n er shown supplies 
m etal of even tem pera tu re .

F ig . 7 shows a la rge  flywheel sectioned.

F i g . 8 .^ - P a tt er n  P la te  fo r  T op  W a ter  P i p e . 
T o p  a n d  D rag  R u n n e r s  m ad e  f r o m  t h e  
sa m e  P la te  C o re h a s  3 - P o in t  B e a r in g . 
No C h a pl e t s  a re  N e c e ssa r y  to S u p p o r t  
C o r e . E a ch  M ould  P r o d u c es  T w o  
C a s t in g s .

Pipes.
Top w ater pipes a re  m ade in  p a irs  w ith  a 

3-point con tac t for th e  covers, and both tops and 
bottom s a re  moulded off th e  sam e p a tte rn .

Induction  Dipes are  generally  m ost quickly m ade 
on squeezer m achines o r (w here deep draw s are 
encountered) a  ja r-ram  m achine. O il-sand cores 
a re  used fo r the  p ipe portion .

Air-Coo'ed Pipes.
J a r  ram  m achines are  best su ited  fo r these 

pipes. An in te resting  fea tu re  is the  cooling flns,
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which are often  ¡-in . deep. They are moulded in 
th e  to p -p a rt and can be carried  w ithout sprigs. 
(P ig . 9.) The fin portion  of th e  mould is made 
of a  very strong  p la in  milled red  sand and  a small 
am ount of fine coal dust.

F ig . 10 shows th e  p a tte rn  and mould on a 
B rita n n ia  machine.

Small Castings.
V alve guides, w ater-pum p and oil-pump details, 

c ran k -sh a ft bearings, valve caps, pump pulleys, 
g ea r blanks, e tc ., a re  usually  made from double- 
sided, reversible, or sing le-pattern  p lates on 
squeezer o r j a r  ram  m achines by semi-skilled 
w orkers. B ig  o u tp u ts  of uniform  quality  and 
size a re  possible. The p a tte rn s  m hst s tr ip  cleanly

F i g . 9 .— S e c t io n  o f  a n  A i r -cooled 
E x h a u s t  P i p e , s h o w in g  M eth o d  
o p  M o u ld in g  and  R u n n in g .

and  all ru n n e rs  m ust be formed on th e  plates. 
The ru n n ers  should be so placed th a t  the  castings 
break  clean so th a t  i t  is no t necessary to  file or 
g rin d  them .

Figs. 11 to  14 give details of the  m anufacture 
of some of these.

Cylinders.

C ylinder castings can be roughly divided into 
two classes—air-cooled ¡and water-cooled. The 
form er a re  chiefly used for m otor cycle engines, 
and th e  la t te r  for car, lorry, s ta tio n a ry  and aero 
engines. D uring  th e  la s t few years the  tendency 
has been for foundries to  specialise in these cast­
ings, and in  m any foundries no o ther castings 
w hatever a re  m ade. A lthough i t  m ust be recog­
nised th a t  much progress has been m ade there  is
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still scope for v ast im provem ent in  th e  layout, 
equipm ent and general conduct of these foundries.

Air-Cooled Cylinders.
These have e ith e r loose heads o r closed tops. 

They are generally  m ade from gunm eta l p a tte rn s  
on  ja r -  o r hand-ram  machines, s tr ip p in g  p lates 
being invariably  employed for en su ring  th e  s t r ip ­
p ing of th e  fins, which are  som etimes 1 J  in . deep. 
The moulds a re  m ade of d ry  sand and  cas t on end.

F ie . 10.■— A i r -cooled  E x h a u s t  P i p e  as s h o w n  
i n  F i g . 9, s h o w in g  P a t t e r n  o n  B r it a n n ia  
M a c h in e  and  P a t t e r n  f o r  B o tto m -h a l f  
M o u ld . T h e  T o p H alf  o f  t h e  M ou ld  is  
i n  t h e  B a c k g r o u n d .

Oil-Cooled Cylinders.
This is a m oulding problem th a t  serves to  show 

w hat can  be done by som etimes g e tt in g  off th e  
beaten  tra c k  in  foundry  prac tice . I t  is a small 
m otor cycle cylinder, and  th e  problem was first 
b rough t to th e  au th o r’s notice because of th e  large 
num ber of castings of an outside founder th a t  
were re jec ted  by th e  m achine shop fo r a  v a rie ty  of 
reasons. The castings were requ ired  in  th ree  
varie ties of 1, 2 or 3 cooling fins, and w ere being 
moulded in  halves w ith th e  oentre cored ou t.
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Those castings wore eventually  most successfully 
produced in  large q u an tities  as shown in  F ig . 16. 
F ou r cast-iron  p a tte rn s  wore m ounted on a 
m achined p la te  w ith  a  strip p in g  p la te  fo r the 
outside and stools to  lif t th e  cen tre  cores which 
were made to  s trip  from th e  p a tte rn . An oil-sand 
core was used for the  cooling fins and th e  strainer- 
core. N ote th e  irons to  support cores and rods 
for vents. F ig . 15 explains this.

I t  was th o u g h t to  be impossible to  m ake these 
castings successfully—-tjiey are m achined all over

F i g . 11 .— P a tt er n -pla te  Ca r r ie r  fo r  J ar 
R am  M a c h in e  and  5 P a tt er n  P lates  of 
E n g in e  D e t a il s , s u c h  as G ear B l a n k s , 
O il -p u m p  D e t a il s , W a ter  P u m p s , V a lv e  
G u id e s  and  C a m s h a ft  B e a r in g s .

except fo r the  fins, and  m ust be free  from  poro­
sity—in green  sand and w ith a green-sand core. 
Two serious difficulties were encountered before 
success was a tta in ed . Sand presen ted  th e  first 
difficulty, as w ith  th e  o rd inary  facing sands the  
ram m ing had  to  be so soft to  p reven t blown cast­
ings th a t  they  were o u t of shape. A sand was 
finally ob tained  th a t  exceeded all expectations. 
This sand was m ade from a strong, fine red sand, 
dried  sea sand and fine coal dust, well milled,
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passed th rough  a d is in teg ra to r and  used extrem ely 
dry. This sand was very porous, and w ith very 
li t t le  gas being genera ted  could be ram m ed alm ost 
brick hard  and s till be free  ven ting , th u s  pro­
ducing extrem ely  clean, tru e  castings. T he ob ta in ­
ing  of th is  sand led to  a  fu r th e r  difficulty how­
ever ; i t  was found th a t  th e  coal dust, which was 
very fine, g radually  found its way down betw een 
the  p lungers and  th e  p a tte rn s , m ak ing  them  
stick. This involved ta k in g  th e  whole th in g  to  
pieces for cleaning a f te r  a few hours’ work. The 
troub le  was overcome by c u ttin g  1 J in . off th e

F i b . 12 .— T h e  W h e e l  B l a n k s  as s e e n  in  
F i g . 11, s h o w in g  F r e e d o m  f r o m  
P o r o s it y . N ote t h e  J e t  R u n n e r s .

tops of th e  p lungers and  m aking  new tops of 
hardened  steel, which were lapped in to  th e  p a t­
te rn s. These pieces were packed w ith  wool th a t  
was soaked in  oil each n igh t. No difficulty was 
afte rw ards experienced. As a n  exam ple of o u t­
p u t i t  m ay be noted  th a t  1  m an  and  2 boys 
mould and cast 140 per day, w ith  2 helpers during  
th e  casting  period.

Water-Cooled Cylinders.
Cylinder H eads.—The tendency in  car engine 

design since the  war has been decidedly tow ards
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th e  overhead valve type, and where side by side 
valves a re  used loose heads are  frequently  em­
ployed. This has simplified the cylinder castings 
very much, especially overhead valve cylinders, 
b u t th e  heads are very often  difficult castings to  
m ake. T here a re  frequen tly  four valves per 
cylinder, which m ean 24 bosses in  a six-cylinder 
head w ith th e  sam e num ber of in le t and exhaust 
pipes, besides th e  necessary bosses for bolting the 
head to  th e  cylinder. All these bosses m ust be 
qu ite  sound when drilled  and  w ater-tested. The 
jack e t cores a re  often very in tric a te  and delicate.

F i g . 13 .— S ix  G ood E x a m p l e s  of M a c h in e  
P a tt er n  P la tes  fo r  E n g in e  D e t a i l s .  
N ote t h e  P late i n  L e f t  F oreg rou n d  
w it h  30 V a l v e  G u id e s  in  an  18-i n . x  

12-i n . B o x .

Cylinders.
These are  requ ired  w ith from  one to  eigh t 

cylinders in  one casting  (Fig. 18). Some cylinders 
are  bolted w ith the  crank-cases, while o thers are 
designed w ith th e  cylinder and crank-case in one 
piece. I t  will be readily  understood th a t  some 
castings a re  com paratively simple, while others, 
such as a 4- or 6-cylinder cast in  one w ith th e ir 
crank-cases and flywheel housings are  very in tr i­
cate, and  seriously ta x  th e  skill of the  p a tte rn ­
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m aker an d  m oulder, as 40 o r m ore cores a re  some­
tim es required . The cost of these p a tte rn s , too, is 
considerable, o ften  ru n n in g  in to  hundreds of 
pounds w here la rge  num bers of castings are  
required.

In  m odern m achine shop practice  cylinders a re  
no t m arked off before m achining, th e  castings 
m ust be sufficiently accura te  to  adm it of th e ir  loca­
tion  in  jigs, and come ou t accura te  a f te r  com­
plete m achining.

F i g . 14.—D o u b l e - s id e d  P a t t e r n  P l a t e s  f o r  
M a c h in e - m o u l d in g  E n g i n e  D e t a i l s .

Moulding.

W here large  num bers a re  w anted the moulds are  
invariably  made on m achines, generally of th e  ja r  
ram  type  by sem i-skilled workers. I n  m any  cases 
th e  moulds are  cast in  th e  “  green ” s ta te . The 
m oulding boxes m ust be accurately  m achined, 
s tric tly  in terchangeable, and have very  li tt le  
to lerances in th e  pins. F o r large q u an tities  
m etal p a tte rn s  and p la tes are  desirable, although 
excellent resu lts and big num bers can be obtained 
from  h a rd  m ahogany p a tte rn s  on  m eta l p lates, as 
there  is m uch less danger of wood p a tte rn s  being 
dam aged on pow er-operated machines. V ents for 
cores and all run n ers  and risers should bo formed
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on th e  p a tte rn s  o r p lates, and no t le f t fo r cu ttin g  
by th e  opera to r. The various jo in ts of a cylinder 
m ould m ust he fla t to  fa c ilita te  th e  gauging of 
cores and  where undercu t p a rts  occur these should 
be cored out, drawbacks being o u t of th e  question.

Coremaking.
This is a  branch of th e  cylinder founders’ busi­

ness th a t  offers alm ost endless possibilities for

F i g . 1 5 .— O i l - co o le d  C y l in d e r .
T h e  4 P a tt er n s  on B r it a n n ia  
M a c h in e , w it h  4  V e n t  B ods 
in  P o s it io n  and  2 o r  t h e  4 
C o r e  B ods also  i n  P o s it io n .

tim e-saving, and  although m uch has been done in 
the  economic production  of oil-sand cores, the re  
is still fa r  too  much of th e  foundry prac tice  of 
20 years ago in  evidence, even in some otherwise 
w ell-appointed foundries. One has only to  glance 
round th e  core rooms to  see skilled workers 
literally  w asting th e ir tim e in finishing cores due
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to  fau lty  draw s, cleaning o u t loose sand  from 
aw kw ard corners in  coreboxes, rubb ing  of dried  
cores, blacking w ith  brushes, etc., e tc ., to  realise  
w hat can be saved by th e  expend itu re  of a  li tt le  
more money a t  th e  ou tse t and the  em ploym ent of 
a first-class m an to  p lan  every opera tion  before­
h and  and  design th e  equ ipm en t to  avoid th is  
useless labour. I t  is possible to -day  to  produce 
all th e  cores for any o rd in a ry  cy linder (1 ) by 
fem ale la b o u r; (2) w ithou t any hand  tooling  w hat­
ever a f te r  th e  corebox is rem oved ; (3) w ithou t
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F i g . 17.—Two P a r t s  o f  t h e  M o u l d  w i t h  
F o u r  C o r e s  i n  t h e  D r a g . A l s o  a 
F i n i s h e d  C y l in d e r  a n d  a R o u g h  C a s t in g  
w i t h  S t r a i n e r  C o r e s .

th e  necessity for rubbing  th e  dried  co re s ; and
(4) a t  an exceedingly cheap ra te , and  a t  th e  sam e 
tim e  enab le  th e  corem akers to  e a rn  big wages 
and work u nder excellent conditions.

W here q u an titie s  ju s tify  th e  expense, wood 
coreboxes should no t be used, b u t w here th is  is 
no t th e  case i t  will be found th a t  a  good h a rd  
m ahogany will give good service, especially if 
rein forced  w ith alum inium  in  th e  delicate  parts . 
I t  is also excellent p rac tice  to  face th e  corebox 
jo in ts  w ith  alum inium  about J  in. th ick , which
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can be m achined over a fte r  final assembly on a 
vertical m illing o r sim ilar machine.

F i g .  1 8 .— G r o u p  o f  C y l i n d e r s  a n d  H e a d s .

F i g . 1 9 .-— T w o - B o r e  L o r r y  C y l i n d e r - P a t t e r n  
P l a t e s  M o u l d e d  i n  P a i r s  o n  O s b o r n  M a c h i n e .

In  F igs. 22 to 33 are shown the m aking o f the 
cores for a small 4-bore side-by-side valve
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cylinder th a t  has heads and in le t pipes and ports 
all cast in, all th e  cores a re  produced by fem ale 
labour. The boxes a re  so constructed  th a t  th e re  
is no bedding in  of loose pieces w ith  m allets, 
all wires can he easily  p u t in, and  every  core 
can be made w ithou t pa tch ing  up of any  k ind 
w hatever. The cores s tr ip  clean from  th e  core­
boxes, a re  d ried , blacked and  assembled. E ach 
operation  was carefully  p lanned beforehand, and 
the  coreboxes designed and m achined by tool 
m akers.

F i g . 2 0 .— A  S e t  o f  P a t t e r n  P l a t e s , C o r e  
G a u g e s , e t c . ,  f o r  4 - B o r e  C y l i n d e r .

Pouring Cylinder Castings.

Some difference of opinion exists reg ard in g  the  
pouring  of cylinder castings. P erhaps th e  most 
favoured m ethod is to  pour d irec tly  down the  
cylinder bores. This is an excellent way for com­
p ara tive ly  p la in  cylinders, b u t w ith  m ore com­
p licated  castings, such as those w ith  m uch pipe 
and  valve work in  and  for those cast in  one 
piece w ith th e  crankcase, pouring  very  fa s t 
th rough  num erous sm all ru n n e rs  ex ten d in g  round 
th ree  sides of th e  casting  produces th e  best 
resu lts . A pou ring  speed of 8 seconds per 1 cwt. 
is a sa tisfac to ry  ra te . W here th e  cylinders are
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densened i t  is inadvisable to  pour d irec t down the 
cylinder bores.

W here th e  life of th e  cylinder is of more 
im portance th a n  top  speeds in  m achining, the  
usual p rac tice  is to  use an iron as h a rd  as pos­
sible consisten t w ith m oderate m achining speeds 
in  all p a rts  of the  casting—of course, tak in g  care 
to  avoid th e  possibility  of w hite iron in  th e  th in  
jack e t o r crankcase p a rts . The thickness in  these 
cylinders varies from  in. in  th e  jackets and 
pipes, e tc ., to  I  in. o r f  in . in th e  cylinder bores, 
and up to  1 |  in . or even more in  some of these

F i g .  2 1 .— G r o u p  o f  4 - B o r e  C y l i n d e r  a n d  
C r a n k c a s e  P a t t e r n  P l a t e s  o n  O s b o r n  
M a c h i n e . S o m e  7 ,0 0 0  C a s t i n g s  h a d  
b e e n  P r o d u c e d  f r o m  t h i s  P a t t e r n  w h e n  
t h e  P i c t u r e  w a s  M a d e .

bosses. I t  m ay be said in o rd inary  practice th e  
degree of hardness varies inversely w ith the 
thickness of the section, so th a t  w ith  the  cylinder 
bores being com paratively th ick  and in th e  ho ttest 
p a r t  of th e  mould when cast, th e  h ea t is rad ia ted  
much m ore slowly th a n  in  some of the  rem ote 
p a rts  of th e  casting . This, together w ith the  fac t 
th a t  large bosses a re  o ften  a ttached  to  the  
cylinder walls, leads to  the  production  of a some­
w hat so fter iron in  the  very place where maximum 
hardness is desirable. I t  has been s ta ted  by

Q
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H . B. Swan, of D e tro it, t h a t  a  cy linder bore 
i  in. th ick  is softer, due to  cooling conditions, 
th an  a  1 -in. square  b a r cast sep a ra te  from  th e  
sam e ladle of iron.

This was very pronounced in  an  experience th e  
au th o r had  in  1919 and  1920 w ith  a 4-bore cylinder 
th a t  had  a  la rg e  th in  crankcase cast on. These 
castings were being m ade in  several foundries in 
th is coun try  and  on th e  C on tinen t. I n  some of 
these castings th e  cylinders were much too  soft 
to  w ear sa tisfac to rily , and in o thers, where th e  
cylinders were reasonably h ard , difficulty was

F i g . 22.—A 63-m/m B o r e  C y l in d e r  C a s t i n g .

experienced in  m achin ing  th in  p a r ts  tow ards th e  
outsides of th e  castings, b u t w hat was even worse, 
several of these castings developed cracks in th e  
jacke t and crankcases in  service. This led to  
experim ents w ith hardened  cylinder bores, a 
p rac tice  eventua lly  m ade s tan d a rd . To o b ta in  
th is  h a rd  su rface  each cy linder bore core is pro­
vided w ith tw o half-round  denseners which ex tend  
to w ith in  J  in. of each end. These denseners a re  
used over and over again , and a re  m ade qu ite  
cheaply from  p la te  p a tte rn s  on ja r  ram  m achines.

The advantages of th is  m ethod a re :  (1) The 
cylinder bores a re  of un iform  hardness th rough-
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out. M any cylinder founders use local denseners 
where heavy bosses ad jo in  th e  cylinder walls. 
This p rac tice  is undesirable , as i t  is u sual to-day 
to  ream -finish a cylinder bore in s tead  of g rin d ­
ing, and  th is  is rendered  difficult due to  the  
various degrees of hardness, also in  use th e  w ear 
on the  walls and  p istons is u n e v e n ; (2 ) the  
cylinder bores are  th e  h a rd e s t p a r t  of th e  cas t­
ing  ; a B rinell num ber of over 200 is easily  
m a in ta in e d ; (3) porous cylinders a re  alm ost
unknow n ; (4) th e  machine-shop re jec ts  a re  much

F i g . 24.—Two P a tt er n  P la tes  o n  403 
O sb o r n  M a c h in e . O n e  o f 2 P l a tes  fo r  
M a k in g  G r e e n -sand  T o p s , w h ic h  are  
s e e n  in  F o r e g r o u n d .

less; a m ost successful ru n  was experienced in 
1924 using th is m e th o d ; an  overall scrap of 3 per 
cent, was m a in ta ined  for th e  y e a r ; and  (5) 
a lthough boring is som ew hat slower, o th e r p a rts  
of th e  castings can be m achined a t  a m uch h igher 
speed.

M ost foundries have p e t ideas reg a rd in g  th e ir  
cylinder m ix tu res, and  th e re  is some conflict of 
opinion regard ing  the  m ost su itab le  composition. 
In  th is  country  in p a r tic u la r  some of th e  
elem ents—notably phosphorus—vary considerably. 
Some founders tu rn in g  o u t first-class work believe
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F i g . 2 5 .— T h e  C y l in d e r  s h o w n  i n  F i g . 2 2  i n  
P r o c e s s  o f  C o r i n g . N o t e  t h e  G a s  D r i e r

FOR REACHING ALL PARTS OF THE M O U LD.

F i g .  2 6 .— G r o u p  o f  C o r e s  a n d  G a u g e s  f o r  
t h e  C y l i n d e r  s h o w n  i n  F i g .  22 .
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in a phosphorus-content of up to  1 .2  p e r cen t., 
while others reg ard  0.5 p er cen t, as th e  m axim um . 
The au th o r has had  sa tisfac to ry  resu lts w ith  
irons of th e  following com position: TC, abou t 3 .2 ; 
Si, 1.4 to  2.0 for hardened  bores; VS, 0.1 m ax i­
m um ; M n, 0 .5 ; and  P , 0.4 to  0.5 per cen t.

F i g .  2 7 .— V i e w  o p  B o t t o m  J a c k e t  C o r e - b o x  
It i s  A r r a n g e d  t o  A v o i d  t h e  B e d d i n g  o f  
a l l  L o o s e  P i e c e s .

F i g .  2 8 .— C r o s s  S e c t i o n  o f  B o t t o m  J a c k e t  
B o x  s e e n  i n  F i g .  2 7 .— N o t e  C u r v e d  R i b s  
M a r k e d  x  t o  e n a b l e  t h e  O p e r a t i o n  o f  
“  R o l l  ” t h e  C o r e - b o x  i n s t e a d  o f  L i f t i n g .

I t  is of param o u n t im portance th a t  th e  cupola 
p rac tice  be of th e  best. Cupolas up to  3 f t .  d ia. 
a re  m ost su itab le , and th is  m eta l m ust have suffi­
c ien t su p erh ea t to  allow of its  being in good
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condition a fte r  tap p in g  in to  Bull ladles, and 
probably carried  in shanks for considerable 
distances.

In  conclusion, th e  a u th o r’s thanks are due to

F i g . 3 0 .— G r o u p  o f  t h e  C o m p o n e n t  P a r t s  o f  
t h e  M a in  J a c k e t  C o r e -b o x , w i t h  C o r e  i n  
F o r e g r o u n d  a n d  B e n d in g  B l o c k s  f o r
SOME OF THE CORE IRONS USED.

F i g . 3 1 .— C r o s s  S e c t io n  o f  C o r e -bo x  f o r  
C y l in d e r  H e a d s .

Messrs. Iliffe & Sons for the ir perm ission to  use 
ce rta in  illu stra tions, also th e  directors of Messrs. 
D orm ans, of Stafford for th e ir  perm ission to use 
ce rta in  of the  photographs.
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In  opening th e  discussion, M r . V. S t o b ie  re ­
m arked th a t  he was very in te rested  in  w hat M r. 
M olyneux had  said  concerning th e  m ateria l. 
A lthough he had  said th a t  th e  iron  should be as 
h a rd  as possible, bearing  in m ind, o f , course, th e  
m achining speed, th e  analysis which he had  given 
did n o t s tr ik e  one as being th a t  of a h a rd  iron. 
H e had  noticed in  F ig . 12 a casting  which 
had  been m ade w ith some small je t  runners . The 
top  seemed to  be a very  la rg e  block of 
iron, if he had read  th e  draw ing correctly , which 
appeared  to  be o u t of p roportion  to  th e  je ts , 
which one would th in k  would be chilled long 
before th e  top  iron was fed.

DISCUSSION.

Section A S  B
Drier port of core box and  loose piece

F i g . 32.—C o r e - b o x  f o r  I n d u c t i o n  P i p e .

M r. W . J .  P a u l i n  sa id  th a t  he had  also been 
very in te rested  in  F ig . 12, which had  shown a 
casting  w ith  a very heavy head and fine ru n n ers , 
which would involve a c e rta in  space of tim e to  
ru n . In  th e  first place, th e re  was th e  ru n n in g  
period in  which th e re  was no question of ru sh ­
ing th e  m etal, which m ust be ru n  regu larly  and 
w ithou t displacing th e  design. A fte r th e  'm eta l 
had been ru n  th e  casting  itself began to  con­
solidate and  liquid  m eta l to  draw  together.

R egard ing  the  sand for th e  oil-cooled cylinder, 
was the object in  m illing  the  red  sand  and  sea 
sand to  get the  partic les all th e  same d iam eter?  I f  
a con ta iner was filled w ith  any p a rticu la r size of 
Sand, th e  re la tionsh ip  betw een th e  solid size an d  
a ir  spaces was exactly  th e  sam e; b u t if d ifferen t 
sizes of g ra in  were p u t in  th e  same container
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th e  re lationship  was a t  once disturbed. A t the 
sam e tim e, i t  apparen tly  m ade a much firmer 
core, an d  yet, if th e  theory  were rig h t, i t  ought 
to have been the opposite. In  F ig . 7 was shown 
a heavy flywheel w ith  je t  runners, and  it 
was su rp ris ing  how solid it  looked. W as the 
sam e m ix tu re  of iron used for i t?  M r. Moly­
neux h ad  also re fe rred  to  denseners m ade from 
cast iron. Did he make th a t  iron of any  special 
m ix tu re  to  reduce gas? H ad  he ever experi­
m ented w ith  w rought iron?

F i g . 3 3 .— A  F i n i s h e d  E n g i n e .

M e. H . J .  Y o u n g , F .I.C ., observed th a t  M r. 
Molyneux had  m entioned th a t  he considered a 
pouring  speed of 8 secs, per cwt. was a sa tis­
fac to ry  one for small castings. H e (M r. Young) 
had  seen ingo t moulds in  cast iron  cast a t  the 
same speed tak e  5 to  10 m inutes to  pour. On 
th e  o ther hand , in  m arine  foundries castings 
were actually  poured a t 4 sec. per cwt. H e would 
like M r. M olyneux to  te ll him , if he could, why 
these th ings were done. M r. Young also asked 
if M r. M olyneux really  though t s tra in e r cores 
s tra in ed  th e  m etal, and w hat he s tra ined  o u t of 
it. H e was in terested  in  w hat M r. Molyneux 
had said about flywheels frequently  being thrown
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o u t of balance a f te r  m achining, and  wished to  
know w hat was th e  reason for th a t .

M r . J .  W . F r i e r  said th a t  he would like to  
know th e  thickness of th e  cylinders, and  allowance 
M r. M olyneux gave for con trac tion , and  th e  
dep th  of chill and  th e  effect of th e  chills, as he 
had  been very in terested  in  th e  m ethod of chill­
ing th e  bore of th e  cylinder. H e had  noticed 
th a t  in  th e  photograph  of the  p istons th a t  they  
were ru n  from  th e  (top, th e  ru n n ers  being 
dropped in to  p a r t  of th e  d ry  sand core, and  he 
w ondered if there  were any ill-effect.

M r. J .  M. S m i t h  said th a t  he would like to  
inform  th e  m eeting  of a  s tra n g e  ease, w hich 
m ight explain th a t  question, in  connection w ith 
a flywheel fo r a m otor engine. The casting  was 
rejected  because i t  was ha lf an  ounce too ligh t. 
The draw n side could scarcely be seen, and  yet 
th a t  was th e  cause of th e  trouble. The work 
which they  were discussing was so accu ra te  th a t  
even a frac tio n  of an  ounce would re jec t the  
casting.

M r . H. C. J ay rem arked th a t  in  m aking fly­
wheels for fire engines, care  had  to  be tak en  to  
get th e  flywheels p erfec t in  form . S im ilar 
resu lts had  been ob tained  w ith a  lower phos­
phorus m ix tu re  th a n  th a t  m entioned by M r. 
M olyneux. F o r m otor cylinders, phosphorus in 
th e  neighbourhood of 0.4-0.5 per cen t, had  been 
very sa tisfactory , a lthough on the  C on tinen t it  
was generally  as high as 1 .2  per cent.

M r . W . J .  P a u l i n  rem arked  th a t  th is  was u n ­
usually high. H e also asked M r. M olyneux if any 
trouble  was experienced w ith th e  pistons which 
had extrem ely th in  sections and ye t two large 
bosses.

In  reply to  the  discussion, M r . M o l y n e u x  said 
th a t  the  app aren tly  large  piece of m etal a t  th e  top 
of the  je t  run n ers  on th e  half-tim e wheel in  F ig . 12 
was simply the  ru n n e r basin, and was m ade narrow  
and deep in section simply to  fa c ilita te  m oulding 
on the ja r  ram  m achine. No a tte m p t was m ade 
to “ feed ” the  casting  th rough  the  je t  runners. 
The loose ru n n e r p a tte rn  was clearly seen w ith 
the  p a tte rn  p la te  on the  left-hand  side in  F ig . 11. 
One reason for using je t  ru n n ers  (and, in  fact, 
s tra in e r  cores too) is to  g e t clean castings. W hen
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these are  used on castings made in  large quan­
titie s  ( i t  was impossible to  supervise the pouring 
a t  all tim es) a m an m ust keep h is ru n n er filled 
and  cast very hot or the  mould will not fill, and 
he is n o t pa id  for the  casting. I t  was almost 
impossible to  ge t slag in to  a casting  using je t  or 
s tra in e r runners. W ith  je t  runners, too, one most 
im p o rtan t fea tu re  is the  p articu la rly  sound casting 
resu lting , as he th o u g h t was well illu s tra ted  in 
the case of the  flywheels and wheel blank.

The sand used for m oulding the litt le  oil-cooled 
cylinder was very un iform  in  size and shape of 
g rains, and  by being ram m ed on th e  ja r  machine 
and  used very dry, li tt le  gas was generated . The 
mould could, therefore , be ram m ed extrem ely hard. 
A very su itab le  silica sand which was finer th an  
seashore sand was “ R yarsh  ” sand, and was su it­
able for cores such as piston cores, which m ust be 
very clean inside, no blacking being required  w ith 
th is  sand. R eferrin g  to  w rought iron, Mr. 
M olyneux said th a t  he had never tr ied  it, but 
th a t  he had  tr ie d  steel w ith  very good results. 
F o r pistons, a m ix tu re  con ta in ing  less th a n  0.4 or 
over 0.9 per cent, phosphorus gave sound castings, 
b u t in  between these am ounts there  was a g rea t 
tendency for porosity.

R eplying to  Mu. Y o u n g , M r. M olyneux said 
the pouring  ra te  of 8 secs, per cwt. had been taken  
from  ac tua l p ractice. I t  was simply a  case of 
necessity, as the  mould had to  be filled quickly, 
although  in d ifferent cylinder foundries there  were 
differences of opinion as regards the speed of pour­
ing ; b u t he found th a t  a good working speed, and 
a f te r  th e  first t r ia l  casting  run n ers  were altered  
to  give th is speed.

M r. M olyneux s ta ted  th a t  he could no t say w hat 
was stra in ed  ou t of th e  m etal by pouring  through  
a s tra in e r  core, although he was conversant w ith 
the  experim ents of B runellie, R onceray and 
o th e rs ; b u t his reason for using them  was as sta ted  
in  reply  to  M r. P au lin , and by placing a piece of 
paper over the  s tra in e r core the  m etal on en te r­
ing  the  bush was m om entarily arrested  u n til the 
bush was full, and a f te r  th a t  if the m an failed 
to  keep the bush full slag would get in to  the 
s tra in e r and cause a m isrun. G reat difficulty was 
often  experienced in  ge ttin g  a flywheel in balance,
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as sometimes as m any as six holes had  to  be drilled  
in the  periphery  to  b ring  th e  flywheel in to  balance 
owing to  porosity  or unequal density . By using 
je t  runners, however, very li tt le  balanc ing  was 
required.

R eplying to  M r. F rie r , th e  thickness of cylinder 
chills could only be discovered by experience. The 
cylinders are chilled w ith tw o half-round  chills. 
M r. C hapm an raised  th e  question  of the  thickness 
of th e  sand under th e  bosses in  F ig . 4. The boss 
was round  and th e  th in  sand occurred ju s t  in  one 
place, and  no difficulty w hatever was expe rien ced ; 
Mr. Ja y , more or less, confirmed w hat he him self 
had  said concerning flywheels. I n  cylinder com­
position s tan d a rd  p rac tice  in  the  U .S .A . was to  
have the  phosphorus about 0.2 per cent.

In  proposing a vote of th an k s  to  M r. M olyneux, 
M r . E .  W oo d  (P residen t) said th a t  he would l i k e  
to  m ention th a t  the  sub jec t of th e  g ra in  size of 
sand was d ea lt w ith in  a P ap e r which had  been 
given by M r. H erbst.

The vote of th an k s  was passed w ith  acclam ation.
R eplying to  the  vote of th an k s , M r . M olynectx  

sa id  th a t  his only re g re t was th a t  he h ad  te e n  
able to  cover so li t t le  of his sub ject in  th e  sho rt 
tim e a t  his disposal.
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Newcastle-on-Tyne Branch.

THE SAND PROBLEM. 

By A. Logan (Member).

A lthough a  fa ir  am ount of research  has been 
carried  o u t on th e  sub jec t of m oulding sands, 
and  a c e rta in  am ount of fundam enta l knowledge 
ob tained , ye t th e re  seems to  be very li t t le  app li­
cation  of th is  knowledge in  th e  average foundry. 
The ob ject of th is  P ap er is to  focus a tten tio n  on 
th e  sand question, and although the  la t te r  p a r t 
of th e  P ap e r deals w ith  th e  subject in a general 
sense, i t  is th e  Sand question as i t  applies p a r t i­
cu la rly  to  th e  Tyneside d is tr ic t w ith which i t  is 
proposed to  deal p rim arily .

Sands Used Locally.
A t th e  p resen t tim e  th e re  is very li t t le  steel 

found ing  carried  o u t on Tyneside, and in  any case 
steel founding  requires r a th e r  special sand, so 
th a t  th e  P a p e r deals only w ith sands fo r iron- 
and brass-m oulding. Sand being a com paratively 
w orthless m ateria l in  itself, and  tra n sp o rt costs 
being h igh , i t  follows th a t  th e  ideal as regards 
economy would be for la rge  founding d is tric ts  to 
be s itu a te d  on, or im m ediately ad jacen t to, su it­
able sand s t ra ta  and coal m easures. Such con­
d itions exist in  th e  M idlands, and account for 
th e  area  known as the  “  Black C oun try .”  I t  
will be readily  seen th a t  th e  grow th and pros­
p e rity  of th e  B irm ingham  d is tr ic t is due largely 
to  a n a tu ra l use and application  of the  combina­
tio n  of resources available. U nfortunately , 
w hilst Tyneside has th e  coal m easures, suitable 
deposits of sand  a re  n o t available locally. The 
evolution of Tyneside as a founding cen tre , th e re ­
fore, is m ainly  due to  th e  grow th and demands 
of local sh ipbuild ing  and engineering. The cost 
of tra n sp o r t being practically  th e  determ ining 
fac to r, i t  is easy to  see why th e  g rea test bulk of 
sand  used in  th is  d is tr ic t comes from  th e  E rith  
deposits on th e  Thames. Being shipped direct,



and  w ater-borne, i t  is  p rac tica lly  th e  cheapest 
available source of supply. P ro f. Boswell, one of 
th e  forem ost au th o rities  on sands, in  a P a p e r  to  
th e  In s ti tu te  of M etals (Vol. X X II , No. 2, 1919), 
gives a m ap showing th e  p rinc ipa l foundry  dis­
tr ic ts  an d  th e  available deposits of su itab le  
m oulding sands. This is w ith special reg ard  to  
non-ferrous work, b u t is generally  applicable for 
both iron and  non-ferrous work, as th e  same 
sands a re  often  used in  both cases.
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F i g . 1.

S uitab le  supplies of sand  a re  ind ica ted  in  the  
Counties of D urham  and Y orkshire. The D urham  
sand  is w ith in  easy reach of Tyneside, w hilst th e  
Cleveland sand  is q u ite  close to  th e  M iddles­
brough d is tric t. Up to  th e  p resen t, th e  D urham  
sands have n o t been found very su itab le , and 
they  do n o t seem to  be in  genera l use. C er­
ta in ly  a sam ple which has been exam ined is 
qu ite  unsu itab le  fo r m oulding purposes. O ther 
6ands which a re  used to  some e x te n t a re  from  th e  
Selby, D oncaster and M ansfield a rea , and a re  all 
of th e  sam e type  (B un ter) and  deposit. Small 
q u an titie s  of o ther sands are  possibly used in 
some foundries for special purposes.
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Properties Desirable in a Moulding Sand.

There are  certa in  well-defined properties which 
a re  essential in a m oulding sand, w hether for 
brass or iron, and certa in  o thers which are  not 
so well defined, b u t which a re  also though t to  
be of g re a t im portance. A good m oulding sand 
m ust possess good bond, s tren g th  in th e  green 
s ta te , m axim um  porosity and perm eability , su it­
able g ra in  size, and freedom from  fusing, w ith 
long w orking life. The bond, of course, depends

m s s s  r e r
F i g . 2 .— C o m p a r is o n  o p  S i e v e  T e s t s  

o n  V a r io u s  S a n d s .

m ainly  upon the  clay content, and in some sands 
w here the  fe rric  oxide con ten t is h igh, th is 
hyd ra ted  iron oxide also forms a considerable 
bond in  itself. There is a difference in  the  
behaviour of a clay bond and a hydra ted  iron- 
oxide bond in service, and the long-life qualities 
a re  closely connected w ith  th e  type of bond 
presen t. Both clay and  hydra ted  iron oxide are 
colloidal bodies, th a t  is, they  exist in particles 
which a re  so small th a t  they are  ultra-m icroscopic, 
and the  ra tio  of surface to  mass is definitely



high. Chemically, clay consists of a heterogeneous 
m ix tu re  of various h y d ra ted  a lum in ium  silicates. 
No sa tisfac to ry  exp lana tion  of w hat actually  
causes th e  p la s tic ity  of clays has y e t been 
advanced, b u t we know th a t  “ ageing ” or 
“  w eathering  ”  in  th e  m oist condition , o r “  work­
ing ”  th e  clay, increases th is  p roperty . On 
hea ting , th e  hygroscopic w ater is d riven  off a t  
100 deg. C. and th e  clay loses its  p la s tic ity  and  
dries to  a h a rd  mass, b u t m oisten ing  and w orking 
will re s to re  th e  p lastic ity . On fu r th e r  h ea tin g  
to  approxim ately  500 deg. C., however, th e  chem i­
cally combined w ater is d riven  off, and  th e  clay ' 
perm anently  loses its  p lastic ity . N o am oun t of 
m oistening and  w orking will th en  re s to re  it , and 
i t  is said to  be “  b u rn t .”  This action  is con­
tin u a lly  happen ing  when a m oulding sand is in 
use. The layer of sand  form ing  th e  wall of th e  
mould is strongly  heated  by th e  h o t m eta l 
ad jac en t to  it . All th e  sand  hea ted  in  th is  way 
to  approxim ately  500 deg. C. and  over will be 
b u rn t and  lose its bonding properties completely. 
The bond due to  hyd ra ted  iron oxide is n o t so 
easily affected by th e  degree of h ea tin g  which 
destroys the  clay bond.

Porosity and Permeability.
I t  is a very p reva len t idea am ong foundrym en 

th a t  porosity and perm eab ility  m ean th e  sam e 
th ing , b u t in  rea lity  th ey  are  tw o q u ite  d is tin c t 
properties. P o rosity  re fe rs  to  th e  ac tua l pore 
spaces o r voids which ex is t in  a mass of sand , 
whereas perm eab ility  re la tes  to  th e  ease o r o th e r­
wise w ith  which gas can perm eate  o r pass 
th rough  those voids. G enerally, th e  g rea te r the  
porosity  th e  g rea te r th e  p e rm eab ility ; b u t i t  does 
no t follow. Two sands of equal porosity  m ay be 
of widely d ifferent perm eability . One m ay be 
composed of .large gra ins, and th e  o th e r of small 
grains, or m ay have th e  bond differently  d is tr i­
buted , and lower perm eability  will be caused by 
th e  increased fric tion  of th e  sm aller po re  spaces. 
This fac t can  be visualised by simple p rac tica l 
experim ent.

S u p p o s e  t h e r e  a r e  t w o  5 - in .  c u b e s  a n d  ¡D to  one 
is p u t  1 25  s p h e r e s  o f  1 - in .  d i a m e t e r ,  a n d  i n t o  t h e  
o ther we p u t  1 ,0 0 0  spheres of £-in. d iam eter. A t
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th e  first glance i t  m igh t be though t th a t  th e  
la rger spheres would have a la rger void space, 
b u t actually  both a re  equal—the  ra tio  of occu­
pied volume being always 52.36 per cent, where 
th e  partic les a re  perfectly  spherical. Thus we 
can  add a fu r th e r 47.6 per c e n t . ; th e  volume of 
w ater in each case will occupy th e  a ir space or 
voids between th e  spheres w ithout increasing th e  
to ta l volume. I t  will be seen, however, th a t  
although th e  to ta l porosity o r pore space rem ains

F ig . 3.— x 25. U n w a s h e d  E r i t h  L o a m . 
S a n d  G r a in s  r e m a i n i n g  o n  t h e  50- 
M esh I.M .M . S i e v e = 6 . 3 5  p e r  c e n t .

th e  sam e, yet in  the case of th e  larger spheres 
th e  spaces are also larger, and there  a re  fewer 
of them  com pared w ith th e  small spheres which 
have sm aller spaces and m ore of them . The per­
m eability  or ease w ith which gas can find its 
way th rough  will, therefore, be g rea te r In the 
first case where th e  voids are  few er and bigger. 
W here m ix tures of partic les ex is t of various sizes, 
these conditions do not hold good, as the  sm aller



partic les ten d  to  pack in to  th e  void spaces 
between th e  la rger g rains, and th u s  reduce th e  
perm eability  considerably. F rom  th is  p o in t of 
view i t  is unwise to  m ix d ifferent v arie ties  of 
sand in  the  hope of im proving th e  quality , unless 
full in fo rm ation  is available concerning the  
respective g ra in  sizes. I f  th e  sands a re  of d if­
fe ren t g ra in  size, a m ix tu re  of th e  tw o will give 
a sand  w ith poorer p ropertie s th a n  e ith e r of the 
o rig inal.

A lthough sand g ra in s as they  ex is t in m oulding 
sands a re  n o t clean, perfectly  spherical grains, 
yet these princip les apply, and i t  will be seen how 
th e  physical co n stitu tio n  ( th a t  ft, th e  sizes, 
shapes, and  am ounts of th e  d ifferen t sizes, and 
th e ir  bond coating) affect th e  perm eability . I f  a 
m oulding sand  is exam ined u nder th e  microscope, 
i t  will be found to  consist of ir reg u la r g ra in s of 
d ifferent sizes. New sand has th e  clay bond very 
unevenly d is trib u ted  on the sand  gra ins, gener­
ally form ing w art- or knob-like masses. A fte r 
w orking o r m illing, th is  clay is d is tr ib u ted  more 
uniform ly, form ing a m ore o r less complete 
envelope o r jack e t round  th e  sand  g ra ins.

Methods of Testing.
The foundrym an has his own rough-and-ready 

m ethod of te s tin g  a  new sand. H e  rubs i t  
betw een his thum b and finger in order to  g e t an 
idea of its  te x tu re  or g ra in  size, th e n  he squeezes 
a handfu l in o rder to  te s t th e  bond or s tren g th . 
N ot very scientific, perhaps, b u t still very useful 
when accom panied by experience.

The separa tion  of th e  sand in to  definite grades 
is only ca rry in g  th e  foundrym an’s rough te s t  to  
its  logical conclusion, and  is accomplished by 
means of sieves of vary ing  mesh. The s tan d a rd  
In s titu te  of M ining and M etallu rgy  sieves are 
used, and  for o rd inary  purposes th ree  have been 
chosen which divide up th e  sand in to  coarse, 
m edium  and fine. The m ateria l passing  th rough  
th e  las t sieve is a m ix tu re  'of coarse s ilt , fine 
s ilt and clay. The sieve num bers chosen a re  20, 
50, and 120  respectively. The No. 20 sieve 
re ta in s  all m a te ria l la rg er th a n  0.635 mm. (0.025 
in .) ;  th e  No. 50 sieve re ta in s  all la rg er th an
0.254 mm. (0.01 in .) ;  th e  No. 120 sieve re ta in s
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all la rger th a n  0.107 mm. (0.0042 in .). If  the  
m ateria l passing th rough  th e  las t sieve is only a 
small percen tage of th e  to ta l, i t  is n o t necessary 
to  exam ine i t  fu r th e r, h u t w ith very fine-grained 
sands, where a considerable p roportion  of the 
whole passes th rough , i t  is necessary to  fu r th e r 
g rade  th e  m ateria l. This is accomplished hy 
e lu tria tio n .

I t  has been objected th a t  square hole sieves are

F i g . 4 .—  x  2 5 . E r i t h  L o a m . S a n d  G r a in s

R E M A IN IN G  ON THE 5 0 -M e SH I . M . M .
S i e v e  =  4 .4 8  p e r  c e n t .

no t so sa tisfac to ry  as round hole sieves, and inas­
much th a t  g ra ins w ith one axes g rea te r th an  
ano ther m ay ge t th rough  the  diagonal axes of the  
square hole, th is  is quite  tru e , h u t for practical 
com parative work th is does no t m atte r . I t  is 
obvious th a t  a moulding sand w ith its coating of 
clay bond on the  grains will give an apparen tly  
larger g ra in  size on sieving. Sands should there­
fore he sieved in both the  washed and unwashed 
conditions for comparison.
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The results of sieve tes ts  on d ifferen t sands are  
shown graphically  in  F ig . 2, for com parison p u r­
poses.

A ctually, in  fully investiga ting  d ifferen t sands, 
i t  is necessary to  go fu r th e r  th a n  th e  sieve tes ts , 
and divide up th e  m ateria l which passes th rough  
the  120  sieve in to  its respective grades of coarse 
silt, fine silt, and ac tua l clay bond. F o r instance, 
com paring th e  D urham  sand w ith E rith  loam, i t

F i g . 5 .— x  2 5 . U n w a s h e d  E r i t h  L o a m .
S a n d  G r a i n s  r e m a i n i n g  o n  t h e  1 2 0 - 

M e s h  I . M . M .  S i e v e = 7 . 5 8  p e r  c e n t .

would appear th a t  they  are  very sim ilar, and m igh t 
be used or mixed and give th e  sam e results. A ctu­
ally, however, th is  is n o t so, as the  D urham  sand 
is alm ost useless for m oulding purposes, con ta in ing  
in add ition  to  a  poor clay of in fe rio r bonding pro­
perties a large proportion  of fine silt, which 
chokes up the pores and reduces th e  perm eability . 
Smalley has quoted th e  re la tive  perm eabilities of 
E r ith  and D urham  sands under th e  sam e condi­
tions as p ractically  7 hours and  87 seconds respec­
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tively. (Time to pass 600 ccs. of a ir  th rough  tested  
sand  in his own perm eability  appara tus.) This 
low perm eability  is easily understood by com paring 
the  photo-m icrographs.

F igs. 3, 4, 5, 6, 7 and 8 show photo-m icrographs 
of the  various size sand grains of E r ith  sand, in 
both the  unwashed and washed conditions. F ig . 9 
shows th e  fine s ilt in  a D urham  sand, and F ig. 10 
g ra ins of sea-sand.

The te s ting  of perm eability  is not a simple opera-

F i g . 6.-—  x  2 5 . W a s h e d  E r i t h  L o a m . 
S a n d  G r a in s  r e m a i n i n g  o n  t h e  120- 
M e s h  I . M . M .  S i b v e = 5 . 6 9  p e r  c e n t .

tion , b u t the  general p rincip le consists in m easur­
ing th e  tim e tak en  to  pass a ce rta in  volume of a ir 
th rough  a definite am ount of the  sand to  be tested . 
There a re  m any different variables which influence 
the  te s t, and owing to  lack of s tandard  appara tus 
com parative tes ts  are  a l l  th a t  can be obtained. 
The degree of moistness originally  p resen t in th e  
sand, th e  degree of ram m ing, th e  area  and th ick ­
ness of the  tested  sand, the  bead or pressure behind 
th e  a ir, all have th e ir  influence. In  green sand



work th e  m oisture con ten t is im p o rtan t, and th is 
is easily ob tained  by ta k in g  a weighed q u an tity  
of sand and  d ry ing  a t  sligh tly  over 100 deg. C. 
u n til a  constan t w eight is obtained.

For some years th e  A m erican F ound rym en’s 
A ssociation have had a special com m ittee, known 
as th e  M oulding Sand R esearch C om m ittee, going 
thoroughly in to  th e  question of m ethods of sand 
tes ting , and they  have done adm irab le  work, which 
will be referred  to  la ter.
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F i g . 7.— x 15. U n w a s h e d  E r i t h  L o a m . 
S a n d  G r a i n s  p a s s i n g  t h r o u g h  t h e  1 20- 
M e s h  I . M . M .  S i e v e = 8 5 . 1 4  p e r  c e n t .

Deterioration of Sand in Use.
The g rea te s t source of loss is due to  th e  layer 

of sand form ing th e  wall of th e  mould being 
“  b u rn t ” du ring  casting . As po in ted  o u t p re ­
viously, all sand which is heated  to  500 deg. C. o r 
over has its  clay bond destroyed, and becomes use­
less. I t  depends upon the  in itia l casting  tem pera­
tu re , and th e  section and mass of th e  casting  as 
to  how fa r  th e  zone of tem p e ra tu re  exceeding
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500 deg. C. pene tra tes  back into th e  sand. W hen 
the casting  is removed from  the mould i t  is impos­
sible to  en tire ly  separa te  th e  h u rn t sand from the  
u n b u rn t, so th a t  a ce rta in  proportion  of “  dead ”  
sand becomes mixed w ith th e  good. The handling 
of sand  also tends to  break down the  sand grains, 
so th a t  th e  tendency of the  floor sand is always to 
d e te rio ra te  in to  finer and  less strong  m ateria l, 
w ith  a  decreased perm eability .

F i g . 8 .—  x  2 5 . W a s h e d  E r i t h  L o a m .
S a n d  G r a i n s  p a s s in g  t h r o u g h  t h e
1 2 0 -M e s h  I . M . M .  S i e v e = 8 9 .3 5  p e r
CENT.

There is also the  con tinual accum ulation of small 
particles of m etal, iron being the  w orst offender in 
th is respect, as a drop of iron sp ilt w hilst pouring 
flies in  all d irections, and is sp lit up in to  very small 
“  shot ” which are too small to  be sieved o u t w ith 
an  o rd in ary  foundry riddle. In  tim e these 
“  shot ” ru s t, and where th e  facing  sand is a m ix­
tu re  of riddled floor sand and new sand, etc., some 
of these ru s ty  “ sho t,”  perhaps only a  m a tte r  of 
an £ in . dia. or less, m ay happen to  find th e ir
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way to  th e  ac tua l mould face, and i t  is qu ite  
possible th a t  th ey  m ay cause excessive local evolu­
tion  of gas when th e  job is cast.

N orm ally the  floor sand is kep t in condition  by 
circulation , th e  add ition  of new sand  to th e  facing 
m ix tu re  balanc ing  th e  discarded b u rn t sand , and 
keeping the  whole in  good condition .

Foundry Aspect of the Sand Question. *
The m ost v ita l quality  in  a  m oulding sand  from  

the  foundry  p o in t of view is th a t  of s tren g th ,

F i g . 9 .— U n w a s h e d  D u r h a m  S a n d .
T h e  G r a i n s  w h i c h  h a v e  p a s s e d  
THROUGH TH E I.M .M . S lE V E  =82.35 PER  
c e n t . N o t e  t h e  L a r g e  P r o p o r t io n  
o p  S i l t  P r e s e n t  a n d  C o m p a r e  w i t h  
F i g . 7.

and th is  is bound up w ith th e  question of the  
bond. T his is d irectly  influenced by th e  m oisture 
conten t, and every p a rtic u la r  sand  has its  own 
optim um  w ater con ten t which gives th e  m axim um  
s tren g th . G enerally th e  m oulder will find th is  
o u t fo r him self, and he is able to  work w ithin 
fa irly  close lim its from  day to  day.
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I t  seems to  th e  w rite r  th a t  even a t  th e  pre­
sen t tim e th e re  is very little  p ractical applica­
tion  in  th e  foundries of th is  country of th e  re­
sults of researches which have been carried  ou t 
both here and in America and on th e  C ontinent. 
How m any foundries a ttem p t in  any way to  con­
tro l th e  properties o r regulate  th e  sand  in  any 
definite m anner?  Or do they  no t simply tak e  the  
cheapest available source of supply and  make the 
best of i t?  On Tyneside, for instance, th e  m ajority  
of th e  sand used is E rith , no t because i t  is neces-

F i g . 1 0 .—  x 2 o .  S e a -S a n d  G r a in s  r e m a i n ­
i n g  o n  t h e  5 0 -M e s h  I . M . M .  S i e v e =  
8 9 .5 1  p e r  c e n t . N o t e  t h e  A p p r o a c h  
t o  S p h e r ic a l  S h a p e .

sa rily  th e  best sand, b u t because i t  is relatively 
cheap. This fa c t emphasises ano ther po in t upon 
which i t  is desired to draw  discussion. Looking 
a t  th e  grad ing  of new E rith  loam, i t  will be 
noticed th a t  over 85 per cent, passes th rough  a 
120 -mesh sieve—th a t  is, allowing, say, about 8 per 
cent, of th is  as being clay bond, th e n  over 75 per 
cen t, of th is  sand  is of th e  fineness which is 
classed as silt, and th e  perm eability  is low com­
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pared  w ith sands used in  o th e r d is tric ts , such as 
M ansfield o r Belgium  loam, which a re  much 
coarser or more “ open ”  sands, and which have 
h igher in itia l perm eabilities. W hat, th en , is the  
value we are  to  se t on perm eab ility  from  th e  
foundry  p o in t of view?

A lthough some go so fa r  as to  say th a t  perm ea­
b ility  is no t a necessary quality  a t  all, i t  is
believed th a t  perm eability  does m a tte r  to  some
ex te n t even in a  dry-sand mould, and  becomes 
very im portan t, of course, in  cores o r in  places 
nearly  surrounded by m olten m etal. W hen i t  is 
recollected th a t  simple castings were m ade in 
early  tim es in stone m oulds, and la te r  in clay 
moulds, and th a t  sem i-perm anent moulds are  being 
used to-day where th e re  can be very li tt le , or no, 
perm eability , th e  whole question becomes very
difficult. In  th e  dry-sand mould certa in ly , th e
sand has' li tt le  m ore to  do th a n  to accom modate 
the  increased volume of the  a ir  occupying th e  pore 
spaces, and which is expanded due to  th e  h e a t of 
casting, and  possibly a l i t t le  ex tra  gas caused by 
sligh t decomposition of th e  plum bago facing  on 
th e  mould surface. I f  the  casting  tem p era tu re  is  
sufficiently h igh, and the  layer of sand form ing 
the face is b u rn t, th en  th e re  will be a  fu r th e r  
am ount of w ater vapour libera ted  from  the 
hydra ted  bonding m ateria l. However, the  tim e 
elem ent comes in, and  i t  is only th e  firs t few 
seconds or so when th e  m olten m etal m akes con­
ta c t w ith  the  wall of the  mould th a t  is th e  c ritica l 
tim e from  th e  castin g ’s p o in t of view, for a  skin 
is form ed very quickly. Any gas th en  genera ted  
by th e  decomposition of th e  face would no t be able 
to  p en e tra te  in to  th e  m etal, and would be forced 
to  find its  way back in to  th e  sand. T ry ing  to  
p ic tu re  th e  sequence of events as they  tak e  place, 
we can im agine a  mould being filled from  th e  
bottom  and th e  liquid m etal ris in g  up  th e  walls. 
Im m ediately  a fresh p a r t  of th e  mould surface is 
covered, a ce rta in  am ount of decom position of the  
facing takes place, and th e  m a jo rity  of th e  gas 
libera ted  frees itself in to  th e  mould cav ity  and 
thus escapes in to  th e  open. The h ea tin g  of the  
sand nex t the  m etal occurs, and  th is  expands th e  
a ir  held in the  pore spaces, which has to escape 
back in to  th e  cooler sand.
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Sand is a very poor conductor of heat, and 
although th e  layer of sand nex t th e  casting  is 
very strongly  heated , th is  is n o t conducted very 
rap id ly  by th e  ad jacen t sand. The abstraction  of 
h ea t by th e  sand rap id ly  forms a skin on th e  o u t­
side of th e  m etal where i t  is in  contact w ith the 
mould su rface; and although i t  is possible th a t 
by now the layer of sand m ay be heated  to  over 
500 deg. C. and consequently becoming “ b u r n t ” 
by th e  decomposition of the clay bond w ith conse­
quent libera tion  of fu r th e r quan tities of gas, yet 
th is  is unable to  escape by way of the  m etal owing 
to the  im pervious skin, and i t  is forced to  g radu ­
ally find its  way o u t th rough  th e  sand.

In  any case, th e  volume of gas generated  in a 
properly  dried, dry-sand mould m ust be very 
sm all, and i t  finds its  way o u t im perceptibly. 
The case of th e  green-sand mould is ra th e r 
different. To commence w ith, th e re  is both free 
m oistu re  and  coal dust p resen t, so th a t  the volume 
of gas generated  is very much g rea te r—much 
g rea te r th a n  th e  o rd inary  perm eability  of the  
sand can accommodate, so th a t  free channels or 
vents have to  be artificially  provided.

Permeability.
From  a stric tly  p rac tica l p o in t of view, th e  only 

tim e th a t  the  actua l perm eability  of the  sand is 
of any im portance is the  critical m om ent o r so 
when th e  m olten m etal first lies on th e  wall of the 
mould. I f  the  perm eability  is suoh th a t  the 
volume of gas being generated  can find its way 
th rough  th e  sand sufficiently fast, to  p reven t the 
accum ulation of a p ressure g rea te r th a n  th e  pres­
sure  of the  head of the  liquid m etal, th en  no gas 
can escape by way of the  m etal. I f  the pressure 
builds up g rea te r th an  th e  liquid pressure in  th e  
m etal, th en  some gas will pass in to  th e  m etal. 
This can only happen  m om entarily, for in  a very 
sho rt tim e a skin will have form ed and preven t 
e ith e r ingress o r egress of gas. I t  does n o t follow 
th a t  a  bubble of gas which en ters will be found 
a t  the  same spot on m achining, for on en te ring  
the m etal, i t  m ay be carried  along some distance 
if  th e  mould is still being filled. This explains 
why gas holes a re  sometimes found a t  places where . 
th ere  is no ap p aren t explanation  fo r th e ir  
presence.
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A nother reason is th a t  som etim es an in tense 
local evolution of gas may tak e  place a t  some 
p a rtic u la r  spot on th e  m ould face, due to  th e  
lodging of some foreign body in  th e  sand a t  th a t  
spot. The risks of th is  so rt of troub le  a re  very 
much g rea te r in  green-sand work. P a tch in g  is a  
frequen t cause of both gas holes and  scabbing. 
G enerally a place is patched  w ith  sand  which con­
ta in s  more m oisture th a n  th e  sand already form ­
ing th e  mould. The excess m oistu re  in  th e  p a tch ­
ing sand  is absorbed in to  th e  mould by cap illary  
a ttra c tio n  and i t  carries w ith  i t  a c e rta in  am ount 
of th e  clay bond. This accum ulates in  a layer 
behind the patch , so th a t  th e re  is n o t only a weak 
place due to  insufficient bond which m ay scab ; 
b u t even if th e  p a tch  resists th e  wash of th e  
m olten m etal, th e  lowered perm eability  due to the  
layer of clay behind th e  p a tch  m ay cause gas 
trouble.

A nother cause of scabbing m ay be due to too 
hard  ram m ing  on one local spot, o r ram m ing  too 
n ear the  p a tte rn . Up to  a  ce rta in  po in t, un iform  
increase of density  of th e  sand , only reduces the  
perm eability  a  li tt le . This corresponds w ith  the  
point where all th e  sand gra ins w ith  th e ir  jack e t 
of bond a re  touching each o ther. F u r th e r  ram ­
ming th en  causes the  breakdow n of th e  bond coat­
ing round each g ra in  and  causes packing of the  
gra ins and choking of th e  pore space. The 
decrease of perm eability  is th en  very  m arked, and 
any local spots of th is  k ind  will probably “  scab ” 
or “ blow.”  As will be readily  understood, these 
a re  troubles which are  due to  the  use or mis-use 
of th e  sand, and  no t to  th e  sand itse lf, and  are  
only avoided by th e  m oulders’ ind iv idual skill and 
care in w orking. Gas troubles in  castings, 
especially green-sand work, a re  n early  always due 
to  some ir reg u la rity  in  m oulding, and  very seldom 
to  the  m etal o r sand. The biggest causes a re  as 
ou tlined  above—w et patches, unevenly ram m ed 
places, ram m ing  too n ear th e  p a tte rn , patches, 
e tc., and  also th e  possibility of m echanically 
mixed im purities ly ing  n ear th e  mould face. I t  
m ust no t be fo rgo tten  also th a t  th e  speed of p ou r­
ing, or th e  shape of th e  pouring  basin  m ay cause 
a ir to  be draw n in  and m ixed w ith  th e  stream  of 
m olten m etal en te rin g  the  casting .



V arions investiga to rs have shown from  tim e  to  
tim e  th e  im portance of correct w ate r con ten t, both 
from  th e  s tren g th  p o in t of view and  p articu la rly  
as to  its  effect on th e  perm eability . As a  m a tte r 
of fac t, th e  perm eability  of a  d ry  sand mould is 
m uch less affected by over-ram m ing th an  by 
a n  excessive am ount of w ater in  th e  first place. 
The ty p e  of sand—th a t  is, th e  general g ra in  size— 
and  th e  am ount and  n a tu re  of th e  bond influence 
th e  am oun t o f w ater required . A n open sand 
of th e  M ansfield type therefore  requires only a 
m a tte r  of from  6 to  7 p er cen t., whereas a  very fine 
sand, such as E rith , requires from  10to  11 p e rcen t., 
a lthough  both  perhaps would appear by observation 
to  be of th e  sam e com parative degree of m oist­
ness. F o rtu n a te ly , observation  and  experience 
on  th e  p a r t  of th e  m oulder enable h im  to  gauge 
fa ir ly  accurately  th e  necessary am ount of w ater, 
and , w ith  care, he is able to  work very closely to  
th e  co rrec t am ount. A ctual tes ts  on  a  m oulder’s 
sand  heap , over a  period, have shown th a t  the  
g rea te s t varia tio n  was only a  m a tte r  of about 2 
per cen t., from  approxim ately 10  to  12  per cent. 
N evertheless, th e  w ate r con ten t being  so im ­
p o rta n t, a tte n tio n  to  th is  p o in t is desirable, 
especially where m achine m oulding and mass p ro­
duction  are  in  opera tion . I n  m any American 
foundries th e  w ate r co n ten t is checked on every 
b atch  of sand  mixed.

The difficulties in  th e  way of obtain ing  definite 
perm eability  tes ts  have been touched upon, and, 
a lthough  a  s ta n d a rd  ap p a ra tu s  in  a  robust form  
su itab le  fo r p rac tica l foundry  w ork has been pre­
p a red  by th e  Sub-Com m ittee on  Tests of th e  
M oulding Sand  R esearch Com m ittee of the  
A m erican Foundrym en’s  Association, ye t appa­
ren tly  everybody in  th is  country  uses a  different 
k ind  of ap p a ra tu s . The same th in g  occurs w ith 
th e  s tren g th  tests. Everybody seems to  have a 
d ifferen t size te s t b ar and  different conditions of 
doing th e  te s t.

Necessity for Practical Tests.

In  general, th e re  a re  two directions in  which 
sand te s tin g  can be effectively applied. One is in 
deciding, in  th e  first place, w hether a sand is 
su itab le  fo r any p a rticu la r m oulding purpose. I t
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is useless, for instance, try in g  to  blend tw o d if­
fe re n t sands w ith  a view to  im proving th e  pro­
perties, unless th e  respective properties of each— 
g ra in  size," bond, e tc .—a re  known. A gain, the 
p roperties of a sa tisfac to ry  sand  in  use being 
investigated , i t  may be possible to  m atch these 
p roperties in a cheaper local sand.

Secondly, a su itab le  sand  being fixed upon, it 
is desirable to  regu la te  th e  p ropertie s of the  
sand  in use, by simple, daily, ro u tin e  te s ts . I t  
is th o u g h t th a t  from  th e  s tr ic tly  p rac tica l p o in t 
of view, all th a t  would be necessary would be a 
m oisture te s t, a perm eab ility  te s t, and  a  s tren g th  
te s t, som ething a f te r  th e  sty le  of th e  p rac tica l 
foundry  te s t  recom m ended by th e  A m erican 
F oundrym en’s A ssociation C om m ittee m entioned. 
P roof th a t  th is  p rac tica l te s t is of value in  every­
day w orking is g iven by S. H . R ussell in  his 
“  Im pressions of A m erican F o u n d rie s ,”  given 
before th e  E a s t M idlands B ranch  of th is  In s ti­
tu te .*  To quote from  th is  account, of one 
foundry  v isited  he s ta te s :  “ These people have 
adopted  th e  S tan d a rd  A .F .A . tes ts  for th e ir  
sands. The te s t can  be quickly ta k e n  and  gives 
valuable com parative results . A weighed q uan ­
t i ty  of sand is tak en  from  th e  heap , and is 
ram m ed in to  a brass cylinder by th re e  blows from  
a w eight fa lling  down a spindle  th rough  a fixed 
d istance. The h e igh t of th e  column of sand  is 
m easured by a lever res ting  on th e  top  of the  
spindle, and  a  p o in te r a t  th e  end  of th e  lever 
ind icates th e  h e ig h t on a g rad u a ted  scale. W et 
sand  ram s closer th a n  dry , and an  in d ica tion  is 
given as to  th e  com parative m oisture  and perm e­
ab ility . T h e ' brass cylinder co n ta in in g  th e  core 
of sand  is th en  tak en  and  tra n sfe rre d  to  ano ther 
ap p ara tu s, and  a sim ple w ate r gauge indicates 
th e  p ressure necessary to  drive a ir  th ro u g h  the  
core and indicates perm eability . The core of sand 
is th en  removed from  the  cylinder and  is com­
pressed in  a m achine like a sm all, old-fashioned 
le tterp ress . The core stands on th e  tab le  of a 
sp ring  balance, and  the  read in g  in pounds when 
the core collapses is tak en . These th re e  te s ts  are 
made in  less tim e  th an  i t  takes to  describe them ,

* F o u n d r y  T r a d e  J o u r n a l ,  January 6, 1927.



and  th is  firm appear to  regu la te  th e ir  sands 
en tire ly  by th e  re su lt of these tests. . . . ”

A lthough i t  is fully  recognised th a t ,  w ith  the 
n a tu ra l m oulding sands available in  th is .co u n try , 
ou r sand  problem  is n o t so pressing as i t  is in 
A m erica, and  g ran ted  these su itab le  supplies of 
m oulding sand—th a t  th e  troubles due to  the  
mould which do arise in  everyday w orking are 
m ore probably th e  resu lt of unskilfu l o r careless 
m oulding th a n  of ac tua l v a ria tio n  or u nsu itab ility  
of th e  ac tua l sand itself. Y et i t  is s till though t 
th a t  th e  problem  is sufficiently im p o rtan t to  
w a rra n t a thorough exam ination  of th e  whole 
question  of m oulding sands, and  p articu la rly  
m ethods of te s tin g , on a  m uch bigger scale, and 
w ith  a b roader outlook th a n  has been possible on 
th e  p a r t  o f ind iv idual workers—adm irable as th e ir  
p ioneer research  has been.

The whole question of sand tes tin g  a t  th e  p re ­
sen t tim e  in  th is  country  is chaotic. To give only 
one instance—th a t  of th e  sim plest te s t of all— 
th e  g rad in g  o r sieve te s t. This is conducted by 
d ifferen t workers (both in  th is  coun try  and 
abroad) w ith  d ifferen t sieves, some w ith  round 
holes, some w ith  square, all w ith  different d ia­
m eter openings. There are  d ifferent methods of 
conducting  th e  siev ing ; some 6ieve only for a 
fixed tim e, o thers sieve t i ll  no m ore passes 
th rough , and  so on. The very first essen tia l is 
th a t  we should have definitely standard ised  tests, 
p referab ly  in te rn a tio n a lly  standard ised , o r a t 
least to  be com parable w ith  work done in o ther 
countries. The te s ts  should, roughly, fall in to  
tw o categories—more or less fundam ental research 
tests , su itab le  for laboratory  research  and investi­
g a tion  of new sands, etc., and p ractical, every­
day  ro u tin e  tests , which would give prac tica l 
guidance as to  th e  condition of th e  sand in  use.

There does appear to  be a  rea l need a t  the 
p resen t tim e for some such body as the  In s titu te  
of B ritish  Foundrym en to  set up a com m ittee on 
th e  lines of th e  ex isting  T est-B ar Committee, 
w hich has done such useful work, and to  go 
thoroughly  in to  th is  question of sands and sand 
testing .
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Wales and Monmouth Branch.

SEMI-STEEL.

By J. E. Hurst (Member).

I t  is ju s t over te n  years since th e  au th o r 
addressed th e  L ancash ire  B ranch  of th e  In s ti tu te  
on th e  sub ject of semi-steel. Since th a t  tim e  the  
use of steel m ix tu res in  th e  foundry  cupola has 
extended considerably, and th ey  a re  more 
thoroughly  understood by th e  general ironfounder. 
In  fac t, du rin g  th e  las t ten years sem i-steel has 
occupied th e  position of th e  u ltra fa sh io n a b le  cupola 
m ix tu re . I t  appears th a t  th e  p opu larity  of sem i­
steel in  th e  fashionable world of th e  iro n found ry  is 
on th e  wane, and  is being usurped stead ily  by a 
new fashion, under th e  guise of p earlitic  cast iron 
and low to tal-carbon con ten t cas t iron . This, 
however, does n o t d e tra c t from  th e  im portance  of 
semi-steel, and  th e  knowledge gained in  th e  p ra c ­
tice  of semi-steel and , in  fac t, th e  con tinued  use 
of steel m ixtures e ith e r d irec tly  o r ind irec tly  will 
still be essential to m a in ta in  th e  h igh  s tan d a rd s  of 
quality  se t in  th e  m ore m odern fashions.

In  some notes on semi-steel o r steel m ix tu re  
irons which th e  au th o r has included in  a  ch ap te r 
of h is book on “ The M etallu rgy  of C ast I r o n ,” he 
has described semi-steel as a de ligh tfu lly  cheap  and 
easy way of producing  a low silicon, low phos­
phorus iron—a good iron. T here is no a lte ra tio n  
to  m ake to  th is  s ta tem en t, excep t to  add a proviso 
th a t  steel scrap  rem ains cheap and easily  o b ta in ­
able. T his and  th e  whole o f these no tes have 
been criticised in  an  A m erican review of th e  book 
on th e  following lines. T he review er com plains 
th a t  th e  m ost im p o rtan t d e ta il of m elting  steel 
add itions in  th e  cupola a re  om itted  as though  
they  were, a m a tte r  of common knowledge. “  P e r­
haps they  a re  in  some q u a rte rs ,”  th e  review er 
goes on to  say, “ b u t few foundrym en can  m eet a 
h e a t con ta in ing  25 to  30 per cent, steel w ithou t 
ru n n in g  in to  difficulties unless they  have been
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in s truc ted  by an  expert in  th is  practice. Those 
foundrvm en th a t  do employ large q u an tities  of 
steel scrap seem loath  to  describe exactly  how i t  
is done.”

This criticism  reveals an  a tt itu d e  tow ards semi­
steel which is u n fo rtu n a te ly  typ ical of th e  a tt itu d e  
of m any foundrym en and  ironfoundry  m etallu rg ists 
(including m any who ought to  know better) to ­
w ards new suggestions and  innovations in  cast 
iron  cupola m ixtures. The a tt itu d e  is one which 
endeavours to  a tt r ib u te  some e x tra  special know­
ledge and  skill as being necessary to  accomplish 
th e  successful operation  of th e  innovation. The 
ironfoundry  section of m etallu rgy  as a  whole 
appears to  be peculiarly  susceptible to  th is  k ind 
of th in g , and i t  is though t th a t  ce rta in  sections 
of th e  industry  p re fe r to  m a in ta in  th e  atm osphere 
of m ystery  and com plexity su rround ing  its  pro­
cesses ra th e r  th a n  they  should be laid bare and 
simplified.

T here are , of -course, m any reasons for th is 
a tt itu d e , b u t one of th e  p rin c ip a l reasons which 
i t  is necessary to m ention here is th a t  th e  in tro ­
duction  of these innovations in  cast iron  m ix ture  
p ractice  is generally  heralded by th e  m ost ex trav a ­
g a n t claims, and  as experience modifies them  the 
a tt itu d e  above m entioned arises as an a ttem p t to 
susta in  th e  in itia l unfounded claims.

T en to  tw en ty  years ago semi-steel was inferen- 
tia lly  and  d irectly  m ade th e  subject of such e x tra ­
v a g a n t claims, and one meets people to-day who 
s till have th e  im pression th a t  th e  physical and 
m echanical p roperties of semi-steel a re  between 
those of steel and  cast iron. This is, of course, 
n o t tru e , and  should any foundrym an desire to  
ob ta in  such results, then  i t  will be necessary for 
him  to  have recourse to th e  services of such an 
ex p e rt as is n o t to  be found in  th is you 11 t r y  a t  any 
ra te . Otherwise, if  he desires to  ob tain  a. 25 or 
30 p er cent, semi-steel, as th e  case m igh t be, the  
final resu lt and th e  services of th e  ex p ert will 
rem ain  unnecessary.

Composition of Semi-Steel.

The whole p o in t in producing semi-steel is the  
decision as to th e  most su itab le  chemical composi­
tion  for th e  p a rticu la r castings i t  is desired to
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m ake, neglecting for th e  m om ent any consideration  
of th e  to ta l carbon con ten ts and  confining a tte n ­
tio n  solely to  th e  rem ainder of the com position,
i.e ., silicon, m anganese, su lphur and  phosphorus 
contents.

The decision as to  th e  m ost su itab le  composition 
will determ ine th e  am ount of steel to be used in  
th e  m ix tu re  and the  composition o f th e  rem ain ing  
portion  of th e  charge. T his decision is governed 
by th e  sam e rules and  regu la tions as in th e  case 
of o rd in ary  castings, and  th e  decisive fe a tu re  is 
generally  th e  silicon conten t. In  so f a r  as the 
item s of th e  chemical composition enum erated  
above a re  concerned, th e  add ition  of steel simply 
acts as a d ilu en t and  reduces th e ir  p roportions by 
an  am oun t depending upon  th e  am ount of steel 
added, ta k in g  in to  consideration  obviously 
the  norm al losses and  gains experienced due to 
rem elting . The norm al loss in  silicon and  m an­
ganese takes place, as does also th e  no rm al gain 
in sulphur.

I t  is  obvious th a t  if th e  com position decided 
upon is unsu itab le  fo r any p a rtic u la r  casting  th e  
steel m ix tu re  can hard ly  be held  responsible. This 
m ay qu ite  easily happen  as in  th e  following hypo­
the tica l case. Assum ing a foundry  o p e ra tin g  on 
ligh t castings n o t m ore th a n  J in. th ick  and  using  
an  iron of approxim ately  2.0 to  2.5 p e r  cent, 
silicon, th e  add ition  of 25 per cent, steel to  th is  
iron  would reduce th is  to  a silicon co n ten t in  th e  
neighbourhood of 1.5 p er cen t., which would be a t  
once accom panied by d isastrous resu lts in  th e  
shape of h a rd  castings due to  the  low-silicon con­
te n t. One m ay fu r th e r  im agine th a t  th is  sam e 
m ix tu re  has a  low m anganese co n ten t and  com­
para tive ly  h igh su lphur con ten t, e.g., 0.30 per 
cen t. Mn and 0.15 per cen t. S . The add ition  of 
25 p er cent, steel to  th is m ix tu re  w ith  th e  reduc­
tion  of th e  silicon co n ten t to  1.5 per cent, m ay be 
accom panied by a tendency  to  h a rd  castings. If , 
however, in  add ition  th e  m anganese is ra ised  a t  
th e  sam e tim e, _ e ith e r by th e  add ition  of ferro  
m anganese or pig-iron- or steel of high m anganese 
con ten t, th e  tendency tow ards h a rd  castings would 
disappear. In  th is case sa tisfac to ry  castings would 
be obtained w ith  silicon con ten t of 0.5 per cent, 
lower th an  th e  o rig inal of 2.0  per cen t., and  th is



would be accom panied by superior p roperties in 
the same castings. These superior properties are  
no t wholly due to  th e  added steel, however, b u t to 
the  elim ination  of th e  influence of th e  su lphur by 
th e  add ition  of m anganese, and the  only effect of 
th e  steel is to im prove wh a.t was orig inally  a 
defective m ix ture .

This brief consideration serves to  show th a t  in 
th e  m an u fac tu re  of sem i-steel i t  is im p o rtan t 
correctly  to  decide th e  desired composition, and in 
ob ta in ing  th is  the  composition of th e  cast iron 
po rtio n  of th e  cupola charge is of th e  greatest 
im portance.

Total Carbon Contents.
There is no doubt th a t  th e  early  claims for 

sem i-steel were based upon th e  expectation  th a t  th e  
final m ix tu re  would have a low to tal-carbon con­
te n t p roportional to  th e  am ount of steel added. 
T h a t these expectations have not been justified 
has been am ply dem onstrated  over and over again 
in p ractice , and th e  general experience is th a t  in 
o rd in ary  cupola p ractice th e  to ta l carbon con ten t 
suffers very little  and  m ore frequently  no change 
due to  th e  added steel. I i f  th is  respect th e  added 
steel has proved itself n o t to  ac t as a d iluen t. Of 
th e  m any examples th a t  can be quoted, the  resu lts 
of W heeler (M anchester Association of E ngineers, 
1921) will serve to  illu s tra te  th is  po in t. Of the  
tw o m ix tu res, th e  one con tain ing  50 per cent, steel 
has ac tua lly  a  h igher to tal-carbon con ten t th an  
the 25 per cent, steel m ix ture .

This question of th e  behaviour of th e  to ta l 
carbon contents when rem elting  m ixtures of steel 
and cast iron in  th e  cupola is of the  utm ost 
im portance in  connection w ith th e  modern tren d  of 
ideas in  im proving the  quality  of cast iron.

W hen m ild steel is charged by itself in to  th e  
cupola w ithout the adm ixture of cast iron (i.e., 
100  per cent, steel) the  steel melts and liquid m etal 
is w ithdraw n from  th e  ta p  hole of the  cupola. The 
mild steel may have a carbon conten t of approxi­
m ately  0.20 per cent, and the  liquid m etal will be 
found to have a total carbon con ten t very much 
¡11 excess of th is  o rig inal am ount. T here are  qu ite  
a num ber of published results available of th is 
experim ent. D r. S tead  obtained a to ta l carbon 
con ten t of 3 p er cent., and o ther results a re  avail­
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able showing an increase in  th e  to ta l carbon con­
ten ts  vary ing  from  1.5 to  3.0 p e r cent.

T his absorption  of carbon, o f course, tak es  place 
as a  re su lt of th e  in tim a te  co n tac t of the  steel 
w ith th e  carbonaceous fuel and  gases in  th e  cupola, 
and  th e  resu lts  ob ta ined  by various investiga to rs 
ind ica te  the com paratively  wide lim its  of v a r ia ­
tio n  in  th e  ex ten t of th is  absorption . The condi­
tions which influence th e  ex ten t of th is  absorption  
can  be sum m arised u n d er th e  follow ing head ­
ings : — (1) The tem p era tu re  a tta in e d  in th e  cupola ; 
(2) th e  rap id ity  of m elting  and  th e  leng th  of tim e 
of co n tac t o f th e  steel and  carbonaceous fuel and  
g a se s ; (3 ) th e  leng th  of tim e  th e  m olten  m eta l lies 
in  con tac t w ith  th e  coke; (4) th e  surface a rea  per 
u n i t  w eight of steel exposed to  the  carburising  and  
m elting  influences; (5) th e  ch a rac te r of th e  coke 
and  am ount charged, and  (6) th e  b last pressure 
and  q u an tity .

T he influence of any one of th e  above conditions 
is no t necessarily sep a ra te  and  d is tin c t, and  they  
a re  fo r the m ost p a r t  m u tually  in te rdependen t. 
F o r exam ple, th e  cha rac te r of th e  coke (5) and  th e  
size of th e  m ateria l used (4), in  add ition  to  any 
d irec t influence th ey  m igh t have on th e  ex te n t of 
th e  absorption  o f carbon, ex e rt an influence on th e  
rap id ity  of m elting  (2) and  the te m p e ra tu re  
a tta in e d  in  th e  cupola (1). I n  th is  m an n er th ey  
ex e rt an add itional influence on th e  e x te n t of th e  
carbon absorption. I t  will be ev iden t th a t  con­
s is ten t resu lts can  only be ob tained  in  any  in d i­
v idual case by th e  carefu l s tan d a rd isa tio n  of all 
these conditions

As a m a tte r  of in te re s t some resu lts  ob tained  by 
th e  w rite r on various occasions a re  sum m arised in 
Table I .

F rom  these resu lts and  sim ilar re su lts  published 
by o th e r workers i t  m ay be assum ed th a t  th e  
general ex ten t of the  absorp tion  of carbon by steel 
scrap  when m elted in  th e  cupola is generally  from  
2.5 to  3.0 per cent. T he low resu lts  a re  generally  
obtained  when m elting  ligh t scrap such a.s borings, 
and  particu la rly  when these a re  rap id ly  m elted.

The n ex t question of im portance is w hether th e  
ex ten t of the  carbon absorption  is th e  same or is 
g rea te r o r less when th e  steel scrap  is m elted in 
conjunction  w ith p ig-iron and scrap  as a portion
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of th e  semi-steel m ix tu re . T here is, of course, no 
O’ priori reason why i t  should be any different, and 
very probably it, is not. The sam e conditions as 
enum erated  above will ex e rt a  sim ila r influence, 
and will requ ire  to  be stan d ard ised  in  any p a r­
ticu la r instance w ith th e  object of o b ta in ing  
uniform  results.

The following is an  exam ple of a com paratively  
recen t experim ent in m elting  a sem i-steel m ix tu re . 

/T h is experim en t was perform ed w ith  considerable 
care in a stan d ard  W h itin g  cupola equipped w ith 
the s tan d a rd  dep th  of bed. The m olten  m a te ria l 
was collected in  th e  bed and tap p ed  o u t in  q u a n ti­
ties of approxim ately  15 to  20 cwts. a t  one tim e. 
The deta ils of the  m ix tu re  and  th e  analy tica l 
resu lts a re  given below : —

A to ta l of 4 tons was m elted, th e  first to n  of 
which was n o t used in  th e  experim en t. The 
charge consisted of 10  cwts. of boiler p la te  punch- 
ings and 12  owts. of p ig-iron of th e  follow ing com­
position :—C .C., 0 .30; G r., 2 .84; Si, 3.14; M n, 
0 .80; S, 0.104, and P , 1.02 per cen t.

The charges con ta in ing  ju s t over 45 per cent, 
steel were m elted and th e  m olten m eta l collected 
in  th e  bed of th e  cupola. The analysis of th ree  
separa te  ta p s  of approxim ately  a  to n  each tim e  
are  given in  Table I I : —

T a b l e  II.

Sample No. 2 3 4

C.O. . . 0.77 0.80 0.82
Gr. .. 2.31 2.19 2.13
T.C. . . 3.08 2.99 2.95
Si 1.52 1.46 1.48
Mn . . 0.57 0.54 0.54
S 0.172 0.184 0.14
P 0.72 0 .64 0.68

The m ost effective reduction  in  th e  to ta l  carbon 
is in sam ple No. 4, in  which th e  m eta l was con­
tin u a lly  ru n n in g  from  th e  open ta p  hole and  no t 
allowed to  lie in  th e  bed of th e  cupola.

The am ount of carbon picked up by th e  steel 
is calcu lated  as fo llow s:—No. 2, 3.03; No. 3, 2.81, 
and No. 4, 2.72 per cent.

These experim ents were carefu lly  carried  o u t w ith



norm al cupola p ractice, and it  is of special im por­
tance  to  notice th a t  the  calculated silicon con ten t 
allowing a  norm al loss of 10  per cent, should be 
approxim ately  1.75 per cent. The actua l mean 
silicon con ten t ob tained  is 1.50 per cent., b ringing 
th e  ac tua l loss up  to 20 per cen t.

W ith  even 45 per cen t, steel in  th is  m ix tu re  
under o rd inary  conditions of m elting the  reduction 
in  to ta l carbon con ten t is n o t very g rea t, and the  
am ount of carbon absorbed by th e  steel under these 
conditions of m elting  along w ith the  pig-iron and 
scrap is approxim ately  th e  same as when m elted 
above. A more effective reduction  in to ta l carbon 
co n ten t is obtained when, the  m olten charges are  
preven ted  from  rem ain ing  in  prolonged contact 
w ith the  bed coke.

As a resu lt of various investigations th e  view is 
now held th a t  the  absorption of the  carbon by the 
steel occurs du ring  its passage th rough  th e  m elting 
zone and d u rin g  th e  period in which the m olten 
drops are  passing over the  incandescent coke and 
a re  collected in  in tim a te  con tac t w ith th is coke in 
the  bed of th e  cupola. This view is undoubtedly  
well-founded, and is confirmed by analysis of 
samples of m olten m etal collected th rough  the 
tuyeres. F o r th is  reason it  is desirable to  reduce 
th e  dep th  of th e  bed coke and to allow th e  m etal 
to  ru n  d irec t in to  a receiver o r forehearth . In  
th is  m anner th e  m olten m etal is removed from 
prolonged con tac t w ith th e  incandescent bed coke 
and  low to tal-carbon  con ten t m ateria l can be 
obtained  w ith a g rea te r degree of certa in ty .

Industrial Semi-Steel.
F rom  personal experience of th e  in dustria l pro­

duct semi-steel produced from  various foundries in 
d ifferent p a rts  of the country , i t  is found th a t  
they  can be divided broadly in to  two classes, 
according to  w hether th e  to tal-carbon co n ten t has 
been reduced or not. The la t te r  type in which 
th e  carbon conten t p ractically  rem ains unaffected 
is by fa r  th e  most common, and u n til th e  las t year 
o r tw o th e  low to tal-carbon  varie ty  of semi-steel 
was ra re ly  if  ever encountered  am ongst th e  indus­
tr ia l  examples of th e  product.

The question of in te rest to  engineers and foun- 
drym en is the  ex ten t of the  influence of th e  added



steel on th e  properties of th e  resu ltin g  m ix tu re . 
I f  a tten tio n  is confined to th e  v a rie ty  of sem i-steel 
in which th e  to ta l-carbon  con ten t is p rac tica lly  
unaffected by th e  steel added, th e  reduction  in 
silicon and phosphorus con ten ts would be expected 
to be accom panied by an  increase in  th e  stren g th  
properties. The m ost sa tisfac to ry  figures p ub ­
lished d u ring  recen t years are  th e  investigations 
of W heeler. As a  resu lt of h is investigations, 
W heeler cam e to  th e  conclusion th a t  th e  q u a n ti­
ta t iv e  effect of steel added in  q u an titie s  of from  
10  to  30 per cent, to  a so ft cas t iron  was an 
increase of 1  to n  p e r sq. in . tensile  s tre n g th  for 
each 5 p er cen t, of steel added.

W hilst th is  im provem ent resu lts  from  th e  ad d i­
tion  of steel, i t  m ust no t be lost s ig h t of th a t  th e  
im provem ent is essen tia lly  due to  th e  cum ulative 
effect of th e  reduc tion  in  silicon and  phosphorus 
contents. Any o th e r m ethod of b ring ing  abou t a 
sim ilar reduction  in  com position will be accom­
pan ied  by a  sim ilar resu lt. F o r  exam ple, th e  use 
of low-silicon h em atite  w hite iron in  place of steel 
and in  p ropo rtionate  q u an titie s  is accom panied 
by sim ilar resu lts  which confirms th e  fa c t th a t  
th e  im provem ents a re  n o t th e  in trin s ic  re su lt of 
the added steel.

The question of d is tingu ish ing  betw een th e  
in trin sic  influence of steel and th e  influence due 
to  th e  m odification in  th e  composition induced by 
th e  added steel is one which constan tly  arises in 
these considerations. I t  arises again  in  connec­
tion  with th e  6ize and  d is tr ib u tio n  of th e  g rap h ite . 
I t  is th e  genera l experience th a t  th e  g rap h ite  
s tru c tu re  in  sem i-steel m ix tu res is of a fine n a tu re , 
and  i t  is o ften  s ta te d  th a t  th e  add ition  of steel 
resu lts in  a finer g rap h ite  s tru c tu re , b u t finer than  
w hat?  T his question is never answ ered. Is  the  
g rap h ite  s tru c tu re  of a  semi-steel finer th a n  th a t  
of th e  iden tical com position produced by some 
m ethod o ther th a n  th e  add ition  of steel and  cast 
under iden tical conditions of casting  tem p e ra tu re  
and  ra te  of cooling? The dem onstration  of th is  
has never been ca rried  out, and  is, of course, a 
dem onstration  of exceptional difficulty.

F o r m any reasons, however, th e  au th o r is of th e  
opinion th a t  th e re  would be no p rac tica l difference 
found in th e  graphite-size arrangem en t an d  d is tr i­
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bution , if such a  com parison could be effected. 
The fine g raph ite  arrangem en t re fe rred  to  in  con­
nection w ith semi-steels is undoubtedly a  com pari­
son w ith  m ate ria l of a  different composition, and 
is due to  th e  influence of th e  steel in  th e  reduction 
of th e  silicon and phosphorus contents, n o t to  any 
in trin sic  influence of the added steel. F inally , 
i t  should always be rem em bered th a t  th e  size and 
a rrangem en t of th e  g rap h ite  s tru c tu re  is greatly  
influenced by th e  casting  tem p era tu re  and ra te  of 
cooling to  which th e  m eta l is subjected. E ven in 
semi-steels, poor g rap h ite  s tru c tu res  can be 
ob tained  u n d er bad conditions o f casting  tem pera­
tu re  and ra te  of cooling.

Low Total-Carbon Semi-Steels.

The first of th e  tw o divisions of in dustria l semi­
steels is n o t nearly  so o ften  encountered in  p rac­
tice. W hen th ey  a re  ob tained  i t  is generally 
agreed th a t  they  are  accom panied by improved 
m echanical p roperties. Tensile s tren g th  of up­
wards o f 20 tons per sq. in ., even 26 tons p er sq. 
in ., have been recorded on low to tal-carbon  conten t 
irons.

The conditions u nder which really  low to ta l- 
carbon con ten t semi-steels can be produced with 
system atic reg u la rity  a re  by no m eans clearly 
understood yet. I t  is wrong th a t  individual 
foundrym en should deceive them selves th a t  th is  is 
th e  case. T h a t such low to tal-carbon con ten t irons 
can be produced from  the  cupola has been demon­
s tra te d  on m any occasions, but one constantly  
encounters m any exam ples in which th e  very low 
carbon conten ts fa il to  m aterialise in sp ite  of m any 
precautions, some of which have already been 
enum erated .

I n  exam in ing  th e  possible causes of th e  varia­
tions in  carbon co n ten t experienced, th e  au th o r’s 
a tten tio n  has been directed to  th e  possible influ­
ence of different varieties of coke on th e  results. 
The varia tions in  th e  ch arac te r of coke a re  now 
ten d in g  to  be m ore clearly understood, and th is 
aspect of th e  subject still aw aits careful investiga­
tion  in  connection w ith th e  production of low 
to tal-carbon  con ten t irons.

The “  Emm el ” process consists essentially of the 
production  of sem i-steel. F rom  his B ritish  P a te n t
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No. 244,405, one ga thers th a t  Emm el uses large 
q u an titie s  of steel from  50 per cen t, of the  charge 
upw ards. I t  is s ta ted  th a t  th e  low to ta l-carbon  
con ten ts are to  be secured p rinc ipa lly  by regu ­
la tin g  th e  am ount of th e  b las t or blast pressure. 
B last pressures of 16 in. of w ate r a re  quoted in  th e  
examples, and  i t  m ust be confessed th a t  these  do 
n o t s trik e  one as being very g rea tly  d ifferen t from  
those used in  o rd in a ry  prac tice . D etails of th e  
q u an tity  of a ir  used a re  n o t given, and  th e  coke 
charges given a re  12  per cent, of th e  iron  charged.

In  view of o th e r experim ents, i t  is very doub tfu l 
w hether these deta ils co n stitu te  the  whole sto ry  of 
the reduction  in  carbon con ten ts ob ta ined , and  i t  
m igh t possibly be th a t  th e  v a rie ty  and cha rac te r 
of th e  coke p lay  an  im p o rta n t p a r t .

Sem i-Steel Practice.
The A m erican criticism  re fe rred  to  in  th e  earlie r 

p a r t  of these notes casts doub t on th e  ab ility  of 
all bu t few foundrym en to  m ake 25 to  30 p e r cent, 
sem i-steel unless they  have been in s tru c ted  by an 
expert. I t  is of some in te re s t to  discuss the  
possible difficulties.

The difficulties which con fron t those who a re  
desirous of producing semi-steel of very low to ta l- 
carbon con ten t have already been fully considered, 
and these difficulties a re  adm itted ly  of such a 
n a tu re  as n o t to  have been y e t com pletely solved 
by experts.

W hat o ther difficulties are  likely to  be encoun­
te red  P T he answ er is th a t  th e re  a re  few th a t  are  
n o t fa ir ly  well understood  by th e  m a jo rity  of 
foundrym en. The general conversation  o f foun ­
drym en when discussing th is  aspect of sem i-steel 
m anu fac tu re  generally  cen tres round  (a) the  
ch arac te r of th e  steel ad d itio n s ; (b) th e  un ifo rm ity  
of composition of the final m elt, and  (c) th e  sound­
ness and re g u la rity  of th e  final castings.

The Character of the Steel Additions.
Q uite a  wide v a rie ty  of opinions have been 

expressed on th e  ch a rac te r of th e  steel scrap 
additions. A mongst these varie ties  of steel which 
have been s tric tly  forbidden by various w riters 
a r e :— (1 ) Borings, tu rn ings and  sheet c u ttin g s ;
(2) punchings, and  (3) h igh-carbon steels.
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S peaking  personally, th e  au tho r sees no substan­
t ia l  reason why these varie ties of steel scrap should 
be forbidden, w ith th e  exception of finely divided 
borings as d is tin c t from  tu rn in g s. T urn ings are, 
of course, aw kward in  hand ling  owing to  th e  large 
bulk fo r a given w eight, and- are  certa in ly  to be 
p re fe rred  in  a  bundled or baled condition. H e has 
used tu rn ings consistently, and some of th e  results 
quoted above a re  obtained w ith th e ir  use.

Uniformity of Composition.
There is no doubt th a t  in  m elting  tw o m ateria ls 

so d issim ilar in  chemical composition i t  is diffi­
c u lt to  ensure reg u la rity  and consistency in  the  
chemical composition. This difficulty was m et 
in  the ea rlie r  days by rem elting  th e  steel and  iron 
m ix tu re . This p ractice is n o t nearly  so common, 
and undoubted ly  th e  best way of ensuring regu ­
la r ity  is e ith e r th e  use of a fo rehearth  o r m ixer or 
to  m ake arrangem ents fo r each ind iv idual charge 
to  be tap p ed  in to  one ladle.

Soundness and Regularity of the Final Castings.
The reduction  in  silicon contents resu lting  from 

the  add ition  of steel resu lts in an increase in  the 
shrinkage value and th e  reduction  in  phosphorous 
conten ts is accom panied by a  loss in  flu id ity  which 
both have th e  tendency to  increase the  risk  due to 
unsoundness. Provision requires to  be m ade for 
th is  in th e  size and disposition of the heads, gates 
and runners, and also in th e  provision of suffi­
c ien tly  h o t m etal.

The presence of irregu la rities in  th e  castings in 
th e  shape of h a rd  spots has often been commented 
upon, and  th is  is s till regarded by m any foundry- 
m en as being due to  th e  presence of partic les of 
unm elted steel which have been carried  along in to  
th e  casting. This view, however, can be definitely 
ru led  o u t as fallacious. One has only to  consider 
for a  m om ent how rap id ly  a steel s tirr in g  rod or 
skim m er m elts and  absorbs carbon when immersed 
in  liquid cast iron to  realise how unlikely i t  is th a t  
small partic les of steel can survive as such in 
liquid  iron, a f te r  flowing down the  cupola spout, 
ag ita tion  in  th e  ladle, ag ita tio n  d u ring  pouring 
and flowing down th e  various “  ga tes ”  in to  the 
casting. I f  such particles had  any reasonable size



they  would hard ly  pass th e  cupola ta p  hole and 
th rough  m any of th e  gates used on various cast­
ings. The au th o r has certa in ly  never seen a  h a rd  
spot in  semi-steel eastings which could be ascribed 
to th is  cause. O rd inary  castings, p a rticu la rly  low 
silicon irons, a re  equally  as m uch liable to  th e  
presence of hard  spots as are  semi-steel.

These po in ts have been dealt w ith  very briefly, as 
they  have been ably covered by various w riters 
recently, p a rticu la rly  by M r. H . F ield . N one of 
these po in ts presents any m ore serious difficulties /
th an  are  norm ally m et w ith in  everyday cupola 
practice, and  i t  is n o t th o u g h t th a t  th e  average 
foundrym an u tilising  h is norm al cupola experience 
needs th e  guidance of experts in  m ak ing  25 to  
30 per cent, sem i-steel.

In  concluding these notes i t  is th o u g h t essen tial 
to em phasise th e  fac t th a t  sem i-steel is a cast iron  
possessing all th e  d istinguish ing  p ropertie s o f cast 
iron. W hatever b e tte r  p roperties th a n  common 
foundry  irons i t  possesses a re  due to  th e  effect of 
th e  steel in  m odifying th e  final composition o f th e  
m elt. As in th e  case of general cast iron  prac tice , 
semi-steel can be m ade of vary ing  silicon, m an ­
ganese and  phosphorous contents, and  th e  result- 
ing  properties will vary  in  accordance w ith  th e  
com position in  an  exactly  sim ila r m an n er to  
general castings. I t  is s till necessary to  add, for 
th e  benefit of m any engineers who use castings, 
th a t  none of th e  essential p ropertie s of steel, viz., 
m alleability  and ductility , is possessed by sem i-steel 
in trin sica lly  as a resu lt of th e  steel add itions. F or 
the  benefit of the  average foundrym an i t  m ay be 
p erm itted  to  rep ea t th a t  sem i-steel offers a ” de­
ligh tfu lly  sim ple and cheap m ethod of ob ta in in g  a 
low-silicon, low-phospliorous iron—a good iron.
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DISCUSSION.

M b . H ird though t m any engineers believed th a t  
semi-steel was som ething qu ite  unique, and  agreed  
with the  lec tu re r th a t  h a rd  spots did  n o t come from 
th e  steel additions. A few m onths ago he cast 
some te s t  bars, which, when broken, showed a 
pecu liar frac tu re . R u nn ing  th rough  th e  tes t-bar 
was a hard  p a tch  of w hite iron  surrounded  by 
grey. This was subm itted  to  M r. Pearce, of the



495

B .O .I.R .A ., who reported  the  patches were en tire ly  
due to  su lphur. The te s t-b a r was 2 in. x 1 in ., 
3 ft. long and  cast on th e  flat, and when remelted 
th e re  were no h a rd  spots. The casting  was made 
of p ig-iron and scrap m ix ture .

M b . M cCl e l l a n d, a fte r  ascerta in ing  th a t  the  
coke charge shown in  Table I  w as exclusive of bed 
charge, asked w hat was th e  add itional cost of the  
100  per cent, m ixtures, because much depended 
upon results, and one could n o t expect to  ge t a 
b e tte r  m ateria l a t  a reduced cost.
M r . H u r s t pointed  o u t these m ix tures were not 

su itab le  for ironfounders. The tables had  been 
u tilised  to  show the am ount of carbon absorption. 
W hite  iron  had  been used in  all except No. 2, when 
silicon had  been added.

M r . W illiams asked how the lecturer would 
account for the big percentage of waste in lots 
one and three.

M r . H u r s t said  th a t  he could n o t now say the 
c h a rac te r of th e  scrap  used fo r these experim ents, 
w hich w ere m ade in  1912. V ery often  75 per 
cen t, tu rn in g s  and  25 per cent, som ething else 
were used. W hen dealing w ith tu rn ings, as in  the  
40-ton m elt, they  were all quite  clean, b u t he 
ra th e r  suspected th e  cha rac te r of th e  tu rn in g s  
used in  th e  o ther experim ents.

M r . M cC l e l l a n d said th a t  i t  seemed strange  in 
using steel tu rn in g s , which are  lig h te r and more 
bulky th a n  rolled steel sections, th a t  th e  loss should 
be so m uch less, 3.5 as aga in s t 8 per cent.

M r . H u r s t po in ted  o u t there  were tu rn ings in 
both, and  i t  was possible th a t  th e  tu rn in g s  in  one 
portion  were bad, d ir ty  and rusty . R eplying to 
M r. Colin Rees, he repea ted  th a t  if one used pig- 
iron and  g o t a ce rta in  analysis and th en  incor­
po ra ted  steel and produced th e  same analysis, and 
providing sam e are cast under identical conditions, 
th e n  one would get th e  same properties. T here is 
th e  question of d ry  and green sand  moulding, etc., 
and a hundred  and one details to  be controlled to  
ensure th e  same results . This is an impossibility 
in  p ractice.

M r . H ird said  th a t  m ean t to  say th a t  cooling 
down and th icken ing  of the  casting  played almost 
as big a p a r t  as th e  chemical analysis.

M r . H u r s t said th a t  a m etal poured h o t would 
have a tensile s tren g th  of 14 tons, whilst one



poured cold would only have a tensile s tren g th  of 
9 tons. A 20 per cent, steel m ix tu re  would have 
4 tons e x tra  tensile  s tren g th . I f  th e  casting  tem ­
p e ra tu re  is increaeed w ithou t any  add ition  of 
steel, b e tte r  resu lts a re  obtained.

Mb . H ird  suggested th a t  if  one w an ted  to  get 
th e  best resu lts  and  could o b ta in  really  good iron 
and  had th e  fac ilities to  o b ta in  th e  best b rands 
of p ig , i t  would be preferab le  to  add ing  steel, if  
th e  sam e resu lts were ob tained .

M r. H u r s t  replied  th a t  he objected to  pay ing  
the  price for cold b las t irons. M r. H ird  h ad  sug­
gested th a t  cold b las t iron  had  properties which 
were n o t to  be found in o th e r irons, b u t he (the  
lecturer) did n o t agree. The cold b la s t irons m ain ­
ta in ed  th e ir  rep u ta tio n  in  th e  ro ll industry , b u t it 
h ad  ye t to  be dem onstrated  th a t 'c o ld  b last irons 
had b e tte r  p roperties. Em m el in  his specification 
gives a 100  p e r cent, steel and claim s 26 tons 
tensile  s tren g th  per sq. in . A gain, K eller, when 
m aking shells fo r th e  F ren ch  G overnm ent by m elt­
ing  steel scrap  and  re-carburising  in  th e  fu rn ace , 
ob tained  a  tensile  s tre n g th  of over 30 tons per 
sq. in. F ran ce  used to  be large buyers of cold-blast 
irons, b u t since th e  coal s trik e  sy n th e tic  irons can 
be bought a t  a  price and  roll m akers a re  educated  
u p  to  th e  fa c t th a t  i t  is n o t essen tia l to  use cold- 
b las t irons. I t  is p rac tica lly  a  m a tte r  of roll 
m akers hav ing  a  chance of d em onstra ting  some 
a lte rn a tiv e .

M r . H ird insisted th a t  if one cas t tw o tes t-bars  
from  exactly th e  sam e iron , one would s ta n d  more 
th a n  th e  o ther.
M r . H u r s t replied  th a t  th is  was n o t due  to  

sulphur, b u t to  the  cooling conditions. An ex­
p lanation  of th is  would be found in  T h e  F o u n d r y  
Tr a d e Jo u r n a l  some tim e  ago. W hite  iron  has 
no g raph ite , grey^ iron  has g rap h ite . G raph ite  
forms a t  a ce rta in  tem p era tu re . Assum ing th e  
m etal is solid a t  1,160 deg. C., g rap h ite  forms a t  
1,145 deg. C. G raphite  can  be preven ted  from  
form ing by v ir tu e  of th e  co rrec t cooling. I f  m eta l 
is cooled sufficiently quickly, g rap h ite  does no t 
form. The ra te  of cooling above 1,145 deg. O. can 
be any th ing , b u t f t does n o t form  g raph ite .

M r . M cC le l l a n d proposed and M r . W illiams 
seconded a hearty vote of thanks to the lecturer.
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Sheffield Branch.

THE INFLUENCE OF SULPHUR IN CAST IRON.

By J. E. Hurst (Member).

The influence of tlie  various constituen ts p re­
sen t in cas t iron  is always a m a tte r  of consider­
able in te re s t to  botli foundrym en and  engineers. 
As th e  m akers and  users of castings respectively, 
the  in te re s t of both foundrym en and engineers 
is very  oftem d istinc tly  opposed, and for th is 
reason alone i t  is very necessary th a t  periodical 
a ttem p ts  should be m ade to  review  th e  s ta te  of 
ex is ting  knowledge of th e  influence of these 
constituen ts.

A t a tim e  like  th e  presen t, as a resu lt of th e  
coal s tr ik e  th e  foundries are  constrained to  use 
low-grade, h igh-su lphur coke, and th e  last 
vestiges of p ig-iron stocks which have been laid 
aside ow ing to  th e ir  high sulphur-oontents. 
U nder these  conditions, w ith  th e  danger of high- 
su lphu r contents in  th e  Anal castings, th e  influ­
ence of th e  co n stituen t su lphu r assumes a rdle 
of add itional im portance.

Some years ago th e  influence of su lphur was 
regarded  as fa ta l to  th e  p roduction  of good cast­
ings, and  was alm ost th e  universal exp lana tion  
fo r th e  defects which a re  prone to  appear in 
castings. In  a text-book on ironfounding  pub­
lished in  1912 th e  influence of su lphur is sum ­
m arised as follows: “ W ith  an insufficiency of 
m anganese to  ¡satisfy th e  whole of the  su lphur, 
th e  exoess of th e  la t te r  combines w ith th e  iron, 
so th a t  both m anganese and  iron  sulphides may 
be p resen t. Of th e  sulphides, iron  sulphide is the 
m ore objectionable, as i t  is read ily  fusible, and 
decomposes a t high tem pera tu res, gaseous sulphur 
compounds being given off which, as they  escape, 
o -ive  r i s e  to  blowholes, and  therefo re  cause spongy, 
unsound, and weak m etal. F u rth e r, being readily  
fusible, i t  is probably th e  la s t constituen t to  
solidify, and as a re su lt i t  tends to  be unevenly



d is tribu ted  and segregates in  th e  m iddle and 
u pper p a rts  of the  casting . M anganese sulphide 
is no t so read ily  fusible, and th e  tem p e ra tu re  of 
decomposition is h ig h e r .”  This s ta tem en t, as a 
whole, rep resen ts th e  belief of m any foundrym en 
and engineers a t  th e  p resen t da te , and  les t th e re  
should be any m istake, rve m ay s ta te  a t  once, 
w ithou t any  equivocation, th a t  as a  whole i t  is 
grossly wrong.

In  1908 R head, w hilst calling  a tte n tio n  to  th e  
fac t th a t  su lphu r is only too o ften  m ade respon­
sible by th e  foundrym an for all th e  fau lts  of th e  
m eta l and  the  defects of castings, s ta te d  th a t  th e  
general effects observed a re  th a t  th e  iron  is m ade 
harder, m ore rig id , and perhaps b ri tt le , is liable 
to  cast more unsoundly, is m ore sluggish, con­
tra c ts  more, and  is liable to  p roduce draw n an d  
dis to rted  castings (especially in  green-sand 
moulds). To th is  general sta tem en t, in  its  broad 
sense, very li t t le  exception  can  be tak en , and  th e  
fac t th a t  R head deliberately  caused th e  elem ent 
su lphur to  serve a useful purpose by using  i t  to  
harden  and  stiffen o therw ise soft m etal, is an 
aspect of th e  influence of su lp h u r which will be 
m ore read ily  apprecia ted  to-day. Inc iden ta lly , 
R head  considered 0.2 per cent, su lp h u r to  be th e  
ex trem e lim it of su lphur which should be p resen t 
in  foundry  iron, w hilst fo r good resu lts  th e  
am ount should n o t exceed 0 .10  p e r cen t.

V ery broadly speaking, th e  m ore m odern  views 
consider th a t  in  th e  presence of sufficient m an­
ganese th e  h arm fu l effects of su lphu r a re  com­
pletely  neu tra lised . M odern views, however, do 
no t go so fa r  as to  express an opinion as to  th e  
m axim um  lim it, if any, of th e  su lphur-oon ten t 
which can be neu tra lised  in  th is  m anner. I t  is 
im p o rtan t to  re fe r to  th e  pub lic ity  which has 
been given to  various m ethods of desu lphurising  
cast iron, mostly of C on tinen ta l o r ig in ; to  th e  
so-called duplex processes, in which cupola-m elted 
cast iron  is refined in  subsid iary  fu rnaces. The 
recen t public ity  given to such processes would 
ten d  to  ind ica te  th a t  th e re  exists a school of 
opinion which, a t  any ra te , is u n ce rta in  as to  
w hether th e  harm fu l effects of su lp h u r can  be 
com pletely neu tra lised . P u tt in g  th is  on one 
side fo r th e  m om ent, th e  theo re tica l reason ing
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on which th e  m odern view is based are  certa in  
facts regard ing  th e  m anner in  which su lphur 
exists in  con junction  w ith ce rta in  o ther con­
s titu e n ts  in  cast iron.

I t  is generally  considered th a t  th e  su lphur may 
exist in  cast iron in  th e  form  of two separa te  
constituen ts , w hich a re  th e  chem ical compounds 
sulphides of iron  and m anganese respectively. 
The existence of these tw o compounds hav ing  the 
respective formulae FeS  and M nS is apparen tly  
well founded, although th e  s tudy  of these com­
pounds and  th e ir  respective solubilities in  iron 
has been very m uch re s tr ic ted  and rendered 
uncerta in  ow ing to  th e  fac t th a t  these systems 
a re  very m uch influenced by th e  presence of 
oxides and  silicates which a re  difficult to 
e lim inate  in  p rep a rin g  th e  alloys. O ther possible 
compounds of su lphu r w ith silicon and ca rb o n : 
sulpho-silicide and  sulpho-carbide of iron  have 
been suggested on evidence of a very flimsy 
n a tu re . The possibility  of th e  existence of such 
compounds is considered to  be very rem ote.

Manganese Sulphide.
Of the ' tw o sulphides above m entioned, if one 

is of m ore im portance th a n  th e  o ther in th e ir  
connection w ith  cast iron, i t  is probably th e  su l­
phide of m anganese. This sulphide has an 
extrem ely h igh m elting  p o in t of 1,620 deg. C., 
which is 115 deg. C. above the  m elting  p o in t of 
pu re  iron , and approxim ately  470 deg. C. above 
th e  m elting  p o in t of cast iron of eu tec tic  com­
position. I t  has a very low specific g rav ity  of 
3.99, which is about h a lf th a t  of o rd inary  cast 
iron, and is generally assumed to  be insoluble in 
liqu id  cast iron w ith in  th e  tem p era tu re  ranges 
usually  m et w ith in everyday practice.

The assum ption of th e  insolubility of m an­
ganese su lphide is supported  largely by the  
m anner in which th is compound segregates in 
masses of solidifying m etal. The exam ple given 
bv the  au th o r in a recen t contribution* is 
illu s tra tiv e  of th is tendency. This is a sulphur 
p r in t  tak en  from  th e  cross-section of a  4-J-in. 
d iam eter cast iron b ar approxim ately  17 in. long. 
This bar was cast in a hot m etal mould, and the

* f o u n d r y  T r a d e  J o u r n a l , v o l .  34, p a g e  325, f ig . 3.



m arked segregation  of th e  su lphide con stitu en t 
to  th e  top of th e  ingot gives some evidence of 
both th e  insolubility  and  th e  lower specific g rav ity  
of th is  constituen t.

Some doubt has been cast on th e  insolubility  
of th is  su lphide co n stituen t, and  th e  fa c t 
th a t  i t  is p u re  m anganese su lph ide  (M nS). D r. 
Stead,* from  his exam ination  of blowhole segre­
gates in steel, considers th a t  a t  h igh tem p era tu res  
th e  su lphu r is com bined w ith  th e  iron  as FeS , 
and th a t  a t  lower tem pera tu res  M nS is formed 
in  accordance w ith  th e  equation

FeS  + M n = F e  +  M nS.
The observation which prom pted these con­

sidera tions is th e  'fact th a t  w hilst th e  segrega­
tion  of th e  su lphur was qu ite  m arked, th a t  of m an­
ganese was negligible. A t a la te r  da te , in  h is dis­
cussion on Arnold and  Bolsover’s p a p e r ,f  S tead  
suggests th a t  th e  M nS does no t solidify pu re  b u t as 
th e  double compound M n2F e 3S5 (3FeS.2M nS), and  
th a t  as th e  mass slowly cools th is  becomes unstab le , 
and the  m anganese in th e  su rro u n d in g  steel 
replaces th e  iron  in  com bination w ith  th e  su lphur. 
This double compound is iden tica l w ith  th a t  d is­
covered by Rohl, an d  which is m ore p roperly  to  
be regarded  as th e  s a tu ra te d  solid solu tion  of FeS  
and MnS.

F u rth e r  sup p o rt to th is  view is forthcom ing from  
th e  R epo rt on th e  “ H eterogeneity  of S teel I n ­
g o ts ,”  p resen ted  to  th e  Iro n  and S teel In s ti tu te  
th is  year. In  th e ir  exam inations of various steel 
ingots th e  com m ittee who p resen ted  th is rep o rt 
encountered  th e  same observation th a t  th e  segre­
ga tion  of th e  su lphur was n o t invariab ly  accom­
panied  by th e  m anganese. T he com m ittee realised 
th e  im portance of th is, b u t re fra in ed  from  advanc­
ing  any exp lana tion  or reason to  account fo r these 
observations. They definitely s ta te d  t h a t  th e  
question of th e  fo rm ation  and  solubility  of M nS 
is one of th e  m a tte rs  which m ust be cleared  up  
by d irec t experim ent.

I t  is no t w ith in  th e  province of th is  P a p e r to  
discuss th is  question fu r th e r  in  re la tio n  to  steel. 
Some experim ents in connection w ith cast iron  are
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t  Journal, Iron and Steel In stitu te, N o. 1 ,1 9 1 4 , page 396.
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of in te rest. W hen large masses of liquid cast iron 
a re  rap id ly  ro ta ted  or “  cen trifuged ,”  as is done 
in  th e  comm ercial cen trifuga l casting  processes, a 
m arked  segregation  of th e  su lphur constituen t 
takes p lace ; th e  con stitu en t invariab ly  moving 
tow ards th e  axis of ro ta tio n . The movem ent of 
th e  sulphide con stitu en t in  th is  m anner under 
th e  influence of th e  cen trifu g a l action  is clear 
evidence, on a  p rac tica l scale, of th e  insolubility 
and  lower specific g rav ity  of th e  constituen t 
under th e  tem p e ra tu re  conditions of th e  liquid 
iron  in  these experim ents.

The segregation  of th e  sulphide constituen t is 
m ore effective in  th e  case of large masses of m olten 
m eta l which a re  so disposed as to  m ain ta in  them ­
selves liquid  for a longer period du rin g  the  cen tri­
fugal operation , th u s  p resen ting  a more favour­
able o p p o rtu n ity  for th e  su lphur to  segregate.

The analyses tak en  from  the  segregated portion 
and  th e  m ain  body of a cen trifugal casting  are 
as follows : —

Segregated Main Body
Centre Portion , of Casting.

P er cent. Per cent.
M n ... 0.60 0.33
S ... 0.23 0.06

There is here d is tinc t evidence of the  movement 
of m anganese along w ith th e  sulphur. The m an­
ganese rem ain ing  in  th e  body of the  casting  is 
considerably in  excess of th e  requirem ents of 0.06 
per cen t. S to  form th e  compound M nS. I f  we 
deduct from  th is  percentage 0.33 p er cent, th e  
quota of m anganese corresponding to the  0.06 per 
cen t, su lphu r presen t, th e  am ount rem aining, viz., 
0.2262 per cen t., can be regarded  as th e  am ount of 
m anganese no t in  com bination w ith th e  sulphur. 
I f  i t  is assumed th a t  th is  portion  of th e  m an­
ganese has n o t been influenced by segregation 
effects and is evenly d is tribu ted  th roughou t th e  
whole casting, one would expect the  am ount of 
m anganese rem aining, a f te r  deducting th is
am ount from th e  to ta l present in  the  segregated 
portion , would correspond to  the  quota required 
w ith  th e  sulphur p resen t in  th is  portion  to  form 
th e  compound MnS. The resu lts a re  se t o u t in 
Table I.
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T a b l e  I .— Distribution of Sulphur in  Cast ' Iron.

Item. S. per 
cent.

1 Sulphur in body of casting 0.06
2 Quota of Mn corresponding to MnS

with (Item 1) .. 0.1038
3 Manganese in body of casting 0.33
4 Manganese in casting not combined

with sulphur (Item 3 minus Item 2) 0.2262
5 Manganese in segregated portion 0.60
6 Manganese in segregated portion com­

bined with sulphur (Item 5 minus
Item 4) .. 0.3738

7 Sulphur in segregated portion 0.23
8 Theoretical quota of Mn required to

form MnS with (Item 6) 0.3979

The value (Item  6) 0.3738 per cent; is sufficiently 
n ea r th e  theo re tica l requ irem en ts of th e  com­
pound M nS, viz., 0.3979 p e r cen t., as could be 
expected under th e  conditions of th is  experim ent. 
In  th e  lig h t of th is  evidence i t  m ay be concluded 
th a t  in cast iron of th e  com position used in  th e  
experim ents, and in  th e  presence of sufficient 
m anganese th e  su lphu r exists largely  as th e  simple 
m anganese sulphide (M nS), and  th a t  th is  com­
pound is insoluble in  liquid  cast iron  a t  th e  tem ­
pera tu res  m et w ith  under o rd in ary  foundry  con­
ditions. In  add ition  th is  evidence is s trong  con­
firm ation  of th e  lower specific g rav ity  of th is  con­
s titu e n t.

I t  is of in te re s t to  suggest th a t  th e  app lication  
of th is  cen trifuga l m ethod m ig h t be applied  to 
the  investiga tion  of th e  condition  of su lphur in  
steel. The A m erican B ureau  of S tan d ard s have pub­
lished an investigation  on a sam ple of cen trifugally  
cast steel, and  repo rted  a s ligh t segregation  of the  
su lphur tow ards th e  in n e r surface. In  an  investi­
gation  of th is  n a tu re  specially u n d ertak en  w ith 
th e  object of de term in ing  th e  condition  of th e  
su lphur much la rger masses of m etal would bo used 
th a n  those dealt w ith  in  th is investiga tion .

The m odern view th a t  in  th e  presence of suffi­
c ien t m anganese th e  harm fu l effects of su lphur are  
neu tra lised  is based on th e  above facts. I t  is con­
sidered th a t  by v ir tu e  of th e  insolubility  of the
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m anganese sulphide compound, the  su lphur in th is 
form  is removed from partic ipa tion  in the  g ra ­
ph ite  form ing actions which have so much influence 
on the  p roperties of cast iron.

In  all th e  samples previously illu s tra ted  no hard  
w hite spots accom panied th e  segregation of the  
sulphide. No m arked  difference was commented 
upon in  th e  hardness o r m achinability  of th e  
various specimens a t  th e  points where th e  segre­
gations were prom inent. This fa c t indicates a t 
least th a t  M nS has no serious influence in  p re­
v en tin g  th e  fo rm ation  of g raph ite .

An in te res tin g  case of segregation  came before 
th e  w rite r’s notice some tim e ago. The analysis 
of ce rta in  segregated  lum ps which were found on 
th e  inside surface  of a cen trifuga l casting  was 
as follows: CC, 0.31; Gr, 4.72; T.C., 5.03; Si, 
4.46; M n, 1.22; S, 0.69; and P , 1.20 p e r cent.

The im p o rtan t fe a tu re  illu s tra ted  by th is 
specim en is th a t ,  in  sp ite  of th e  abnorm ally high 
su lphur-con ten t, th e  combined carbon has not 
been m ain ta in ed  a t  any excessive value. There 
is sufficient m anganese p resen t to  convert th e  
whole of th e  su lp h u r to  M nS. (A dm ittedly th e  
silicon has a tta in e d  a  h igh value, b u t th is  should 
be ta k e n  in  con junction  w ith th e  fac t th a t  the 
sam ples w ere n o t m ore th a n  \  in. th ick  and were 
cas t in  m etal moulds.)

The experim ents of th e  la te  D r. S tead  may be 
used to  illu s tra te  th e  neu tra lis ing  effect of th e  
d elibera te  conversion of su lphur p resen t in cast 
iron  to  M nS. The add ition  of 1 per cent, m an­
ganese to  a w hite iron contain ing  p ractically  3.0 
per cen t, combined carbon and 0.28 p er cent, 
su lphur converted th is  in to  a grey iron  contain­
ing 0.6 per cent, combined carbon. These fu r th e r 
exam ples serve to  confirm th e  m odern view th a t  
th e  insoluble M nS is w ithou t influence on the  
condition of th e  carbon in  cas t iron , which in 
its tu rn  supports th e  view th a t  its influence on 
th e  u ltim a te  quality  o f th e  m etal is n o t likely to  
be harm ful.

Amount of Manganese Necessary to Neutralise Sulphur.
A question which is often  asked and which is 

of considerable p rac tica l im portance is—W hat 
am ount of m anganese is necessary to  neu tra lise



th e  su lphu r?  T heoretically , 1.73 p a r ts  of m an ­
ganese a re  requ ired  to  form  th e  m anganese su l­
ph ide  w ith  1 p a r t  of su lphu r. I t  is o ften  also 
asked if  th is  th eo re tica l ra t io  is sufficient to  
ensure th e  whole of th e  su lp h u r in  com m ercial 
cast iron  being completely converted  to  M nS. I t  
is th e  general opinion th a t  considerably  m ore 
th a n  th is  theo re tica l am oun t of m anganese is 
necessary. I n  connection w ith  steel, e ig h t tim es 
th e  am ount of su lp h u r p resen t has been sug­
gested. Levy has s ta te d  th a t  th e  excess o f m an­
ganese requ ired  is likely to  be g re a te r  in  low- 
carbon alloys th a n  in  liigh-carbon alloys (cast 
iron).

The necessity  for such an  excess of m anganese 
has been explained  on th e  grounds th a t  a p o r­
tio n  of th e  m anganese is invariab ly  occupied by 
some o th e r co n stituen t, an d  th a t  a  po rtio n  onlv 
of th e  m anganese goes to  sa tis fy  th e  su lphu r. 
This exp lana tion  is due to  D r. ' M cCance, and 
appears to  th e  a u th o r to  be th e  m ost ra tio n a l 
from  th e  p o in t of view of o u r p re sen t knowledge. 
The p a r tit io n  o f th e  m anganese betw een th e  su l­
ph u r an d  w hatever o th e r co n s titu en t (possibly th e  
carbon) w ith  which i t  is connected  is a  sub jec t 
on which we have no  q u a n tita t iv e  in fo rm ation . 
I t  is reasonable to  assume th a t  th is  p a r t it io n  will 
be p rofoundly  influenced by th e  am oun t of 
carbon and  silicon p resen t, in  a d d itio n  to  th e  
ac tua l am ounts of m anganese an d  su lp h u r them ­
selves.

Some extrem ely  valuable in fo rm ation  on th is  
po in t has been recen tly  disclosed by M r. John  
Shaw  in  his recen t P a p e r  before th e  D e tro it 
C onvention of th e  A .F .A . M r. Shaw has d is­
closed w hat m ig h t be te rm ed  a  c r itic a l ra t io  of 
m anganese and su lp h u r above o r  below which th e  
condition  of th e  carbon  is profoundly  influenced. 
This c ritica l ra t io  in  M r. Shaw ’s exam ples is 
about 3 of m anganese to  1 of su lphur. All th e  
exam ples a re  tak en  from  roll m eta l hav in g  to ta l 
carbon conten ts of approx im ate ly  3.0  p e r cent, an d  
silicon round  abou t 0.75 per cen t. I  th in k  M r. 
Shaw ’s findings m ay be sum m arised briefly as 
follows: (1 ) W hen th e  ra t io  of m anganese to  
su lphu r is  less th a n  3 : 1  th e  com bined carbon is 
m ain ta ined  a t  a h ig h er value th a n  when th e  ra tio
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is g rea te r ; and  (2) in  a like m anner th e  depth  
of chill in  la rg e  masses cooling under sim ilar 
conditions is m ain ta in ed  to  a  g rea te r e x te n t th an  
when th is  ra t io  is g rea te r th a n  3 :1 .

I t  is necessary to  p o in t o u t th a t  these ratios 
m ay n o t he exactly  m ain ta ined  in  irons of d if­
fe ren t compositions from  M r. Shaw ’s examples, 
and these resu lts m igh t conceivably be in te rp re ted  
as evidence of th e  necessity for an  excess of 
m anganese over and above th e  theore tica l am ount 
to  ensure th e  su lphu r being converted to  m an­
ganese sulphide. T here is, of course, an  a lte r­
native  in te rp re ta tio n  which has already been p u t 
forw ard by M r. Shaw, and i t  is obvious th a t  
fu r th e r  experim en t is necessary to  determ ine the 
exac t m echanism  of th e  phenomenon.

W hatever th e  exac t mechanism may be, th is  is 
d is tin c t evidence th a t  an excess of m anganese is 
requ ired  to  n eu tra lise  th e  effect of su lphur, and  
in  low-silicon, low to ta l carbon irons th is  excess 
is in  th e  ra tio  of 3 :1  as compared w ith th e  
theo re tica l ra tio  of 1 .73:1 . On a priori grounds 
it is probable th a t  th is  excess would be less in 
irons of h igher silicon and  to ta l carbon contents.

Iron Sulphide.
In  th e  absence of m anganese i t  is generally 

accepted th a t  the  su lphur exists in th e  iron as 
the sulph ide of iron, FeS. I t  is in th is form  th a t  
the  su lphur is alleged to  ex e rt its influence in 
re ta in in g  th e  carbon in  th e  combined form and 
thus p rev en tin g  g raph itisa tion .

The compound FeS  has a m elting  p o in t of 1,180 
deg. C. and  a specific g rav ity  of 5.02. I t  has a 
lim ited  solubility  in pu re  iron, and forms a 
eutec tic  w ith  th is  solid solution, hav ing  a  m elting 
po in t of approxim ately  980 deg. C. The effect 
of th e  presence of carbon and  silicon on th e  solu­
b ility  of iron  sulphide has n o t been thoroughly 
investigated . The existence of a te rn a ry  eutec tic  
has been confirmed, b u t w hether th is  exists in 
th e  presence of silicon is uncerta in .

In  th e  ligh t of all our ex isting  knowledge we 
are  justified  in  m aking th e  hypothesis th a t  FeS 
is soluble in  liquid cast iron, and  to  a  lim ited 
ex ten t in  th e  solid cast iron. How the  dissolved 
sulphide is d is tribu ted , w hether in  th e  austen ite  
or cem entite, we a re  unable definitely to say.
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The influence of su lp h u r in  th e  cond ition  FeS  
in p reven ting  th e  fo rm ation  of g rap h ite  has been 
well established by various w orkers, includ ing  
S tead, Levy, H atfield  and  others. The demon­
s tra tio n  of th is  influence in  low-silicon alloys for 
m alleable castings has form ed th e  basis of th e  
most conclusive proofs of th is  influence of su l­
phur. The recen t ad d itiona l evidence fu rn ished  
by K ik u ta  w ill -be in te re s tin g  to  quote h ere  in  
dem onstration . I t  will be no ted  th a t  when th e  
su lphu r is in  excess of th a t  required  to  form  M nS 
the  g rap h itisa tio n  becomes increasingly  difficult, 
and  th e  so-called second-stage g rap h itisa tio n  was 
incom plete u nder th e  conditions of th e  experim ent.

The influence of iron  su lphide on th e  g ra p h it i­
sation  of grey irons has been extensively investi­
g a ted  by Piw ow arsky. All h is sam ples contained 
0.26 p e r  cent, m anganese, which requ ires 0.15 p er 
cent, su lphu r fully to  convert th is  to  M nS. ‘I t  
m ay be assumed for th e  purposes of com parison 
th a t  th e  su lp h u r conten ts up to  th is  percen tage  
a re  all in  th e  condition M nS, and  above th is 
value increm ents of su lphu r rep resen t increm ents 
of FeS. The A curves rep resen t conditions of 
slow cooling and th e  B curves rep resen t condi­
tions of quick cooling, and  th e  curves a re  p lo tted  
for various silicon and to ta l  carbon  contents.

The m ost astound ing  re su lt to  m any  foundry- 
men disclosed by these  curves is th a t ,  w ith  qu ite  
norm al silicon and  to ta l carbon con ten ts w ith 
slow ra te s  of cooling, th e  su lphu r .can ex is t—as 
iron  sulphide—u p  to  a  su lphu r percen tage  of 0.6 
to  0.75 w ith o u t any  serious d im inu tion  in  the  
e x te n t of th e  g rap h itisa tio n . The influence of 
speeding up th e  ra te  of cooling, v a ria tio n  in  the  
to ta l carbon and  silicon contents, a re  also demon­
s tra ted . The m arked  effect o f th e  influ­
ence of quicker ra te s  of cooling dem onstrates 
th e  influence of su lphur in  th e  iron-sulphide con­
s titu e n t in  increasing  th e  liab ility  to  chill.

One of th e  most im p o rtan t dem onstrations of 
these curves is th e  fallacy of a ttem p tin g  to  de­
scribe the  influence of su lphu r w ithou t reference 
to the  rem ainder of th e  chem ical composition 
and the  cooling conditions. This is a  fa u l t  common 
to  m any descriptions of th e  influence of con­
s titu e n ts  on cast iron , p a rticu la rly  those “ po tted
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varie ties ” served up to  engineers. In  no case 
is th is  fallacy more clearly dem onstrated  th a n  in 
th is  one under review. Almost universally  sulphur 
has been condemned as having a de trim en ta l in ­
fluence, y e t when considered in reference to  o ther 
fea tu res  i t  m ay have a  useful and beneficial 
influence, and, in  fac t, does enable resu lts to  be 
ob tained  which would be im practicable in any 
o ther way.

Interpretation of Modern Theory.
In  the absence of m anganese th ere  is a  general 

tendency fo r th e  presence of increasing quan tities 
of su lphur to  p reven t g raph itisa tion , and, as a 
resu lt, to  increase th e  hardness, liab ility  to  chill, 
and to ta l sh rinkage of th e  castings. This general 
tendency  is resisted by th e  silicon con ten t and 
also by th e  ra te  of cooling. W here the  silicon con­
te n t  is h igh  o r th e  ra te  of cooling slow, quite 
la rge  percentages of su lphur m ay be p resen t w ith­
o u t any serious effect on the  ex ten t of the  
g rap h itisa tio n . As th e  silicon con ten t is lowered 
or th e  r a te  of cooling quickened, th e  tendency 
of th e  su lphur, in th e  absence of m anganese, to 
increase th e  hardness becomes more and more p re ­
dom inant. In  all commercial cast iron some m an­
ganese is p resen t, and, in  accordance w ith  the  
am ount p resen t, some of the  sulphur m ust be 
rendered  innocuous as a resu lt of the  form ation 
of m anganese sulphide. This fac t fu r th e r  re ­
duces th e  risk  of any serious trouble arising  out 
of th e  su lphur content.

The Influence of Sulphur on the Mechanical Properties.
F rom  a  p rac tica l p o in t of view, probably the 

best m ethod of dem onstrating  the  influence of 
su lphur lies in  th e  exam ination  of its influence on 
th e  m echanical properties of cast iron. Obviously 
i t  is n o t of much use answ ering th e  engineer’s or 
foundrym an’s query, as to  w hat is th e  influence 
of su lphu r, by te lling  him  th a t  under ce rta in  con­
ditions su lphur p revents g raph itisa tion , and under 
o ther conditions i t  has exactly  th e  opposite effect.

M any investigations have been m ade on the 
influence of su lphur on th e  m echanical properties, 
but, un fo rtuna te ly , these investigations have not 
been m ade w ith  th e  object of dem onstrating  the 
influence of th is  constituen t 011 the  lines of the



modern conception already  ou tlined . The resu lts 
of Schm auser (F ig. I) were ob ta ined  on a 
cast iron of the following com position :—Tot. C, 
3 .0 ; Si, 2 .2 ; M n, 0 .5 ; and  P , 0.7 per cen t. A 
rap id  fall in  th e  s tre n g th  p ropertie s  accom panied 
by a n  increase in  hardness is disclosed by these 
investigations. To c o n tra s t w ith  these  inves­
tig a tio n s, th e re  a re  th e  resu lts  of H am asum i,

F i g . 1 .— S c h m a u s e r ’s R e s u l t s .

where th e  influence of su lphu r shows a  general 
tendency to  increase th e  hardness and  also th e  
s tre n g th  properties. These a re  typ ical examples 
of th e  con trad ic to ry  n a tu re  of th e  various inves­
tig a tio n s  which have  been published. A ny con­
sidera tion  of such resu lts  is a t  once rendered  
fu tile  by th e  lack of th e  necessary in fo rm ation  as 
to  size of te s t  pieces and cooling conditions, and ,
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most im p o rtan t of all, th e  condition in  which the 
sulphur exists.

A series of resu lts have been obtained on white- 
h e a r t  malleablised cast iron, from, which i t  is 
accom panied by a decrease in s tren g th  properties 
and difficulty of m achining if its effect is exerted  
on an  in itia lly  close-grained cast iron. In  other 
words, the  influence of su lphur in  th e  condition 
of FeS  is dependent upon th e  re s t of th e  composi­
tion , p a rticu la rly  the  silicon con ten t and th e  ra te  
of cooling. I t  is possible to  im agine th a t  under 
conditions of silicon con ten t and ra te  of cooling 
such as those ou tlined  in  the  high-silicon mem­
bers Group A of Piw ow arsky’s experim ents, th a t  
th e  influence of su lphur up to  percentages much 
la rg er th a n  commonly m et w ith  would be neg­
ligible, even in  th e  FeS condition.

The general u n ce rta in ty  of th e  actua l tes t 
resu lts published would appear to  confirm th is 
general view, and to  quote Piw ow arsky’s own 
w ords: “ any exaggerated  dem ands calling  for
th e  rem oval of th e  la s t traces of su lphur in  high- 
m anganese cast iron  a re  n o t sufficiently borne 
o u t by th e  p rac tica l and scientific investigations 
h ith e rto  carried  o u t.”

I n  ac tua l p resen t-day  practice , th e  m anganese 
con ten t of cast iron is usually sufficiently high to  
tak e  care  of all th e  su lphu r norm ally present. 
A percen tage of m anganese of 1.0 per cen t, in  a 
common iron con ta in ing  2.5 per cent, silicon will 
probably ta k e  care  of su lphur up to  0.5 per cen t.— 
a  value whioh is ra re ly  m et w ith except under 
very abnorm al conditions.

Limit of Safety in Content.
F rom  th e  po in t of view of general foundry 

practice  i t  is, of course, difficult to  place a really 
definite m axim um  lim it to  the  sulphur-conten t 
above which th e  results a re  likely to  be disastrous. 
Such a  lim it canno t be defined s tric tly  w ithout 
reference to  th e  o ther conditions of composition 
and cooling conditions. F rom  th e  considerations 
above, i t  appears to  be ce rta in  th a t  in an iron 
con ta in ing  2.75 p e r cen t. Si and 1  p e r cen t, m an­
ganese, a  composition which is commonly used in 
these days even th e  m axim um  lim it of sul­
phur of 0.30 per cen t, m entioned by Moldenke



can be exceeded. T here m u s t be m any foundry- 
men who have knowledge of th is figure hav ing  
been exceeded d u rin g  th e  recen t coal s tr ik e  w ith ­
o u t being accom panied by d isastrous resu lts .

I t  will also be ev id en t th a t  by ca re fu l a d ju s t­
m en t of th e  m anganese and silicon to  allow of 
th e  su lphu r ex is tin g  p a rtia lly  in  th e  iron-sulphide 
condition , the  su lp h u r m ay be u tilised  in  th e  
m anner suggested by R head  to  m a in ta in  the  
hardness of th e  m etal. W e m ay quote a  p rac tica l 
exam ple m entioned by M r. H . J .  Young, in 
which h e  s ta te s  th a t  liners of very  h a rd  iron 
have b e e n ' a t  sea  for e ig h t o r n in e  years con ta in ­
ing  nearly  0.25 per cen t, su lphu r, a value con­
siderably  in  excess of the  lim its imposed by m any 
of th e  text-books.

F rom  a n  exam ination  of these  and  o th e r pub­
lished te s t  resu lts in  th e  lig h t of m odern con­
ception o f th e  influence of su lphu r, th e  necessity 
fo r th e  re investiga tion  of th e  influence of th is 
co n stitu en t in th is  respect becomes ap p a ren t. The 
au th o r has no d a ta  w hatever from  which to  
determ ine th e  in tr in s ic  influence of th e  su lphur 
in th e  condition of M n, S, and  FeS  respectively. 
F o r th is reason one’s conception m ust of neces­
sity  be based on inference.

F rom  an app lica tion  of th e  in fe ren tia l m ethod 
we a re  justified  in  concluding th a t ,  p rov id ing  th e  
su lphu r ex is ts  in  th e  form  of M nS, in  which 
form  i t  is w ithou t influence on th e  condition  of 
th e  carbon, i t  is likewise w ith o u t influence on 
th e  m echanical p roperties. W hen th e  su lphur 
exists as FeS , w ith  its  tendency  to  m a in ta in  th e  
carbon in  th e  com bined condition , its  influence on 
the  m echanical p ropertie s  w ill be exerted  in  th e  
d irection  of increasing  th e  hardness. This in ­
crease in  hardness will be accom panied by an 
increase in  s tre n g th  properties if i ts  effect is 
exerted  on a n  in itia lly  so ft and otherw ise open- 
g ra ined  cast iron. The sam e influence will be 
obvious from  th e  composition th a t  th e  su lphur 
exists as th e  iron  sulphide. The o u ts tan d in g  
fea tu re  is th a t , a p a r t  from th e  elongation , no 
serious influence of th e  su lphu r is fe l t  u n ti l  a 
percentage of betw een 0.4 to  0.5 per cen t, is 
reached. S im ilar resu lts a re  dem onstrated  by the 
Izod im pac t tests.

510
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I t  is, of course, undesirable to  u tilise  high- 
su lphur irons purely for th e  sake of using them , 
as in  any  even t i t  is superfluous to  increase the  
am oun t of th e  im purities in  cast iron  w ithout 
any su b s tan tia l reason. A t th e  sam e tim e, i t  
will be app recia ted  th a t  m any varie ties of iron, 
both scrap  iron  and  pig-iron, which in  norm al 
tim es a re  re jec ted  as con ta in ing  too  much sul­
p h u r, m ig h t w ith  care be used w ith  no harm ful 
resu lts .

Conclusions.
To enable a conception of a  concise n a tu re  to  

be ob tained  of th e  influence of su lphur m ight be 
briefly  sum m arised as follows : —-

(1) In  th e  presence of sufficient m anganese, a t 
least in  th e  ra tio  of 3 :1  in  lower-silicon 
iron, th e  su lphur is converted to  M nS, in 
which form  i t  is harm less up to  quite 
appreciable am ounts. (In  higher-silicon 
irons th e  excess of m anganese over the  
theore tica l am ount is probably much less 
th a n  th e  above ra tio .)

(2) Even in  th e  absence of sufficient m anganese, 
th e  presence of FeS  in  appreciable quan­
ti tie s  will n o t have any serious effect in  th e  
presence of th e  h igher silicon and to ta l 
carbon conten ts, and  particu la rly  when the 
ra te  of cooling is com paratively slow.

(3) I t  is h ighly probable th a t  in th e  presence 
of m anganese th e  com paratively high safe 
lim it of su lphu r specified by D r. Moldenke, 
v iz., 0.30 per cen t., can be exceeded w ith 
safety .

(4) Q uoting Piw ow arsky’s own words as the 
final conclusion th a t  “  the  exaggerated  
dem ands for th e  rem oval of th e  last traces 
of S in  h igh  M n cas t irons a re  n o t justified 
in  th e  ligh t of m odern knowledge.”

F inally , one of th e  m ain  reasons for the  choice 
of th is  sub jec t is w ith  an eye to  th e  fu tu re . 
M odern tendency in  th e  developm ent of the  
m etallu rg ical side of foundry  prac tice  is tow ards 
th e  use of low to ta l carbon-content irons, and 
th is tendency  will be considerably hastened  if  low 
to ta l carbon-content irons become available a t  a 
price com parable w ith  o rd inary  foundry pig-iron.



As fa r  as the  au th o r can see, th e  various m ethods 
available for th e  p roduction  of such low to ta l 
carbon-content irons, e ith e r d irec t from  th e  b last 
fu rnace  or by o th e r sem i-synthetic m ethods, th e  
pig-iron is likely to  be accom panied by a  su lphur- 
con ten t h igher th a n  norm al. T his has o ften  been 
raised as a  serious objection, and  fo r th is  add i­
tiona l reason i t  becomes necessary to  p o in t out 
th a t  th e  findings of investiga tion , so f a r  as i t  
has progressed up to  th e  p resen t, is th a t  th e  
influence of su lphu r is n o t likely to  be accom­
panied  by an y th in g  like th e  d isastrous resu lts 
which m any text-books ind icate .
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Lancashire Branch.

THE HEAT TREATMENT AND GROWTH OF 
CAST IRON.

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

N um erous investigations have been carried  out 
d u rin g  th e  la s t tw en ty  years on th e  influence of 
h ea t- tre a tm en t on the  p roperties of grey cast iron. 
The sub ject is one of considerable industria l 
im portance, as m any engineering  p arts  have to 
sustain  conditions of considerable tem pera tu re  for 
more o r less prolonged periods of tim e. An adm ir­
able review of th e  work th a t  has been done is 
given by H u rs t in his book on th e  “ M etallurgy 
of C ast I ro n ,”  so th a t  i t  is no t necessary to  do 
m ore th a n  re fe r to  one or two of the  more 
im p o rtan t conclusions arrived  at.

Decomposition of carbide in grey cast iron takes 
place a t  tem pera tu res below th e  pearlitic  change 
po in t. The e x te n t of the  decomposition depends 
on th e  silicon content, being more pronounced the 
g rea te r the  q u an tity . I t  also depends on th e  tem ­
p e ra tu re  and th e  d u ra tion  of the h ea t-trea tm en t. 
A dditional elements, such as m anganese, tungsten , 
and chrom ium , re ta rd  very considerably the  
decomposition of th e  carbide. Microscopic 
exam ination  of low -tem perature h ea t-trea ted  cast 
iron  confirms the  results obtained analytically 
w ith reference to  decomposition of th e  carbide.

The tensile  s tren g th  of grey cast iron a t  first 
falls off as th e  tem p era tu re  increases, then 
increases to  a m axim um  usually in  th e  v icinity  of 
400 deg. C., a f te r  which i t  decreases rap id ly  as 
th e  tem p era tu re  increases. Irons which have been 
subjected to  a prelim inary  h ea t- trea tm en t before 
te s tin g  show consistently  lower values when tested 
a t  elevated tem pera tu res th an  those obtained in 
th e  norm al irons tested  under sim ilar conditions. 
The depression which is noted in th e  norm al irons 
is absen t in  the  hea t-trea ted  irons. The influence 
of vary ing  proportions of m anganese, tungsten , 
and  chrom ium  no t only increase the  in itia l

s



tensile s tre n g th  h u t also yield a h igher s tren g th  
value a t  tem p era tu res  up to  500 deg. C.

Volume changes o r grow th in grey cast irons 
tak e  place a f te r  repeated  h ea tings and coolings 
a t  tem pera tu res  below th e  pea rlite  po in t. The 
ex te n t of these changes, which a re  no doubt 
largely due to  carb ide decomposition, are  m odi­
fied by th e  composition of th e  iron and th e  addi­
tion  of special elem ents. Chromium in q u an tity  
produces ac tua l shrinkage a f te r  repeated  heatings 
and  coolings.

These conclusions have been a rrived  a t, as p re ­
viously m entioned, as th e  resu lt of various 
investigations to  which th e  au th o r has contri-
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T a b l e  I .— Analysis and Strengths.

Mark. 0 . P. Pt. 1. Pt. 2.

Per Per Per Per
cent. eent. cent. cent.

Graphitic carbon 2.75 2.48 2.33 2.44
Combined carbon 0.45 0.68 0.87 0.91
Total carbon 3.20 3.16 3.20 3.35
Silicon 2.19 1.48 1.05 0.65
Sulphur 0.064 0.054 0.123 0.117
Phosphorus 1 .0 1 0.704 0.34 0.17
Manganese 0.79 0.97 0.57 0.85

Tensile strength \  
Tons per sq. in. j 1 1 .2 16.6 15.0 18.3

Transverse strength \  
Lbs. per sq. in. / 2,912 3,472 3,394 3,017

buted. In  th e  discussion on his P a p e r on “  Low- 
T em peratu re H ea t-T rea tm en t of Special C ast 
Iro n s ,”  read  a t  th e  Glasgow Conference of the  
In s t i tu te  in  1925, i t  was suggested th a t  a  series 
of h ea t- tre a tm en t tes ts  should be carried  o u t on 
cast iron cast by th e  P e r l i t  process. I t  was also 
suggested in a  P a p e r by J .  E . H u rs t th a t  th e  
experim ents on carbide decom position had  been 
carried  o u t a t  450 deg. C. and 550 deg. C., and 
th a t  th e  m inim um  tem p e ra tu re  a t  which th is  
decom position takes place had  n o t been d e te r­
m ined. As those two po in ts a re  of considerable 
ind u stria l im portance, i t  was decided to  carry  
o u t fu r th e r  experim en ts along these lines.
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Materials Used.
The composition of the  irons selected for these 

experim ents, together w ith th e ir tensile strengths, 
a re  g iven in  Table I . “ 0  ” is an  o rd inary  iron 
used fo r general engineering work. The tests 
were carried  o u t on te s t bars which were cast 
on a casting. “ P ”  is a cylinder iron of a com­
position which has given good results in  service 
and was cas t in  dry-sand moulds in  th e  form  of 
te s t bars 14 in. by 1J in . diam eter. “  P t .  1 ”  is 
an  iron  cast by th e  P e rlit process in  the  form  of 
te s t bars cast on a casting , while “  P t. 2 ”  is also 
cast by th e  P e r lit  process, b u t th e  te s t bars in  
th is  case were cast separately  in  bars 14 in. by 
l i  in. diam eter.

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

Oast
iron.

Dura­
tion of 
heating 
in hours.

Total
carbon.

Com­
bined

carbon.

Ten­
sile

strength
tons.

Brinell
hard­
ness.

' 0 3.16 0.68 16.6 223
40 3.17 0.64 16.2 212
80 3.17 0.48 15.7 197

120 3.19 0.43 15.3 183
160 3.13 0.38 15.4 183

L 200 3.15 0.38 15.5 179

0 3.35 0.91 18.3 217
40 3.33 0.88 18.0 212
80 3.33 0.84 17.7 207

120 3.32 0.80 17.3 201
160 3.32 0.80 17.3 197
200 3.32 0.80 17.5 201

Heat Treatment Tests.

H e a t- tre a tm e n t tes ts  were subdivided in to  two 
groups, one dealing w ith carbide decomposition, 
s tren g th  and  hardness, and th e  o ther w ith  c a r­
bide decom position alone, and th e  m inim um  tem ­
p era tu re  required  to  produce it.

The first group of te s ts  was carried  o u t in two 
series. In  th e  first series five bars of “  P  ” and 
“  P t  2 ”  were heated  in  separa te  electric resist­
ance furnaces to  a tem pera tu re  of 450 deg. C. for 
8 hours, cooled overnight, th en  reheated  again to

s2
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th e  sam e tem p e ra tu re  th e  following day. A fter 
each 40 hours’ h ea tin g  a bar was rem oved from  
each fu rnace  and its  combined carbon conten t, 
tensile  s tren g th , and B rinell hardness determ ined. 
A sim ilar procedure was adopted  in th e  second 
series ,of tests, only th e  bars were hea ted  to
550 deg. C. The resu lts  ob ta ined  a re  given in
Tables I I  and  I I I .

In  th e  second group of te s ts , bars from  each of
th e  fou r irons were h ea t- tre a ted  in a sim ilar
m anner a t  six tem p era tu res , vary ing  from  
200 deg. C. to  550 deg. C. A fte r each 40 hou rs’

T a b l e  I I I .— Heat Treatment at 550 deg. G.

Cast
iron.

Dura­
tion of 
heating 
in hours.

Total
carbon.

Com­
bined

carbon.

Ten­
sile

strength
tons.

Brinell
hard­
ness.

*■ 0 3.16 0.68 16.6 223
40 3.13 0 .12 15.8 138
80 3.16 0 . 1 1 15.1 129P •< 120 3.15 0.09 14.8 129

160 3.15 0 .12 14.6 125
I 200 3.14 0 .12 14.8 129

- 0 3.35 ' 0.91 18.3 217
40 3.33 0.77 18.0 201
80 3.32 0.72 17.5 197Pt. 2 120 3.31 0.70 17.0 192

160 3.34 0.72 17.2 192
_ 200 3.34 0.72 17.0 --192

heating , a piece from  each of th e  bars was 
removed and its  composition as regards combined 
carbon determ ined. The resu lts  ob tained  a re  
given in Table IV .

C onsideration of these tab les shows th a t  carbide 
decomposition takes place in all th e  irons b u t 
varies considerably, according to  th e  tem p e ra tu re  
of tre a tm e n t and  iron  tested . A t 200 deg. C. 
th e  am ount of decomposition a f te r  a period of 
200 hours’ tre a tm e n t is in  each case so sligh t 
as to  be alm ost negligible. As th e  tem p era tu re , 
however, increases decom position is m ore p ro ­
nounced and varies for each iron . The am ount 
of decomposition for the  various tem p era tu res  is 
represen ted  graphically  fo r each iron in F igs. 1 
and 2 .
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W ith  the  o rd inary  iron th e re  is a steady 
increase in  th e  ra te  of decomposition as th e  tem ­
p e ra tu re  rises, being pronounced a t  350 deg C 
and alm ost to ta l a t 550 deg. C. The cylinder 
iron  shows m arked decomposition a t  450 deg. C. 
and  a t  550 deg. C. 82 peT cen t, of th e  carbide 
is decomposed. In  the two P e rlit irons decom-

T a b l e  IV. Heat Treatments at Various Temperatures.

Cast
iron.

Duration 
of heating 
in hours.

Temperature of Heating °C.

200 250 300 350 450 550
~ 0 0.45 0.45 0.45 0.45 0.45 0.4540 0.44 0.44 0.43 0.40 0.33 0.08

0 80 0.44 0.42 0.40 0.32 0.27 0.04
120 0.45 0.43 0.37 0.24 0.14 Trace160 0.44 0.41 0.35 0.22 0.11 Trace
200 0.44 0.41 0.35 0.23 0.10 Trace

■ 0 0.68 0.68 0.68 0.68 0.68 0.68
40 0.68 0.66 0.65 0.65 0.64 0.12

P 80 0.67 0.64 0.64 0.61 0.48 0.11
120 0.68 0.65 0.63 0.56 0.43 0.09
160 0.68 0.64 0.61 0.51 0.38 0.12
200 0.67 0.64 0.61 0.50 0.38 0.12

' 0 0.87 0.87 0.87 0.87 0.87 0.87
40 0.87 0.86 0.86 0.83 0.83 0.68

Pt. 1 J*
80 0.86 0.85 0.84 0.78 0.78 0.65

120 0.87 0.86 0.83 0.78 0.74 0.66
160 0.87 0.85 0.83 0.79 0.75 0.65
200 0.87 0.85 0.82 0.78 0.75 0.66

' 0 0.91 0.91 0.91 0.91 0.91 0.91
40 0.89 0.87 0.86 0.85 0.88 0.77

Pt 2 80 0.90 0.87 0.85 0.86 0.84 0.72
120 0.90 0.88 0.85 0.84 0.80 0.70
160 0.89 0.88 0.85 0.83 0.80 0.72
200 0.90 0.87 0.85 0.84 0.80 0.72

position is less m arked, th e  “  P t  2 ,”  which has 
th e  lower silicon content, showing only 20 per 
cent, carbide decomposition a t  550 deg., as 
aga in s t 25 p e r cent, in  th e  “  P t  1.”

In  all th e  irons decomposition takes place 
stead ily  for th e  first 120  hours’ h ea ting  a t  all 
tem pera tu res  except a t 550 deg. C., and then



D ees Certr

P i g . 3.— C y l in d e r  I r o n  P.
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both 450 deg. C. and 550 deg. C. w ith the two 
Perlit irons," followed by the cylinder irons con­
tain ing special elem ent additions. This carbide 
change is reflected in  the corresponding decreases 
in strength and hardness.

I t  would appear from these tests th at the 
stability of the carbide in grey cast iron under
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0 m ‘ 7 0 0 ' 300 ' f 0 0 ' 0 0 0 ' *00’

P e ts  Ceotr

Fig. 4 .— Perlit I r o n  Pt. 2 .
•

low-temperature heat-treatnient conditions is in­
fluenced by the silicon content. This effect is  
most pronounced when the silicon is 1 .0  per cent, 
or less. An iron containing 1.05 per cen t, of sili­
con shows only 25 per cent, carbide decomposition



at 550 deg. C., as against 82 per cent, for an iron 
containing 1.48 per cent, of silicon. Even the 
addition of 0.4 per cent, of chromium to the 
higher silicon iron does not produce the same 
degree of stability. Lowering the silicon to 0.65 
per cent, only increases the stability to a slight
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T a b l e  VI.— Elevated Temperature Tests.

Cast
iron.

Break­
ing

tempera­
ture
°C.

As cast.

Heat 
treated 

for 
200 hours 
at 450°C.

/
Heat 

treated 
for 

200 hours 
at 550°C.

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

100 16.1 14.9 13.8
200 15.8 14.5 13.6
250 15.2 __ __

P 300 14.9 13.8 12.4
350 15.7 — __
400 16.5 13.0 1 1 .0
500 15.1 12 .2 10.4

- 600 11.7 7.6 4.8
r 15 18.3 17.5 17.0

100 18.0 17.3 16.5
200 17.5 16.7 16.2

Pt. 2 - 300 17.2 16.5 16.0
400 17.7 16.3 15.7
500 18.0 15.7 15.2

V. 600 13.7 10 5 10 .0

extent, the most marked change taking place 
between 1.0 and 1.5 (per cent, of silicon. This 
might suggest some critical composition of silicon 
which affects stability if those lower silioon irons, 
due to their process of manufacture, did not have 
a higher initial combined carbon and an all- 
pearlitic structure. I t  appears probable that the 
marked inorease in stability is a result of the 
lower silicon content combined w ith the higher 
in itial combined carbon. This appeared to be 
confirmed by a  test carried out on an iron having 
0.89 per cent, combined carbon, 1.78 per cent, 
silicon, and a pearlitic structure. A fter 200 hours’ 
heat treatm ent at 550 deg. C. the carbide had 
decomposed to the extent of 48 per cent.
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Elevated Temperature Tests.

A series of bars from  th e  cylinder iron  “ P  ” 
and  th e  P e r lit  iron “ P t  2 ” were broken a t  tem ­
pera tu res  ran g in g  from  15 deg. O. to  600 deg . C. 
A second series from  each iron  were h e a t tre a te d  
a t  450 deg for 200 hours (and a  th ird  series were 
h ea t tre a te d  a t  550 deg. C. fo r a sim ilar period), 
in o rder to  produce m ore o r less stab le  conditions 
as regards carbide decom position. A fte r hea t 
tre a tm e n t, bars from  each series were broken over

T a b l e  V II.— Growth Tests at 450 deg. C.

Cast-
iron.

No. of 
heatings Length. Diam’ter Volume. Change.

In. In. Cub. in. Per cent.
_ 6.0000 1.0000 4.710 —

5 6.0004 1.0002 4.712 0.04
10 6.0004 1.0005 4.715 0 .11

O - 15 6.0010 1.0007 4.718 0.17
20 6.0035 1.0010 4.722 0.25
25 6.0052 1.0014 4.727 0.36

r 6.0000 1.0000 4.710 —
5 6.0003 1.0003 4.713 0.06

10 6.0005 1.0004 4.714 0.09
p  - 15 6.0006 1.0005 4.715 0 .11

20 6.0006 1.0005 4.715 0 .11
L 25 6.0006 1.0005 4.715 0 .11

r _ 6.0000 1.0000 4.710 —
5 6.0004 1.0001 4.711 0.02

10 6.0005 1.0001 4.712 0.04
Pt. 2 15 6.0004 1.0002 4.712 0.04

20 6.0005 1.0002 4.712 0.04
L 25 6.0005 1.0002 4.712 0.04

a range of tem p era tu res  sim ilar to  which th e  irons 
in  th e ir  cast condition  were broken. The resu lts 
ob tained  from  these te s ts  are  given in Table V I 
and represen ted  graphically  in  F igs. 3 and  4.

The P e r l it  iron te s ted  * in  its  cast condition  
shows, as in  the  case of th e  cylinder iron , the  
charac te ris tic  drop which takes place in the  tem ­
p e ra tu re  s tren g th  curve a t  300 deg. C. This 
depression in  the  curve is rem oved in both  irons 
a f te r  they  have been h e a t tre a te d . The P e r lit  
iron in its  cast condition, and also a f te r  hea t



tre a tm e n t, re ta in s  its s tren g th  up to  500 deg. O. 
before fa lling  off. In  th is  respect i t  behaves 
som ewhat sim ilar to  the  cylinder ipon contain ing
0.392 per cent, of chrom ium , dealt w ith in a p re­
vious P aper. S im ilar to the chrom ium  iron, i t  
also re ta in s  its  s tren g th  a fte r  hea t tre a tm en t. As 
com pared w ith th e  P e r lit  iron, the  cylinder iron 
in  its cast condition te s ted  a t  500 deg. C. shows 
a drop of 16 per cen t. A fte r h e a t tre a tm e n t for 
200 hours a t  450 deg. C. and  550 deg. C. th e  drop

T a b le  V III.—Growth, Tests at 550 deg. C.

Cast-
iron.

No. of 
heatings Length. Diam’ter Volume. Change.

In. In. Cub. in. Per cent.
r — 6.0000 1.0000 4.710 —

5 6.0006 1.0002 4.713 0.06
n 10 6.0020 1.0006 4.717 0.15

15 6.0030 1.0010 4.721 0.23
20 6.0046 1.0016 4.727 0.36

I 25 6.0063 1.0020 4.732 0.47

r __ 6.0000 1.0000 4.710 __
5 6.0004 1.0005 4.715 0.11

T> j 10 6.0011 1.0006 4.716 0.13r  ■< 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

- __ 6.0000 1.0000 4.710 _
5 6.0005 1.0001 4.712 0,04

TX f 9  . 10 6.0008 1.0002 4.713 0.06x I. Z ■< 15 6.0008 1.0002 4.713 0.06
20 6.0007 1.0002 4.713 0.06
25 6.0008 1.0002 4.713 0.06

in s tren g th  when tested  a t  500 deg. C. is 19 per 
cent, and  28 per cent, respectively. These results 
are  consistent w ith  th e  resu lts ob tained  in the  
carbide decom position tests , th e  P e rlit iron being 
the  more stable under the h igher tem pera tu re  
conditions.

Growth and Volume Changes.
Two bars from  each of th e  th ree  irons, o rdinary  

“  O ,”  cylinder “  P ,”  and PeTlit ‘‘ P t  2 ,”  were 
subjected to  repeated  heatings and coolings for a
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period of 200 hours a t  450 deg. O., each h ea tin g  
being of e igh t hou rs’ d u ra tio n . S im ilar te s ts  were 
cast o u t a t  550 deg. C. The bars which were 
accurately  m achined to  6 in . in leng th  an d  1  in. 
d iam eter were hea ted  in  a n  e lec tric  resistance 
fu rnace  and  were accura te ly  m easured by m eans 
of a  W hitw orth  m easuring m achine a t  th e  end of 
every five heatings o r 40-hour periods. The 
resu lts w hich were ob ta ined  are  given in  
Tables V II  and V II I  and  in  F ig . 5.

Nuaaca Of  Hear/iJas

F ic . 5.—G r o w t h  T e s t s  a t  450 d e g . a n d  550 d e g . C.

The am oun t of g row th which takes piace both 
in  the  cylinder iron  and  th e  P e r l it  iron  a t  450 deg. 
C. and 550 deg. C. is sm all when com pared w ith  
the  grow th in th e  o rd in ary  iron . G row th in the  
form er irons also appears  to  a tta in  a m axim um  
a f te r  10  hea tings, while in  th e  la t te r  th e  m a te ria l 
is s till con tinu ing  to  grow a t  bo th  tem p era tu res  
a f te r  25 heatings, o r 200 hours.

T h a t these changes a re  in  some w ay re la ted  to  
carbide decom position i t  is n o t difficult to  surm ise, 
b u t carbide decom position alone does n o t explain
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everything. A cylinder iron  contain ing  0.4 per 
cent, of chrom ium  shrinks, yet th e  carbide decom­
position is g rea te r th a n  in  the  case of th e  P e rlit 
iron , which shows a slight increase in volume. 
Microscopic exam ination  does not show any 
in te rn a l ox idation  such as is associated w ith 
grow th a t  tem pera tu res above th e  critical range, 
so th a t  the  definite cause of these volume change 
phenom ena requires fu r th e r  investigation .

Microscopic Examination.
An extensive microscopic exam ination  was made

F i g . 6 — x  540 .

on sections tak en  from  the  four irons a t  various 
stages du ring  th e ir  h ea t trea tm en t, and these, in 
general, confirmed th e  results obtained by analy­
tical m ethods. To illu s tra te  w hat takes place a 
few photographs were ta k e n ; F igs. 6, 8 , 10 and 
12  rep resen t the  four irons in th e ir cast condi­
tion , and  Figs. 7, 9, 11 and 13 the  irons a f te r  
being subjected to  200 hours’ h ea t tre a tm e n t a t 
550 deg. C.

The m icrostructure  of the irons in th e ir cast
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condition is w hat one would expect from  th e ir  
composition and process of m an u fac tu re . The 
o rd inary  iron  shows g rap h ite , pea rlite , fe r r ite  and  
phosphide eu tec tic , as also does th e  cylinder iron, 
except th a t  th e  fe rr ite  is dim inished and  th e  
pearlite  increased. The two P e r l i t  irons show 
p earlite  and  g raph ite .

In  all th e  irons a f te r  h e a t tre a tm e n t th e  
g rap h ite  p lates show an increase in  size, and  th e re

F ig . 7.— x 540.

are evidences of g rap h ite  being deposited  along­
side th e  ex is ting  p lates. This deposition  of 
g rap h ite  is accom panied by decom position of the  
pearlite  which tak es place generally  and  n o t in  th e  
v ic in ity  of th e  deposited  g rap h ite . T his decom­
position of p ea rlite  is m ost pronounced in  the  
o rd inary  iron, F ig . 7, where a f te r  tr e a tm e n t th e  
am ount of pea rlite  visible is p rac tica lly  nil. The 
h ea t- trea ted  cylinder iron, F ig . 9, also shows 
m arked carbide decom position. T races of p earlite  
a re  s till visible, b u t on a  whole i t  is d is in teg ra ted .

The two P e r l i t  irons a f te r  h e a t tre a tm e n t re ta in



th e ir  pearlitic  s truc tu re , although there  is a dis­
tin c t change in the  n a tu re  of the  pearlite , F igs. 11 
and 13. I t  is of a less compact n a tu re  and has a 
d is tinc tly  weaker appearance. The carbide appears 
to  be in a s ta te  of d is in teg ra tion , especially in the  
case of th e  h igher silicon iron, where th ere  are 
d is tin c t fe r rite  areas formed.

These m icrophotographs rep resen t the  extrem e 
conditions of tem p era tu re  to which th e  various 
irons were subjected. M icro-exam ination of the
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F i g . 8 .— x  540 .

pieces h ea t tre a te d  a t  200 deg. C. for 200 hours 
shows no change in th e  stru c tu re . E xam ination  
of those pieces of all th e  irons tre a te d  a t  in te r­
m ediate tem pera tu res shows changes which are in 
accordance with th e  analytical results. The 
changes in m icrostructure  due to  carbide decom­
position  and g raph ite  deposition are no doubt the 
cause of th e  falling  off in stren g th  properties of 
those irons mechanically tes ted  a fte r  h ea t t r e a t ­
m ent. There are  no signs of in te rn a l oxidation 
tak in g  place in any of the hea t-trea ted  irons.
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Conclusions.
In  sum m arising th e  resu lts ob tained  from  the 

various te s ts  th e  following conclusions m ay be 
made, although fu r th e r  work requ ires to  be done 
before all of them  can defin itely  be es tab lish ed : —

1 . C arbide decom position accom panied by 
g rap h ite  deposition takes place in grey cast iron 
when subjected  to  low -tem perature h ea t- tre a t-  
m ent.

2. S tab ility  of th e  carbide is influenced by the 
silicon con ten t, and also by th e  in itia l combined

F i g . 9 .—  x 540.

carbon conten t. A combined carbon con ten t of 
0.9 per. cen t., to g e th er w ith  an a ll-pearlitic  s tru c ­
tu re  and 1 .0  p e r cent, o r less of silicon, gives the 
g rea te s t s tab ility .

3. S tab ility  is also influenced by the  tem p era­
tu re  and  th e  d u ra tio n  of h e a t tre a tm e n t. A t 200 
deg. C. the change is n o t noticeable excep t over 
a long period of tim e. O ver 200 deg. C. th e  ra te  
of change varies w ith  th e  tem p e ra tu re  and n a tu re  
of th e  iron .
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4. C arbide decomposition also affects the 
m echanical properties of grey cast iron according 
to the  condition and d u ra tio n  of h ea t trea tm en t.

5. Growth and volume changes .are in some ways 
re la ted  to  carbide decomposition, b u t no t wholly 
explained by it.

The a u th o r’s thanks are due to  M r. Jam es 
Brown, O .B .E ., and  the o ther d irectors of Sco tts’ 
Shipbuild ing  and  E ngineering Company, L im ited, 
Greenock, for perm ission to  publish the  results of 
those experim ents, and to  th e  N orth-E astern

F i g . 1 0 . — x  5 4 0 .

M arine E ngineering Company, L im ited, W allsend, 
for the P e rlit te s t bars.

DISCUSSION.
Perlit Iron.

M r. C. G r e s t y  (Newcastle) said he was a  close 
follower of th e  work of M r. Donaldson, and his 
in te re s t in  th e  P ap e r was increased by th e  fact 
th a t  he was p artly  responsible for the  production



of some of th e  p a r tic u la r  P e r l it  sam ples on which 
the  experim ents had  been m ade. E ver since 
P e r l i t  had been in troduced  in to  th is  country  he 
had  been engaged on its  m an u fac tu re . The resu lts 
ob ta ined  by M r. D onaldson were, in  his opinion, 
exceedingly valuable. In  th e  series of P ap ers  they  
had had  from  him  in  recen t years they  got clear 
and concise sta tem en ts  of fac ts w ithou t any 
th eo ris in g ; no th ing  was p u t down unless th ere  
was proof given of it.
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F i g . 11.— x 540.

The m ost notable fa c t disclosed by th e  p resen t 
P ap e r was th e  series of good and  consisten t resu lts 
given by P e r lit  iron in all th e  te s ts , n o t only com­
pared  w ith th e  irons m entioned in  th e  P a p e r th a t  
a fte rnoon , b u t also w ith  those re fe rred  to  in p re ­
vious con tribu tions. T hroughout th e  experim ents 
good and consistent resu lts  had  been ob ta ined  from 
P e rlit , and w hilst th e  resu lts in  th e  case of o th e r 
irons were good in  c e rta in  respects, if th ey  were 
exam ined closely i t  would be found th a t  a lthough  
they  did well on some te s ts  they  w ent down on
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others ra th e r  badly. F or example, the iron con­
ta in in g  tungsten , which M r. Donaldson dealt with 
more fully  in th e  Glasgow P aper, showed high 
resistance to  grow th, and iron contain ing  
chrom ium  m ain ta ined  its s tren g th  well a t  high 
tem pera tu res , b u t both irons showed g rea te r 
softening and carbide decomposition th a n  the  
samples of P e rlit . Table V., which gave th e  per­
centage a lte ra tions under d ifferen t trea tm en ts , 
was very illum inating , and corroborated w hat he

F i g . 1 2 .—  x  5 4 0 .

had  ju s t said in a  s tr ik in g  m anner. F o r instance, 
a f te r  tre a tm e n t a t  550 deg. C. the  hardness of 
P e r lit  was only decreased by 11.5 per cent., 
w hereas the n ex t best iron, e ither in th a t  table or 
in those previously published, came o u t a t over 
30 per cent, decrease. As th e  au tho r pointed  out, 
i t  was ev ident th a t  th is  g rea t stab ility  of the car­
bide came from  the  low silicon con ten t of the 
m etal, because th e  P e rlit iron had no alloy addi­
tions. H e d id  n o t know w hether i t  had come to  
the knowledge of M r. Donaldson, b u t i t  would p e r­
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haps be of some in te re s t to  s ta te  th a t  for a good 
m any m onths his firm had  been m an u fac tu rin g  
P e r lit  iron w ith silicon betw een 0.4 and  0.5 per 
cent. Ju d g in g  from  M r. D onaldson’s resu lts , th is  
very low-silicon iron w ith  0.4 to  0.5 per cent, 
silicon would be even more stable th a n  the sam ples 
w ith which he had  dea lt.

High Temperature Results.
In  all his work th e  au th o r had  confined him self 

to  com paratively low -tem perature tre a tm e n t, i.e ., 
up to  550 deg. C ., and  he would like to  ask  
w hether any of the irons con ta in ing  add itions of

F ig . 13.— x 540.

chrom ium , tu n gsten , nickel, and so on had  ever 
been te s ted  fo r grow th above th e  c ritica l po in t. 
H e did n o t th in k  he would be g iv ing  aw ay secrets 
if he s ta te d  th a t  M r. O. E . P earson , who is w ork­
ing a t  A rm strong College, N ewcastle, under th e  
C arnegie Scholarship Scheme, had  been doing 
research  work on  h e a t tre a tm e n t above th e  
critica l p o in t, nam ely, a t 900 deg. C. H is work 
was in the press a t  p resen t, b u t 'he had  perm ission



535

to  m ention i t  a t  th a t  m eeting. A t those higher 
tem pera tu res  th e  percentages of grow th were very 
much g rea te r. Thus, w here M r. Donaldson m ight 
show 0.3 o r 0.4 per cent, grow th a t 550 deg. C ., a t 
the high tem p e ra tu re  of 900 deg. C., they  would 
probably g e t 30 o r 40 per cent, w ith th e  sam e irons. 
One sam ple of P e r lit  iron  con ta in ing  0.68 per cent, 
of silicon, roughly the  sam e as M r. Donaldson had 
been w orking on, gave 5.5 p er cent, maxim um  
grow th. A nother sam ple con tain ing  ju s t under 
0.5 per cen t, silicon had  given 2.83 per cent, 
grow th, and of a ll th e  o rd inary  irons M r. Pearson 
had  d ea lt w ith, th e  lowest figure given was 16.8 per 
cent, grow th. Thus a t  these h igh  tem pera tu res 
also P e r l i t  showed a very g rea t resistance to  heat.

Growth and Wearing Properties.

A bout a  couple of years ago Professor M ellanby, 
who is an au th o rity  on iron for Diesel work, sta ted  
in  a  P ap er th a t  he had  found from  experience 
th a t  th e  w earing properties and grow th of cast 
iron w ent hand  in  hand  so to  speak. I f  an iron 
was very re s is tan t to  grow th, i t  was also very 
re s is tan t to w ear. H is (M r. G resty’s) own experi­
ence of P e r l i t  en tire ly  bore o u t th a t  sta tem en t, 
a n d  he wrns w ondering w hether M r. Donaldson had 
ever done any wear tes ts  on any of his o ther 
m ateria ls.

D ealing w ith  th e  m icro-structures, the  au th o r 
s ta te d  th a t  P e r lit  iron showed a pearlitic  s tru c tu re  
a f te r  200 hours a t  550 deg. C., which in  his (M r. 
G resty’s) opinion was ra th e r  rem arkable in  view 
of th e  s ta tem en t th a t  th e  pearlite  was in  a s ta te  
of d is in teg ra tion . I t  certa in ly  had  a slightly 
w eaker appearance, b u t the  physical tes ts  did n o t 
show any  g rea t drop in s tren g th . In  Table V the  
percen tage drop in  tensile  s tren g th  was really 
very low, being only 7 per cent, a fte r  trea tm en t 
a t 550 deg. C.

The au tho r fu r th e r  s ta ted  th a t  the  ac tua l car­
bide decom position a t  550 deg. C. was completed a t 
th e  end  of 40 hours as a general rule, so i t  was 
qu ite  ev iden t th a t  th a t  p a rticu la r pearlitic  struc­
tu r e  m ust be very stable to  enable i t  to  persist 
even a f te r  ano ther 160 hours a t  the  same tem ­
p e ra tu re .
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Low Silicon Superseding Chromium.

Mb. D o n a l d s o n  rem arked  th a t  in th e  Glasgow 
P ap e r he was dealing  w ith  cylinder iron  w ith  1.5 
p e r  cent, of silicon. A dding 0.4 p er cent, of 
chrom ium  to  i t  produced a sm aller carbide change 
when tes ted  under sim ilar conditions. One of th e  
speakers, in  the  course of th e  discussion, rem arked  
th a t  if  th e  silicon was reduced from  1.5 per cent, 
to  0.6 per cent, a  sim ila r re su lt would be 
ob tained . H e had  ob ta ined  an  iron  co n ta in in g  
0.65 per cent, of silicon, and  they  saw w hat h a p ­
pened on reducing  th e  silicon. R educing  th e  sili­
con had  a g rea te r effect th a n  add ing  0.4 per cent, 
of chrom ium .

H e was n o t aw are th a t  irons were being m ade 
w ith  silicon betw een 0.4 and 0.5 p e r c e n t . ; he 
th o u g h t 0.65 per cen t, was th e  lowest. As to high- 
tem p era tu re  tre a tm e n t, he had  n o t ca rried  ou t 
any tes ts  above the critica l p o in t, his w ork hav ing  
been confined to  th e  lower tem p era tu res . Some 
people, in  fac t, th o u g h t 550 deg. C. was fa r  too 
h igh for research  w ork in  connection w ith  Diesel 
engines.

H e had  no t had an oppo rtu n ity  of ca rry in g  ou t 
tes ts  on w ear, and  he could n o t there fo re  say how 
P e r lit  behaved u n d e r such te s ts . M r. G resty ’s 
rem arks w ith reference to  th e  m icroscopic evidence 
were in te restin g , and he agreed w ith  them .

Producing Low Silicon Irons.
M e . S h a w  (Sheffield) endorsed all th a t  had  been 

sa id  reg ard in g  the  value of M r. D onaldson’s work. 
I t  would appear th a t  w ith a no rm al to ta l carbon 
of approxim ately  3.2 per cent, i t  was necessary 
to  g e t a very low silicon to  ob ta in  th e  best resu lts 
both as regards s tre n g th  a t  h igh tem p era tu res  and  
lack of grow th. I t  would seem, a t  first sigh t, th a t  
th e  ho t mould process was needed u n d er these 
conditions (Si 0.6 per cen t.) to ob ta in  a  m ach in ­
able casting . U n fo rtu n a te ly  th is  process was n o t 
possible in such cases as la rge  tu rb in es, which took 
several days to  core up. The silicon would have 
to  be raised  to  com pensate for the  cold m ould 
if th e  casting  would m achine easily. This, accord­
ing to  M r. D onaldson’s findings, was fa ta l. In  
th e  com petition  th a t  was ta k in g  place between th e



Diesel engine and the  H .P . tu rb ine , the la t te r  was 
handicapped by lack of su itab le  m ateria l to  give 
sa tisfac tion  a t  m uch h igher pressures and tem ­
pera tu res. I t  was up to  foundrym en to tr y  and 
find a su itab le  iron, otherw ise th e  engineer 
would find som ething be tte r. H e would like to  
suggest th a t  i t  m igh t be possible to use lower 
to ta l carbon irons, w ith, say, chrome add itions; 
although the  silicon would need to  be h igher, its 
effect on the  low to ta l carbon (say 2.5  per cent.) 
would be m uch less and th e  g raph ite  would be in 
a definitely finer s ta te . I t  would also be possible 
to cast the  sim pler liners and  piston heads in  a 
perfectly  w hite iro n  free from  graph ite  w ith  these 
low to ta l carbons. I t  was possible to  tu rn  th is 
w hite iron (B rinell hardness about 300) in an 
eng inee r’s la the  w ithout m uch trouble. These 
low-carbon irons could be obtained in the  cupola, 
using about 90 per cen t, steel and a 10 per cent, 
more of a  25 p e r cent, silicon pig. This consis­
ten tly  gave less th a n  2.5 per cent, to ta l carbon. 
F o r certa in  purposes he used a  m etal contain ing  
T.O. 2 .2; Si, 0 .7 ; M n, 0 .35; S, 0 .1 ; Cr, 1.0; and 
Ni, 0.5 per cent. T ha t gave a white m etal which 
a f te r  annealing  a t  900 deg. 0 . for 15 hours, 
showed no signs of g raph itisa tion , b u t a n  altered 
s tru c tu re  th a t  could be drilled and m achined a t 
slow speed. "Whether th is m etal would create any 
difficulty in  plain  liners, e tc ., he d id  not know.

Importance of Sulphur Content.

H e would have liked to  have seen the complete 
analyses of the various irons given in  the tables, 
because from  a large am ount of w ork done he 
had  no doubt th a t  the  ra tio  of m anganese to  sul­
p h u r played a g rea t p a rt on the  q u an tity  and shape 
of th e  g raph ite , quite  a p a r t from  the  silicon con­
te n t . T h a t was confirmed in m ost shops th a t  had 
to  work to  chill. N o tw ithstanding  th e  investiga­
tions of various people who made laboratory  tests 
on small sam ples and s ta ted  th a t  any m anganese 
above th e  atom ic ra tio  to  su lphur acted  as a 
hardener, he had no hesita tion  in  saying th a t  they 
were wrong. Of course, the re  would be a  point 
where excess m anganese would harden  a casting, 
b u t m uch would depend on the thickness of the  
casting.
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Carbide Decomposition.
M r . Donaldson, in reply, po in ted  o u t in con­

nection w ith  the  vary ing  of th e  to ta l carbon th a t  
the irons he had  worked w ith were m ore o r less 
of th e  same carbon con ten t. I t  was th e  silicon 
th a t  varied . H e had  m entioned  th a t  he had  
carried  o u t a  te s t  w ith  an  iron which had  a pear- 
litic  s tru c tu re  and  con ta ined  1.78 p e r cen t, of 
silicon, and th a t  a f te r  200 ho u rs’ tr e a tm e n t a t 
550 deg. C. th e  carbide decomposed to  th e  ex ten t 
of 48 per cent. T h a t iron  con ta ined  2.75 to ta l 
carbon.

M r . Shaw: A nd w hat m anganese?
M r . D o n a l d s o n : I could not say.
The P r e s i d e n t : W as chrom ium  added to  th a t?
M r . D o n a l d s o n : No chromium.
C arbide decomposition, con tinued  M r. D onald­

son, was ra th e r  a com plicated m a tte r , because 
th ree  fac to rs were involved—to ta l carbon , com­
bined carbon, and silicon—and  if  chrom ium  was 
b rough t in  i t  m ean t a fo u rth . The sub jec t re ­
quired  fu r th e r  investigation  in  a  m ore system atic  
m anner.

M r . Sh a w  observed that it was the manganese 
he was concerned with.

M r . D o n a l d s o n replied that he had not taken 
that into consideration; it was varying silicon he 
had dealt with.

M r . Sh a w  : The manganese is vital.
M r . D o n a l d s o n rem arked  th a t  m ig h t be so, bu t, 

as had  been previously poin ted  o u t, th e  only tru e  
way of ca rry in g  o u t research  work was to  vary  
one variab le  a t  a  tim e, b u t w ith  com m ercial iron 
i t  was difficult to  do so because all th e  o th e r con­
s ta n ts  varied  a t  th e  sam e tim e. Personally  he 
th o u g h t research  carried  o u t on comm ercial irons 
was of more prac tica l use th a n  th a t  ca rried  o u t 
on specially p repared  m ate ria l. R eference had 
been m ade to  te s ts  a t  950 deg. 0 . ;  he had  no 
experience of those h igh  tem p era tu res .

High Temperature Requirements.

H e (the lec tu rer) considered th e re  was a  fu tu re  
for iron m ade by th e  P e r l i t  process in Diesel 
engine work, on account of the  low-silicon con­
te n t  which was ob tained . Personally  he had  never 
seen the  P e r lit  process in opera tion , and was only



539

speaking of th e  sam ples of m ate ria l p repared  by 
i t  which he had  received. H e had  had other 
p ea rlite  irons p repared  by d ifferen t processes, but, 
un fo rtu n a te ly , he had  never received sufficient 
bars to  enable him  to  carry  o u t a  series of tests. 
M r. .Shaw had  m entioned th e  question of tem ­
p era tu res  in connection w ith  Diesel engine work, 
and th a t  was a  fac to r which would have to  be 
faced. As he had  pointed  o u t, up to  200 deg. C. 
i t  d id  n o t m a tte r  w hat cast iron  was used so fa r  
as carbide decomposition was concerned ; 200 deg.
C ., however, was only sa tu ra te d  steam  tem pera­
tu re . S uperheated  steam  tem peratu res reaching 
400 C. deg. had  recently  been a tta in ed . H e also 
knew of one case where an oil engine piston had 
been red  hot, and  where analysis subsequently 
m ade had  shown th a t  th e  tem p era tu re  m ust have 
been somewhere in  th e  v icin ity  of 600 deg., be­
cause th e re  was n o t a  trace  of combined carbon 
le ft. A bnorm al tem pera tu res  were m et w ith and 
had  to  be considered. M r. Shaw had  suggested 
th a t  if cast iron would no t m eet those conditions 
th e  engineer would tu rn  to  som ething else. As 
ye t he had  no t done so, because th ere  was nothing 
cheaper.

Low Carbon Improves Perlit Iron.
M r. G r e s t y agreed w ith M r. Shaw th a t  there 

were processes o th e r th a n  the  P e rlit by which 
iron low in  to ta l carbon in th e  cupola could be 
produced. The po in t was if M r. Shaw wished to 
m ake a  b e tte r  iron  w ith , say, 2.5 per cent, carbon 
he could do so, b u t he could go e ither lower in 
carbon o r in  silicon if he adopted th e  P e rlit pro­
cess. I t  was no t sufficiently realised th a t  by the 
P e r lit  process they  were n o t tied  to  3.3 per cen t, 
of c a rb o n ; th ey  could go to  2.7 per cent, and  
ob ta in  a  b e tte r  p roduct th an  if a h igher silicon 
iron  were used.

The P resident said he was in agreem ent with 
M r. Shaw th a t  a p earlitic  s tru c tu re  could be 
ob tained  w ithout th e  P e r lit  process. H e had  done 
so fo r years, and could do so again . A t the same 
tim e, if i t  were possible to  ge t a more consistent 
m ateria l by a certa in  process which would lessen 
th e  responsibility  of those who had to  m ake the 
castings, so m uch the b e tte r  for all concerned. 
The claims se t up for P e rlit in itia lly  were so
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g re a t th a t  they  acted ra th e r  as a d e te rren t th an  
an encouragem ent, because m ost people knew th e  
claims could n o t be su b s tan tia ted , b u t if  i t  
had  reduced th e  troubles in th e  foundry  a li t t le  
i t  had done som ething.
M r . D o n a l d s o n remarked that he was willing 

to carry out tests on other pearlite irons if he 
could get the material, but up to the present 
he had had only single bars of those other irons, 
and that was not sufficient to carry out systematic 
tests.

Influence of Mn on Carbide.

M r . M. L. B e c k e r , of th e  B ritish  C ast Iro n  
R esearch Association, said  th ey  w ere privileged 
in  hearing  such a valuable P ap e r, embodying 
a g re a t deal of recen t research which had  n o t 
previously been published. The problem  of grow th 
a t  low tem p era tu res  was receiv ing a tte n tio n  by 
the  C ast Iro n  R esearch Association, an d  although  
i t  was n o t one w ith  which he was in tim a te ly  con­
cerned a t  th e  m om ent, he knew th a t  th e  value of 
M r. D onaldson’s w ork was fully  apprecia ted .

The au th o r was qu ite  definite abou t th e  effect 
of m anganese in  stab ilising  carbide. H e believed 
a num ber of people considered th a t  a t  the  h igher 
tem pera tu res  m anganese’ h ad  very  li t t le  effect 
upon th e  stabilising  of the  carbon. H e personally  
had  found th a t  on annealing  a w hite iron  i t  
g raph itised  proportionate ly  rap id ly  according to  
th e  am ount of silicon p resen t, and  th a t  th e  p re­
sence of m anganese up to  3 p er cen t, had  very 
l i t t le  effect. On th e  o th e r hand , a w hite iron  free 
from  silicon would g raph itise  if annealed  fo r a 
very long tim e, w hereas an  iron con ta in ing  m uch 
m anganese would n o t g raph itise  even in  such 
periods as a thousand  hours a t  1,000 deg. C. 
W ith  reg a rd  to  F igs. 1 and  2, i t  seemed to  him  
su rp ris ing  th a t  th e  effect th e re  shown should 
occur, because he should have th o u g h t th a t  as 
annealing  progressed th e  combined carbon would 
have continued to  be reduced u n ti l i t  fell to  a  
value of, say, 0.1 per cent. In  all irons, how­
ever, th a t  did n o t seem to  be th e  ease. Decom­
position took place w ith in  th e  first 20 hours, b u t 
th e  final value, which had  all th e  appearance  of 
an equilibrium  value, was no t th e  sam e in all 
cases even where th e  compositions, a p a r t  from  car­
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bon, were sim ilar. H e would like to  know w hether 
M r. D onaldson th o u g h t th is value was an  equi­
lib rium  value depending upon th e  composition, or 
w hether, if annealed  fo r considerably longer 
periods, th e  combined carbon would be found to 
be fu r th e r  decomposed.

Decomposition of High Initial Combined Carbon.
The conclusion th e  au th o r a rrived  a t, th a t  the 

high in itia l combined carbon prevented  decompo­
sition , seemed to  be qu ite  an tagon istic  to  the 
genera l view th a t  th e  h igher th e  combined car­
bon of a  c a s t iron  th e  more i t  would be inclined 
to  g raph itise . In  fac t, th e  P e r lit  process de­
pended on th a t . H e was speaking of high tem ­
p era tu res , b u t one would expect th e  same rule to  
hold in  cases below the critica l range. I n  the  
micro-sections shown on the  screen th e  lam ina­
tions became m ore d is tin c t, and  apparen tly  fu r th e r  
a p a r t  on annealing  a t  550 deg. C. W as th a t  th e  
case?

M r. D o x a l d s o x  said he though t it w a s  th a t  
th e  section or th e  p a rticu la r area  had  been badly 
chosen. G enerally speaking, th e  photographs 
showed th a t ,  b u t i t  was n o t so.

Factors for Carbide Decomposition.

M r. B e c k e r  continued th a t  the  p rec ip ita ted  
g rap h ite  apparen tly  m ig ra ted  to  the  pre-existing 
flakes, and  was, therefo re , no t visible in  the  fe r­
r i te  areas of th e  fu lly  annealed iron. T ha t was a 
su rp ris ing  fac t, and  was evidence o f the hypothesis 
th a t  th e  fe rr ite  would tak e  carbon in to  solution 
a t  tem p era tu res  below the  critical point. The 
P e r lit  irons showed up extrem ely well in  resisting  
grow th and  carbide decomposition, and i t  would 
be in te res tin g  to  know w hether M r. Donaldson 
had  com pared a p a rtia lly  g raph itised  w hite iron 
such as m igh t be obtained in th e  production of 
black h e a r t  malleable iron  ;f th e  ra te  of cooling 
from  th e  annealing  tem pera tu re  were rap id  
instead  of slow. By tre a tin g  such a  m ateria l along 
w ith  th e  P e r lit  and grey irons a t  a  tem pera tu re  
of 550 dee. C. i t  m ight be possible to determ ine 
w hether Hie form  and d is tribu tion  of th e  p re­
ex is ting  g rap h ite  were factors influencing the  ra te  
of carbide decomposition as d is tin c t from  the  sili-
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con con ten t. H e personally was inclined to  th e  
~  belief th a t  they  were.

W ith  reg ard  to  th e  analysis of th e  iron  which 
had been subjected  to  h ea t- trea tm en t, i t  was a 
li t t le  difficult to  visualise w hat would happen  to  
th e  p rec ip ita ted  g rap h ite . I f  i t  were p rec ip ita ted  
in  very fine partic les, was some of i t  going to  
escape on analysis, o r d id  M r. D onaldson th in k  
i t  would all be estim ated  along w ith  th e  o th e r 
g rap h ite  P

Relative Values for Carbide Decomposition.

M e. D o n a l d s o n said  th e  question of m anganese 
was d ea lt w ith  in a previous P ap er. H e found 
th a t  2.75 per cent, m anganese added to  a  1.6 per 
cent, silicon iron  gave a  s tab ility  som ew hat sim ilar 
to  0.4 per cen t, chrom ium . T h a t was th e  only ex ­
perience he had  w ith reference to  m anganese. H e 
had no experience of w hite  iron  a t  all. W ith 
regard  to  the  question of an equ ilib rium  value 
i t  was difficult to  say, b u t he th o u g h t th e re  was 
an  equilibrium  value fo r a  p a rtic u la r  te m p e ra ­
tu re . W ith  reference to  g rap h ite  he had  always 
assumed th a t  all th e  g rap h ite  deposits cam e o u t 
in the  analyses. In  do ing  those analyses he 
usually d id  th e  to ta l carbon  and th e  g rap h ite , and 
got th e  combined carbon by th e  difference. In  
some cases he did th e  combined carbon d irec t, 
b u t he p re fe rred  th e  form er m ethod.

M r. J oll ey asked w hether M r. Donaldson 
worked en tire ly  on te s t pieces or had  he used 
p a rts  of castings, and  had  he a t  any tim e taken  
«ampies of o rd in ary  irons which had  been cast in 
th e  o rd inary  way and  irons cas t by th e  P e r lit  
process? T here was, no doubt, som ething in  the 
P e r lit  process, b u t th e  troub le  was th e  lim ita tio n s 
in h ea tin g  th e  m oulds and  contro lling  th e  tem ­
p era tu res  so ob tained .

M r. D o n a l d s o n s ta te d  th a t  th e  cylinder iron 
was tak en  from  te s t  bars cast separa te ly , w hilst 
th e  P t .  1 bars were cast on a  casting . P t .  2, 
however, was supplied in  th e  form  of te s t  bars, 
cast separately . H e had  te s ted  irons m ade by 
different firms which he knew did n o t use th e  sam e 
pig-irons, because they  bought from  d ifferen t 
sources, and he got m ore o r less th e  same results 
from  those d ifferent irons.
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High Total Carbide Successful for Diesel Work.
M r .  L o n g d e n  asked how the  au tho r had taken  

th e  B rinell hardness. Did he m achine the  te s t 
bars to  a  definite d ep th , and tak e  i t  a t  exactly 
th e  sam e place in each b ar P H e had  carried  out 
a num ber of experim ents in th e  production of 
pearlitic  cast iron, and  he did no t agree with 
M r. Shaw when he s ta ted  th a t  the  physical p ro ­
perties in  o ther irons were equal to  P e rlit. The 
im pact s tren g th  was a  m ost im portan t m a tte r  in 
Diesel engine work. I f  a bar of o rd inary  iron 
l j i n .  d iam ete r was stru ck  p re tty  forcibly i t  could 
be broken in  a couple of blows, h u t P e rlit iron 
would s tan d  200 or 250 blows. W hy there  was 
such a  v ast difference he could n o t say . There 
was an I ta lia n  firm which m ade a g re a t success in 
th e  p roduction  of th e  Diesel engine, and p a rticu ­
la rly  th e  breach ends. I t  had been brought ou t 
th a t  low carbon was absolutely essential. Y et th a t  
p a rtic u la r  firm m ade an iron w ith  a to ta l carbon 
con ten t of 3.81; silicon, 1.36; m anganese, 0.87; 
and  su lphur, 0.28 p e r cent. I f  he were choosing 
m etal fo r a heavy-oil engine, he would select 
P e r lit  iron for the breach end, the piston and  the 
p iston  ring , and ano ther iron  for the  liner. There 
was a place for all these m etals.

M r . D o n a l d s o n  said th a t  all th e  bars were 
s tan d a rd  te s t bars, and  th e  B rinell hardness was 
carried  o u t a f te r  th e  b ar had been m achined to 
the  s tan d a rd  size and  always a t  the  same place.

The P r e s i d e n t  rem arked th a t  in connection 
w ith  m any of the  difficulties which had  been 
re fe rred  to  th e re  was some fa u lt on the  engineer­
ing side as well as on th e  foundry  side. When 
red -heat tem pera tu res  were reached i t  could not 
be expected th a t  steel, cast iron or any ferrous 
o r non-ferrous m eta l could w ithstand  it, and it  
was as m uch th e  work of the  engineer as of the  
foundrym an to  deal w ith  the m a tte r . H e had 
seen cylinder heads tak en  o u t of an old engine 
showing clear signs of having been red hot. Some­
th in g  had  been wrong in the  engine a p a r t alto­
gether from  th e  casting. W ith  cylinder heads 
and pistons th a t  had developed s ta r  cracks no 
reason was ever given for th e ir  presence, and  on 
analysis th e  m etal had  been found to  be sa tis­
fac to ry ; in fac t, very little  d ifferen t from  when 
i t  was originally  p u t in the  casting.
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Lancashire Branch (Junior Section).

AMERICAN FOUNDRY PRACTICE.

By W. Jolley (Member).

A lthough the  a u th o r’s v is it was of some­
w hat longer d u ra tio n  th a n  those of h is col­
leagues who took th e  o p p o rtu n ity  to  a tte n d  th e  
D e tro it Conference, i t  only covered a  period  of 
seven weeks, including th e  voyage o u t and  home, 
and during  th is  tim e  he was able to  v is it only six 
S ta te s  o u t of a to ta l of 52, and  less th a n  40 foun­
dries o u t of some 5,785 which s ta tis tic s  show to  
exist in  th e  U n ited  S ta tes, and  consequently i t  is 
impossible to give o th e r th a n  a b rie f ou tline  of th e  
foundry  life  of A merica.

These visits commenced on Septem ber 21 and  con­
cluded on October 21, and an  effort was m ade to  
m ake them  as rep resen ta tive  as possible by includ­
ing foundries dealing  w ith iron , steel, b rass, e tc ., 
both  of th e  jobbing and  rep e titio n  v a rie ty .

The visits were both  in com pany w ith  o thers of 
h is p a rty  and  also alone, and  as o p p o rtu n ity  was 
afforded of v is iting  some of th e  works closely 
allied w ith those of th e  com pany w ith  which th e  
au tho r is associated and  conducting  personal 
inquiries, he was able to  m ake c ritica l com parisons 
advantageous to  both p a rtie s  as well as to  him self.

Huge Productions and Orders.

M uch has been w rit te n  in  reg ard  to  A m erican 
m ethods, and i t  is largely  correct, b u t o u r diffi­
culty  in  app recia ting  its  rea l m eaning  is due to  our 
inab ility  correctly  to  focus th e ir  conditions. I t  is 
difficult for B ritishers to  form  a  co rrec t im pres­
sion of an o u tp u t of 1,500 tons of castings per day, 
o r of an  o rder for 3,000,000 castings, both  of which 
a re  actua l facts.

In  th e ir  general jobbing foundries th e re  is a  very 
close resemblance to  our own shops. In  these shops, 
as in  th e ir  rep e titio n  shops, th e re  appears to  be 
an  absorbing consideration of labour conservation
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so fa r  as th e  skilled m oulder is concerned, and we 
see th a t  th e  skill of one m an is generallv u tilised 
in  th e  contro l of a num ber of less skilled men, re ­
sem bling to  a  som ewhat exaggerated  ex ten t the 
gang  m ethod opera ted  in  some shops in  th is  coun­
try . Thus they  are  able to  m ake th e  best use of 
w hat skill is available, b u t li t t le  oppo rtun ity  is 
afforded to  develop a  fu tu re  genera tion  of 
moulders.

Largest Castings Not Wanted.

One of th e  shops v isited  was engaged on some 
very b ig  castings, w eighing as m uch as 100  tons, 
b u t generally  speaking efforts a re  m ade to  reduce 
th e  size of castings by sp littin g  them  up into 
several pieces. Loam  work is m et w ith  less fre ­
quently  th a n  in  th is  country , a lthough in  some 
shops i t  is largely used, particu la rly  upon such 
work as condensers, etc. In  th is  respect B rita in  
is probably m ore advanced, as th e re  was no evi­
dence of th e  use of e ith e r prodded o r barred  tackle, 
th e  old method of ram m ing  up  in  p its  being still 
in  operation .

Sand Cutters.

V arious types of m oulding machines, such as sand 
slingers, and  ja r r in g  machines, were m et w ith, bu t 
opinions differed as to  th e ir  advantages. G reat 
use appears to  be m ade of sand cu tte rs  for assist­
ing  to  condition  floor sand, and in  several foun­
d ries v is ited  xhey w ere in  operation . There is 
unquestionably  more endeavour made in the larger 
foundries a t  any  ra te  to  reclaim  used sand. Thus 
w ith th e  a id  of these tra c to r  sand cu tte rs , th e  
whole of th e  floor is cu t up and  trea ted  o r the  sand 
is conveyed to  th e  sand  p lan t, where i t  is restored  
w ith  powdered dry  clay, and tre a te d  by one or 
m ore of th e  m echanical devices used for m illing 
purposes. In  th is way sand is reclaim ed, and  its 
p ropertie s such as bond and porosity m ain ta ined  a t  
stan d a rd .

Sand Reclamation.

I t  is doubtful w hether i t  would be a  paying 
proposition so to  deal w ith ou r sand in  th is  coun­
try .  The technical work necessary efficiently to  
determ ine and closely watch such a process would 
be a  heavy burden in  view of th e  alm ost unlim ited

T
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sand  resources a t  ou r disposal. In  A m erica, how­
ever, sand appears to  receive especial a tten tio n , 
and th ere  is an alm ost w idespread use of both  hand­
ling  and m ixing devices, m ore o r less complex, and 
one is made to wonder w hat finish could be ob tained  
were we to adop t even some of th e ir  sim plest 
m ethods of tre a tm en t.

Needless to say, some of these devices a re  adm ir­
able in  th e ir  u ti li ty , and could and  should be 
opera ted  in  our foundries to  the  u ltim a te  good of 
our p roduct. I t  is very well know n th a t  the  
B ritish  founder suffers much from  th e  lack of a t ­
ten tio n  given to  sand, and  to  his a p p a re n t in d if­
ference to  th e  dem ands of th e  eng ineer. I t  is, 
however, in regard  to  mass production  work th a t  
th e  A m erican founder has given and  constan tly  
gives special a tten tio n , and in  th is respect we have 
been le f t fa r  behind.

Influence of Quantity Production.

Q uan tity  production  resu ltin g  from  a m ore 
s tandard ised  product and  a wide m ark e t has un ­
doubtedly given him  a decided advan tage , and  has 
enabled him  to  give concentrated  a tte n tio n  and 
th o u g h t to h ighly  specialised m achinery  and 
m ethods. Added to  th is  is th e  readiness w ith 
which he replaces his m achinery  by more m odern 
types w ith  a consequent increase in  production , 
and decrease in  cost w ithou t any decrease in 
quality , and th e ir  m achine castings have a tta in ed  
a high s tan d a rd  of excellence. This is all th e  more 
rem arkable  when one considers th e  unskilled and 
cosm opolitan n a tu re  of th e  labour available. E u ro ­
peans from  th e  m ore backw ard nations, and  
coloured men from  th e  Sou thern  S ta tes, m en w ith 
a roam ing disposition, alm ost en tire ly  comprise th e  
available labour. There appears to  be an  ever­
p resen t desire to  move, and consequently  g rea t 
th o u g h t has been b rough t to  bear upon shop lay­
ou t and sim plicity of operation .

Production Cheapens Research.

The job has been m ade to  su it th e  m an , and  the  
im m ensity of th e  dem and has m ateria lly  assisted 
in th is  d irection . I t  has m ade research economical 
and th e  in s ta lla tio n  of expensive m achinery  a
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necessity. In  th is  d irection  th ere  is th e  develop­
m ent of th e  conveyor and the  sand handling p lan t. 
In  th e  la rger and more m odern foundries th e re  are 
conveyors of various descriptions, and where these 
are  applied we see th e  added advan tage  of a de­
creased area  of floor room per m an. The sand- 
hand ling  p lan ts  a re  of both  th e  overhead and 
underground  1 type, th e  la t te r  method appears to 
have found g rea t favour, although where the  lay­
o u t m akes th e  overhead type  possible i t  is used 
w ith  advantage.

Extensive Use of Conveyors.

In  one of th e  shops v isited, th e  sand was 
knocked o u t of th e  boxes a fte r  casting  over a 
g rid , and conveyed by m eans of a belt and screw 
arrangem en t to  th e  m ix ing  troughs. A fter pass­
in g  th rough  these  troughs i t  was , still fu r th e r 
conveyed to  an overhead gallery and deposited 
in chutes, which in  tu rn  continuously supplied 
th e  m oulders w ith  reconditioned sand. This 
method p a rticu la rly  su ited  th e ir  general layout 
and g rea tly  dim inished th e ir  general labour. 
Sim ilarly , belt conveyors were used for conveying 
moulds to  the  po in t where th e  casting  took place, 
th e  m ould being placed upon th e  belt and con­
veyed along, and a f te r  casting  con tinu ing  along 
to  a p o in t over a g rid  where i t  was knocked out.

The casting  passed to  the ' dressing shop and 
th e  boxes were placed upon a  second conveyor 
and re tu rn e d  to  th e  moulders. L a te r  i t  is hoped 
to  describe th is  in  detail in dealing w ith th e  Ford 
p lan t.

Moulding Boxes.

A lthough m oulding boxes were used in  some 
shops, g re a t advantage was taken  of snap flasks 
and ta p e r  flasks. Of course, these a re  not a n ' 
innovation , as they  are, and have  been, in con­
s ta n t use in  some foundries in th is  country  for a 
num ber of years. T heir advantage lies in the 
fa c t th a t  they  do no t involve a la rge  cap ita l 
ou tlay  and are  more easily stored th an  m oulding 
boxes. This is best illu s tra ted  by th e  considera­
tion  of a daily o u tp u t of 3/400 moulds per day 
from  one m an, a figure read ily  obtained on a 
su itab le  m achine.

t 2



548

Types of Moulding Machines Used.
C asting  conditions m ay necessita te  th is  num ber 

of boxes, w here th e  snap-flask m ethod would only 
necessita te  one flask, and possibly a dozen lig h t 
slips for use du rin g  casting . There_ a re  m any 
types of m oulding m achines in  o pera tion , includ­
ing power-press and  hand-ram  types, such as 
sand slingers, I Tabor, P ridm ore , A rcade, M um- 
ford, H erm ann , Osborne, e tc ., and  each of them  
possess advantages d iffering  according to  condi­
tions, and  g re a t use is m ade of them , as will be 
understood from  th e  foregoing rem arks.

The Ford Motor Co. Methods.
The F o rd  W orks a re  described a t  very g rea t 

length  in the  several publications from  th e  pen 
of M r. H en ry  F ord , and i t  is th e re fo re  only 
necessary to  describe some of th e  deta ils given 
du rin g  th e  v is it and  to  give personal opinion of 
th e  inspection of th e ir  p lan t. The Company 
s ta r te d  operations in  1903 w ith  an o u tp u t fo r th a t  
year of 195 cars. This h ad  increased to  such an 
ex te n t th a t  in  1925 over 2,000,000 cars were 
tu rn ed  ou t. They employ approx im ate ly  150,000 
men in Am erica. T heir in te rests  inc lude  coal 
mines in W est V irg in ia  and  K en tucky , to g e th er 
w ith iron-ore m ines and  forests in  N o rth e rn  
M ichigan. They opera te  th e ir  own b las t-fu rnace  
p lan t, steel mills, m achine shops, body-m aking 
p lan ts, saw mills,' coke ovens, cem ent p la n t, paper 
mill, glass works, Fordson tr a c to r  p la n t, loco 
rep a ir shops, w hilst they  have th e i r  own ra ilw ay  
system and  docks. F rom  th is  i t  will be read ily  
understood i t  is a g igan tic  u n d ertak in g , b u il t up 
and controlled by a m aste r m ind.

T heir H igh land  P a rk  W orks occupy 278 acres, 
105 of which a re  under roof, and approxim ately
50,000 m en a re  employed. T here is a  very  large 
brass and w hite  m eta l foundry , w here g re a t use 
is m ade of d ie-casting  p la n t both in  w hite  m etal 
and  alum inium . Q u an tity  p roduction  enables 
them  to  spend m uch m oney both  in  p la n t and 
dies, and some of these a re  e laborately  designed 
to  ensure complete m echanical o p era tion . One 
of th e  m ost in te res tin g  fea tu res  m et w ith  here  
is the  “  w aste e lim ina ting  d e p a rtm e n t ,’’1 and 
from  th is  one can  learn  much tow ards increasing
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the efficiency of a works. E very th ing  th a t  can 
be included under the  te rm  “  sc rap ,”  and is con­
sidered to  be of no fu r th e r  use by th e  departm en t 
concerned from  which i t  emerges, is sen t to  th is 
e lim ina ting  departm en t, where i t  is scrutinised 
and an  opinion is formed in  regard  to  its u tility .

W ork m ay he done upon i t  and its original 
purpose transfo rm ed  in some way, and as a resu lt 
of th is  i t  was understood some £250,000 w orth of 
m ateria l is re tu rn ed  to  th e  works each m onth. 
This is tru ly  a w onderful achievem ent, and a 
s tr ik in g  lesson of w hat can be done w ith m ateria l 
which has once been considered scrap.

River Rouge Works.
A t th e  R iver Rouge W orks some 55,000 men 

a re  employed, and th is num ber is ever-increasing. 
I t  is difficult to  do justice  to  these works, bu t 
a few particu la rs  of th e  foundry  will he welcomed 
by foundrym en. This foundry is the  m ost com­
plex place in the whole o rganisation . M echanical 
m ethods a re  p resen t to  such an ex ten t as to  
bewilder one. The o u tp u t of castings was some­
th in g  in  th e  neighbourhood of 1,500 tons per day.

A ny comparison w ith  domestic ou tpu ts will help 
one to  realise how difficult i t  is to  form a tru e  
conception of w hat such an o u tp u t as 1,500 tons 
p er day will involve. And yet th e ir  organisation 
is so efficient, and th e ir  layout so complete and 
orderly , th a t  i t  appears to  be easily achieved. 
Very li tt le  day ligh t is available, almost all work 
being done by artificial ligh t. One of the  first 
causes for am azem ent is th e  com parative absence 
of sand. We in  th is country  canno t conceive a 
foundry w ithout associating i t  w ith  huge quan­
titie s  of sand, in  fact, we are accustomed to  being 
surrounded w ith sand, and consequently cannot, 
o r do not, give i t  its  proper p u rp o se ; b u t a t  the 
Ford W orks th e re  a re  no sand floors such as we 
have. I t  is conveyed d irect to  th e  box or flask 
by m eans of chutes served by overhead conveyors. 
The moulds a re  m ade by the  m ultip le  method, 
th a t  is, each m an does so much, perform s a 
specific operation , and as a resu lt of the collec­
tive operations the  castings are  made.

The cylinder cores were ram med up by a sand- 
slinger, and then  placed on a “ roundabout ”
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around  which seven men were sta tioned , each doing 
some definite opera tion  in  th e  u ltim a te  production  
of th e  perfec t core. As a re su lt of th e ir  efforts 
th ree  cores per m inu te  w ere placed upon th e  
conveyor. The copes were ram m ed up on ja r-ram  
m achines and  cylinders were being cast a t  th e  
ra te  of 180 per hour per conveyor, of which th e re  
were six  sets.

A fter being cast, which opera tion  takes place 
w hilst th e  m ould is s till on th e  conveyor, th e  
mould continues its jou rney  fo r some d istance to  
a po in t where th e  box appears to  do th e  C harles­
ton , and is deflected off th e  o rig ina l conveyor on 
to  a secondary conveyor. D u rin g  its  progress 
th u s fa r , i t  has passed over a g rid  where th e  sand 
is knocked o u t and  sen t upon  its  jou rney  for 
recondition ing .

A t th is  p o in t tw o m en a re  sta tio n ed , deflect­
in g  th e  now em pty box on to  th e  o rig ina l con­
veyor on its  re tu rn  to  th e  m oulders. Thus they  
are  in continuous use. The castin g  by th is  tim e 
is well on its way to  th e  dressing shop. To g e t 
th e re  i t  travels a g re a t d istance, and d u rin g  its 
progress i t  is subjected  to  a very  keen inspection 
a t  th e  hands of a  host of inspectors sta tioned  
along its course.

There were about seven inspectors, each 
scru tin ising  some p a rtic u la r  p a r t  of th e  casting , 
and  each provided w ith  a  conveyor sid ing  along 
which he side tracks any casting  which does n o t 
m eet w ith  his approval. Such castings as pass 
th is inspection u ltim ate ly  reach th e  d ressing shop.

Dressing Shop.
This dep artm en t is staffed by coloured labour, 

divided in to  opera tion  groups, th e  first of which 
is the  coring  gang, who push  o u t th e  cores and 
pass th e  castings along to  th e  fe ttlin g  gang.

F in a l dressing hav ing  been done, the  castings 
again  pass along fo r fu r th e r  inspection  before 
being even tually  despatched to  the  dep a rtm en ts  
requ iring  them . D uring  th e  whole of th is  tim e, 
from  the delivery of th e  sand to  th e  m oulder and 
the  tap p in g  of the  m etal a t  the  cupola, no th ing  
app e rta in in g  to  the  casting  has touched the  floor, 
and even a t  th e  final stage alluded to , i.e ., 
delivery to  the  m achine shop, the  castings a re  
still hot.
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A 50-ton Electric Furnace.
The cupola p la n t is a source of am azem ent, and 

consists of 36 cupolas, each of 100 in. d iam eter, 
and  are  used in  batches of 18 per day. I t  is diffi­
cu lt to  visualise w hat th is means. These cupolas 
are  charged by hand, which is no t in accordance 
w ith the  la te s t A m erican practice, b u t i t  is  Mr. 
F o rd ’s opinion th a t  th is  operation cannot be effi­
c iently  perform ed by m echanical methods, a belief 
in  which he is no t alone.

I t  was the  orig inal in ten tion  to  cast d irect 
from  th e  b last fu rnace, b u t a f te r  an extended 
tr ia l  th is  did n o t prove a success.

They are  a t  p resen t installing  a 50-ton electric 
fu rnace  in to  which i t  is in tended  to tap  d irec t 
from  th e  blast fu rnace, where i t  will be refined 
and sen t to  the  foundry . By th is  m eans “  pigging ” 
and the  consequent hand-charging methods will 
be elim inated  and  a considerable saving effected.

The am oun t of m achinery such as chutes, con­
veyors, mono rails, e tc ., m akes one wonder to  
w hat e x te n t m echanical m ethods can be economic­
ally used, b u t everything appears to perform  effi­
ciently  some necessary function  in  a wonderfully 
organised  system .

Carburettors.
The ca rb u re tto r for the  Ford  car is made by 

the  Holley C arb u re tto r Company by m eans of 
th e ir  “ Longlife ”  mould process. This p lan t was 
engaged upon an o rder for 3,000,000 of these cast­
ings. The m ethod has been described in recent 
foundry  lite ra tu re  and th rough  o ther channels, 
b u t perhaps a brief description will be of advan­
tage. The moulds or dies, 16 in  num ber, 
a re  a rranged  on a circular tu rn tab le , and 
are  first tre a te d  w ith  a composition which gives a 
w hite coating  to  th e  dies. These are  then  revolved 
and  b rough t to a position where they come into 
con tac t w ith  an acetylene flame, which causes a 
deposit of soot. C on tinu ing  th e ir  revolution 
around  th e  tab le , such operations as the inser­
tion  of cores, closing of mould, casting , removal 
of casting, -etc., in ordered sequence are per­
formed. The castings so produced are  then  in 
wTh a t is known as a “ w hite ” condition, and, as 
such, m achining is impossible. They therefore go
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to an annealing  oven and go through, th e  process 
of annealing  fo r a period of 45 m inutes . A re­
a rran g em en t of th e i r  p lan t, now in  p ro ­
gress, will resu lt in the  production  of these cast­
ings w ithou t any hand ling  previous to  being 
annealed .

A t ano ther large and  com paratively  m odern 
foundry  sim ilar use of m echanical m ethods were 
in operation . M oulding m achines of one type  
only were installed . These m achines were located  
under a  sand-handling  equ ipm en t which m ain ­
ta in ed  a  constan t supply  of sand  in an overhead 
bin, so a rran g ed  th a t  th e  opera tion  of a  lever 
caused the  libera tion  of sufficient sand  to  fill the 
flask exactly  on the  m oulding m achine. Con­
veyors sim ilar to those already  described were in 
opera tion , and  even ru n n ers  and  risers were sim i­
larly  d ea lt w ith  and  re tu rn e d  to  the  cupola by 
th is  means.

Very g re a t care was ta k e n  to  ensure th a t  cor­
rect m etal thicknesses were ob ta ined , and  w ith  
this ob ject in  m ind some of th e  cores used had  
the ir jo in t surfaces g round on C hurchill g rinders 
a f te r  assembling to  ensure th e  correct dep th  of 
the assembled core. D efective castings were ca re ­
fully inspected, and  such as could be recovered 
w ithout any u ltim ate  risk  were heated  up in 
stoves and  welded. This is a lin e  of th o u g h t to 
which we should give some a tte n tio n  in  th is  
country. They also possessed a very la rge  m odem  
brass foundry  in which 12  e lectric  fu rnaces were 
installed.

Malleable and Steel Foundries.
In  such deta ils as have already  been d ea lt w ith, 

sim ilar conditions apply in th e  m alleable and 
steel shops. S an d  cu tte rs  are  in  o pera tion , - as 
also are  sim ilar sand-m ix ing  p lan ts. Beyond 
th is, however, th e re  a re  th e  annealing  m ethods 
in opera tion  in  th e  m alleable shops. The 
several shops v isited  were in some cases equipped 
w ith  annealing  furnaces fired w ith  pulverised 
fuel, w hilst o thers were gas fired, one annealing  
oven being 167 f t .  long w ith  a  conveyor ru n n in g  
through .

E labora te  tem p e ra tu re  contro l was p ractised  
during  the annealing  operations, and th e  o p era­
tions differed inasm uch as jisome firms used pack-
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m g m ateria l du ring  annealing  w hilst o thers did 
not.

Core Shops.
The au th o r paid  special a tten tio n  to th e  core 

shops, and found th a t  g rea te r use was m ade of 
m achinery in  th is  departm en t th a n  is the  practice 
in th is country . H e was particu la rly  in terested  
in, and  m ore th an  a litt le  convinced by, the 
efficiency of a blowing m achine which he had 
not previously encountered . There were several 
types of these m achines, b u t he was g rea tly  im­
pressed by th e  work done by one of these types, 
of which th e  construction  was very simple and 
which appeared to  give a correct core. R epeti­
tion  work is necessary if these m achines are to  be 
efficient, and owing to  the  sand being deposited 
in to  th e  boxes by m eans of compressed a ir, m etal 
boxes are  essential. C arefu l consideration  has 
to  be given to  th e ir  design, and in tricacies have 
to be specially considered. Speedy o u tp u t is 
easily obtained , and probably its use can be widely 
applied.

Core-shop design and arrangem ent appear to 
receive very careful consideration, and they are 
probably fa r  in  advance of ou r own. In  the first 
place g rea te r use is m ade of core-making 
m achines, sim ilar to  the ones ju s t described. 
M etal core-boxes are  very largely used, care being 
taken  both in th e ir  design and m anufactu re  to  
ensure the  most perfect cores. D rying a rrange­
m ents are very efficient, and the  old-fashioned 
coke-fired stoves, so common in th is  country, are 
rarely  if ever m et w ith. Ins tead  of th is, gas 
firing o r ho t-a ir d ry ing  is usually installed . In  
one of the  foundries v isited  the  au tho r was fo rtu ­
na te  enough to  find one where elec tricity  was used 
as a  m edium  for p roviding the  necessary heat. I t  
was som ewhat novel in  design and closely 
resembled o u r p resen t-day  electric cooking stove 
used for domestic purposes, except th a t  th e  shelves 
were of the revolving type.

Temperature Control.
T em peratu re control is very largely in evidence, 

and is very closely adhered to In  some shops 
oil-sa.nd cores are  solely u se d ; in one instance, 
where rad ia to r casxings were m anufactu red , it
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was s ta ted  they used 100  tons of oil sand  per day. 
In  m any instances the  cores are  fixed in cradles 
w hilst being dried.

Stocking and Distributing Cores.

P a rtic u la r  a tte n tio n  appears to  be given to 
m ain ta in in g  a dry atm osphere for th e  purpose of 
stocking cores. This obviously reduces a period 
of w aiting  tim e w hilst the  cores a re  being m ade, 
and to  m ake th is  possible underg round  fires are  
a rran g ed  in th e ir  stock room, consequently th e ir  
cores are  n o t subject to  m oistu re  va ria tio n s and 
its harm fu l effects. The d is trib u tio n  of cores has 
also been closely stud ied , and  in m any instances 
they  a re  conveyed abou t th e  shop upon te lphers 
fitted  w ith  sp rin g  tray s, w hich considerably 
dim inishes the possibility of dam age du rin g  
handling.

Sand Control.

Sand control was a special p o in t of in te re s t as 
i t  is so largely  neglected in th is  country . The 
m illing and d is tr ib u tin g  operations have been 
m entioned, b u t th e  steps tak en  to  ensure th e  best 
conditions of the  raw  m ateria l are  of param oun t 
im portance. Of course, th is  is governed by th e  
n a tu re  and size of the  shop, b u t i t  is given close 
a tten tio n  in  some of th e  la rgest and  more m odern 
shops, and advan tage  is tak en  of th e  s tan d a rd  
tests as applied by the  A m erican F oundrym en’s 
Association. In  th is te s t  a  weighed q u a n tity  of 
sand is subjected to  a s tan d a rd  m ethod of ram ­
m ing and th e  difference in  the  leng th  or he igh t 
of the  resu lting  body of sand when com pared w ith 
a s tan d ard  figure for d ry  sand ind ica tes the 
am ount of m oisture p resen t, as i t  is well known 
th a t  th e  m oisture p resen t governs th e  closeness 
of the  ram m ing. These cores are th en  placed 
under a perm eability  te s t, which consists of pass­
ing a known volume of a ir  th rough  the  core and 
the tim e tak en  for its  passage ind icates its  p er­
m eability.

A th ird  te s t is then  applied fo r  th e  estim ation  
of the s treng th , when pressure is carefully  applied 
by m eans of a recording press, and th e  pressure 
applied before the  collapse of th e  core indicates 
the  bond of th e  sand.
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Some of the  foundries exercise very g rea t care 
in  controlling the m oisture con ten t of the  raw  
sand, and in one of th e  shops v isited provision 
was being made by the erection of 10  huge ferro ­
concrete covered bins for the  storage of some 2,000 
tons of sand. This was a s trik ing  con trast to the 
usual crude methods so common over here.

Fettling Shops.

T heir dressing shops were usually supplied with 
sand-blast p lan ts, such as th e  Pangborn  and Sly- 
blast, etc., all of which appear to  be very efficient 
and certa in ly  give an added a ttra c tio n  to the 
dressed castings. Some of these machines have 
m echanical loading attachm en ts which g reatly  add 
to  th e  saving of labour. A nother in teresting  
fea tu re  observed in one foundry was th e  removal 
of th e  cores by m eans of w ater, using a je t 
em ittin g  w ater a t  a pressure of 400 lbs. per sq. 
in. This, was a  very expensive insta lla tion , and 
was used on account of the  difficulty experienced 
in g e ttin g  suitable labour, and also owing to  the 
fac t th a t  th e ir  core sand was prepared  in such a 
m anner th a t  when baked i t  a tta in ed  a g rea t 
degree of hardness.

Tt is difficult to  see th is  method being either 
necessary o r advantageous w ith our m ethod of 
co rem aking.

H av ing  th u s dealt w ith  the  impressions gained 
of th e  rvorking of typical American foundries, 
which also explains m uch, if no t all, of w hat was 
to  be seen a t  th e  D etro it E xhib ition , the  conclu­
sions arrived  a t  a f te r  the v is it may be sum marised 
as follow s: —

F irs tly , there  is the comparison between the 
worker over th e re  and th e  worker in  E ngland. 
W hen one arrives in  A m erica he is im m ediately 
im pressed by the  enthusiasm  shown by the  worker, 
his infectious h a b it of p ra ising  everything A m eri­
can, including his job, his shop, his town and his 
capab ility  of earn ing  h igh wages.

In  a  few words, he s ta r ts  off w ith  a much 
g rea te r advantage th an  his fellow w orker over 
here, who usually  grum bles a t  every condition, 
however good i t  may be, and views w ith d is tru s t 
every effort made by his employer. I f  we could 
create  th e  same atm osphere and change a m an’s
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tem peram ent and his general outlook on life th ere  
is no doubt i t  would be beneficial to  all.

The au tho r has obtained  much in fo rm ation  con­
cerning tim es and prices, and  since his re tu rn  
has com pared them  w ith  sim ilar jobs w orked in 
the foundry w ith  which he is connected. In  m any 
cases ou r prices a re  more advantageous to  the  
man, and excluding com parisons w ith  shops w here 
mechanism seems to  have ru n  rio t, conditions are 
sim ilar, b u t except in  a few special ca§es produc­
tion  is considerably h igher in  America.

The Am ericans have beaten  us on mass produc­
tion  both in cas t iron and malleable. One reason 
for th is is th a t  w ith  th e  possib ility  of mass 
methods they  a re  th u s  compelled to  m ake a  much 
closer study  of th e  de ta ils involved. They a re  n o t 
a fra id  of scrapping any p la n t, however costly, if  
som ething b e tte r  can Ke installed , as they  know 
i t  will be worked to  th e  best possible advan tage  
by th e  men.

T heir shops appeared  to be e ith e r very bad or 
exceptionally good, there  being no medium.

W hen asked w hat they  were going to  do fo r the  
nex t genera tion  of m oulders, as very few youths 
were seen in  any of th e  foundries, th e  invariab le  
answ er was th a t  they  did n o t know. I t  was said 
m any tim es th a t  th e ir  g rea te s t need was th e  
technically -trained  m oulder who could tak e  charge 
of large p lan ts. The au th o r’s answ er was th a t  
th is type  of m an  could read ily  o b ta in  a  s itu a tio n  
in th is  country . The fu tu re  developm ent of the 
B ritish  foundry  industry  depends upon several 
factors, v iz . :— (1) The g rea tly  increased use of 
compressed a ir  for ram m ers, m achines and  d ry ing ; 
(2) th e  com plete conversion of ou r d ry ing  m ethods 
e ither to  elec tric ity , gas o r h o t a ir  w ith efficient 
tem pera tu re  control ; (3) the  closer supervision of 
raw  m aterials, and th e  developm ent of m odern 
m ethods of sand conditioning ; (4) new types and 
w ider use of ram m ing m achines and o ther 
m echanical m ethods; (5) a sufficiency of crane 
power, speeded up to  give th e  best possible 
efficiency ; (6) a com plete change in  th e  tem p era­
m ent of th e  w orker; and  (7) th e  best possible 
w orking conditions.

In  th is  la s t connection the  a u th o r was much 
im pressed by th e  cleanly conditions ap p a re n t in 
some of th e  shops. The tim e  has gone w hen i t
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was tru e  to  say a d ir ty  shop was a busy shop. 
C leanliness has a m arked effect, no t only upon 
the work produced, h u t also upon the  w orker. So 
much is th o u g h t of th is  in America in th e  m odern 
shops th a t  com petition is encouraged between the 
various departm ents.

In  one shop a banner is held for a period of 
th ree  m onths by the  section considered to be the 
cleanest, and th e  possession of th is  banner brings 
w ith i t  a sm all m onetary  rew ard  for each of the 
workers in  th a t  section. The alum inium  foundry 
were th e  possessors a t  th e  tim e of th e  au th o r’s 
v isit. The men were en thusiastic  and com petition 
was very keen, and the  general effect upon the  
appearance of the  whole place was very pleasing.

The Safety  F ir s t  M ovem ent was very energetic­
ally pushed in all shops, and everything is being 
done to get w orkers to  realise th a t  i t  is disadvan­
tageous to  everyone to  get damaged.

The au th o r’s p a rty  was composed of rep resen ta­
tives from  F rance , Belgium, Germany, H olland, 
D enm ark, I ta ly , Spain , Sweden and G reat B rita in . 
One of the m ost unsatisfactory  fea tu res of the 
B ritish  p a rty  was th a t  they were by fa r  th e  oldest 
rep resen ta tives—there  was a d earth  of young men, 
and i t  was obviously a tr ip  which should have been 
taken  advan tage  of by th e  younger elem ent who 
will be the  in d u s try ’s controllers of to-morrow.

DISCUSSION. 

Relative Status.
M r . Sp e d d i n g asked for some inform ation 

reg a rd in g  th e  s ta tu s  and prospects' of craftsm en 
in  A m erica. W as th e  technically  tra in e d  m an 
w anted  in  th e  foundries th e re?  Could the  tech­
nically tra in ed  m an  reasonably look forw ard to  
g e ttin g  high wages w ith  a so ft job. In  America 
specialisation  was carried  very f a r ;  d id  i t  resu lt 
in  th e  foundrym en showing a lack of in te re s t in 
th e ir  jobs ?

M r . Joll ey said th e  craftsm an, as he was 
known in E ngland, th e  p rac tica l foundrym an, 
was no t w anted in  America except in  jobbing 
shops.. H av ing  seen how operations were carried  
on, th e  sta tem en t in  M r. H enry  F o rd ’s book th a t  
he could m ake a m oulder in  a day and a ha lf did
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n o t su rp rise  him . Seven m en stood by th© rails 
on which th e  mould moved. One m an ’s job was 
simply to  pick two bosses o u t of a core, th en  tu rn  
round to  pick ano ther tw o o u t, as he did so th e  
core moved on and  th e re  was an o th er in  its  place. 
T h a t was h is work, and  h e  was called a  m oulder.

The technically  tra in e d  m an  was w anted  in 
every country . In  th e  world to-day no in d u stry  
offered b e tte r  prospects th a n  th e  foundry  d id  to  
th e  p rac tica l m an  who had  g o t some technical 
tra in in g .

H e  did n o t observe th a t  th e  w orkm en showed 
a  lack of in te re s t in  th e i r  jobs. Those he asked 
questions seemed to  know m ore abou t th e  work 
th ey  had  in  hand  th a n  th e  average m oulder in  
th is  coun try  would. They were of th e  m u lti­
p a r tn e r  type , and  could te ll w hat a casting  was 
in tended  for, where i t  was m achined, how m uch 
scrap was jn ad e ,.a n d  sim ilar d a ta . In  h is  opinion 
th a t  was a good s ig n ; he liked th e  m an  who 
knew a li t t le  m ore th a n  ju s t  th e  p a rtic u la r  th in g  
he happened  to  be doing him self. B u t i t  m ust 
be rem em bered th a t  th e  people he go t in to  touch 
w ith spoke E n g lish ; a g re a t m any w orkm en did 
no t speak E nglish , and  he could n o t give any 
in fo rm ation  as to  th e ir  views.

The immensely bigger dem and led to  specialisa­
tion , and  because of th a t  specialisation  they  had  
no t th e  same need for th e  c ra ftsm an  as th e re  was 
in  th is  country .

In  alm ost every shop th e re  was some m ethod 
of s tim u la tin g  th e  w orkm en and  c re a tin g  a sp ir it  
of com petition  am ongst them . Sometim es a 
broom was tre a te d  as a  tro p h y  and  hung  up in  
the  shop of th e  w inners. I n  m ost shops a small 
m onetary  rew ard  was given. W here th is  s p ir i t  of 
com petition  was encouraged th e  m en appeared  to  
get along w ith  th e ir  work b e tte r  and th e  shops 
were k ep t tidy .

Industrial Relationship.
M b. S. G. Sm it h  sa id  he was glad M r. Jolley 

had qualified th e  sta tem en t th a t  th e  skilled 
m oulder was n o t w anted in  A m erica w ith  the 
proviso “ excep t in  jobbing shops.”  I t  could 
ce rta in ly  be claim ed for th e  c red it of th e  B ritish  
skilled m oulder th a t  when he go t in to  an  A m eri­
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can jobbing shop he had  n o t much difficulty in 
stopping there . The Ford  system was undoubtedly 
a revelation . As one m an expressed i t  a li tt le  
while ago, every th ing  was moving in th a t  factory  
except th e  men.

H ad  M r. Jo lley  gone in to  the  question of the 
re la tions between employers and employed in the 
A m erican foundries? I t  certa in ly  appeared th a t  
in some of th e  factories the  employees were looked 
a f te r  much b e tte r  th an  they were in th is 
country . P erhaps M r. Jolley could also throw  a 
li t t le  lig h t on th e  question of th e  s ta tu s  of the 
m oulder. H e had  heard  a ta le  th a t  a gentlem an 
who v isited  America as one of a delegation some 
tim e  ago w anted to  m ake ihquiries of one of the  
o rd in ary  m oulders, and w ent to  see him  a t  his 
house a f te r  w orking hours and found him  a t 
d in n er in  evening dress.

They had  heard  how th e  tim e allowed to  p a r t i­
cu la r operations was cu t down. D id th e  figures 
which were given apply to  work actually  done 
u nder o rd in a ry  circum stances or did they rep re ­
sen t bu rsts  of speed?

Time Apportionment for Machine Moulders.
M r. J oll ey said he agreed th a t  skilled 

moulders were requ ired  in th e  jobbing shops and 
th e re  only. W hen they  came in to  a specialised 
shop they  w ere a p t to  become a nu isance; they 
would no t ta k e  th e  risk  of elim inating .

I t  was a fa c t th a t  in  th e  F ord  establishm ent 
every th ing  moved except the  workm an. In  one 
case he was to ld  a casting  travelled  a m ile and 
a-half backw ards and forw ards in one building. 
H e was to ld  th a t  as th e  casting  did no t g e t as 
cold as they  w anted i t  to  be, they  in tended 
m aking  a  runw ay over th e  roof and tak in g  the 
casting  over th e  roof. W herever he w ent the  
re lations between employers and employed 
appeared to be very cordial. In  th e  shop the 
people connected w ith th e  m anagem ent spoke to  
th e  workmen in  a very friendly  way,, and  the  
sp ir it  of courtesy appeared to  go rig h t through.

R eply to  M r. S m ith’s question about th e  tim es 
allowed for m oulding operations, M r. Jolley 
said : —

H ere is a s ta tem en t of the tim es in which mould­
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ing operations can  be ca rried  ou t. I t  is desired to  
em phasise th a t these tim es do n o t rep resen t bu rsts  
of speed, b u t reasonably energe tic  work by a 
tra in e d  m an, such as is done in  very m any foun­
dries in  th e  U n ited  S ta te s ; probably they  a re  
being beaten  regu la rly  every  day in  G rea t
B r i t a in :— Seconds
(1) P ick  up m atch w ith  p a tte rn s  and  place

in  w orking position 4
(2) P lace d rag  on  m atch 4
(3) Sprinkle p a rtin g  m ate ria l ... 3
(4) R iddle on sand ......................................... 6
(5) F ill mould w ith  sand 8
(6) Peen  round  edges of th e  m ould ................ 8
(7) R am  w ith  fla t ram m er 15
(8) S trick le  off surp lus sand ... 6
(9) P u t  on bottom  board 5

(10) Roll mould over 4
(11) Remove m atch ......................................... 5
(12) P u t  cope on d rag  and place down tube

for g a te  in  position ............................ 8
(13) P u t  on p a rtin g  m a t e r i a l ............................ 3
(14) R iddle on sand  ......................................... 6
(15) F ill cope and fill ridd le  ............... 1 1
(16) Peen  round edges 8
(17) F la t  ram 15
(18) S t r i c k l e ................................................................... 7
(19) W ithdraw  tube  for g a te  and  m ake

p o u ring  basin 10
(20) R ap  and l i f t  cope ... 8
(21) Place cope on side shelf ... ................ 3
(22) R ap  p a tte rn s  ... 10
(23) L ift p a t t e r n s ............................ 20
(24) C lean and  replace p a tte rn s  in  m atch  ... 8
(25) C u t gates 15
(26) R epa ir mould (very variab le  say average) 15
(27) Close mould ... 7
(28) C arry  o u t and  place on f l o o r ................ 12

T otal ............... 234
On a rough analysis i t  will be seen th a t  m any 

of these operations are  iden tical w hatever th e  p a t­
te rn s  and w ith any m achine, for m achines a re  con­
cerned only w ith ram m ing th e  mould and draw ing 
th e  cope and p a tte rn s  and  do not, for exam ple, 
place bottom  boards in  position o r place th e  mould 
on th e  floor.
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O perations 2, 3, 4, 5, 8, 9, 10, 12, 13, 14, 15, 18, 
21, 27 and  28 come under th is  heading. The tim e 
spen t on them  am ounts to  93 seconds, o r 40 per 
cent, of th e  to ta l tim e for one mould. O ther 
operations may be en tire ly  changed by changing 
th e  p a t te rn s ; these a re  1, 11, 19, 22, 23, 24, 25 
and 26; for example, th e  fixing of th e  p a tte rn s  on 
a p la te  w ith  a  ru n n er p a tte rn  fixed to  them  elim i­
nates 1  and  1 1  and  reduces th e  rem ainder con­
siderably. On th e  o ther hand , th e  use of poor or 
dam aged p a tte rn s  m ay ra ise  23 and 26 to  almost 
any figure. The to ta l tim e occupied in  these 
operations which a re  liable to  a lte ra tion  through 
p a tte rn  changes is 87 seconds, or 38 per cent, of 
th e  tim e  for one mould. C erta in  of these opera­
tions conoerned w ith  p a tte rn s  Nos. 22, 23 and 26, 
a re  also susceptible to  a lte ra tion  if a m achine is 
provided w ith arrangem ents by which the  cope 
can be disengaged perpendicularly  from  the  p a t­
te rn  and  th e  p a tte rn  from  the  drag  while a mech­
an ica l v ib ra to r of some so rt is shaking th e  p a tte rn  
so th a t  th e  w ithdraw al is fac ilita ted .

These have therefo re  to  be classed w ith No. 20, 
g iv ing  53 seconds, or 23 per cent, of to ta l tim e. 
The only item s rem ain ing  are Nos. 6 , 7, 16 and 
17, which a re  concerned w ith ram m ing, and on 
which i t  is to be expected th a t  tim e will be saved 
by th e  in troduction  of a m achine embodying a 
m echanical ram m ing dev ice; these tak e  46 seconds, 
or 20 p e r cent, of to ta l.
Sum m arising : —

Tim e depending on m anual operations alone, 
40 per cent.

Tim e depending on p a tte rn s  alone, 17 per cent.
Time variable by use of proper p a tte rn s  and 

patte rn -d raw in g  m achine, 23 per cent.
Time variab le  by use of ram m ing m achine, 20 

per cent.
Sand Slingers.

M r . K ey sa id  h e  w ould be very glad  if  Mr. 
Jo lley  w ould s ta te  w h a t he h ad  seen o f th e  ad v an ­
ta g e s  o r  o th e rw ise  o f sa n d -s lin g in g  m achines.

M r. Joll ey said he saw such machines in 
operation  in , he should th in k , 50 per cent, prob­
ably more of the  foundries he visited. They were 
of many types, and were used in m any different
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ways—sta tionary , tra c to r , po rtab le  and locomotive 
types. Bom© were of prodigious size. One occu­
pied a space of 40 to  50 fee t long, 12 fee t wide, 
and had  a  span  of 27 fee t. T h a t ty p e  requ ired  a 
special shop to  accom m odate it . I t  was a s trik in g  
fea tu re  of th e  A m erican foundries th a t  they  
appeared  to go in  fo r a bigger ty p e  of m achine 
th a n  was usual in  th is country . H e saw one 
m achine of a p o rtab le  type , to  which two ro u n d ­
abouts had been fitted , and  they  were k ep t going 
the  whole of th e  day. In  an o th er place a m achine 
of the very big ty p e  was w orking, b u t th e  su p e rin ­
ten d en t of th e  place did no t seem very happy  with 
regard  to  i t ;  th e  troub le  ap p a ren tly  was th a t  the  
m achine had cost an  enorm ous sum, and  he could 
no t keep i t  going fu ll tim e. There was no doubt 
such m achines were good fo r c e rta in  jobs. He 
was led to  believe such im provem ents had  been 
m ade th a t  th e  A m erican m achine to-day was a 
very d ifferen t artic le  from  th a t  which was in  use 
th ree  o r four years ago.

Electric Resistance Grids.
M r. A. S utcliffe said  i t  appeared  from  th e  ca ta­

logue of an A m erican com pany in  his possession 
th a t  5 per cent, of nickel was used in  m anufac­
tu r in g  elec tric  resistance grids. This m u s t in­
crease th e  cost. W h a t was th e  reason for i t?  H e 
would like to  know M r. Jo lley’s views on th e  sub­
jec t. Then ano ther p o in t he was in te re sted  in  
was th e  way in which th e  m etal was tra n sfe rre d  
from  th e  cupolas. W h a t m ethods were used for 
th a t  opera tion?
M r . J oll ey sa id  he v isited some places where 

electric resistance grids were m ade. These were 
liable to  be sub jec t to  rough tre a tm e n t, and  he 
observed in  th e  m oulding shop how th e  inspector 
th rew  them  across to  ano ther m an s tan d in g  four 
or five yards away. Then they  had  to  be sen t 
g rea t distances, som etimes as much as 600 miles. 
The add ition  of nickel to  cast iron  m ade a  very 
tough m etal, which would bend and  n o t break . 
H e believed th a t  was th e  reason th e  nickel was 
added, because, w ithou t th a t  add ition , i t  would 
be alm ost impossible for the  grids to  ge t to  th e ir  
d estina tion  whole. I t  d id  add to  th e  price, b u t 
i t  was justified  on those p a rticu la r jobs.
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W ith  regard  to  tran sfe rrin g  m etal about the  
shop, th e  conditions in  America were very d if­
fe ren t from  those which existed in  th is country. 
Every  shop had  its  own peculiar method. In  th e  
Ford  works there  was a te lfer, which served 36 
cupolas, and a gang of men were constantly  em­
ployed tak in g  m etal to  th e  moulds. They were 
largely  worked by coloured labour.

M r . S utcliffe : W hat is the  weight of the  ladle?
T he C h a i r m a n  replied th a t  i t  was about 1,000 

lbs. In  another place th a t  he v isited, which tu rned  
o u t 170 to  200 tons per day, all th e  m etal was taken  
away from  th e  cupola by autom atic trucks. I t  
appeared  to  him  a very good system, very labour 
saving. I t  was so arranged  th a t  they could pour 
th e  m etal from th e  ladle into th e  shank.
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Birmingham, Coventry and West 
Midlands Branch.

SOME EXPERIENCES WITH MALLEABLE 
CAST IRON.

By H. Field (Member).

The concern w ith  which th e  au th o r is associated 
having now ceased to  m ake m alleable cast iron, 
of which, inciden tally , they  w ere one of th e  oldest 
m akers in  th e  country , i t  has become possible and 
perhaps desirable to  sum  up th e  experience gained 
there in , and pass i t  on to  those still in te rested  in 
th is trad e  before i t  shall have slipped from  
memory. The P ap e r is n o t in tended  to  be a com­
prehensive guide to m alleable found ing  and 
annealing , b u t sim ply includes notes on a num ber 
of in te resting  points which have arisen  from  tim e 
to tim e. As fa r  as possible, p rac tice  ra th e r  th a n  
theory  will be d ea lt w ith.

The pig-iron used for th is  work is necessarily 
h em atite , since only such irons co n ta in  th a t  losv 
phosphorus-content of u nder 0 .1  p e r cent, which 
is essential for th e  production  of a m alleable p ro ­
duct. A ttem pts have been m ade to  use o th e r 
irons w ith h igher phosphorus con ten t, m ore especi­
ally when pig-iron was so scarce d u ring  th e  G reat 
W ar, b u t i t  may be ta k e n  as im practicab le  to  
use iron w ith  0.2  per cent, phosphorus or over, 
whilst s ta n d a rd  te s ts  cannot be ob ta ined  except 
w ith less th a n  0 .1  per cent.

M any of th e  irons offered fo r th is  purpose a re  
term ed “ refined,”  b u t i t  has always been diffi­
cu lt to  ge t in fo rm ation  as to  th e  n a tu re  and  p u r­
pose of th e  refining process. G enerally , i t  seems 
to  consist of m elting  in  a species of cupola, w ith 
h igh  pressure blast, so th a t  to  a small e x te n t the  
m olten m etal is Bessem erised and  its carbon, m an­
ganese and  silicon con ten ts reduced. This was 
ap paren tly  th e  general p rac tice  in  days p rio r to  
th e  p resen t decade, b u t th e  au th o r surm ises—p er­
haps incorrectly—th a t  of recen t years th e re  has



been a tendency to produce the  “ steel effect by 
the simple add ition  of steel scrap to  th e  orig inal 
hem atite  p ig  in  th e  cupola. In  any case experi­
ence suggests th a t  b e tte r  malleable castings can 
be m ade from “  refined ”  irons th an  from  the 
coarser grades.
■ The frac tu res  chosen for th is work extend from 
w hite to  soft m ottled, corresponding generally to 
a silicon con ten t of 0.5 per cent, to  1.0 per cent.
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F ig . 1. x  50.
C l u m p s  of F ree G raphite in an o t h e r w i s e 

W hite Ir o n .

The requirem ents in th is direction n a tu ra lly  vary 
between the Coventry m otor trad e  and the  W alsall 
saddlery trad e , b u t hard  m ottled iron w ith 0.75 
per cen t, silicon will produce a very wide range 
of castings if annealed correctly.

F or some years now th ere  has been on the



m ark e t an E a s t Coast refined iron  cast in  chill 
moulds, and in th e  use of th is  b rand  m ixing by 
fra c tu re  breaks down, for th e  small section of 
th e  pig has a wholly w hite  fra c tu re  over a very 
wide range  of silicon con ten t. P igs have been 
found in th e  same tru ck  w ith silicon from  0.6 per 
cen t, to  1.65 per cen t., y e t qu ite  ind istingu ish ­
able by a m ere visual exam ination . Such iron ' is

F i g . 2 . x  50 .

A s  F i g .  1 E t c h e d .  S h o w i n g  A l t e r n a t e  
P a t c h e s  o f  G r e y  I r o n  a n d  W h i t e  I r o n .

rendered  w hite by chilling, and  n o t by its  
analysis, hence a f te r  rem elting , when th e  chill 
effect disappears and th e  analysis regains control, 
th e  resu lting  m etal will have a to ta lly  d ifferen t 
f r a c tu re  and  m ay even con ta in  some p rim ary  
g rap h ite  spots. In  an experim en t some of th is 
iron con ta in ing  1 .2  per cent, silicon was m elted
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in  a crucible and  cast in to  a varied  size of bars. 
A t th e  same tim e a  m elt was made w ith a W est 
C oast iron con ta in ing  equal silicon b u t of a frac ­
tu re  so grey th a t  the  pig could easily be drilled. 
The frac tu res  of th e  two sets of bars when placed 
side by side were indistinguishable w hilst the  
analyses were also p ractically  identical. The re­
sults of the experim ent are  shown in  Table I.

T a b l e  I .— Chill Cast and Sand Cast Pig-Iron.

Pig-Iron Used. Sand Cast. Chill Cast.

Fracture of pig Grey. White.

Analysis of Pig-Iron : Si. ..
S. .. 
P. .. 
Mn. .. 
T.C. .. 
C.C. ..

Per cent. 
1.15 
0.22 
0.13 
0.32 
3.47 
1 .0

Per cent. 
1.19 
0.20 
0.065 
0.28
3.50
3.50

Fracture of 1 in. sq. test bar 
f  in. rd. test bar 
1 in. x  J  in. test 

bar

Grey. 
Grey. 

Grey centre, 
White edges.

Grey. 
Grey. 

Grey centre, 
White edges.

C. C. in 1 in. bar
Per cent. 

1 .2 0
Per cent. 

1.2 0

Transverse test on bar 12 in.
X  1 in. >< 1 in. 

Deflection

Cwts. 
28.3 
0 .120  in.

Cwts. 
25.3 
0 .1 10  in.

The te s t  bars from  these m elts w ere annealed 
along w ith o ther m alleable work, and th e  results 
can  be used to  dem onstrate the  influence of p r i­
m ary  g rap h ite  in  malleable cast iron. There is no 
m ore pow erful weakening influence in  cas t iron 
th a n  large flakes of g raph ite , and when present 
in  annealed malleable these flakes readily  lead to  
breakdow n. The 1 in x f  in. bars which before 
annealing  had grey centres and white edges gave 
a fte r annealing  only 5 per cent, bend in  each 
case, w hilst th e  annealed f  in. bars w hen tu rned  
down for tensile tests broke a t  1 1 .2  tons and 12 .0  
tons respectively, w ithou t m easurable elongation. 
W here th is form  of g rap h ite  is p resen t th e re  is



no p earlite  formed on annealing , and there fo re  a 
lower tensile  results, and since th e  g rap h ite  breaks 
up th e  con tinu ity  of th e  m etal th is  p reven ts any 
reasonable elongation of the  fe r rite  m a trix  Such 
g rap h ite  spots generally  occur n ear th e  cen tre  of 
the  c a s t in g , 'th e  o u te r portions rem ain ing  w hite, 
and as th is  w hite iron a f te r  h ea t tre a tm e n t yields
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F ig . 3. x 50.
A f t e r  A n n e a l i n g . L a r g e  P a t c h e s  o f  

P r i m a r y  G r a p h i t e  s t i l l  P e r s i s t i n g  
T o g e t h e r  w i t h  S m a l l  D o t s  o f  
S e c o n d a r y  G r a p h i t e .

pearlite , th e re  occurs th e  un u su a l phenom enon of 
th e  ou tside of th e  m alleable castin g  being h igher 
in  combined carbon, and  consequently  h arder, 
th a n  th e  centre.

Figs. 1 to 6 il lu s tra te  these points.



I t  is essential th a t  th e  pig-iron used should he 
as low as possible in  su lphur. The malleable 
founder is fo r tu n a te  in  th a t  he can produce good 
castings w ith iron m uch h igher in su lphur th an  
could be to le ra ted  in any o ther branch of th e  iron 
or steel industry . W ere i t  n o t so he would long 
since have been compelled to abandon cupola m elt-
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F ig . 4. x 50.
As F i g . 3. S h o w i n g  P e a r l it ic  N a t u r e  o f  

E d g e  o f  M e t a l . T h e  L o w e r  P a r t  i s  
t h e  E d g e , t h e  U p p e r  P a r t  i s  t h e  C o n ­
t in u a t io n  o f  t h e  L o w e r  H a l f  o f  No. 3.

ing, fo r w ith th e  ra th e r  large proportion  of coke 
required  for m elting, and th e  heavy percen tage of 
scrap , produced by runners and feeders and. 
necessarily included in the  furnace charge, i t  is 
difficult to  run  a m alleable foundry and con­
sisten tly  keep th e  cupola m etal below 0.3 per cent.
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in  sulphur. Some pigs on the  m ark e t regularly  
con tain  0.4 per cent, and th e  au th o r has handled 
certa in  brands w ith as much as 0.85 per cen t, sul­
phu r, under which conditions i t  will be difficult 
to  keep the  cupola m etal under 1 .0  p e r cen t, of 
su lphur.

Sources of Pig-Iron.
The chief centres for producing th is  p ig-iron  are  

th e  N orth -E ast and N orth-W est Coasts, and i t

F i g . 5 . x  100.
W h i t e  I r o n .  S i l i c o n  0 .6 9  p e r  c e n t .

S u l p h u r  0 .0 6 8  p e r  c e n t .

may be taken  th a t  the W est Coast irons are  gener­
ally characterised  by h igher m anganese contents 
th a n  the  E as t Coast ones. In  add ition  to  th e  re>- 
fined. irons, th e re  a re  well-known b rands of first 

.q u a li ty  such as Lorn charcoal iron, produced under 
conditions favourable to  p u rity , b u t th e ir  price is 
too high to  allow of universal adoption. P ig-iron 
of su itab le  quality  for malleable work is also pro­



F i g . 6. x  100.
W h it e  I r o n . S il ic o n  0 .76  p e r  c e n t .

S u l p h u r  0 .345  pe r  c e n t .

by th e  use of h igher coke ra tio  and p a rtly  by a 
lessened tuyere  ra tio —which la t te r  results in  an 
increase blast pressure. I t  may be taken  as ex­
cellent m elting practice if 1  cwt. of coke will m elt 
8 cw t. of iron  exclusive of bed, and from 14 to  
16 ozs. blast pressure is quite  usual.

duced in the  M idland d is tric t, and is establishing 
a rep u ta tio n  for itself.

Melting Conditions.

As a resu lt of th e  com parative p u rity  of these 
w hite pig-irons as com pared w ith o rd inary  grey 
iron, th e  m elting po in t is h igher and the  range of 
useful fluidity  m ore restric ted  in malleable prac­
tice  th a n  in grey. Thus i t  is essential to m elt a t a 
h igher tem pera tu re , which is accomplished p artly



“ Letting D ow n” Heavy Castings.

These pig-irons exh ib it la rger liquid  and  solid 
sh rinkage th a n  does g rey  iron . The increased 
liquid sh rinkage necessita tes th e  use of la rger 
feeding heads and of chills, w hilst th e  increased 
shrinkage a f te r  solidification renders i t  advisable 
to  provide a “  letting-dow n ”  muffle for all heavy 
or in tric a te  castings, so th a t  c rack ing  m ay he

572

F i g . 7 .  x  5 0 .

I r o n  w i t h  1.8 p e r  c e n t . S i l i c o n , t̂ -i n . S e c t io n  
w a s  v e r t  B a d l y  O x i d is e d  i n  A n n e a l i n g . 
D a r k  P a t c h e s  a r e  a ll ' O x i d e .

avoided. Such a  muffle is k ep t a t  about 600 to  
700 deg. C. d u rin g  casting  tim e and allowed to cool 
down very slowly over n igh t.

Some rem arks have already  been m ade upon th e  
analysis of the  m elted m etal. This depends to  a 
large ex ten t on th e  w eight and section of casting  
under review. U nder proper control much v a ria ­
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tio n  in  analysis can be rectified in  annealing , bu t 
even so tb e  au th o r found i t  impossible to  produce 
m alleable iron from  pig w ith 1 .8  per cen t, silicon, 
when none o ther was available, as ox idation  sets 
in  as soon as annealing  is commenced, and even 
a f te r  a sh o rt tim e in th e  oven sections |  in. thick 
contained oxide r ig h t to  th e ir  centres. Such m etal 
is shown in  F ig . 7.

A t ano ther tim e  during  the  scarcity  of pig-iron 
th e  only supply of pig-iron showed 0.85 per cent, 
su lphur, resu ltin g  in  a casting  w ith over 1 .0  per 
cent, su lphur, b u t a fte r  one o r two failu res th is 
obstacle was successfully surm ounted  in  annealing.

I t  is well known th a t  m anganese above 0.4 per 
cent, re ta rd s  annealing  as a resu lt of the  
s tab ility  of m anganese carbide. Some of the  
W est Coast irons con tain  0.5 to  0.6 per cent, 
m anganese, b u t th e  high su lphur in  th e  cupola 
m etal carries aw ay so large a p roportion  of th is 
percen tage th a t  the  final am ount in  the  m elted 
m eta l is ra re ly  over 0.25 per cent., which is not 
sufficient to  Tetard annealing . In  th e  m anufac­
tu re  of can-m etal w ith over 1 .0  per cent, m an­
ganese i t  is found necessary to  use in  th e  cupola 
charge about double th e  m anganese desired in 
th e  m elted m etal. A fte r a norm al annealing  th is 
high-m anganese m eta l gave 31.5 tons tensile, 
10  deg. bend, and 8.0 per cent, elongation. 
W hereas o rd in ary  malleable bars annealed in  the  
sam e can gave 22.8 tons tensile, 75 deg. bend, and
1 1 . 1  per cen t, elongation.

Size Limitations.
T here are  upw ards lim its of section which 

canno t be successfully m alleablised. H eavy cast­
ings 4 o r 5 in. th ick  can be repeatedly  annealed 
so th a t  th e  tru e  m alleablising pene tra tes  for a 
d istance of 1  in . or so and th e  whole casting  is 
th u s  rendered  exceedingly s t ro n g ; b u t in  th e  
au th o r’s experience th e re  always rem ains over 
2 per cent, of carbon a t  any dep th  g rea te r th an  
l-i in ., and under these circum stances th e  in te rio r 
m etal, although soft to  a drill, would, if cu t 
in to  tes t-b ar form, show only a  very low extension 
and bend properties. Such castings find exten­
sive use in eng ineering  construction , b u t it 
should be clearly realised th a t  for tru e  malleable
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iron, to  give 45 cleg, bend o r 5 per cent, elonga­
tion , a section of f  in. rep resen ts th e  p rac tica l 
m axim um .

The difficulty m ost often  encoun tered  is not, 
however, th e  m alleab lisation  of such heavy sec­
tions, b u t th e  successful annealing  of th e  com­
bined lig h t and heavy sections which go to  m ake 
up so m any of the  castings called for by 
engineers. Sudden changes in  section from  £ in. 
to |  in. a re  encounte red  and a re  m ost difficult 
to deal w ith. I f  the  buyer would expect from  
the heavier p a r ts  of such castings no th in g  more 
th an  m ach inab ility  i t  would be possible to  m eet 
his requirem ents, b u t when d u c tility  is dem anded 
in ©very p a r t  of the  casting  th e  p roposition  is 
an  exceedingly stiff one. A gain, a heavy boss, 
perhaps 1 ^ in. in  thickness, a ttach ed  to  an o th e r­
wise lig h t casting , o ften  renders a t  leas t double 
annealing  tim e necessary, a p a r t  from  th e  diffi­
culty  of un iform  annealing  already  re fe rred  to. 
This h inders production , and th u s  arises one of 
the  g rea test handicaps from  which m alleable cas t­
ings suffer, i.e ., tim e required  for delivery a f te r  
receip t of o rder. E very  o p p o rtu n ity  should be 
taken to  ligh ten  such bosses by using m axim um ­
sized cores possible, for a § in. core o ften  saves 
th ree  days’ annealing . In  th e  a u th o r’s experi­
ence all varie ties of levers called for by d ifferen t 
sections of engineers are g rea t d efau lte rs  along 
these lines.

W hilst th e re  is a modicum of t r u th  in  all th e  
ta lk  of co-operation betw een engineer and m alle­
able foundry , th e  founder m igh t also save much 
trouble for him self if he would seek a tru e  rea lisa ­
tion  of th e  needs of th e  user of tnalleable iron. 
Speak ing  generally , th e re  is a con tinual flow of 
castings back from  the  eng ineer to  founder for 
re-annealing  owing to  hardness, and  if the  
founder would se t him self to  ascerta in  th e  
m achining speeds used o r desired by h is custom er 
and se t up a sim ple m achine to  te s t his castings7 
in th is  d irection , th ere  would be fa r  few er re jec ts 
th a n  now ob ta in . Beyond th e  border line of 
obviously h a rd  m eta l th e re  a re  m any degrees of 
annealing  before a m axim um  toughness is 
reached, and the requ irem en ts of the  user can be 
m et if th ey  a re  stud ied  and allowed for in annea l­
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ing . The a u th o r’s firm, a f te r  being m akers for
m any years, are now buyers of m alleable castings, 
and thus he can speak for both sides of the  
industry .

I t  is n o t proposed to  deal w ith th e  annealing 
oven design in th is  P aper. The old rec tangu lar 
coal-fire oven, w ith g ra te s  ru nn ing  about th ree- 
q u a rte rs  of th e  leng th  down each- side, is now 
m uch despised, b u t its  one g rea t advantage is its 
vary ing  tem p era tu re  from  wicket to  fire-hole, thus 
prov id ing  fo r th e  careful w orker a  m eans of 
dealing w ith  a varie ty  of sections in  one oven. 
In  such ovens th e re  is no difficulty in annealing  
m axim um  and m inim um  sizes of castings in one 
anneal, for th e  tem p era tu re  v a ria tio n  covers a 
range of 50 deg. C. more or less, and th is  com­
pensates for th e  difference in  section. In  c ir­
cu la r ovens more difficulty is encountered, and it 
is necessary to  ru n  sep ara te  heats for ligh t and 
heavy work, a necessity which in  a sm all concern 
often  causes delay. In  the  rec tan g u la r ovens 
re fe rred  to  the  tem p era tu re  in th e  h o tte s t p a rt 
of th e  oven should be m ain ta ined  a t 960 to 
980 deg. C. for iron of generally suitable analysis. 
I t  is, of course, desirab le  to  equip ovens w ith 
record ing  pyrom eters, b u t where the  cost is pro­
h ib itive  very successful control can be m ain tained  
by recorders of th e  W atk ins type or by Seger 
cones.

Jolt-Filling of Annealing Cans.
The production  of good castings is in one sense 

largely dependent on th e  carefu l packing of the 
h a rd  castings in  th e  cans. W ith  work of in t r i­
ca te  shape and  in  hollow forms any careless filling 
will resu lt in such badly d isto rted  castings th a t  
correction  in  th e  dressing shop m ay be im prac­
ticable. In  th e  S ta te s  these cans a re  generally 
filled by jo lt ram s, and in a few sim ple tests the  
au th o r found th is an excellent m ethod—provided 
p la n t is available. D istorted  castings are  often 
stra in ed  during  cold s tra igh ten ing , and were it  
no t for th e  large m argin  of safety  adopted by 
th e  designer, fa ilu res in such castings would 
result.

Types of Ore Used.
F or successful annealing  two d is tinc t types of 

ore are necessary—old or used ore and new unused
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ore. The new ore  is red  h em atite , and  can be 
ob ta ined  in  v ary ing  sizes, th a t  know n as 60 
kibble being m ost su itab le  for o rd in a ry  work. 
The quality  of th is  m a te ria l from  d ifferen t mines 
varies considerably, and  m ay also v a ry  from  th e  
sam e m ine. The only c o n stitu en t of value is 
ferric  or iron oxide, F e 20 3, and a good ore should 
con ta in  from  80 to  90 per cent, of th is , th e  
rem ainder being p rinc ipa lly  silica in th e  form  of 
quartz . In  poor ores a b u n d a n t w hite pieces of 
th is q u a rtz  are  visible a f te r  w ashing, an d  if p re- 
sen t in  excessive q u a n tity , w ill cause th e  ore to  
stick to  castings. Lim e, when p resen t above 2 or 
3 per cen t., has th e  sam e effect b u t in  a more 
m arked degree, and  in  th e  a u th o r’s experience 
ores w ith  over 6 p e r cen t, lim e have given 
disastrous results . Table I I  gives deta ils of some 
red  hem atite  ores.

T a b l e  I I .— Annealing Ores.

Description. FeO Fe20 3 Fe30 4 S i02 CaO

New ore. Good
supply — 90.7 — 4.7 0.85

Poor ore. Same
supply — 68.7 — 23.8 2 .0

Poor ore. Same
supply — 63.7 — 30.3 1.95

f 0.6 70.0 — 19.4 3.8
Poor ores, all satis­

factory in u se ..
J - 67.8 —. 11.9 7.35
1 Nil 74.1 — 7.9 8.3
(.1.3 71.6 — 12.3 10.3

Used annealing ore Nil 79.3 20.3 0.8

W hen heated  in  con tac t w ith  iron , w hether of 
th e  casting  or th e  annealing  can , red  'hem atite  
o re blackens and changes alm ost en tire ly  to  F e 30 4, 
th e  m agnetic oxide. This form  of ore and  oxide 
is essen tia l for annealing , as a p a r t  from  any ques­
tion  of cost, new ore alone will no t do th e  work 
properly. W hen th e  red  o re  alone is used i t  so 
strongly  oxidises th a t  all carbon is rap id ly  
removed from  th e  o u te r layers of m etal, and 
oxidation  of the  iron th en  commences so th a t  a 
layer of scale is found on each casting . W hen 
removed, th is  leaves th e  casting  rough and  under 
size, and of course th ere  is always a more or less 
oxidised layer rem ain ing  which is unsu ited  for
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c ith e r a m achining o r a finished surface. In  such 
cases the rem oval of carbon from th e  su rface is 
accomplished a t  a irate fa s te r th an  i t  can  be 
supplied by diffusion from  th e  in te rio r, and th e  
n e t resu lt is th a t  complete annealing , i.e ., malle- 
ablising r ig h t to  th e  cen tre , is o ften  less rap id  
w ith  all new ore th a n  w ith s tan d ard  m ix ture . 
F ig . 8 il lu s tra tes  such a case where sim ilar cast­
ings were annealed  under conditions alike in 
every way except s tren g th  of ore. The lower 
casting  annealed  in  all old ore  has a  fa in t  core 
of unannealed  m etal, while th e  upper one from  
all new ore is no t m ore th a n  half-annealed . The 
correct o re stren g th  varies according to  require-

F i g . 8 . T w ic e  F u l l  S i z e .

F r a c t u r e s  o f  C a s t in g s  A n n e a l e d  i n  O l d  O r e  
a n d  N e w  O r e . P o l is h e d  a n d  E t c h e d . 
C e n t r e  D a r k  P o r t io n s  a r e  H a r d  M e t a l .

U p p e r .— N e w  O r e . L o w e r .— O l d  O r e .

m ents, b u t four p a rts  old ore and one p a r t  new 
ore is a  good w orking s tan d a rd . A nnealing 
canno t be hastened by increasing th e  s tren g th  of 
th e  ore m ix tu re  much above th is level o r th e  
castings will suffer.

From  these considerations i t  becomes evident 
th a t  no t new ore only bu t also old ore m ust be 
regarded as one of th e  essential raw  m aterials 
of th e  annealing  process. W ith  sudden increase 
of requirem ents there  may be a shortage of old 
ore, and unless it  can be acquired from  a neigh­
bouring foundry the shortage will be serious and 
costly. There is no ready method of converting 
red ore to  black except by its use in annealing. 
I t  has been suggested th a t  in such cases the  old

u
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ore be replaced by scale from  cans, b u t the  
au th o r’s experience has been th a t  such a  m ix ture 
is s till s trong ly  oxidising tow ards th e  sk in  of 
castings, although certa in ly  less so th a n  new ore 
alone. The use of tu rn in g s  is m ore sa tisfac to ry , 
b u t these should be from  steel, n o t h igh  phos­
phoric cast iron , as in  th e  la t te r  case they  will 
ten d  to  fuse w ith  th e  ore. T here is, in  fac t, no 
cheap and simple m ethod for th is  conversion, and 
th e  safest p lan  is to  m ix th e  new ore and  tu r n ­
ings, o r, b e tte r  s till, scrap  u nannea led  castings 
and charge these in to  th e  cans in  th e  u sua l way 
w ithou t any  work fo r annealing . A fte r a  few 
davs’ firing  a good stock of old ore is ob tained
w ithou t risk  of spoiling an  oven fu ll of w ork.
The conversion canno t be b rough t abou t by th e  
simple app lica tion  of h e a t to  new ore, b u t con­
ta c t  w ith  m etallic  iron  is necessary.

To o b ta in  a  good skin  on th e  th in n e s t castings 
i t  is advisable to  sieve th e  ore from  tim e  to  tim e  
in o rder to  remove fine partic les, am ongst w hich 
will be found a m ajor po rtion  of th e  more fusible 
com ponents. I n  neglected stocks of o re th is
ridd ling  may reduce th e  available ore by 30 to
50 p e r cent." and will th en  necessita te  renew al of 
stocks as ju s t described.

W hen th e  annealing  ore is used th e re  is a con­
siderable increase in  its  su lphur con ten t. Some 
of th is  su lphur can  be detec ted  as H ,S  by add ing  
d ilu te  hydrochloric acid, b u t th e  p roportion  held 
in  th is  way is rea lly  very sm all, th e  bu lk  being 
p resen t in  th e  oxidised condition . P a r t  of th is  
increase is due to  ox idation  of th e  can  m ate ria l, 
some possibly to  con tac t w ith gases, b u t in  the  
m ajo r p a r t  i t  is ob tained  from  th e  castings them ­
selves. This is shown by th e  increased su lphur 
in  th e  ore which is found adhering  to  a casting , 
th e  su lphur con ten ts of such ore being above th e  
average of th e  old ore pile, even w hen th e  cast­
ing  is under-annealed . As soon, however, as th e  
m eta l reaches th e  stage of décarbu risa tion  a t  th e  
ou ter edge, ox idation  sets in  and  th e re  is th en  a 
rap id  rem oval of su lphur, and  consequent increase 
in  the  closer layer of ore. This rem oval of su lphur 
from  the  iron  has been d ea lt w ith  more fully  in  a 
study  of “  peeling ,” b u t i t  m ay be m entioned 
here th a t  th e  p a rtic u la r  “  peeled ” casting  
referred  to  in  Table I I I  contained 0.59 per cent.
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su lphur in  th e  centre, b u t only 0.22 per cent, a t 
the  edge. This tab le  gives some fu r th e r  figures 
for su lphur in  annealing  ores.

Annealing Pots.

One of th e  la rgest con tribu to rs to  the  cost of 
malleable castings is the  annealing  cans in  which 
the  ore and castings are  placed for annealing. 
Poor quality  cans give sho rt life, b u t they  also 
lead to  w astage th rough  1 ‘ scaled ”  castings, 
where holes develop in  th e  can and in  addition 
en ta il e x tra  labour in  rem oving the  large 
accum ulation of scale from  the ovens.

T a b le  I I I .— Sulphur in  Annealing Ores.

Total S. as
S. Sulphide.

Per
cent.

New ore 0.26 Nil.
Same ore after using once 0.47 0.027
Used ore from stock heap 0.67 Not

determined.
Fine ore from surface of hard castings 0.65 —

Ditto well annealed 0.85 —

Ditto “ peeled ” . . 2.03 —

Scale from castings annealed in new
ore . . 0 .2 1 —

The developm ent of a first-class annealing  can 
along scientific lines has for many years been one 
of th e  g rea test needs of the  industry . The 
general p ractice, both of large can m akers and of 
founders m aking th e ir  own cans, has been to 
m arket the  cheapest possible product, irrespective 
of quality . The cupola charge consists mainly 
of old cans, heavily  charged w ith  scale, supple­
m ented by scrap-iron and steel of th e  m ost vari­
able ch arac te r im aginable. The product then  is 
a w hite iron, p resen ting  a frac tu re  honeycombed 
w ith blowholes, th e  life of which is determ ined 
by its  w eakest point. By a study of the  heat- 
resisting  properties of cast iron i t  is possible to 
develop a sound can of greatly-im proved service 
value, which will give a lower annealing  cost per 
cwt. of work th an  the cheaper b u t unsound can.

u2
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F o r th is  purpose th e  desirable chem ical p roperties 
a re  low silicon and  phosphorus, m edium  su lphur 
and high m anganese, together w ith  low carbon. 
I f  silicon is allowed to fall too low, say below 
0.4  p e r cen t., th e  m etal will always be unsound, 
w hilst if phosphorus rises over 0.3 p er cent, the 
can  will soften and bulge a t  th e  annealing  tem ­
p era tu re . Such m etal is il lu s tra ted  in  F ig . 9, 
being tak en  from  a can which collapsed. H igh  
m anganese is essen tia l for m axim um  life and

F ig . 9. x  50.
A n n e a l i n g  G a n , 0 .4 5  p e e  c e n t . P h o s p h o r u s . 

C o l l a p s e d  i n  t h e  O v e n . P h o s p h o r u s  i s  
s e e n  i n  C r y s t a l  B o u n d a r i e s .

should be over 1 per cent, in  a ll cases. The 
au th o r lias repeated ly  m ade cans along these 
lines and ob tained  g rea tly  im proved resu lts com­
pared  w ith  th e  o rd inary  com m ercial c an ." 'M o re  
recently  th is  specification has been adopted by 
one large can m aker and is being worked to  as 
near as p rac tica l and economic considerations
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perm it. Owing to  th e  varying length  of anneal­
ing tim e used by various founders for the 
d ifferent sections of castings w ithin th e ir  trade  
i t  is difficult to give details of service tests which 
could be com parable w ith o ther workers, b u t the 
tes ts  have always been conducted by finding the 
can cost per cwt. of work annealed, by recording 
th e  num ber of days service given by individual, 
cans, and by w eighing batches of cans every tim e 
they  come from  th e  oven. A batch of cans made 
w ith 2 per cent, chromium was carefully followed 
th rough  on these lines, bu t, con trary  to  expecta­
tion , no improved resu lt was obtained.

Nickel Chrome Cans.

A few years ago six nickel-ohromium cans were 
received for te s t. This m etal was an  alloy of 
nickel and chrom ium  w ith  about 10  per cent, of 
iron, and as it had been successfully used for 
m any hea t-resisting  jobs there  seemed a possi­
b ility  of an alm ost indefinite life for malleable 
annealing  cans made from it. The cans were 
m ade of ligh te r section th a n  ordinary  iron ones, 
b u t even then  a 14-in. round can weighed about 
80 lbs. and cost £24, aga in s t a sim ilar sized iron 
can w eighing roughly 2 cwts. and costing a t th a t ' 
tim e  abou t 12s. Since the  la t te r  can gives, say,
7 heats, the  nickel-chrome can would be required 
to  give som ething in th e  neighbourhood of 200 
heats to  be an economic proposition, a p a r t from 
the large cap ita l ou tlay  involved in purchasing 
250 or 300 such cans. The actua l life obtained 
w7as 48 heats, or about 7 tim es the  life of an iron 
can, b u t in view of the  cost the  experim ent was 
deemed a failure . In  considering such a pro­
position two fu r th e r  considerations m ust be borne 
in m ind : the  labour-saving through  the  decreased 
w eieht of the alloy can, and the  absence of scale 
in the  ovens, which causes much work in  removal 
and w ear and te a r  of 'firebricks.

I n  sp ite  of th is  failure , th e  experim ent was a 
most in te resting  one, and opens up  the  possibility 
th a t  somewhere between these two extrem es—on 
the one hand cheap iron w ith all its disadvantages, 
and on the o ther hand  expensive nickel-chrome 
alloy p ractically  non-scaling—th ere  may in the 
fu tu re  be found a new m aterial for th is  purpose.

A part from  te s t bars called for by the buyer
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of malleable castings, every oven should con ta in  
a selection of such bars d is trib u ted  a t  those po in ts 
known to  give lowest, medium and m axim um  tem ­
pera tu res. Pieces from  scrap castings com par­
able in section w ith the  work being done should 
be included and used for drilling , tu rn in g  and 
bending tests. R eference has a lready been made 
to  the  need for an apprecia tion  of th e  buyer’s 
m achining requirem ents, and  the  a u th o r has 
found th a t  a m achining speed of about 90 ft . per

F i g . 10 x  100.
H a b d  M a l l e a b l e  I r o n . 

C e n t r e .— P l e n t y  o f  C e m e n t i t e .

sec. is a  very good te s t  of th e  m achinab ility  of 
the castings. This can be tra n s la te d  to  d rillin g  
speeds for various sizes of drills and all so rts of 
bosses and sections subjected to te s t. Such a 
te s t will no t only lessen re jec ts from  the  
m achinists, b u t will save labour on dressing, 
barrelling , e tc ., of castings whose only u ltim ate  
fa te  can be re-annealing . I t  should be needless
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to urge some such inspection, b u t the w riter is 
personally aw are th a t  in some m alleable foundries 
no such te s t is ever imposed, and all castings 
from th e  ovens are despatched d irect to  the 
custom er.

Specifications.
Coming now to  the question of the actua l phy­

sical te s tin g  of cast iron, the  B E .S .A . have

F ig . 11. x 50.
H a r d  M a l l e a b l e  I r o n .

E d g e .— T h e r e  i s  s t i l l  a G o o d  P r o p o r t i o n  
o f  C o m b i n e d  C a r b o n  E v e n  o n  t h e  
E x t r e m e  R i g h t .

recently  issued a specification (5,022/1923) for 
w h itehea rt malleable iron as follow s:— U ltim ate  
tensile streng th , n o t less th an  20 tons per sq. in .;  
m in im um  elongation, n o t less than  5 per cent, in 
2 in s . ; and  hend test, 45 deg. round f-in . radius. 
(The tensile te s t  bar is f-in . dia. in  th e  central 
p a rt.)
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A lthough the  w rite r assisted in  the  d raw in g  up 
of th is specification, he has always fe lt th a t  the 
d iam ete r of th e  te s t  bar is on th e  large size. The 
tensile s tre n g th  of 20 tons and  th e  bend te s t of 
45 deg. p resen t no difficulty if the  iron  is of 
reasonable quality , but" a  f-in . b a r needs to  be 
well annealed  to  give 5 per cent, e longation . I  he
purpose of the specification is in p a r t  to  encourage 
the  m an u fac tu re r to  produce m alleable iron  of 
s tan d a rd  quality , and  probably th is purpose would 
be b e tte r  served by req u iring  5 per cent, elongation  
in  2 in. on a ^-in. d iam e te r bar. C astings of sec­
tion  equal to  these te s t  bars will m achine w ithou t 
difficulty if annealed  u nder such conditions as 
enable the  bars to  give the  specified tes ts , b u t on 
th e  o th e r hand , bend te s t bars do n o t read ily  d rill 
a t  the  speeds -previously re fe rred  to , unless the  
bend reaches abou t 40 deg.

The B .E .S .A . specification m akes some sugges­
tions reg ard in g  chemical analysis, b u t its  dem ands 
are  qu ite  reasonable, since good m alleable iron 
cannot be m ade outside the lim its set fo rth , which 
read  as fo llow :—The iron shall co n ta in : Silicon, 
between 0.5 and  1.0 per c e n t . ; m anganese , n o t 
more th a n  0.4 p e r c e n t . ; sulphur, no t m ore th an  
0.4 per c e n t . ; and phosphorus, n o t m ore th a n  0.20 
per cent.

A gainst th is  m ay be set the specification issued 
by one of th e  p rinc ipa l m akers of heavy au to ­
mobiles, which specified six item s in  a chemical 
analysis and- fou r in  physical te s ts . I n  add ition , 
sam ples were to  be exam ined m icroscopically for 
defects, and m igh t be re jec ted  on th e  resu lts  of 
such an exam ination . The complete specification 
read  as follows : —

Chemical Specification.— T otal carbon, under 
3.00; combined carbon, u nder 0.50; silicon, under 
0.80; m anganese, under 0 .50 ; su lphu r, u nder 0.25; 
and phosphorus, under 0.09 per cent.

A percen tage of deliveries will be exam ined 
microscopically. I f  n o t d e a n , consignm ent will 
be re jected .

Good, clean castings, free from  porosity , to  be 
well annealed , and m ust fulfil th e  following phy­
sical specifica tion :— Tensile breaking streng th , 
over 22 tons per sq. i n . ; yield ra tio , over 70 per 
c e n t . ; elongation, over 15 per c e n t . ; and  reduc­
tion  of a rea , over 10  per cent.
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All te s ts  to  be carried  o u t 011 a special te s t  piece 
cas t on and annealed  w ith  th e  p a rtic u la r  p a r t  
and  tes ted  w ithou t m achining.

Please supply — te s t  bars 12 in. long x  1 in. 
d ia. w ith  th is  order.

I t  is ev iden t th a t  th e  person responsible for 
d raw ing  up the specification had no p rac tica l e x ­
perience in m aking or te s tin g  m alleable castings, 
and on rep resen ta tions being m ade of th e  im prac­
ticab ility  of the dem ands a vastly  d ifferen t speci­
fication was sen t down and adopted. I t  is u n ­
doubtedly w ith in  the province of th e  buyer to  lim it 
the  am ount of any such dangerous elem ent as 
phosphorus in  m alleable iron , since good m alleable 
canno t be m ade w ith  high-phosphorus, b u t to  tie  
th e  m an u fac tu re r hand  and foot is both  un reaso n ­
able and im practicable.

D uring  the  w rite r ’s p rac tice  w ith m alleable iron 
a |- in . d iam eter tensile  b ar was used, and  th e

T able IV .— Physical Tests.

Tensile. Elonga­
tion. Bend.

Short anneal. Average of 17 
tests. 1923 24.3 6.8 53

Short anneal. Average of 25
tests. ’ 924 25.1 6.7 43

Long anneal. Average of 80
tests. 1923 24.3 9.2 64

Long anneal. Average of 40
tests. 1924 25.1 8.0 55

Highest tensile test 31.0 4.0 30
Highest elongation 25.6 15.3 60
Highest bend test . . 22.8 8.0 95

bend b ar 1  in. x f  in. Table IV  sum m arises th e  
resu lts ob ta ined  in  each of the  years 1923-1924.

The frac tu re  of th e  m ost ductile  of these bars, 
those, for instance, w ith  over 10  p e r cen t, elonga­
tion , is d a rk  grey in  colour and  am orphous in 
character. The fra c tu re  of m alleable iron  is an  
excellent ind ication  of its  quality . F ra c tu re s  
of m etal very m uch unannealed  a re  of a b rig h t 
crystalline ch arac te r, and th is  gives p lace g rad u ­
ally to the d ark er am orphous type  of fra c tu re , 
the  cen tre  being la s t to  change. W here th e re  is
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m uch brightness, b rittleness n a tu ra lly  follows, and 
on th e  o ther hand , no fea r may be en te r ta in ed  for 
m etal w ith th e  d a rk  frac tu re , as i t  will always 
be of excellent character.

U nder the  microscope the very b righ t frac tu re  
is found to  correspond to  combined carbon well 
over 1 .0  per cen t., i.e ., m etal w ith free carbide. 
Such a  case is shown in  F igs. 10 and  11, which 
show the  unannealed  cen tre  x  100  and the  edge

F i g . 18 . x  50 .

B u r n t  ( i . e . O v e r h e a t e d ) M a l l e a b l e  I r o n .

x 50, the  la t te r  still contain ing  plenty  of combined 
carbon. On the o ther hand , the  ductile  m etal 
contains only 0.3 to  0.4 per cent, combined carbon 
a t  the  cen tre  and practically  none a t  th e  edges, 
th is  being illu s tra ted  in Figs. 12 and 13.

I t  has been s ta ted  by some au tho rities th a t  good 
w h iteh ea rt m alleable iron should con ta in  no 
p ea rlite , th is  being replaced en tire ly  by fe rrite  
and annealing  carbon. No doubt th is  is a  very
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desirable s tru c tu re , b u t th e  w rite r  has never found 
a piece of good w h itehea rt m alleable iron w ithout 
some p earlite  a t  th e  cen tre , and th inks i t  unlikely 
th a t  such m etal is a tta in ab le  in  p ractice . The 
edge can be rendered  free from  carbon, b u t some 
p earlite  always rem ains in  th e  cen tre . I f  the 
annealing  be carried  any fu r th e r , ox ida tion  of th e  
edges sets in  and  th e  iron  th en  ceases to  be of 
good ductile  quality . Such iron  is shown in 
F igs. 14 and 15, a lthough  even here some pea rlite  
rem ains in  th e  in te rio r. As th e  annealing  m edium  
is strongly  oxidising in  ch arac te r, i t  is n a tu ra l 
th a t  as soon as carbon is fully oxidised a t  th e  
edge, the  o re should a tta ck  th e  carbonless iron 
and the p en e tra tio n  of oxide commences. Indeed , 
if th e  annealing  process be unduly  hastened  by the  
use of too s trong  an  ore, th e  rem oval of carbon 
a t  th e  o u te r  su rface  m ay tak e  place a t  a  ra te  
g rea te r th a n  its replacem ent from  w ith in , and 
an iron w ith  a h a rd  cen tre  m ay th e n  have an 
oxidised skin. This is shown in  F igs. 16 and  17, 
the  cen tre  being x  250 and  th e  edge x 50.

The oxide p en e tra tio n  causes b rittleness , b u t i t  
is n o t to  be confused w ith the  effect of ov erh ea t­
ing. F ig . 18 shows the  m ic ro struc tu re  of over­
heated  m alleable iron  x 50 d iam eters, and  th e  
s tru c tu re  is seen to be sim ilar in  cha rac te r to  th a t  
of o ther overheated  m etals.

A num ber of the  commonest defects in  m alleable 
castings have already  been m entioned. These are 
hardness in  m achining, b rittlen ess  th ro u g h  under- 
annealing , d is to rtion , under-size th rough  surface 
oxidation and “ peeling .”  This la t te r  defec t m ust 
n o t foe confused w ith  o rd inary  scaling  of surface, 
due to  excessively s trong  ore, or adm ission of 
gases th rough  broken cans. C astings suffering 
from  th e  “ peeling ” defect p resen t a norm al o u t­
w ard appearance, b u t th e  fra c tu re  a f te r  b reak ing  
reveals an in n e r core, su rrounded  by one. o r more 
layers of “ skin ”  or “  peel,”  these layers being 
so loosely a ttached  to  th e  core and to  one ano ther 
th a t  they  e ith e r become detached in  th e  b reak ing  
o r can  be rem oved by a  few blows w ith  a  ham m er. 
F ig . 20 shows frac tu res of “  peeled ”  m alleable 
iron. In  ex trem e cases, o r where th e  castings are 
very th in , th e re  is a t  tim es no core rem ain ing

o r skins. The
castings arises



few years since, th e  au thor, in  association w ith 
D r. D. H . Ingall, of W ednesbury, conducted a 
research on th is po in t, full details of which can 
be seen in the  Iron  and S teel In s titu te  Jo u rn a l, 
1925, volume 1. The principal points to  be 
watched in  avoiding th is defect are  too high 
silicon in  the  m etal, and too fa s t a ra te  of h ea t­
ing  a t  annealing  tem pera tu re . The trouble seems 
due to  rem oval of carbon a t  th e  surface a t  a ra te

when they  are  m achined, as in  e ither p lan ing  or 
screwing, th e  en tire  skin may come away from  the 
core, o r screw th reads peel off as a  string . B arrell­
ing for polishing purposes produces th e  same 
effect. F o r such defective castings there  is no 
remedy to  restore  the  m etal to  norm al quality .

“ Peeling  ”  has an exasperating  way of appear­
ing w ithout ap p a ren t reason, w ith  the  resu lt th a t  
it  has been a ttr ib u te d  to  m any different causes. A
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F i g . 19  x  5 0 .

M alleable Ir o n  of H ighest P e r m e a b i l i t y.
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g rea te r th a n  its diffusion from  the  in te rio r. Thus 
oxidation sets in  and  proceeds to  advance rap id ly  
in to  th e  in te rio r of th e  m etal. S u lphur is very

F i g . 2 0 .

S e c t io n s  o r  “  P e e l e d  ”  M a l l e a b l e .

F i g . 2 1 . x  50 .

S h o w in g  t h e  T h r e e  Z o n e s  i n  “  P e e l e d  ”  
M a l l e a b l e .

susceptible to  th is ox idation  process, w ith  the 
resu lt th a t  the  “ peel ”  contains a g re a t deal less 
of th is  elem ent th an  did the  o rig ina l m etal. The



m icrostructure  of such defective m etal is found 
to consist of th ree  zones in th e  cen tre , fe rrite  and 
pearlite , a round  th is a zone of fe rrite , and an 
ou ter zone w ith oxide penetra tion . F ig . 21 is a n

5 9 3

F i g . 2 2 .— R e l a t iv e  P e r m e a b il it y  C u r v e s  o e  
M i l d  S t e e l , M a l l e a b l e  a n d  G r e y  I r o n .

actua l ease where the th ree  zones a re  shown x 
50 diams.

M alleable cast iron has a low electrical resist­
ance, h u t a h igh perm eability. The relation  
between th e  perm eability  of cas t iron, malleable
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iron and mild steel is shown in  the  d iag ram  (F ig . 
22), which also illu s tra tes  th e  necessity  fo r th o r­
ough annealing  if m axim um  values a re  to  be 
obtained. F ig . 19 shows th e  low am oun t of com­
bined carbon rem ain ing  in  th e  sam ple from  the  
upper curve.

The au tho r desires to th a n k  Messrs. John  
H a rp e r & Company, L im ited , of W illenhall, for 
perm ission to  w rite  the  P ap er, and  M r. G. C. 
Lloyd, of th e  Iro n  and  Steel In s titu te , fo r perm is­
sion to  reproduce F igs. Nos. 20 and  2 1  and 
Table V from  th e  pages of th e  In s ti tu te  Jo u rn a l.

T a b l e  V.—Sulphur in  “ Peeled ” Malleable Iron.

Silicon. Sulphur.

Outside. Second
Position. Centre Outside. Second

Position. Centre

0.378 0.360 0.377 0.218 0.48 0.520
0.575 0.638 0.600 0.161 0.392 0.60
0.550 0.518 0.540 0.084 0.535 0.79
0.745 0.745 0.770 0.127 0.351 0.64
0.74 0.74 0.755 0.139 0.198 0.172
0.865 0.865 0.820 0.298 0.378 0.426
0.90 0.795 0.80 0.128 0.530 0.70
0.750 0.750 0.71 0.066 0.061 0.061

DISCUSSION.

M r. E . R . T a y l o r , F .I.C ., commended th e  P ap e r 
on account of th e  p rac tica l d a ta  which i t  con­
ta ined , and asked if i t  was possible to  determ ine 
any difference in  th e  p ropertie s o f m alleable iron  
con ta in ing  0 .1  p e r cent, of phosphorus as against 
0.05. Trouble w ith  under-annealed  m eta l seemed 
to  be very common. Too m uch re-annealing  was 
done and he a ttr ib u te d  i t  to  th e  .fact th a t  so li tt le  
in fo rm ation  had  been published as to  th e  correct 
annealing  tim e. The C ast Iro n  R esearch Associa­
tion  had  carried  o u t an  investiga tion  in to  anneal­
ing tim e versus to ta l carbon con ten t, and  a repo rt 
would be issued dealing  w ith  th is . Curves have 
been draw n showing w hat m echanical p roperties 
m ay be expected from  any to ta l carbon. V ery 
li tt le  lite ra tu re  h ith e rto  existed w ith  re la tio n  to  
to ta l carbon in w hite iron, th a t  was to  say  in  th e  
iron in tended  to  be annealed  ; y e t very few people



knew w hat a vast difference to ta l carbon in  the 
orig inal w hite iron  made. I f  they  began w ith a 
high to tal-carbon  in  th e ir  w hite ix-on they were 
up against trouble all th e  way in produciixg good 
malleable. The figux’es given by M r. F ield  con­
cerning th e  e lim ination  of su lphur were exceed­
ingly in te resting , b u t he did no t seem to  dis­
crim inate  between the elim ination  of siulphur when 
i t  existed as m anganese sulphide and when i t  was 
p resen t as iron  sulphide. H is own experience 
was th a t  when su lphur existed as iron sulphide in 
a  castin g  th ere  was elim ination  up  to  as much 
as 50 per cen t., b u t if i t  existed as m anganese 
sulphide th e re  was no elim ination , b u t an  increase 
due to  absorption from th e  ore m ix ture . R egard­
ing te s t pieces, the  bend te s t was usually carried 
o u t on  a f- in . x 1-in. b a r, 8 in. long. The te n ­
sile te s t used to  be carried  ou t on a  f-in . bar, and 
a t  the  p resen t tim e a f-in . bar was usually used 
for th e  te s t. H e suggested th a t  i t  was difficult 
to  correlate the resu lts w ith  these varia tions in 
th e  size of te s t bar used. As to  peeling, the 
speaker considered i t  was due to  carelessness. 
O rd inary  care in w atching the  composition, seeing 
th a t  th e  hea ting  up was correct, and no t leaving 
too much to  th e  w orkm an in  charge would help 
to  abolish peeling.

M r. J .  V. M u r r a y  described th e  malleable 
section as th e  C inderella of th e  iron trade . A 
g re a t num ber of present-day B ritish  foundries 
were simply m uddling through. There was no 
rea l reason why th e  percentage of scrap  castings 
should be so high, scientific control being neces­
sary  and v ita l, nor was th e re  any reason why 
malleable castings should n o t in  m any cases 
replace m ild steel stam pings. M any founders 
were too ready  to blam e the  m aker o f the  iron. 
M r. F ield  had  indicated  th a t  his firm had ceased 
to  produce m alleable castings, b u t judg ing  from 
w hat they  had  heard , i t  appeared to him  to  be 
one of the  firms th a t  should rem ain  in the  trade . 
W ith  regard  to  high phosphorus pig-iron, he once 
had a 0.2  p e r cent, iron, and a f te r  annealing he 
held i t  in his hand  and h it i t  w ith a ham m er. I t  
was SO' b rittle  th a t  i t  broke.

Replying, Air. F ield said that from the point 
of view of the standard tests of malleable iron 
to-day there was no harm in going up to 0.1 per
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cent, of phosphorus, b u t th e re  was in  g e ttin g  the 
percen tage up to  0.2. W hen they  go t bad  peeling 
he advised them  to  look a t  th e  can and  see how7 
th in  i t  was. The hea tin g  up  of th e  casting  a t 
too rap id  a ra te  m igh t determ ine th e  se ttin g  in 
of peeling which then  never stopped. W ith  regard  
to the  proportions of “ peeled ” scrap  th a t  could 
be used in  the  cupola, he poin ted  o u t th a t  if  a 
large p roportion  of oxidised scrap was used they  
would be ru n n in g  th e  risk  of blowholes. H e had  
never had  any troub le  th rough  th e  em b rittlin g  
of m alleable iron  in  galvanising, and  th o u g h t th a t  
th is  would only occur w here the  annealed  m etal 
contained much combined carbon.

Vote of Thanks.
M r. R . P . B e t h e l l, proposing a vote of th an k s 

to  M r. F ield , said  he w7as glad  th e  le c tu re r did 
not blam e the  iron fo r all th e  troubles of th e  
foundry. H e had had  com plaints abou t some of 
th e  best iron i t  was possible to  m ake, and  when 
they investigated  the  m a tte r  they  frequen tly  
found them selves up  ag a in s t a  m an who did  n o t 
know his own m ind. In  90 p er cent, of cases th e  
trouble was in th e  annealing .

M r. E . J .  L e w is , in  seco n d in g  th e  m o tio n , sa id  
t h a t  w hile  th e  le c tu re  w as in  th e  m a in  sc ien tific , 
th e re  w as a  g r e a t  d ea l t h a t  th e  o rd in a ry  fo u n d ry - 
m an  co u ld  follow , a n d  he r e g re t te d  t h a t  m ore  
m em bers w ere n o t p re sen t.

M r. J. E llis, a P as t-P re s id en t of th e  In s titu te , 
supported  th e  vote of thanks. The scientific men, 
he said, were always ready  to  come forw ard  and 
give P apers and he reg re tted  th a t  th e  p rac tica l 
men were more backw ard. H e hoped th a t  as a 
resu lt of in tensive p ropaganda  w ork th ey  would 
see more of th e  m oulder.

The P res ident also supported  th e  m otion, which 
was h ea rtily  approved by th e  m eeting.

Mr. F ield briefly returned thanks.
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OIL SAND AND MOTOR CASTINGS.

By W. West (Member) and W. Aston.

[.4 cinem atograph film, 1,000 f t .  long was 
exhibited  prior to the lecture, and illustrated  in  
complete detail the m ethods employed for the 
m anufacture of cylinders and other castings in  
use a t the Leyland  W orks.]

The application  of oil sand to  the  m aking of 
in tric a te  cores has been widely recognised by 
foundrym en, because of th e  ou tstand ing  advan­
tages which are  derived from its  use. I t  is, how­
ever, probable th a t  its po ten tia l value m ay yet 
be exploited  in  o ther directions, such as th e  pro­
duction  of castings en tire ly  in  it , o r its  su bstitu ­
tion  for o rd inary  facing sands. W here the  work 
to  be m ade is of special charac te r carry ing  
requirem ents of very fine lim its of m achining, 
positive dim ensions, accuracy of shape, and in  all 
a smooth surface skin, i t  can be im agined th a t  
the  use of an oil-sand facing or of moulds m ade 
en tire ly  from  it , castings should be produced with 
such accuracy from  th e  p a tte rn  and the fitting  of 
the  cores in  th e  mould th a t  th e  dim ensional 
inaccuracies would be g reatly  elim inated .

This is th e  view -point from  which the subject 
here is considered. O ther points of view m ust 
necessarily exist in connection w ith foundry work 
in all its varied  phases, so th a t  where ord inary  
jobbing work is th e  rule or the  class of castings 
such th a t com petition of a keen charac te r lim its 
the  founder to  the  narrow est m argin  of profit, 
the  end may no t ju s tify  the  ex tra  expenditure  
incurred .

Mass production also has its own peculiar 
requirem ents according to  the  n a tu re  of th e  work 
in  hand, so th a t  no se t of conditions o r results 
obtained from  th e  application  of any th ing  of a
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special charac te r can be accepted w ithou t ce rta in  
reservations.

Before dealing m ore especially w ith  th e  p rac­
tica l side of oil-sand application , a li tt le  con­
sidera tion  m ight be helpfu l reg ard in g  th e  type  of 
oil or oil m ix tu re  m ixed w ith  th e  sand . M ost of 
th e  properties requ ired  of an oil core sand a re  
well defined and  known to  all foundrym en who 
have tak en  in te re s t in  th e  sub ject. The most 
im portan t, perhaps, m ay be su m m arised : (1) The 
s tren g th  of th e  core in  th e  green s t a t e ; (2 ) the  
r a te  a t  which th e  m ix tu re  will d ry  and  h arden  
in  th e  o v e n ; (3) th e  s tren g th  of th e  d ried  core 
s a n d ; (4) th e  cha rac te r of th e  bond and  its 
resistance to  m o is tu re ; and  (5) th e  cost of th e  
m ix ture .

The re la tiv e  im portance of th e  p ropertie s  is 
decided by th e  ch arac te r of th e  work engaged 
upon.

One of th e  g re a t difficulties which has con­
fron ted  foundrym en in th e  use of oil sand  has 
been -that m ost of th e  oil m ix tu res in  genera l 
use have no t im parted  sufficient s tre n g th  to  m ain ­
ta in  th e  shape of th e  core in  th e  green s ta te , 
when the  size has ex tended over c e rta in  dim en­
sions in  heigh t and  w idth. Molasses is a  useful 
agen t to  th is  end  and to  a la rge  e x te n t is capable 
of holding up aga in s t th e  w eight of th e  s a n d ; 
b u t th e  lim it of its  power is soon reached, a f te r  
which th e  m ix tu re  ac tua lly  becomes w eaker, con­
sequent upon th e  constan t w orking of th e  sand  
g ra ins aga in s t each o th e r th rough  th e  excess of 
molasses presen t.

Good resu lts a re  generally  ob ta ined  by th e  use 
of emulsions of various oils and  w ater, th e  p e r­
m anence of th e  emulsion being m a in ta ined  by the 
add ition  of D ex trine  o r core gum. The w ater 
acts very effectively as a green b o n d ; th e  one 
and only draw back is th e  increased tim e  requ ired  
for th e  bak ing  of th e  core, which is a serious 
item  where production  is concerned.

W here in tensive production  is th e  ru le  and  not 
th e  exception, th e  ra te  a t  which th e  oil-sand 
m ix tu re  dries and hardens in th e  core ovens is 
of g re a t m om ent. This precludes the use of any 
type  of creme o r em ulsion, which invariab ly  oon-



ta in s  a large proportion  of w ater. I t  therefore  
depends upon th e  use of a very quick-drying oil, 
w ith the  addition  of o ther ingred ien ts capable of 
p roviding th e  green s tren g th  where necessary.

Successful resu lts in th is  d irection  depend solely 
upon th e  cha rac te r of th e  individual items con­
s t itu tin g  th e  oil m ix tu re , the  most im portan t of 
these being th e  type  of oil used to  form  th e  base, 
th e  o ther ingred ien ts being p resen t to  give one or 
o ther of th e  necessary physical p roperties to  the  
sand  in  th e  green s ta te .

Of all th e  d ifferent varie ties and classes of oils 
which a re  presen ted  for choice, i t  is of d is tinc t 
advantage, when production is one of the m ain 
fea tu res, th a t  th e  oil o r oils used should be 
e'ntirely of th e  d ry ing  class and of vegetable 
orig in . F ish  oils could be used b u t are  too objec­
tionable, owing to  th e  odour throw n o u t du ring  
the  d ry ing  period.

The broad principles of oil selection have been 
d ealt w ith  in a lectu re  given before th e  B urnley 
section of the  In s titu te ,*  which shows clearly the 
superio rity  of linseed oil as a core-binder, th e  ex­
tended use of i t  bearing confirm ation of th is  fact.

I t  is generally  known th a t  th e  tough elastic 
compound composing th e  bonding m edium  is 
formed by the  ox idation  of ce rta in  u n sa tu ra ted  
acids which constitu te  a la rge  p a r t  of th e  com­
position of th e  oil. By the  word u n sa tu ra ted  is 
m ean t th a t  these acids are  p resen t in  -a very 
unstab le  condition, being very ready to  break up 
in order to  u n ite  w ith certa in  o ther elem ents to 
form  o th e r compounds.

I t  is a very difficult m a tte r  to  determ ine 
chemically th e  percen tage  of oxygen such 
u n sa tu ra te d  acids actually  tak e  in to  com bination, 
b u t a fa irly  accurate  idea can be obtained from 
th e  fac t th a t  the  acids combine w ith  iodine to 
precisely th e  sam e degree as oxygen. As th ere ­
fore th e  presence of iodine can be chemically 
determ ined  w ith com parative ease, th e  results 
expressed as th e  iodine value h ear a definite ra tio  
to  th e  oxygen-absorption value of th e  oil or its 
d ry ing  power. The more im portan t u n sa tu ra ted

* Proceedings, I.B .F ., vol. x ix ., page 451-
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acids occurring  in linseed oil a re  known as linolic 
acid, linolenic acid, and  oleic acid. The presence 
of the la t te r  is in  m uch sm aller p roportion  th a n  
th e  o th e r acids, and  consequently does n o t play 

-such an  active p a r t  in  th e  reactions which occur 
(Turing th e  d ry ing  process.

A very wide v a ria tio n  occurs in  th e  genera l 
composition of linseed oil according to  th e  source 
of th e  seed and th e  m ethod of ex trac tio n , which 
shows a like varia tio n  in  the  p ropertie s of th e  oil. 
An approx im ate  com position of i t  can only th e re ­
fore be given. A n average e s tim ation  has been 
given as follow s: —

P e r cen t. Iod ine  value.
L inolic acid   53 181.4
L inolenic acid (and its

isom erides, if any) ... 27 273.8
Oleic acid ... ... 5 90.1
G lycerine rad icle  ... 4.6

I t  is ga thered  from  th e  above com position th a t  
linolenic acid, which exhibits th e  h ighest degree 
of u n sa tu ra tio n  and has th ere fo re  th e  h ighest 
iodine value, g rea tly  increases th e  d ry ing  power 
of an  oil in  p roportion  to  th e  am ount of i t  p re ­
sen t. T he percen tage, however, ra re ly  exceeds th e  
figure quoted above, so th a t  th e  combined am ount 
of linolic and linolenic acids p resen t in  linseed oil 
is th e  contro lling  fac to r of its iodine value, which 
in tu rn  is an  index to  its  va lue as d ry ing  oil.

The s tren g th  of th e  d ried  core comes from  the  
use of an oil m ix tu re  which gives th e  m axim um  
of bonding compound betw een th e  sand gra ins, and  
varies also according to  th e  tem p e ra tu re  to  which 
th e  core is ra ised  d u rin g  drying. This s tre n g th  is 
often  expressed in te rm s of tensile s tren g th , b u t 
it  is open to  question  w hether such determ inations 
a re  of any real value except for com parison p u r ­
poses.

The au thors have found, however, th a t  th e  in­
troduction  of resin  in to  an  oil-sand m ix tu re  has 
given excellent results , by increasing  th e  green  
stren g th  of th e  core sand, th e  s tre n g th  of th e  d ried  
core, and m aking i t  m ore im pervious to  m oisture. 
I t s  app lication  to  foundry  core m ix tu re  is by no 
m eans of recen t date , m uch of th e  n a tu ra lly  
bonded sand used m ore p a rticu la rly  fo r m aking
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cores contains a litt le  powdered resin. I t  is in­
te res tin g  to  note th a t  resin  completely dissolves 
in ho t linseed oil, which provides a convenient way 
of addition .

Perm eability  of the  core does not in  any way 
suffer by th e  use of resin , in spite of the  extrem ely 
smooth face obtained by its use.

H ere in  lie d is tinc t advantages such as will be 
exemplified by a la te r  description and illu stra tion  
of m ethods and resu lts obtained.

The sm oothness of the  h a rd  face when resin 
additions are used in  th e  oil-sand m ix tu re , pro­
vides a perfect surface on which the  m etal can rest 
w ithou t undue ebullition , th is  ensures a  perfectly  
clean casting  and gives a skin which is ideal in its 
smoothness.

A t th is  ju n c tu re  w hat has been outlined is in 
perfect harm ony w ith expressions th a t  have been 
recently  given th a t  th ere  is much to  be said in 
favour of very sm ooth-faced moulds, such ideal 
smoothness supplying only the  m inim um  of surface 
area  exposed for re-actiori. This theoretical con­
sidera tion  has been amply proved in  p ractice by 
the  au thors in  th e ir  foundry  where an  oil-sand 
m ix tu re  w ith resin addition  is in every-day use for 
the  facing of m otor car cylinder moulds. W ith  
such a sand the  impressions of th e  p a tte rn s  are  
tak en  much more sharply, and where stripp ing  
plates a re  used these become more effective, the 
in te rn a l oil sand cores m ake closer fit, and the 
re su ltan t cylinder is tru e r  to  p a tte rn , cleaner and 
of im proved appearance.

Oil Sand Cylinder Moulds.
To gain  general approbation , such a m ethod 

should possess ou ts tand ing  advantages over the 
o rd inary  sand mould, and from  the  results obtained 
th e  au thors a re  satisfied th a t  th is is th e  case. The 
use of oil sand  holds advantages in  th e  actual 
m oulding o r bum ping period, also, where stripp ing  
plates are  used, th e  impressions are much sharper, 
and a f te r  baking, the sharp corners have the  dis­
t in c t  advantage of being much more perm anent 
th an  the  n a tu ra l sand mould. This is an im port­
a n t factor, for no t only does such a mould reduce 
th e  risk  of dam age in  closing, bu t actually  makes 
th is p a r t  of th e  process easier to  carry  out. F u rth e r
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to this, where oil-sand cores a re  used in an oil-sand 
mould the accuracy of shape and  dim ensions of 
th e  p rin ts  m ake i t  possible to  allow only th e  barest 
clearance, w ith  th e  consequent accuracy in  th e  
finer details of th e  casting.

The ex ten t of the  use of oil-sand moulds is no t 
known to  the  au thors, b u t here w'ill be recorded 
such experim ents which have become m ore o r less 
production  methods, for th e  m an u fac tu re  of the  
double two-bore cylinders o f th e  “ L eyland L ion .”  
M any m inor d e ta ils  a re  y e t to  be revised  as th e  
method is g radually  applied on an increasing  soale 
in  thei cylinder foundry.

F o r th e  sake of exp lana tion  th e  mould m ay be 
looked upon as being bu ilt up in  th ree  p a rts . (1 )

F i g . 1 .— T o p  M i d d l e  P a r t ; B o t t o m  M i d d l e  
P a r t  a n d  T o p  C a k e  C o r e .

Bottom  m iddle p a r t ;  (2) top  m iddle p a r t ,  and  (3) 
top  cake core.

Moulding of the Bottom Middle Part. A (Group 1)

A m achined p la te  hav ing  tw o pins w ith which 
to  locate an alum inium  fram e o r box is fixed on 
a small roll-over m oulding m achine. A fte r thus 
fixing the fram e a s trip p in g  p la te  and four corner 
pieces, together w ith  th e  p a tte rn , are  su itab ly  
arranged  in th e ir  necessary o rder inside th e  box 
(Figs. 2 and 3).

The mould is now p a rtia lly  filled w ith a tough 
well bonded oil sand, and ram m ed to  the  half-way 
line, when a fla t core iron  1  in. x ^  in. th ick , 
ben t to shape is embedded in th e  sand to re inforce



th e  sides of th e  mould against any possible chance 
of a b u rs t du ring  casting.

The mould is filled w ith sand, and a fte r  ram ­
ming, th e  unnecessary sand is sleeked off. A core
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F i g . 2 .— B o t t o m  M id d l e  P a r t .

F i g . 3 .— B o t t o m  M id d l e  
P a r t .

p la te  clamped on the top of a fram e enables the 
whole to  be tu rn ed  over e ither by hand o r mech­
anically. A fter rem oving th e  p late  the  p a tte rn  is 
slightly  rapped , and draw n through  the  stripp ing
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plate, which is held down by w eights. I t  will be 
seen th a t  th e  fou r corner pieces previously in ­
serted  support th e  s trip p in g  p la te , and  th e  w eights, 
incidentally , economising th e  sand requ ired .

I t  is w orthy of note th a t  no m ending o r p a tch ­
ing is necessary a f te r  w ithdraw al of th e  p a tte rn .

Top Middle Part. B (Group 1).

This p a r t  of th e  mould, shown in  F ig . 1, is m ade 
in a precisely sim ilar m anner, excep t th a t  th e  
s tripp ing  p la te  is reversed, and  th e  ex tension  to  
th e  top  of th e  fram e which is necessary to  th e  
m aking of th e  bottom  m iddle p a r t  is le f t off. T here 
is also a loose flange on th is  p a r t  of th e  p a tte rn , 
which is removed before th e  core p la te  is clam ped 
on for rolling over, th e  space in  th e  m ould being 
filled w ith m oderately dry  floor sand  u n til th e  
core is dried.

In  th is  p a r t  of th e  m ould a  fixed down ru n n e r 
is ram m ed up in  position, th e  g a te  being a  c lear­
ance le f t over th e  w ater ja ck e t core p r in t ;  th is  
ga te  m easures approxim ately  7 in . long by -355 in. 
th ick , and  allows th e  m eta l to  flow w ithou t any 
sand o r d ir t  en te r in g  th e  m ould .-

Top Cake Core. C (Group 1).
This, also shown in  F ig . 1 , is made in  a sim ple 

alum inium  fram e provided w ith  tw o p r in ts  fo r 
th e  top  of th e  barre l cores, and  th re e  sm aller 
im pressions for th ree  studs o r b u tto n s required  
for machine-shop purposes.

Internal Cores. E and F (Group 1).
Two cores are  required  to  com plete th e  m ould, 

and these, th e  w ater-jacket core and th e  blocking 
ou t core, a re  s tra ig h tfo rw ard  core-m aking jobs, re ­
qu iring  no special descrip tion  beyond th a t  in  each 
case a hook is placed in  a  slot in  th e  corebox for 
fixing purposes du rin g  assembly.

Assembling.
A bed of floor sand is first s tru ck  up between 

two rails which carry  th e  w eight of moulds and 
which effectively prevents th e  possibility  of th e  
mould swelling under liquid pressure (F ig. 4). 
A fte r th e  jo in t face of th e  bottom  m iddle core lias 
been slightly  rubbed on a m achined p la te , th e
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mould is placed on th e  rails w ith an  overhang 
a t  each side of a  few inches, for clam ping p u r­
poses. The jacke t core is lowered in to  position 
having th e  w ire hook previously m entioned pro­
jec tin g  th rough  a corresponding recess in the  
mould, a wedge is sufficient to  secure th e  core in 
position.

In  o rder th a t  th e  jacke t core can be accurately 
jigged in  position, a clearance of s|- in. is allowed 
behind th e  p rin t, and a ring  of clay is inserted  so

F i g . 4.

as to  allow th e  core to  be set. The jigging is 
between th e  o u te r walls of the barrels and the  
o u te r wall of th e  mould. The top  m iddle core 
is now placed in  position, and located to  m ake a 
perfectly  flush jo in t in the mould, by looking or 
feeling inside th e  w all; in  th is m anner a tw isted 
jo in t ra re ly  occurs.

The blocking o u t core is now carefully lowered 
in to  position, jigged and wedged in  a  sim ilar m an­
ner to th e  jacke t core; two perfo ra ted  chaplets on 
th e  jack e t core and one on the  block core prevent 
any m isplacem ent tak in g  place during  pouring.



To complete th e  mould two round  b arre l cores and  
four tappet-ho le  cores a re  nowr easily  p u t in  by 
hand  and  th e  assem bling com pleted by th e  add i­
tion  of the  top  cake core, th e  mould is firmly 
clam ped together w ith  tw o large clam ps and the  
pouring  basin p u t on ready  for th e  m etal.

One of th e  o u ts tan d in g  fea tu res  of th is  oil type  
of mould is th e  ease w ith  which th e  casting  is 
subsequently  stripped , sandb lasting  and  fe ttlin g  
tim es a re  p a rticu la rly  reduced th rough  th e  absence 
of b u rn t sand and  fins of m etal a t  th e ' core p rin ts .

F i g . 5 . — M o u l d  f o r  C y l i n d e r  H e a d .

Cylinder Head.
This casting  (F ig . 5) is m ade in  m uch th e  same 

way as th e  cylinder, th e  in te rn a l cores being easy 
to  fit and  accessible fo r checking in  position. 
B efore leaving th e  foundry  each casting  is -s u d -  
jeoted to  a  w ater-p ressu re  te s t, a f te r  whioh i t  is 
se t u p  on th e  th ree  studs o r b u ttons on a surface 
tab le  to  be jigged (F ig. 6). The j ig  has tw o 
fixed pro jec ting  pins from  th e  lower p a r t  and two 
sliding pins from th e  u pper portion . By apply­
ing the jig  to  the casting  while i t  re s ts  upon th ree  
studs, the  lower p ins touch  th e  o u te r and lower 
portions of the cylinder barrels, while th e  u pper 
and sliding pins are  pushed inw ards to  m ake con­



ta c t  w ith  the ou ter walls of the barrels through 
the w ater jacke t.

By m eans of recesses on the movable rods any 
discrepancy of th e  barrels from the vertical in
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F i g . 6 .— J ig g in g  t h e  C y l in d e r  H e a d .

F i g . 7 .— F i r s t  O p e r a t io n  i n  M a c h in in g  
C y l in d e r s .

re la tion  to  the  face upon which the  cylinder rests 
can be detected. Should incorrectness occur 
th rough  a  sligh t varia tion  in  th e  assembling,



ad ju s tm en t can  be made by filing o r chipping 0110 
or o th e r of th e  studs. The face holding the  th ree  
studs now becomes th e  se ttin g  off p lane for all 
subsequent m achining operations.

This p re lim inary  checking of the  cylinders be- / 
fore despatch  is of rea l assistance to  th e  m achine 
shop. The .first opera tion , shown in  F ig . 7> 
tow ards th e  finished casting  is securely to  fas ten  
six of th e  cylinders w ith th e  studs on th e  bottom  
face m aking  con tac t w ith  th e  m achine tab le . 
This position assures a tru e  se ttin g  off p o in t for 
tb e  g rin d in g  of th e  to p  face. By tu rn in g  over
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F i g . 8 . — B o r i n g  t h e  B a r r e l .

th e  cylinder w ith  th e  ground  ta c e  ly ing on the 
m achine tab le  th e  bottom  face a f te r  rem oval of 
the  studs is also ground . Two para lle l p lanes 
h av ing  been obtained , th e  cylinders in  batches of 
four are  p u t in to  a jig  as il lu s tra ted  and  the  
valve side of th e  cylinder is sim ilarly  ground— 
the  opposite side being also ground  from off th is  
face by reversion  of th e  casting .

H av ing  perform ed th e  more im p o rtan t facing 
operations the  boring of th e  b arre l is ca rried  ou t 
by a  m achine w ith  double headstock, as in  F ig . 8 , 
showing the  rough boring and the  finishing. 
These m achine operations are  th e  only ones which
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im m ediately concern the foundry, as any incorrect­
ness in  th e  shape of th e  castings will be exposed 
du rin g  th is  period. F ig . 9 shows th e  famous 
“ Leyland E ig h t ”  cylinder block, which was made 
en tire ly  in  oil-sand facing.

Multiple Castings.
There is a ce rta in  ty p e  of casting  which calls 

for special in itia tiv e  from  the  foiundrymen if pro­
duction o f any appreciable ex ten t is required. 
This occurs when th e  sizes of th e  castings are 
small and  the  shapes d ep a rt from th e  p lain, 
cubic, o r rec tan g u la r ; having undercu t portions 
which in themselves a re  complications. One 
method would be to  block o u t,th o se  p a rts  of the 
p a tte rn  which p reven t a  s tra ig h t l i f t  so th a t  the 
use of several p a tte rn s  would then  lend the  pro-

F ig .  9 .— L e y l a n d  E i g h t  C y l in d e r .

position to  one of m achine m oulding, when an 
e x tra  num ber of cores would be required . I t  is 
here, however, th a t  the  m aking of castings in  a 
stack  mould made in  oil sand has very many 
advantages in  th e  way of production and accuracy 
of dimensions.

The Rocker Shaft Brackets.
These castings, shown in  F ig. 10, were formerly 

m achine moulded w ith the p a tte rn  in halves in 
the  o rd in ary  way, using green-sand moulds, the 
num ber produced in one mould depending upon 
th e  size of box available. This method, while 
satisfac to ry  enough for a small num ber, gave 
irregular- and cross-jointed castings. The p resen t 
adap ta tion , as shown, gives 48 castings a t  one

x
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F ig .  1 0 .— R o c k e r  S h a f t  
B r a c k e t s .

F i g .  11.— P u m p  

C o v e r s .
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pouring. Tli© ©ores a re  easily m ade in  oil sand ; 
one boy is able to  produce th e  equivalen t of 250 
castings p e r day, while i t  rem ains the  du ty  of a 
labourer only to  assemble th e  stacks.

T he advantages of th is  p a rticu la r case can  be 
summed up  by resu lts . L ittle  o r 110 scrap occurs 
th rough  tw isted  castings, the  g rind ing  allowance 
on each face is considerably reduced and the 
a rrangem ent of them  allows of one row being 
ground  a t  one tim e in place of individual ones.

Pump Covers.
These castings (Fig. 11) were made previously 

in  14-in. square boxes, fou r castings in each,
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F ig . 12.— V a l v e  C a p s .

which m eant for 48 covers 12 boxes were required. 
By th e  m ultip le method th is num ber is produced 
on one stem , th e  tim e necessary for coring, 
w eighting  and  clam ping being considerably 
reduced. The castings by the  old method had  not 
the sam e class of finish as those made in  oil sand 
and more often  th a n  no t contained d ir t and sand 
swilled by the  flow of th e  m etal. A g rea te r 
accuracy of dimensions is also -obtained which 
g rea tly  assists th e  m achining, as a sm aller allow­
ance, which can be more o r less guaran teed , con­
verts th e  o p e ra tio n ' in to  one of grinding.

x2
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Chassis Packing Pieces.
O riginally  made in a  th ree -p a rted  mould or a 

blocked-out p a tte rn —th e  moulds now are  m ade 
by pasting  two cores toge ther, a gauge being 
necessary to  check the  dep th  of th e  casting  in 
order to  ensure 1 /64 g rin d in g  allowance.

Valve Caps.
This type of casting  (F ig . 12 ) is m ade in  th e  

same way and provides a  fu r th e r  exam ple of 
m any more, which a re  being  produced on a  p ro ­
duction basis.

DISCUSSION.
Preparation of Oil Sand.

M b . F . J .  C o o k  (P as t-P residen t) rem arked  th a t  
he had  had  considerable experience w ith  oil sand , 
and  was acquain ted  w ith  th e  excellence of the  
resu lts th a t  could be ob ta ined  from  its  app lication  
in  th e  foundry . H e would like to  know in  w hat 
m anner th e  lec tu re rs  added th e  necessary oil to  
th e  sand , because he had  found from  p rac tica l ex­
perience th a t  to  m ake the  m ix tu re  in a m ill w ith  
heavy rollers caused the  sand  g ra in s to  be broken 
up in to  finer p artic les  and  thereby  causing  th e  
sand  to  be less perm eable to  escaping gas The 
best m ethod was to  add th e  oil to  the  d ry  sand , 
and  a f te r  m aking  a  known add ition  of w ate r, to  
rub  th e  m ix tu re  th ro u g h  a  sieve of su itab le  mesh. 
In  th is  way tho rough  m ix ing  of the  w ater and oil 
was m ade, and fu r th e r , each and  a ll the  g ra ins 
of sand were properly  covered w ith  oil em ulsion. 
H e would also add th a t  in  all h is  experience he 
had  n o t m et w ith  a  more su itab le  sand  th a n  th a t  
to  be ob ta ined  from  S ou thport.

Southport Sand.
M e . W est replied th a t  th e  m ix tu res  which had 

been used for th e  cores on exh ib ition  and those 
shown on th e  c inem atograph  film were n o t of a 
simple oil-and-sand charac te r, b u t were composed 
of various q u an tities  of several ing red ien ts such os 
gums, molasses and oils, an d  in some cases a 
fu r th e r  add ition  of rosin. E ig h t d iffe ren t types 
of m ix tu res were in  use a t  L eyland, each hav ing  
some function  to  perform  necessary to  o b ta in ing
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a  thoroughly reliable casting. R egard ing  th e  type  
of sand , he agreed th a t  S ou thport was of the most 
su itab le  g ra in  size for oil-sand cores; however, 
a  li tt le  exem plification of th e  name was necessary 
because of th e  fa c t th a t  sand from  th e  S ou thport 
end of th e  dunes was n o t so even in tex tu re  or 
g ra in  size, n o r y e t so free from  carbonaceous 
m a tte r  as sand  from  th e  B irkdale end. I t  was 
necessary to  emphasise the  source of supply when 
o rdering .

Mixing Oil and Water.

Emulsified oil-sand was in  use a t  th e  Leyland 
W orks, b u t in stead  of m ixing in  th e  m anner Mr. 
Cook had  described, th e  oil and w ater in p ropor­
tio n  of four p a rts  of the  la t te r  to  one p a r t  of the 
form er is con tained  in a  cylindrical vessel, a t the 
bottom  of which in te rna lly  a  leng th  of o rd inary  
gas p ip ing  is fixed w ith holes d rilled  along its 
length , th e  end being stopped w ith  a  th readed  
plug. The p ipe serves to  lead  in  compressed a ir, 
and has a reg u la tin g  valve a t  a convenient point. 
By tu rn in g  on th e  a ir  cock th e  oil and w ater are 
thoroughly  m ixed together, and by th e  addition  of 
a li tt le  d ex tr in e  a p erm anen t emulsion is obtained.

Oil Sand Cores and Machining Allowances.

M r . D ick en  rem arked  th a t  he was very 
in terested  in  the  sub ject of the  lecture , inasm uch 
as th a t  he had  had  a  very extensive experience 
in  cylinder m aking. One th in g  th a t  struck  him  
as rem arkable was the  very simple design of the 
cylinder section, which was on th e  lecture  table, 
and  he th o u g h t th a t  no difficulty should be experi­
enced in th e  m anu fac tu re  of it. However, he 
would like to  know w hat percen tage waste had 
been experienced during  its  m anu factu re , and 
w hether th e  cost of production  in  th e  oil-sand 
cores com pared a t  all favourably w ith  th e  m aking 
of them  in  the  o rd inary  way. F u rth e r, he was 
su rp rised  to  find th a t  i t  was possible by the  method 
as described in  th e  lecture to m ake allowances for 
m achining o r g rind ing  to  such a narrow  m argin 
as ^  in. top and^bottom . Candidly, he had  diffi­
culty  in believing it. W as any trouble  experi­
enced by th e  s tra in in g  of the  oil-sand cores a t  the 
jo in ts  du rin g  th e  pouring of the  m etal?
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R egard ing  tlie m aking  of castings in m ultip le  
cores, was i t  a common trouble  to  find th a t  the  
sand had fused on to  th e  castings? W hat per­
centage of w asters th rough  blowholes, e tc ., was 
usual w ith  th is  type of casting?

Waster Losses.
M e . W est replied  th a t  th e  g re a t ob ject in th e  

m aking  of cylinders in  th e  m an n er described was 
to  ob ta in  a  casting  which would be dim ensionally  
accurate . The mould and cores being m ade in 
h a rd  and  dry  oil sand  enabled a closer and  m ore 
accura te  f ittin g  of th e  various cores to g e th er 
and  th e  cores in  th e  core p r in ts . The fa c t th a t  
p roduction  is being ob ta ined  of cylinders hav ing  
only in. to  g rin d  off top  and  bo ttom  was suffi­
c ien t confirm ation th a t  th e  accuracy sought for 
was actually  possible. The section o f th e  cylinder 
displayed was undoubted ly  su itab le  fo r th e  p roduc­
tion  of such accuracy, and^ reflected g re a t  c red it 
upon its designer, b u t in th e  case of th e  cylinder 
head  as shown by th e  half-section  th e  num erous 
bosses closely connected w ith  th e  in te rtw in in g  of 
th e  w ate r cham bers'm ade th is  casting  n o t so easy ; 
y e t th e  sam e narrow  m arg in  of allowance is reg u ­
larly  ob ta ined  w ithou t in cu rrin g  w asters from  
undersize of dim ensions. H e could only e lim inate  
any doubt which m ig h t ex is t in  th e  m ind  of M r. 
D icken, in  sp ite  of th e  ac tu a l cy linder on th e  tab le , 
by giving h im  a w arm  in v ita tio n  on  behalf of 
the  L eyland M otors, L im ited , to  see th e  p roduc­
tion  from  s ta r t  to  finish.

The percen tage of w asters du rin g  th e  l i t t le  while 
the  process had  been passing th ro u g h  th e  experi­
m en ta l stages was no g re a te r  th a n  15 p e r cen t, 
from  all causes, and  th e  tim e  was confidently 
looked forw ard  to  when th e  m en would become 
m ore accustom ed to  th e  hand ling  and  fittin g  of 
th e  cores to  b ring  th e  w aster figure well below 
10 p e r cent. Cost of p roduction  was sligh tly  lower 
when using the oil-sand m ould th a n  by using th e  
dry-sand mould ; th is  in itia l cost, however, was 
no index as to  th e  value of th e  m ethod, because it  
was necessary to  ta k e  in to  consideration  any 
saving of fe ttlin g  tim e  and  m achin ing  operations, 
toge ther w ith  th e  im proved appearance  of the 
casting , in o rder to  arrive  a t  a sound judgm ent.
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had  found th a t  an equal m ix tu re  of L eighton 
B uzzard  m edium  coarse w ith  sea sand gave 
excellent results.

Mould Subsidence.
M r. W i l k i n s o n  gave expression to  th e  value 

of th e  lectu re , and  rem arked  th a t  he had  once 
tr ie d  in  a  sim ilar way to  produce a 7-h.p. four- 
cylinder block, b u t had  n o t m et w ith  m uch success. 
T here were p a rtic u la r  advan tages h e  could see, 
insomuch th a t  accuracy was ob ta ined  w ithou t 
th e  use of im practicab le  m ethods. O ne th in g  
occurred to  h im  which m igh t be a cause of c e r ta in  
inaccuracies, and  th a t  was th e  degree to  which 
th e  oil-sand block subsided d u rin g  d ry ing , and, 
too, th e  possibility  of d is to rtion  of th e  m ould: 
H e would be obliged to  lea rn  w hat experience had 
shown on these m a tte rs . The excellence of th e  
skin on th e  castings showed, in  th a t  d irec tion  
th a t  th e  ob ject had  certa in ly  been obtained.

In  answ er to  M r. W ilkinson, t h e  L e c t u r e r s  
explained  th a t  th e re  was li t t le  o r no  subsidence of 
th e  mould d u rin g  d ry ing , th e  various ing red ien ts, 
particu la rly  th e  gum, enab ling  th e  sand  to  m ain ­
ta in  its  shape to  th e  dried  s ta te . D isto rtion  of 
th e  moulds so fa r  h ad  n o t been experienced, b u t 
a c e rta in  am ount of care is essen tia l while the  
cores a re  in  th e  green s ta te .

Shrinkage.

M r . F . C. E d w a r d s  com m ented upon th e  fac t 
th a t  th e  lec tu re  was o rig ina l in  its  charac te r, 
and  th a t  th e  film had  m ade i t  also in tensely  
in te resting . H e was p a rticu la rly  s tru ck  w ith  th e  
idea of h av ing  th e  th re e  spots o r p ro jec tions cast 
on to  one face of th e  cylinder, as i t  seemed to  
h im  to  m ake th e  work of th e  m achine shop con­
siderably  easier. H e had , like  o thers, w ondered 
to w hat ex te n t sh rinkage took place in  th e  cast­
ing  from  th e  top  to  th e  bottom , and  first exactly  
how th is had  been determ ined , as i t  seemed to  
be a p o in t of p a rtic u la r  im portance in  view of 
th e  fa c t th a t  such a sm all m arg in  of m eta l was 
le f t on th e  top and bottom  faces to  be rem oved. 
D id th e  te m p e ra tu re  of pou ring  th e  m eta l cause 
the  allowance m ade to  be insufficient?
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in te restin g . H e was p a rticu la rly  s tru ck  w ith  th e  
idea of hav ing  th e  th ree  spots o r p ro jec tions cast 
on to  one face of th e  cylinder, as i t  seemed to  
him  to  m ake th e  work of th e  m achine shop con­
siderably  easier. H e had , like  o thers, w ondered 
to  w hat e x te n t shrinkage took place in  th e  cast­
ing  from  th e  top  to  th e  bottom , and  first exactly  
how th is  had  been determ ined , as i t  seem ed to  
be a p o in t of particular- im portance in  view of 
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M r. A s t o n , in reply, jo in te d  o u t t l ia t  the 
degree of shrinkage in  th e  vertical p lane was 
negligible, and  if such ac tua lly  did tak e  place 
and was n o t adequately allowed for, th e  m ethod of 
g rind ing  which is a t  p resen t adopted in  the  
m achine shop was sufficient even to  cover any 
chance of inaccuracy in  th is d irection . , The 
method employed was to  place th e  casting  w ith 
th e  th ree  spots on th e  tab le  and to  ta k e  ju s t a 
g rind ing  cu t sufficient to  clean the  face. A six­
te e n th  was allowed on each side, so th a t  by tak ing  
such a  sm all am ount off one face a g rea te r 
am ount was on th e  other side or face.

Mr . M cQxjin inquired if th e  ac tua l casting  of 
the  m etal in to  th e  mould caused th e  mould to 
be d istu rbed  by th e  s tra in  which was se t up, 
and was th e  clamp a t  e ither end sufficient to  hold 
th e  mould together during  th is period?

In  reply M r. A sto n said th a t  th e  two clamps 
were sufficient when effectively wedged, b u t to be 
certa in  weights were always p u t on the top cake 
core of th e  mould to  p reven t any s tra in in g  or 
d isto rtion .

Vote of Thanks.

M r . L e w i s , in proposing a  vote of thanks to  the 
lecturers, paid  com plim ent to  th e  n a tu re  of the  
lecture  which had been given to  them . I t  was, 
a f te r  all, from  only the  practical application  of 
science and th e  elucidating  of p rac tica l m ethods 
th a t  th e  members of the  In s titu te  of Foundry- 
men oould derive m ost benefit. There were one 
or tw o  queries which had occurred to  him  while 
lis ten ing  to  the  lecture. In  th e  m aking of the  
in te rn a l cores for the  head casting, was any drier 
used, such as black sand, to  m a in ta in  th e  hanging 
cores in position during  th e  drying period?

D uring  the  casting  of the  cylinder castings, did 
the  fum es from  the  oil sand become ir r ita tin g  to  
th e  workmen?

H e had g rea t pleasure in proposing a vote of 
thanks to  the  lecturers for th e ir  labours, and also 
for b ring ing  so m any exhibits for them  to 
exam ine. H e would take  th is o p po rtun ity  also of 
thank ing  th e  firm of Messrs. Leyland Motors. 
L im ited, for perm ittin g  th e  lecture  to  be given.
M r . E d w a r d s  seconded.
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M r. W est th anked  th e  mem bers for th e ir  vote 
of thanks on behalf of M essrs. L eyland M otors, 
L im ited , and also h is colleague—M r. A ston. 
Though m uch labour had  been expended by M r. 
A ston and him self, they  fe lt i t  h ad  been w orth  
while. In  answ er to  M r. Lewis, he would say  th a t  
i t  was necessary to  use a  l i t t le  black sand  as a  
sup p o rt to  th e  overhanging  p a r ts  of th e  core 
d u ring  drying, and also, owing to  th e  lo fty  
buildings in  th e  L eyland foundry , no troub le  was 
experienced w ith th e  o il fum es.
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West Riding of Yorkshire Branch.

RUNNERS, RISERS AND GATES.

By J. Butterworth (Associate Member).
Foundrym en do n o t give th e  subject of runners, 

ga tes and  risers as m uch a tten tio n  and 
th ough t as they  should. I t  is le ft too m uch to  
th e  abilities and  skill of the  moulder, w ithout 
g iving him  any instruction  as to  how th e  p a r­
ticu la r casting  is to  be m achined o r fitted. 
A lthough th is  system  has w orked fa irly  well in 
th e  past, th e  sub ject w ill have to  be a  separate  
s tudy  on account of th e  g re a t increase in  machine 
and  p la te  m oulding methods of production.

F oundrym en a re  simply le f t to  use th e ir  own . 
judgm ent from  p ast experience, and ad a p t th e ir  
m ethods of p roduction  to  su i t  the  p a tte rn . This 
is u n fa ir  to  th e  foundrym an in  general, as 
every o ther departm en t in  connection w ith engi­
neering  sees th e  draw ings and  adopts its  own 
methods fo r producing th e  finished article.

Runners, Their Economy and Size.

The object of th e  ru n n e r  is to  in troduce molten 
m etal in to  th e  mould, and  to  have more ru n n er 
and  ga te  th a n  is necessary is a w aste of both 
tim e and m ateria l. T heir cost m igh t not seem 
h igh when regarded  from  th e  p o in t of view of a  
single casting , b u t exam ined in  th e  lig h t of the  
production  of six o r twelve m onths th e  ex tra  
cost becomes apparen t.

The selection of th e  size, shape and position of 
the  channels by which th e  m etal shall e n te r  the  
mould is a  m a tte r  of g re a t im portance. The 
shape and  w eight of th e  casting m ust be fully 
considered, as well as p a rts  which are  required  
to  be sound and  clean.

The size of th e  ingates is determ ined by th e  
w eight and  th e  shape o f th e  castings, and  also 
th e  tem p era tu re  of the  m etal necessary a t  the 
tim e  of pouring. The openings m ust be so
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arranged  th a t  they a re  sufficiently large to allow 
the mould to  fill w ithou t th e  m etal becoming 
stiff, and so producing  sh o rt-ru n  or seamy cas t­
ings. They m ust no t he m ade too large, so th a t  
th e re  is b u t li tt le  control over th e  m eta l du ring  
pouring, in which case d ir ty  castings will resu lt.

B ound  or Square .—T here a re  num erous m ethods 
used, th e  round  and th e  square  types of 
down ru n n e r  being m ost common. The au th o r 
generally  p refers th e  ro u n d  type , because when 
draw ing a  square  ru n n e r  from  th e  sand th e  
moulder always leaves a  ragged  corner, o r loose 
pieces of sand  in  th e  corners. Especially  is th is  
so in  g reensand work, and  the  w ash of th e  m eta l 
is sure  to  carry  these loose pieces in to  th e  mould. 
W hen using  th e  ro u n d  ty p e  of a down ru n n e r , th e  
safer type  of pear-shaped plug can  be used. The 
fla t type  as used fo r square ru n n e rs  is dangerous, 
because i t  requ ires holding, w hereas th e  pear- 
shaped ty p e  holds itself.

Gates.
The selection of th e  size, shape and  position  of 

th e  channels by which th e  m etal shall e n te r the  
moulds is also- of g re a t im portance, and  th e  
n a tu re , shape and w eight of th e  casting  m u s t be 
fully considered. The size of th e  ingates m ust be 
determ ined, as these are  also controlled by type 
of casting , th e  tem p e ra tu re  and  com position of 
th e  m etal.

Light Castings.
Some ligh t fla t castings a re  ru n  on th e  side; 

som etimes w ith  one long shallow ru n n e r , b u t in 
o ther cases two o r m o re ; again , some a re  ru n  
d irec tly  on  th e  top  w ith  a  V or wedge-shaped 
ru n n er , depending upon  th e  th ickness and  size 
of the  casting.

Gas Coolcer S id e .—G as cooker side castings, 
20 in. x 28 in ., and  3 /16-in. th ick , should always 
be ru n  w ith  wedge-shape ru n n ers  from  the  top  on 
account of th e  con trac tion . They have been 
tr ie d  by ru n n in g  a t  th e  sides w ith  sp ray  ru n n ers  
o r gates, b u t i t  was found th a t  th e  con traction  
pull on th e  ru n n ers  w arped o r even cracked the  
costing, b u t a f te r  'adopting th e  w edge-shape ru n ­
ner on th e  to p  o f the  casting , and knocking o u t 
the  sand in th e  top p a r t  d irectly  a f te r  the  m etal
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was set, th is  difficulty w a s  overcome, and less 
m etal was requ ired  to  form th e  runner.

F la t P la te  £ in. T h ick .—A sim ilar p late, but, 
say, |  in. th ick , to  toe m achined all over, would 
be w asted if ru n  from  the  top, on account of the 
te a r in g  by th e  m etal stream  on account of the 
drop. This would m ake a scab, no m a tte r  how 
well i t  was vented. The b e tte r  method would be 
to  ru n  i t  a t  th e  s ide-w ith  as m any fla t gates or

a connecting channel cu t ill th e  top p a r t  from 
the  ru n n er to  the  skimm ing gate.

Small Blank Wheels.
W hen m aking small blank wheels on the  p la te  

some p a tte rn m ak ers  will p ers is t in so p lacing the  
ru n n er th a t th e  first m etal en te rs  th e  mould a t
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th e  rim  of th e  wheel, which is inadvisable, because 
wherever the  ru n n e r  is connected to  th e  casting , 
th a t  p o in t is the  m,ost liable to  be spongy o r d irty . 
A blank  wheel should always, if  possible, be run  
from  th e  boss w ith  a pencil-like ru n n e r . I f  the  
boss is a heavy one and  requ ires feeding, th e n  a 
riser is p u t on th e  boss opposite th e  ru n n e r . I t  
is desirable always to  have a  flow-off rise r from  
the rim , and to  ru n  well th rough . Should th e re  
be m ore th a n  one on th e  p la te , th e n  adop t th e  
sp inner m ethod of ru n n in g  so th a t  th e  first m eta l 
en te rs  th e  sp inner. T he channel should be c u t in  
th e  top p a r t  and th e  inga tes  in  th e  bo ttom  p a r t  
and  c u t th e  opposite way to  w hich th e  m eta l is 
expected to  sp in . The down ru n n e r  and  channel 
should be tw ice as la rge  as th e  com bined openings 
of th e  ingates. By th is  a rran g em en t th e  sp inner is 
flushed before any m etal en ters th e  m ould, as 
shown in F ig . 1.

Plate Pulleys.

In  th e  m aking  of a p la te  pulley i t  is generally  
found th a t  i t  is ru n  on th e  boss on account of the  
ease of m ak ing  th e  m ould, b u t from  personal ex ­
perience th e  au th o r believes i t  is b e tte r  to  ru n  
such a  casting, especially w hen i t  is m ade from  
th e  loose p a t te rn  o r a loose rim , from  th e  bo ttom  
by c u ttin g  a  V-shaped ru n n e r  o r in g a te  u n d er th e  
bottom  edge of th e  rim  a t  th e  ta n g e n t. I t  is 
m uch safer, because in s tead  of hav ing  an  ou tw ard  
pressu re  on th e  sand  form ing  th e  boss, th e re  is 
an  inw ard p ressu re  0.11 th is  p a r t  <of th e  m ould. 
This helps to  hold th e  sand  by pressing i t  to g e th er 
from  th e  ou tside, and  in  so doing one incu rs less 
risk  of hav ing  a b u rs t. T here is less chance of 
the  p la te  scabbing, because in  ru n n in g  from  th e  
bottom  all th e  gases a re  d riv en  in an  upw ard  
direction , w hich gives them  a b e tte r  chance of 
escaping before th e  m ould is full. W hen th e  
m eta l reaches th e  p la te  i t  flow's over in  a free  and 
easy m anner. O therw ise, as soon as th e  bottom  
boss is full, th e  m eta l rushes over th e  p la te  in  a 
te a r in g  so rt of m anner caused by th e  pressure 
from  th e  drop of th e  m etal. T his action  of d rop­
ping  in to  th e  bottom  of th e  rim  causes an  explo­
sion of th e  gases which have accum ulated  in  th e  
ven ts and rim , th u s  loosening th e  sand  on th e  face
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of th e  p la te  and  resu lting  in  a scab. By using 
the  m ethod shown in  F ig . 2 the  casting  in some 
cases does n o t requ ire  feeding, due no doubt to  
th e  compression of th e  m eta l having to  force its 
way in  an  upw ard d irection  and thereby feeds 
itself by its own w eight.

The Top and Bottom Running of Medium and 
Heavy Castings.

W hen dealing w ith m edium  and heavy castings

PULLEY. BOTTOM RUNNING

Fig . 2 .

one encounters the top and bottom  ru n n in g  pro­
blem in  an intensified form. Some moulders are 
in s is ten t th a t  bottom  ru nn ing  is p referable on 
account of th e  drop of th e  m etal and th e  l i f t  or 
pressure of th e  m etal as i t  reaches the top p a rt. 
I t  m ay be, however, th a t  th e  gases accum ulate in 
a closed mould quicker th a n  they  can escape
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through th e  vents, and  as the  mould is filling 
th ey  a re  pressed ag a in s t th e  top p a r t  to  such an 
ex te n t th a t  i t  is lifted , unless i t  is securely fastened  
down. O ther m oulders p re fe r top  ru n n in g , in ­
sisting  th a t  th e re  is no  difference betw een th is  and 
bottom  ru n n in g , p rov id ing  th e re  is no o bstruc tion  
in  the  mould which is liable to  wash aw ay w ith  
th e  fall of th e  m eta l. The m eta l has to  drop to  
the bottom  in  both  cases, and  provision can  be 
m ade to  receive th e  fall w ith o u t doing  any  dam age 
to  th e  casting . A castin g  should be ru n  in  th e  
most convenient place and  as fa r  as possible away 
from  all m achined o r polished p a rts , b u t  w here 
easy d is trib u tio n  of th e  m eta l can be ob ta ined  
w ithou t obstruc tion , ta k in g  in to  account s tra in s , 
con trac tion  pulls and  density . The advan tages in  
top ru n n in g  a re  th a t  th e  gates a re  m ore easily 
made and w ith  care can be im m une from  d i r t  ; 
th e  m eta l has a sh o rte r drop before en te r in g  th e  
mould, and th u s  is m ore mobile th a n  would be th e  
case in  bo ttom  ru n n in g  u n d er sim ilar g a tin g  con­
ditions. I n  to p  ru n n in g  th e  m eta l is obviously 
h o tte r  a t  th e  top  and  less m eta l is requ ired  on 
ac,count of th e re  being  less dow n ru n n e r .

Advantages of Bottom Running.
Because th e  m e ta l drops to  th e  base o f th e  down 

g ate , any te a r in g  o r w ashing away of sand  is a t  
th is  position and  n o t on th e  casting , and  so re ­
ducing th e  liab ility  of scabbing a t  th e  b o ttom  of 
th e  m ould. M oreover, th e re  is probably  a  denser 
s tru c tu re  of th e  m eta l th ro u g h o u t th e  casting  due 
to  compression. P rov id ing  th e  ru n n e rs  are  clean, 
bottom  pouring  gives a cleaner casting  h av ing  an  
im proved skin.

Engine Flywheel.
The au th o r is o f opinion th a t  i t  would be foolish 

to  a tte m p t to  ru n  an  engine flywheel in  any  posi­
tion  except on th e  boss, in  sp ite  of th e  fa c t th a t  
i t  has to  be m achined and  bored th e re . R u nn ing  
i t  on th e  rim  would n o t assure th e  sam e d is tr ib u ­
tion  of m etal, probably re su ltin g  in  th e  flats on 
th e  rim  being bad ly  scabbed. R u n n in g  i t  on  th e  
arm s would also give a poor d is tr ib u tio n  of m etal, 
involving con trac tion  stresses on account of th é  
ru n n e r solidifying first and pulling  ag a in s t th e
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arm s. Obviously, therefore , the  boss is the  most 
su itab le  location.

Engine Bed.
An engine bed or base p la te  should no t be run 

a t  th e  top , a lthough  they  are  moulded w ith  the  
base of th e  bed upperm ost. The p roper m ethod is 
to  ensure th a t  the  ru n n e r is as n ear the  bottom  
as is convenient for easy and clean runn ing . The 
position which suggests itself is up each side of 
the  cylinder core a t  th e  cylinder end, because 
these locations ensure easy d is tribu tion  of the  
m etal. T here  is b u t li tt le  fea r of an y  dam age 
from  con trac tion  pulls, w hilst i t  gives solid m etal 
a t  th e  cylinder end, th e  im p o rtan t p a r t  of th e  cast­
ing. The resu lt is d o  doubt due to  th e  compres­
sion by th e  m etal hav ing  to  force its  way in  an 
upw ard d irection  in  order to  fill th e  mould. 
F inally , if any d ir t  is tak en  in  w ith the  m etal a t 
th e  ru n n e r , i t  has a reasonable chance of being 
carried  forw ard to  th e  top  of th e  mould away from 
im p o rtan t p a rts  of th e  casting.

Sewage Plate.

Sewage plates a re  made in various sizes, bu t as 
an  exam ple one about 4 f t . sq. m ay be cited. I t  
is 2 in. th ick  on th e  outside, dome-shaped, fluted 
on both sides, and is .about J in. deep. On one 
side th e re  is a  lip about 3 in . wide which is from 
\  to  f  in . th ick , w hilst a t  th e  opposite end there  
is a f-in . round  core, bottled-necked a t  each end 
to  1  in. d ia ., which runs th e  whole length  of one 
side, and th e  body of th e  core is completely 
covered w ith m etal. I f  th is  type  of a casting  is 
ru n  a t  th e  th ickest p a r t ,  th e  m eta l would be 
flowing against th e  ru n  of th e  flutes, and in all 
p robability  a num ber would be washed away. On 
th e  o th e r hand , if  they  are ru n  con trary  to  
accepted notions, sound castings can be produced, 
p rov id ing  the  ingates a re  cu t correctly and the 
area  of th e  down runners is sm aller th a n  th e  com­
bined area  of th e  ingates. I t  has been found th a t 
the ideal place a t  which to  ru n  th is  type of cast­
ing  is on th e  J-in . lip , so th a t  th e  flow of the 
m etal is ru n n in g  in  line w ith th e  flutes. A t one 
tim e th is  casting  was made w ith the dome down­
w ards, w ith two large down runners and four
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rec tan g u la r ingates abou t 3 in. x  § in . th ick . 
I t  resu ited , however, in  th e  m eta l as i t  ra n  over 
th e  face of th e  m ould d riv ing  th e  a ir  to  th e  fa r  
end of the  casting , som etimes d is tu rb in g  th e  ilutes 
and  generally  causing a  blowing effect on the  
round core a t  th e  top edge. The 'b e tte r w ay is to  
mould th e  casting  dome upperm ost and  to  ru n  i t  
by m eans of two 1 -in. round  down gates connected 
to  tw o sep a ra te  channels, each one hav ing  th ree  
dome-shaped ingates, approxim ately  2 in . x I  in. 
a t  th e  channel end , increasing  to  abou t 3 in. x 
\  in. a t  th e  casting  end. This gives a ru sh  of 
m etal in  th e  channel and  no t over th e  flutes, and 
by th e  tim e th e  m e ta l en te rs  th e  m ould i t  is 
ru n n in g  freely  (F ig . 3). The m e ta l has to  climb 
up th e  dome, an d  by th e  tim e  i t  reaches th e  top  
th e  gases a re  d riven  to  th e  fa r  end where th e  risers 
are  conveniently  s itu a ted . By th e  tim e  th e  m etal

reaches th e  core th e  mould is alm ost full, and  so 
the core is covered alm ost in s tan tan eo u sly , and if  
th e  ven t is le ft open a t  th e  ends, no blow ing effect 
takes place.

A wheel r in g , 14 ft . d ia. x 10 in . deep, which 
is flanged on th e  bottom  side and has m etal th ick ­
ness on th e  r in g  of 4 in . and  2 in. on th e  flange, 
p resen ts fea tu res of in te rest. T here a re  165 tee th  
of 2-in. p itch, and  add itionally  16 ribs on th e  inside 
of th e  ring . T here is also a  sp lit ra g  jo in t. On th e  
underside of th e  flange th e re  is a r in g  2 in. wide, 
I  in , deep, con ta in ing  16 washers |  in. th ick , which 
a re  also used for bedding th e  grooved pulley  
du ring  erection . The w eigh t of th e  castin g  is 
about 35 cwts. I t  is essential t h a t  th e  castings 
should be sound, as they  are  used in p it  hau lage 
work, w here they  ca rry  a rope pulley  w eighing

SEWAGE PLATE RUNNERS

Fin 3

Wheel Ring.
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abou t 2 to n s ; th e re  is an  18-ton load on th e  wire 
rope, and  a  num ber of overhead trucks. The 
rin g  is m oulded in  green sand in  th e  floor, and 
th e  te e th  a re  m ade by th e  m achine. I t  is diffi­
cu lt to  ru n  ow ing to  th e  design and size. I t  
requ ires two sets of ru n n ers  and  two ladles of 
m eta l castin g  sim ultaneously, because of i t  being 
sp lit and  th e  liab ility  to  contortion .

Now th e re  are  th ree  ways of ru n n in g  th is  cast­
ing. P resum ably  one could s t a r t  by runn ing  
s tra ig h t down th e  rin g  side w ith  drop runners, 
b u t th is  is liable to  d is tu rb  th e  te e th . Again, 
ru n n in g  d irec t on th e  top  of th e  flange, o r by 
ru n n in g  in to  th e  flange a t  th e  bottom , suggest 
them selves. T he form er m ethod, using six  f-in . 
d ia . round  ru n n ers , th ree  in  each ha lf of the  
rin g  p laced  12  in. a p a rt , was finally adopted, 
because i t  takes care  of th e  con traction . This 
method necessita ted  th e  ru n n e rs  being placed in  
th e  cores, which were m ade in  oilsand and well 
blacked. Thus th e  cores yield as th e  rin g  con­
tra c ts , and  th e re  is no p u ll caused bv th e  runners 
se ttin g  before th e  cas tin g  (F ig . 4).

Secondly, th e  runners  can  'be so placed th a t  the  
m etal would drop in to  th e  ring-like w asher which 
encircles th e  bo ttom  side of th e  flange, ac ting  like 
a  channel connecting tw o or more ingates, and 
en su rin g  easy d is trib u tio n  over th e  face of the  
mould. A gain, th e  runners  were easier to  m ake. 
I t  was a  c leaner m ethod (providing plugs were 
used in  ru n n in g  th e  casting) th a n  would have been 
th e  case if  ru n  a t  th e  flange on th e  bottom , 
because th e  runners would have to  be c u t in to  
th e  core p r in t  o r seating , and th e  down runners 
would have h ad  to  be ram m ed up a f te r  th e  in ­
gates w ere c u t and  th e  cores set. F inally , the 
to p -runn ing  m ethod was th e  safer, as th e re  is  
li t t le  fea r of th e  m eta l tip p in g  o r pushing th e  
cores forw ard  in to  th e  tee th .

Pipes.

T here a re  no less th a n  five d ifferent m ethods 
used fo r ru n n in g  pipes, and every m ethod has 
produced good castings. S tra ig h t lengths, bends, 
and T p ipes a re  o ften  ru n  on th e  top of th e  body 
w ith  one o r m ore runners. Sometimes they  are



ru n  in a t  the side of th e  body w ith  fla t spray  
gates and  V gates. A lternative ly  th ey  a re  ru n  on 
th e  top  and a t  the  side of th e  flange, and also

up each side of th e  core a t  th e  end  of th e  p ipe .
The au th o r’s p reference is th e  las t m ethod m en­

tioned, because th e  runners  a re  easily  m ade



629

and kep t c le a n ; th e  m etal is always runn ing  
in the sam e d irection  as th e  vent, and by so 
doing one is always “ chasing ” th e  ven t 
in s tead  of tr a p p in g  it , and  finally th ere  is little  
fear, especially in  th e  cage of a th in  sectioned 
pipe, of doing any harm  should a ru n n er break 
in  th ro u g h  carelessness, e ith e r in  th e  construction 
of th e  ru n n e r or in knocking i t  off. The runners 
a re  away from  all scotchings and weights.

Risers.
In  dealing  w ith  th e  rise r problem much 

depends on th e  design of th e  casting. The du ty  
of a riser is to  form  an opening whereby fresh 
supplies of m eta l can be p u t in to  a mould to  
give so lid ity  to  th e  casting. A riser is placed 
on to  a casting  to  Telieve th e  m ould from  s tra in . 
W hen a  rise r is required  for feeding purposes it  
does n o t m ean th a t  i t  should always be placed a t 
th e  highest po in t, b u t i t  should be so placed th a t  
th e  fresh  m eta l will reach th e  p o in t which is 
ac tin g  as a reservo ir to  th e  o ther p a r t  of the  
casting . I f  th is  is n o t done, th e n  a cavity  will 
resu lt. T he rise r ough t to  be m ade as large as 
possible to  allow th e  m eta l to  get in to  th e  casting. 
However, i f  th e re  is a boss, say, 6 in. d ia ., one 
should n o t p u t  a 5-in. rise r on, b u t no th ing  less 
th a n  a  l |- in .  riser should be used if solidity is 
essential. I t  should be rem em bered th a t  a sim ilar 
ac tion  is ta k in g  place in  th e  m etal of th e  riser 
as th a t  in  th e  casting. I t  is well known th a t  
solidification of the  m etal commences from the  
outside or o u te r surface—th e  p a r t  nearest to  the 
sand , and if  th e  riser is  n o t la rge  enough to  be 
kep t open by m eans of feeding i t  will set before 
the casting , and in th a t  case i t  m igh t as well 
have never been used.

Taper Risers.
On a heavy casting, which requires feeding, 

there  is an advantage in having the  riser stick 
tapered  for the reason outlined  above, and addi­
tionally  i t  allows of a freer escape of the gases 
as they  a re  being driven forw ard by the  h ea t of 
the  m etal to  th e  ou tle t, especially if th e  m etal 
happens to be “  du ll.”  A riser having a smooth, 
round hem ispherical surface is caused by the
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gases in  the  m olten m etal being unable to  escape 
on account o f th e  chilling effect th e  m eta l receives 
on con tac t w ith  the  riser. I f  a  tap e red  stick  is 
used th e re  is a b e tte r  chance of successful ru n n in g , 
because th e  h o tte r  m etal which is under th e  chilled 
portion  has a b e tte r  chance of b reak ing  th ro u g h  
and liftin g  th e  ball of m eta l con ta in ing  th e  trap p ed  
gases in to  th e  open bush.

Ball Casting. (Fig. 5.)
I n  th e  case of a  sphere, a  solid casting  can 

be made easier and  b e tte r  by c u tt in g  a rise r a t  the

side, hav ing  a la rge  dow n-gate and  keep ing  th e  
m etal working th rough  to  th e  ru n n e r  by feed ing . 
I t  is generally  found w hen a  rise r has been placed 
d irectly  on th e  top  of a  ball casting , a lthough  i t  
has been fed, th e re  is a  fla t sunken  place to  be 
found ju s t  round  by th e  bottom  of th e  rise r, and 
when the  rise r is broken off i t  leaves a fla t surface, 
b u t if  a  rise r is cu t a t  th e  side the  m etal is 
pressed in to  th e  cen tre  of th e  casting  by th e  con­
tinuous m otion from  rise r to  ru n n e r , and  vice 
versa. W hen th e  rise r and  ru n n e r  a re  broken off 
th e  casting  they leave a small lip  a t  th e  to p  edge, 
which can be dressed by very little  ch ipp ing  or 
g rind ing  and  leave th e  ball perfectly  spherical.
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Dummy Risers.
The functions of a dummy rise r are  supposed 

by some to  be th e  fo llow ing:— (1 ) to  allow any 
d ir t  to  be removed from  th e  casting, and (2) to  
feed th e  casting . The first suggestion is to tally  
wrong, because if any d ir t  enters a  dummy riser 
i t  does so en tire ly  by chance, as such ex traneous 
m a tte r  will stick to  th e  first obstruction  i t  happens 
to  touch. This can be seen on any casting having 
a  to p  riser, where i t  looks as if th e  moulder has 
rubbed h is thum b round th e  bottom  in  m aking 
his rise r and  th en  le ft i t ,  leaving a rough uneven 
surface. An ou ts tan d in g  exam ple of d ir t  adher­
ence is plain ly  seen on th e  shanks and ladles, 
otherw ise th e re  wopld be no need to  daub and 
fe ttle  them  a f te r  each day’s melt. I n  the  case of 
a  bad ru n o u t, i t  is found th a t  th e  first m etal, 
nea res t to  the  sand , has form ed a  sk in  o r a shell, 
and apparen tly  if any d ir t  touches th is  skin it  
sticks, o therw ise specks of d i r t  will n o t be found 
during  m achining a f te r  th is  skin has been 
removed.

T hus dummy risers are  useless for cleaning a 
casting , b u t they  help to  give solidity providing 
they  are  sufficiently large. I f  th ey  are too small 
th ey  se t first, and  th en  th e  rise r will rob the  
casting  of m eta l and a cavity  will be found directly 
un d ern ea th . Dummy risers are  unnecessary, as i t  
is very  seldom one encounters a  easting  where the 
v ita l p o in t canno t be dealt w ith by m eans of an 
o rd in a ry  rise r, and  in  any case one can use a 
densener, which is a more effective and cleaner 
method.

A case cam e to  the  au th o r’s notice of two 
m oulders who were m aking a back barre l casting  
fo r a  la the. I t  was 3 o r 4 ins. diam eter, and 
about 18 ins. deep, and solid. This (Pig. 6) cast­
ing  has to  be m achined all over an d  m achine-cut 
te e th  have to  be provided a t  th e  pinion end. 
B oth moulders ra n  the casting  half way down the  
barrel w ith  a d ir t  riser attached . B u t one of them  
placed a rise r about 1  in , d iam eter on th e  top  
and  fed it, and  although the  m etal was adequately 
skimmed, his castings w ere re tu rn ed  from the 
machine shop, being both d irty  and spongy. The 
o ther placed a riser about 2-J- in. d iam eter on the 
top, or about 1  in. less th an  the  d iam eter of the
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casting. H e never fed h is c a s tin g s ; as soon as 
he had cast th e  mould he used to cover th e  riser 
w ith dry  p a rtin g  or sea sand and leave it , insist­
ing th a t  th e  riser being alm ost as large as the 
d iam eter of th e  casting , and  th e  p a rtin g  sand 
being dry, th e  m etal would rem ain  fluid as long 
in the  head as i t  d id  in th e  casting , and  th a t  being 
so th e  casting  would draw  th e  m etal down from  the  
head and  feed itself solid. A dditionally  th e  cast­
ings were clean.

Strain and French Risers.

A nother type of rise r th a t  is commonly used is 
the F rench  o r flow-off rise r, which, when placed 
on th e  top  edge of a casting , is m ore efficient in 
relieving s tra in  th a n  one placed directly  on the  
top. The m eta l in  filling a mould does n o t drive 
the gases in a n  en tire ly  upw ard d irection , because 
th e  vents are  continually  sucking th e  gases to  th e  
o u te r surface of th e  mould. A good illu s tra tio n  
of th is m ovem ent can be seen when m aking  a 
deep mould, where i t  is necessary to  m ake a jo in t 
betw een top  and  'bottom of th e  m ould. I t  does
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not m a tte r  how ha rd  i t  is ram m ed, th e re  will 
always be found a fringe  if no t an actual swelling, 
even if th e  jo in f has no t been disturbed. This is 
caused by th e  gases m aking th e ir  way o u t a t  th is 
po in t. I f  th is  happens half-w ay down th e  mould, 
it  is obviously m ore likely to  occur a t  the  top 
jo in t. Thus th e  flow-off riser, when placed a t  the 
top  edge of a  mould shows a d is tinct advantage 
over one s itu a ted  d irectly  on th e  top of a casting, 
as i t  allows of easier escape of th e  gases.

I t  is n o t th e  m eta l which lif ts  a top  p a r t  bu t 
th e  pressure of th e  gases, and th u s m ore w eight is 
necessary a t  th e  ru n n e r end of a  mould. The 
gases a re  trap p ed  a t  th e  ru n n e r end owing to  the 
down ru n n e r  being k ep t fu ll of m etal.

Open and Closed Risers.
I f  castings, hav ing  a large, flat surface and th in  

in section are  being m ade, then  b e tte r  results can 
be ob tained  by leaving th e  rise r open, because as 
soon as pouring  is commenced th e  mould is full 
alm ost im m ediately, and th e  open riser allows a 
free egress for th e  a ir . There is no tim e for suc­
tion  o r draw ing of a ir, and so the  mould is quite 
safe  w ith  th e  open riser.

F o r loam  and dry  sand work th e  question of 
w hether th e  risers are  to  be le ft open o r be closed 
seems to have been established more from custom 
th a n  from  logic. One shop casts all its moulds 
by hav ing  th e  risers le ft open, w hilst others would 
no t envisage such a procedure.

W hen m etal is poured in to  a mould which has 
all th e  risers tig h tly  closed, th e  a ir is compressed. 
Iron  dropping  in to  compressed a ir  cannot drop 
with such a dead fall as i t  would if there  was no 
compression, and  additionally  cannot rise so 
quickly as i t  would otherwise.

These ideas seem to  give sufficient reasons for 
draw ing th e  following conclusions. W hen iron is 
poured into a loam mould from th e  bottom i t  is 
very often  best in  th in  castings to  have the risers 
open, th is  will allow th e  iron to  rise  up  more 
freely  and faster. W henever a  mould is cast 
“  open ”  th e  a rea  of th e  risers should be large 
enough to  perm it th e  a ir  to  pass off freely. I t  is 
o ften  best w hen th e  iron is dull to  leave the 
risers open. Blow holes in the  upper portion  of
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dry  sand o r loam castings a re  o ften  due to  the 
dullness of th e  iron  n o t allowing th e  collected 
gases a  f a i r  chance to  escape. W hen a  mould is 
b u rn t badly i t  is b e tte r  to  keep th e  rise rs  closed 
as there  will be a  com pression ag a in s t its  su r­
face.

The open riser, especially when placed on the  
top of a  casting  in  a  green-sand m ould, has a 
tendency to  cause a  scab on th e  side of a  casting  
as well as the  top , because th e  gas ru sh in g  o u t 
of th e  open rise r d u rin g  casting  is n o t en tire ly  
th e  a ir  th a t  has previously ifilled th e  m ould, b u t 
a  m ix tu re  w ith  gases th a t  a re  being  d raw n th rough  
th e  face of th e  mould and  gases from  th e  m etal. 
The open rise r acts as a  chim ney, o r  flue, and 
instead  of th e  gases en te r in g  th e  ven ts provided, 
they  are  draw n from  th e  back of th e  m ould inw ard  
th rough  th e  sam e channels, and in  doing so o ften  
enough b ring  patches of sand  w ith  them , causing  
a  scabbed and  d ir ty  casting . On th e  o th e r  hand , 
if th e  risers are sealed, th e  gases w hich accum u­
la te  in  th e  mould form  a  suppo rt for th e  sand  in  
try in g  to  force th e ir  way o u t in to  th e  ven ts. Thus 
th e  sand  in  th e  to p  po rtion  of a  mould, especially 
in a  la rge  casting , re ta in s  its  ¿hape, a lthough  i t  
is sure to  be sligh tly  b u rn t before th e  m etal 
reaches i t .  I f  i t  was n o t for these gases fo rm ing  
th is support, th e  sand  would sim ply crum ble away. 
I f  th e  gases canno t g e t away fa s t  enough th rough  
th e  ven ts th ey  w ill force th e ir  way th ro u g h  th e  
jo in t, up th e  gaggers and  up th e  box bars, as can 
he seen in any unven ted  top  p a rt.

DISCUSSION.
Mb. J .  G. R o b i n s o n  (H alifax ), in  opening 

the  discussion, said  i t  was a P ap e r which 
raised a good m any controversial points. H e could 
no t agree en tire ly  w ith Mr. B u tte rw o rth ’s sugges­
tion  th a t  for th e  p la te  pulley i t  was b e tte r  to 
ru n  from  th e  bottom  edge of th e  Tim. If i t  was
run  from  th e  ou tside  and  th e  m etal rose up to
th e  rim , when i t  reached th e  p la te  i t  had  to fill
the p la te  and the  boss a fte r , and  in  m ost cases,
in his (M r. R obinson’s) opinion, i t  would leave 
a d ir ty  place. Personally , he regarded  i t  as b e tte r



to ru n  down th e  boss. To elim inate gases, the  
ven ts should be su itab le  for them  to  evacuate 
w ithou t a loss of pressure. M r. B u tte rw orth  had 
declared th a t  he saw li tt le  use for dummy risers, 
b u t in his (M r. R obinson’s) experience he had 
known cases in  which they  w ere essential, (but no t 
always for feeding purposes. In  malleable iron 
and steel work i t  was o ften  necessary to  p u t on 
dum m y risers because one could no t get risers to 
feed from  th e  outside. W hen gas—or i t  m ay 
be a ir  in  th e  mould—was heated  u p  to  th e  tem ­
p e ra tu re  of th e  m etal i t  had  to  escape, and when 
i t  le f t th e  face, of th e  mould, i t  reached th e  dam p 
sand and  lost in  volume. T he pressure o f th e  
a ir  was reduced on account of th e  reduction  in 
th e  tem p era tu re . In  th e  m a tte r  of w eighting th e  
casting , Mr. B u tterw orth  had  m entioned th ree  to 
one as being n o t sufficient in  some cases. H e (Mr. 
Robinson) hard ly  th o u g h t th e  question of w eight 
en tered  in to  th e  m a tte r  a t  all. I t  all depended 
on th e  a rea  of th e  surface of th e  casting  and 
th e  head  pressure.

M r. B u t t e r w o r t h , replying, said fo r p la te  
pulleys i t  had always been th e  recognised system 
in h is shop to  ru n  from  th e  bottom , and when­
ever th ey  did have occasion to  ru n  one from  th e  
top  i t  generally  resu lted  in  scabbing. I n  regard  
to  th e  th ree  to  one weight m entioned, in a  job­
bing shop th e  m oulder would p u t th ree  tim es the 
w eight th e re  was i n ' th e  casting  and i t  would 
hold it. H e (M r. B utterw orth) though t in m any 
cases th a t  was insufficient.

M r. S. W . W ise said he th o u g h t nobody could 
lay down h a rd  and fa s t lines fo r any pa rticu la r 
casting  o r type  of casting . H e had  been very 
in terested  in  th e  com m ents of M r. Robinson in 
regard  to  th e  w eight required  for holding the 
to p  p a r t  down, and agreed th a t  weight per se 
had really  very litt le  to  do w ith th e  m a tte r . I t  
was ra th e r  a  question of head pressure. H e 
agreed th a t  risers were n o t much use in rem oving 
d ir t, and if th e re  was d ir t  in a mould i t  was 
likely to  be found on th e  casting. W hen Mr. 
B u tterw orth  referred  to  a tapered  riser-stick it 
would be in te re s tin g  to  know exactly the  am ount 
of ta p e r  he m eant. I f  one used a  long y e t small
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d iam eter riser one was only increasing  th e  cool­
ing surface. I f  one m ade a t r u e  cone and  had 
a  good volum e of m etal th en  i t  was useful, b u t th e  
m ajo rity  of risers on m ost jobs were n o t used 
for feeding purposes because they  w ere chilled 
before th ey  had  a  chance of feeding. One p o in t 
on which he could n o t agree w ith M r. B u tte rw o rth  
was in  his preference fo r a pear-shaped stop, 
because th e re  was a  chance of th e  m eta l tr ick lin g  
down and  form ing  a  cushion. Such m e ta l would 
set in s tan tly . F rom  th is  i t  was ca rried  up n o t 
com pletely m elted to  p a rts  of th e  c a s tin g  where 
i t  was n o t w anted. T his m a tte r  led one to  th in k  
of the  question  of “ sh o ttin g .”  T here  was a te n ­
dency on th e  p a r t  of m any to  confuse sh o ttin g  on 
th e  outside of th e  casting  w ith  the  shots found on 
th e  in te rn a l p a rts  of th e  casting. W hilst th e  P a p e r  
contained much debatable m a tte r  because th e re  
was m uch controversy  as to  ju s t how a  casting  
should be ru n , th e re  were, however, to -day  ce rta in  
general ru les for th e  work which m ost of them  
were p rep ared  to  follow, and  he believed th e  
in d u stry  had  departed  from  th e  old “ h i t  and 
miss ” m ethods.

M r. B u t t e r w o r t h , rep ly ing  to M r. W ise’s com­
m ent on th e  pear-shaped plug, said th e  plug was 
used so th a t  th e  m etal was ju s t  d ribb ling  down 
th e  side.

M r. F . B e r r y  (H alifax ) said th a t  on b ig  m elts 
i t  was h is p rac tice  to  c u t a small g a te  under th e  
plug fo r th e  m etal to  dribble in , and  he h ad  never 
had an accident. Sometimes w ith a b ig  cast if th e  
m etal did n o t tr ick le  slightly  one would g e t an 
explosion. A d ras tic  way in  which th is  was
som etim es to  be seen was if tw o biggish  jobs were 
being cast n ear to  one ano ther, one m ig h t c a s t 
one job and w ait h a lf an hour o r  so before doing 
th e  o ther, and when th e  second one was cast— 
especially if th e  coke bed was th e  same—in  e ith e r 
of them  one could g e t an  explosion. Mr. B erry  
suggested th a t  i t  was th e  m eta l th a t  was lif tin g  
the to p  p a r t , and th a t  was where th e  question of 
the  area  en tered  when one calculated  th e  am ount 
of w eight for holding down. Personally , h e  did 
no t th in k  gases did very much lif tin g . W hen one 
was casting  a  mould he th o u g h t th a t  p rim arily  i t  
was p ractically  all a ir  th a t  was in th e  m ould,
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b u t when one bad  gases from  a neighbouring 
mould, as in th e  in stance  he had  m entioned pre­
viously, i t  gave a  la rg er explosion. M r. B erry 
agreed w ith M r. B u tte rw o rth ’s views as to  risers, 
they  should always be of generous size, b u t the re  
was n o t such a wide ran g e  of application  as most 
people im agined. M etal should no t be ru n  so very 
hot, because if in  th e  heavy p a r t  i t  was g e ttin g  in to  
th e  pasty  condition i t  did n o t necessita te a riser.

Mb. B u t t e r w o r t h , replying, m ain ta ined  th a t  
i t  w as th e  gases th a t  lifted  th e  top  p a rt . The 
gases accum ulated in  a mould more quickly th an  
th ey  escaped, and  th a t  being so they  m ust press 
ag a in s t th e  to p  p art.

M b . B erry  in s is ted  t h a t  th e  p re ssu re  was ■ 
d im in ish ed  by th e  ven ts .

M r. B u t t e r w o r t h  asked as to  where th e  w hist­
ling noise cam e from, w hereupon M r. B erry  
agreed th e  question was debatable.

M r . W . T. T h o r n t o n  (B radford) said he  would 
p re fe r to  ru n  a p la te  pulley down th e  boss, bu t 
if th e  p la te  were 6tro n g  enough i t  sounded reason­
able to  ru n  i t  on th e  p late. In  laTge w ork he 
th o u g h t a  com bination of bottom  and  top  ru n n in g  
was sa tisfactory . T he bottom  ru n n e r  filled the  
mould and  th en  filling the  to p  plugs i t  relieved th e  
bottom  lif t . H e did n o t th in k  dummy rise rs  were 
m uch use, because th e  casting  rem ained h o tte r 
th a n  th e  dumm y riser. W ith  reg ard  to  th e  m a tte r  
of th e  w eighting castings, an  easy ru le which could 
be calcu lated  by any foundrym an wras th a t  the 
a rea  of th e  to p  p a r t  of th e  casting  in square feet
m ultip lied  by th e  depth  from th e  to p  of th e
ru n n e r to  th e  bo ttom  of th e  ru n n er, in feet, 
d ivided by five, equalled th e  tons w eight required 
to  hold th e  top p a r t  down. In  any  case, one had
to  consider th e  velocity of th e  mould.

M r. J .  -J. W a ts on (H uddersfield), refe rrin g  to 
th is  question of p ressure on th e  mould, suggested 
as a useful general ru le  th a t  the area of th e  ca s t­
ing m ultip lied  by the dep th  of the  box gave square 
inches, and th a t  m ultiplied by 0.26 lb. gave the 
pressure.

M r. L. F a r r a r (Shipley) said one po in t m en­
tioned  by Mr. B u tte rw orth  was as to  risers not 
necessarily being on th e  h ighest point. H e once 
m ade a li tt le  casting  in which there  was a slight
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defect. I t  was a  fr ic tion  pulley, hav ing  a  rise r 
on th e  boss. H© did th i6 by in s truc tions of th e  
forem an. Personally , h© h ad “ a  genera l conviction 
th a t  th e  heaviest p a r t  of th e  m ould would feed 
itself, b u t the  ligh ter p a r ts  needed feeding. I t  was 
th e  case in  th e  instance  he m entioned. H e knew 
th is  was an -idea w ith which some would n o t agree. 
An older m an who took on 'th e  job p u t tw o risers 
on th e  pulley rim  and  fed i t  th e re  and  n o t on 
th e  boss a t  all, and he g o t a  good casting . A no ther 
princip le  to  which he  (M r. F a r ra r )  held  was th a t  
th e  rise r should b© practica lly  a  p a r t  of th e  
casting .

Mb. R . D. W e l f o b d  (B radford) 6aid  th e re  was 
no doubt th a t  a  p roper ru n n e r  w as th e  f irs t step  
to  a  good casting , b u t he would have liked th e  
au th o r of th e  P a p e r to  have to ld  them  som ething 
abou t th e  ru n n e r box. M oulders o ften  d id  no t 
th in k  of th e  differences in size of th e  dow n-runner 
and  th e  com bined in -runners . A m an  m ay use an 
inch d iam eter ru n n e r  fo r one job and  th e  n ex t 
day p u t in  a  2-in . ru n n e r , fa iling  to  rea lise  th a t  
th e  d iam eter of th e  ru n n e rs  varied  according to  
th e  square  of th e  d iam eter. P ersonally , M r. 
W elford said he did n o t see th e  necessity fo r th e  
‘‘ trick ling -in  ”  m ethod u n d e r plugs. A litt le  
triokling-in  would ign ite  th e  gases ju s t as m uch 
as if th e  whole plug w ere lifted , and  he d id  not 
see any m ate ria l difference between lif tin g  th e  
p lug and tr ick lin g  in  some m eta l first. In  reg ard  
to  th e  pulley p la te , he agreed w ith M r. R obinson 
th a t  th e re  would be a  d ir ty  p lace on  th e  outside 
of th e  rim  unless th e  m eta l was very  hot. On 
th e  question of th e  gases lif t in g  th e  top  p a r t  of 
th e  m ould, th a t  m igh t happen  if th e re  was an 
explosion and th e  mould was very  wet. The l i f t  
of a mould was done by h y d ros ta tic  pressure, and 
its n a tu ra l effect upon m eta l pressing ag a in s t th e  
top  p a r t , th e  am ount of which could be easily  cal­
culated . A cube 12 in. sq. on th e  top  p a r t  had  no 
g rea te r lif t in g  power th a n  a square p la te  1  in. 
th ick , if th e  riser and  the ru n n e r  were th e  sam e 
heigh t from  th e  to p  of th e  mould. T he gases had 
no effect on th a t  lif tin g  pressure. I t  was, in  his 
view, a  fallacy to  p u t on risers w ith a view to  
ca tch ing  d ir t. I f  th e re  was any  d ir t  i t  would 
usually  go somewhere o th e r th a n  in th e  riser. 
Sometim es risers were a  rea l d isadvan tage , espeoi-
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ally in  m oulds which had  a la rg e  num ber of cores 
in  them . Tf one fitted  a rise r in  such cases there  
was a tendency to  find th e  m etal coming uip 
th rough  th e  expansion of the forces. M r. Wel- 
fo rd  said  he could qu ite  apprecia te  and  under­
stand  th e  experience m entioned by M r. F a rra r . 
T here was, he w ent on, qu ite  a  considerable d if­
ference between ru nn ing  a, casting  w ith h o t m etal 
and w ith cold m e ta l; also th e  ru n n e r  should be 
large enough to  fill th e  mould reasonably quickly.
M e . H . Saye r s (Leeds) said th e  first ru sh  of 

m etal was usually  th a t  which carried  any d irt, 
and  i t  would ca rry  d ir t  in to  th e  ingates and i t  
would go in to  th e  mould. H e  agreed th a t  th e  ideal 
way of ru n n in g  a  casting  was to  ru n  i t  both top  
and  bottom  and get th e  dull m etal in to  th e  m iddle 
w here th e  freezing was likely to  be th e  last. Suc­
tio n  had  been spoken of, b u t he did n o t th in k  
th e re  could be any suction in  a  mould th a t  had 
•been filled. The gases in  i t  expanded, and there  
was enorm ous pressure in th e  mould. The cause 
of th e  tops g iv ing  was pressu re  coming in  from 
m oistu re  o r steam  behind th e  surface. If  one 
trick led  m eta l down th e re  was a chance of d ry­
ing th a t  m oisture and  keeping i t  out.

M r. H . S u m m e r s  g i l l  (B radford) said Mr. But- 
te rw orth  had  m entioned scabbing, and had said 
in  some he iwould ru n  th e  mould down th e  face 
and some a t  th e  side. H e re fe rred  to  g u tte rs  for 
shed roofs, etc., which weighed from a few cwt. 
to  3 tons. These were ru n  s tra ig h t down th e  V- 
piece w ith a num ber of runners in  proportion  to 
th e  size of the  casting—sometimes a dozen—and 
•they very seldom h ad  any  scabbing, though they 
ra n  r ig h t down on to  the  face of th e  mould.

R everting  to  th e  sub ject of risers, M r . W elford 
said he once had to  m ake about 200 tons of dock­
ing wedges. There were 185 pairs, and no risers 
w hatever wore used, and they found no shrink  on 
any of them . They were ru n  slowly w ith  m etal. 
They were quite  good and level. Jud g in g  from the 
outside, one could cast fa irly  big castings w ithout 
any risers.

The C h a i r m a n , in voicing the thanks of the 
m eeting to  M r. B u tterw orth , said th e  lec tu rer had 
certa in ly  gone to  a g rea t am ount of trouble in the  
p rep ara tio n  of th e  P aper.



640

Lancashire Branch.

SOME ASPECTS OF FOUNDRY WORK.

By E. Longden (Member).

D uring  the  last fou r years th e re  have been 
advanced ce rta in  theories concerning th e  effect of 
mould and  occluded gases on th e  soundness of 
grey iron. I n  th is  P a p e r rem arks on  such 
theories will be b rief because i t  is desired to 
record one o r  two po in ts w orthy  of notice which 
th e  au th o r was unable to  develop in th e  las t P a p e r 
he p resen ted  on th is subject, a lthough  m ost of the  
exam ples which will be shown were ob ta ined  a t  
th a t  tim e.

F u r th e r  evidence of gas effects on grey iron lias 
been excellently d ea lt w ith  by M r. H ird , who 
confined him self m ain ly  to chills and  gave some 
rem arkable figures re la tiv e  to  th e  gas co n ten t of 
grey iron. The volume of gas collected was very 
evident, b u t w hether all th e  gas came from  th e  
m etal is a m oot po in t. H ow ever, th e  au th o r has 
had cast thousands of tons of im p o rtan t castings, 
using both ex te rn a l and  in te rn a l denseners and 
chills, w ithou t experiencing serious trouble . W ith  
m any types of castings i t  is only by em ploying 
denseners th a t  i t  is possible to  secure th e  sound­
ness required . T here have been occasions when a 
casting  has blown from  a chill used for th e  first 
tim e, and th en  perhaps a h und red  castings have 
been m ade using  th e  sam e chill. I t  is a question  
of a rran g in g  a correct section of densener accord­
in g  to  th e  body of m e ta l to  be frozen quickly, 
keeping denseners Clean and  free from  dam pness 
and  p o u rin g  them  w ith  th e  co rrec t m ix tu re  of 
m eta l w ith  low silicon and  phosphorus con ten ts. 
T he first exam ple is a  densener used only once a t  
th e  nose of a core u n d er a feeding head w eighing 
one ton . T he casting  fo r which i t  was used is a 
c e rta in  type  of hydrau lic  cylinder. F ig . A is a 
densener the  condition of which was ob tained  a f te r  
using tw ice. T he progress of liquation  can  be 
clearly seen in an advanced stage. L it tle  stream s
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of m etal can be seen ru n n in g  to th e  outside of the  
densener. The exam ple is very illum inating  and 
shows th e  alm ost complete d is in teg ra tion  of the  
m etal s tru c tu re  due to  the use of a com paratively 
high phosphoric iron in  the  densener.

There is on reoord a s ta tem en t made by an 
em inent m eta llu rg ist to  some of his s tuden ts to 
th e  effect th a t  cast iron is such a complex and 
m ysterious m ate ria l th a t  to-morrow he may have 
cause to  con trad ic t th a t  which he m ight say 
to-day. This s ta tem en t is very tru e . How very

F i g . A .— D e n s e n e r  Aft er  U sin g  T w ic e .

su rp ris ing  a re  th e  contradictions of some of our 
best-known m etallurgists can be proved by read ing  
back ’th rough  th e  foundry and m etallurgical li te ra ­
tu re . Surely  th is is inevitable to  some ex ten t 
w ith cast iron. I t  is s ta ted  th a t  each investigator 
can see fu r th e r  by standing, as i t  were, on the 
shoulders of th e  last.

Solidity, Liquid Shrinkage and Mould Pressure.
I t  is best, therefore , again  to  s ta te  th a t  the 

au th o r’s opinion s till is th a t  liquid shrinkage in
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grey iron  as is generally  m ade ev iden t by cavity 
and  porosity  is caused, m ainly, by m ould and 
occluded gases, b u t th a t  th e re  is also ab u n d an t 
evidence to  prove th a t  the  degree of resistance 
offered by a mould m a te ria l to  grey iron  when 
cooling has an  im p o rtan t bearing  on th e  solidity  
of th e  m etal. I t  would ap p ear th a t  ac tu a l m etal 
shrinkage, except in  very s tro n g  iron , is p rac ­
tically  nil. M r. B roughall proved very  clearly 
by casting  grey  iron  in m eta l moulds th a t  n o t only 
was th ere  no need for th e  usual feeders, b u t th a t  
m etal was ac tua lly  exuded from  th e  top  of the  
casting.

W hilst th e  pouring  of grey iron  in to  moulds 
which would give th e  conditions govern ing  th e  
sta tem en ts m ade previously is n o t com m ercially 
practicab le , excep t in  th e  case of m eta l moulds, its  
s tudy  has been very  help fu l in  th e  solu tion  of 
m any  foundry  problem s. F ound ry  te s ts  a re  
handicapped  by so m any  variables and  resu lts  a re  
very o ften  masked.

F ig . B shows in  no unm istakab le  w ay th a t  gas 
can and does p lay  o u t from  a core o r m ould in to  
th e  m olten m etal w ithou t leaving th e  supposed 
ch aracteristic  globular blowhole fo rm ation  which 
is very  ev iden t in  m any cases w hen a  m ould o r 
core has been violently  blowing off gas. U nfor­
tu n a te ly , th e  photograph  does n o t clearly  show the  
spongy area  which proceeded from  th e  sm all core 
both upw ards and  downwards. In  places th e  cavi­
ties ex tended  from  th e  sm all core r ig h t th rough  
th e  m etal section to  th e  mould surface. The 
arrow s ind ica te  th e  affected areas. I f  a spongy 
area  be viewed u nder th e  m icroscope i t  m ay be 
found to  con tain  g lobular as well as a  crysta lline  
form ation. I f  a  po rtion  of th e  spongy a rea  seen 
in  th e  exam ple was isolated from  th e  core hole 
m ost foundrym en would describe i t  a s  a c lear case 
of liquid  shrinkage. This spongy a rea  does no t 
show clear blowholes, b u t th e re  is no doub t th a t  
gas has been blowing ou t in to  th e  fluid m eta l and 
th a t  it  ̂ has occupied area  which m igh t have been 
otherw ise occupied by m etal.

Mould Materials and Density of Castings.
Fig . C shows four castings each 3 | in. d ia . x 4  in. 

deep and  m achined from  castings 4£ in . d ia . x



4 | in. deep and poured in various mould m aterials. 
No. 1, the  top righ t-hand  side, was poured in  a 
green sand mould and exhibits the usual cavity, 
No. 2, th e  top left-hand side, in  dry sand w ith 
less cavity , and Nos. 3 and 4, respectively the 
bottom  left-hand  and righ t-hand  sides, in plumbago 
and  ̂g an is te r respectively, giving perfectly  sound 
castings. I n  each case th e  blocks were poured 
th rough  a th in  flash-gate about ^  in. in depth 
ru n n in g  completely round th e  periphery  of th e
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P i g . B .— I n d ic a t in g  E scape  of G as t h r o u g h  
t h e  M eta l  W it h o u t  L e a v in g  G lobular 
B l o w h o le  F o r m a t io n .

casting  a t  th e  jo in t. No riser or feeder of any 
descrip tion  was employed.

The castings were m achined and polished alike 
to the  finest possible lim its. The weights of 
samples w ere: No. 1, green sand, 11 lbs. 8|  ozs. ;
dry  sand, 12  lb s .; plumbago, 12  lbs. 1  oz., and 
gan ister, 12 lbs. I f  ozs. The B rinell hardness Nos. 
w ere: C asting No. 1, cen tre , 115; average of four 
readings from  points 1  in. from outside of casting, 
145; No. 2, centre, 116; average from  four points,

y2
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146; No. 3, cen tre , 118; average a t  four points, 
145.5; and No. 4, centre, 137; average a t four 
points, 155.5.

F ig . D shows the  half of a 6-in. sphere casting  
w ith th e  face polished. The casting  was poured 
th rough  a flash ru n n e r  encircling  th e  periphery  a t  
the  jo in t and a small relief rise r placed a t  th e  top 
of the  casting . The photograph  shows the  section 
r ig h t th rough  the  cen tre  and  also th rough  the  
small pencil riser. This casting  was poured in  a

I..
c
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F i g . C.— E f f e c t  of P o u r in g  in t o  G r e e n  
S a n d , D r y  S a n d , P lu m b a g o  and  
G a n is t e r , R e s p e c t iv e l y .

g an is te r mould and is perfectly  sound w ith  very 
uniform  B rinell hardness th ro u g h  th e  section, 
b e ing : C entre, 137; a t  each of four po in ts 1 in. 
from  outside, 149 in each case.

There is b u t li tt le  chance for these castings to  
receive a supply of m etal from  th e  ru n n e rs  which, 
w hilst being th in , allowed th e  moulds to  be filled 
a t a fa irly  quick ra te . I f  i t  were possible for the 
castings poured in g an is te r to  receive a supply of 
feeding m etal th rough  such a ru n n er, then  logic­
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ally  th e  green and dry sand castings should be 
sound instead  of con ta in ing  cavity.

The analysis of m eta l poured in  th e  fou r first- 
m entioned castings w as: T .C ., 3.2; Si, 2.65; Mn, 
0 .5 ; P , 0.8, and  S, 0.13 per cent.

Spherical Castings.
The in itia l experim ents were, w ith  one or tw o 

exceptions, confined to  w hat a re  term ed  common 
iro n s ; th e  conclusions hold good for special irons 
w ith  low phosphorus and su lphur conten t. So 
long as th e  m eta l contains an am ount of silicon to  
ac t e ith e r by catalysis or d irectly  on the  carbon

F i g . D .— P er fe c t l y  So u n d  C a st in g  P ou red  in t o  
G a n is t e r  M o u ld .

p resen t, so th a t  sufficient g raph ite  is p rec ip ita ted  
to  produce grey iron, th en  solidity  can be obtained 
if th e  m ould is gas free  and res is tan t to  th e  grey 
iron expansion a t th e  po in t of solidification. 
Gases absorbed by th e  m etal d u ring  sm elting  and 
m elting  would appear to  be held in  solution or 
dorm ant if solidification be hastened or th e  mould 
resists th e  grey iron expansions. I t  does seem 
th a t  dissolved gases in grey iron are  no t very 
harm fu l if en tra in ed  and  mould gases are  elim in­
ated . I t  is possible th a t  th e  action of mould 
gases can be e ith e r ca ta ly tic  o r d irect by in te r­
action w ith  occluding gases.
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F u rth e r  experim ents seem to  ind ica te  th a t  w ith 
very low silicon grey iron  a plum bago mould 
was n o t sufficiently gas free  and  s trong  enough to 
p rev en t a sligh t sink  on th e  9-in. sphere casting  
used in  th e  experim ents. A ho t cast-iron  mould 
gave definite fullness and  p erfec t so lid ity  th ro u g h ­
ou t th e  section. The sam ple castings exh ib ited  
and  shown in  F ig . D a re  tw o of a series of tes ts  
tak en  by pou ring  6-in. and  9-in. sphere castings 
in  g an is te r and  iron  m oulds respectively. The 
analysis of th e  6-in . d ia . castin g  poured  in  a 
g an is te r  m ould and  shown on th e  r ig h t of th e  
photograph  was : C.C., 0 .5 ; G r, 2.65 ; Si, 2.45 ; M n, 
0.55; S, 0.12, and  P , 0.85 p e r c e n t . ; and  the  cast­
ing  on th e  le f t :  C .C., 0 .6 ; G r, 2 .43; Si, 1.36;
M n, 0 .63; S, 0.104, and  P , 0.37. The 9-in. sphere 
was poured th ro u g h  a f- in . round  top gate .

The ru n n e r  basin  m eta l used when p o u ring  a 
m etal mould casting  does n o t sink . M etal is 
ac tua lly  exuded sligh tly  from  th e  m ould, and  a 
convex surface is ob ta ined  on th e  head  m eta l. In  
green and  dry  sand moulds th e  head m eta l is o ften  
seen to  sink  a t  some stage  a f te r  p o u ring  has ceased 
an d  is generally  understood  to  be fluid m e ta l 
shrinkage. To th is  one could agree as being 
p a rtly  responsible for w hat is te rm ed  fluid sh rink ­
age if i t  was established th a t  various por­
tions of the o u te r sk in  of a casting  solidified and 
expanded ou tw ard , leaving m eta l to  be supplied  to  
ce rta in  portions of th e  in te r io r  of th e  m eta l sec­
tio n . B u t i t  would ap p ear th a t  th e  sin k in g  in  
th e  head is m ainly  caused by m ould and  occluded 
gases fa iling  to  find an  im m ediate  o r ea rly  passage 
from  th e  inside of th e  m ould before pou ring  is 
complete. G as can he tra p p e d  in  various sections 
of th e  mould, especially in  betw een cores alm ost 
surrounded  by m eta l, and  he unable to  quickly 
pass th rough  th e  pores around  th e  sand  gra ins, 
artific ial ven ts and  risers. I n  th e  m ean tim e cer­
ta in  sections above m ay p a rtly  solidify and p re ­
v en t th e  flow of m eta l to  th e  sections which have 
been overburdened w ith  gases over a longer period.

Cause of Mould Disturbances.
D isturbance in  a  mould is som etim es m ade 

ev ident tw o o r th ree  m inu tes a f te r  pouring  by, in  
some cases, a gen tle  r ise  and  fa ll of th e  head  m etal
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and  in  o ther cases a violent blowing will be seen. 
In  th e  form er cases i t  m igh t be dne to  gas which 
has been unable to  pass o u t th rough  th e  sand  and 
vents due to  lack of perm eability  o r inadequate 
mould and  core vents and has found a passage 
th rough  th e  fluid in te rio r of th e  m eta l section. 
\  io lent blowing is associated w ith  e ith e r choked 
core ven ts by fluid m etal o r o ther m ateria l o r a 
g re a t excess of m oisture in  th e  sand  of core or 
m ould. The gases given off th e  confined core 
shown in  F ig . A did no t cause any visible dis­
tu rb an ce  in  th e  ru n n er and  rise r heads.

Porosity of Moulding Sand.
Since w ritin g  th e  above notes th e re  has been 

published th e  rep o rt of a Paper*  on  th e  “  A dvan­
tages of F ound ry  C ontrol,”  delivered by M r. H . J .  
Y oung to  th e  M iddlesbrough B ranch of th is  
In s titu te . M r. Young is reported  as having
s ta te d  t h a t :  “ D raw  o r sh rink  holes, together
w ith  gas cavities, a re  th e  cause of m any w asters 
and  of m uch p a tch ing  and burn ing . P roper m etal 
and  discreet chilling  w ill e lim inate  some draw- 
holes, b u t a t  tim es design m ust be changed. 
P orosity  is associated w ith  drawholes w here th e  
walls of th e  casting  form  a junction  o r where a 
lum p of m eta l is su rrounded  by sand  which gets 
overheated . Some holes a re  really  sinkings of the 
m olten o r sem i-m olten iro n ; in  a small way these 
a re  caused by leaks a t  jo in ts, and  in  a large one 
by gas pockets which d isappear too la te  in  the  
solid ify ing period-. This k ind of th in g  is seen 
som etimes in  a flange, and th e  phenom enon may 
go side by side w ith  cold-shuts. Dam p moulds, 
inequalities in  th e  sand  and  poor ven ting  are  
common fau lts . Foundry  sand is insufficiently 
porous to  p erm it of th e  free passage of mould 
gases; if  i t  w ere the  mould would collapse. H ence 
th e  ven ting  of dry  sand moulds is an  artificial 
process to  which more a tten tio n  m igh t be given by 
th e  foundry  forem an th a n  is o ften  th e  case. In ­
equalities in  th e  sand lead to  local gas holes, 
scabbing, and  to  defects elsewhere in  the  casting, 
as well as where i t  a rises.”

M r. Young has on previous occasions s ta ted  th a t

*  F o u x d b t  T r a d e  J o u r n a l ,  A p r i l  2 8 , 1927 .
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foundry sand was n o t sufficiently perm eable to 
gases. The au th o r is in  e n tire  ag reem ent w ith  
him  in  th is  respect and  takes i t  as fu r th e r  evidence 
of th e  conclusions s ta te d  ea rlie r  and em phasises 
th e  im portance of ven tin g  which he and o thers 
have stressed a t  various tim es.

Moulding a Large Blowing Engine Bedplate.

Fig . 1 shows th e  o u tlin e  of a blowing engine 
bedplate of th e  g irder type , w eighing 22  tons. 
The production  of such a  casting  is m ade a li tt le  
difficult by th e  re s tr ic tio n  of th e  core ou tle ts . 
Section B-B shows th e  size of th e  holes to  be 
5 |  in. ; they  were th e  sole o u tle ts  fo r core gases.

F i g . 1 .— Ou t l in e  oe a  B l o w in g - E n g in e  
B ed pla te  o f  t h e  G ir d e r  T t p e , w e ig h ­
in g  22  TONS.

Section A-A illu s tra te s  s till fu r th e r  th e  in te rio r 
of th e  casting .

The p a tte rn  was constructed  in  tw o portions 
divided a t  p o in t C-C. Core p r in ts  a re  ind ica ted  
by d o tted  lines. These p r in ts  receive th e  cores 
which form  th e  pockets and  bearing  seen on th e  
top side of th e  casting , th e  oil well ru n n in g  round  
th e  base of th e  casting  and  th e  bo lting  down core 
holes as seen in  F ig . 1.

F ig . 2 shows th e  bottom  po rtio n  of th e  m oulding 
box w ith  five stra ig h ted g e  boards “ A ,”  correctly  
levelled in th e  base of th e  d rag  w ithou t any  up ­
w ard or dow nward cam ber. E xperience has shown 
th a t  only a \  in. of inw ard  cam ber was requ ired  
a t  th e  p o in t “  B ,”  F ig . 3. T he casting  is moulded



a t right-angles to  the  position when erected  w ith 
the  engine. “  B ”  also points to  a solid 3-in. 
section of m etal ru nn ing  th e  full length  of the 
casting.

P reviously much trouble had been experienced 
in keeping the  castings s tra ig h t. V arious forms 
of cam ber had  been employed w ithou t complete 
success. A fter a careful exam ination  i t  was dis­
covered th a t  th e  m eta l sections were n o t as in ­
tended . The m eta l on th e  bottom  side of th e

F i g . 2 .— B o ttom  P o r tio n  o f t h e  M o u ld in g  
B o x ; F i g . 3 .— P lan  of t h e  M ould  w it h  
C o r es  A r r a n g e d ; F i g . 4 .— P lan  of 
t h e  M ould  R eady  f o r  C a s t in g .

casting  was found to  be th in n e r th a n  the  top 
section. I h is  v a ria tion  in m etal thickness proved 
to  have been the  cause of most of th e  trouble  from 
d isto rtion . Subsequently th e  only cam ber allowed 
was th e  ^-in. inw ard cam ber a t  the  po in t “  B .” 
G rea t care was exercised in  correctly locating the 
cores, and  holding them  in position to ob tain  as 
n ea r as possible uniform ity  of m etal section as 
in tended  by the  design.

F ig . 3 is a plan view of th e  mould w ith cores 
arranged  resting  on l j - in .  wooden thickness pieces 
ready  to  receive th e  top box-parts for the  first 
tim e  a f te r  dry ing  th e  mould. The mould is 
ram m ed up in  th e  usual m anner except th a t
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g rea te r care is exercised when construc ting  th e  top  
side of th e  m ould, as will be explained la te r .

Running Arrangements.
I t  will be no ted  th a t  th e  m ould is filled w ith  

m etal by way of tw o pa irs  of ru n n e r  gates located 
a t  th e  po in ts “  C ”  which allows th e  m e ta l to  
e n te r  th e  mould a t  th e  lower face and  clear below 
th e  cores. The cores ju s t in  f ro n t of th e  in le t 
gates a re  enlarged a li t t le  to  allow an  easy and 
free flow of m eta l in  all d irections, th ereb y  re­
ducing  th e  tendency of both  th e  m ould and  core

Sec A A Fr^ 4

F i g . 5 .— S e c t io n a l  V ie w  of t h e  A s s e m b l e d  
M o u ld  at t h e  P o in t  A — A .

to  scab and  erode and  reducing  th e  collection of 
scum about th e  ru n n e r  en trance .

F ig . 4 illu s tra tes  a p lan  view of the  mould ready  
for casting . The pouring  basins a re  ind ica ted  by 
th e  le tte rs  “  C ,”  tw o ladles being, of course, 
employed to  fill th e  mould w ith  m eta l. T here  a re  
seven rise r gates, fou r being located on th e  long 
flange “  B ” shown in F ig . 3, which forms th e  
base of th e  casting , two on th e  cy linder bearings 
and one on th e  large crank  bearing . A t “  E  ”  is 
sketched a num ber of w eights which a re  placed to



preven t s tra in in g  of th e  boxes due to  the  pressure 
and  m om entum  of th e  m etal, and additionally  gas 
pressure, a t  th e  m om ent of complete filling of the 
mould w ith iron . The boxes a re  wedged to  th e  
underside of th e  w eights along the  cen tre  line of 
the  mould. The boxes are  bolted together a t  the 
jo in ts and s to u t steel rods placed th rough  fu rth e r 
holes and iron packing arranged  to  p reven t la te ra l 
pressure s tra in in g  th e  mould. The jo in ts  be-
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F ig . 6  D e t a i l e d  D e s c r i p t i o n  o f  t h e

C o n s t r u c t i o n  o f  t h e  M o u l d  a n d  
S u s p e n d e d  C o r e s .

tw een the  th ree  top  p a rts  are  m ade as seen in the  
small sketch “  B -B .” These jo in ts a re  carefully 
sealed and w eighted to  p reven t leakage of m etal. 
The draw ings do n o t reveal all th e  care th a t  m ust 
be exercised to  m ake sure of such a type of casting.

F ig . 5 represen ts a complete sectional view of 
th e  assembled mould a t  the po in t “ A-A,”  F ig . 4. 
The two cores m arked “  A ”  in F ig . 5 are bolted 
hack to  th e  side of the  m oulding box and the  
rem ainder of the  cores, w ith  the exception of th e  
one for crank  bearing, are  suspended from  th e  top 
side of th e  mould.
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Construction of the Mould.
The n ex t sketch, F ig . 6, gives a c learer and  a 

m ore detailed  descrip tion  of th e  construction  of 
the  mould and suspended cores to  ensure, as n ea r 
as possible, tru e  safety. The core is requ ired  to 
be soundly m ade and  w ith  good ven ting . Since 
m uch difficulty can be foreseen to  e x tra c t th e  core 
irons a f te r  casting  th rough  such com paratively 
sm all ap ertu res , care m ust be tak en  to  m ake the  
core supports in  m eta l which will allow of easy 
break ing  in to  pieces no la rg e r th a n  5 in . to  pass 
through th e  re s tric ted  core ou tle ts . S tre n g th  is 
m ain ta in ed  in  th e  core by ram m ing  up  w ith  an 
outside layer of s tro n g  sand and  on th e  inside w ith  
a lte rn a te  layers of m edium -bonded sand  and 
cinders for ven ting . E ach  layer of cinders com­
m unicates w ith  a cen tra l column of cinders which 
leads to  th e  surface of th e  core ju s t below th e  neck. 
The m ost vulnerab le  p a r t  of th e  core, th e  o u tle t 
fo r th e  gases, is specially cared  for. I t  will be 
no ted  th a t  th e  sketch ind icates th a t  a cast iron  or 
steel bush is b u ilt in to  th e  neck of th e  core and  
seated  solidly down on th e  core iron . A round th e  
bush is ram m ed a s trong  m ix tu re  of stiff loam in to  
w hich has been worked a li tt le  core gum . The 
top boxes a re  also carefu lly  m ade. M etal re in ­
forcem ents a re  in troduced  to  correspond w ith  th e  
bushes in  th e  cores and  ram m ed w ith  s trong  
facing m ix tu re .

A rrangem ents fo r coring  th e  mould a re  m ade by 
first bo lting  th e  side cores in to  position , locating  
th e  crank  core and  th en  those to  be suspended 
from  th e  top  boxes a re  placed in  th e  open m ould 
and re s tin g  on wooden thickness pieces equal to  
th e  desired m eta l section. S tuds a re  placed be­
tw een th e  cores to  lend steadiness when bo lting  up 
to. th e  top side. Small pieces of clay a re  placed 
on th e  top  of th e  cores to  ascerta in  th e  m etal 
section and  for positioning a num ber of s tu d s to  
lend fu r th e r  steadiness to  th e  h an g in g  cores. 
A round th e  top of each core o u tle t is placed so ft 
loam covered w ith  paper. The top  boxes a re  th en  
located for th e  first tim e  a f te r  d ry ing  th e  mould. 
The soft loam is squeezed betw een the  lower face 
of th e  top boxes and the  top  face of th e  core o u t­
lets, effectively sealing  any crevice th ro u g h  which
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m etal m ight otherw ise find ingress to  th e  core. 
The top  boxes are  again lifted  off and all loam 
which has been pressed beyond the  area of the  
core ou tlets and cen tra l po rtion  th rough  which 
gases m ust pass is trim m ed  off and well dried  w ith  
h o t irons. S tuds are  placed in  various positions 
on th e  top of th e  cores, th e  location and section 
hav ing  been previously ascertained by the  clay 
im pressions and  th e  top  boxes again  located. The 
cores are firmly bolted to  th e  to p -p a rt boxes by 
passing hook bolts th rough  th e  holes p repared  and 
u nder staples cast in  th e  core grid . The boxes are 
again  lifted  and set on su itab le  logs; w hilst in 
th is  position th e  moulders give a fu r th e r  touch of 
safety  by w et blacking around each of th e  core 
ou tle ts , u sing  a small b rush , on a long handle. 
M ore studs are  located, and  on  th e  top side of th e  
boxes vent tubes are  placed alongside the  hook 
bolts and p en e tra tin g  r ig h t th rough  the  top  boxes 
and  in to  th e  cinders below th e  neck of the  core. 
Sand is th en  carefully  ram m ed around th e  ven t 
tubes. The mould is finally closed and  poured.

The m ost skilled a tte n tio n  is needed to  ensure 
th a t  no m etal en ters th e  core vents. I f  cores were 
simply placed on studs resting  on th e  bottom  face 
of the  mould m any th ings m ight happen to  cause 
th is expensive casting  to  be lost. W ith  cores and 
mould so constructed  very litt le  risk  is taken . 
E ven if the  top boxes lifted  a litt le  du ring  pouring 
th e  casting  m ay still be saved because the  core 
ven ts would s till be secure.

Two Grades of Metal in the Same Casting.
An inciden t d u ring  the  A m erican foundry  to u r 

rem inded the  au th o r strongly of sim ilar work done 
by him  11 years ago. D uring  th e  journey round 
one of th e  jobbing foundries he stopped to  question 
th e  foundry  m anager concerning the  reason for 
em ploying two sets of gates and consequently two 
ladles to  pour a lathe-bedplate weighing about 8 
tons. The casting  was bulky and about 16 ft . 
long x 8 f t . wide, thereby being qu ite  safe if run  
from  two or th ree  places a t one end of th e  casting. 
H e had also rem embered th a t  previously he had 
seen among o ther ladles one of 25-ton capacity. 
The m anager’s answer was th a t  he poured a strong 
sem i-steel m ix tu re  in to  th e  lower p a r t  of the
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mould, which constitu ted  th e  w orking and w earing 
surfaces. W hen enough sem i-steel had  been 
poured to  fill ju s t above th e  im p o rtan t p a rts  they  
ceased po u rin g ; a t  th e  same m om ent a low grade 
of cast iron was poured from  the  w a iting  ladle a t 
th e  o th e r end of th e  box a t  a h igher level and  th e  
mould completely filled. The ra tio  of m etals was 
about 25 per cent, sem i-steel on th e  bottom  side 
and 75 p e r cent, common iron to  com plete filling.

Making a Lathe Bedplate.
To illu s tra te  th is  p rac tice  a li tt le  fu r th e r , 

sketches a re  reproduced of th e  m oulding of a 
la th e  bed which the  au th o r described in  a recen t 
Press contribu tion .*

F ig . 7 shows th e  p lan  and  elevation of a la the- 
bedplate 38 f t .  5 in . long. W hilst th is  casting  is 
m uch longer and ligh te r in  section th a n  th e  one 
re fe rred  to, i t  i s , a much heav ie r casting  as a 
whole. The idea, of course, is to  fill th e  faces 
th e re  m arked  A and B, which a re  cast th e  reverse 
way up to  th a t  in  th e  sketch w ith  a strong , close- 
g ra ined  cas t iron  obtained by in troduc ing  35 per 
cent, steel in to  th e  cupola m ix tu re .

F ig . 8 shows th e  a rran g em en t of th e  in-gates 
when pouring  such a casting . In  th is  in stance  
th e  au th o r employed four in-gates a t  each end  of 
th e  long mould. U n til a  la te r  stage in th e  p ou r­
ing  th e  two sets of in -gates a t  th e  h igher level 
were stopped up by p lacing  plugs over th e  down- 
gates in  th e  pouring  basin. W hen sufficient m eta l 
had  been poured th rough  th e  lower se t of in-gates 
from  each end to  fill 25 per cent, of th e  mould, th e  
stoppers o r plugs which controlled th e  flow of 
m eta l to  th e  h igher level of th e  m ould were lifted , 
allowing a h o tte r  m etal to  occupy th e  top  surface 
of th e  casting . This a rran g em en t was found  to  
give b e tte r  control over the  cam ber, o r d is to rtion , 
because i t  ensured a m ore un iform  tem p e ra tu re  of 
m etal over th e  whole of the  m o u ld ; also th e  bottom  
side of th e  casting  was cleaner, due to  less m eta l 
passing the  lower levels which m ay cause erosion 
and scabbing of th e  mould face ; again , th e  m etal 
in th e  bottom  faces which w ere th e  im p o rtan t 
sections of th e  casting  tends to  be of closer g ra in

»  S e e  T h e  F o u n d r y  T r a d e  J o u r n a l , v o l.  2 5 , p .  155 .
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and  free r from  gas cavity  due to  an  earlie r 
freezing th a n  woujd otherw ise obtain  if th e  whole 
of the  m etal passed th rough  a t  th e  lower level to  
fill th e  h igher reaches of th e  mould.

I t  would be possible to  pour even such a long 
casting  w ith two grades of cast iron, b u t i t  m eans 
b ring ing  in to  action four ladles, two to  pour semi­
steel in  th rough  the  bottom  in-gates from  each end 
and  two to  pour la te r  a t the h igher level. How­
ever, i t  is th o u g h t p referab le  to secure economy 
by using  a series of chills along th e  im portan t

F igs. 9— 15.

faces and  pour w ith a m oderately strong  iron, 
which has been done w ith sm aller castings.

The sketch (Fig. 8) shows a  series of cross- 
sectional views of th e  assembled mould and a plan 
view w ith  the  ru n n er basins and the  four down- 
ga te  en trances a t  each end, w hilst Figs. 9, 10, 
12, 13, 14 and 15 illu s tra te  respectively cross- 
sectional view of mould, special sand ram m er, core 
iron  fo r th e  cores (F ig. 13), grid  for l i f t  between 
fee t in  top p a r t  boxes, and fee t core w ith its  
accom panying grid .
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Stamp Block Castings.
As poin ted  o u t e a rlie r in  th is  P ap e r, th e  p ra c ­

tice  of pouring  tw o grades of iron in to  th e  sam e 
mould rem inded th e  au th o r of th e  tim e when he 
regularly  cast stam p blocks and  dies w ith  a facing 
of steel on th e  w orking surface and  grey  iron  th e  
rem ainder of th e  casting .

F ig . 16 illu s tra tes  th e  procedure. “ A ”  is a 
sketch of a casting  and “  B ”  th e  mould for same. 
About 2 in . of steel is poured in to  th e  m ould a t  
the  low level. Almost im m ediately a f te r  th e  steel 
is poured th e  common grey iron  is filled in  a t  th e

• Cray

higher level. The specific g rav ity  of th e  steel 
ensures th a t  i t  rem ains se ttled  a t  th e  lower level, 
am algam ation  of th e  tw o m etals only ta k in g  place 
a t  th e  contac t line. T his m ethod was prac tised  
because of cheapness. The castings were very 
sa tisfac to ry  and had a long life.

Moulding Hydraulic Cylinders, Rams and Heavy Fly­
wheels with Special Reference to Moulding-box 
Construction.

In  m any d is tr ic ts  both m edium  an d  heavy cast­
ings a re  loam -m oulded in  s trong  cast-iron  rings 
o r p lates w ith vertica l prods cast thereon  to  hold



m  the  bricks and o th e r m ateria l. Such is the 
practice  when using strickles and tem plates, etc., 
o r building to  skeleton of fu ll p a tte rn .
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There are quite a  num ber of founders who place 
th e  finished mould in a p i t  and ram . around the 
outside w ith black sand. The au thor has had cast 
thousands of tons of la rge  castings m ade in such a
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mould w ithou t hav ing  to  incu r the  expense of 
ram m ing and  again  rem oving a large body of 
sand  around  the  mould in  th e  casting  p it  w ith ­
o u t the  loss of a single casting . There are  well- 
known founders in  th e  M anchester d is tr ic t  and  
elsewhere who are  carry ing  on in  the  sam e way 
w ith rea l success.

The production  of hyd rau lic  ram s and  cylinders 
can be ca rried  o u t in  boxes which will e lim ina te  
the  need for th e  e x tra  ram m ing of sand  around  
the  boxes.

F ig . 18 illu s tra te s  th e  boxes and  a  m ethod of 
m oulding hyd rau lic  ram s, w hilst cylinders can 
also- be m ade sim ilarly .

A t A, F ig . 17, is shown th e  section of a m edium ­
sized hydrau lic  ram  w ith  a 12 -in . sullage and  sink  
head  cu t off, and  B  ou tlines th e  necessary p a t­
te rn . F ig . 18 gives the  construction  of th e  strong  
m oulding box su itab le  fo r m aking  ram  and  
cylinder castings th e re in , w ithou t h av ing  to  reso rt 
to  the  ram m ing around  th e  ou tside  of th e  box. 
E ach half-box is m ade in  two o r m ore p a rts , 
according to  th e  leng th  of th e  casting  required , 
and  bolted toge ther. The jo in ts  a re  th e n  m a­
chined. CD shows above F ig . 19 th e  shape of 
th e  bars which form  a  T  head  p a rtly  boxing in 
the  sand  and  help ing  grea tly  to  w ith s tand  th e  
ou tw ard  pressure of th e  m eta l w hilst pouring . 
Section AB seen above F ig . 19 shows a cross- 
sectional view of th e  upper p a r t  of th e  box which 
runs abou t tw o-th irds of th e  to ta l len g th , and  
E F  ind icates th e  construction  of th e  lower po r­
tion  of the  box. In  th is  low er p a r t  of th e  box 
an add itional b ar is in troduced  and  runs v e r t i­
cally in  th e  cen tre  fo r abou t 6 f t .  from  th e  bottom  
end.

W ith  a box SO' m ade and th e  p a r ts  well bolted 
to g e th er a t  in tervals of abou t 1 2  in. a b u rs t-o u t 
o r runaw ay is very unlikely. The m ould is m ade 
horizontally  and constructed  very soundly in 
strong  re frac to ry  sand . Stiff loam  is w orked on 
th e  p a tte rn  a t  w hat will be th e  bottom  end when 
pouring  vertically , and  th e  rem ainder of th e  p a t­
te rn  is faced w ith  a s trong  sand  F o r  abou t ha lf 
th e  leng th  _ of th e  box (the bottom  end) i t  is 
advisable to  ram  in  a s tro n g er sand  th a n  th a t  
from  the floor heap. A m ix tu re  of h a lf black



and  lialf core sand  can be recom mended. The re­
m ainder of the box is ram m ed w ith black sand 
w hich has been w etted  w ith  clay-w ater.

A fte r ex trac tin g  th e  p a tte rn , the  mould a t  the

Inverted Plan

F ig . 20. F i g . 2 1

bottom  end is studded w ith flat-headed nails to  
receive the heavy im pact of the first m etal poured. 
The m ould is well blackened w ith a good m inerai 
blacking, and, a f te r  d ry ing  again , washed over



w ith  a th in  solution of good plum bago blacking 
and gum  w ater. F ig . 19 shows th e  design of the  
d rop  gates, e ig h t in num ber.

F ig . 20 illu s tra tes  w ith  section  A and  B th e  
construction  of the  ru n n e r and  rise r basins. The 
head is helped in  its  work by feed ing  fo r a sh o rt 
tim e u n til th e  ru n n e r  basin is ru n  d ry  by tap p in g  
in to  a  ladle from  below th e  ru n n e r  box. Every  
effort is m ade to  free quickly the  top  of th e  core 
bar, which is ligh tly  tap p ed  w ith  an  iron  b a r  
to  induce i t  to  expand  upw ards, o therw ise th e  
core b a r  m ay be found to  be m uch b e n t w hen 
e x trac ted  from  th e  casting .

I t  is the  p rac tice  in some foundries to  p rev en t 
lif t in g  of th e  core by chain ing  th e  b a r from  th e  
top  side. In  th is  case they  c a n n o t be quick 
enough in  releasing th e  b ar a f te r  castin g , conse­
quently  th e  core barre l is b en t. As a m a tte r  
of fac t, th e  b a r and  core is d is to rte d  before th a t  
stage is reached, and som etim es a w aster resu lts . 
This can also be proved on occasions if ram s are 
inspected a f te r  hav ing  been scrapped  and  broken. 
The section  will be found  to  be th ick  an d  th in  
in stead  of regu la r.

Section O a n d  D show th e  co rrect way to  secure 
th e  cores. The core b a r is m ade solid to  about 
3 in. behind th e  neck o f th e  core and  a  s tu d  bolt 
screwed in  to  allow th e  core to  be bolted  dow n 
from  th e  bottom  end. M ade th u s , th e  core is 
allowed freely  to  expand  w hilst th e  m e ta l is still 
being poured. Such  a core is so slender t h a t  when 
i t  is located i t  will s it on  th e  bo ttom  side of th e  
mould, and when th e  box is tu rn e d  up to  cast 
vertically  th e  core is very unlikely  to  s tra ig h te n  
itself. To avoid such risks tw o wooden pegs are 
placed to  ac t as tem porary  chaplets, as shown in 
F ig . 21. W hen th e  m ould has been tu rn e d  up 
to  the  vertica l castin g  position  th e  wooden chap­
lets are  w ithdraw n and  th e  holes vacated  plugged 
w ith  round  oores secured by the  special p la tes  on 
which th e  wooden chaplets had  been previously 
resting .

Heavy Flywheels.

The n e x t exam ple exp lains th e  m oulding of a 
10-ton flywheel. F ig . 22 shows in p lan  th e  p a t­
te rn  res ting  on a p la te  ready  to  receive th e  m ould­
ing box. The eleva tion  of the  p a tte rn  above th e



p la te  is shown below. To m ake a full wheel a 
h a lf-p a tte rn  is made in tw o pieces, d iv id ing  the  
p a tte rn  to  rep resen t a  q u a rte r  wheel, as ind i­
ca ted  in the  plan  a t  AB. Below th e  p la te  is 
shown th e  section of the  flywheel. This sketch 
m ust no t be m istaken  as to  indicate a ha lf-pat­
te rn  on e ith e r side of a p late . The tw o q u arte r 
(half) p a tte rn s  are  located by pins on .. large
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F ig .  22.

m achined cast-iron p late  se t perm anently  on the 
m oulding floor. On the  p la te  are m achined lines 
to  give foot squares and are used to  se t th e  p a t­
te rn  dowel and moulding-box pin holes for the  
various sizes and types of flywheels which can be 
m ade on th is  one p late . Much economy in  pat­
te rn s  and in m oulding is thereby secured. W hen 
a  flywheel is required  in halves only one qu arte r-
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p a tte rn  is needed, and  the m oulding box is also 
disassem bled to  m ake a ha lf wheel. W hen a full 
wheel is requ ired  th e  two q u arte rs  a re  used.

F ig . 23 illu s tra tes  th e  construction  of th e  
m oulding boxes. Such heavy flywheels a re  very 
exacting  on th e  m oulding boxes due to  expansion 
which takes place from  th e  h e a t ra d ia te d  from  
the  heavy sectioned casting . The repea ted  break-

A

F i g .  23.

ages can be m inim ised by m ak ing  th e  boxes in 
several pieces. In  th e  exam ple shown th e  m ould­
ing box is m ade from  tw o pieces fo rm ing  th e  a rea  
abou t th e  boss; th is , inc iden ta lly , allows various 
sized bosses to be used. Two pieces m ake up  th e  
middle bars and  the ou tside rin g  is form ed again  
by tw o pieces. The sections a re  firmly bolted 
toge ther and they  m ake to g e th e r a very du rab le



box. L ittle  o r no casting  s tra in s  rem ain  in such 
a construction .

Soon a fte r  the flywheel has been poured and the 
m etal is set bolts are released in the various sec­
tions and a t  the jo in t of the box to  allow of 
free ex p an sio n ; otherw ise the box would be 
broken, although n o t so seriously as if cast in 
one piece as previously.

Semi-Permanent or Long-Life Moulds.
The progress of perm anen t mould casting is no t 

very substan tia l. Beyond the  cen trifugal casting

665

process as practised  by the  S tan ton  Ironw orks 
Company, L im ited , fo r m aking  pipes and th a t  by 
the  C en trifugal C astings Company, L im ited 
(Thorncliffe Ironw orks), for th e  m anu factu re  of 
piston rings, liners and sim ilar castings, an d  the 
m aking of ca rbu re tto rs  in m etal moulds by the  
Holley C arbure to r Company, D etro it, U .S.A., 
and  various o ther sim ilar castings by o ther m akers 
we can say th a t  there  is litt le  progress.

T here a re  several foundries in  th e  U.S. m aking 
sashweights in perm anen t moulds w ith  very in­
d ifferen t success. T here is a com pany in  th e  
U nited  S tates which was installing  a system of per­
m anen t moulding for m aking rad ia to rs , b u t i t  is 
th o u g h t th a t  the  company has abandoned the 
system.
" I t  will be found th a t  the  only castings which 

are  m ade in m etal moulds and m ade to  pay are
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castings which give troub le  when poured in sand 
m oulds.

The au th o r well rem em bers th e  experim ents of 
M r. S . G. Sm ith , to  whom th e  foundry  tr a d e  is so 
deeply indebted . I t  will be 15 o r m ore years ago 
when he ca s t sm all valve castings in m eta l m o u ld s ; 
bu t, if mem ory is correct, th e  ob jec t was to  secure 
sound castings. M r. Feasey, foundry  m anager 
of R uston  & H ornsby, L incoln, cast a  c e rta in

sm all type of valve-shaped casting  in m eta l moulds 
again  to  secure a  sound casting . The H olley C a r­
bu re to r Company, L im ited , s ta r te d  off w ith  the  
sam e object—to secure good castings. M r. 
B roughhall’s classical w ork will also be rem em ­
bered. H e employed ce rta in  types o f cast-iron  
moulds to  produce close-grained sound m eta l in 
th e  form  of long sticks to  be c u t up to  m ake 
gears, e tc . A gain, sound castings was th e  aim . 
M ost progressive foundrym en will, from  tim e  to



tim e, have made simple types of castings in 
m eta l moulds w ith  indifferén t success. The au th o r 
has tr ied  m any tim es, b u t has come to  th e  con­
clusion th a t  i t  is only sensible to  m ake castings 
in m eta l moulds when good sound castings can ­
no t be secured by o rd inary  methods. Therefore, 
th e  production  of castings m ade in  m etal moulds 
in th e  g re a t m ajo rity  of cases has n o t been finally 
continued fo r the  sake of d irec t cheapness, 
b u t to  secure sound castings which, of course, 
cheapens the  cost of th e  castings by elim inating  
w asters.

The cost and upkeep of perm anen t moulds, etc., 
is extrem ely h igh , and can never compete w ith
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th e  m odern quick methods of m oulding from  vari­
ous types of hand  and power machines, and even 
w ith o rd inary  hand-m anipu lated  p la te  pa tte rn s.

In  th e  case of m edium  and ligh t castings real 
economy is obtained  from  some form  of semi­
perm an en t mould s tru c tu re . I t  is on record th a t  
th e re  are founders who have produced a  large 
num ber of various types of simple un im p o rtan t 
castings w ith a little  p repara tion  each tim e from 
th e  same mould which is m ade from  fire bricks. 
The au th o r has made sim ilar castings in brick- 
lined moulds, b u t finds th a t  th e  castings m ust be 
of thicknesses above f  in ., otherwise blowholes 
will be encountered . W hy th is  is so he has n o t



y e t been able to find out. P robably  in  th e  heav ie r 
sectioned castings gases have tim e  to  bubble 
th rough  th e  m eta l and find a passage th ro u g h  the  
top face of th e  m ould. This is m ost likely.

W hen pouring  moulds vertically  m uch g re a te r  
success can be achieved from  th e  fire-brick-lined 
moulds. A p art from  th e  blowholes in  th e  th in n e r  
castings in  both th ick  and th in  moulds, m uch 
troub le  is experienced w ith  b lack ing  w ashing. 
W ell b u rn t bricks should be used. T hey a re  more 
porous w ith  less bonding m a te ria l, which will give 
off gas a t  the  h igher tem p era tu re . The effort of 
th e  gas to  b reak  th rough  th e  b lack ing  causes the
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la t te r  to  peel, a p a r t  from  lack  of adhesion and 
expansion of th e  b lacking face.

M any types of castings are  produced in  p a rtly  
m etalled  m oulds to  secure e ith e r hard -w earing  su r­
faces o r soundness. M any loam  m oulds can be 
described as sem i-perm anent. The n ex t series of 
sketches can be tak en  as an  exam ple of w hat can 
be done in  th is  respect.

Slag Ladles.
Fig . 24 shows th e  ou tline  of th e  o rd in a ry  type  

of slag ladle, which weighs abou t 10  tons, a lthough  
th e  la rg e r sizes m ay reach 20 tons. F ig . 25 illus­
tra te s  th e  s trong  top p la te  to  w hich is soundly 
bolted a num ber of p la te s  sim ila r to  th e  sketch  
F ig . 27. These p lates are  bound tog e th e r and  
streng thened  by cast-in  w rought iron bars which 
help to  hold the  brickw ork to g e th er. The bricks
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are  firmly b u ilt in to  the m eta l fram ew ork. F ig. 26 
gives a  sectional view of th e  closed mould. The 
bo ttom  side of th e  mould is constructed  by build­
ing brickwork soundly in to  a m etal casing. 
F ig . 24 indicates by do tted  lines the kind of pa t­
te rn  used when m oulding by th is m ethod. The 
p a tte rn  is first used to  mould the  bottom  side 
of th e  casting  separa te  from  the  top  and then  
the  top  p a r t  is d ea lt w ith  la te r. In  both cases 
before placing the skeleton p a tte rn  th e  brickwork 
is well rubbed w ith very wet loam. The p a tte rn  
is n ex t located and loam  worked behind the  skele­
ton  of th e  p a tte rn  and on the  face between the

J L  0 - . J 1 4 4 4 J L M mnrl
II 0 U U Ü U u fillf ju ij :

I

s tru ts . W hen the  loam  has stiffened various 
strickles are  b rought in to  action to  form  the  face 
of the  mould no t produced by the  skeleton pat- 
ternw ork. The ladles are  sp lit in to  halves; th is 
is accomplished by using sp littin g  cores, as shown 
in F ig . 28. Bolt hole cores are th readed  through 
the  sp littin g  cores.

The cores a t  the bottom  of the  mould are  sub­
jected  to  hem atite  m etal combined w ith g rea t 
pressure, which produced, very o ften , an almost 
m etallised core. This trouble was overcome by
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a rran g in g  a m ix tu re  of 25 per cent, red  sand, 
25 per cent, g an is te r and  50 per -cent, plum bago, 
or m ineral blacking, well m illed to g e th er, and, of 
course, well dried .

W hen th e  casting  is q u ite  set th e  bolts and 
clamps a re  rem oved and th e  to p  p la te  w ith  its  
burden  lifted  abou t 1 in. T his is done to  p rev en t 
th e  con trac ting  casting  seizing th e  brickw ork and

p la tes on the  top  side of th e  m ould. The whole 
of th e  brickw ork, both  'in  th e  top  and  bottom , 
w ith  the  exception of th a t  above th e  tru n n io n s , 
can be used up to  50 tim es. J u s t  occasionally 
bricks here and th e re  are  replaced.

Heavy Furnace Column.
The n ex t few sketches describe th e  m oulding 

in loam, of a heavy fu rnace  column w eighing seven
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Urns, and can be described as sem i-perm anent 
m oulding. F ig . 29 illu s tra tes  the casting  24 ft. 
in leng th  w ith average m etal sections of 3  in.

F ig . 30 gives a view of th e  bottom  half of the 
m ould, w ith the  strickle in  position supported  
by bearers E and the end centres, and  resting  on 
a s trong  cast-iron casing conform ing approxi­
m ately to the contour of the casting. The casing 
is divided in to  four pieces, tw o for the  top half 
and tw o fo r the  bottom  half of the m ould. The 
casing is carefully  bricked and jo in ted  w ith loam. 
The vertical flanges (as moulded) are  faced w ith 
loam brick on the  inside, so th a t  the  casting  on 
cooling will no t grip  the brickwork too  tig h tly  and 
l i f t  o u t w ith th e  casting  when being removed. 
E xcep t around  th e  brackets, 1 in. of loam is 
allowed on th e  face of the  brickwork. The top 
side of the mould is m ade in much the  same way 
as the  bottom , generally, b u t the  brickwork is 
tied  in to  th e  casing w ith suitable s trong  grids.

F ig . 31 describes th e  appearance of the 
assembled mould ready fo r pouring. A is the 
round cast-iron  barrel core which is m ade in two 
lengths, and, when resting  in  the mould, is sup­
ported  by strong  cast-iron studs, and th e  side 
m ovem ent arrested  by chaple ts stre tch ing  through  
th e  m etal section across the  jo in t to  the  sides of 
the casing. D indicates pieces of w rought iron 
cast in  th e  casing to receive th e  chaplets which 
hold down th e  two> half cores. O and E are  pour­
ing basins which feed four drop runners shown 
in p han tom  a t C. Two risers áre  s itua ted  one on 
each flange.

In  such cases, if o rd inary  care is exercised, quite 
a considerable num ber of castings can be made 
using the  same brickwork as first set and facing 
again  w ith  loam as before. M any sim ilar cases 
could be cited.

Moulding Sash Weights.
The mqthod to  be described outclasses any com­

mon m ethod of perm anen t mould production for 
th is  simple type of casting or any sim ilar in design 
w ith  large num bers required.

A, F ig . 32, is a sketch of a sash weight weigh­
ing about 16 lbs., and C is one of a num ber of 
tu b u la r p a tte rn s  for m aking such castings in a 
box sim ilar to  the  illu stra tion  B, which is a
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casing w ith  an  open to p  and  two o u te r  and  in n e r 
ends each »with about 46 holes corresponding to  
th e  d iam ete r of the casting  to  be m ade th e re in  
and  spaced about 2J in. a p a rt. One end o f th e  
box is provided w ith  vertica l slots. The in n e r end 
can  be moved about in  th e  slots to  su it  d iffe ren t 
leng ths and  w eights of castings. E  and D show 
respectively a sectional e levation  and  p lan  of th e  
m ould ready  fo r pouring . F  describes th e  end 
elevation.

The castings are  poured th ro u g h  an  in le t ga te

form ed by the  end of each of th e  tu b u la r  p a tte rn s , 
as shown a t  h in th e  sketch  ( '. The horizon ta l in ­
gates are  fed from  a series o f square vertica l 
runners  which are in  tu r n  connected w ith  a simple 
ru n n e r basin scooped o u t of th e  u pper open side 
of the  box. A num ber of w eights are  lodged on 
th e  top  side of the  open sand  on  each side of th e  
pouring  basin.

To commence m oulding th e  casing B is ram m ed 
level w ith  th e  lower su rface  o f th e  bo ttom  row of 
castings, and fou rteen  of th e  fo rty  p a tte rn s  pro­
vided a re  th readed  th ro u g h  th e  holes a t  each  end
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of th e  box and  lie a t  a suitable d istance from  each 
o th e r a t  th e  cen tre  o f th e  box. The first se t of 
vertica l ga te  sticks a re  th e n  located  a t  th e  end 
of th e  p a tte rn s , th e  ends o f which form  the in le t 
gates. Sand  is n e x t solidly, rammed aronnd  and 
above th e  p a tte rn  to  correspond w ith , again , th e  
low er face of th e  n e x t row of p a tte rn s  and  the  
second row of down gates se t. A fte r th e  th ird  
row has been ram m ed up in  a sim ilar m anner th e  
n ex t and succeeding rows a re  produced by draw ­
ing  o u t th e  bottom  series of p a tte rn s  in  pro­
gress and  used to  fill th e  box w ith  moulds of 
sash w eights. A fte r th e  box has been ram m ed 
full, th e  ru n n e r basin form ed, and  th e  weights 
bedded down, th e  p a tte rn s  and  vertica l g a te  sticks 
a re  w ithdraw n. T he eye in  th e  easting  is form ed 
by an oil sand  core sim ilar to  th e  sketch  G. This 
core also serves to  b lank  off th e  open ends of 
th e  m oulds. The loose p la tes in  sketches D and 
E  a re  placed behind th e  inner ends of th e  boxes 
and  can be held  in  position  by wedges o r ram m ing 
sand betw een th e  in n e r and o u te r end, thus effec­
tively  sealing th e  mould.

W ith  all castings ta k e n  from  the  m oulds and 
sand  p repared  overn igh t, a m oulder produces be­
tw een 4r\ and  o i tons of sash-w eight castings per 
day. The m oulder receives a  price  of 60 cents 
for a  flask con ta in ing  up  to  7 cwt. of castings. 
This m oulder m ade from  ten  to  twelve per day. 
Small cores w hich form ed th e  eye in  th e  sash 
weights were m ade on  an oil sand core blowing 
m achine. F rom  th is  m achine a core-m aker made
9,000 complete cores per day.

The very  poorest grades of cast-iron scrap were 
collected together along w ith th in  m ild steel scrap 
and m elted fo r such castings.



674

Birmingham Branch.

PATTERNS AND THEIR STORAGE.

By F. J. Cook (Past-President).
D uring  th e  tw enty-five years th is  In s ti tu te  has 

been in  existence th ere  have been presen ted  several 
P apers dealing  w ith  various phases of th e  sub jec t 
of m aking  and  using p a tte rn s . T he sub ject, how­
ever, is so wide and varied  as to  m ake i't well-nigh 
impossible to  deal a t  all thoroughly  w ith  all 
classes of p a tte rn m ak in g , hence th e  w riters have 
generally  d e a lt w ith  some specialised section of 
th e  a r t .

The p resen t P ap er, w hich is d iv ided  in to  the  
tw o p a r ts  of p a tte rn s  an d  th e ir  sto rage , is no t 
in tended  to  deal w ith  th e  s tru c tu re  and  m aking 
of p a tte rn s  as such, b u t to  enum era te  some ¡joints 
w hich th e  au tho r, over an  ex tended  experience in  
th e  use of p a tte rn s , has found usefu l in  e lim inat­
ing  m isunders tand ing  betw een th e  two d ep a rt­
m en ts of foundry  and p a tte rn sh o p  in conveying 
th e  co rrec t in fo rm ation  to  th e  m oulder, also which 
assist th e  p a tte rn sh o p  in  e lim in a tin g  m any  annoy­
ing  sources of m istakes w hen fixing up  and chang­
ing  over th e  hand ing  of la rg e  p a tte rn s .

E ng ineers a re  well versed jn  th e  necessity  and  
th e  usefulness of a tool room as an  a d ju n c t to  a 
m achine shop, and  generally  do n o t begrudge the 
tim e, energy  and expense in cu rred  in  producing  
e laborate  and  sk ilfu lly  devised jig s  an d  tools to  
enable th e  m ach in is t efficiently to  do his w ork : 
b u t how ^seldom does one find these sam e gen tle­
m en consider th e  pa tte rn sh o p  equally  as im p o rta n t 
as a tool room to  th e  foundry , and  who ra th e r  
consider p a tte rn m ak in g  as m erely a necessarv 
b u t vexatious evil.

The m achine shop tool room  and jig  designer 
invariab ly  brings in to  play, and rig h tly  so, an 
enorm ous am oun t of ing en u ity  and  c ra ftsm an ­
ship to  produce jig s  so devised as to  m ake i t  well- 
n igh impossible to  m is in te rp re t th e i r  p roper use 
and  to  m ake them  in  common ja rgon  “ fool-
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proof.” B u t how often  is th is  sim e  helpfulness 
absent in  th e  p a tte rn s  which are supplied as 
tools to  the  foundry, p a rticu la rly  so when they 
have to  be used by the  jobbing founder, who fre ­
quently  is qu ite  un fam ilia r w ith th e  use and 
im portance of th e  various p a rts  of th e  castings 
which he has to  make from  th e  tool supplied. 
How often  also a re  th ere  m any ir r ita tin g  defects 
in  th e  n a tu re  of crossed jo in ts, bosses and loose 
pieces e ith e r missed off, o r misplaced, cores 
wrongly placed or n o t p u t  in  a t  all owing to there 
being no definite indication  of a core p r in t, and 
also from  the  casting  haying been moulded the 
w rong way up to  ensure the  m achined surfaces 
finishing w ithou t blemish. How easily the  pre­
vention  of m any of these more or less serious 
ir r ita tio n s  can be effected is p a r t  of the  object 
of th e  p resen t P aper.

P revious m ention  has been m ade as to  the  
d iversity  and range of the sub jec t of pa tte rn s. 
I t  therefore becomes necessary to  s ta te  th a t  the 
lines of work to  which th is P a p e r applies, both 
as to  th e  p a tte rn s  themselves and also as to  th e ir  
storage, are  _ those used in  th e  m aking  of high­
speed steam  and oil engines, compressors, tu rb ines 
and condensing p lan ts and the like, and embrace 
those requ ired  from  th e  sm allest to  the  largest 
p lan ts of th e  various classes enum erated .

I t  will be understood th a t  these pa tte rn s, 
although somewhat standard ised , are  frequently  
only in te rm itten tly  in use, and some tim e often  
elapses between th e  tim es they  are in commission. 
W here p a tte rn s  are  standard ised  and used in 
mass production, and are  in  co nstan t use in  the 
foundry, m any of the po in ts which will be dealt 
w ith in  th is P ap e r do n o t necessarily apply.

W ith  th e  object in  view of th e  p a tte rn  exh ib it­
ing the  fu llest possible inform ation for guiding 
the  m oulder to  a thorough understand ing  of w hat 
is requ ired , m uch can  be accomplished by a 
judicious and -well-organised system of varnish 
colours.

Colour Schemes for Patterns.
W hen p a tte rn s  have been varnished, i t  has 

always been a  recognised practice to  adopt a 
d ifferent colonr for core p rin ts  from th a t  of the 
general body of the  p a tte rn  which represen ts 
m etal, although generally  one colour only was

z2
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used for th e  core box. To a ce rta in  e x te n t i t  is 
now th e  custom in  some establishm ents to  carry  
th is  question of colour to  the  e x te n t of ind ica ting  
p a r ts  of th e  casting  th a t  have to  be subjected  to  
m achining by m eans of a  colour d is tin c t from  
th a t  of th e  body of th e  p a tte rn  o r core p r in t. 
B u t when th e  au th o r of th is  P ap e r in troduced a 
scheme of th is  descrip tion  abou t 30 years ago he 
had n o t seen o r heard  of its  hav ing  been applied 
elsewhere. The ad ap ta tio n  of a  colour to  ind ica te  
w here th e  finished casting  will have  to  be 
m achined is o ften  of th e  g re a te s t use to  the  
m oulder as in d ica tin g  a t  once th e  p a r t  which i t  
will be necessary to  mould and cast down to  ensure 
th a t  th e  p roduc t w ill give a  clean face when 
m achined. M uch equally in s tru c tiv e  and  useful 
in fo rm ation  can also be conveyed to  him  by carry ­
ing th e  colour scheme still fu r th e r .

W here p a tte rn s  a re  m ade in  halves and  m uch 
coring has to be done, i t  always well repays, fo r 
any tim e' ta k e n  in  th e  p a tte rn  shop, to  ind ica te , 
much more th a n  is generally  done, on  one of th e  
halves of th e  p a tte rn  in  varn ish , the  ou tline  of 
th e  section of th e  m etal a t  th is  po in t. As th e  
jo in t in th e  p a tte rn  coincides w ith  th e  jo in t in  
the  mould, in d ica tin g  th e  ou tline  of th e  section 
of th e  m etal as suggested is generally  m uch more 
helpful to  th e  m oulder as a  gu ide  w hen coring  
up  th e  m ould th a n  th e  d raw ing  which 
has been used by the  p a tte rn m ak e r can be. F o r, 
w hether the  m oulder h a s  a fa ir  knowledge in  the 
read ing  of a blue p r in t  o r not, th e  d raw ing  to  
which th e  p a tte rn  has been m ade is generally  
much less sim ple to  u n d e rs tan d  th a n  th e  m ethod 
now suggested, ow ing to  th e  necessity , fo r thte 
guidance of th e  p a tte rn m ak e r, o f views and  sec­
tions being given w hen looking in  various d irec­
tions, and  which may n o t give a section coinciding 
w ith th a t  of th e  jo in t of the  p a tte rn .

In d ica tin g  by m eans of a chain  of dots or 
diagonal lines, of a  d ifferen t colour from  th a t  of 
th e  genera l body of th e  p a tte rn , th e  ou tlin e  of 
any loose piece o r facing, o ften  p reven ts th e ir  
being lhissed off, as th ere  is thus an ind ication  
th a t  th ey  a re  requ ired , besides which, if th e  out­
line has been well scribed round i t  is a useful 
guide to the  pa tte rn m ak er, and saves much tim e 
in re se ttin g  up a p a tte rn . All loose pieces which
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have to  be frequently  taken  off for handing, etc., 
should, w herever possible, be dowelled, and where 
these sam e pieces or si'milar have to be used for 
d ifferen t hands, a screw should be inserted  in  the 
fem ale dowel hole of th e  hand  n o t required, so 
th a t  _ th e  facings cannot be used in  th e  wrong 
position when th e  p a tte rn  gets to  th e  foundry.

Position of Chills should be Indicated.
I t  is o ften  found necessary, to  ensure a  sound 

casting , to  in se rt in the mould o r core box a t 
one o r various places a densener which in  some 
cases may take the  form  and place of a round 
core, and how annoying i t  is when a fte r  having 
gone to  a lo t of trouble  to  cure a defect by th is 
means, th e  sam e defect has occurred a t  a la te r 
da te  owing to  thq fac t th a t  th e  p a tte rn  has no t 
been in  use for a long tim e and no one has 
rem em bered, or th e  moulder known, th a t  i t  had 
previously been found necessary to  apply th is 
rem edy. The application  of varnish  of a  well- 
understood colour to  th e  place where denseners 
are  required  would be sufficient indication  to  a 
m oulder, who had  never previously seen th e  p a t­
te rn , th a t  a  densener was necessary and would 
th u s  save a g re a t deal of annoyance, and be an  
economical gain.

There is really  no need to  m ention th a t  p a rts  
to  be stopped off, e ith e r in the- general leng th  of 
a  p a tte rn  o r in  a  b a tten  p u t on to  stiffen the  
p a tte rn , should be indicated  as such, as i t  is 
invariably  th e  custom  to  ind ica te  such pieces 
w ith  diagonal lines of a d istinctive colour.

In  establishm ents where p a tte rn s  are  m ade for 
use in m aking castings of various m etals, i t  is 
good practice  to  use a separa te  d istinctive colour 
for the  body of th e  p a tte rn  to  ind icate  the m etal 
i t  represents.

The American Foundrym en’s Association, a 
li tt le  tim e back, form ed a com m ittee to  fram e a 
s tan d a rd  colour scheme which wrould cover m any 
of the  items suggested. T heir recom m endation 
was th a t  surfaces of th e  casting  which had  to  be 
le ft unfinished or no t tooled should be indicated 
on th e  p a tte rn  by b lack ; surfaces which had to 
be m achined should be indicated  in  red ; seats of 
and for loose pieces should be shown by red
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stripes on a yellow b ack g ro u n d ; core p r in ts  and 
seats for loose core p r in ts  to  be p a in ted  yellow, 
and stop-offs to be ind icated  by diagonal black 
s tripes  on a yellow base.

W hilst th e ir  suggestion m eets m any o f the  
views expressed in  th e  P ap e r, th e re  is no p rov i­
sion for the  in d ica tion  of w here i t  is necessary 
to  apply denseners, nor to  ind ica te  th e  m eta l of 
th e  casting  for which th e  p a tte rn  is to  be used. 
The position of denseners could well be ind ica ted  
w ith w hite, and  if th e  general colour of black be 
used in  p a tte rn s  to  produce iron  castings, red , 
w ith  green to  ind ica te  m achined surfaces, could 
be used for steel and m alleable iron , and  yellow 
w ith  m achined faces shown also in  green could be 
used for non-ferrous castings.

In  cases where th e  casting  has to be m achined 
all over, th e  base colour should ind ica te  th e  
m etal, and d iagonal lines of th e  colour to  in d i­
ca te  m achin ing  should be p a in ted  over it.

In  p a tte rn s  w hich a re  jo in ted , how o ften  one 
finds th e  dowels so placed th a t  when th e  halves 
a re  p u t to g e th er th e  w rong w ay round , th e  con­
to u r  of th e  two halves very nearly , b u t n o t qu ite , 
m a tc h ; in fac t, th is  so o ften  occurs th a t  one 
m ig h t be excused for believing th a t  i t  is some­
tim es purposely done, b u t in  re a lity  i t  is due to  
th e  p rac tica l eye of th e  p a tte rn m a k e r in  laying 
o u t his job. W ith  p a tte rn s  so arran g ed  i t  is n o t 
unusual to  find th a t  th e  casting  has been pro­
duced from  th e  p a tte rn  so w rongly jo in ted , re su lt­
ing  in  a cross jo in t which, if n o t ac tua lly  suffi­
c ien t to  scrap i t ,  is sufficient blem ish to  m ar w hat 
o therw ise is a good job. W hen discussing th e  
fa u lt a fterw ards, i t  is qu ite  easy to  lay th e  blam e 
on to  th e  carelessness of th e  m oulder, b u t i t  
should be rem em bered in  h is  favour th a t  when 
th e  first ha lf of th e  p a tte rn  has been ram m ed up 
in  th e  mould and he has sleaked th e  jo in t, and 
p a rticu la rly  if th e  p a tte rn  is an old one and con­
sequently  d irty , th a t  i t  is difficult to  see th e  
ou tline  of th e  p a tte rn  clearly  even in w ell-lighted 
shops, which u n fo rtu n a te ly  a re  n o t always 
prevalen t. I t  is, however, qu ite  easy to  avoid the 
possibility of such an e rro r  by fittin g  th e  jo in t 
w ith  one large  and  one sm aller dowel which 
would m ake i t  impossible to  p u t th e  p a tte rn
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could frequen tly  he applied, w ith benefit, to core 
boxes.

Enlarging Patterns.
In  p a tte rn s  of th e  n a tu re  indicated  i t  is often 

found^ necessary, to  accommodate different sizes 
of cylinders, etc., to  lengthen such p a rts  as crank 
cases, bedplates, etc. Provision should be made 
for th is when th e  p a tte rn  is first m ade by m aking 
a jo in t a convenient distance from  one end. This 
jo in t should be well dowelled and bolted to  the 
general body of th e  p a tte rn , th e  dowels ensuring 
th a t  th e  whole will be solidly and rig id ly  held 
together, and is useful, p articu la rly  when the  
p a tte rn  has to  be bedded in, as is so often  the  
case w ith th is class of work.

In  tru n k  types of guides, where guide, distance- 
piece and cylinder bottom-cover are m ade in one 
casting , and where th e re  is a constan t change of 
th e  various p a rts  necessitated by changes in 
cylinder sizes, leng th  of stroke, ty p e  of m etallic 
packing used, e tc ., if the various sections and 
flanges are  jo in ted  and well dowelled, and held 
together w ith a bolt passing th rough  the whole 
leng th  of each half, a very g rea t saving in tim e 
is effected when fixing them  up for various jobs. 
The core boxes should be jo in ted  exactly  to  
m atch th e  jo in ts  in th e  p a tte rn , and held 
together w ith a bolt each side th e  full length  of 
th e  box.

Pattern Storage.
In  fram ing  a system  for p a tte rn  storage, i t  is 

first essential to  decide on th e  method of p a tte rn  
num bering. There are  m any complicated 
systems, devised generally, i t  is feared, by some­
one who has no t to  use them  in  works practice, 
the  object being, by m eans of num bers, to  ind i­
cate , very often  unsuccessfully, every conceivable 
k ind of inform ation  concerning th e  casting, th e  
order for which i t  is required and a host of o ther 
queries. An explana tion  of m any of these 
systems often  leaves one in  th e  same fram e of 
m ind as when asked for th e  first tim e th e  old 
m athem atical gag of “ th in k  of a num ber, e tc .” 

The worst example of th is type  of system which 
the  au tho r has yet m et is used w ith an American
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machine being m anufac tu red  in th is  country , and 
in connection w ith  which th e  A m erican system  
of p a tte rn  num bering has to  be employed. A 
sam ple p a tte rn  num ber, which is typ ica l of ail 
those used, is B 29783— 56—762—84326 S, m aking , 
w ith th e  cyphers in  between, th e  various num ­
bers 20 in all. I n  each type  of these  m achines 
there  a re  over 100  item s fo r castings, and 
th e  hum orous p a r t of th e  business is th a t  th e re  
are  qu ite  a num ber of th e  item s th e  p a tte rn s  of 
which a re  so small as to  be impossible to  accom­
m odate th e  num ber i t  should ca rry . S till, each 
tim e  an  o rder is issued i t  is m ade o u t w ith  th e  
whole of th e  p a tte rn  num ber in  fu ll, and a few 
days la te r  a subsequent lis t is issued to  th e  
jobbing founder g iv ing  an  iden tification  num ber 
on th e  p a tte rn s  w hich a re  too sm all to  accom­
m odate th e  whole gam ut, and  a lthough  these  
m achines have been m ade by one firm  for qu ite  
a  long tim e , no one has ye t been able to  see 
the  necessity or th e  usefulness of such a com­
p licated  form  of p a tte rn  num bering , w hilst th e  
confusion th a t  is frequen tly  a ris ing  in  try in g  to  
use th e  system  o ften  calls fo r th  such expressions 
as, to  say  th e  least, would n o t look well in cold 
p rin t.

Simplifying Numbering System.

In  th e  system  to  be described, th e  problem  to  
be solved was th e  num bering , w ith  th e  sm allest 
possible num ber of figures so as to  be effective 
and  as cheap as possible, and  to  sto re  in  such a 
way th a t  th ey  could be located, n o t only by one 
m an as is u sually  th e  case, b u t by anyone con­
nected  w ith  the  p a tte rn  d ep artm en t, a p roduction  
of 1,000 new p a tte rn s  every  five m onths. This 
num ber of new p a tte rn s  was k ep t up for qu ite  a 
num ber of years, a lthough of la te  th e  num ber 
has been considerably less.

The system  of num bering  employed was to  give 
to each p a tte rn  m ade, irrespective of its  size, s ta n ­
dard , or ty p e  of m achine, th e  n ex t num ber in  
num erical order. To keep down th e  num ber of 
figures required  no num ber was allowed to  go 
over 1 ,000, b u t to  d istinguish  th e  p a tte rn  each
1,000 num bers had  a prefix of a le tte r  of the  
a lphabet till the  whole alphabe t had been used,
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and then  th e  le tte r  would be used as an afiix. 
W hen th e  whole alphabet has been used twice 
in th is  way, th e  system  can be used by using 
the le tte r  first above and then  under th e  num ber 
which will accommodate th e  num bering, together 
w ith  the  first 1,000 w ithou t a le tte r , of 105,000 
p a tte rn s , which is a q u an tity  above th a t  usually  
m et w ith in  one’s lifetim e, for although th e  
system  has been in  use for 28 years in connection 
w ith a pattern-shop  employing generally over 70 
pattern -m akers , th e  p a tte rn  num bering has not 
nearly  exhausted  th e  provision of using the  
alphabe t as a prefix and affix, and w ith an o u t­
p u t up to  th e  full num ber s ta te d  th e  system  
would las t 50 years.

This system  of num bering has m any obvious 
advantages over th a t  previously m entioned. In  
the  first place only one p a tte rn  in  a thousand  
has five figures or le tte rs , 10 have two, 90 have 
th ree, and th e  rem ain ing  900 only four figures 
and le tte rs . This is qu ite  a reasonable saving in 
th e  cost of figures and le tte rs and the  fixing of 
sam e on th e  p a tte rn . T hink also of th e  tim e 
taken  to  stam p th is  num ber, say, on a cylinder 
p a tte rn  and core boxes, the p a tte rn  being a 
four-parted  job w ith steam  and exhaust branches 
to  su it both hands and w ith qu ite  a m ultitude  
of core boxes. Besides which, consider th e  g rea t 
am ount of tim e saved in  th e  w ritin g  of the 
num bers in  th e  m aking  o u t of orders, and book­
in g  in the various departm ents which have to 
deal w ith th e  castings.

W ith th e  system previously described, each of 
th e  100  item s hav ing  20 ciphers calls for the  
w riting  of 2,000 figures o r le tte rs  for each order, 
aga in s t a m axim um  400 in th e  m ethod suggested, 
and  as these num bers have to  be w ritten  by seven 
departm en ts, and fu r th e r  owing to  th e  fa c t th a t  
one can visualise a le tte r  and th ree  o r four figures 
and rem em ber them  a t  once if only m om entarily , 
w hilst a  lis t of 20 requ ire  very careful following, 
gives some idea of th e  g rea t am ount of tim e saved 
th ro u g h o u t a factory  by em ploying th e  la t te r  
system. In  practice i t  becomes qu ite  easy to  
rem em ber p a tte rn  num bers of th ree o r four figures, 
w hilst tw en ty  is impossible.



Pattern Register Details.
The p a tte rn  num bers, when given o u t to  th e  

p a tte rn m ak er, are en tered  in to  a p a tte rn  reg iste r 
along w ith all th e  necessary in fo rm ation  reg ard in g  
them . The reg is te r is divided in to  spaces of the  
following w idths -and title s  : —

T he first division is 1 in. w ide, and  is headed 
“ p a tte rn  num ber.” The nex t, w hich is 2 f in. 
w ide, accom modates th e  nam e o r t i t le  of the  
p a tte rn . The n ex t tw o divisions are  each \  in. 
wide, in  th e  first being in serted  th e  piecework 
co n trac t num ber under which the  p a tte rn  was 
m ade, and  th e  n e x t th e  sto res in  w hich th e  p a tte rn  
is to  be kep t. The n ex t tw o a re  each f  in. w ide; 
the first con tains th e  le t te r  in d ica tin g  th e  bin in 
th e  p a tte rn  stores, and  th e  o th e r  th e  num ber of 
the  shelf of th e  bin on which the p a tte rn  has to  
be kep t. The n ex t space is f  in . wide, and con­
ta in s  p a rticu la rs  of th e  s ta n d a rd  o r size of engine 
th e  .p a tte rn  is used for. The n e x t space is also 
f  in. w ide, in  which the  engine num ber th e  p a tte rn  
was o rig inally  m ade for is in serted . The n e x t 
th ree  spaces are  also J  in. wide each ; in  th e  first 
is s ta te d  the  d raw ing  num ber th e  p a tte rn  was 
m ade to , th e  n ex t th e  da te  on which th e  p a tte rn  
was m ade, and in the  la s t the d a te  on w hich th e  
p a tte rn  was destroyed.

I t  will be observed th a t  when a  p a tte rn  is com­
pleted a decision is m ade n o t only of its d is ­
tingu ish ing  num ber b u t also of th e  bin and  shelf 
on which i t  has to  be k ep t when n o t in use. Each 
of th e  bins in  th e  p a tte rn  sto res is d iv ided  in  its 
leng th  in to  sections defined by bench m arks in 
black varn ish ; each d ivision is a llo tted  to  a p a r ­
ticu la r s tan d a rd  of engine. B oth  th e  le t te r  and 
num ber in d ica tin g  th e  b in  and  shelf, and  also the 
s tan d a rd  of th e  engine, is well stam ped  on th e  
p a tte rn , which ind icates to  th e  p a tte rn  s to re ­
keeper exactly  w here each p a tte rn  has to be- kep t, 
and by re fe rrin g  to  th e  reg is te r anyone can a t  
once learn  th e  position in which th e  p a t te rn  should 
be found if n o t in  use in th e  foundry .

I t  w ill also be no ted  th a t  th e  p a tte rn s  a re  
m ade under piecework, or i t  should properly  be 
described as a -premium bonus p lan , th e  system  
being th e  percen tage saved is th e  percen tage paid , 
and as p a rticu la rs  of all th e  co n tra c t num bers
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are kep t, i t  is an  easy m a tte r  to  tu rn  up p a rticu ­
la rs  of th e  hours ta k e n  to  produce any given 
p a tte rn , which is very useful as a guide when fix­
ing a piecework price o r  se ttin g  o u t an estim ate  
of p a tte rn m ak in g  on any p a rticu la r job being 
quoted for.

Layout of Stores.
I t  /will also be obvious th a t  m ore th a n  one 

p a tte rn  sto re  is requ ired  to  hold the  m any th o u ­
sands of p a tte rn s  in  existence; a  descrip tion  of 
one of them  is given in  F igs. 1, 2 and 3, which 
are  typ ica l of the  various stores in which the m an­
handled p a tte rn s  are  kept. The very large ones 
are  k ep t under a  trave lling  crane in a covered 
yard  to  fac ilita te  handling.



Fig . 1 is a  p lan  of one of the  stores, and  shows 
the  general a rran g em en t of th e  sto rage  bins, of 
shelves, and  the  gangw ays. This sto res occupies 
the  middle floor of a th ree-sto rey  building, the

684

F ie . 3.— S e l f - E x p l a n a t o r y  D e t a il s  o f  t h e  
T r o l l e y .

p a tte rn  shop being  on the floor above. E ach  room 
is as fa r  as possible fireproof, au tom atic  sp rink lers 
being fixed in the  roof, and th e  concrete floor is 
about 6 in. below th e  door sills, so th a t  in case



685

of fire the  whole floor would be flooded w ith w ater 
to  th is  depth . A te lpher indicated , which can be 
worked from  e ith e r floor from th e  pro jecting  p la t­
form  shown, delivers p a tte rn s  to  e ith e r storey. As 
the p a tte rn s  arrive  from  the foundry  they  are 
tem porarily  assembled a t  X , and are  th en  sorted 
as to  th e ir  re la tive  positions. The whole sto re  is 
worked w ithou t th e  aid of a portable ladder by 
m eans of a runw ay ru nn ing  between each bin as 
shown in arrangem en t by F ig . 2, the  deta ils  of 
th e  carriage  being given in Fig. 3. A fter so rting ,

F i g . 4 .— A n  E x a m p l e  S h e e t  f r o m  t h e  
P a t t e r n  R e g i s t e r .

all p a tte rn s  which have to  be stored  above the  
second shelf are  placed on the  p latfo rm  of the 
carriage , w hich when fu ll the  store a tte n d a n t 
m ounts by m eans of the  fixed ladder a t  the end of 
each bin and propels him self along to  th e  desired 
position in which th e  p a tte rn  is to  be deposited.

The sta irw ay  a t  th e  te lpher end of th e  building 
is th a t  in regu lar u s e ; the  one a t  the o ther end is 
an em ergency one in case of fire.

Storage Bins.
D etail of th e  storage bins is given in F ig . 2. 

The fram e vertical members are m ade o u t of 3-in. 
by 3 -in. tim ber, the  cross-pieces o u t of 2-in. by 
4- in ., le t |  in. in to  th e  up righ ts, the  cross members 
suppo rting  th e  seoond shelf ex tend  beyond the 
w idth of the  fram e so as to  carry  the  tee iron ru n ­
way for the  carriage. The shelving consists of 
2-in. tim ber, 5 in . to  7 in. w idths, open spaced. 
The d raw ing  shows them  placed across the  w idth of 
the  bin, b u t subsequently they  were placed leng th ­
wise, which obviated th e  longitud inal member



shown, and thereby  effected a fu r th e r  economy 
in an already cheap m ethod of fram ing . Along 
each shelf is placed a vertical (piece of wood which 
defines th e  lim its w ith in  which th e  p a tte rn  m ust 
he k ep t to  avoid its  fouling  th e  runw ay carriag e  
or w alking space. This side m em ber is useful to  
ind icate  the  num ber of th e  shelf and  th e  bench 
m ark divisions for th e  various s tan d ard s  as in d i­
cated. The fram es are placed a t  abou t 3 f t . 9 in. 
centres. The h e igh t of the  various shelves will, of 
course, depend upon th e  class of p a tte rn s  to  be 
accom m odated; in  th e  d raw ing  is shown th e  first 
shelf 3 f t . 6 in. above th e  floor, and  th e  subsequent - 
ones a t  2 f t . 5 in ., 3 f t .  2 in ., and  3 f t .  2 in . in 
the  clear respectively. W here la rg e r p a tte rn s  have 
to  he accom modated, th e  first shelf has been placed 
a t  4 f t .  above th e  floor, and subsequent ones a t  
2 f t ., 3 f t . ,  and  3 ft. in  th e  clear. In  th e  case of 
the  form er arrangem en t of shelves i t  is necessary 
to  leave o u t th e  first shelf betw een one o f th e  
s tag ing  fram es to  provide a passage as ind ica ted  
by d o tted  lines in F ig . 1, and  also' a t  th e  end 
rem ote from  th e  ladder end. The p lacing of the 
ladder a t  th e  gangw ay end only, ensures th a t  th e  
carriag e  will be always a t  its m ost convenien t 
position when n o t in use.

F ig . 3 gives de ta ils  of th e  carriage , which a re  
self-explanatory. I t  has been designed to  give 
p lenty  of tem porary  etorage space, to  be so 
a rranged  as n o t to  tip  u p ; and th e  steps are  so 
arranged  th a t  th e  whole w id th  of th e  top  shelf - 
of the  racks can be reached qu ite  easily.

In  conclusion i t  can be safely said  t h a t  th e  
system  and arrangem en t of sto res has proved easy 
to  work, and qu ite  efficient, and so fa r  has m et 
all requirem ents expected of a system  of p a tte rn  
storage.

The thanks of th e  au th o r are  due  and tendered  
to  Messrs. Beiliss & Morcom, L im ited , fo r allow­
ing  these p a rticu la rs  to  be published.

DISCUSSION.
M r . F . C. E d w a r d s  said th a t  in  m any  p a tte rn  

shops the  m achinery  was in  a very  d ilap idated  
condition, especially th e  lathes. M anagem ents 
certa in ly  appeared  to  regard  th e  p a tte rn  shop as
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a so rt of necessary evil. T he p ractice of colouring 
p a r ts  to  be m achined in  a d istinctive m anner was 
an  excellent one'. W ith  reg ard  to  loose pieces, if 
th ey  did no t clearly d istinguish  th e  loose piece 
from  the  body of th e  p a tte rn  and show where i t  
had  to  go th e re  was th e  possibility of its being 
le ft off a ltogether a f te r  several castings had been 
made. The p a tte rn m ak e r ought to  foresee and 
apprec ia te  th e  difficulties of th e  core m aker and 
the  m oulder. M r. Cook had  spoken of the  care­
lessness of the  m oulder, b u t in  n ine cases o u t of 
ten  he (M r. Edw ards) did no t adm it th a t  th e re  
was any carelessness on th e  m oulder’s p a rt . U n­
less he deliberately  a ltered  th e  mould, he con­
tended th a t  i t  was th e  p a tte rn  shop th a t  was to  
blam e in producing  a p a tte rn  or a core in  such a 
way t j ia t  th e  m oulder could go wrong. In  his view 
it  o ften  paid  to  m ake a new p a tte rn  ra th e r  th an  
to  ad ap t an old one. As to  complicated num ber­
ing, qu ite  a p a r t from  th e  question of expense, it  
was impossible to p u t  th e  num bers on very small 
castings, and  he considered th a t  complicated num ­
bering  was a source of loss to  any firm foolish 
enough to  adopt it. W hile M r. Cook’s scheme of 
num bering was an adm irable one for a large con­
cern , i t  would no t su it a sm all firm. A firm 
em ploying two o r th ree  hundred  men would not 
wish to  go to  th e  expense of p u ttin g  up bins and 
p rovid ing  trolleys.

Mb. Co o k  having  briefly replied, a h ea rty  vote 
of thanks was accorded to  him , on the  m otion of 
M r. F . G. S ta r r , seconded by M r. J .  B. Johnson.
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T H E  I N S T I T U T E  O F  

B R I T I S H  F O U N D R Y M E N .

L IS T  OF M EM B ER S.
March, 1 9 2 8 .

8.— Birm ingham  and W est Mid- S.— Sheffield Branch,
lan d s Branch. S c — Scottish  Branch

E.M.— E ast Midlands B ranch , W . & M.— W ales and Monmouth
Lncs.— Lancashire Branch. Branch.   ____
L.— London Branch. W .R . of Y .— W est R iding of
M.— M iddlesbrough Branch. Yorkshire. Branch.
ST.— N ew castle-on-T yne Branch.

Gen.— General or unattached to  a Branch.

B’nch . of M EM BERS.
E lection .

Lncs. 1926. A ckroyd, A. H ., W hite  C ottage, P a rk  
R oad , T im perley , Cheshire.

E.M. 1908. A iton , J .  A. (A iton & C om pany), 
D erby .

S. 1924. A lder, A. J . ,  106, Sincil B ank , L incoln.
N . 1924. A llan , F ., 7, D ene S tree t, S underland .
S. 1928. A llan, J .  B ., 10, W hiteley  W ood R oad ,

Sheffield.
S. 1918. A llan, J .  M., “ B room cro ft,”  P a rk - 

head , Sheffield.
B . 1906. A llbu t, J .  E .H . ,  “ W oodcote ,” B ourne 

S tree t, D ud ley , S taffs.
W . & 1928. A llday, G. W ., L lanerst, Som erton 

M. R oad , N ew port.
S. 1906. A llen & C om pany, E d g a r (Subscribing

F irm ), Im peria l Steel W orks, 
Sheffield.

E.M . 1924. Allin, G. E ., Ashleigh Grove, E tw all, 
n e a r D erby.

Sc. 1927. A nderson, G. L ., E sq ., 25, C luny D rive, 
E d inburgh .

So. 1920. A n d r e w ,  J . H . ,  D .Sc., R oya l T echnical 
College, G lasgow.



L ncs. 1919. A ndrew , J .  W ., 964, O ldham  R o ad , 
T h o m liam , R o y to n , O ldham .

N . 1925. A pp leyard , K . C., B ir tle y  Springs 
H ouse, B irtley , Co. D u rh am .

B . 1925. A rdem , W . J .  A ., 23, S t. M ichaels 
H ill, H an d sw o rth , B irm ingham .

N . 1921. A rm strong -W hitw orth  & Co., L td ., S ir 
W . G. (Subscrib ing  F irm ), Close 
W orks, G ateshead-on-T yne.

M. 1926. A rm strong , H ., 20, S h afte sb u ry
S tree t, S tock ton-on-T ees.

L ncs. 1924. A rsta ll, J . ,  “  K en m arlean ,”  B ack , 
Bow e, H y d e , C heshire.

M. 1927. A shm ore, B enson P ease  & Co., L td .,
(Subscribing F irm ), P ark fie ld  
W orks, S tockton-on-T ees.

L . 1925. A shwell, E . C., “  K en w y n ,”  S tafford  
R oad , W addon , C roydon.

B. 1924. A ston , A., “ N ew ly n ,”  B irches B a rn  
R oad , W o lv erh am p to n .

L. 1911. A ston, W . H ., 46, E agle W harf R o ad , 
L ondon , N .

B . 1921. A they  (M ajor), J .  W ., F o rd a th  E n g .
Co., L td ., H am b le t W orks, W est 
B rom w ich.

L . 1925. B agshaw e, A. W . G., D unstab le  W orks, 
D unstab le .

B . 1920. B all, F . A ., c/o B all B ros., S tra tfo rd - 
on-A von.

M. 1926. B arbour, A. R ., B on  L ea  H ouse ,
T hornaby-on  -Tees.

L. 1923. Bargellesi, G., F o u n d ry  C onsulting
Engineer, v ia  T a n ta rd in i 13, 
M ilano 123, I ta ly .

B. 1922. B arnsley , W . G., T he L im es, C hurch 
R o ad , N e th e rto n , n r . D ud ley .

L . 1911. B a r tle tt ,  A. R ., 1 , L ow er P a rk  R o ad , 
B elvedere, K en t.

L . 1923. B a rtram , J . ,  369, G rove G reen R o ad , 
L ey to n sto n e , E . l .

M. 1926. B ashfo rd , T . E ., “ H illin g d o n ,” Sou th  
R oad , N orton-on-T ees.

B'nch. of MEMBERS.
Election.
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Y ear
B ’nch. of M EM BERS.

E lection .
E .M . 1921. B a tes , W . R ., U n ited  Steel Com panies, 

L im ited , Ir th lin g b o ro ’ Iro n  W orks, 
W ellingboro’.

Gen. 1926. B ax te r, J .  P ., M orro Velho, E .F .C ., 
R aposos M inas, B razil, S. A m erica.

W . & 1922. B ayley , J .  P ., “ T y-gw yn ,” 4, W est- 
M. field R oad , C ly tha  P a rk , N ew port,

Mon.
L. 1920. Beech, A. S., 13-15, W ilson S tree t,

London, E.C.2.
Sc. 1910. B ell, W ., 1, George S tree t, A irdrie.
—  1922. Bell, W m . D ixon, 72, W alpole R oad ,

I tch en , S ou tham pton .
L . 1926. B elling, C. R ., 10, Glebe A venue,

E nfield, M iddlesex.
Lncs. 1925. B en n e tt, A., 57, Lodge L ane, N ew ton, 

H yde.
L. 1926. B en n e tt, P . H ., “ H o ly rood ,” 12,

K ilm arto n  R o ad , G oodm ayes, 
E ssex .

S. 1920. B enson, E . C., 303, Fulw ood R oad , 
Sheffield.

W .R . 1922. B en tley , J .  N ., P la n ta tio n  H ouse,
of Y . H u ll R oad , Y ork.
L ncs. 1922. B en tley , L . A ., W ood E nd , B rom ley 

Cross, B o lton .
B . 1924. B ethell, R . P ., 51, S u tto n  R oad ,

W alsall, Staffs.
B . 1925. B e ttin son , C. L .. New  B ond S tree t 

Ironw orks, B ardesley .
E .M . 1915. B igg, C. W ., Som eries, D arley  L ane, 

A llestree , n r. D erby .
S. 1918. Biggin, F ran k , R ye Lodge, A shland

R oad , Sheffield.
N . 1921. B irtley  Iro n  C om pany (Subscribing 

F irm ), B irtley , Co. D urham .
W . & 1927. Biss, H . H ., “  W estc ro ft,”  F ields 

M. P a rk  Avenue, N ew port, Mon.
B . 1922. B lackburn , W . A ., “ W ynsill,”  L ich ­

field R oad , R ushall, Staffs.



L. 1927. B lackw ell, F . O ., 29, W estb o u m e
R o ad , L u to n , B eds.

Gen. 1919. B lair, A ., 7, D erryvolg ie  A venue,
B elfas t.

W .R . 1926. B lair, J .  W ., 13, M ilton  S tre e t, H u ll 
of Y . R o ad , Y ork .
B. 1912. B oo te , E . M., 11, L y d g a te  R o ad ,

C oven try .
L. 1912. B o o th , C. C., M ildm ay W orks, B u m - 

ham -on-C rouch .
E .M . 1919. B o o th , J .  H ., F le t to n  Spring  H ouse , 

P e te rbo rough .
L . 1920. B oo th , P . M., 4, E te h in g h a m  P a rk

R o ad , C hurch  E n d , F in ch ley , N .3 .
W .R . 1922. B oyle, J . ,  Sw ann & D av idson , L td ., 
of Y . C arrick  F o u n d ry , S tann ing ley ,

L eeds.
N . 1922. B railsford , A ., 18, E lsw ick  R ow ,

N ew castle-on-T yne.
L. 1926. B rendle , T . F ., H o sp ita l R o ad ,

In se in , Low er B urm a.
L ncs. 1914. B ridge, W ., 199, D rake  S tree t, R o c h ­

dale , Lanos.
S. 1922. B righ tside  F o u n d ry  an d  E ng ineering

Co., L td . (Subscrib ing  F irm ), 
N ew hall Ironw orks, Sheffield.

M. 1926. B ritish  Chilled R o ll & E ng ineering  Co., 
L td . (Subscrib ing F irm ), E m p ire  
W orks, H a v e rto n  H ill, M iddles­
b rough .

L ncs. 1919. B road , W ., 230, D inners  L ane , R ad - 
cliffe, L ancs.

S. 1922. B row n, E . J . ,  11, N ew lyn  P lace,
W oodseats, Sheffield.

W .R . 1917. B row n, P ., P a rk  W orks , L ockw ood, 
of Y . H uddersfie ld .
S. 1919. B row n, P . B ., C arsick  G range, Sheffield
Lncs. 1924. B ruce, A ., “ R ose B a n k ,” Sw anpool

L ane, A u gh ton , O rm sk irk , L an cs. 
B . 1926. B uchanan , G ., N iag a ra  F o u n d ry  Co., 

L td ., B rad ley , n ea r B ilston .

692

Year
B’nch. o£ MEMBERS.
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Y ear
B ’nch. o l M EM BERS.

E lection .
S. 1928. B uckley, G. R ., Churchfield H ouse, 

E ck ing ton , n e a r Sheffield.
Gen. 1922. B ull, R . A ., 541, D iversey P arkw ay , 

Chicago, 111., U .S.A .
L. 1924. B ullers, W . J . ,  W aterloo  F o u n d ry , 

W illow W alk, B erm ondsey, S .E .l.
Lncs. 1924. B ullock, T . W ., “ S h irley ,” W a rr in g ­

to n  R oad , R ainh ill, L iverpool.
E .M . 1910. B un ting , H ., 82, O tte r  S tree t,

D erby .
E.M . 1905. B u rder, K . M., “  C lavering,” A shby  

R oad , L oughboro’.
L . 1927. B u reau  of In fo rm ation  on N ickel, L td ., 

2, M etal E xchange B uildings, 
L eadenhall A venue, E .C .

B . 1922. B u m , A. J .  H ., 34, Old R oad , 
L lanelly , S. W ales.

W .R . 1922. B um ley , H ., W a te r L ane F o und ry ,
of Y . B rad fo rd , Y orks.
S. 1923. B u tle r, J . ,  63, D eepdale R oad , R o th e r­

ham .
L ncs. 1926. B u tto n , L. J . ,  294, N antw ich  R oad , 

Crewe.
M. 1909. Caddick, A. J . ,  “ E as tb ro o k ,” 34,

T he A venue, M iddlesbrough.
L ncs. 1926. C adm an, E ., 69, M anchester R oad , 

Fairfield , M anchester.
L . 1927. C alder, N . G., 68 , Conyers R oad ,

S trea th am , L ondon, S.W .16.
Sc. 1917. C am eron, J .  (Cam eron & R oberton , 

L im ited ), K irk in tilloch .
Sc. 1919. C am eron, T . P . (Cam eron & R o b e r­

to n , L td .), K irk in tilloch .
S. 1922. Cam m ell L aird  & Co., L td ., (S u b ­

scrib ing  F irm ), Cyclops Steel and 
Iro n  W orks, Sheffield.

Sc. 1927. C am pbell, H . D ., Shaw  (Glasgow) L td ., 
M aryhill I ro n  W orks, Glasgow.

Sc. 1911. C am pion, A. (H onorary  Life), 3,
S tra th  view  G ardens, B earsden , 
G lasgow.

S. 1923. C antrill, W . H .,249 ,C liatsw orth  R oad ,
C hesterfield.
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N . 1912. C arm ichael, J .  D . (L ife), S y d en ­
h a m  T errace , S o u th  Shields.

N . 1912. C arm ichael, J .  D ., Ju n .,  O .B .E . (Life), 
“  R ed lea ,”  G rasm ere G ardens, 
H a rto n , S ou th  Shields.

L. 1919. C arpen te r, H . C. H ., P ro f. (H on.), 
30, M urray  R o ad , W im bledon , 
S.W .19.

L . 1927.- Cassidy, G. L ., 6, B a lham  H ill, Bal- 
ham .

S. 1921. C astle, Geo. C yril, 141, R u stlin g s
R o ad , E ndcliffe, Sheffield.

S. 1927. Cawood, G. R ., & Co., L td ., 1, C aven­
d ish  R oad , Leeds.

L ncs. 1905. C hadw ick, J .  (Life), 12, N u t ta l l  T e r­
race , B o lton .

L ncs. 1919. C hadw ick, J .  N . (Life m em ber), School 
H ill Ironw orks , B o lton .

L . 1919. C heesew right, W . F . (Col.), D .S .O ., 
“  P ad g h am ,”  D a lling ton , Sussex.

L . 1925. Chell, E ., A .M .I.M ech.E ., 68, F e m -  
dene R oad , L ondon , S .E .24.

Gen. 1923. C lam er, G. H ., 129, So. B erkeley  
S quare, A tlan tic  C ity , N .Y .

L. 19 2 5 . C lapp, H . B ., 2 5 a , B ro ad  B ridge
S tree t, P ete rb o ro u g h , N o r th ­
am p to n sh ire .

Lncs. 1918. C lark, A ., 133, D en to n  R o ad , A uden- 
shaw , M anchester.

S. 1922. C lark, G., 61, W estb o u m e R o ad ,
Sheffield.

L . 1915. C lark, H . S., 17, F iley  A venue, S toke  
N ew ing ton , L ondon , N .16.

M. 1926. C lark, W . H ., 90, M arton  B u m  R o ad , 
M idd lesb rough .

E .M . 1927. C larke, A . S., “  L y n d esfa rn ,*  L e i­
cester R o ad , L oughborough .

B . 1926. C larke, W . H ., 16, H o lly  R o ad ,
E d g b asto n , B irm ingham .

L . 1917. C leaver, C., 10, R in g c ro ft S tree t, 
H o llow ay , N .I .

W . & 1917. C lem ent, W . E ., M orfa F o u n d ry , N ew
M. D ock, L lanelly .

B’nch. of MEMBERS.
Election.
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L. 1913. Coan, R ., A lum inium  F o und ry , 219, 
Goswell R oad , E .C .l.

Sc. 1917. Cock-burn, N ., 48, M urrayfield G ar­
dens, E d inbu rgh .

L . 1925. C ockram , G. F ., 54, M urray  R oad , 
Ip sw ich .

L. 1926. Coggon, H . F ., A ugust’s Muffle F u r ­
naces, L td ., T ho rn  Tree W orks, 
K ing  Cross, H alifax .

L. 1927. Colem an, C. W ., 99, Clarence G ate 
G ardens, L ondon, W .l.

N . 1926. Colls, F . C., C larendon H ouse, C lay­
to n  S tree t, N ew castle.

L. 1922. Coll, J . ,  F und ic ion  de San  A ntonio  
S.A ., Seville, Spain.

B. 1927. Collier, J .  V., 45, Sheep S tree t, N o rth ­
am pton .

N. 1912. Collin, J .  J . ,  55, C leveland R oad , S u n ­
derland .

N . 1916. Collin, T . S., 4, A rgyle Square, S u n ­
derland .

N. 1922. C onsett I ro n  Co., L td . (Subscribing 
F irm ), C onsett, Co. D urham .

B. 1994. Cook, F . J . ,  31, P op la r A venue,
E d g b asto n , B irm ingham .

Lncs. 1911. Cooper, C. D ., D olphin  F ound ry ,
C hapel S tree t, A ncoats, M anches­
te r .

N . 1921. C ooper, J .  H ., 69, S tanhope R oad ,
D arling ton .

L . 1925. C ooper, M. J . ,  5, M ildm ay R o ad ,
B urnham -on-C rouch , E ssex.

W . & 1928. Corbin, F . D ., 181, T yrfran , L lanelly.
M.

L . 1926. Coupe, J . ,  9, D elhi R oad , E d m o n to n , 
L ondon , N .9.

Sc. 1928. Cowan, H ., F o u n d ry  Technical I n ­
s titu te , Meeks R oad , F alk irk .

Lncs. 1924. Cowlishaw, S. D ., 7, Tem ple S tree t, 
B asford , S toke-on-T ren t.

Year
B'nch. of MEMBERS.

Election.
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L. 1925. Cowper, L ., “ D ellw ood ,”  L e ich h a rd t 
S tree t, G leve P o in t, S ydney , 
N .S .W ., A ustra lia .

E .M . 1914. Cox, J .  E . (The R u tla n d  F o u n d ry  
C om pany, L im ited ), I lk es to n .

L. 1927. Cox, S., 39, G erra rd  S tree t, S h a fte s­
b u ry  A venue, L ondon , W .l .

B. 1919. C raig, A ., E a rlsd o n  H ouse , E arlsd o n , 
C oven try .

B . 1922. C ram b, F . M., 5, T riang le  V illas,
O ldfield P a rk  R oad , B a th .

L. 1910. Cree, F . J . ,  F a ir  V iew , H u n tle y
G rove, P e te rbo rough .

L. 1911. C reighton, T . R ., T he F o u n d ry , S te p ­
n e y  C ausew ay, E .

Lucs. 1927. Crew dson, C apt. R . B ., 16, N orfo lk  
C rescent, H y d e  P a rk , L ondon , W .

W .R . 1922. C roft, F ra n k , C rofts, L td .,  B rad fo rd .
of Y.
B . 1920. Cross, J .  K ., 152, Y ard ley  W ood

R o ad , M oseley, B irm ingham .
L. 1923. C urtis , A . L ., 39, L ondon  R o ad ,

C ha tte ris , C am bs.
M. 1926. C rosthw aite , C., T h o m a b y  H a ll,

T h o m a b y  -on -Tees.
M. 1926. C rosthw aite , L td ., R . W . (Subscrib ing 

F irm ), U nion  F o u n d ry , T h o m a b y  
on-T ees.

L ncs. 1925. D an ie ls , W ., 74, S m e th u rs t L ane, 
B o lto n .

N . 1925. D arlin g to n  R a ilw ay  P la n t and
F o u n d ry  Co., L td . (S ubscrib ing 
F irm ), B an k  T op , D arlin g to n .

Gen. 1926. D am is , I .  S ., R am p as  de U rib ita r te  
2 -1 , B ilbao , S pain .

L ncs. 1926. D av en p o rt, J . ,  M yrtle  B an k , G rim - 
sa rgh , P re s to n .

L . 1927. D avis, J .  K ., B auville  W ood,
H arpenden , H e rts .

Gen. 1919.. D avies, P . N ., 29, B runsw ick  R o ad , 
B runsw ick , M elbourne, V ic to ria , 
A ustra lia .

B'nch. of MEMBERS.
Election.
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L ncs. 1924. D aw son, S. E ., 8 , L y n to n  P a rk  R o ad , 
C headle, H u lm e, Cheshire.

L ncs. 1924. D eak in , F ., 14, Belfield R oad , R e d ­
d ish , S to ck p o rt.

B . 1918. D eakin , \ \ \ ,  “  T h o rn lea ,”  S andy  H ill, 
Shirley , B irm ingham .

Gen. 1925. D ean , J .  P ., 9, S talm ine R oad , W alton , 
Liverpool.

Sc. 1927. D eas, Jo h n , c/o Jo h n  D eas & Co., 
Ironfounders, M arket S tree t, 
G lasgow, E .

M. 1919. D eas, P ., 4, B lenheim  T errace, Coat- 
h am , R edcar.

L . 1925. D elpo rt, V . (C apt.), 2 -3 ,-  C axton
H ouse, S .W .l.

B . 1924. D enham , H ., “  B irchw ood,”  W alsall 
R o ad , A ldridge, S taffs.

S. 1917. D esch , C. H ., D .Sc., P h .D ., F .R .S .,
F .I.C ., T he  U n ivers ity , Sheffield,

L . 1927. D escham ps, J . ,  “ The Coppice,” G arth  
R oad , L etchw orth .

L . 1926. D ew s, H . C. (D ewrance & Co.),
165, G reat D over S tree t, S .E .l.

B. 1921. D icken , C harles, H ., “ N ew  V ale ,”
S ta tio n  R o ad , B alsa ll C om m on, 
C oven try .

S. 1924. D idden , C apt. F . G. J . ,  M .I.M ech.E .,
B ro ad  E lm s L ane, Ecclesall, 
Sheffield.

L. 1914. D obson , W . E ., “  N e v ly n ,” G rand  
D riv e , R ay n es  P a rk , S.W .

B . 1926. D odd, W ., 68, A llpo rt R o ad , C annock, 
S taffs.

Lnos. 1918. D ough ty , E ., 54, S t. M ary’s R oad , 
M oston, M anchester.

Sc. 1911. D ou lton , B . (Life), 3, B erry lands, 
S urb iton . Surrey.

M. 1927. D ow ning, A. G., 2, O xford S tree t, 
S tockton-on-T ees.

L ncs. 1927. D rake , T ., S o u th  B ank , S tockport 
R oad , T im perley, Cheshire.

S. 1921. D uckenfield, W ., 47, D unke ld  R oad , 
E cclesall, Sheffield.

Year
B'nch of MEMBERS.

Election.
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B ’nch. l r  M EM BERS.
Ejection.

L. 1928. D u g u id .G ., 119, H ig h  H o lb o rn , W .C . 1
L. 1925. D u rn an , F ., 43, G rove R o ad , Mill-

houses, Sheffield.
Lnos. 1926. D u rran s , J . ,  T h e  C roft, P en is tone .
S. 1921. E d g in to n , G., S ilverdale, S t. M ar­

g a re t’s D rive , C hesterfield .
B . 1922. E d w ard s , A ., “ D u n b a r ,” Old B a th  

R o ad , C heltenham .
M. 1927. E d w ard s, A ., “ W ayside ,” N un-

th o rp e .
N . 1921. E ld red , E . J . ,  8 , F o rd  S tree t, G ates- 

head-on-T yne.
L . 1904. E llis, J . ,  20, L am b o u rn e  R o ad , C lap- 

h am  Ju n c tio n , L ondon , S.W .4.
S. 1918. E lliss, J .  A ., 217, M iddlew ood R oad, 

Sheffield.
S. 1913. E lse, L . H ., 79, O sborne R o ad ,

Sheffield.
Sc. 1925. E nglish , J . ,  c/o Miss G ranger, 9,

P ro spec t S tree t, Cam elon, F a lk irk .
L . E ph ra im , V. R ex, 21, Crom w ell R o ad ,

S.W .7.
L. 1919. E step , H . Cole, T he P en to n  P u b lish ­

ing  Co., P en to n  B uild ing , C leve­
lan d , Ohio, U .S.A .

L. 1926. E vans, S., 9, B ush  L ane , C annon
S tree t, E .C .4 .

E.M . 1918. E v an s, W . T ., M ount P le a sa n t.
Sunny  H ill, N o rm an to n , D erby .

S. 1920. F airho lm e, F . C., N orfo lk  W orks,
Sheffield.

Sc. 1928. F a lk irk  Iro n  Co., L td ., T he, F a lk irk
Ironw orks, F a lk irk . (S ubscrib ing  
F irm .)

Lncs. 1926. F a rr in g to n  Steel F o u n d ry  of L ey land  
M otors, L td . (S ubscrib ing F irm ), 
L ey land , L ancs.

L . 1908. F au lk n e r, V . C., 49, W elling ton
S tree t, S tran d , L ondon, W .C .2.

S. 1910. Feasey , J . ,  192, W est P a rad e , L incoln .
N. 1918. F ender, B ., 15, K en ilw orth  R o ad ,

M onkseaton , N o rth u m b erla n d .
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B'nch. of MEMBERS.
Election.

B . 1914. F ield , H ., “ G lenora,” R ichm ond
A venue, W olverham pton .

B. 1904. F inch , F . W . (H onorary), 62, D e n ­
m ark  R oad , G loucester.

S. 1914. F ir th , A ., 50, C larendon R oad , F u l- 
wood, Sheffield.

S. 1914. F ir th , F . W „ “  S to r th  O aks,” R an- 
m oor, Sheffield.

M. 1926. F isher, F . E ., 2, A lbert Terraoe,
H av e rto n  H ill, M iddlesbrough.

Gen. 1907. F lagg, S. G. (H onorary), 1407, M orris
B uildings, Ph iladelph ia , P enn ., 
U .S.A.

B . 1923. F lave l, P ., B ushbury  Lodge, L eam ing­
ton .

B . 1922. F le tcher, J .  E ., M .I.M ech.E . 8 ,
S t. Jam es R oad , D udley, Staffs.

Lncs. 1923. F low er, E ., 7, M arlborough S tree t, 
H igher O penshaw , M anchester.

W. & 1907. F o n ta in e , C., D ock F ound ry ,N ew port,
M. Mon.

Sc. 1917. F orbes, J .  T ., 176, W est George
S tree t, Glasgow.

B . 1926. F o rd a th  E ngineering Co., L td . (S ub ­
scrib ing  F irm ), H am b le t W orks, 
W est B rom w ich.

W .R . 1922. F o rrest, H ., 43, B eaum ont R oad ,
of Y . M anningham , B rad fo rd .
N. 1919. F o rtu n e , T. C., 76, F a lm o u th  R oad , 

H ea to n , N ew castle-on-Tyne.
B. 1919. Fosseprez, G., 3, R ue du  G rand  Jo u r , 

Mons, Belgium .
B. 1920. F oston , G. H ., Iv y  B ank , B alsall

Comm on, B erksw ell, n r. C oventry .
—  1926. F ox , F . S., 5532, W ebb A venue,

D e tro it, M ichigan, U .S.A .
W .R . 1925. F ram e, J .  Y ., 19, S herburn  S tree t,
of Y. H ull.
L. 1926. F rance, G. E ., “ C lay B a n k ,” Pellon , 

H alifax .

Year
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B ’nch o f M EM BERS.
Election.

Sc. 1920. F ra se r, A. R ., C ra igard , B earsden ,
Glasgow.

N. 1914. F rie r , J .  W ., 5, N o rth u m b erla n d  V illas, 
W allsend-on-T yne.

L. 1919. F u rm sto n , A. C., H ope  C o ttage , 211, 
N eville  R o ad , L e tch w o rth .

W . & 1924. G a lle tly , J .  P .,  B en  C lench, P encise ly
M. R o ad , Cardiff.

Sc. 1919. G ardner, J .  A ., 24, S o u th  H am ilto n
S tree t, K ilm arnock .

L. 1922. G ardom , J .  W ., 39, S t. P e te rs  R o ad , 
D u n s ta b le , B eds.

W .R . 1922. G arfo rth , E . P ., 48, H aslingden  D rive ,
of Y . T oller L ane , B rad fo rd .
L ncs. 1922. G arner & Sons, L im ited  (S ubscrib ing  

F irm ), V ic to ria  S tree t, O penshaw , 
M anchester.

L n cs, 1919. G arts ide , F ., 18, George S tree t, C had- 
d e rto n , L ancs.

Gen. 1927. G eilenkirchen, T ., D üsseldorf, F au n - 
a s t r  37, G erm any.

L. 1926. G eorge, H ., “  S o u th d en e ,”  H ig h
S tre e t, D u n stab le .

L . 1922. G ibbs, A. F ., 55, G ordon R o ad ,
W an s tead , E ssex .

N. 1925. G ill, C. S., W estb an k , C onsett, C oun ty  
D u rh am .

Sc. 1920. G illespie, P ., “  G lenora,”  F a lk irk
R oad , B o n nybndge .

Sc. 1925. G illespie, W . J .  S., U re A llan P a rk , 
B onnybridge , S tirlingshire.

E .M . 1915. G im son, H ., “ R hosco lyn ,” T oller 
R oad , L eicester.

E .M . 1906. G im son, S. A ., 20, Glebe S tre e t, 
L eicester. \

E.M. 1928. G lover, W ., 69, C ardigan S tre e t, 
Derby.

S. 1905. Goodwin, J .  T ., M .B .E ., M .I.M ech .E .
R ed  H ouse, O ld W h ittin g to n , 
Chesterfield.

Year
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Tear
B ’nch. o i M EM BERS.

E lection .
M. 1926. G ore, G. E ., “ R osedene,” A ustin  

A venue, Stockton-on-T ees.
W . & 1917. G ould, P . L ., V ulcan F ound ry , E a s t 

M. M oors, Cardiff.
W . & 1918. G ould, W . C., 7, B road  S tree t, B arry . 

M.
Sc. 1921. G raham , J . ,  68, Sherbrooke A venue, 

M axwell P a rk , Glasgow.
Lncs. 1922. G randison, W . H ., 15, G ordon R oad , 

C lovelly E s ta te , W orsley R oad , 
Sw inton.

L . 1926. G range, R ., 89, C onstan tine  R oad , 
H am p stead , N .W .3.

Lncs. 1920. G ran t, G. C. (Sir W . G. A rm strong, 
W hitw orth  & C om pany, L im ited), 
A shton  R oad , O penshaw , M an­
chester.

N . 1921. G ray , C. R v 14, L a tim er S tree t,
T ynem outh .

L . 1926. G ray, T. H ., 119, H ig h  H olborn .
W .C .l.

L . 1927. Greaves, D r. R . PI., 6, C lifton T errace,
Southend-on-Sea.

B . 1925. G reensill, G. B ., “  L y n n ,” Jockey
R o ad , S u tto n  Coldfield.

N . 1912. G reensitt, R . H ., 24, S tu a r t T errace, 
Felling-on-T yne.

E.M . 1920. G reenwood, R ., T he In te rn a tio n a l 
C om bustion  E ngineering  Co., 
D erby.

N . 1917. G resty , C., 101, Q ueen’s R oad, Monk- 
seaton .

W . & 1906. Griffiths, H ., 70, P a rtrid g e  R oad , 
M. Cardiff.

W . & 1927. Griffin, E . H ., 196, H enleage R oad , 
M. H enleage, B risto l.

Lncs. 1927. G rundy, H ., 20, T horesw ay R oad , 
L ongsiglit, M anchester.

S. 1910. H adfield, S ir R . A. (H on.), H adfields, 
L im ited , H ecla  W orks, Sheffield.

E.M . 1927. H adfield, S ., |W h ite  Lodge, K eyham , 
n ear Leicester.



B'uoh. of M EM BERS.
Election.

S. 1927. H ague, A. P ., M urray  H ouse, C heste r­
field.

L ncs. 1906. H aigh , J . ,  “ S toneclough ,”  C arr L ane, 
S anda l, W akefield .

W . & 1924. H aines, A. D ., P en y b ry n , T ynypw ll 
M. R oad , W h itch u rch , G lam .

W .R . 1919. H aley , G. H ., N ab  W ood H ouse , 6 ,
of Y . T ow er R o ad , Shipley , Y orks.
L . 1926. H all, S., 57, E d en  G rove, H orfield , 

B risto l.
Lncs. 1927. H all, T . W ., 67, E d g e rto n  R o ad  S ou th , 

C ho rlton -cum -H ardy , M anchester.
Lncs. 1923. H am m ond , R ., 37, C hurch  R o ad , 

Sm ith ills , B olton .
E.M . 1914. H am m ond , W m ., Sam son F o u n d ry , 

S yston , L eicester.
Lncs. 1904. H am pson , F . R . (J . E v a n s  & C om ­

p an y ), B r ita n n ia  W orks, Cross
S tree t, B lackfriars, M anchester.

S. 1926. H a m p to n , C. W ., 5, C horley  D riv e , 
F u lw ood , Sheffield.

B. 1910. H arley , A ., A shlea, S toke  P a rk ,
C oventry .

B . 1925. H a rp e r, W . E ., D ud ley  F o u n d ry  Co., 
L td .,  M oor L ane, B rie rley  H ill .  
S taffs.

L . 1918. H a rris , A. J .  A. (C apt.), 41, H igh
S tre e t, B a lb y , D oncaste r, Y orks.

M. 1926. H a rro d , H ., 15, E gg lestone  T errace , 
S to ck to n  -on -Tees.

L ncs. 1918. H a r tle y , W m . A lexr., S tonebridge  
F o u n d ry  C om pany , L im ited , Colne.

Gen. 1922. H a rv ey , A ndré , 118, Spring  R o ad , 
K em p sto n , B edfo rd .

S. 1909. H atfie ld , W . H ., D .M et., T he  B row n 
F ir th  R esearch  L a b o ra to ry , P r in ­
cess S tree t, Sheffield.

N . 1921. H aw th o rn , Leslie & C om pany , R..
&■ W . (Subscrib ing  F irm ), S t. 
P e te r ’s W orks,N ew castle-on-T yne.

L. 1926. H earn , J .  E „  C raig-y-don, W est H ill, 
L u ton .

702
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S. 1928. H earnshaw , L., “ Gleneagles,” M anor 
R oad , B rim ington, n ea r C hester­
field.

L ncs. 1925. H ea tley , J . ,  146, R ed lam , B lackbu rn .
Lncs. 1918. H elm , R . W ., c/o F ranc is  H elm , L td ., 

V ictoria  F o u n d ry ,P ad ih am ,L an cs .
Gen. 1926. H enderson , P.C ., M .P ., T he R ig h t 

H on . A rth u r  (H onorary), 33, 
E ccleston  S quare, L ondon , S .W .l.

L . 1928. H end ra , W ., 16, M uncaster R oad ,
W est Side C lapham  Comm on, 
S .W .l 1.

Lncs. 1923. H ensm an , A. R ., 121, P lym ou th
G rove, C harlton-on-M edlock, M an­
chester.

N . 1913. H erb st, M. B ., 23, Saltw ell View,
G ateshead-on-T yne.

L ncs. 1926. H esk e th , F ., Y arrow  C ottage, B road  
L ane , R ochdale .

Lncs. 1925. H esketh , F . W ., 68, Shaw  R oad , 
T hornham , R ochdale.

L ncs. 1926. H e th e rin g to n  & Sons,L td ., Jo h n , (Sub­
scrib ing F irm ) V ulcan W orks, 
P o lla rd  S tree t, M anchester.

B . 1926. H ie a tt ,  H . J . ,  Sou th  B ank , B rierley  
H ill, S taffs.

L . 1927. H ickm an , G. E ., G reensteps, P a rk
Chase, G uildford.

L . 1926. H ider,G . E ., U p ton  F o u n d ry ,T o rquay .
W . & 1912. H ird , B ., “ W oodcot,” U pper Cwm-

M. b ran , n r. N ew port, Mon.
L. 1923. H obbs, F . W . G., S tan d a rd  B rass 

F o u n d ry , P .O . B ox 229, B enoni, 
T ransvaa l, S.A.

Sc. 1919. H o d g art, H . M., V ulcan W orks,
Paisley .

Lncs. 1923. H odgkinson, A ., F o rd  L ane W orks, 
P end le ton , M anchester.

Lncs. 1914. H odgson, A ., 14, P a rk  R ange, V ictoria 
P a rk , M anchester.

Lncs. 1912. H ogg, J . ,  321, M anchester R oad ,
B urn ley , Lancs.

Year
B'nch. of MEMBERS.

Election.
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Election.
B 1927. H ole, S. B ., “ B ourne  H ouse ,”  F ra n ­

chise S tree t, W ednesbury .
Lncs. 1927. H o llind rake  H . (H . H o llin d rak e  

& Sons, L td .) , P rinces S tree t, 
S tockpo rt.

L . 1928. H olm es, W . E ., L, C o ronation  R o ad , 
P la istow , L ondon, E .13.

B . 1924. H om er, W . A ., 87, F red e rick  S tree t, 
W alsa ll, Staffs.

So. 1914. H ood, J o h n  M cLay (Life), 54, M axw ell 
D rive , P o lloksh ie lds, G lasgow .

Lncs. 1919. H orrocks, B ., 1, Je rse y  S tree t, A sh ton- 
under-L yne.

L . 1927. H orsm an , S. B ., 1, G reenhill, S u tto n , 
Surrey.

L . 1927. H o rsm an , W . B ., 1, G reenhill, S u tto n , 
S urrey .

L. 1920. H o u sb y , I . ,  345, N orw ich  R o ad , 
Ipsw ich .

L ncs. 1922. H o w ard  & B ullough , L td . (Sub- 
sc rib ing  F irm ), A ccring ton , L an cs.

L . 1924. H u n t,  N . H ., 1, A lbem arle  S tree t,
P iccad illy , W .l .

L . 1920. H u n t, R . J . ,  “  G reenh ills ,”  E a rls
Colne, E ssex .

N . 1920. H u n te r , H y ., H ig h  C o ttage , K in g ’s 
R oad , W allsend.

L ncs. 1917. H u n te r , H . E ., B a rto n  H a ll E ng ine  
W orks, P a tr ic ro f t, M anchester.

N . 1919. H u n te r , Sum m ers, C .B .E ., J .P . ,  1,
M anor T errace , T y n em o u th .

B . 1907. H u rren , F . H . (T he R o v e r C om pany , 
L im ited ), M eteor W orks , C o ven try ,

S. 1920. H u rs t ,  F . A ., W oofindin  A venue,
R an m o o r, Sheffield.

Sc. 1927. H u rs t , H ., 35, A lice S tree t, P ais ley .
S. 1914. H u rs t ,  J .  E ., N ew ton  C ham bers an d

Co., L td ., C hapeltow n, Sheffield.
L. 1925. H u tto n , R . S., D .S c., T he G reenw ay, 

H igh  W ycom be, B ucks.
S. 1911. H yde , J .  R ., A .M .I.M ech .E ., 27, H a s t ­

ings R o ad , M illhouses, Sheffield.
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S. 1922. H yde, R o b e rt & Son, L td . (S ubscrib­
ing F irm ), A bbeydale F o und ry , 
W oodseats, Sheffield.

Sc. 1925. H ym an , H ., P h .D ., 55, D ixon A venue, 
Crosshill, Glasgow.

L. 1927. In g ram s, S., 77, W ellesley R oad ,
Croydon.

S. 1915. Jackson , L ., E ng ineer Lieut.-C om -
m ander, R .N ., A n trim  A venue, 
P a rk  L ane, Sheffield.

Lncs. 1925. Jad o u l, J .  E ., 28, D aisy  B ank  R oad , 
L ongsigh t, M anchester.

L . 1925. Jan ie s , A. W ., 1, B room hill R oad ,
Ipsw ich .

L. 1926. Jam es, J .  A., 101, S toke R oad , Slough, 
B ucks.

L. 1911. Ja rm y , J .  R .,  “ A jaccio,” A bbey R oad , 
L eiston, Suffolk.

Gen. 1927. Jen k in s, A ., 5c, S trad a  Molins, Cos- 
p icua, M alta.

W . & 1924. Jen k in s, T ., 51, T ydv il S tree t, B arry .
M.

S. 1917. Jenk in son , S. D ., Cromwell H ouse,
W incobank, Sheffield.

L. 1904. Jew son, H ., N orw ich R oad , E a s t 
D ereham , N orfolk.

L. 1921. Jew son , K . S., 4, Coopers Terrace, 
G earing R oad , D ereham , N orfolk.

E.M . 1909. Jobson , V ., The D erw ent F ound ry  
C om pany, D erby.

Lncs. 1920. Jo lley , W ., Breeze H ill, U rm ston  
L ane, S tre tfo rd , M anchester.

W . & 1928. Jones, C. E ., 65, C athedra l R oad,
M. Cardiff.

Lncs. 1922. Jones, G. A., 54, F ox  S tree t, E dgeley , 
S tockport.

B. 1925. Jones , O. P ., 25, R a th b o n e  R oad ,
B earw ood, B irm ingham .

Lncs. 1927. Jones, R . A., 36, W olseley S tree t,
Pendlebury , M anchester.

L . 1927. K ain , C. H ., 189, R aynes R o a d ,
B rain tree , Essex.

Year
B’nch. of MEMBERS.

Election.

2 a
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S. 1921. K ayser, J .  F ., 30, O akh ill R o ad ,
N e th e r E dge , Sheffield.

Lncs. 1925. K elly , A. T ., 31, W in d b o u rn e  R o ad , 
St. M ichaels, L iverpoo l, S.

L. 1917. K elly , J a s .,  74, R o therfie ld  S tree t,
N .I .

Lncs. 1922. K en t, C. W ., 9, D a ls to n  D rive, D ids- 
b u ry .'

L ncs. 1919. K enyon, H . M., “ S unny  B an k ,”
W halley  R oad , A ccring ton .

Lncs. 1910. K enyon , M. S., W ate rlo o , W halley  
R o ad , A ccring ton .

Lncs. 1904. K enyon , R . W .. E n tw is tle  & K enyon , 
L im ited , A ccring ton .

S. 1927. K essell, C. E . (V ickers, L td .) , R iv e r 
D on W orks, Sheffield.

Lncs. 1907. K ey , A. L ., 271, R ed d ish  R o ad , S. 
R ed d ish , S tockpo rt.

Sc. 1927. K id sto n , R ., S p ringbank , F a lk irk .
Sc. 1914. Kang, D ., K eppoch  Ironw orks , Possil

P a rk , G lasgow .
L. 1927. K ing , E . G., M anor C roft, T he R idg- 

w ay , H orsell, Surrey.
Sc. 1904. K ing , J . ,  100, W elling ton  S tree t,'

G lasgow.
W . & 1924. K insm an , W . S., 116, M iskin S tree t, 

M. Cardiff.
Sc. 1919. K in n a ird , George, 21, S t. A n n ’s D rive , 

Giffnock, G lasgow.
S. 1925. K itch ing , W . T ., c/o  Jo h n  Fow ler, 

D on  F o u n d ry , Sheffield.
L. 1922. L ake, W . B ., M ount P lace, B ra in tree , 

E ssex.
L. 1921. L am bert, W esley, “  W h ite fr ia rs ,” 41, 

B rom ley R oad , S .E .6.
Sc. 1907. L andale , D . (Life), 36, G rea t K ing  

S tree t, E d in b u rg h .
B. 1919. L ane, F . H . N ., 46, H o ly h ead  R oad , 

C oventry .
•Gen. 1922. L ane, H . M., 333, S ta te  S tree t, D e tro it, 

M ichigan, U .S.A .

Year
B’nch. of MEMBERS.

Election.
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Sc. 1928. L ang, J . ,  C alderside, Je rv is  to n  S tree t, 
M otherw ell.

Gen. 1927. L angenohl, M., G elsenkirchen, Bulrn- 
k e rs tr  83, G erm any.

L . 1927. L arke , W . J . ,  Sir, K .B .E ., “  E a s t b u rn .” 
S t. Jo h n ’s R oad , S idcup, K en t.

B. 1927. L a th e , A ., “  W estlands,”  C am pton 
R oad , W olverham pton .

L . 1921. Law rence, Geo. D ., 5, Clare R oad , 
L ey tonstone , E . l l .

Lncs. 1918. L ayfield, R . P ., “  M ossfield,”  Cod- 
sa ll R o ad , W o lverham pton .

B . 1927. Lee, C. P ., T relaw ny, 81, C ourt R oad , 
B arry , S o u th  W ales.

B. 1909. Lee, H ow l & C om pany, E ngineers, 
T ip ton .

S. 1920. L eetch , S., 126, P i t t  S tree t, R o th e r­
ham .

B. 1926. L ench, S. C., “  The B eeches,” B lack - 
h e a th , B irm ingham .

1922. L eonard , J .  (H on.), 41, Q uai du 
C anal, H ers ta l, Belgium .

E.M . 1928. Leys Malleable C astings Co., L td ., 
D erby. (Subscrib ing  F irm .)

W .R . 1922. L ia rd e t, A. A ., L ey land  M otors, L td .,
of Y . L ey land , Lancs.
N. 1920. L illie, G ., “ B loom field,”  S tra th m o re  

R o ad , R ow lands GUI, D urham .
S. 1913. L ittle , J . ,  20, S t. A nn’s Square,

M anchester.
L. 1922. L ittle to n , W . H ., 29a , W orbeck R oad , 

A nerley , S.E.20.
S. 1926. L iversidge, B ., 6, N elson S tree t,

R o therham .
B. 1927. L loyd, D . C., S tockw ell E nd . T e tten - 

hall, n ea r W olverham pton .
B. 1926. L loyd, W ., 286, A rth u r  S tree t, Small 

H e a th , B irm ingham .
X. 1918. Logan, A. (R . & W . H aw tho rn , Leslie 

& C om pany, L td .), S t. P e te r’s 
» W orks, N ew castle.

Tear
B’nch. of MEMBERS.

Election.

2 a 2
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S. 1927. L om as, A., R ed  R idges, R ivelin , 
n ea r Sheffield.

L ncs. 1921. L ongden, E d ., 158, M anley R oad , 
M anley P a rk , M anchester.

S. 1904. L ongm uir, P ., D .M et., 2, Q ueens R o ad , 
Sheffield.

Lncs. 1913. L ongw orth , T . P ., M oorside, H orrocks 
F o ld , B olton .

W .R . 1913. L ox ton , H ., H ill B ros., K ev in  F oun -
of Y . d ry , Leeds.
E .M . 1913. L ucas, J . ,  “  Sherw ood,”  F o re s t R o ad , 

L oughborough.
L. 1922. L uke, C. H ., “  R o sly n ,” L yonsdow n, 

N ew  B a rn e t, H e rts .
L. 1921. L um , H a rry , 54, P a rk  R o ad , D a r tfo rd ,
Sc. 1925. M cA rthur, J . ,  “ H a w th o rn ,” Shields

R o ad , M otherw ell.
W . & 1922. M cClelland, J .  J . ,  “  D ru s ly n ,”  81, 

M. B ishops R o ad , W h itch u rch , G lam .
Sc. 1919. M cFedries, T ., 17, K irk to n h o lm  S tre e t, 

K ilm arnock .
S. 1916. M cG rah, F . E ., 19, L onsdale  R o ad ,

W  o lv e rh am p to n .
L . 1919. M cIn tosh , A. E ., 1, E cc lesbourne

A venue, D uffield, D erbysh ire .
Lncs. 1924. M acK ay, M., 109, E d m u n d  S tree t, 

R ochdale .
Sc. 1914. M acK enzie, A lex. D ., 35, B ra id  R o ad , 

E d in b u rg h .
Sc. 1910. M ackenzie, L. P ., 5, P o lw a rth  T e rrace , 

B alcarres S tree t, E d in b u rg h .
Sc. 1922. M cK innon, G avin , 1477, D u m b arto n  

R o ad , S co ts toun , G lasgow .
Sc. 1923. M cK in ty , J .  (T he T h o m so n -L itch tn e r

Co.), 8 , F e d e ra l , S tre e t, B o sto n , 
M ass., U .S.A .

Lncs. 1921. M cL aehlan , Ja s .,  2, B ro ad o ak s R o a d , 
W ashw ay  R o ad , Sale, n r. M an­
cheste r.

Gen. 1922. M cLain, D . (H on.), 710, G o ld sm ith ’s 
B uild ings, M ilw aukee, W is., U .S .A .

B'nch. of MEMBERS.
Eleotion.
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N . 1923. M ackley, J .  R ., 20, Beaconsfield
A venue, Low Fell, G ateshead-on- 
T yne.

Sc. 1928. M eFarlane, P ., L eicester Avenue,
K elvinside, Glasgow.

Lncs. 1923. M oLean, C. G., 14, J e m m e tt S tree t, 
P res ton .

Sc. 1928. M cPhail, D ., 33, B u rling ton  Avenue, 
K elvindale, Glasgow.

N. 1918. M cPherson, T ., M .B .E ., 53, P ercy
P a rk  R oad , T ynem outh .

B . 1910. M cQueen, D ., 6, A nchorage R oad ,
E rd in g to n , B irm ingham .

Sc. 1918. M cT urk, J .  B ., D o rra to r Iro n  C om ­
pan y , F a lk irk .

B . 1925. M addock, D . W ., 21, W aterloo  R oad , 
W elling ton , Shropshire.

Lncs. 1917. M akem son, T ., 21, B eresford  R oad , 
S tre tfo rd , M anchester.

S. 1921. M ander, T. G., N orris D eakin  B u ild ­
ings, K ing  S tree t, Sheffield.

Lncs. 1919. M ark land , T. W ., 327, Tonge Moor 
R oad , B olton.

L. 1927. M arley, C., “ H arew ood,” P a rk  Hill 
R oad , Chingford, E .4.

Lncs. 1922. M arsden & Son, J .  (Subscribing
F irm ),188,R egen t R oad,L iverpool.

S. 1922. M arshall, J . ,  “ T he W illow s,” B arrow  
H ill, Chesterfield.

L. 1924. M ason, W . C., R ichardson  & C ruddas, 
B ycu lla  Iro n  W orks, B om bay, 
Ind ia .

B. 1927. M ason, W . H ., 32, L ord  S tree t,
B rad ley , B ilston .

L. 1911. M ather, D . G. (M ather & Sm ith),
A shford  F o u n d ry , G odinton R oad , 
Ashford.

S. 1915. M ather, T ., S ou th  View, C arhohne
R oad , Lincoln.

N . 1912. M athew s, W ., 82, S t. P e te rs  R oad , 
H o ly  Cross, W illington Q uay-on 
T yne.

Year
B’nch. of MEMBERS.

Election.
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L. 1926. M atth ieson , R ., 37, Clpseside, E nfield , 
M iddlesex.

L. 1921. M ayhew , C. M., 60, E w esley  R o ad , 
Sunderland .

Lncs. 1917. M eadow croft, W m . H ., 10, H am b le - 
d o n  V iew, H ab erg h am , B u rn ley .

Lncs. 1919. M edcalf, W ., 265, M anchester R oad , 
B u rn ley , L ancs.

B . 1927. Mees, J .  H ., 129, K ing  W illiam  S tree t, 
A m blecote, S tou rb ridge .

S. 1922. M elm oth , F . A ., “ L y n d h u rs t ,”
A u g h to n  R o a d , S w allow nest, 
Sheffield.

M. 1926. M ercer, J .  E ., W indso r H ouse , C rom ­
w ell T errace , T hornaby-on-T ees.

Lncs. 1912. M ilburn , J . ,  H aw k sh ead  E ng ineering  
W orks, W ork ing ton .

Gen. 1919. Miles, F . W .
S. 1921. M iles, R . (M ajor), C hapeltow n, n r. 

Sheffield.
Lncs. 1916. IVjiles, R d . A ., 46, D ean  L ane, N ew ton  

H e a th , M anchester.
Sc. 1927. M iller, J . ,  7, E ildon  V illas, M oun t 

F lo rid a , G lasgow.
Lncs. 1918. Mills, H ilto n , 9, S tocks, A lk ring ton , 

M iddleton , L ancs.
Gen. 1924. M ills, R . C., 90, K elsey  S tree t, W a te r - 

b u ry , Conn., U .S.A .
Gen. 1923. M itchell, A .M ., 470, V ic to ria  A venue, 

M ontreal, C anada.
Sc. 1920. M itchell, W . W ., D arroch , F a lk irk .
Lncs. 1921. M offat, W m ., L inden  H ouse , C hapel- 

en -le -F rith .
Gen. 1910. M oldenke, D r. R . (H on. M em ber), 

W atchung , N ew  Y ork.
N . 1919. M olineux, W . J „  1, L a b u rn u m  G ar­

dens, Low  Fell, G ateshead .
L. 1925. M oore, A. H ., S ta n d a rd  B rass F o u n ­

d ry , B enoni, S. A frica.
E.M . 1914. M oore, H . H ., H olm w ood, L eicester 

R oad , L oughborough .

B’nch. 1 o f  MEMBERS.
Election.
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L. 1926. M oorwood, H . S., Onslow H ouse, 
Sheffield.

i \  . & 1928. M organ, A. <1., 48, New K ing S treet, 
B a th .

W . & 1928. M organ, C. F ., 1, C yn th ia  Villas, 
M. C ynth ia  R oad , B a th .

B. 1927. M oran, G., 18, B ridge S tree t, W est 
Bromwich.

M. 1927. M orley, S. H ., 13, Peel- S tree t,
T hornaby-on-T ees.

N . 1912/ M orris, A., P allion  F o und ry , S under­
land .

B. 1925. M orris, D ., c/o M orris (E ngineers)L td ., 
G reatbridge, B irm ingham .

L. 1925. M undey, A. H ., F ry ’s M etal F o und ry , 
42, H o lland  S tree t, S .E .l.

B . 1926. M urray , J .  V ., 80, M anor H ouse
R oad , W ednesbury .

S. 1918. Newell, E rn est, M .I.M ech.E ., T he
T hom e, M isterton, via  D oncaster.

Lncs. 1927. Newsum , A. H ., “ E n d erb y ,” H adzor
R oad , W arley W oods, B irm ing­
ham .

N. 1912. N ew ton, J .  W ., F lo ra  H ouse, Cobden 
S tree t, D arling ton .

Lnos. 1920. N ew ton, Sam , L ino type  & M achinery 
L td ., A ltrincham .

L. 1927. N icholson, F . W ., 139, Sydney S treet,
Chelsea, L ondon, S.W.3.

L. 1924. N ikaido , Y. (L ieut.-C om .), K iro
N aval W orks, K ure , Jap an .

N. 1913. N oble, H ., “ The C edars,” Low Fell, 
Co. D urham .

B. 1927. N orbury', A. L., D .Sc., 24, S t. P a u l’s 
Square, B irm ingham .

L. 1927. N orm an , G. L ., B asinghurst, N ig h t­
ingale R oad , G uildford.

S. 1923. N orth , T he H on., J .  M. W ., “ E lm ­
w ood,” O ld W h ittin g to n , C hester­
field.

N . 1921. N o rth -E as te rn  M arine Engineering 
C om pany L td . (Subscribing F irm ), 
W allsend-on-Tyne.

Year
B’neh of MEMBERS.

Election.

J



712

Lues. 1018. O akden, E ., A .M .I.C .E ., F u r th e r  H ey , 
W oodley, n r. S tockpo rt. .

L . 1917. O ’K eefe, f f m . ,  02, S tan h o p e  S tree t,
( B irm ingham .

N . 1920. O liver, R ., 35, E d ith  S tree t, Ja rro w - 
on-T yne.

L ncs. 1921. O rm erod, J . ,  24, B a r re t t  S tree t,
B ury .

S. 1913. O sbom , S., C lyde Steel W orks, Shef­
field.

L . 1906. O sw ald, J . ,  S leaford  F o u n d ry , N ine  
E lm s L ane, S .W .8.

L . 1919. O tto , C. A ., 22, O w enite S tree t, A bbey  
W ood, S .E .

B . 1918. O ubridge, W . A., M .I.M .E . (B ritish  
P is to n  R ing  C om pany, L im ited ), 
H o lb rook  L ane, C oventry .

S. 1921. Oxley, G. H ., N o rto n  G range, n r. 
Sheffield.

S. 1915. O xley, G. L ., V ulcan F o u n d ry , A tte r- 
cliffe, Sheffield.

S. 1910. O xley, W ., V ulcan F o u n d ry , A tte r- 
cliffe, Sheffield.

N . 1921. P a lm er’s Sh ipbu ild ing  & Iro n  C om ­
p a n y  L td . (Subscrib ing F in n ) ,
H eb b u rn  -on- T y n e .

W .R . 1922. P arker, W ., 271, M eadow  H ead ,
of Y . W oodseats, Sheffield.
E.M . 1905. P ark er, W . B ., 3, M urray  R o ad ,

R ugby.
W .R . 1907. P ark in son , J . ,  Shipley, Y orks.
of Y.
S. 1924. P arram ore , A ., C aledonian F o u n d ry , 

C hapeltow n, Sheffield.
N . 1923. Parsons, F . H ., “ A vondale ,”  H e a to n  

P a rk  View, H ea to n , N ew castle.
N. 1915. Parsons, H y . F ., “ A v o n d a le ,”

H ea to n  P a rk  View, H e a to n , N ew ­
castle.

L. 1927. P a tem an , W . J . ,  18, G loucester R oad , 
L u ton .

N. 1912, P a tte rso n , R . O., T ho rneyho lm e,
W ylam -on-T yne.

B’nch. of MEMBERS.
Election.
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N. 1912. P au lin , W . J . ,  1, S tann ing ton  Grove, 
H ea ton , N ew castle.

E.M . 1924. Peace, A. E ., C larem ont, L ittleo v er 
Hollow , n r. D erby.

B. 1924. Pearce, J .  G., B.Sc., D irector, B ritish  
C ast I ro n  R esearch A ssn., 24, 
S t. P a u l’s Square, B irm ingham . 

E.M. 1913. Pearson, N . G. (L ieut-C ol.), B eeston 
F o u n d ry  Com pany, L im ited , B ees­
to n , N o tts .

Lncs. 1909. Pell, J . ,  17, M ersey S tree t, R ose- 
g rove, B urn ley , Lancs.

Lncs. 1922. P e lla tt , D. L ., “  W h ite th o rn ,”  Los- 
tock , B olton.

M. 1926. P enn ing ton , D . G., L ea Close, M id­
d le ton  S t. George, Co. D urham . 

Lncs. 1927. Penrose, J . ,  190, H orsedge S tree t, 
O ldham .

L. 1918. P erk ins, J .  E . S., “  H ilm orton ,” The 
P a rk , Peterborough .

B . 1920. Perks, C., Phoenix Castings, L td ., 
Coventry.

Lncs. 1919. P errym an , W ., 17, H u rs t S tree t, B ury . 
L . 1926. P isek, D r. M ont. F r. T echnical H igh 

School, B rno, Czechoslovakia.
L. 1926. P e tte rs , L td . (Subscribing F irm ), 

W estland  W orks, Y eovil.
—  1927. Phillips, E . A ., L aceby, n ea r G rim sby. 
Lncs. 1922. P lace, J .  H ., S ta tion  R oad , Sim on-

s tone , n r. P ad iham , L ancs.
—  1919. P lay e r, E ., Cow Lees, A stley ,

N r. N uneaton .
E.M . 1922. Pocliin, R . E ., 246, Fosse R oad , 

South , Leicester.
Lncs. 1922. P o llard , J .  T ., 7, Powell S tree t, 

B urnley.
W .R . 1912. P o llitt, E . E . (P o llitt & W igzell), 
of Y . Sow erby Bridge.
Lncs. 1924. Pollock & M acnab (Subsidiary), L td .

(Subscribing F irm ), B redbury , n r. 
S tockport.

L ncs. 1926, Poole, J . ,  “ C levelands,” B u ry  New 
R o ad , W hitofield M anor,

Year
B’nch. of MEMBERS.

Election.
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W .R . 1922. Poole, W . H ., K ings G rove, V illa
of Y. R oad , B ingley, B radford .
S. 1923. P o rte r , H . W ., 78, R inginglow  R oad , 

Sheffield.
B. 1919. P o tt ,  L. C., 38b, B a ro n ’s C ourt R o ad , 

L ondon , W .14.
E.M . 1924. P o tte r , W . C., “ K en w aly n ,” Syke- 

field A venue, L eicester.
S. 1926. Pressw ood, B .A ., C., “  C row gate ,”

S ou th  A nston , n r. Sheffield.
S. 1908. P restw ich , W . C., “ T he H a llo w es,” 

D ronfield, Sheffield.
L. 1926. P rio r, W . H ., 62, A nda lu s R oad ,

L ondon, S .W .9.
L. 1927. Prim rose, H . S., 17, V ic to ria  S tree t,

L ondon.
Sc. 1920. P rim rose, Jam es M., M ansion H ouse  

R oad , F a lk irk .
Lncs. 1912. P rim rose, J .  S. G., 17, S alisbury  R o ad , 

C horlton -cum -H ardy , M anchester.
B. 1924. P ritch a rd , P ., “ E a s tc o te ,”  S t. Agnes 

R oad , M oseley, B irm ingham .
E.M . 1904. Pulsford , F . C„ “ K en m o re ,” San- 

dow n R oad , L eicester.
L. 1928. Quicke, J .  H ., c ’o Leocock, M adeira  

(The M adeira  S upp ly  Co., L td .,  
O ficinas, M ecanicas, S .E . F u n - 
d icao, R u e  de P o n te  de S. 
L aza ra , N .4.

Gen. 1922. R am as, E . (H onorary ), 2, R ue  d  
C onstan tinople , P lace  de l ’E u rope , 
Paris.

N . 1912. R ang , H . A. J . ,  2, S t. N icholas B u ild ­
ings, N ew castle-on-T yne.

Lncs. 1919. R an icar, W ., 1 , P a rr  S tree t, T y ldesley , 
Lancs.

Sc. 1923. R a ttra y , W . J . ,  o /o B u rns & Co., 
L td ., H ow rah , B engal, In d ia .

S. 1921. R aw lings, Geo., 23, B an n e r Cross 
R oad , Sheffield.

W . & 1927. R ees, J , ,  27, A lling ton  R o ad , S ou th - 
M. ville, B risto l.

Sc. 1920. R enn ie , A ., «  K iln s id e ”  F a lk irk .

Year
Li’nch. of MEMBERS.

Election.
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Sc. 1927. R ennie, W ., “  A rden lea,” C um ber­
n au ld , D um bartonsh ire .

Lncs. 1919. R head , E . L., P rof. (H onorary), Col­
lege of Technology, M anchester.

Gen. 1923. R h ydderch , A ., L en ton  Sands, 
R obertson  P lace , V aneluse, 
Sydney , A ustra lia .

W . & 1925. R ich a rd s , C. E ., 53, M erches G ardens, 
M. - G range, Cardiff.

W . & 1924. R ichardson , R . J . ,  L lanb leth ian  H ouse, 
n ea r Cowbridge.

Lncs. 1919. R ichardson , W . B ., H ope F o und ry , 
F a rn w o rth , n r. B olton.

Sc. 1911. R iddell, M., D ungoyne, 35, A y toun  
R oad , Pollokshields, Glasgow.

M. 1926. R idsdale , N . D ., 3, W ilson S tree t, 
M iddlesbrough .

M. 1926. R itch ie , R . J .  H ., C am bridge H ouse, 
L in th o rp e , M iddlesbrough.

M. 1926. R obbins, A. G., 19, N ew com er T e r­
race, R edcar.

B. 1923. R oberts , E ., 117, R ad fo rd  R oad ,
L eam ington .

B . 1919. R oberts , G. E ., “  R osedale ,” E arlsdon  
A venue, C oventry .

Lncs. 1921. R oberts , G. P ., 153, B randlesholm e 
R oad , B ury , Lancs.

Sc. 1922. R obertson , D onald  M., “ K in fan n s ,”  ' 
H ig h  S ta tio n  R o ad , F alk irk .

Lncs. 1927. R obinson , F . O. “  B raem a r,” B irch- 
field R oad , W idnes.

W .R . 1908. R obinson  J .  G., 17, G ib ra lta r R oad ,
of Y . H alifax .
Lncs. 1912. Roe, S., 23,G ran tham  S tree t, O ldham .
Gen. 1909. R onceray , E . (H on.), 3 R ue P au l 

Carle, Choisy-le-Roi, Seine, P aris, 
F rance.

W .R . 1928. R oper, E . A., T ho rn  C ottage, Bog-
of Y . th o rn , O akw orth  R oad , K eighley.
Gen. 1925. R opsy , P . A., 27, R ue Dodoens, 

A ntw erp , Belgium.

Year
B’nch. of MEMBERS.

Election.



B. 1923. R oxbu rgh , W ., 29, C lifton R oad ,
R ugbv .

S. 1918. R ussell, F ., c/o  G eneral R efrac to ries  
C om pany, L im ited , W icker A rches, 
Sheffield.

E .M . 1924. R ussell, P . A ., 88, D u lv e rto n  R o ad , 
L eicester.

E .M . 1906. R ussell, S. H ., B a th  L ane, L eicester.
N . 1915. Sanderson, F ., 10, W estg a te  R o ad ,

N ew castle-on-T yne.
S. 1921. Sandford , J . ,  46, Clifford R oad , S hef­

field.
N . 1915. Saunders, J . ,  B orough  R o ad  F o u n d ry , 

Sunderland .
W .R . 1922. Sayers, H ., 53, Acre R o ad , M iddleton ,
of Y . Leeds.
B. 1921. S cam pton , C has., S o u th  A venue,

S toke P a rk , C oventry .
M. 1927. Scholes, A ., A lm a H ouse , J u n c tio n  

R oad , N orton-on-T ees.
Lnes. 1927. Seddon, W . E ., 14, Sam uel S tree t, 

R ochdale .
B . 1910. S ex ton , A. H u m b o lt (H on. L ife), 6,

C larendon  R o ad , S t. H elier, 
J e rse y , C .I.

Sc. 1920. Sharpe, D aniel, 100, W elling ton  S t., 
Glasgow.

Lncs. 1927. Shaw , A., 52, K ing  S tree t, O ldham .
L. 1906. Shaw , J . ,  “ C artre f,” P a rk s to n e

A venue, Southsea.
L. 1907. Shaw , R . J .  (Life), 26, Queens R oad , 

M onkseaton, N orth u m b erlan d .
M. 1922. Shaw , W . (Subscrib ing  F irm ),

W elling ton  C ast S teel F o u n d ry ,
M iddlesbrough.

S. 1908. Sheepbridge C. & I. C om pany, L im ited
(Subscrib ing  F irm ), Sheepbridge 
W orks, Chesterfield.

L. 1927. S hepherd , H . H ., c/o C rane B e n n e tt ,
L td ., N ac to n  W orks Ipsw ich , 
Suffolk.

Lhcs. 1907. S herbum , H . (Life), “ E lle sm ere ,”
P a d g a te , W a rr in g to n .

71G
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Lnos. 1905. S h e rb u m , W . H . (Life), R otherw ood, 
S tock ton  H ea th , W arring ton .

L. 1912. Shillitoe, H ., “ W estw ard ,” P o tte r ’s 
B ar, N.

N . 1920. Shipley, H . J . ,  E a s t  C ottage, D elacour 
R oad , B laydon-on-T yne.

S. 1927. S h irt, F . A., 317, P sa lte r  L ane,
Sheffield.

Lnes. 1907. Sim kiss, J . ,  A bington  H ouse, H yde 
R oad , G orton, M anchester.

N. 1913. Sim m , J .  N ., 61, M arine A venue,
M onkseaton.

Lncs. 1924. Sim pson, H ., 102, E d m u n d  S tree t, 
R ochdale.

L. 1927. Sim pson, H . L ., “ B ro ck en h u rs t,”
4, E m lyns S tree t, S tam ford , Lincs.

S. 1926. S ingleton, T ., 21, P everil R oad ,
Sheffield.

Sc. 1926. Skinner, F . J . ,  L ochend H ouse, M ary- 
h ill, Glasgow.

W .R. 1921. Slingsby, W „ H ighfield  V illa, K eigh-
of Y . ley.
L. 1925. Sm all, F . G., “  M eliden,”  B urden

L ane, Cheam.
N. 1921. Sm alley, O., P a rk  V illa, T hrybergh , 

R o therham .
Sc. 1927. S m art, G., R ow allan  S tepps, Glasgow.
S. 1922. S m ith , A., “ O akroyd ,”  D odw orth

R o ad , B arnsley.
B. 1928. S m ith , A. B ., “ B ram ber,” H istone  

H ill, B odsall, Staffs.
S. 1922. S m ith , A. Q ualter, “ L ynw ood,”  D od­

w o rth  R oad , B arnsley .
B. 1925. S m ith , B . W ., H e a th  E arm , M arston 

G reen, B irm ingham .
B. 1919. S m ith , C. R . (M essrs, C. & B . Sm ith), 

S tew art S tree t, W olverham pton .
N . 1908. Sm ith , E ., Belle Vue, H a rto n , South  

Shields.
S. 1921. Sm ith , F red k ., D evonshire Villas, 

B arrow  H ill, n r. Chesterfield.

- Year
B ’nch. of MEMBERS.

Election.
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E.M . 1921. S m ith , George, C avendish  P lace, Bees- 
to n , N o tts .

N. 1905. S m ith , J . ,  “ H a r to n  L ea ,”  H a r to n , 
S ou th  Shields.

M. 1926. S m ith , J .  D ., 19, S h a fte sb u ry  S tree t, 
S to ck to n  -on -T ees.

N. 1917. S m ith , J .  E ., 7, L ily  A venue, Je sm o n d ,
' N ew castle.

M. 1926. S m ith , J .  L ., “  H o k n esd a le ,” B illing  - 
h am , n r . S tock ton-on-T ees.

N . 1922. S m ith  P a tte rso n  & C om pany, L im ited  
(Subscrib ing  F irm ), P ioneer W orks, 
B laydon-on-T yne.

N. 1913. S m ith , R . H ., 16, W h itb u rn  R o ad , 
E a s t , C leadon, n r. S u n d erlan d .

B. 1925. Sm ith , W . S ., 15, B roadfields R o ad , 
E rd in g to n , B irm ingham .

L. 1923. Snook, S. W . G., 30, L aw rence  R o ad , 
T o tten h am , N .15.

L. 1914. Som m erfield, H . G., C harterhouse  
C ham bers, C harterhouse  S quare , 
L ondon, E .C .l.

Lncs. 1926. S ou therst, R ., 8, R av en  S tree t, B u ry .
S. 1925. Spafford, A rnold  V., Im p e ria l W o rk s , 

B row n S tree t, Sheffield.
Lncs. 1927. Spedding, O. L ., H o lly  G rove, D ob- 

cross, R .S .O ., Y orks.
E.M . 1914. Spiers, T . A ., “ D elam ere ,” U p p in g ­

ham , R o ad , L eicester.
Lncs. 1927. S tan w o rth , J . ,  “ T he W o o d lands ,’, 

R im ing ton , C litheroe.
Lncs. 1922. S tave ley  Coal & Iro n  C om pany  

(Subscrib ing F irm ), S taveley
W orks, n r. C hesterfield.

S. 1927. Steele, F . E ., 66, H a tfie ld  H ouse  L ane, 
F ir th  P a rk , Sheffield.

Sc. 1920. S teven , A. W ., L a u ris to n  Iro n w o rk s , 
F a lk irk .

E.M . 1914. S tevenson, E ., “ C harnw ood ,”  S unny- 
da le  R o ad , C arlton , N o tts .

E.M . 1928. S to b a rt, W ., 20, K en ilw o rth  A venue, 
N orm an ton , D erby .

N. 1912. S tobie, V ., O akfield, R y to n -o n -T y n e .

Year
B'nch. of MEMBERS.

Election.



719 /

Year
B ’neh. of M EM BERS.

E lection .
L. 1915. S tone, E . G ., 20, C autley  A venue, 

C lapham  Comm on, S.W .4.
L. 1912. S tone, J . ,  106, H arlax to n  R oad ,

G ran tham .
Gen. 1922. S tones, J . ,  2, M arshall R oad , Agar- 

p a ra , K a m a rh a tti  P .O ., C alcu tta , 
In d ia .

E .M . 1916. S tree t, W ., 20, B urleigh R oad , L ough­
borough.

Lncs. 1921. S tubbs , L im ited , Jo s . (Subscribing 
F irm ), M ill S tree t W orks, A ncoats, 
M anchester.

Lncs. 1912. S tubbs, O liver (H on. Life), (J . S tubbs, 
L im ited ), O penshaw , M anchester.

Lncs. 1919. S tubbs, R . W ., 209, D ickenson R oad , 
L ongsigh t, M anchester.

Lncs. 1928. S tud ley , G. C., 34, W ood R oad  N o rth , 
O ld T rafford , M anchester.

N . 1'921. S to th a rd , A ., 32, G rainger S tree t, 
W est, N ew castle.

M. 1927. S tyles, W . E ., 9, Cromwell T errace, 
T hom aby-on-T ees.

W .R . 1922. Sum m erscales, W . H . G., R ockfield,
of Y . K eighley.
E .M . 1927. Sum m ersgill, E ., (Senior) 47, S ta tio n  

R oad , Long E a to n , N o tts .
W .R . 1919. Sum m ersgill, H ., S tanacre  F o und ry ,
of Y . W app ing  R oad , B radford .
L. 1927. S u tto n , E . W ., 48, H alesw orth  R oad , 

Lew isham .
Gen. 1926. Sw aine, G., c/o M arshall, Sons & Co., 

In d ia , L td ., A rgarpara  W orks, 
K a m a rh a t ty , P .O . 24, P arganas , 
B engal, In d ia .

S. 1908. Sw inden, T ., D .M et., 26, O akhill R oad , 
N e th e r E dge, Sheffield.

N . 1928. Swinney, T ., C astle View, M orpeth.
W .R . 1912. Sykes, J .  W ., B irdacre  H ouse, Gomer-
of Y . sail, Leeds.
L ncs. 1927. T a it, W ., M ere (near) K n u tsfo rd , 

C heshire. '



L. 1925. T a rra n t, W . J . ,  E iffeldale, Longfleet, 
Poole, D o rse t.

N . 1927. T a te , C. B ., 17, T he C rescent, W h itley  
B ay .

Lncs.1924. T ay lo r, A ., 84, H o rn b y  R o ad , B lack ­
pool.

N. 1919. T ay lo r, C. R . R ., M anor H ouse , S o u th  
Shields.

N. 1922. T ay lo r & Son, L im ited , C. W . (S ub ­
scrib ing  F irm ), N o rth  E a s te rn
F ound ries , S o u th  Shields.

Lncs. 1911. T ay lo r, R . (A sa Lees & C om pany, 
L im ited ), O ldham .

N . 1925. T ay lo r, T ., P o in t P le a sa n t H a ll,
W allsend -on -T yne .

Lncs. 1920. T hom pson , H ., 6 , D obson  R o ad ,
B olton.

W .R . 1922. T h o rn to n , W . G., 1,081, G rangefield
of Y. A venue, T h o m b u rv , B rad fo rd .
L. 1924. T h o m y cro ft an d  Co., L td ., Jo h n  I .

(Subscrib ing F irm ), Iro n  F o u n d ry , 
W oolston W orks, S o u th am p to n .

M. 1926. T ho rpe , S. P ., 14, P a rk  T errace ,
S to ck to n  -on -T ees.

L. 1925. T ibbenham , L. J . ,  T he L im es, S tow - 
m a rk e t.

W. & 1928. T im m ins, D ., 1, W estbou rne  R o ad ,
M. C aston, B risto l.

M. 1926. T odd , H ., 175, Southfield  R oad ,
Mid d lesb rough .

L. 1927. T om pkins, S. J . ,  Sefton, B irm ingham  
R oad , W ylde G reen, B irm ingham .

S. 1927. Tonge, J . ,  B ovey  C ourt, V ereeniging, 
S. A frica. /

—  1922. T ouceda, E . (H on.), 943, B roadw ay ,
A lbany , N .Y ., U .S.A .

Lncs. 1921. T ow n E n d  F o u n d ry  L td . (Subscrib ing  
F irm ), C hapel-en -le-F rith , D e rb y ­
shire.

Lncs. 1928. T oy, H ., 4, W estm orland  R o ad ,
U rm sto n , M anchester.

M. 1924. T oy, S. V ., T he R idge , S a ltb u rn -b y - 
the-S ea .

B’nch. of MEMBERS.
Election.



N . 1927. T ravers , D . Le M., 29, C layton R oad , 
N ew castle.

L. 1922. T rem ayne, Chas., 26, E versley  R oad , 
C harlton , S .E.7.

Sc. 1922. T ullis, D . R ., Aillig, C am pbell D rive, 
B earsden , Glasgow.

L. 1926. T u rn er, A. C., 10, H olm dene A venue, 
D ulw ich, S.E.24.

B. 1927. T urner, H . L., 23, M elhsh R oad ,
W alsall.

B. 1910. T u rn er, P rof. T . (H on. M em ber),
N etheridge E lm  D r;ve, L eather- 
head , Surrey.

B . 1927. T u rner, T . H ., M .Sc., 17, A cacia R oad , 
B oum ville , B irm ingham .

Sc. 1923. T u tch ings, A ., 152, G reenhead D rive, 
S ou th  G ovan, Glasgow.

Lncs. 1909. Tw eedales & Sm alley, L im ited , Globe 
W orks, C astleton, L ancs.

B . 1918^ Tyson, E . H ., 269, G illa tt R oad ,
E d g b asto n , B irm ingham .

S. 1916. U nderw ood, G. H ., C ottage H ill,
B ircho lm , C hesterfield.

Sc. 1913. U re, G. A. (Sm ith  & W ellstood , L td .)  
B onnybridge , Scotland.

Gen. 1927. V anze tti, Comm. Im g . Carlo, C .B .E ., 
G eneral M anager, F onderia  M ilan­
ese d i Acciaio, M ilan, I ta ly .

G en. 1922. V arle t, J .  (H on.), E sperance  Longdoz 
W orks, Liege, Belgium .

S. 1924. V arm a, J .  P ., 3, B ingham  P a rk
C rescent, Sheffield.

S. 1922. V ickers, L im ited  (Subscribing F irm ), 
R iv e r D on W orks, Sheffield.

L ncs. 1922. V ickers, L im ited  (Subscrib ing  F irm ), 
B arrow -in-Furness.

B. 1917. V ickers, T ., 14, New S tree t, B irm ing ­
ham .

S. 1917. V illage, R ., B ircliolm e, Dronfield,
nr. Sheffield.

Sc. 1911. W addell, R . C., 2, P ercy  S tree t, 
Ib ro x , Glasgow.

B’nch. of MEMBERS.
Election.
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Lucs. 1924. W ainw righ t, T . G., T he M ount, 195, 
H uddersfie ld  R o ad , S ta ly b rid g e .

L. 1911. W alker, C. F ., 42, W indsor S tree t, 
W olverton , B ucks.

S . 1907. W alker, E ., E ffingham  Mills, R o th e r ­
ham . i

Lncs. 1924. W alker, J .  S. A ., M ajor, W alk e r B ros., 
L td ., W igan.

M. 1926. W alke r, T ., H azeb ro n ch , O ld Spor- 
ab y , S tock ton-on-T ees.

S. 1918. W alker, T. R ., B .A ., 26, Castlewood 
R oad , F u lw ood, Sheffield.

N . 1921. W allsend S lipw ay & E ng ineering  Co., 
L td . (Subscribing F irm ), W allsend- 
on-T yne.

Gen. 1922. W alters , A. F . (H . I .  D ixon  & C om ­
p an y , L im ited ), T he O m iar F o u n d ­
ing E ng . C om pany, L im ited , Love 
L ane, M azagon, B om bay , In d ia .

N . 1927. W alton , S. H ., 73, H ig h b u ry , Je sm o n d , 
N ew castle-on-T yne.

S. 1908. W ard , A. J .  (T. W . W ard , L im ited ), 
A lbion W orks, Saville  S tree t, 
Sheffield.

S. 1914. W ard , J .  C., O ak P a rk , M anchester 
R oad , Sheffield.

L . 1919. W ares, F . J . ,  216, Crom w ell R o ad , 
P e terborough .

E .M . 1910. W assell, A ., K ilb u rn  H all, n r. D erby .
S. 1915. W atson , J . ,  31, H o m to n  C ourt,

K ensing ton , W .8.
N . 1919. W atson , J .  H ., 6, S idney  G rove,

N ew eastle-on-T yne.
W .R . 1922. W atson , Jos. J . ,  “ G w ynfa,” College
of Y. S tree t, E a s t, C rosland Moor,

H uddersfield .
B. 1914. W atso n , R ., 49, Y ork  S tree t, R ugby .
B. 1917. W ebb, B ., 531, S tou rb ridge  R o ad ,

S co tt G reen, D udley .
L. 1925. W ebster, F . K ., D ep tfo rd  S ta r  F o u n ­

d ry , R o lt R oad , D ep tfo rd ,L o n d o n , 
S .E .8.

Year
IJ’nch. of MEMBERS.

Election.
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Sc. 1920. W eir, R t. ' H on . L ord , The, P.O.,
D .L ., L L .D . (Life M em ber), G. 
an d  J .  W eir, L im ited , C a thcart, 
Glasgow.

N. 1912. W eir, J .  M., 7, S tanhope R oad  South
Shields.

W .R . 1908. W elford , R . D ., 1 , H ilto n  R oad , F ri-
of Y . z inghall, B radford .
S. 1910. W ells, G. E . (E dgar A llen & Co.,

L im ited ), Im p eria l Steel W orks, 
Sheffield.

S. 1914. W ells, J .  A. E .,.“ T h rif t H ouse ,” R ing -
inglow  R oad , Sheffield.

Gen. 1927. W erner, S. G., D a D ng. D usseldof, 
L indernannstr 18, G erm any.

L ncs. 1926. W est, W alte r, 12, T he C rescent, 
L ey land , L ancs.

S. 1921. W h arto n , E ., R osem ont, S ta tio n  R oad, 
B rim ington , Chesterfield.

N . 1913. W h arto n , J . ,  M arypo rt, C um ber­
land .

B . 1925. W hitehouse, E . J . ,  “ T he K no ll,”
P enn , W olverham pton .

S. 1916. W hiteley , A ., 7, Glen R oad , N ether 
E dge, Sheffield.

Lncs. 1910. W h ittak e r , C., & C om pany, L im ited , 
D ow ry S tree t Ironw orks, Ac- 

, c ring ton .
B . 1919. W ild , M., 29, B eaucham p A venue,

L eam ington.
B. 1921. W ilkinson, D ., 1,114, B ris to l R oad

South , N orthfield , B irm ingham .
W .R . 1919. W ilkinson, G. (E. & W . H aley , L td .),
of Y . T h o rn to n  R oad , B radford .
Lncs. 1917. W ilkinson, R ., “  L y n d h u rs t,” W ar-

grave  R oad , N ew ton-le-W illow s, 
Lancs.

W . & 1924. W illiam s, R . G., 179, Crogan H ill, 
M. B arry  D ock.

W . & 1916. W illiam s, W ., A lexandra B rass F ound- 
M. d ry , E a s t D ock, Cardiff.

Year <
B'nch. of MEMBERS.

Election.
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L. 1927. W illiam s, W . L ., 61, G renville  R oad , 
B ra in tree , E ssex .

N. 1913. W illo tt, F . J . ,  17, P a rk  R o ad , C lydach- 
on-Taw e, Sw ansea V alley.

M. 1912. W ilson, F . P ., “  P a rk h u r s t ,”  M idd les­
b rough .

L. 1927. W indsor, W . T ., “  P a x ,”  C oggershall 
R o ad , B ra in tre e , E ssex .

Sc. 1906. W in te rto n , H ., “ M oorlands,” Miln- 
gavie, D um bartonsh ire .

S. 1924. W in te rto n , H . T ., T he K no le , Old
W h ittin g to n , C hesterfield.

W .R . 1912. W ise, S. W ., 110, P u llan  A venue,
of Y . E ccleshill, B rad fo rd .
B. 1925. W isem an, A lfred , L td . (Subscrib ing

F irm ), G lover S tree t, B irm ingham .
L. 1927. W ithers, E . C., “ K enw yn ,”  W addon ,

C roydon, Surrey .
B . 1919. W ood, D . H o w ard  (C apt.), K ings-

w ood P a rk  R oad , M oseley, B ir ­
m ingham .

B. 1909. W ood, E . J .  (P a te n t A xlebox  an d  
F o u n d ry  C om pany, L im ited ),W ed- 
nesfield F o u n d ry ,W o lv e rh am p to n .

L ncs. 1926. W oodcock, A ., 163, H a rtin g to n
S tree t, Moss Side, M anchester.

W .R . 1914. W orcester, A. S., T o ria  H ouse, 162, 
V ic to ria  S tree t, L ockw ood, H u d ­
dersfield.

L. 1928. W rey, C. R . B „ 37a, T hurloe  P lace , 
L ondon, S .W .7.

B. 1914. W rig h t, E . N . (Life), O xford  Lodge, 
P en n  F ie lds, W olverham pton .

E.M . 1927. W yborn , S., 93, V alley  R o ad , S her­
w ood, N o tts .

Sc. 1919. W yllie, W ., 20, L oanhead  S tree t,
K ilm arnock .

L. 1925. Y ar K h an , M. M., 102, B eu lah  H ill, 
U p p er N orw ood, L ondon , S .E .

Lncs. 1911. Y ates & T hom , L im ited , C anal E n g i­
neering  W orks, B lackbu rn .

L . 1914. Y oung, H . J . ,  F .I .C ., 3. C en tra l
B uild ings, W estm in ste r, S .W .l.

Year
B’ncli. of MEMBERS.

Election.
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ASSOCIATE MEMBERS.
Year

B ’ncli. of
E lection .

W .R . 1928. A b lard , A ., 231, Folltstone S tree t,
o fY . ‘ B rad fo rd  Moor, B radfo rd .
M. 1926. A dcock, F . H ., 7, B eech G rove,

M iddlesbrough.
Sc. 1919. Affleck, J B . S c . ,  21, O verdaleA venue, 

L angside, Glasgow.
V  .R. 1927. A ckeroyd, H ., 40, D evonshire S treet, 

K eighley.
B . 1915. A ldridge, S., 91, D ale  S tree t, W alsall.
B. 1925. A llen, W m ., C huckery  F ound ry , W al­

sa ll, Staffs.
S. 1927. A lford, A. L ., 408, W indm ill Lane, 

Shiregreen, Sheffield.
Sc. 1926. A nderson , J .  Y.^ 35, Alice S tree t, 

Paisley .
L ncs. 1907. A ndrew , F ., 120, Gas S tree t, Fails- 

w o rth , M anchester.
L. 1925. A rm ishaw , W . J . ,  44, Comm on View, 

L etchw orth , H erts .
M. 1926. A rm strong , G., 23, Chipchase S tree t, 

M iddlesbrough.
L. 1925. A rm strong , L. R ., 39, N essinden

M ansions, N .W .15. p*
Sc. 1920. A m o tt, J . ,  A .I.C ., G. & J .  W eir,

L td ., C a th ca rt, Glasgow.
Sc. 1926. A rn o tt, Jam es, 114, B room hall R oad , 

N ew lands, Glasgow.
L ncs. 1916. A shton , F ., 24, Isherw ood S tree t, 

H eyw ood, Lancs.
L ncs. 1927. A shton, N . C., 591, C horley N ew  R oad , 

N orw ich, n ear B olton.
Lncs. 1923. A sta ll D ., 380, O ldham  R oad , Lim e- 

h u rs t, A shton-under-L yne.
L. 1905. A ston, D . A., 36, B astw ick  S tree t,

Goswell R oad , L ondon, E.C. 1.
Lncs. 1922. A tk inson , A lbert, 1 1 , G uy S tree t,

P ad ih am , Lancs.
S. 1916. A tk inson , F ., “ W oodlands,” R ic h ­

m ond R oad ,H andsw orth ,Sheffie ld .
N. 1925. A tk inson , G., 10, Q ueen’s D rive,

W hitley  B ay .
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N. 1922. Askew, J . ,  20, M oun t R o ad , W est
Sunderland .

S. 1920. A vill, W m ., 44, A lbion R o ad , R o th e r ­
ham .

S. 1912. A yres, J .  A ., “  A ld bou rne ,”  E ccles- 
field, Sheffield.

Sc. 1918. B acon, A. H ., 228, Saracen  S tre e t , 
Poss ilpark , Glasgow.

S. 1924. B acon, P ., 86 , B ridge S tree t, S w in ton , 
n r. R o th e rh am .

L ncs. 1926. B agley , J . ,  34, G uest S tree t, L eigh, 
L ancs.

S. 1909. B ailey , P . T ., 17, H allow es L ane , 
D ronfield, n r. Sheffield.

Sc. 1916. B ain , W ., A rdm ore, B onnyb ridge , 
Scotland.

Sc. 1928. B a ird , T . C., 87, M ain S tree t, B a rrh ead .
B. 1918. B aker, W ., “  K a ra  G w en t,” C oalw ay 

R oad , P en n  F ields, W o lv e rh am p ­
ton .

N . 1925. B a ld e rs to n , R . A ., 21, W en tw o rth  
P lace, N ew castle-on-T yne.

W .R . 1927. B alm e, H ., 33, G range A venue,
of Y . M arsden, n r. H uddersfield .
Lncs. 1927. B arb er, C., 43, B irch  S tree t, W est 

G orton , M anchester.
M. 1926. B arc lay , D ., 45, E d w a rd  S tre e t,

S to ck to n -o n -T ees.
S. 1922. B ark e r, A. G., 26, V ic to ria  R o ad , 

B a lby , D oncaster.
B. 1919. B arker, S. B ., 34, D a rb y  R o ad , Coal- 

b rookdale , Salop.
S. 1924. B arker, W ., 136, N idd  R o ad , A tter- 

cliffe, Sheffield.
S. 1913. B arn ab y , N . F . (Jo h n  B row n & 

C om pany, L im ited ), S cu n tho rpe .
Lncs. 1910. B arnes, G ., 16, T rem ellen  S tree t,

A ccrington.
Lncs. 1915. B aron , E ., 24, G rim shaw  L ane,

N ew ton  H e a th , M anchester.

B'nch. of ASSOCIATE MEMBERS.
Election.
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L. 1914. B a rre tt , H . G., L etchw orth  C astings 
Co., L etchw orth , H erts .

Lncs. 1924. B a rre tt ,  S., 150, C horley N ew  R oad , 
H orw ich, n r. B olton.

L. 1911. B a tch , J . ,  60, R obertson  S tree t,
Queen S tree t, B a tte rsea , S .W .ll .

B. 1927. B a te , F ., 48, Sw eetpool R oad , W est 
H ag ley , S tourbridge.

B. 1904. B a th e r, H . K . (C ham berlain & H ill), 
C huckery  F o u n d ry , W alsall.

S. 1920. B a tty , F ., 52, H am p to n  R oad , P its- 
m oor, Sheffield.

E.M . 1926. B ax te r, J . ,  108, S tene H ill R oad ,
D erby.

L. 1921. B ax te r, P e rcy  L ., 131, A m pth ill
A venue, B enoni, T ransvaa l, S.
A frica.

W .R . 1924. B ean, E ., 8, T he H ollies, S idm outli
of Y. S tree t, H u ll.
L. 1925. B eardshaw , A., 50, Jack m an s P lace, 

L etchw orth , H erts .
W .R . 1923. B eaum ont, G., 25, O xley S tree t,
of Y . P o n te fra c t L ane, Leeds.
E .M . 1919. Beck, H . J . ,  B a rto n  H ouse, L ittleover 

L ane, D erby.
L. 1925. Becker, M. L., N ationa l Physical 

L abora to ry , T eddington.
Lncs. 1927. Beech, T . L ., 86 , C yprus S tree t, 

S tre tfo rd , M anchester.
S. 1920. Beeley, W . H ., C larence L ane W orks, 

off Eccleshall R oad , Sheffield.
W .R . 1927. B eilby, A. R ., 233, M elrose G ate,
of Y . T ang H all, Y ork.
Sc. 1917. Bell, J . ,  60, S t. E noch  Square, Glasgow.
N. 1925. B ell, J . ,  65, P a rk  A venue, W hitley  

B ay , N o rth u m b erlan d .
Sc. 1910. Bell, T ., 2, Bellfield S tree t, B arrhead , 

Glasgow.
S. 1918. B e im ett, A. M., 12, B randon  Grove, 

N ew ton P a rk , Leeds.
W . & 1928. B en n e tt, S. L ., E sq ., 2, L ily  S tr e e t ,  ̂

N . R o a th  P a rk , Cardiff.

B’nch. Yo?r ASSOCIATE MEMBERS.
Election.
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B ’nch, of ASSOCIATE M EM BERS.
E lection .

VV.R. 1912. B erry , F ., 125, W atk in son  R o ad ,
of Y. Illingw orth , H alifax .
Lncs. 1917. B erry , R . I . ,  31, B u ry  R o ad , B am - 

ford , R ochdale .
B. 1926. B e ttin so n , J .  S., Cole B an k , H all

Green, B irm ingham .
S. 1928. B e tts , F ., 69, T a p to n  B an k , C rosspool, 

Sheffield.
L ncs. 1926. B evins, J . ,  1, L it tle  U nion  S tree t, 

U lverston .
Sc. 1920. B inn ie , A lex., 15, C ochrane B uild ings, 

P leasance Square, F a lk irk .
B. 1916. B irch , H ., Inglew ood, C hester R o ad , 

S tree tley , B irm ingham .
B. 1922. B ird , J .  B ., “  C o ra lly n ,” H ard w ick  

R o ad , S tree tley , n r. B irm ingham .
Sc. 1919. B lack , A ., 10, P rince  E d w ard  S tree t, 

C rosshill, Glasgow.
Sc. 1928. B lackadder, T ., 5, O rchard  S tree t, 

F a lk irk .
Sc. 1928. B lackadder, W ., L in ton  Vale, Meeks 

R oad , F a lk irk .
E.M . 1921. B lackham , E . L ., 460, U tto x e te r  

R o ad , D erby .
E.M . 1920. B lackw ell, W m ., 36, A rth u r  S tree t, 

L oughborough.
Sc. 1910. B lackw ood, R ., “ K en ilw o rth ,” J o h n ­

stone, Glasgow.
E.M . 1919. B lades C., The V ines, W an lip  R oad , 

S yston , L eicester.
Sc. 1928. B lair, V . W ., S ta tio n  H ouse, G raham - 

ston , F a lk irk .
E.M . 1924. B loor, F . A ., “ In g lem ere ,”  S tenson  

R oad , D erby.
N. 1919. Blythe, J .  D ., 81, Northumberland 

Terrace, Willington-Quay-on -T yne. 
L . 1925. Bode, C., 87, Main Street, Sparkbrook, 

Birmingham.
W .R . 1922. B oo th , G. E ., 80, In s t i tu te  R o ad ,
of Y . E celesh ill, B rad fo rd , Y orks.

Year
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B ’nch . o l ASSOCIATE M EM BERS.
E lection .

N. 1915. B orthw ick , T ., C rookhall H ouse, Con- 
s e t t ,  Co. D urham .

M. 1920. B ound , W . H ., W h. E x . A .M .I.
M ech.E ., 12, D ufton  R oad ,
L in tho rpe , M iddlesbrough.

S. 1927. B oulton , D . C., 4, L ittlem oor Crescent, 
N ew bold, Chesterfield.

Lncs. 1921. B ow den, J . ,  72, G range R oad , Chorl- 
ton -cirm -H ardy , M anchester.

L . 1906. B ow m an, A ., 48, L a th o m  R oad ,
E a s t  H am , E .6 .

W . & 1926. B oxall, H . A., 33, Gellydeg S tree t, 
M. M aesycum m er-via-C ardiff.

S. 1926. B rad b u ry , J . ,  14, L ittlem o r C res­
cen t, N ew bold, Chesterfield.

S. 1916. B rad ley , H ., “ C otsw old ,” Booking 
L ane, W oodseats, Sheffield.

B . 1925. B radshaw , J .  H . D ., 4, Foley S tree t,
W ednesbury , Staffs.

Lncs. 1922. B ra n d re tt, T ., 35, R y a ll S tree t,
R eg en t R oad , Salford, M anchester.

N. 1921. B rass , A ., 44, H ay d n  T errace, G ates- 
head-on-Tyne.

L ncs. 1923. B rere ton , C. F ., c/o  Mrs. O ldham , 
25, M anchester R oad , Chorlton- 
cum -H ardy , M anchester.

Lncs. 1917. B rierley , A ., 76, A sh R oad; G orton, 
M anchester.

Lncs. 1923. B rockbank , A. H ., 3, H aw kens S tree t, 
Old T rafford, M anchester.

W .R . 1926. B rook, J . ,  10, E lfo rd  T errace, R ound-
of Y . h ay  R oad , Leeds.
L ncs. 1925. B rough ton , H ., 1, Chip H ill R oad , 

D eane, B olton.
N. 1917. B row n, C. H y ., 57, W hitehall R oad , 

G ateshead-on-T yne.
L. 1917. B row n, E . H ., 91, D evonshire R oad , 

F o res t H ill, S .E . 23.
Lncs. 1923. B row n, G. H ., 17, D erbysh ire  A venue, 

S tre tfo rd , M anchester.
Lncs. 1917. B row n, J . ,  227, M ilnrow R oad , R o ch ­

dale.

Year
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S. 1909. B row n, T. W ., 21, B u rng reave
S tree t. Sheffield.

Sc. 1914. B ruce, A ., 52, A shley  T errace , E d in ­
burgh  .

Sc. 1928. B ruce, W ., 38, W atson  S tree t, F a lk irk .
Sc. ' 1926. B ruce, W . T ., 52, A sh ley  T errace ,

E d in b u rg h .
Sc. 1927. B ry d en , W a lte r  M yreton , B o n n y  -

bridge, S tirlingsh ire .
Lncs. 1926. B uck , A ., 9, S t. P a u l’s R o ad , B la c k ­

pool, N .S.
N. 1920. B uckham , G. H .. “  H arew o o d ,”

G range R oad , N  ew castle - on -T yne .
L. 1926. B uck ingham , F . A. T ., 114, R ic h ­

m ond  R o ad , G illingham , K e n t.
E.M . 1928. B uck land , R . H ., 20, D airyhouse

R oad , D erby.
B. 1925. B ullow s, W . D ., c/o C astings, L td ., 

Selbourne S tree t, W alsall, Staffs.
E.M . 1928. B uhner, G. N . B ., 11, S ta tio n  R oad , 

C hillaston , D erby .
N. 1920. B urcham , J . ,  35, A lvertho rpe  S tree t, 

Sou th  Shields.
E.M . 1928. B urgess, F ., 21, F o u n d ry  C ottages, 

Syston, n r. Leicester.
S. 1924. B urk inshaw , J .  W ., 13, L av erack  

S tree t, H an d sw o rth , Sheffield.
Sc. 1917. B urns, J .  K ., 77, S andy  R o ad , R e n ­

frew.
N . 1925. B urre ll, J . ,  2, B ede C rescent, W illing- 

ton -Q uay -on -T yne .
W .R . 1921. B u tterfie ld , P ., 10, E astfie ld  P lace,
of Y . Su tton -in -C raven , K eigh ley ,Y orks,
E.M . 1927. B u tte rs , F . G., 1, A lbany  S tree t, 

Ilkeston .
Sc. 1928. B u tte rs , F . H . R ., 145, H illend  R oad , 

L am bhill, G lasgow.
Lncs. 1923. B u tte rw o rth , A. W ., 214, F red erick  

S tree t, W ern e th , O ldham .
Lncs. 1919. B u tte rw o rth , J . ,  24, E a s t  View,

M itchell S tree t, B u ry  R oad , R o ch ­
dale.

Year
B’neh. of ASSOCIATE MEMBERS.

Election.
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B 'nch. of ASSOCIATE M EM BERS.
E lection.

W .R . 1921. B u tte rw o rth , Jo h n , 19, N eville S tree t, 
of Y . C lare M ount, H alifax .
Lncs. 1920. B u x to n , J . ,  68, L uke L ane, H u rs t, 

A sh ton-u .-L yne.
L ncs. 1926. C airns, P .,  59, B lodw ell S tree t,

Seed ley , M anchester.
B . 1924. C allaghan, G. M., 6, Foxgrove, Acocks 

G reen, B irm ingham .
S. 1920. Cam eron, N ., C avendish V illas, D evon­

sh ire  R oad , T o tley  R ise, N r. 
Sheffield.

L ncs. 1926. C am pbell, A. B ., 125, S tam fo rd  R oad , 
A udenshaw , M anchester.

Sc. 1912. C am pbell, D . M cGregor, T orw ood
F o u n d ry , L a rb e rt.

L. 1914. C am pbell, J . ,  9, W estern  G ardens,
E aling , W .

Lncs. 1918. Cam pbell, W ., 12, D enbeigli S tree t, 
S tockpo rt.

S. 1927. Carlisle, E . A ., 3, S ilver H ill R oad , 
Ecclesall, Sheffield.

Lncs. 1925. C arr, H ., 7, L ord  S tree t, S ta lybridge.
L. 1921. C arrell, H y . A lfred, 6J ,  P eabody

B u ild ings,F arringdon  R o a d ,E .C .l. 
W .R . 1927. C arter, S., Cowley L ane, L ep ton , n r. 
of Y . H uddersfield .
W .R . 1923. C arver, W ., 112, V alley R oad ,
of Y. P udsey , n ea r Leeds.
Sc. 1928. C ham bers, H ., c/o M utton , 18, L om e 

S tree t, L eith .
S. 1925. C ham bers, J .  F ., 31, D uke S tree t, 

S taveley , Chesterfield.
W .R . 1922. C happelow , T hos., 181, T ay lo r S tree t, 
of Y . B a tley , Y orks.
Sc. 1921. C harters, J . ,  12, W alw orth  T errace, 

Glasgow.
Lncs. 1925. C heetham , E ., 5, E ld o n  R oad , E dge- 

ley, S to ck p o rt.
IV. & 1928. Cliilvers, W ., H igh  S tree t, C row m arth, 

N . n r. AVallingford.

Year
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S. 1911. Chope, H . P ., 38, C hurch S tree t,
Sheffield.

Lncs. 1927. C lark, J .  J . ,  39, D isconson S tree t, 
O rm skirk , Lancs.

N. 1920. C lark, J .  W ., 133, S t. T h o m as’ T errace , 
B laydon-on-T yne .

Sc. 1928. C lark, R . F ., c/o R obertson , 12,
C larence S tree t, P aisley .

L. 1923. C lark, W ., 9, Ju b ile e  R oad , B asin g ­
stoke.

E .M . 1919. C larke, A. S., L eicester R o ad , L o u g h ­
borough.

N . 1912. C larke, J . ,  A lb e rt S tre e t, T a y p o rt,
F ife .

L. 1925. C larke, J .  W ., 17, M ajo r W a lk , P e te r ­
borough .

Sc. 1928. C larkson, A ., c/o  Mr. B oyd, 39, Seed- 
h ill R o ad , P ais ley .

N . 1920. C lem ents, H . F ., c/o W m . Ja c k s  & Co.,
L td ., O cean B uild ings, P rin ce  
S tree t, S ingapore, S tra its  S e tt le ­
m ents.

Sc. 1922. C leverley, A.M ., B .Sc., 24, Y ork
S tree t, F a lk irk , Sco tland .

Lncs. 1922. Cleworth, A lf., 25, W alnut Street, 
Bolton.

Lncs. 1921. Colem an, J .  I . ,  W est D ene, B rook lyn  
R oad , W ilpsh ire , B lack b u rn .

W . & 1926. Coles, F . L ., 46, B u rn a b y  S tre e t ,
M. Cardiff.
S. 1920. Coles, W . H ., 2, G ordon A venue.

W oodseats, Sheffield.
S. 1916. Collins, B. L ., F o lds C rescent, A bbey  

L ane, Sheffield.
W .R . 1920. Collinsom K . i H ., 1 1 , G randm ere
of Y . Place, H alifax .
S. 1-907. Cook, A. H ., W . Cook & Sons, L td ., 

W ashford  R oad , Sheffield.
E.M . 1916. Cook, F „  168, W oods L ane, D erby .
S. 1914. Cook, W . G., W ashfo rd  R o ad , S hef­

field.

B’nch. Yoef r ASSOCIATE MEMBERS.
Election.
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Lncs. 1927. Cooke, J . ,  116, D erbysh ire  A venue, 
S tre tfo rd , M anchester.

Lncs. 1927. Cooke, J .  E ., 116, D erbyshire Avenue, 
S tretford .

L ncs. 1926. Cooke, T ., 15, F inch ley  R o ad , H ale , 
Cheshire.

M. 1926. Cooper, A ., 50, U pper O xford S tree t, 
S ou th  B ank.

N . 1919. C orbett, W . A., “  D in g u ard i,” B u n g a ­
low 19, H igh  F a rm  E s ta te , W alls- 
end-on-Tyne.

Lncs. 1926. Coupe, W m ., ju n r ., 36, K ittlingbo rne , 
v  H igh  W alton , n r. P reston .

Sc. 1919. Cree, A ,, 160, M ount A m nan D rive, 
K in g ’s P a rk , C a th ca rt, Glasgow.

E .M . 1926. Creese, H . J . ,  112, Mere R oad ,
L eicester.

L ncs. 1910. C ritchley , F ., 631, S t. H elens R oad , 
B olton .

S. 1912. C ritchley , T ., 52, L im psfield R oad , 
B righ tside , Sheffield.

Lncs. 1928. Cross, J . ,  80, E lm field S tree t, Churchy
L ncs. 1927. Cullinm ore, G., 15, L incoln Square, 

F a rn w o rth , W idnes.
B. 1906. C um ow , M. H ., 41, C em etery L ane, 

W est B rom w ich.
Scj 1926. C urrie, J . ,  1, S u th e rlan d  C rescent, 

B a th g a te .
B. 1907. D alrym ple, D ., 20, Beeches R oad ,

W est Brom w ich.
S. 1920. D arby , A ., 5, D obb in  H ill, G reystones, 

Sheffield.
S 1909. D arley , F ., 187, B urngreave  R oad ,

P itsm oor, Sheffield.
E.M . 1923. D arring ton , L. G., 27, K ingston

A venue, H allam  F ields, I lk es to n .
Sc. 1922. D avidson, W . B ., (Jas. K e ith  & B lack ­

m an Co., L td .), A rb roa th .
W. & 1924. D avies, E . H ., 224, Cardiff R oad ,
M. A beram an.

B. 1925. D avis, A., 3/247, G t. R ussell S tree t, 
B irm ingham .

Year
B’nch. of ASSOCIATE MEMBERS.

Election.
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Lncs. 1923. D avis, J . ,  50, O ld R oad , D ukinfield , 
Cheshire.

Sc. 1926. D avis, T hos., 633, D u m b arto n  R o ad , 
P a rtic k , Glasgow.

L. 1914. D avis, W . H ., 8, P y e  S tre e t, P o r t s ­
m outh .

S. 1922. D ay , A. B ., 19, S carsdale  R oad ,
D ronfield, n ea r Sheffield.

Lncs. 1925. D ean , J . ,  48, N o rth g a te  R o ad , S to ck ­
po rt.

Lncs. 1924. D eeley, F ., 52, B ew sey S tree t, W a r­
ring ton  .

L ncs. 1918. D em aine , F . C., 9, R ising  S un  L ane , 
G arden  S uburb , O ldham .

Lncs. 1922. D em aine  (ju n .), F . C., 9, R isin g  Sun 
L an e , G arden  S u b u rb , O ldham .

L ncs. 1926. D en ison , H ., 20, Second A venue, 
K idsg rove , S to k e -o n -T ren t.

M. 1926. D enw ood, W ., 7, P e a rl S tre e t,
H a v e r to n  H ill, M idd lesb rough .

W .R . 1922. D erring ton , H ., 101, N orfo lk  M ount,
of Y . H alifax .
L. 1909. D erry , L . B ., 3, P re s to n  R oad , Y eovil, 

Som erset.
B. 1925. D ex ter, B . J . ,  80, N ew  R ow ley  S tree t, 

W alsall.
Sc. 1928. D ickie, W ., 19, G lasgow R oad , P aisley , 

Scotland.
N. 1916. D ickinson, S., 103, B ede S tree t, R oker, 

Sunderland .
B. 1920. D icks, G. E ., 110, R ichm ond  H ill, 

L angley , n ea r B irm ingham .
S. 1914. D ixon , A. F ., 9, B ris to l R o ad ,

Sheffield.
L. 1916. D obson, J . ,  3, B ond  Is le  T errace , 

S tanhope, Co. D urham .
N. 1924. D odds, J . ,  64, Scotsw ood R oad , S ou th  

B enw ell, N ew castle-on-T yne.
Lncs. 1921. D olphin , J .  H ., 47, H ea to n  A venue, 

B olton.
W. & 1924. D om ville, S., 301, R a ilw ay  S tree t,
M. Cardiff.

Year
JB’nch. of ASSOCIATE MEMBERS.

Election.
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Sc. 1919. D onaldson, J .  W ., B .Sc., S co tt’s
Shipbuild ing an d  E ngineering 
C om pany, L im ited , Greenock.

Sc. 1919. D orsie, J .  C., M aplewood, K irk in ­
tilloch .

B. 1920. D ubberley , P ., 44, G rea t A rth u r
S tree t, Sm ethw ick, Staffs.

Lncs. 1925. D uckw orth , J .  A ., \42a, O rm erod 
S tree t, A ccrington.

Lncs. 1924. D udley , W m ., 11, B arlow  S tree t,
Low er O penshaw , M anchester.

Sc. 1917. D uncan , J . ,  78, Jellicoe S tree t, D al- 
m uir.

L . 1920. D unn , J .  W ., 50, M arlow  R oad , E a s t 
H am , E .7 .

W . & 1928. D u rran t, G. A., 11, W est P a rk  R oad , 
N . N ew port.

L ncs. 1913. E astw o o d , J .  H ., 83, P rincess S tree t, 
C astle ton , n r. M anchester.

L. 1912. E cco tt, A. E ., T he E lm s, 68, Sm ithies 
R oad , P lum stead , S.E .18.

S. 1925. E d g in to n , J . ,  3, Coupe R oad , B urn- 
greavfe, Sheffield.

Sc. 1911. E dm iston , M., R ose Vale, W indsor 
R oad , R enfrew .

W .R . 1922. E dm ondson, J . ,  107, W oodroyd R oad ,
of Y . W est Bowling, B radford .
B. 1922. E dw ards, F . C., 32, Q ueen’s H ead  

R oad , H andsw orth , B irm ingham .
E .M . 1925. E ld e r, A ., 90, S tenson  R o ad , D erb y .
Sc. 1927. E lder, P ., 10, N ap ier Crescent, Bains- 

ford , F alk irk .
E.M . 1909. E llson, J . ,  19, D erby  R oad , R ipley , 

D erby.
S. 1924. E m m o tt, J . ,  33, Bowood R oad .

Sheffield.
Sc. 1920. E rsk ine , N . A. W ., M orton C ottage, 

Camelon.
Lncs. 1924. E v an s, H ., 93, Second A venue, T raf- 

fo rd  P a rk , M anchester.
B . 1927. E verest, A. B ., B .Sc., P h .D ., Chad 

H ill, H arb o rn e  R oad , E dgbaston , 
B irm ingham .

Year
B’nch. of ASSOCIATE MEMBERS.

Election.



W .R . 1922. F a rra r , L evi, 22, Springsw ood A ve.,
of Y . Sh ip ley , Y orks.
Lncs. 1919. F arrow , C., 84, L ou isa  S tree t, O pen- 

shaw , M anchester.
Lncs. 1922. F a u lk n e r , T hos., 95, B a n k  S tree t, 

C lay ton , M anchester.
Lncs. 1924. F ellingham , T . R ., 81, H enshaw

S tree t, S tre tfo rd , M anchester.
L . 1924. F enn , J .  H ., 25, F ra n c e m a ry  S tree t, 

B rock ley , S .E .4 . •
Sc. 1912. F erlie , T ., S teel an d  Iro n  F o u n d er, 

A u ch te rm u ch ty , F ifesh ire .
S. 1927. F ir th , T . C., S to r th  O aks, R anm oor, 

Sheffield.
L. 1926. F ish , F . W ., 30, T he C rescent, H erts .
Lncs. 1922. F is t, T hom as, 127, H ughes S tree t, 

H allew ell, B olton.
N . 1922. F lack , E . W ., 3, F a lsh aw  S tree t, 

W ash ing ton  S ta tio n , Co. D u rh am .
B. 1927. F lavel, S. W . B ., 11, A venue R oad , 

W arw ick  S tree t, L eam ing ton  Spa.
B. 1918. F lavell, W . J . ,  C a rte r’s G reen Passage, 

W est B rom V ich.
Lncs. 1919. F lite ro ft, E ., School H ill Ironw orks, 

B olton.
E .M . 1925. F ood , F . H ., 108, U p p er C ondu it 

S tree t, L eicester.
W .R . 1924. F o ste r, H ., 10, H ighfield  P lace,
of Y . B ram ley , Leeds.
L. 1912. Fow ler, T. E ., 72, S ta tio n  R o ad , N ew  

S ou thga te , N . l l .
W .R . 1928. F ow ler, S., 30, V ic to ria  R oad , H alifax .
of Y.

1923. F ox , F . S., 6333, T uxeda  A venue, 
D e tro it, M ichigan, U .S .A .

B. 1909. F rase r, A .,
Lncs. 1924. F r i th , W ., 8 , B uckley  S tree t, A sh ton  

N ew  R oad , C lay ton , M anchester.
N . 1920. F u te rs , R . W m ., 23, B ran n en  S tree t, 

N o rth  Shields.
E .M . 1925. G ale, B ., 15, R id g w ay  S tree t,

N o ttin g h a m .

B’nch. of ASSOCIATE MEMBERS.
Election.
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Sc. 1904. G alt, J . ,  H en ry  & G alt, Sneddon
F o u n d ry , Paisley.

B. 1920. G aun t, J .  W ., 101, Beeches R oad ,
W est B rom w ich.

L. 1927. G errard , J .  N orbreck , A lexand ra  R oad , 
P eterborough .

L ncs. 1927. G ibson, T ., 11, L incoln S tree t, B lack ­
bu rn .

E.M . 1926. Gill, F ., 31, Serlby R ise, G ordon R oad, 
N o ttingham .

Sc. 1927. G illepsie, H . Me. K ., “ S tenhouse,” 
C arron, F a lk irk .

Sc. 1928. G illespie, C., 67, Com m ercial R oad , 
B a rrh e a d .

Lncs. 1923. G ilpin, W ., “ S unnyside,”  B irch
G rove, R usholm e, M anchester.

E .M . 1924. G ilson, A. J . ,  12, H an ifd en  S tree t, 
D erby.

M. 1926. G leave, J . ,  1 , V ic to ria  S tree t, H av er- 
to n  H ill, M iddlesbrough .

W .R . 1922. G ledhill, F ., 205, E a s t View, B radford
of Y. R oad , B righouse, Y orks.
B. 1917. G lynn, T. A., Je sm o n d , F a ir  View 

A venue, H am ste a d , B irm ingham .
Lncs. 1924. Goodwin, G. W ., 64, R oseneath  R oad , 

U rm ston , M anchester.
E .M . 1919. G oodw in, T ., B rae  H ouse , New 

B edford  S tree t, D erb y .
B . 1922. G ospel, W ., G u tta  P e rch a  Co., c/o 

T he S taffordsh ire  S tain less Iro n  
Co., L td ., B aldw in  S tree t, B ilston , 
S taffs.

Sc. 1919. G raham , R ., 116, S tra tfo rd  S tree t, 
M aryhill, Glasgow.

E.M . 1917. G ran t, George, 62, L eicester R oad , 
Q uom , n r. Loughborough.

Sc. 1912. G ray, J . ,  2, S ta tio n  R oad , D um barton .
S. 1925. G reaves, H . A ., 25, R av en  R o ad , 

N e th e r  E dge , Sheffield.
S. 1924. G reaves, ,T., 3, New H ouses, P iccadily , 

Chesterfield.
S. 1919. G reaves, J .  B ., 128, U ppertho rpe , 

Sheffield.

Year
B’nch. of ASSOCIATE MEMBERS.

Election.
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B ’nch. of ASSOCIATE M EM BERS.
E l e c t i o n .

S. 1924. G reen, A ., 201, D oncaste r R o ad ,
R o therham .

Lncs. 1924. G reen, A. E ., 66 , W olseley  R o a d , 
P reston .

S . 1926. G reen, J .  W ., 16, L ittlem o o r C rescent, 
N ew bold, C hesterfield.

S. 1914. G reen, P ., 64, R o lle s to n  R o ad ,
F ir th  P a rk , Sheffield.

Lncs. 1927. G reenhalgh, A ., 20, O rch a rd  S tree t, 
H eyw ood. L ancash ire .

Lncs. 1920. G reenhalgh, W ., 86, C rosby R o ad , 
B olton.

M. 1926. G reenw ell, O ., 12, A ngle S tre e t,
G rove H ill, M idd lesb rough .

L ncs. 1924. G reenw ood, T ., 1, Schofield S tre e t, 
T o d m o rd en .

L , 1926. G regory, A. W ., 98, A sh to n  R oad , 
L u ton .

L. 1918. G regory, E ., 16, M ansfield R o a d ,
B eech H ill, L u ton .

W . & 1928. Griffin, L ., 83, H o llow ay, B a th .
M.

B. 1926. G riffiths, A . G., 56, R u n n y m ead e
R o ad , H a ll G reen, B irm in g h am .

E.M . 1924. G riffiths, S., 94, S tenson  R o ad , D erby .
M. 1926. G riffiths, W ., V alley  V iew, S ta tio n

R oad , A m ersham , B ucks.
Lncs. 1925. G rieve, J .  E ., 24, T inda ll S tree t, 

R edd ish , S tockpo rt.
L ncs. 1919. G rim w ood, E . E . G ., 129, G lebe-

lan d s R o a d , A sh ton -on -M ersey .
L ncs. 1912. G ru n d y , H . V ., P e n tr ic h , C am pbell 

R o a d , B ro o k lan d s , C hesh ire .
L. 1920. G urney, S. J . ,  24, B u m s R oad ,

B a tte rsea , S.W .
M. 1926. H ackw ood , J . ,  52, B y e lan d s S tre e t, 

M id d lesb ro u g h .
Sc. 1920. H aig , T ., 23, L iv ingston  T errace ,

L a rb e r t ,  N .B .
S. 1909. H a ll, E . D ., 50, N ap ie r S tree t,

Sheffield.
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L . 1921. H all,-G eo., “ G len thom e,”  Swan H ill, 
O xton , B irkenhead .

N . 1914. H all, J .  J . ,  Clyde Vale, R ow lands 
-Gill, Co. D urham .

E.M. 1925. H allam ore , J .  C., O ak F a rm , B u rto n  
R o ad , L ittleo v e r, n r. D erbv .

E .M . 1925. H a llo ran , J . ,  152, B rook  'S tree t,
D erby .

Sc. 1925. H am il, W ., 50, W oodhead  A venue, 
K irk in tilloch .

V .R . 1927. H am m ond , D . \V ., 63, W averley
of Y . R oad , G rea t H o rto n , B radfo rd .
B . 1924. H am m ond , G. A ., 13c, H ill Top, 

W est B rom w ich, Staffs.
E .M . 1925. H ancock , D ., 43, D rew ry  L ane,

D erby .
B. 1927. H an d , A. F ., 18, H o lyhead  R oad , 

O akengates, Salop.
L . 1918. H an d , H . E l, 189, M anwood R oad , 

C rofton  P a rk , S.E .4.
E.M . 1924. H anson , C. H ., 285, A bbey S tree t, 

D erby.
W . & 1924. H ard in g , J .  W ., 14, W elford S tree t,
M. B arry .

W . & 1927. H ares, A ., P a rk  Crescent, 648, S taple-
M. to n  R oad , B risto l.

L . 1927. H arfo rd , A. E ., 85, S u m atra  R oad ,
W est H am p stead , N .W .6 .

Lncs. 1926. H arg raves, R . C., 32, Parsonage S tree t, 
S tockport.

Lncs. 1919. H arg raves, R . R . (G randridge and  
M ansergh, L td .), W heath ill S tree t, 
Salford , M anchester.

M. 1927. H arp e r, F . A ., 17, B rank ingham
Terrace, S tockton-on-T ees.

Lncs. 1911. H arp e r, H ., 28, A lexandra  S tree t,
C astle ton , n r. M anchester.

B. 1927. H arp e r, ,T„ 113, M ansfield R oad ,
A ston, B irm ingham .

L. 1925. H arrin g to n , W . T ., 21, V ernon R oad , 
S tra tfo rd , L ondon, E .15.

Lncs. 1922. H arris , F ., 18, H o lland  S tree t, Pad i- 
ham , Lancs.

Year
B’nch. O f  ASSOCIATE MEMBERS.

Election.
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S. 1926. H arris , R . S., C allyw hite L ane, D ron- 
field, Sheffield.

M. 1926. H arrison , A. G., 127, N orton  A venue, 
N orton-on-T ees.

W .R . 1928. H arrison , H ., 7, S t. L eonards R o ad ,
of Y . G irlihgton, B radfo rd .
Sc. 1916. H arrow er, J .  (B o’ness Iro n  C om pany), 

B o’ness, Sco tland .
L. 1927. H a r t ,  W . F ., “  T he G ab les,”  C ressing 

R o a d , B ra in tree , E ssex .
Lncs. 1924. H a rtle y , R ., 16, O xford  R oad , B o o tle , 

L iverpool.
Sc. 1914. H a rtle y , R . F ., L ondon  R oad  F o u n d ry , 

E d in b u rg h .
M. 1926. H a rv e y , D ., 4, R y d a l R o ad , S to c k ­

ton -on -T ees.
S. 1926. H a tto n , W . H ., B room hall L ane, 

Sheepbridge, C hesterfield.
W . & 1928. H aw es, W ., “ B en  T ro v a to ,”  W h it-
M. tecks, R oad , H an h am , B risto l.

E.M . 1925. H aw ley , T . H ., 63, W illow  B rook  
R o ad , L eicester.

Sc. 1928. H aw tho rne , S., 10, C larence S tre e t, 
P ais ley .

Sc. 1910. H ay , J . ,  120, B row nside R o ad , Cam- 
buslang , G lasgow .

B. 1910. H ay w ard , G. T ., 8 , T he L aure ls, 
M arrow ay S tree t, B irm ingham .

Lncs. 1923. H ay w ard , R ., 39, B elg rave  R o ad , 
N ew  M oston, M anchester.

E .M . 1922. H a y w a rd , W m ., F a irh a v e n , P a s ­
tu re s  R o a d , S tap le fo rd , n r .  N o t ­
tin g h a m .

L ncs. 1925. H e a tle y , H ., 146, R e d la m , B la c k ­
b u rn .

W .R . 1925. H e a to n , B., M essrs. H a ll & S te ll,
of Y . D a lto n  L an e , K eigh ley .
B . 1906. H eggie, C ., 79, H o lly  L ane , E rd in g - 

to n , B irm ingham .
Lncs. 1922. H enderson , G ., 1120, E le v e n th  S tree t, 

T rafford  P a rk , M anchester.

Year
B’noh. of ASSOCIATE MEMBERS.

Election.
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L. 1910. H enderson , G. B ., 28, College R oad , 
- W oolston, S ou tham pton .
Sc. 1928. H enderson, J . ,  1 0 , W indsor Place,

N ew m ains, L anarksh ire .
• 1923- H enderson , J .  W „ c/o S ingapore

H arb o u r B oard , K eppel H arb o u r, 
S ingapore, S tra its  Settlem en ts .

Sc, 1911. H enderson , R „  67, Love S tree t,
Paisley .

Sc. 1921. H en ry , Jo h n , 75, A lm a S tree t, Gra- 
h am ston , F a lk irk .

L ncs. 1922. H enshaw , J .  E ., “ T refechan ,” H yde 
R oad , W oodley.

E.M . 1920. H ey , Jam es W m ., 43, H ow e S tree t, 
D erby .

B. 1927. H ib b ert, J .  C., 39, M ontague R oad , 
E rd in g to n , B irm ingham .

L. 1925. H ickenbo ttom , W . J . ,  50, W aterloo 
R oad , D unstab le ,

L . 1927. H ider, A. S., L au ris ton  V illa, P ark - 
field R oad , T orquav .

Lncs. 1915. H ill, A ., 114, M iddleton R oad , H ey- 
w ood, L ancs.

L ncs. 1925. H ill, H . G ., 495, S tre tfo rd  R o ad , 
Old T raffo rd , M anchester.

E .M . 1917. H ilto n , H . J .  S., 29, W est A venue, 
D erby .

L ncs. 1909. H ilton , T. G., 171, R ose H ill R oad , 
B um ley .

B . 1921. H in ley , Geo. H ., 53, P a rk  L ane E a s t, 
T ip ton , Staffs.

W .R . 1928. H ions, T . H ., R aw  H ill, R astr ick , 
of Y . B righouse.
AA .R . 1922. H ird , W ., T he C om er, H ard en , 
of Y . B ingley , Y orks.
N . 1928. H odges, A. E ., 1 1 , C am perdow n S tree t, 

G ateshead.
W .R . 1927. H o ldsw orth , H ., 62, AVood Lane, 
of Y. F ire  L ane E nds, B radford .
E .M . 1926. H o llan d , G ., C ostock, n r. L o u g h ­

b o rough .
S. 1920. H o lland , G. A., R ed  H ouse, Clay 

Cross, n ea r Chesterfield.

Year
B’nch- °ff. ASSOCIATE MEMBERS.Election.
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L ncs. 1922. H o llan d , W ., 1151, C hester H oad , 
S tre tfo rd . M anchester.

Lncs. 1924. H o lt, A ., 41, C arm en S tree t, A rdw ick, 
M anchester.

L ncs. 1925. H opw ood , A ., 154, C h este rg a te ,
S to ck p o rt.

L. 1921. H o tchk is , J .  D ., 29, R om berg  R oad , 
L ondon , S.W .17.

L ncs. 1924. H o w ard , E . J .  L ., 8, Q ueens T e rrace , 
C larence R o a d , L o n g sig h t, M an ­
chester.

L ncs. 1921. H ow croft, J . ,  5, S t. J a m e s ’ S tree t, 
N ew  B ury , F a rn w o rth , n r. B o lton .

W . & 1922. H ow e, C. A ., G. I .  P . Loco W orks,
M. P arc l. B om bay , In d ia .

L . 1927. H ow ell, L . H ., 67, F oy le  R oad ,
B lackhea th , L ondon, S .E .3.

W .R . 1917. H oy , R . E ., 33, B runsw ick  A venue,
of Y . B everley  R oad , H u ll.
Sc. 1923. H udson , F .,
Lncs. 1926. H udson , R ., 39, S t. A ndrew  A venue, 

D roylesden, L ancash ire .
B . 1924. H ulse, J .  C., 51, W estb o u rn e  S tre e t, 

W alsall.
S. 1925. H u n t, A ., 18, H ollingw ood Com m on, 

B arrow  H ill, n r. C hesterfield.
Sc. 1926. H u n te r , J .  M ., 77, P re s tw ic k  R o a d , 

A yr.
L . 1923. H u n te r, R . L ., “ K irkm ailing ,” E a s t 

C ote R o ad , R u islip , M iddlesex.
L . 1922. H usselbu ry , E ., R osem ead , W in ifred  

R oad , B edford .
L. 1924. H u tch ings , T. C., 10, L open  R oad , 

S ilver S tree t, E d m o n to n , L ondon , 
N. 18.

S. 1927. H yde , F . E ., 22, V o lta  R o ad , Sw indon.
B. 1925. H yde , S idney, 25, In liedge, G ornal,

n e a r D udley.
Lncs. 1928. In g h am , T ., 225, M anchester R o ad , 

D en ton .
L ncs. 1917. In sk ip , A ., 992, A sh ton  O ld R oad , 

O penshaw , M anchester.

B'nch. Yoef r ASSOCIATE MEMBERS.
Election.
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Sc. 1920. Irv in e , A ., T he P o in t, K ing S tree t, 
L a rb o rt, N .B .

1®25. Jack so n , A ., 73, F ir s t  S tree t, Low
°f Y. M oor, B radfo rd .
L ncs. 1925. Jackson , A ., 27, M arlboro’ S tree t, 

A ccrington.
Lncs. 1923. Jacq u es , T .( T he C ottage, H ill Top, 

R om iley , n r. S tockport.
B. 1914. Jam es, W ., 96, G rove Lane, H ands- 

w o rth , B irm ingham .
L. 1925. J a rv is , B ., 30, P rinces S tree t, D un- 

s tab le , B eds.
N . 1919. J a y , H . C., 32, B aysw ater R oad, 

W est J  esm ond,N ew castle-on-Tyne.
Sc. 1927. Jeffrey , R . S. M., L ithgow  A venue, 

K irk in tilloch .
L . 1927. Johnson , A. C., 48, Gooch S tree t,

Sw indon, W ilts.
B. 1919. Jo hnson , J . B ., 27, B all F ields, T ip ton .
M. 1926. Jo h n so n , L ., 45, L anehouse  R oad ,

T ho rnaby -on -T ees .
B. 1924. Jo h n s to n , W . L ., 49, Gough R oad , 

Coseley, n r. B ilston , Staffs.
Lncs. 1916. Jones , J .  H ., “ E lle ray ,” Tem ple 

D rive . Sw inton, M anchester.
L ncs. 1928. Jones, W „ 112, S t. M ark’s R oad , 

Saltney , Chester.
L ncs. 1919. Jo w e tt , H ., 53, T u rf H ill R oad ,

R ochdale.
Lncs. 1922. K ay , W m ., 9, E as tb an k  S tree t, B olton, 

Lancs.
W .R . 1922. K aye, H ., 6 , F ry e rg a te  T errace, New
of Y . S carboro’, W akefield.
L ncs. 1907. K em lo , R . W ., “  D u n o tt.a r ,”  C am p­

bell R o ad , B rook lands, C heshire.
Sc. 1927. K ennedy , D ., c/o M undey, 117, R iley  

S tree t, B lackbu rn , L ancs.
So. 1912. K eim edy, J . ,  “ D u n a rd ,” H ow ieshill, 

Cam buslang.
E .M . 1918. K erfoo t, Jo h n , 23, C um berland R oad , 

L oughborough.
Sc. 1914. K err, W ., 1 0 1 , A rdgow an S tree t,

Glasgow.

Year
Brush, •''of ASSOCIATE MEMBERS.

Election.
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L ncs. 1926. K ersh aw , J . ,  31, B irk d a le  S tre e t, 
C h ee th am  H ill, M ancheste r.

E .M . 1927. K ershaw , T . F „  15, S andfo rd  R oad , 
Syston, n r. L eicester.

Lncs. 1927. K idd , S. (Jun io r), 4, S t. S tep h en ’s 
S tree t, O ldham .

Sc. 1928. K id sto n , W ., T he B engal Iro n  Co., 
K u lti, E .I .R ., In d ia .

Sc. 1927. K ilp a trick , A ., B lock  8 , F o u n d ry  
S tree t, C arron  R o ad , F a lk irk .

N. 1925. K irb y , A. D ., 6 , F a lsh aw  S tree t, 
W ash ing ton  S ta tio n , Co. D u rh am .

Lncs. 1924. K irk h am , J . ,  13, G t. Ja m e s  S tree t, 
W . G orton , M anchester.

W .R . 1922. K irk b rid e , A. D ., 24, Springsw ood
of Y. A venue, Shipley , B rad fo rd , Y orks.
Sc. 1920. K irkw ood, J . ,  102, B a lg ray h ill R oad , 

S p rin g b u m , G lasgow.
B . 1922. K itch en , B ., 1, H ughes A venue,

B irches B arn  R o ad , W o lv e r­
h am p ton .

L ncs. 1927. K n ig h t, J . ,  138, W inw ick  R oad ,
W arring ton .

S. 1908. K now les, J .  (c/o. W alkers), M anchester 
R oad , S tocksbridge, Sheffield.

B . 1927. L afford, T . W ., 8 , P e n sn e tt R oad , 
B rierley  H ill.

L . 1922. Laidlow , W m ., 9, Griffin R o ad , P lum - 
s tead , S .E .

Lncs. 1923. L aing, J . ,  59, V ic to ria  R oad , B edford ,
Lncs. 1927. L ally , W ., 00, Clovelly R oad ,W orsley  

R oad , Sw inton.
Sc. 1922. L ang , W m ., 64, Second A venue, 

R a d n o r P a rk , C lydebank.
Sc. 1907. L aw rie, A lex ., 20, M cK in lay  P lace , 

K ilm arnock .
Sc. 1919. L aw rie, R . D ., 49, T horncliffe L ane, 

C hapeltow n, Sheffield.
S. 1920. L aycock , E ., 213, G rim esthorpe  R o ad , 

Sheffield.
L ncs. 1914. L eaf, J .  W ., D is tr ic t  B a n k  H ouse , 

C astle to n , n r . R o ch d a le .

B’nch. of ASSOCIATE MEMBERS.
Election.
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N. 1913. Loo, J . ,  38, P o in t P leasan t T errace, 
VVallsend-on-Tyne.

Gen. 1921. L eech, f f m .  C reighton (N .S.W . Gov.
R ailw ays), W en tw o rth  an d  R u t ­
ledge S tree t, E astw ood , Sydney, 
N .S.W .

S. 1925. L ovesley, W m ., 32, W estb o u m e 
R o ad , B room hill, Sheffield.

S. 1920. Lew in, H ., “ W estb rook ,” S t. J o h n ’s 
R oad , N ew bold, Chesterfield.

B. 1919. Lewis, D. (John  H a rp e r & Com pany, 
L im ited), A lbion W orks, W illen- 
ha ll, Staffs.

B . 1925. Lewis, E . J . ,  61, G rafnan t, Church 
V ale, W est B rom w ich.

B. 1910. Lewis, G ., S tra th m o re , P ag e t R oad , 
W olverham pton .

E .M . 1928. Lewis, S., 103, A bbey S tree t, D erby.
W .R . 1926. L iddem ore , A. E ., 4, P a rk  A venue,
of Y . L o n g  P a rk ,  K eighley.
Sc. 1925. L iddle, R ., 117, R oseborry  S tree t, 

O atlands, Glasgow.
L ncs. 1927. L iley, M., 64, B u x to n  Crescent,

T u rf H ill E s ta te , R ochdale.
E .M . 1 9 2 3 .  L im b ert, H ., 1 5 b , F a c to ry  S tree t, 

L oughborough .
L ncs. 1925. L ineker, A . W ., R u d d in g to n  H ouse, 

B eaconsfield , C .P ., S ou th  A frica.
L. 1919. L isby, T ., 7, M eanley R oad , M anor 

P a rk , E .
N . 1919. L ittle , J .  E . O., 1, G ibson T errace, 

M aryhill, D im dee.
Sc. 1910. L ittle john , A., 39, R u p e rt S tree t, 

Glasgow, N .W .
Lncs. 1925. L ocke tt, E ., 38, Jackson  S tree t,

G orton , M anchester.
Sc. 1922. L ongden, J . ,  11, D rum ry  R oad ,

C lydebank.
W .R . 1922. Low e, E ., 35, F o s te r  R o ad , Ingrow ,
of Y . K eigh ley , Y orks.
E .M . 1927. Lowe, H ., “ R ose C ottage,” Queen- 

borougfe, n r. Leicester.

. , Year
is nch. oi ASSOCIATE MEMBERS.

Election, +
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Lncs. 1927. Lowe, J . ,  175a, D ill H all L ane ,
C hurch, n ea r A ccrington.

Lncs. 1910. L u p to n  & Sons, H . E „  Scaithcliffe 
W orks, A ccrington.

W .R . 1927. L ox ton , C. R ., 26, E lm e t A venue,
of Y . R o u n d h ay , Leeds.
Sc. 1928. L um sden , G., 76, Cam p S tree t, M o th er- 

well.
B . 1908. Mace, C., 64, P o r t  S tree t, M anchester.
Lncs. 1927. M artin , W ., 34, S t. G eorge’s R oad , 

W ith ing ton , M anchester.
Sc. 1926. M cA rthur, J .  N ., 12, H am ilto n  D rive , 

H ill head, Glasgow, W .2.
Sc. 1928. M cA rthur, W ., B lock 9, U n ion  R oad , 

Cam elon, F alk irk .
N . 1919. M cBride, T . B ., 8, S tanw ick  S tree t, 

T ynem ou th .
Sc. 1910. McCall, J .  J . ,  162, C am bridge D rive , 

N . K elvinside, Glasgow.
S. 1922. M cCleallan, C. J . ,  110, C aryer S tree t, 

Sheffield.
Sc. 1919. McConnell, W ., 136, C arsaig D riv e , 

C raig ton, Glasgow.
Sc. 1925. M cCulloch, W ., 174, N ew lands R o ad , 

C a th ca rt, Glasgow.
M. 1927. McCusker, C. B ., 32, L anehouse  R o ad , 

T h o rn ab y  - on-T ees.
M. 1927. M cCusker, M. S., 6, W ood S tree t,

S tockton-on-T ees.
Lncs. 1924. M cD erm ott, J .  P ., 118, B riersill

A venue, R ochdale.
S. 1913. M acdonald, W . A ., 219, R inginglow  

R oad , E cclesall, Sheffield.
E.M . 1924. M cD onald, D . M., 45, S ten so n  R o a d , 

D erby.
Sc. 1913. M cD onald, W . F ., 5,' H u tch in so n

P lace, C am buslang.
Sc. 1917. M acD ougall, Miss E ., 22, C larendon 

S tree t, S t. G eorge’s Cross, G lasgow .
Sc. 1911. M cEachen, J . ,  R eg en t S tree t, K irk in ­

tilloch.
Sc. 1910. M acfarlane, J . , 51, K ings P a rk  A venue, 

C a th ca rt, G lasgow.

B-nch. of ASSOCIATE MEMBERS.
Election.
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B. 1904. M cFarlane, T ., F a rm  R oad, H orsehay ,
Salop,

Sc. 1914. Me G avin, R ., 5, M cK enzie Av enue, 
C lydebank.

Sc. 1920. M cG ovan, A ., G9, B attlefie ld  A venue, 
Langside, Glasgow.

Sc. 1910. M cGowan, R . R „  C olliston-by-
A rb ro a th .

Sc. 1927. M cIn ty re , R ., 102, T histle  S treet,
Camelon, F alk irk .

Sc. 1910. M ackay, G., 103, Glasgow R oad,
Paisley.

Lncs. 1923. M cK enzie, W m ., c/o J .  H odgkinson, 
L td ., F o rd  Lane W orks, Pend le­
ton , M anchester.

Sc. 1922. M cK innon, J .  C., Leaside C ottage, 
Cogan S tree t, B arrhead .

L ncs. 1922. M aclach lan , J .  R ., 7, N ew all M ount, 
O tley , Y orks.

Sc. 1910. M cL achlan, W ., 5, D aw son T errace, 
C arron, F alk irk .

W . & 1925; M cLean, J . ,  D onella, 12, D inas S tree t
M ' G range, Cardiff.
Sc. 1915. M cN ab, J . ,  B ells W ynd , F a lk irk .
Sc. 1924. M cNab, R ., 13, W alker S treet, Paisley.
Sc. 1910. M cPhie, H ., 40, P h ilip  S tree t, F a l­

k irk .
Sc. 1927. McGhie, D . C., 24, M orley S treet,

Langside, Glasgow.
Lncs. 1927. McVie, J . ,  73, L ynw ood R oad , B lack­

burn .
Sc. 1926. M cW hirter, A ., 74, Ochil S treet, 

Tollcross, Glasgow.
Gen. 1925. M aliind ra , J .  C., 6 an d  7, Clive 

S tree t, C a lcu tta , Ind ia .
N . 1928. M alian, R ., 7, L ow th ian  Terrace,

W ash ing ton  S ta tion , Co. D urham .
Lncs. 1921. M allett, E ., 1152, C horley Old R oad , 

B olton.
B . 1909. M arks, J . ,  S unbury  Houso, 40, T it ford

R oad , Langley, B irm ingham .
L ncs. 1923. M arlow , E ., B row noak, W estern  

R oad , n r. M anchester.

Year
B’nch. of ASSOCIATE MEMBERS.

Election.



Sc. 1910. M arshall, G., “ F eren eze ,” R ussell
S tree t, B u m b an k , L an ark sh ire .

L. 1922. M arshall, H . C., 29, W estw ard  R o ad , 
S. Ghingford.

Sc. 1912. M arshall, W . G „ “ K y le a k in ,” L ark - 
hall, Sco tland .

L ncs, 1925. M arsland, J . ,  205, M anchester R o ad , 
D roylesden , M anchester.

Lncs. 1913. M arsland, T ., 401, M anchester R oad , 
D roylesden, M anchester.

Gen. 1924. M ason, A ., 2, L indsey  S tree t, F rod - 
ingham , S cun tho rpe , L incs.

W .R . 1922. M artin , F „  G7, N ow ell T errace ,
of Y. H areh ills  L ane, Leeds.
Lncs. 1927. M artin , W ., 34, S t. G eorge S tree t, 

W ith in g to n , M anchester.
B . 1925. M assey, J .  S., 49, H aw kes L ane,

H ill T op, W est B rom w ich.
L ncs. 1917. M asters, J . ,  “  T he H o llin s ,” V ane

R o ad , L ongden  R o ad , Shrew s­
b u ry .

B. 1922. M asters, T. J . ,  12, G lover S tree t,
W est B rom w ich.

B. 1909. M athew s, J . ,  20, E a rl S tree t, W alsall.
B. 1921. M auby, R . A ., H op.stone, B r id g n o r th ,

Salop.
L ncs. 1926. M azarachi, A. C., 42, U lle t R oad , 

L iverpoo l.
Lncs. 1925. M eadow croft, H . ,14, W o rces te r S tree t, 

R ochdale.
Sc. 1914. M earns, A ., B engal Iro n  Co., K u lti , 

E . I .  R ., In d ia .
E .M . 1928. M easures, J .  F ., 4, P a to n  S tree t, 

Leicester.
Sc. 1924. M eikle, A. S., 207, K e n t R oad , 

Glasgow.
Sc. 1928. M eikle, J .  R ., 20a, C hurch  Place, 

G raham ston , F a lk irk .
S. 1927. M eldrum , W . K ., “ O v erto n ,”  H a th e r-  

rage, D erbysh ire .
Lncs. 1926. Mellors, W .,166, W est S tree t, O ldham .
M. 1926. Men/.ies, A., 31, C am bridge R oad , 

T hornaby-on-T ees.

B'nch. of ASSOCIATE MEMBERS.
Election.
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Lncs. 1926. M erigold, J .  J . ,  67,? Swans Lane, 
B o lton . G ►

S. 1913. M iller, A ., 90, B a w try  R oad , Tinsley, 
Sheffield.

V\ .R . 1923. M ilner, J .  W ., 29, W elbeck S tree t,
°f ^  • Sandal, W akefield.
Sc. 1927. M itchell, M . C. 2, L ang  S tree t, 

Pais ley .
Sc. 1922. M itra , S. B ., c/o  Bengal Iro n  Co., L td ., 

K u lti , E . I . R ., Ind ia .
Lncs. 1918. M offat, J . ,  12, D ryden  S tree t, P ad i- 

h am , Lancs.
.R . 1927. M offitt, R ., 172, D evonshire S tree t,

of Y . K eighley, Y orks.
Sc. 1916. Moir, J .  D ., B o’ness Iro n  C om pany, 

L td ., B o’ness, S co tland .
Sc. 1926. M oir, T ., 10, A lm a S tree t, F a lk irk , 

N .B .
B. 1916. Mole, T ., 7, D elville R oad , Church 

H ill, W ednesbury .
E .M . 1921. Moodie, Colin, 169, S ta tio n  R oad , 

B eeston , N o tts .
B . 1928. Moore, L. G., 77, H ard en  R oad , 

L eam ore, W alsall.
Lncs. 1926. M oore, R . C., 61, F itzw arren  S tree t, 

Seedley, M anchester.
B. 1916. M oore, W . H ., D evonia , M oat R oad , 

L angley  G reen, B irm ingham .
N. 1920. M oorhead, H . A., 22, M oorland Cres­

cen t, W alke r E s ta te , N ew castle.
Sc. 1909. M orehead, J .  S., 98, W ilton  S tree t, 

K elvinside, Glasgow.
B. 1919. M orewood, J .  L ., 37, P aign ton  R oad , 

R o tto n  P a rk , B irm ingham .
B. 1926. M organ, E . S., D alkeith , Stechford 

Lane, W ard  E n d , B irm ingham .
W . & 1922. M organ, W ., B ry n  D erw en, B ry n
M. T errace, P o rth , G lam ., So. W ales.

N. 1924. M udie, T ., 34, Beech G rove, M onk- 
sea ton .

Sc. 1927. M uir, W ., “ B ellevue,”  Carronshore, 
F a lk irk .

Year
B'nch. of ASSOCIATE MEMBERS.

Election. .
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N. 1913. M urray , J . ,  5, E lm w ood A venue,
W illing ton . Q uay-on-T yne.

Sc. 1927. M urray , T ., 35, M cL elland D rive, 
K ilm arnock .

S. 1914. N ay lo r, A ., 239, A bbeyfield R o ad , 
P itsm o o r, Sheffield.

Lncs. 1915. N ay lo r, F ., 7, H u m e’s A venue, H an - 
well, L ondon, W .7.

B. 1926. N ea th , F . K ., 24, S t. P a u l’s Square , 
B irm ingham .

Lncs. 1925. N eedham , '  G. A ., 11, N ew bridge
L ane, S tockpo rt.

W .R . 1925. N eild , G., 3, B ad en  T errace , H o u g h
of Y . E n d , B ram ley , Leeds.
N . 1914. N ekervis, J . ,  14, B ro u g h to n  R o ad , 

S o u th  Shields.
Gen. 1921. N ew land, J .  E ., 37, P ro v o s t S tree t, 

H o lbeek , L eeds.
Lncs. 1912. N icholls, J . ,  146, H u lto n  S tree t,

T raffo rd  R oad , Salford.
N . 1921. N icholson, J .  D ., 13, T ay lo r S tree t, 

S o u th  Shields.
Sc. 1918. N isbe t, H . L ., L ily  b u m , 91, H illen d  

R o ad , L am b h ill, G lasgow .
Lncs. 1920. N oble, A ., 42, C en tra l R o ad , G orton , 

M anchester.
Lncs. 1924. N oble, J . ,  53, R ed d ish  L ane, G orton , 

M anchester.
B . 1924. N o rth c o tt, L ., 9, K irk  L ane , P lum - 

s te a d  C om m on, L ondon , S .E .18.
S. 1921. Offiler, G., 9, W ard  P lace, H ighfields, 

Sheffield.
Lncs. 1920. O ldham , R ., 191, D ill H a ll L ane, 

C hurch, Lancs.
Lncs., 1923. O ilier, A. L ., 53, G orse S tree t, S t r e t ­

fo rd , M anchester.
N. 1910. O lsen, W ., Cogan S tree t, H u ll.
Sc. 1920. O rm an, W m ., 55, Sunnyside  S tree t,

C am elon, F a lk irk .
E.M . 1927. O rm e, R . F .,  “  H a llw o rth ,”  H in ch ley  

R o ad , L eicester, F o re s t  E a s t .
E.M . 1928. Oswin, H . A., 37, T he B anks, S ileby, 

n r. Leicester.

B’nch. of ASSOCIATE MEMBERS.
Election. •

#
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B . 1922. Owen, A. C.~, G ladstone H ouse, 
K e tley  B ank , n ea r W ellington, 
Salop.

L ncs. 1924. O wen, W ., 33, G ranville R oad , G or­
to n , M anchester.

S. 1914. O xley, C., 101, M ontgom ery R oad , 
Sheffield.

B . 1924. P a lm er, A ., 14, M arsh  H ill, S tock land  
G reen, B irm ingham .

Lncs. 1923. P a lm er, T ., 5, M arm aduke S tree t, 
O ldham .

Sc. 1928. P a rk e r, A. P ., W illiam lea, Morning- 
side, X ew m ains.

B. 1925. P a rk e s , I . ,  157, W hitehall R oad ,
G reets G reen, W est Brom w ich.

L. 1920. P a rn e ll, H ., “ F red a  V illa,”  25,
Q ueen’s R oad , B u rn h am  - on  - 
C rouch.

L ncs. 1925. P a rr in g to n , P ., 30, V ernon  S tree t, 
B ury .

B . 1926. Parsons, E>. J . ,  Chaw n H ill, S to u r­
bridge.

Sc. 1914. P a tr ic k , A ., 65, M ungalhead R oad , 
F a lk irk .

B . 1925. P a tr ic k , J . ,  5, S t. M argare t’s S tree t, 
C an te rbu ry , V ictoria , A ustra lia .

L . 1925. P a y to n , T. G., 33, K ing  S tree t, D im - 
s tab le , B eds.

E .M . 1928. C. S. P e a m , W am liam , G ibson’s 
L ane, B ersta ll, L eicester. •>

N . 1925. Pearson , C. E ., 2, P ea rl S tree t, Salt- 
buxn-by-Sea.

E .M . 1927. Pedge, F ., 23, F o u n d ry  C ottages, 
Syston, n r. Leicester.

E.M . 1906. P em b erto n , H ., 15, W olfa S tree t, 
D erby .

Lncs. 1919. Perk ins, F . S., 2, S tubbs Terrace, 
O ccupation  S treet, N ew castle, 
Staffs.

L . 1927. P erry , A. E ., 122, Tufnell P a rk  R oad , 
L ondon, N .7.

Lncs. 1922. Ph illips, A ., 38, Gorse Crescent,
S tre tfo rd , M anchester.

Year
B’nch. of ASSOCIATE MEMBERS.

Election.
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B. 1927. P h illip s, H . ,“ F a irh o lm e ,” P a rk v a le
A venue, W ednesbury , Staffs.

B . 1918. P icken , J . ,  L ilac  C ottage, D oseley,
D aw ley , Salop.

L. 1920. P ierce, G. C., 11, A the lney  S tree t,
B ellingham , S.E .6.

S. 1926. P o lla rd , C. D ., 392, F ir th  P a rk  R o ad ,
Sheffield.

Lncs. 1918. P o tts , W ., 1, F a r  L ane, H y d e  R oad , 
G orton , M anchester.

N . 1928. P ra t t ,  W ., 23, D ene S tree t, P allion ,
Sunderland .

Lncs. 1922. P re sco tt, J . ,  3, L ou isa  S tree t, B o lton , 
L ancs.

Lncs. 1928. P res ton , G. W ., 46, E d w ard  S tree t, 
n r . O penshaw , M anchester.

Lncs. 1922. P riestley , Jo s ., 258, W ate rloo  S tree t, 
B o lton , L ancs.

Lncs. 1922. P riestley , T hos., 185, K a y  S tree t,
B o lton , L ancs.

Sc. 1928. P roc to r, T . F ., 2, L orne T errace ,
M aryhill, G lasgow, N .W .

B. 1909. P u g h , C. B ., R am sey  H ouse , B esco t,
W alsall.

S. 1917. Pugsley , T . M., 45, L eslie S tree t,
V ereeniging, T ran sv aa l, S ou th  
A frica.

M. 1926. R am sey , J .  E ., 95, P rinces R o a d ,
M iddlesbrough .

M. '  1926. R an d , T ., 11, P ea rl S tree t, S a ltb u rn - 
by-Sea.

L. 1926. R an d le , L . A ., 45, N ichols S tree t,
C oventry .

Sc. 1904. R an k in , R . L . (S harp  & C om pany),
L ennox F o u n d ry , A lex an d ria , 
S co tlan d .

Gen. 1928. R ao , J .  S. G angadhar, M ysore I ro n ­
w orks, B h ad rav a ti, S. In d ia .

L . 1920. R asbridge , W . J . ,  160, E v e ly n  S tree t,
D ep tfo rd , S .E .

Lncs. 1910. R aw linson , W .,'“ F a irh a v e n ,”  P o rtla n d
R o ad , E llesm ere P a rk , E ccles, 
M anchester.

Year
B’nch. of ASSOCIATE MEMBERS.

Election.
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Y\ . & 1928. R ea , H ., 176, Caerleon R oad , Xew- 
p o rt.

&. 1907. R edm ayne , L ., L it tle  L ondon  R oad ,
Sheffield.

L ues. 1927. R eynolds, J .  A ., “ X irv an a ,” Eccles- 
to n  P a rk , n ea r P rescot.

L ncs. 1907. R eyno lds, W ., 13, P a rk  View T errace, 
O ldham .

W .R . 1922. R hodes, W ., 20, H ope View, C arr 
L ane, W indh ill, Y orks.

S. 1922. R hodes, W m ., B eech H olm e, Eccles- 
field , n r . Sheffield.

W . & 1928. R ichards , T . D ., 23, K eppoch  S tree t, 
M. Cardiff.

L . 1925. R ich a rd s , W . S., 68, B eatrice  A venue, 
K ey h am  B arto n , D ev onpo rt.

X . 1912. R ichardson , W ., 204, S ou th  F rederick  
S tree t, S ou th  Shields.

M. 1926. R ichardson , J .  W ., 424, L in thorpe  
R o a d ' M iddlesbrough.

L . 1924. R ichm an , A. J . ,  “  S tra th a v e n ,”  B rooks 
H a ll R oad , Ipsw ich.

L ncs. 1927. R id v ard , A ., 26, A stonw ood R oad , 
H ig h er T ranm ere, B irkenhead .

Lncs. 1911. R iley , J . ,  M.Sc., A .M .I.C .E ., A .M .I.
M eeh.E ., M .I. & S .I., 3, Glen R oad , 
off Lees R o ad , O ldham .

Lncs. 1927. R ish ton , H . A., 78, F e rn  B ank , 
H aslingden , R ossendale.

S. 1912. R o b erts , G. E ., 149, Sharrow  Vale 
R oad , Sheffield.

N . 1921. R obertson , H ., 60, R yhope R oad ,
G rangetow n, Sunderland.

Sc. 1920. R obinson , C. H ., 42, S m ith  S tree t, 
B illh ead , Glasgow.

Lncs. 1920. R obinson , F ., 369, W igan R oad ,
D eane, B olton.

B . 1925. R obinson , J . ,  8, E sp lanade  E ast,
C a lcu tta , In d ia .

M . 1917. R obinson , J .  H ., c/o. R . W . Crosth-
w aite , L td ., U nion F ou n d ry
T hom aby-on-T ees.

_ Tear
Bnch. of ASSOCIATE MEMBERS.

Election.
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L. 1927. R obson, N . E ., 10, R a ilw ay  S tree t,
B ra in tree , E ssex .

N . 1919. R obson , F .,  44, S ta im in g to n  P lace ,
H ea to n , N ew castle-on-T yne.

W . & 1928. R ogers, D ., 3, C aronation  R o ad ,
M. L lane lly , S. W ales.

S. 1913. R odgers, F ., B rig h ts id e  F o u n d ry  
& E ng ineering  Co., L td ., N cw hall 
I ro n  W orks, Sheffield.

S. 1913. R odgers, J .  R . R ., 362, F ir th  P a rk  
R oad , Sheffield.

Sc. 1924. R odgers, P ., Ju b ile e  P lace , B o nny  - 
bridge.

B . 1917. R oe. H . J . ,  29, P a rk  R o ad , M oseley, 
B irm ingham .

E.M . 1913. R oe, J . ,  G lobe F o u n d ry , S tores R oad , 
D erby .

Gen. 1920. R ogers, C. F ., 28, M aycock R o ad , 
C oventry .

Sc. 1926. R o lland , W ., 10, V ic to ria  D riv e ,
S co ts toun , Glasgow.

Sc. 1922. R oss, E . J . ,  12, A fton  S tree t, L ang- 
side, Glasgow.

Lncs. 1922. R ow e, F . W ., 41, M oorside A venue, 
C rosland M oor, H uddersfie ld .

E.M . 1924. R ow ell, E . L ., 30, R ussell S tree t, 
N o ttin g h am .

W .R . 1922. R ow ntree , F ., 9, S t. M ary ’s R o ad ,
of Y . B rad fo rd , Y orks.
S. 1927. R oxb u rg h , J . ,  720, A bbeydale  R o ad , 

Sheffield.
Sc. 1928. R ussell, M., 29, L au re l S tree t, P a rtic k .
M. 1926. R u th e rfo rd , C., “ Ing lefie ld ,”  E agles-

cliffe, n ea r Y arm ., S.O.
N. 1925. R u tledge , W . B ., 61, N o rth  View, 

H ea to n , N ew castle-on-T yne.
L ncs. 1924. R yd ing , F ., 52, B arnsley  S tree t,

W igan , L ancs.
W .R . 1927. R y m er, A. S., W est B ank , H ew o rth ,
of Y . Y ork.
L . 1923. Sanders, H . H ., 21, E th e rle y  R oad , 

H a rr in g a y , N . 15.

Year
B’nch. of ASSOCIATE MEMBERS.

Election,
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E.M . 1921. Sanders, H orace L., 61, R ow ditch  
A venue, D erby.

B . 1905. Sands, J . ,  27, V ictoria S tree t, W est 
Brom w ich.

M. 1926. S au lt, A ., 23, Collin’s A venue, N orton- 
on-Tees.

S. 1927. Scholes. A ., 35, B rom w ich R oad ,
W oodseats, Sheffield.

Se. 192S. S co tt, A ., W allace S tree t, F alk irk .
Sc. 1923, S co tt, C., 7, L a  F rance A venue,

Bloom field, N ew  Jersey , U .S.A.
N . 1916. S co tt, G. W ., 1, N orthum berland

V illas, W allsend-on-T yne.
N . 1918. S co tt, W ., 7, L ynw ood A venue, B lay- 

don-on-Tyne.
M. 1926. S eam an, A ., 1, Cowper B ew ley R oad , 

H av e rto n  H ill, M iddlesbrough.
L ncs. 1925. Self, D .,
S. 1921. Senior, George, 305, U p p erth o rp e , 

Sheffield.
Lncs. 1925. Service, J . ,  78, H ighfield R oad ,

Seedley, M anchester.
W .R . 1913. S hackleton . H . R ., U pper P ea r T ree
of Y . F a rm , H ain sw orth  Shay, Iveigliley.
W .R . 1922. Shaw , A ., 28, M arlboro’ R oad ,
of Y . Shipley, B radford .
Se. 1928. Shaw , J . ,  914, K irk  R oad , W ishaw .
L. 1924. Shaw yer, G. H ., 81, E dw ard  S tree t,

D ep tfo rd , S .E.8.
L . 1926. Shaw yer, ju n r ., G. W ., 81, E d w ard  

S tree t, D ep tfo rd , S .E .8.
B . 1924. Shearm an, F . E ., 63, Siunm erfield

C rescent, B irm ingham .
L ncs. 1926. Shepherd , F . L „  215, T o tting ton  

R oad , B ury .
S. 1923. S lie rra tt, W ., 39, H o m d ean  R oad ,

P itsm oor, Sheffield.
E .M . 1925. Slierriff, C., 62, H e rb e rt S tree t,

Lougl lborough .
B. 1925. Shore, A. J . ,  “ B ra d d a ,” Q uinton H ill, 

B irm ingham .

Year
B’neh. oi ASSOCIATE MEMBERS.

Election.
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E le c t io n .  *

B. 1920. Shorthouse, W . H ., H ay b rid g e  I r o n ­
w orks, W elling ton , Salop.

B . 1927. Sliwalbe, S., 02, M ilverton  R oad ,
E rd in g to n , B irm ingham .

W. & 1925. Silverw ood, H . W m ., 320, N ew port 
M. R o ad , Cardiff.

Lncs. 1922. Sim kiss, H ., 28, E n erg y  S tree t, B ra d ­
ford  R oad , M anchester.

S. 1917. Sim pson, C. D ., 17, W illis  R oad ,
H illsb ro ’, Sheffield.

S. 1925. Sim pson, F . A ., 110, E d w ard  S tree t, 
Sheffield.

B. 1914. Sim pson, H ., Green h u rs t, D oseley,
D aw ley , Salop.

W .R . 1925. Sim pson, J .  A ., 3, Je sm o n d  P lace ,
of Y . H u n s le t H a ll R o ad , Leeds.
N . 1916. S inclair, J . ,  25, G ranville  S tree t, Mill- 

field, Sunderland .
Lncs. 1905. Skelton , H . S., “ L in d sey ,”  O ld

L ane, E celeston  P a rk , P re sco t,
Lancs.

S. 1925. Skerl, J .  G. A ., M .Sc., D ep t, of
A pplied  Science,. S t. G eorge's 
Square, Sheffield.

L. 1925. Skidm ore, B ., 2, Jack m an s P lace ,
L e tchw orth , H erts .

E.M . 1925. S lade, R . H ., 254, S t. T hom as R oad , 
D erby .

L. 1911. S la ter, H . O., “ S unny  H ill ,”  L essners 
P a rk , B elvedere, K en t.

Lncs. 1906. S m ethu rst, J .  H ., B rie ry  C roft, Lodge 
L ane, W arring ton .

L. 1927. S m ith , A. C., 9, G reenw ay G ardens, 
L ondon, NAV.3.

E.M . 1928. Sm ith , A. E . W ., 152, S t. T h o m a s’ 
R oad , D erby .

Sc. 1927. Sm ith , B. D ., 27, Corsew all S tree t, 
C oatbridge.

Lncs. 1925. S m ith , F ., 85, G reenbank  R o a d , 
R ochdale .

Gen. 1919. S m ith , F . G., 15, C herry  S tre e t, 
C oventry .
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B'nch. of ASSOCIATE M EM BERS.
Election.

S. 1913. Sm ith , J . ,  A bney H ouse, GleacUess 
R oad , Sheffield.

Sc. 1921. S m ith , J . ,  6, K eim ard  S tree t, F a lk irk .
B. 1917. S m ith , S., 114, T etley  R oad , H all, 

Green. B irm ingham .
Lnes. 1909. Sm ith , S. G., 121, D avyhulm e R oad , 

S tre tfo rd , M anchester.
Lnes. 1924. S m ith , W ., 358, H alifax  R oad ,

T odm orden .
F..M. 1925. S m ith , W . F ., 152, S t. T hom as R oad , 

D erby.
E.M . 192G. S m ith , W . H ., 9, Leopold S tree t, 

D erby . .
W .R . 1924. S m ith , W m ., M ain R oad , Ivesgrave,
of V . Ipsw ich.
Sc. 1924. Sneddon, F . M., 28, F o res t S tree t,

Mile E n d , Glasgow.
S. 1924. Som erfield, H ., 146, S andygate  R oad , 

Sheffield.
Sc. 1920. S p itta l, J . ,  82, N orham  S tree t, Shaw- 

lands, Glasgow.
L nes. 1926. S tacey , C. W ., 5, H a rco u rt S tree t, 

Gorse H ill, S tre tfo rd , M anchester.
B. 1927. S tan to n , L ., 8, Low-wood R oad,

E rd in g to n , B irm ingham .
Sc. 1918. S ta rk , W . C.,
B. 1917. S ta rr, F . G. O., 128, Selwyn R oad ,

R o tto n  P a rk , B irm ingham .
Lnes. 1917. S tead , H ., 1st 36, C heetham  H ill R oad , 

S talybridge.
S. 1914. Steggles, A. L ., 240, Bellhouse R oad , 

Sheffield.
B. 1914. S tephen , S. W . B ., T he W oodlands, 

H agley  R oad  W est, B irm ingham .
L. 1921. S tevens, W m ., “  N ew land ,”  C hurch 

R d ., R odboum e, Cheney, Swindon.
Lnes. 1921. S tevenson, M., 9, F ou n ta in s A venue, 

F irw ood, B olton.
Sc. 1925. S tirling , E ., Y ork Place, K irk in tilloch ,
N. 1914. S tobbs, R ., 199, S tanhope R oad ,

S ou th  Shields.
S. 1919. S tocker, W . E ., 109, E llesm ere R oad , 

P itsm oor, Sheffield.

Year
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Lncs. 1920. S to rer, W . H ., 255, S e ttle  S tree t, 
G reat L ever, B olton.

W .R . 1926. S to tt,  E ., 4, O rchard  S tree t, O tley , 
of Y . Y orks.
L . 1925. S tubbs , R . G., 290, C om m ercial R o ad , 

P eck liam , S .E .15.
L. 1922. Sum m ers, H . G., 35, P e rry  H ill, 

C atford , S .E .6. »
E.M . 1927. Sum m ersgill, E . (Jun io r), 47, S ta tio n  

R oad , L ong E a to n , N o tts .
L ncs. 1910. Sutcliffe, A ., 1, F irw ood G rove, T onge 

M oor, B olton.
W .R . 1922. Sutcliffe, A ., “ T hom cliffe ,” W elling- 
of Y . to n  R o ad , T odm orden , Y orks.
Lncs. 1919. Sutcliffe, W ., 3, B irk d a le  R oad ,

T u rf H ill, R ochdale .
Lncs. 1923. Sw ann, H ., 31, A lex an d ra  R o ad ,

P a tr ic ro f t, M anchester.
Sc. 1927. Sym e, T . R ., 90, R o llan d  S tree t, 

M aryhill, Glasgow.
N. 1922. T a it, A. H ., A rm agh H ouse, W allsend- 

on-Tyne.
Lncs. 1922. T a te , C. M., B rook  R oyd , T o d ­

m orden  R oad , B urn ley .
Gen. 1906. T ay lo r, A. (F ield ing  & P la t t ,  L im ited ), 

A tlas Ironw orks, G loucester.
M. 1926. T aylor, D ., 35, L angley A venue,

T honaby-on-T ees.
B . 1925. T ay lo r, E . R ., 148, S o u th  R o ad ,

H an d sw o rth , B irm ingham .
W . & 1905. T ay lo r, F . J . ,  J .P .  (T ay lo r & Sons,
M. L im ited ), B rito n fe rry , S ou th

W ales.
B. 1926. T ay lo r, F „  J .P . ,  “ T he W illow s,”  G ipsy

L ane, W illenhall, Staffs.
Lncs. 1921. T ay lo r, Jam es, 3, T rem ellen  S tree t, 

A ccrington.
S. 1926. T ay lo r, R . J .  S., H ill C rest, B room -

hall L ane, O ld W h ittin g to n ,
Chesterfield .

W .R . 1927. T aylor, W ., 77, D orchester R oad ,
of Y . N o rth  Shore, B lackpool.

B’nch. of ASSOCIATE MEMBERS.
Election.
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L. 1925. T easdale, I ., H om eland, N orton  
V illage, L etchw orth .

N . 1921. T em ple, G. T ., 35, G rosvenor D rive, 
W hitley  B ay.

Sc. 1926. T en n an t, A. McA., 2, U nion R oad , 
B athgate , Scotland.

L ncs. 1922. T h a tch er, E . H ., T he N ew port F o u n ­
d ry  Co., Mill P arade , N e w p o rt.,

N . 1921. T hom , J . ,  11, M oorland Crescent, 
W alker, N ew castle-on-Tyne.

L. 1909. T hom as, E ., 41, K ingshill R oad ,
Swindon.

L. 1926. T hom pson, J .  S., “  A rley ,”  Bedonwell 
H ill, A bbey W ood, S .E .2 .

Sc. 1925. Thom son, D. B ., 1 K now e T errace, 
H illend  R oad , L am bhill, Glasgow.

S. 1921. T hom son, T . R .,
S. 1923. T h o rn to n , A. E ., 34, H am p to n  R oad , 

P itsm oor, Sheffield.
L. 1927. T ichelly , L . J . ,  46, Shern H all S treet, 

L ondon, E .17.
L ncs. 1911. T im m ins, A. E ., 133, R oose R oad , 

B arrow -in-Fum ess.
L ncs. 1924. T im perley , T ., 30, V en tnor R oad, 

H ea to n  M oor, S tockport.
E .M . 1928. T om pkin , A ., 54, H arelock  S treet,

Leicester.
E .M . 1927. T om pkin , S. E ., 332, E a s t P a rk

R oad , Leicester.
Sc. 1925. T onagh , Chas., 70, S tevenson S treet, 

C alton, Glasgow.
B . 1919. Toplis, H ., Brookdene, H atchford  

B rook, Sheldon, B irm ingham .
Lncs. 1914. T opping, G., 17, B ebbington  S tree t, 

C layton, M anchester.
B . 1909. T oy, J .  H ., 12, R a th b o n e  R oad , 

W arley , B irm ingham .
Sc. 1920. T rap p , P ., K ilnside  C ottage, F a lk irk .
E.M . 1924. Tunnicliffe, F . J . ,  9, A ugusta  S tree t, 

D erby . '
Sc. 1923. T u rnbu ll, Alex. W ., P rim rose C ottage, 

B onnybridge.
W .R . 1927. T urner, L ., 14, W hitw ell G reen,
of Y . D ew sbury R oad , E lland .

Year
B’nch. of ASSOCIATE MEMBERS.

Election.
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S. 1918. T u rner, W ., 90, E dgeda le  R o a d ,
Sheffield.

B . 1923. Tw igger, T . R ., P o st Office, B ubben- 
hall, n r. K en ilw orth .

Sc. 1927. T yrie, T ., 35, M elville S tree t, K il­
m arnock.

L . 1925. U nderw ood, W . G ., 5, F a r l to n  R o ad , 
E arlsfie ld , S.W .18.

Sc. 1920. U re, R ., S tenhouse H ouse, C arron,
F a lk irk .

E .M . 1921. V aughan , B enj. H ., 25, H olm es S tree t, 
D erby.

B. 1917. V aughan , G. A ., P en  Glen, T ivedale
R oad , B u rn t T ree, T ip ton .

Lncs. 1921. V ernon, G. W ., 11, A shfield R o ad , 
B urn ley .

N. 1914. W ainford , E . H ., H igh  R ow , G ain fo rd , 
D arling ton .

Lncs. 1925. W alker, A ., 117, R o b e r t S tree t,
N ew ton  H e a th , M anchester.

Lncs. 1928. W alker, A ., 45, H ighfield  R o ad ,
L evenshulm e, M anchester.

Lncs. 1921. W alker, A lex. W ., 113, D a lto n  G reen 
L ane, H uddersfield .

Sc. 1920. W alker, D ., 5, N ew  H ouses, A nderson 
S tree t, B onnybridge.

L . 1922. W alker, F . D ., 153, G reenvale R oad , 
E lth a m , S .E .

So. 1920. W alker, G., 21, N ap ie r P lace, B ains- 
fo rd , F a lk irk .

E.M . 1920. W alker, Geo. H ., 2, C am p S tree t,
D erby .

Sc. 1920. W alker, W in ., 10, L a rb e rt R o a d ,
B onnybridge, F a lk irk .

B . 1916. W all, J . ,  15, F lavell S tree t, W ood- 
se tto n , n r . D udley.

L ncs. 1915. W alw ork, R . N ., W este rn  R o ad ,
W ilm slow , Cheshire.

S. 1927. W alm sley, T ., 2, C alder W ay , F ir th  
P a rk , Sheffield.

E.M . 1924. W ard , J .  C., W ih ic rith , C ollingham  
R oad , Leicester.

E.M . 1925. W arn er, Am os, 252, S t. T hom as R oad , 
D erby.

Year
B’nch. of ASSOCIATE MEMBERS.

Election.



s .  1928. W ass, E ., 1, O liver R oad , B alby ,
D oncaster.

S. 1911. W asteney , J . ,  V ulcan F o und ry , E ck- 
ing ton , n r . C hesterfield.

U en. 1914. W atson , R ., Saxilley H ouse, 49,
Y ork  S tree t, R ugby.

Sc. 1919. W a tt , R ., E tn a  Ironw orks, F a lk irk .
L. 1927. W a tts , W., 23, R o lt S tree t, D eptford ,

L ondon, S .E .8.
Sc. 1920. W augh, W m ., 21, D undas C rescent, 

L aurieston , Falk irk ,
B . 1923. W ebb, A. W . J . ,  1, S idney S tree t, 

G loucester.
B . 1927. W ebb, A . E ., 45, B re tte l S tree t, 

D udley, W orcester.
E .M . 1921. W ebb, E rn e s t A lfred, 109, W arw ick 

S tree t, Leicester.
S. 19.09. W ebster, C., 34, M ilton R oad , R o th e r­

ham .
Sc. 1927. W ebster, D . M., 15, G arden Terrace, 

F alk irk .
B . 1920. W ebster, W ., 74, H orseley R oad,

T ip to n , Staffs.
W . & 1928. W est, S. J . ,  44, H ungerford R oad , 

M. W eston, B a th .
B. 1911. W estw ood, J .  H „  1583, S tra tfo rd

R oad , H all Green, B irm ingham .
Lncs. 1925. W h arto n , L ., 4, R idehalgh  S tree t,

Colne, Lancs.
W .R . 1928. W hitaker, G. H ., 20, Sandy  W ood
of Y . S tree t, K eighley.
W .R . 1913. W hitaker, E ., 145, S t. E noch  R oad ,
of Y . W ibsey , B radfo rd .
M. 1926. W hitehead , A ., “ A vondale,” St.

L u k e ’s A venue,T hom aby-on-T ees.
M. 1926. W hitfield , C. S., B engal Ironw orks, 

K u lti , E .I .R ., B engal, In d ia .
L . 1911. W hiting , A ., B rynliella, Pem broke

R oad , E rith , K en t.
L. 1924. W hiting , A. F ., 56, B a ttle  R oad ,

E rith , K en t.
S. 1925. W ild, A. J . ,  M idland B rass F oundry , 

A ttercliffe , Sheffield.
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E .M . 1926. W ild , H ., 14, A lb ert P ro m en ad e ,
L oughborough , L eicestersh ire .

M. 1926. W ilkes, R ., 39, P ea rl S tree t, H a v e r  - 
to n  H ill, M iddlesbrough.

B . 1920. W ilkins, A . J .  R .,
M. 1910. W ilk inson, T ., S tock ton  S tree t, M id­

dlesbrough.
S. 1919. W illiam s, A ., 31, B u rn g reav e  B ank , 

Sheffield.
L ncs. 1925. W illiam s, O., 25, T h irlm ere  A venue, 

S tre tfo rd , M anchester.
L . 1927. W illiam s, S. V ., 22, M ayfield A venue, 

K en ton , M iddlesex.
Sc. 1911. W illiam son, H ., 3, N ain  S tree t, D al- 

m uir.
Sc. 1920. W illiam son , J . ,  I l l ,  S tirlin g  S tree t, 

D enny , S tirlingsh ire .
L. 1920. W illsher, W . H ., “ B rey d o n ,” O ak-

. h ill G ardens, W oodford  G reen, 
L ondon , E .18.

L ncs. 1919. W ilson, A. E ., 84, D e trh u rs t R o ad , 
Syke, R ochdale .

L . 1925. W ilson, A. M., M essrs. P a r la n ti ,
B eaum ont R oad , W . K ensing ton .

L. 1927. W ilson, C. H . V ., 31, K in g ’s A venue,
C lapham  P a rk , L ondon, S .W .4.

Sc. 1927. W ilson, J . ,  30, P o lw orth  G ardens,
E d inbu rgh .

Lncs. 1928. W ilson, J .  E ., 15, K ay e  L ane, A lrnond- 
b u ry , H uddersfie ld .

Sc. 1928. W ilson, J . ,  43, W est T horn lie  S tree t, 
W ishaw .

Sc. 1928. W ilson, W . M., 105, A rk leston  R oad , 
P aisley .

Lncs. 1904. W ilson, W . R ., 15, Sackville S tree t, 
L iverpool.

E .M . 1921. W infield, F ., “  A m bleside ,”  O sm aston  
P a rk  R o a d , D erb y .

W .R . 1926. W in te r, N .P .S ., G reen H ayes, H alifax .
of-Y.

—  W ise, S. F ., 110, P u lían  A venue,
E ccleshill, B rad fo rd .

B. 1924. W isem an, A. A., 149, Toll E n d  R oad , 
T ip to n , S taffs.
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Lncs. 1912. W olstenlio lm e, J . ,  I l l ,  C arlton  T e r­
race, B u ry , and  B o lton  R oad , 
R  a d d  iff e, M anchester.

B. 1922. W ood, A ., 30, Toll E nd  R oad , Toll 
E n d , T ip to n .

B. 1927. W ood, A ., Sunny  B an k  H ill, C rest 
A venue, B rier ley H ill.

S. 1926. W ood, E . A ., 30, D ixon S tree t, 
R o th erh am .

W .R . 1922. W ood, Jo h n , 6, H udsw ell S tree t,
of Y . Sandal, W akefield.
S. 1927. W oolen, R ., Cowley, Dronfield, nr. 

Sheffield.
M. 1926. W oolley, H . E ., 5, A lbion T errace, 

S a ltbum -by -S ea .
B. 1927. W orley, S. C., “  A shm ore,” 153,

B earw ood R oad , Sm ethw ick, B ir­
m ingham .

Lncs. 1917. W orra ll, J .  N .,
W . & 1926. W ren , J . ,  “ W estho lm ,” E dw ard
M. S tree t, G riffithstow n, Mon.

L ncs. 1925. W rig h t, H . G., 78, L loyd S tree t, 
H ea to n  N orris, S tockpo rt.

W .R . 1923. W rig h t, L . L ., 168, O xford R oad ,
of Y . G om ersall, n ea r Leeds.
B . 1927. W righ t, R . E ., O xford Lodge, P enn  

Fields, W olverham pton.
Sc. 1913. W righ t, W ., B u rn b an k  F ound ry , 

F a lk irk .
Lncs. 1924. W ylie, J .  F ., 206, S to ck p o rt R oad , 

B red b u ry , S to ck p o rt.
L ncs. 1925. Y ates, J . ,
Lncs. 1928. Y ates, S., H ayfield R oad , Chapel-en- 

le-F rith ,
Lncs. 1926. Y ates, W ., 38, Clifford S tree t, Leigh, 

Lancashire.
Lncs. 1924. Y eom an, R o b ert, 49, W ellington 

R oad , N orth , S tockport.
Lncs. 1926. Y eom an, S., 18, L ord  S tree t, S to ck ­

po rt.
Sc. 1919. Y oung, J . ,  45, Cochrane S tree t,

Paisley .
N . 1921. Y oung, Jam es, 72, Carlisle S tree t,

Felling-on -Tyne.

B'nch. of ASSOCIATE MEMBERS.
Election.
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ASSOCIATES,

N . 1925. A dam s, F ., 98, A vondale  R o ad ,
B yker, N ew castle.

N . 1926. A insw orth , L. H ., 3, A lbert A venue, 
W allsend -on -T yne.

B. 1925. A ndrew s, E ., 51, L ansdow n R o a d ,
W est D id sb u ry , n r . M anchester.

S. 1920. A yres, S idney, 299, B ellhouse R o ad , 
Shiregreen , Sheffield.

B . 1925. B ache, T . R ., 181, W alsa ll S tree t,
W est B rom w ich.

N . 1925. B adsey , R . C., 5, Lovaifie T errace , 
N o rth  Shields.

N. 1920. B anks, V. L ., S t. C u th b e rt’s V icarage, 
N ew castle - on -T yne.

Sc. 1927. Bell, W . M., 2, B ellfield S tree t,
B arrhead .

N . 1924. B e th am , W . S., 9, S ou th  F red erick  
S tree t, S o u th  Shields.

N. 1925. B lackw ell, J . ,  131, George S tree t,
W illing ton  - Q uay-on-T yne.

Sc. 1926. B lackw ood, W . S., 12, N ap ie r S tree t, 
L inw ood, N .B .

Sc. 1927. B ly the , N . C., 11, D anes D rive, Scots- 
to u n , Glasgow.

B . 1922. B oudry , C., 46, H o lly  L ane, S m e th ­
wick.

B. 1914. B oyne, W ., 157, W ood E n d  R oad , 
E rd in g to n , B irm ingham .

N. 1928. Buckley,. B. A ., 3, M onk S tre e t,
Sunderland .

L. 1928. B urgess, F . G., 13, Saxon  R o ad , L u to n , 
B eds.

M. 1926. C annon, W . R ., 9, S o u th  View, 
B illingham , S tock ton-on-T ees.

N. 1917. C arr, S., 44, S tan ley  S tree t, R oseliill, 
W allsend-on-T yne.

L. 1924. C ham berlain , E . E ., 70, A lbert S tree t, 
S lough, B ucks.

Year
B’ncli. of
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N. 1923. C hapm an, L. B ., 39, F ro n t S tree t, 
T ynem outh .

Sc. 1926. C lark, J . ,  28, K ing  S tree t, Paisley.
S. 1920. C oates, L ., B oston  V illa, B oston

C astle G rove, R o therham .
W . & 1925. Coles, H ., 101, W oodlands R oad ,
M. ' B a rry  D ock.

Lncs. 1927. Connell, C. H ., 9, Muriel S treet, G rea t 
Glower S tree t, L r. B roughton.

Sc. 1925. C oubrough, W . J . ,  68, G uthrie S tree t, 
M aryhill, Glasgow.

L . 1926. C um m ings, F . C., 3, W aller R oad , 
N ew  Cross, L ondon, S.E.16.

G en. 1918. C urrie, E . M., 3, S tock ton  R oad ,
C oventry .

N . 1924. C u thbertson , J . ,  81, D unsm uir G rove, 
G ateshead-on-T yne.

L ncs. 1927. D a in tith , R ., 286, R ish to n  Lane,
G t. L ever, B olton.

S. 1927. D alto n , W . E ., 310, Owler L ane, •
Sheffield.

N . 1924. D avidson , T. H ., 24, L angley  S tree t, 
N ew castle.

N . 1923. D avison , R ., 79, Second A venue,
H ea to n , N ew castle-on-Tyne.

N . 1924. D ickinson, B ., 9, South  F rederick
S tree t, Sou th  Shields.

N . 1924. D odd, C., 6, R e lto n  T errace, M onk- 
seaton .

B . 1925. D ubberley , W ., 27, Lew isham  R oad , 
Sm ethw ick, B irm ingham .

N . 1926. D unbar, J . ,  16, B u rn  T errace, W illing- 
to n  Q uay-on-Tyne.

N . 1918. E g len , T ., 22, M orley S tree t, H eaton , 
N ew castle-on-T yne.

L . 1922. E llis, J .  P ., 20, L am boum e R oad ,
C lapliam , SAV.4.

B. 1925. E v an s , E . H ., 100, B runsw ick  R oad , 
H an d sw o rth , B irm ingham .

Sc. 1927. E w en, G ., 29, O ak b an k  Terrace
G lasgow.

Year
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N. 1917. F erguson , J . ,  62,. S ou th  P a lm ersto n  

S tree t, S ou th  Shields.
S. 1927. F ir th , L . (1.. 41, S layleigh  L ane, F u l- 

w ood, Sheffield.
S. 1922. F ir th . T om  L .. 191, F o x  S tre e t, 

Sheffield.
N. 1925. Flock, J . ,  75, L am b  S tree t, W a lk e r-  

on-T yne.
N . 1913. F o rd , A ., 43, M oore S tree t, G ateshead .
S. 1926. F re tw ell, J . ,  153, Sheffield R oad ,

S tonegravels, C hesterfield.
B. 1924. F ro s t, C., 55, W averley  R o ad , Sm all 

H e a th , B irm ingham .
So. 1924. G raham , T ., 25, W illiam  S tree t,

D u m b arto n .
Sc. 1928. G raham , W ., 94, W averly  D rive,

W ishaw .
S. 1926. G ray, H ., 337, Sheffield R oad , W h it­

tin g to n  Moor, C hesterfield.
E.M . 1928. G reatorex , H ., 149, B rook  S tree t,

D erby.
L. 1924. G reaves, J .  H ., 38, So lw ay R o ad ,

W ood G reen, N .22.
N. 1925. G reen, S., 67, C o tten h am  S tree t,

N  ewe astle-on-T yne.
B. 1925. Groenway-, J .  F ., 43, D ouglas R o ad , 

H an d sw o rth , B irm ingham .
N. 1925. G rigor, R ., 38,. G rey S tree t, W all-

send-on-T yne.
B. 1925. H ad le y , E . T ., 207, H orsley  H e a th , 

T ip to n , Staffs.
B. 1909. H am ilto n , G ., 13, A nderson  R o ad , 

T ip ton .
W . & 1925. H ard in g , W . L ., 14, W elford  S tree t, 
M. B arry .

N. 1923. H arle , J .  E ., 162, S o u th  P a lm ersto n  
S tree t, S ou th  Shields.

M. 1926. H arv ey , E . J . ,  4, R y d a l R oad , S to c k ­
ton-on-T ees.
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Sc. 1927. H arv ie , R ., 21, Cam pbell S tree t,
M aryhill, Glasgow.

S. 1926. H a tto n , A ., 15, L ittlem oor Crescent, 
N ew bold, Chesterfield.

S. 1921. H eeley , Jo h n  Ja s .,  36, G ertrude
S tree t, O w lerton, Sheffield.

So. 1924. H iggins, N ., 7, P o rtla n d  R ow s, H url- 
fo rd , A yrshire.

Sc. 1920. H ill, T ., 146, K ippen  S tree t, A irdrie.
Lnes. 1925. H ind ley , W ., 13, C harles S tree t,

F a rn w o rth , n ea r B olton.
B . 1926. H ird , J . ,  165, Showell G reen L ane, 

Sparkhill, B irm ingham .
N . 1925. H odgkinson , H . D ., 5, L eopold S treet,

J  arrow -on-Tyne.
E .M . 1917. H olm es, A „ 87, A lbert P rom enade, 

L oughborough.
L ncs. 1926. H o lt, Sam uel (Jun ior), 83, R idgw ay 

S tree t, B radfo rd  R oad , M anches­
te r .

Lncs. 1923. H opkins, W ., 70, T oo ta l D rive,
W easte , M anchester.

N . 1928. H orse, R ., 1, Jersey  S tree t, W est
H artlepool.

N . 1927. H u n te r, R . W ., 104, Shrew sbury
C rescent, H um bledon  H ill, S un ­
derland .

M. 1926. Jam eson , J .  R ., 9, Olive S tree t,
H artlepool.

Sc. 1927. Ja rd in e , W ., 98, B ank  S tree t, A lex­
and ria , D um bartonsh ire .

B. 1919. Johnson , J .  B ., ju n r ., S la te r S tree t, 
G reat B ridge, T ip ton .

W . & 1928. Jones, C. E ., 65, C athedra l R oad , 
M. Cardiff.

N . 1925. Jones, J . ,  21, Cooper S tree t, S under­
lan d  R oad , G ateshead-on-T yne.

L. 1924. Jones, T. H ., 40, G lengall R oad,
C u b itt Tow n, E.14.



B 'nch. o f ASSOCIATES.
E lection .

N . 1922. K elly , V.  J . ,  1545, W alk e r R o ad ,
N e w oastle - on - T y n e .

Sc. 1928. L a ird , T ., 3a, B uccleuch  T errace .
C am busneth ian , W ishaw .

Sc. 1924. L augh land , H ., 15, B urnside  S tree t,
K ilm arnock .

N . 1925. L aven , J . ,  140, R ich ard so n  S tree t,
W allsend  -on -T yne.

S. 1928. Law , H . O., 43, C arlisle R o a d ,
G rim esthorpe, Sheffield.

N . 1920. L indsay , A. W ., 36, B ryon  A venue, 
W illing ton  Q uay.

N . 1924. Lowes, W ., 1, B ad en  S tree t, C h este r- 
le -S tree t.

Lncs. 1914. L ucas, G. W ., 36, L ang fo rd  S tree t, 
L eek, Staffs.

Sc. 1926. M cA llister, W . C., 144, D rum oyne
R oad , S ou th  G ovan, G lasgow.

N. 1925. M cD ougal, T . D ., 3, W estm ore land
S tree t, W allsend-on-T yne.

Sc. 1924. M cGowan, V. M., 1, A lb e rt S tre e t, 
Paisley .

Sc. 1926. M cG um aghan , M., 206, G allow gate ,
G lasgow.

Sc. 1913. M cLeish, J . ,  7, B u ch an an  T errace ,
P aisley .

Sc. 1926. M cPhee, J .  M cA., 70, H ig h  S tree t, 
Paisley .

N . 1926. M cQ uillan, J . ,  1, L odge T errace ,
W allsend -on -Tyne.

So. 1925. M agee, J . ,  83, L ounsdale  D rive,
Paisley .

Sc. 1927. M ain, J .  W ., 175, H o lm  S tree t,
G lasgow, C.2.

Sc. 1924. M artin , A. L ., 31, George S tree t,
C ity , G lasgow.

M. 1926. M artin , J .  H ., 29, M arto n  G rove
R o ad , M iddlesbrough.

L. 1925. M ata, C. IT., 51, G rosvenor R o ad , 
C anonbury , N .5.
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Lncs. 1923. M eadow croit, H ., 10, H am bledon,
View, H ab erg h am , B urn ley .

B. 1925. M eredith, C., 4, T hom as S tree t, S m eth ­
wick, B irm ingham .

N. 1922. Miller, J .  C ., 79, C larence S tree t, 
N ew castle-on-Tyne.

N . 1928. M itchinson, T . S., B ank  T op H ouse, 
W albo ttle , N ew burn-on-Tyne.

N . 1925. M orland, R . H ., 106, Clifford S tree t, 
B yker, N ew castle-on-Tyne.

Lncs. 1927. N aidu , D . D ., 219, R esidency B azaaro, 
H y d erab ad , D eccan, In d ia .

N . 1925. N esb it, G. L ., 4, Cobden A venue,
M exborough.

N . 1925. N esb itt, J . ,  26, B ede Crescent, H oly 
Cross E s ta te , W illington-Q uay- 
on-T yne.

N . 1924. N icliol, J . ,  131, George S tree t,
W i lling ton  - Q uay - on -T yne.

N . 1925. N u tta ll ,  G ., 88, H igh  S tree t E a s t, 
W allsend-on-T yne.

N . 1925. O sborne, G. F ., 39, F ran k lin  S tree t, 
Sunderland .

N. 1923. Peacock, J .  E ., 40, B olam  S tree t, 
N ew castle-on-Tyne.

N . 1923. Peacock, S., 12, Jo h n  S tree t, South 
Shields.

N . 1922. P icken , A. D ., 87, C u thbert S treet,
H ebb  urn-on-Tyn e.

L. 1922. P ittu c k , M. D. (Miss), c/o H . J .  Young, 
3, C en tra l B uildings, W estm inster. 
S .W .l.

L ncs. 1926. P o llard , W m ., 7, Pow ell S treet, 
B um ley , L ancs.

W .R . 1926. Poole, F . T . L ., 85, S ta rr  H ill, W yke,
of Y . B radfo rd .
N . 1926. P ra t t ,  S., 29, R ando lph  S tree t, Ja r-  

row -on-Tyne.
E .M . 1916. R adfo rd , H . P ., 151, B arclay  S tree t.

Fosse R o ad  South , Leicester.
2 o

Year
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N. 1917. R ang , E . J . ,  M .Sc., 8, B a th  T errace , 
T ynem ou th .

N . 1926. R eay , T ., 27, P ercy  S tree t, W allsend- 
on-T yne.

N . 1922. R e d p a th , J . ,  25, B u rn ley  S tree t,
B laydon-on-T yne.

W . & 1925. R ees, L . W ., 158, H o lto n  R o ad ,
M. B a rry  D ock.
Sc. 1927. R eid , A ., 12, A nderson S tree t, B u rn - 

b an k , H am ilton .
Sc. 1923. R e i d ,  J .  N .  (ju n r.), E lm b an k , L a rb e rt.
Sc. 1923. R iddell, J . ,  113, C oven try  D rive ,

G lasgow.
M. 1926. R ob inson , J . ,  172, A bingdon  R o ad , 

M iddlesbrough.
N . 1924. R obson , J . ,  15, H aw th o rn e  G rove,

W allsend-on-T yne.
N . 1925. R obson , J . ,  20, F red e r ick  S tree t,

G ateshead -on -T yne.
N . 1923. R o llin , C. N ., S tan h o p e  H ouse ,W esthoe  

V illage, S o u th  Shields.
Sc. 1927. R ose, D ., 12, V ic to ria  S tree t, A lexan ­

d ria , D um bartonsh ire .
Sc. 1927. R oss, W . (Jun io r), 2, M acdonald

S tree t, R u th erg len , G lasgow.
N. 1926. R ow ley, J .  S., 51, S o u th  T errace ,

W  allsend -on -T yne.
N. 1925. R uff, J . ,  88, R ich a rd so n  S tree t,

W allsend -on -T yne.
M. 1926. S aunders , A ., 34, Queens R o ad ,

N o rth  O rm esby, M id d le sb ro u g h .
N. 1925. S co tt, R . J . ,  5, D ene A uenue, H ig h  

F a rm  E s ta te , W allsend-on-T yne.
L 1926. Sherm an, W . T ., “ W oodlands ” A very  

H ill R o ad , N ew  E lth a m .
3. 1925. Sm edley, C. C., 41, A bbey  L ane,

W oodseats, Sheffield.
B . 1925. S m ith , W . H ., 21, H o rse ly  R o ad , 

T ip to n , S taffs.
N . 1925. Soulsby, W . A ., 14, A rm strong  S tree t, 

G osforth .
N. 1912. Spence, W . D ., 124, H e a to n  P a rk

R o ad , N ew castle-on-T yne.

B'nch. of ASSOCIATES.
Election.
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N. 1922. Spencer, F . C., “  D onsfell,” New 
H orsley , O vingham -on-Tyne.

B. 1910. Spiers, F ., 32, K en ilw orth  R oad , 
H andsw orth , B irm ingham .

N. 1925. Spow art, D ., 9, St. N icholas R oad , 
H exham -on-T yne.

N . 1926. S tafford , J . ,  143, H a rr ie t S tree t, 
B yker, N ew castle-on-T yne.

Lncs. 1927. S tanw orth , S., The W oodlands, 
Rim ingto'n, C litheroe.

N. 1924. S to d d art, J . ,  7, F erndale  A venue, 
W allsend-on-T yne.

N. 1925. S trong, Leslie, 59, M arine A venue, 
M onkseaton, N orthum berland .

E.M . 1915. S tyles, W . T ., 52, R oe S tree t, D erby.
B. 1910. S u tto n , W . H ., 147, A n thony  R oad , 

Saltley , B irm ingham .
Sc. 1913. Sw ord, J . ,  13, Paisley  R oad , B a rr­

head.
N . 1926. Sym on, J .  A ., 10, M ayfair R oad ,

W est Jesm ond, N ew castle-on-Tyne
Lncs. 1926. T a te , W . G., B rook  R oyd , Tod- 

m orden  R oad , B urnley .
N . 1926. T hom pson, J .  T ., 42, M onk S tree t, 

G ateshead -on -Tyne.
Sc. 1924. T urnbu ll, J . ,  P rim rose C ottage,

B onnybridge.
N . 1921. T urnbu ll, R . G., S.S. “ C aim ross,”

E d inbu rgh  D ocks, L eith .
N . 1922. V an-der-B en, C. R ., 169, D unsm uir

Grove, G ateshead-on-Tyne.
M. 1926. V ause, W ., 33, H an n ah  S tree t,

T h o m ab y  -on -Tees.
L. 1927. W ard , E ., 56, P a rk  S tree t, Stoke

N ew ington, L ondon, N.16.
N- 1928. W atts , N ., 8, H aw thorn  S treet, Mill- 

field, Sunderland.
L. 1911. W ells, G. E ., 89, L arcom  S tree t,

W alw orth , S .E .
W-R. 1926. W ilks, W ., 40, B alfour S tree t, E a s t
of Y . Bowling, B radfo rd .

Year
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Sc. 1927. W ilson, J .  R ., 4, K ille rm o n t S tree t, 
Glasgow.

B . 1926. W hitehouse , T ., 4, C arlton  R o ad ,
Sm ethw ick, S taffs.

N . 1927. W ood, N ., 100, R odsey  A venue,
G ateshead-on-T yne.

B. 1928. W oodall, F ., 43, B each R o ad , S park- 
h ill, B irm ingham .

S. 1927. W ordsw orth , F . S„ 11, C overdale
R oad , Sheffield.

S. 1920. W ordsw orth , W . A ., 11, C overdale
R o ad , M illhouses, Sheffield.

Sc. 1927. W rig h t, J . ,  198, Jam es R o ad , Tow n- 
h ead , G lasgow.

Sc. 1928. W righ t, S., “ F e rn lea ,” P o rtla n d  P a rk , 
H am ilto n .

Sc. 1926. Y o u n g , H ., 4, Glasgow R o ad , P a is ley .

R-nch. Y ofr ASSOCIATES.
Election.

Members changing their addresses are 
requested to notify the same imm ediately  
to the General Secretary or to the 
Branch Secretary o f the D istric t.

Members should inform the Branch  
or General Secretary of any incorrect 
entries in the Membership L ist.
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NAME INDEX.

Arnott, — page '
On A lum inium  A l l o y s .................................................................. 364

A ston, W .
See W est, W.

A udo, L .
P a p e r  on  The M anufacture of S team  C ylinders for  

Locom otives an d  P isto n  R in g s  b y th e Paris-
O rleans R a ilw ay  C om pany ............................................. 125

B agshawb, A . \V. G.
On Foundry E conom ics ...................................................... 322

B ecker, M. L.
On Cupola C o k e ..................................................  . .  96
On Growth of C ast Iron .......................................................540

B eech, A . S.
On L ocom otive C astin gs M anufacture . .  ..— . .  150

B erry, F .
On R unners and R isers .......................................................536

B r o w s , T . W .
See M elm oth, F . A.

B vtterworth, J.
P a p e r  on  R unners, R isers an d  G a t e s .............................619

Campion,  A.
On Cnpola B last Supply  ........................................................ 92

Clay, —.
On Copper-Silicon A lloys ...................................................... 394

Cook, F . J .
P a p e r  on The E arly  H istory  of th e In stitu te  . .  291
P a p e r  on  P a ttern s and  th eir  S t o r a g e ..................... 674
On Cupola B la st Supply ..................................................90
On M alleab le C ast Iron ..................................................286
On Oil Sand Cores ..................................................................612
On W ear a n d  H ardness .......................................................151

Cooper, J . H .
On S teel C a s t in g s ..................................................................... 262

D avies, E .
On P attern  D r a w i n g ......................................................... 377

D esch, P rop. C. H .
P a p e r  on S tresses in  N on-Ferrous C astings . .  . . 1 0 6

Dew5, H . C.
P a p e r  on C ontraction  in  A lloy  C a s t in g s ......................395
A w arded D ip lo m a ...................................................................... 14
On Stresses in  N on-Ferrous C a s t i n g s ...................... 122 .

D icken, C.
On Oil Sand Cores for C y l in d e r s ..................................613

D onaldson, J . W .
P a p e r  on H eat-treatm en t an d  Growth o f C ast Iron 513
A w arded D ip lo m a ...................................................................... 14

E dwards, F . C.
On P a ttern  S torage .................................................................. 686
On S hrin k age o f C a s t i n g s .............................................. 616

F arrar,  L .
On R unners and R isers ...................................................... 637

F aclknbr, Y. C.
On C o-operative Cost D eterm ination  .............................. 316

F ield, H .
P a p e r  on Som e E xp eriences w ith  M alleab le Cast Iron  564
A w arded D ip lo m a .......................................................................14

F inch, F .
R e-elected  H on . T r e a s u r e r .............................  . .  17



F l a t h e e , t ) .
S peeches a t  Sheffield C o n f e r e n c e ........................

F l e t c h e r ,  J .  E .
P ap er on  T he S tren g th  of C ast Iron
On C upola M eltin g  T ests ..........................
On W earin g  Q u a l i t i e s ........................... ••

F r i e r , J .  W .
On A utom ob ile  C astin gs  ....................................

G a r d o m ,  J . W.
On Foundry O rganisation  ....................................

G i b b s , A. F .
On A pprentice T ra in in g  ..........................

G o o d w i n ,  J . T.
P r e s id e n tia l A d d r e s s ................................................
E lected  P resid en t ......................................
On C en trifu ga l P iston  K in gs ..
On M alleab le C ast Iron ..........................

G r a v e s ,  J . G.
Speech es a t  Sheffield C o n f e r e n c e ........................

G r e s t y , C.
On Cupola P ractice  ......................................
On G rowth of P er lit  I r o n ..........................
On S tren gth  o f C ast I r o n ..........................
On W ear o f  C ast Ironi  ....................................

H a d o w , S i r  H .
Speeches a t  Sheffield C onference ..

H a i g h ,  J . ,  ,
On th e  H istory  o f th e  In s t itu te  ..  

H a m m o n d ,  W .
On M alleab le A n n ea lin g  ..........................

H i c h e n s ,  W . L.
Speech a t  Sheffield C onference  

H i r d , B. r.
On Coke R atio  and M eltin g  R ate  . .
On M ould ing Sand ......................................
On S em i-Steel ...................................................

H o l e , S. B . .
On M ercury P en etra tion  in  B ronzes  

H u d s o n , F .
On Coke R ea ctiv ity  ......................................

H u r r e n , F .  H .
On Sulphur in  M alleab le ..........................

H u r s t , J .  E .
P a p e r  on  In flu en ce of Sulphur in  C ast Iron
P a p er on S em i-Steel .......................................
Awarded D ip lom a .......................................

H y m a n , H .
P a p e r  on  A lum in ium  A l l o y s ..........................

J a c k s o n , E n g . C m d r .
On W eld in g  S teel C a s t i n g s ..........................

J ay, H .  C.
On A utom obile C astin gs ..........................

J e n k i n s ,  T. ,
On P o t M o u ld in g ..................................................

J o lley  W .
P a p er on  A m erican F oundry P ractice  . .  

K i n s m a n ,  W .  S.
On R u n n in g  o f C astin gs  ..........................

L a m b e r t , W .
E lected  Junior V ice-P resid en t 
On C rysta l G rains in  P ropellers ..

L e w i s ,  E . J .
On Oil Sand C ylinder C a stin g s  . .

L l o y d ,  D . C.
On S teel C a s t i n g s ..................................................
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L ogan, A.
P a p e r  on  N on-Ferrous Foundry P ractice
P a p e r  on  T he Sand P r o b le m ..................................................
On C upola G ases ..............................................................
On E xp an sion  o f Gun M e t a l ..................................................

L gngden, E .
P a p e r  on Some A spects o f Foundry W ork
On A lum in ium  A l l o y s ..............................................................
On Low Carbon C ast Iron  . .  ......................................
On S teel M oulding ..............................................................
On Sulphur in  M alleab le ..................................................
On W ear and  Phosphorus C ontent o f C ast Iron  

L ongmuir, P .
On A lloy  C ast Iron ..............................................................
On Steel an d  Phosphor Bronze C astin gs  

Mackenzie, J . T.
P a p er on  T he Properties o f Coke A ffecting  th e

Cupola M eltin g  o f S t e e l ..................................................
Makemson, T.

On th e  H istory  o f  th e  I n s t i t u t e ..........................
Markland, T . W .

On th e  H isto ry  o f  th e I n s t i t u t e ......................................
McClelland, J . J .

P a p e r  on  W a s t e r s ..........................................................................
On Sem i-Steel ..................................................  1.

Melmoth, F . A . and B rown, T . W.
P aper on The M anufacture of a Large S teel C asting  

M olyneux, W . J .
P a p er on The M anufacture -of Iron C astin gs for

Petrol E n g in es  ..............................................................
Awarded D ip lo m a ..........................................................................

Mott, R. A.
On Coke T ests ..........................................................................

Mundey, A. H .
On A pprentice T ra in ing  ..................................................
On Solid ification  of A l l o y s ..................................................

M urray, J . V.
On M alleab le Cast Iron  ..................................................

N isbet, H . L.
On A cid-resisting A lloys . .  . . ......... ..........................

P aulin, W . J,
On A utom obile C astings ..................................................

P eace, A . E .
P a p er on A Comparison o f W h iteh eart and Black-

h eart M alleable Cast Irons ......................................
A warded D ip lo m a .........................................................................

P earce, J . G.
On C orrelating Test R e s u l t s ..................................................
On N ickel-Chrom ium  in  M alleable C ast Iron  

P enton, J . A.
Speech a t  B an q uet .............................................................

P hillips, A.
A w arded D ip lo m a .........................................................................

P irrce, G. C.
On E m p loyer’s  F e d e r a t io n s .................................................

P i WOW ARSKY, E.
P a p e r  on T he E ffect of N ick el an d  Chromium  on th e  

S tren gth  Properties of Grey Cast Iron  
On Cupola B last Volume and M etal Properties  

P o o le , W . H .
On M alleab le C ast Iron ..................................................
On Phosphorus in  L ocom otive C a s t in g s ..........................
On S teel C astin g  Feeders .................................................

P rimrose, J . S. G.
On th e  H istory  of th e  I n s t i t u t e ......................................
On M alleab le C ast Iron .................................................
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R id sd a le , N . D . fKv k
On E tch in g  R e a g e n t s ................................................................... w

R obinson, J . G. , , 4
On R unners and R isers  . .    9 "
On N ickel-C hrom ium  C ast I r o n .......................................

ROSENHAIN, W . , , ,
O n S o lid ifica tion  of A l l o y s ...................................................

RU88ELL, S. H . 17
E lected  Senior V ice-P resid en t ......................................
On T ota l Carbon In M alleab le ........................................   -w8

Sayers, H .
On R unners and R i s e r s ...............................................................

Shaw , J- „  , on
On C upola B la s t  T ests  ...................................................
On Frem on t Shear T est ...................................................“ j
On Growth o f  Low  S ilicon  Iron  ...................................... »5»
On M eltin g  S teel in  th e  C u p o l a ...................................... 88
On N ick e l C hrom ium  C ast Iron  . . . .  . .  • ■
On R ela tion  of T est R e s u l t s .................................................... ^
P resen ta tion  t o ...........................................................................  s

S haw , R . J . _
P resid en tia l A ddress to  London B r a n c h ................................. »U/

Sherburn, H . ,
On th e  H isto ry  o f th e  I n s t i t u t e ........................................... 304
On M alleab le Foundry P r a c t i c e ............................................348

Smith, J . M.
On F lyw h ee l C a s t i n g s ....................................................................460

Sh ith , S. G.
On A m erican  F oundry P ractice  ........................................... 658

On th e  H isto ry  of th e  I n s t i t u t e .......................................302
Smith, S . W .

On D eterm in in g  L iq u id  D e n s i t y ............................................422
Spedding , O. L.

On A m erican Foundry P r a c t i c e ........................................... »57
Stobie, V.

On A utom obile C astin gs  ...................................................458
Stubbs, O.

On P rogress of th e  In s t itu te  ........................................... 303
SUMMERSGILL, H .

On R unners an d  R i s e r s ....................................................................639
Sutcliffe, A.

On E lectr ica l R esistan ce  G rids ........................................... 562
T aylor, E . R .

P a p e r  on  The Influence o f M an gan ese an d  M an ga­
nese Sulp h ide on  W h iteh eart M alleab le  C ast Iron 267

On M alleab le C ast Iron  ....................................................... 594
On N ick e l C hrom ium  C ast I r o n ............................................223

T hornton, W . T.
On R un n ers and R i s e r s ......................................  . .  . . 5 3 7

T oy, S. V.
On Bronze A l l o y s ................................................................................393

T urner, P rof. T.
R eceives O liver S tubbs’ M edal .......................................  4
On L iquid  D en sity  ................................................................... 417
On W earin g  o f C astin gs ........................................................157

T urner H  1
On S tra in s in S teel C a stin g s  ........................................... 262

T urner, T. H .
On N ick e l C ast I r o n ................................................................... 214

W atson, J . J .
On M ould P ressure ................................................................... 637

Welford, R . D .
On R unners an d  R i s e r s ................................................................... 638

W est, W . and Aston, W .
P a p e r  on O il Sand a n d  M otor C a s t i n g s ............................... 597

776



W i l k i n s o n , D .  m g s

On D istortion  o f Oil Sand Core B l o c k s ...............................616
W i l l i a m s o n , — .

On A lum in ium  A l l o y s .................................................................. 363
W i l s o n , P . H .

P a p e r  on Im portance o f A ir Control in  Efficient
Cupola P r a c t i c e ................................................................................ 57

W i s e , S .  W .

On B an n ers an d  B i s e r s .................................................................. 635
Y o u n g , H . J .

On Cupola Practice . .  . .   98
On H eat-trea ted  C ast I r o n ...................................................... 226
On P ou rin g  A utom obile C a s t i n g s ..........................................459
On Scientific C on tro l..................................................317
On Stren gth  o f T est B a r s ...................................................... 227
On \ \  ear o f Locom otive C a s t i n g s ......................................... 154

7 7 7
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A c i d -r e s i s t i n g  A l l o y s , n o n - f e r r o u s  ..............................................
A g e i n g , o f  a l u m i n i u m  a l l o y s  ..............................................
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t y p e s  o f  ..........................................................................................
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