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Olympia
W e w ere a little d isappo in ted  w ith  the a ttendance  

by fou n d ry m en  a t O lym pia las t F rid ay , w hich w as 
their special day. W h e th e r it w as due  to  th e  w o rk ­
ing o f a five-day w eek o r  the incidence o f  th e  ho li­
day period , it w as difficult to  say. R elatively , S a tu r­
day w as b e tte r, an d  i t  w as p leasing  to  n o te  th a t an  
offer by a  w orks a t  B ogno r R egis to  th e ir 200-odd 
em ployees to  v isit th e  exh ib ition  a t the firm ’s expense 
was accep ted  by 35. N evertheless, the business done 
by the supp liers o f  fo u n d ry  p lan t an d  m ateria ls 
seems to  h ave  been satisfac to ry . T he  exhib its are 
thoroughly  rep resen ta tiv e  o f  m o d ern  p lan t, except 
that sand  p re p a ra tio n  m ig h t h ave  been  given m ore  
prom inence. T he  p resen ta tio n  o f  th e  m achines is 
on a h igh level, b u t in a few  cases th e  choice o f 
colour w as a  little  d isappoin ting . F o r  instance, 
whilst w e like  b rig h t red  fo r ag ricu ltu ra l im ple­
m ents, it seem s u n su itab le  fo r  in d o o r application .

A m a tte r  a b o u t w hich  w e a re  p e rh ap s a little  p e r­
nickety is th a t o f  the  le ttering  on im p o rtan t 
machines. T he  one th a t appealed  to  us m ost w as fo r 
a line o f  com presso rs w here th e  nam e o f  the m akers 
was picked o u t in  gold. A t th e  o th e r end  w as m ach i­
nery w here the nam e w as carelessly splodged over 
with w hite, b u t p e rh ap s it w as unfinished. W e expect 
a very h igh level fo r  goods en tering  in to  th e  category  
of “ exhib ition  ” finish, and  th is h as  n o t been in ­

variab ly  achieved. O n  one stand  w e w ere in fo rm ed  
th a t all the  castings show n h ad  been d o u b ly  “ shot- 
b lasted .” T h is w e co u ld  w ell believe, fo r  they  had  
the ap p ea ran ce  o f hav ing  been so tre a ted  co n tin u ­
ously fo r  a coup le  o f  days, as the su rfaces h ad  been, 
here  an d  there , a lm ost ho llow ed ou t. A gain , there  
w ere cases w here  th e  castings sen t fo r  exh ib ition  h ad  
been selected  w ith o u t p ro p e r  sc ru tiny  an d , w hile  they  
w ere q u ite  ad eq u a te  fo r  p u rp o ses o f  com m erce , they  
w ere n o t o f  “ exh ib ition  ” finish. O th e r castings h ad  
been packed  in  d am p  straw , to  the  te m p o ra ry  de tri­
m en t o f  th e ir  surfaces. W e a re  well aw are  th a t eng i­
neers k n o w  qu ite  w ell th a t th ere  is a d ifference be­
tw een “ com m erc ia l ”  a n d  “  exh ib ition  ”  finishes, b u t 
visitors to  O lym pia  m en ta lly  co m p are  on ly  th e  la tte r.

A n  ou ts tan d in g  fea tu re  o f  th e  O lym pia  show  is 
th a t it  is tru ly  a g rea t m arke t-p lace , fo r  o n e  m eets 
friends fro m  all o ver th e  co u n try  a n d  fro m  ab ro ad . 
T h is year, the n u m b er o f  o rien ta l v is ito rs is ex­
trem ely  h igh , an d  w here th ey  a re  accom pan ied  
by th e ir ladies, th e  gorgeous saris  o u tsh in e  th e  
m ost co lo u rfu l o f  the exhibits. Surely , if  it  be  w o rth ­
w hile fo r  v isitors fro m  R an g o o n  a n d  B angkok  to 
spare  tim e fo r th e  ex am in a tio n  o f  B rita in ’s la test 
engineering  p ro d u c tio n s , th en  obv iously  th e  fo u n d ry ­
m en o f  th is co u n try  shou ld  m ak e  a special effort to 
em ula te  th e ir exam ple.

E
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Institute o f  Vitreous Enamellers
A n n u a l Conference, B irm in g h a m , October 3 to 6
The Institute of Vitreous Enamellers is holding its 

seventeenth annual conference this year in Birming­
ham, with headquarters in the G rand Hotel, and a full 
programme has been arranged. It will be noted from  
the program m e that m ore time has been allowed for the 
discussion on the Papers, this being done following the 
outstanding discussions which took place during the 
m ost successful Spring Conference. By the kind perm is­
sion of the directors, a  visit to the works of S. Flavel & 
Company, Limited, Leamington Spa, where a new 
enamelling shop has just been pu t in  operation, has been 
arranged. On the Friday afternoon, for the discussion 
session on “ Defects,” members are urged to bring along 
any example which they consider will be of interest. 
The “ Question Box ” will again be provided at each 
technical session and  the discussion on the questions 
placed therein will be helci. on the Saturday morning. 
I t  is hoped tha t members will endeavour to bring their 
ladies to the social functions and thus ensure complete 
success. The ladies will, o f course, have their own 
programme.

PR O G R A M M E

Wednesday, October 3.
4.30 p.m., Council meeting in the No. 3 W estminster 

suite, followed a t 8.0 p.m. by Council dinner in the 
Jubilee Room.
Thursday, October 4.

9.30 a.m., annual 
general meeting (W indsor 
room ); 10.30 a.m., film,
“ D ust Flow ,” presented 
by W. B. Lawrie, H.M.
Inspector of Factories;
11.30 a.m., depart G rand 
H otel fo r M anor House 
H otel, Leamington Spa, 
fo r luncheon; 2.0 p.m., 
depart fo r visit to  S.
Flavel & Company,
Limited, and 6.0 p.m.,
arrive Chadwick M anor 
H otel, Knowle, for
inform al dinner and 
dance. The ladies’ pro­
gram me includes a 
m annequin parade a t the 
M anor House Hotel,
Leamington Spa.

T h e  F oundry T rade Journal has a stand  
at the E ngineering , M arine , F o u n d ry  and  
W eld ing  E xh ib itio n  at O lym p ia  {G rand  
H all, R o w  F, N o . 13, te lephone n u m b er  
R E N o w n  5122). T h is  is in charge o f  M r. 
L. H o lt, th e  advertising  d irector, and  
m em b ers o f  the E d itoria l sta ff are also in 
attendance to  assist w ith  technica l enquiries. 
R eaders an d  especially fo u n d r y m e n  fr o m  
overseas are in v ited  to  v is it the sta n d  to  m eet 
o u r  s ta ff o r to  use it as a  ren d ezvo u s for, 
a p p o in tm en ts  w ith  o th er  fo u n d rym en . 
C opies o f  the  Journal an d  sister publica­
t i o n s I r o n  an d  C oal T rades R ev ie w ,"  
“  M eta l T rea tm en t a n d  D ro p  F org ing ,” 
“ Shee t M e ta l In d u str ie s  ” and  " R y la n d s  
D irectory  ”— w ill be available.

Friday, October 5.
9.30 a.m.. technical session. Paper on Colour, by 

W. Ball (W indsor room ); 10.45 a.m., report o f the 
Scumming of Enamels Sub-committee; 12.30 p.m., 
luncheon; 2.30 p.m., discussion on “ Defects,” presented 
by A. Biddulph; 7.0 p.m., reception by the president, 
D r. J. E. H urst, and Mrs. H urst, and the chairm an, Mr.
S. Hallsworth and Mrs. H allsworth in the G rosvenor 
suite, followed-by the annual dinner (evening dress) and 
dancing. F o r the ladies’ party , tickets will be available 
fo r attending a film trade show in the morning a t one 
of the cinemas in Birmingham.
Saturday, October 6.

10.0 a.m., reports from  Sub-committees; general dis­
cussion and “ Question Box,” followed by luncheon.

A(( communications regarding these events should be 
addressed to  the secretaries, John G ardom  & Company, 
Ripley, Derbyshire, bu t hotel accommodation should 
be individually arranged.

Profitable Social Event
Fairbairn Lawson Combe Barbour, Limited, is still 

another concern which had adopted the policy of issuing 
invitations to the families of the operatives to spend an 
afternoon touring the factory. No fewer than 4,000 
on August 25 were welcomed by the chairm an of the 
company, Sir Digby Lawson, Bart. Tea and music were 
provided. The most popular part of the visit was the 
mechanised foundry.

One of the most extraordinary features was that the 
event m ore than paid for itself. A  certain am ount of 
prelim inary cleaning up was done, and in the process 
93 tons of scrap were unearthed, 60 tons of steel and 33 
tons of cast iron, which at today’s m arket prices repre­
sent a considerable sum. The scrap was of many kinds, 
from  pieces weighing a pound or two to one weighing 
two tons. Some of the scrap was over 50 years old. 
How much scrap would be unearthed throughout the 
country if every firm had a “ spring clean ” with similar 
results. Some of the pieces of scrap had been there so 
long that even the foreman who found them there when 
he started w ork 30 years ago thought they were part of 
the building.

Forty Years Ago
In  our issue of September, 1911, a full R eport is 

given of the annual meeting of the British Foundry- 
m en’s Association which had been held in Glasgow 
during the previous m onth. D r. Longm uir presided 
and  o f those present—as far as we can ascertain— only

three are living to-day. 
Two of them were 
authors o f Papers, M r. A. 
Campion and Dr. C. H. 
Desch, the first of whom 
dealt with steel castings 
and the latter with 
m etallography. T h e s e  
and other Convention 
Papers m ake up the bulk 
of the issue. In the 
news were the firms of 
C arron Company, where 
the foundry had been 
extended a t a  cost of 
£6,000; E. R. & F. 
Turner, Limited, whose 
premises were very badly 
damaged by fire; and 
Stirling Metals, Limited, 
o f Coventry, whose plant 
extensions were also 
being undertaken. From  

F rance cam e the news that the works o f A ndré Citroen 
& Company at Quai de G renelle had been officially 
opened.

New Association
There has recently come into being an association 

known as the Engineer Buyers and Representatives 
Association. Its office is situated at 47, Victoria Street, 
London. S.W .l; the president is Sir H erbert G. Williams, 
m .p ., and the secretary Capt. A rthur J. Dronsfield. 
A lready it  has 374 members, and. is- forming area 
branches,. I t is debatable whether there; is any real need 
for suclT an association, as other bodies cater fo r the 
purchaser and separate ones for the commercial travel­
ler. The notion of bringing buyer and seller together 
in one association m ay have advantages, bu t also there 
could be objections. However, we wish the new asso­
ciation every success.
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M easurem ent of P lastic Flow in M oulding 
Sands

B y A . Jamieson
T h e  p u rpose  o f  th is  investiga tion  w as to  establish, i f  possible, a m eans o f  eva lua ting  the w orking  
properties o f  m o u ld in g  sands, an d  to  define in  sc ien tific  term s the p roperties o f  p lasticity  an d  flow ab ility .

I t  seem s u n fo r tu n a te  th a t in  sp ite  o f  th e  p resen t- 
day  w idesp read  use  o f  sand-testing  eq u ip m en t, a n d  
in  sp ite  o f  th e  usefu l in fo rm a tio n  w hich  is steadily  
being collected  w ith  th is equ ipm en t, little  effort 
ap p ears  as y e t to  h ave  been  m ad e  to  m easu re  w h a t 
to  th e  fo u n d ry m a n  is p e rh ap s the  m o s t im p o rta n t 
p ro p e rty  o f  all. By squeezing a  h a n d fu l ofi san d , a 
m o u ld e r c a n  ju d g e  w h e th e r o r  n o t i t  is su itab le  fo r  
m o u ld ing  p u rp o ses  a n d  w h e th e r i t  req u ires  m o re  o r 
less m illing , o r  m o re  o r  less m o istu re , y e t n o  o th e r 
single m e th o d  o f  testing  h as been  devised  to  do 
this in  th e  lab o ra to ry .

I t  h a d  long  been the A u th o r’s belief th a t the 
am o u n t o f  w o rk  req u ired  to d e fo rm  v a rio u s sands 
could  be m easu red , and  a n  answ er g iven to  th e  
p ro b lem  o f  w hy o n e  sand  w ill sta ll a  m ixer, w hile 
a n o th e r w ill n o t, a n d  w hy o n e  san d  can  b e  w orked  
by th e  m o u ld e r a t  a  g rea te r speed  th a n  an o th e r 
{i.e., m o re  m ou lds o r cores p e r day). T h is  view 
w as largely  b ro u g h t o n  by  th e  reg u la r necessity  to  
superv ise  th e  m illing  an d  m o u ld in g  o f  sands b o th  
d u ring  reg u la r p ro d u c tio n  and  also  d u rin g  full- 
scale tr ia ls  w ith  new  m ateria ls . U sing  san d  w ith  a 
n o rm al “  bond  s tren g th  ”  th e  m ix e r o r  m ill w ill 
chu rn  aw ay  stead ily  a t  app ro x im ate ly  th e  sam e 
speed th ro u g h o u t th e  en tire  m illing  o p e ra tio n , b u t 
if  th e  “ streng th  ” is slightly  above average  th e  
m ach ine  c a n  be m ade  to  sta ll by e ith e r increasing  
the w eigh t o f the ba tch  o r p ro long ing  the m illing 
tim e. T h is  is, o f  course , com m on  know ledge, an d  
a lm ost every  fo u n d ry m a n  m u st a t  som e tim e  o r  
ano ther h ave  caused  such a m ach in e  to  tr ip  o u t 
sim ply by try in g  to  m ak e  it do  m o re  w o rk  th a n  it 
was cap ab le  of. In  such instances th e  b a tch  o f  
sand  h a s  ac ted  a t  a b rak e  and  h as com plete ly  a b ­
sorbed all ava ilab le  w o rk  genera ted  by th e  m o to r.

Physical Properties o f  Sand
I t  is com m on  know ledge th a t a lth o u g h  th e  “  feel ” 

o f  a sand  a lte rs co n tinuously  th ro u g h o u t a  m illing  
tim e o f, say, e igh t m inu tes , th e  a c tu a l m easu rab le  
strength scarcely  alters a t  all. I t  th e re fo re  seem s 
reasonab le  to  conc lude  th a t w h a t is ac tua lly  a lte r­
ing is the  cap ac ity  o f  the m ate ria l to  ab so rb  w ork. 
T h a t is to  say, by ab so rb ing  w ork  fro m  th e  m ix er in 
the first in stance; th e  capac ity  to  ab so rb  fu r th e r 
w ork is co n tinua lly  increased , up to  a  lim iting  value 
o f course. T h is  lim iting  va lue  w ill depend  o n  the 
na tu re  o f  the b o n d ing  agents em ployed , th e  effici­
ency o f  th e  m ach ine , ahd  v arious o th e r  fac to rs . O n 
tw o occasions in  th e  p a s t, th e  A u th o r’s theories 
regard ing  th e  re la tio n sh ip  w hich  ex ists betw een  th e  
various physical p ro p e rtie s  w ere  p u t o n  reco rd , bu t 
these a ttem p ts  w ere  based  o n  th eo ry  a lo n e  an d  w ere

th e re fo re  incom plete , an d  o n  som e p o in ts  incorrec t. 
S ince then , how ever, a  com pression  m ach ine  has 
been bu ilt w hich h as en ab led  a  s ta rt to  be m ade  
to the p rac tica l aspects o f flow ability  m easu rem en t, 
by allow ing  d e fo rm a tio n  read ings to  be  tak en  
du rin g  the ap p lica tio n  o f  lo ad  to  a sand  specim en.

Flow ability
T he m ethod  o f  ap p ro ach  to  th e  p ro b lem  w as 

influenced by th e  fo llow ing  considera tions. W hen  
g ra in s o f  san d  m o v e  p a s t one  an o th e r , they  m ay  do  
so by tw o sep a ra te  m echanism s. F irs t, th e  g rains 
m ay  rem ain  un ited  by th e  p las tic  b o n d ing  ag en t 
and  yet still be free  to  m ove a  lim ited  d is tance , and  
secondly, the bond  m ay  be ru p tu re d  an d  the g rains 
left free  to  m ove an  u n lim ited  d istance.

T h e  first p h en o m en o n  m ay  conven ien tly  be  re ­
fe rred  to  as p la s tic  flow, and  the second  as n o n ­
p las tic  flow . P lastic  flow  sh o u ld  be  cap ab le  o f  
m easu rem en t, b u t  n on -p lastic  flow is liab le  to  have  
any  value fo r  d is tance  m oved  o r  app lied  lo ad , p ro ­
v ided th e  stresses invo lved  are  in  excess o f  th e  u lti­
m a te  stress o f  th e  sand . F o r  th is reaso n , th ere fo re , 
it seem ed likely  th a t p lastic  flow  w o u ld  be th e  on ly  
o n e  o f  the tw o w hich  cou ld  be  p ro fitab ly  exam ined .

A p a r t  f ro m  possessing  th e  p ro p e r ty  o f  p lastic ity , 
m o u ld ing  sands also  possess th e  p ro p e rty  o f  being 
ab le  to  in crease  in  a p p a re n t density  w hen  co m ­
pressed  in  a  confined  space. A ll san d s do  n o t  tak e  
up th e  sam e degree of, co m p ac tio n , how ever, w hen  
sub jec ted  to the sam e degree o f  ram m ing , a n d  it  
w as th e re fo re  decided  to  co n d u c t th is  investiga tion  
w ith  the  sand  g ra in s in  th e  c o n d itio n  o f  m ax im um  
possib le  com pac tion . A ll tes ts co u ld  th e re fo re  be 
said  to  be  co n d u c ted  w ith  th e  g ra in s in  th e  p o s itio n  
o f c losest ap p ro ach  to  one  an o th e r, irrespective  o f  
size o r  size d is trib u tio n . By do ing  th is, an y  m o v e­
m en t o f  th e  g ra in s w hich  m igh t occu r d u rin g  th e  
com pression  test, cou ld  be regarded  as ten d in g  to 
p ro d u ce  a sep a ra tio n , w hereas if  th e  san d  w ere  on ly  
p a rtly  ram m ed , th e re  w ou ld  be a tendency  fo r  som e 
o f  th e  g ra in s to  m ove c loser together. So fa r  i t  h as  
been fo u n d  th a t 40 ram s (20 in each  d irec tion ) w ith  
th e  A .F .S . s tan d ard  ram m er is sufficient.

T h e  in s tru m en t used in  th e  experim en ts is a  m o d i­
fication  o f th e  “  B uchanan  ” com pression  tester, 
and  is illu s tra ted  in  F ig . 1, to ge ther w ith  a  clock  
gauge fo r  checking  the  he ig h t o f  specim ens p r io r  
to  test. T h e  first stage in  th e  p ro ced u re  consists o f 
ram m ing  a  specim en w ith  a  g ro u n d  steel disc a t 
the b o ttom  o f  th e  tu b e  (inserted  a f te r  the  first 20 
ram s), so th a t w hen  the la tte r  is inverted  an d  th e  
specim en stripped , the d isc w ill be to th e  to p  an d
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Fig. 1.— M odified Compression M achine and Specimen 
Height Gauge.

w ill offer a su itab le  su rface  on w hich to  clock  the 
heigh t. T he  specim en is then  inserted  in th e  com ­
p ression  m achine and  w hen th e  to p  su rface  o f the 
specim en to u ch es th e  s ta tio n a ry  su rface  o f  th e  
m ach in e  th e  d e fo rm a tio n  reco rd e r is se t to  zero.

D efin ite  increm ents o f  load  a re  app lied , and  tim e 
is a llow ed  a f te r  each  increm en t fo r d e fo rm a tio n  to  
cease  b efo re  th e  n ex t is app lied . T h e  d e fo rm a tio n  
is n o ted  fo r  each  load . T w o load  gauges w ere sup­
p lied  w ith  the m ach ine , one  read ing  to  20, an d  th e  
o th e r to  50 lb ., b u t as th e  la t te r  w as n o t availab le  a t 
first, tests w ere  com m enced  w ith  a  syn thetic  m ix tu re  
hav ing  a  streng th  w ith in  the ran g e  o f  th e  sm aller 
gauge.

E ffect o f M o is tu re
T he basis o f  th e  m ix tu re  w as S o u th p o r t sand , and  

th e  bo n d  consisted  o f  2 p e r cent. H a rb o n d  “  C ,” 
0.5 p e r cen t, b en ton ite , 1.0 p e r  cen t linseed oil, 
w ith  tests being ca rried  o u t a t  m o istu re  co n ten ts  o f 
2, 3, 5, a n d  7 p e r  cen t. (A ll batches m illed  {- m in. 
d ry , an d  4 m in. w et.) T h ree  lo a d /d e fo rm a tio n  
g rap h s w ere  d raw n  fo r  each m ix tu re , an d  it w as

O O-OI 0-02 003 002
DEFORMATION ( in .)

Fjg. 2.— Tests with 1 per cent.
M oisture in Synthetic Sand  (three
Specimens Tested).

im m edia te ly  fo u n d  th a t a lthough  a ll th ree  lines did 
n o t co incide exactly , the  g rea te r p a r t o f  each  co r­
re sponded  closely to  a  s tra igh t line. W hen  the 
average  line w as th en  d raw n  fo r  each  m ix tu re , it  w as 
seen th a t the slopes o f  th e  lines becam e steeper w ith 
increasing  m o istu re , a n d  th e  law s o f  th ese  lines w ere 
th e re fo re  found . T h e  tailing-off p o rtio n  a t th e  ends 
w as ignored , as th is  rep resen ted  only  a sm all p ro ­
p o rtio n  o f  th e  to ta l length  a n d  w as in any  case 
caused b y  th e  b reakdow n  o f  th e  p ro p e rty  w hich  it 
w as desirous to  m easure. F ig . 2  show s th e  th ree  
g raphs ob ta in ed  a t 7 p e r  cent, m o istu re  a n d  Figs. 
3, 4, 5, an d  6, th e  average  line  a t  each m o istu re  co n ­
ten t. T h e  tab u la ted  resu lts a re  seen in  T ab le  I.

T a b l e  I .— Average Rem its fo «■ deform ation o f  Sand against Load.

Moisture (per cent.) . . »> 3 5 7

C/s area o f  specim en . . 3 .173 3.473 3 .173 3 .173
Length t f  specim en

(in.) 1 .986 2.024 1.971 2 .005

Load (lb.) Deforma ion (in .)

0 . 5 .............................. 0 .0 0 2 0 .0015 0 .0015 0.001
1 . 0 .............................. 0 .0045 0 .0 0 5 0 .0 0 4 0 .0025
1 . 5 .............................. 0 .0 0 7 0 .0075 0 .006 0 .004
2 . 0 .............................. 0 .0095 0 .010 0 .0075 0 .005
2 . 5 .............................. 0 .0 1 2 0.011 0 .0 0 9 0 .0065
3 . 0 .............................. 0 .0 1 5 0 .0 1 3 0 .011 0 .0 0 9
3 . 5 .............................. 0 .0 1 7 0 .0 1 5 0 .0 1 3 0 .011
4 . 0 .............................. 0 .0 2 0 0 .0 1 7 0 .0145 0 .0 1 3
4 .5 0 .0 2 3 0 .0 1 9 0 .0 1 6 0.0165
5 . 0 .............................. 0 .0255 0 .0 2 0 0 .0 1 9 0.024
5 .5 0 .0 2 9 0 .0225 0 .0215 0 .0 2 7

(5 .2 )
6 . 0 .............................. 0 .0 3 3 0 .0 2 5 0 .0235 —

6 . 5 .............................. 0 .0 3 8 0 .027 0 .0 2 7 —

7 . 0 .............................. 0 .042 0 .0 2 9 ,— —

7 . 5 .............................. — 0 .0315 0 .0 3 3 —

8 . 0 .............................. — 0 .0 3 6 — —

8 . 5 .............................. — 0 .0365 — —

T h e  lo a d /d e fo rm a tio n  lines w ere  fo u n d  to  obey 
app ro x im a te ly  th e  fo llow ing  s tra ig h t-lin e  rules, fo r 
stresses below  th e  u ltim a te  com pression  stress. 

W ith  2 p e r cen t, m oistu re , y  =  202x; w ith  3 per
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“ feels " to u g h er o r  m ore  plastic , an d  fro m  experi­
ence i t  is know n th a t  as the toughness increases, th e  
fiow ability  decreases. By tak ing  th e  co n stan ts  o f 
the lines to  unity , it is now  possib le to  show  th a t an  
increase in toughness o r  p lastic ity  is synonym ous

w ith  an  increase  in m odu lus o f  p lasticity , 

or, M odulus o f  P lastic ity  =

(Stress)
(S train) 

U ltim ate  Stress 
U ltim a te  S train

W ith  2 p e r cent, m oistu re , the m odu lus o f  p las­
ticity  is 126 lb. p e r  sq. in. p e r  in.; w ith  3 p e r  cent, 
m o istu re , the m odu lus o f p lastic ity  is 146 lb. p e r 
sq. in . per in.; w ith  5 p e r cen t, m o istu re , the m odu lus 
o f  p lac tic ity  is 168 lb . p e r  sq. in. per in. a n d  w ith  7 
p e r  cen t, m o istu re , th e  m odu lus o f  p lastic ity  is 219 
lb . p e r  sq . in . p e r  in.

I f  o n e  san d  flows a  g rea te r d is tance  th a n  an o th e r 
w hen  sub jec ted  to  th e  sam e load , then  th e  fo rm er 
c a n  be  said  to  flow  m o re  easily  th a n  the la tte r , o r  to  
have a  g rea te r fiow ability .

T ak in g  fiow ability  a s  a  ce rta in  d is tan ce  (in .) o f  
de fo rm atio n  p e r  p o u n d  o f  app lied  load , then  the

F ig . 3 .—Average L ine fo r  Syn ­
thetic Sand; M oisture 2  per cent.

cent, m o istu re , y  =  229 x ;  w ith  5 p e r cen t, m o istu re , 
y  =  270x; w ith  7 p e r cen t, m o is tu re  y  =  347x. 
(W here y  =  load  an d  x  =  d e fo rm a tio n .)

I t  can  be seen th a t th e  g rad ien t o f  th e  line is in ­
creasing  w ith  increasing  m o istu re , o r  in  o th e r w ords, 
th a t th e  lo a d  req u ired  fo r  an y  g iven d e fo rm a tio n  is 
increasing  w ith  increasing  m o istu re , i.e. th e  sand  
is becom ing  tougher. F ro m  p erso n a l observa tion , it  
can  be confirm ed th a t th is is co rrec t, as th e  sand

F i g . 6 .— Average Line for  
Synthetic Sand; M oisture 
7 per cent.

recip rocal o f  th e  m odu lus o f  p lasticity  expresses 
th is fu n c tio n  in  u n it te rm s : —

1

F i g . 4 .— A verage Line for  
Synthetic Sand; M ois­
ture 3 per cent.

F i g . 5 .— Average Line 
fo r  Synthetic Sand; 
M oisture  5  per cent.

_ ,  ... S tra in  
ow a i lty s t ress M od. o f  P lastic ity

W ith  2 p e r  cen t, m o istu re , fiow ability  =  79.3 x 
10 lb  p e r  sq . in . p e r  in .; w ith  3 per cen t, m o istu re , 
fiow ability  =  68.5 x 10-* lb. p e r sq. in . p e r  in ., 
w ith  5 p e r  cen t, m o istu re , fiow ability  =  59.5 x 
10-* lb . p e r  sq. in . p e r in .; w ith  7 p e r  cen t, m o is­
tu re , fiow ability  =  45.6 x 10~* lb. p e r  sq. in . p e r 
in ., i.e., th e  2  p e r  cen t, m o istu re  m ix tu re  w ill defo rm
0.00793 in. fo r  every  inch o f  leng th  o f  specim en 
w hen  sub jected  to  a  stress o f  1 lb. p e r  sq. in ., w hile  
th e  m ix tu re  a t  7 p e r cen t, m o is tu re  w ill o n ly  d e fo rm  
57 p e r  cen t, o f  th is  d istance.
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M easurem en t o f  P la s tic  F low  in  M o u ld in g  San d s

A bsorption o f  “ W ork ”
I f  an y  p o in t on  th e  load  d e fo rm a tio n  g raph  is 

selected , then th e  w ork  ab so rb ed  d u rin g  d e fo rm atio n  
is rep resen ted  by th e  a rea  u n d er th e  line u p  to  th a t 
po in t. T his, how ever, on ly  applies to g radua lly - 
increasing  loads, fo r  if th e  load  is app lied  in s ta n ta ­
neously , th e  w o rk  ab so rb ed  is d o u b le  this va lu e  and  
is equal to  the p ro d u c t o f  load  an d  d e fo rm ation . 
S ince, in  th e  fo u n d ry , th e  d e fo rm a tio n  o f  san d  is 
generally  accom plished  by live load ing  {e.g., ra m ­
m ing  an d  jo lting), th e  la rger va lu e  o f  ab so rb ed  w ork  
(o r m ax im u m  value) h a s  been  used in  a ll o f  th e  fo l­
low ing  cases, and  fo r  convenience th e  m ax im um  
to ta l w ork  a b so rb ed  h a s  been re fe rred  to  as 
“ w o rkab ility  ” and  expressed  in  u n it term s.

W o rkab ility  =

u ltim ate
load

u ltim a te
d e fo rm atio n

vo lum e o f  specim en

w ith 2 per cent, m o istu re , w orkab ility  =  0.042 in. 
lb. p e r cub . in .; w ith  3 p e r  cen t, m oistu re , w o rk ­
a b il i ty —  0.051 in . lb . p e r  cub. in .; w ith  5 p e r  cent, 
m o istu re , w o rkab ility  =  0.040 in. lb. p e r  cub . in.; 
w ith  7 p e r  cent, m o istu re , w ork ab ility  = 0 .0 1 9  in. 
lb. p e r cub . in . F ig . 7 show s th e  g raphs o f  fiow- 
ab ility , w o rkab ility  and green com pression  an d , as

F ig . 7 .— Effect o f Moisture on the 
Properties o f a Synthetic Sand 
M ixture.

can  be seen, the g rea test a m o u n t o f w o rk  is requ ired  
w hen  th e  m o istu re  co n ten t is a t app ro x im a te ly  3.5 
p e r cent.

I t  m ig h t be  expected  th a t  w ith  th e  d ro p  in  flow- 
ab ility  {i.e., g rea te r efforts fo r any  given m ove­
m en t), the w orkab ility  w ou ld  increase, b u t, a s  can  
be seen, th is is n o t en tirely  th e  case, as th e  la t te r  is 
governed  by the to ta l load  a n d  to ta l d e fo rm a tio n , 
b o th  o f  w hich d ro p  a fte r  3 p e r  cent, m oistu re .

W ith  the m o istu re  co n ten t a t  th e  m ax im um  p o in t 
on  th e  w orkab ility  g rap h , th e  sand  w as judged , by 
several persons, to  h av e  a b e tte r  “ feel ” th a n  th e  
o th e r m ix tu res, a n d  th is o b se rv a tio n  h a s  been  c o n ­

firm ed by su b seq u en t w ork . T h e  green com pres­
sion g rap h  also ap p ea rs  to  have a  m ax im um  a t 3.5 
p e r cen t, w a te r, b u t com pression  s tren g th  a lo n e  has 
never been  sufficient to  in d ica te  the  op tim u m  
m o is tu re  co n ten t c learly , an d  fu r th e r  tests show  th is 
to  be still the case. T h e  fo llow ing  defin ition  w ould  
n o w  ap p ea r to  be in  order.

T h e  o p tim u m  m o is tu re  co n ten t o f  a  sand  is th a t 
m o is tu re  co n ten t a t  w hich  th e  sand  is cap ab le  o f  
ab so rb in g  th e  g rea test q u an tity  o f  w ork . A  fu r th e r 
in te restin g  fea tu re  connec ted  w ith  th e  a b so rp tio n  o f  
w ork is illu s tra ted  by selecting  various p o in ts  o n  th e  
lo a d /d e fo rm a tio n  g rap h  a n d  fro m  these po in ts 
d raw ing  a w o rk /d e fo rm a tio n  g raph . T h e  la tter 
tak ing  the genera l fo rm  o f  y  =  a x ' (w here y  =  w ork 
ab so rb ed  (in.-lb.), and  x  — d e fo rm a tio n  (in.)).

A t 2 p e r  cent, m o istu re , th e  ab o v e  m ix tu re  has a 
lo a d /d e fo rm a tio n  re la tio n sh ip  ob ey in g  th e  law  y  =  
202x an d  a  w o rk /d e fo rm a tio n  re la tionsh ip  o f  y  =  
202x'. S im ilarly  a t  7 p e r cen t, m o istu re , th e  respec­
tive law s a re  y  =  347* an d  y  =  347x ' (see Figs. 8 
and  9). T h e  in teresting  po in ts w hich  a re  em phasised  
a t  this stage a re  first th a t th e  p ropertie s  o f 
p lastic ity , fiow ability  an d  w orkab ility  a re  very 
closely re la ted , a n d  any  o n e  can n o t vary  w ithou t 
affecting  th e  o th e r tw o. Secondly , th a t on con ­
tinuous d e fo rm a tio n  o f  a  sand , th e  load  is d irectly  
p ro p o rtio n a l to  the d e fo rm atio n , w hile th e  w ork 
ab so rb ed  is p ro p o r tio n a l to  th e  sq u are  o f  the de-

F i g . 8 .— W ork I D eform a­
tion Relationship; Syn­
thetic Sand at 2 per 
cent. Moisture.

F ig . 9 .— W ork/D efor­
mation Graph of 
Synthetic Sand at 7 
per cent. Moisture.

fo rm a tio n , i.e., very  m uch  m o re  w ork  is requ ired  
fo r the  ¡final d e fo rm a tio n  b e fo re  ru p tu re  th a n  is 
requ ired  fo r  th e  sam e a m o u n t o f in itia l d e fo rm a­
tion. ¡1

Effect o f M illing T im e
F ro m  F ig . 7 it  w ou ld  a p p e a r  th a t th e  op tim u m  

m o is tu re  is  in  th e  reg ion  o f  3.5 per cen t., an d  this
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q u an tity  w as th e re fo re  used in  a  series o f  tests on 
th e  effect o f  m illing  tim e (T ab le  II).

F ig . 10 show s the  rap id ity  w ith  w hich  m illing  
low ers th e  flow ability , a n d  also, th a t fo u r  m inu tes 
ap p ea rs  to  be  th e  o p tim u m  m illing  tim e fo r  this 
p a r t ic u la r  m oistu re . B oth  o f  these conclusions 
w ere confirm ed  by observ ing  th e  “ feel ” o f  th e  
sands.

T a b le  I I .— Teals on the Effect of M illin g  Time.

M illing 
time* 
(ini us.) 2 4 6 8 10

C/s area 
o f  sp eci­
men
(sq .in .) 3 .173 3.173 3.173 3 .173 3 .173

Length  
o f  sp eci­
men
(in .) . . 2 .047 2.032 2.046 2 .027 2 .053

Load Deform ation (in.)
(lb .)

0 .5 0 .0 0 3 0 .0 0 3 0 .0 0 2 0 .0 0 2 0 .0015
1.0 0 .005 0 .0055 0 .005 0 .0035 0 .0035
1 .5 0 .0 0 8 0 .0 0 7 0 .0065 0 .0 0 5 0 .005
2 .0 0.011 0 .0085 0 .0085 0 .0005 0 .0065
2 .5 0 .0135 0 .0 1 0 0 .0 1 0 0 .0085 0 .0 0 8
3 .0 0 .010 0 .012 0 .0 1 2 0.010 0 .0095
3 .5 0 .019 0 .014 0 .0135 0.011 0 .0105
4 .0 0 .0 2 3 0 .0 1 6 0 .0 1 5 0 .0 1 3 0 .0125
4 .5 0 .025 0.01S 0 .0105 0 .0145 0 .0 1 4
5 .0 0 .0285 0 .0195 0 .0 1 8 0 .0 1 6 0 .0155
5 .5 0 .0 3 2 0 .0215 0 .020 0 .0185 0 .018
6 .0 — 0 .024 0 .022 0 .0205 0 .0195
6 .5 — 0.028 0 .0265 0 .0 2 4 0 .024

y  = 1823 235a; 24 la: 303a; 311a:

P lasticity 117 151 155 193 202

Flow ­
ab ility 8 5 .2 x 1 0 -4 6 0 .2 x 1 0 -4 6 4 .5 x 1 0 - 4 5 1 .8 x 1 0 -4 4 9 .5 x 1 0 -4

W ork­
ab ility .027 .0282 .0265 .0242 .0239

Fig. 11 show s these resu lts g raph ica lly , an d  in 
this case it  can  be seen th a t there  is a  m ax im um  
p o in t on  th e  flow ability , a s  w ell as o n  the  w o rk ­
ab ility , g raph . A s these resu lts a re  on ly  ap p ro x im a­
tions, how ever, a n d  as o th e r availab le  raw  sands, 
a n d  the fo u n d ry  system  sands, a ll h a d  streng ths a t  
least as g rea t as M ansfield , it  w as decided  to  d ilu te

T a b le  IV .— Effect of M oisture on 55 per cent. M ansfield,
45 per cent. Southport Sand M ixture.

Moisture
(per
cent.) 2 4 6 8 10

C/s area 
of sp eci­
m en . . 3 .173 3 .173 3.173 3.173 3.173

Length
of sp eci­
men . . 2 .032 2.046 2 .046 1 .983 1.970

Load Deform ation (in.)
(lb.)

2 0 .0 0 2 0 .0 0 3 0 .0015 0 .004 0 .0035
4 !! 0 .0035 0 .0 0 5 0 .0 0 4 0 .0 0 7 0 .0055
6 0 .0 0 5 0 .0075 0 .0065 0 .0 1 0 0 .0 0 9
8 0 .0065 0 .0 1 0 0 .0095 0 .0135 0 .0125

10 0 .0085 0 .0115 0 .0115 0 .0145 0 .015
12 0 .0 0 9 0 .0135 0 .0 1 4 0 .0165 0 .0 1 8
14 0 .0 1 0 0 .015 0 .0 1 6 0.0185- 0 .0 2 1
10 0 .011 0 .0175 0 .0185 0 .0205 0 .0 2 4
18 0 .0 1 2 0 .0195 0 .0205 0 .0 2 3 0 .0 2 8
20 0 .0135 0.021 0 .0225 0 .0255 0 .0345
22 0 .0145 0 .0225 0 .0245 0 .0285 —
24 ! .’ 0 .0155 0 .0 2 5 0 .0265 0 .0 3 2 —
26 0 .0165 0 .0275 0.P295 0 .0 3 0 —
28 0 .0175 0 .0295 0 .0 5 2 — —
30 0 .0 1 9 0 .0325 0 .0365 — —
32 0 .0205 0 .0 5 7 —. — —
34 0 .0225 0 .041 — — —
y  = 1,430a; 907a; 884a; 749a; 675a;
P lasticity 922 588 570 468 418

Flow ­
ability 1 0 .8 x 1 0 -4 1 7 x 1 0 -4 1 7 .5 x 1 0 -4 2 1 .4 x 1 0 -4 2 9 .3 x 1 0 -4

W ork­
ab ility 0 .1 1 9 0 .2 1 6 0 .1 6 9 0 .1 3 5 0 .1 1 0

* Plus 1 niin. dry m ixing.

M oulding Sand
H av in g  c a rr ied  o u t th e  p re lim inary  w o rk  on  a 

syn thetic  sand , i t  n ow  rem ained  to  find  h o w  the 
propertie s o f  a n a tu ra l c lay -bonded  sand  varied  
under sim ilar cond itions. M ansfield  sand  w as 
selected and  m illed  as befo re  (£ m in. d ry  an d  4 m in. 
wet) a t  various m o istu re  co n ten ts , b u t it w as found  
th a t the 50 lb. sp ring  scale  w as insufficient to  reco rd  
the m ax im u m  load . O w ing to  th e  zero  setting  and  
the d e fo rm a tio n  o f  th e  specim en, th e  h ighest load  
w hich cou ld  be  o b ta ined  w as 46 lb . a n d  n o n e  o f  the 
specim ens frac tu red  a t  th is load . L o a d /d e fo rm a ­
tion  g rap h s w ere  d raw n , how ever, in  o rd e r to  find 
the flow ability . W o rk ab ility  w as ca lcu la ted  fro m  
the m ax im u m  lo a d  an d  d e fo rm a tio n  o b ta ined  d u rin g  
the test, an d  a lth o u g h  th e  figures o b ta ined  w ere 
low er th a n  th e  c o rrec t va lue, th ey  w ere  nevertheless 
m uch h ig h er th a n  th o se  o b ta in ed  fo r  th e  syn thetic  
m ixture, and  a re  show n in T ab le  III.

Table  111.

Moisture 
(per cent.) 

Plasticity  . .  
Flowability  
W orkability

4 6 8 10
1,285 

7 .7 8  x‘ 10*-4
890 965 1,142

1 1 .2  x  10 -4 1 0 .3  x  10 -4 8 .7 4  x  10 -4
0 .1 3 7
•

0 .1 9 3 0 .1 7 5 0 .1 7 7

the  M ansfield  w ith  S o u th p o rt, in o rd e r to  exam ine 
a  c lay -bonded  sand. I t  w as fo u n d  th a t 55 per cent. 
M ansfield  an d  45 p e r  cen t. S o u th p o r t gave a  m ix tu re  
w ith  a  su itab le  stren g th  range. T ab le  IV  show s th e  
effect o f  m o istu re  o n  th is san d  m ix ture .

U n lik e  th e  sy n th e tic  san d , th e  flow ability  in ­
creased  w ith  m o is tu re  co n ten t th ro u g h o u t th is series 
(F ig . 12). T h e  w orkab ility  g rap h  h a d  a  m ax im u m  a t 
a b o u t 4.5 p e r  cent, w a te r a n d  a  m illing  tes t w as 
th e re fo re  co n duc ted  w ith  th is q u an tity  p resen t. 
T h e  resu lts a re  show n g raph ica lly  in  F ig . 13.

G eneral O bservations and C onclusions
In  the  ram m in g , squeezing , o r  jo lting  o f  san d  

in to  a  m o u ld , th e  g ra in s  a re  sub jec ted  to  a  co m ­
pressive stress a n d  o n ly  tak e  u p  th e  im pression  
o f the vertical su rfaces by reaso n  o f  be in g  d is­
p laced  a t  rig h t angles to  th e  d irec tio n  o f  th e  app lied  
fo rce . T h e  g rea te r p a r t  o f  th is d isp lacem en t w ill 
ta k e  p lace w ith in  thq  p las tic  lim its o f  th e  b o n d in g  
m ed ium , a n d  tests w here in  th e  d e fo rm a tio n  is 
m easu red  d u rin g  th e  com pressive  lo ad in g  o f  a  sand 
specim en, a re  likely, there fo re , to  offer a  good 
q u a lita tiv e  co m p ariso n  o f  the  flow ability  o f  various 
sands. P lastic ity  is genera lly  reg a rd ed  as th e  ability  
o f  a  m a te ria l to  ta k e  u p  a n d  re ta in  any  given
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F i g .  10.—-Effect o f M illing Tim e on 
Synthetic Sand at 3.5 per cent. 
Moisture.

Fig. 11.— Effect o f M oisture on 
M ansfield Sand  (Specimens Un­
broken).

shape, b u t as these tw o fu n c tio n s a re  th e  opposites 
o f  o n e  a n o th e r , it seem s likely th a t fo r  a  p ro p e r 
u n d ers tan d in g  o f  th e  p ro p erty , each fu n c tio n  shou ld  
be  defined  separa te ly , as fo l lo w s : —

Plastic F lo w ab ility  is th e  ab ility  o f the g ra in s  o f  
a  m o u ld in g  m a te ria l to  tak e  u p  new  positions w hen  
sub jec ted  to  a n  ex te rn a l stress. I t  m a y  be rep re ­
sen ted  b y  stra in  p e r  u n it stress.

M o d u lu s  o f  P lasticity  is a  m easure  o f  th e  ab ility  
o f  th e  g rains o f  a  m o u ld in g  m a te r ia l  to resist d is ­
p lacem en t w hen subjected  to  a n  ex te rna l stress. 
I t  m a y  be  rep resen ted  by stress p e r u n it stra in .

O bviously , th e re fo re , a  h igh  flow ability  ind ica tes  
a  low  p lastic ity , an d  conversely , a  h igh p lasticity  
ind icates a  low  flow ability . (N .B . T h e  use o f  the 
term  “ p lastic  in e r tia  ” m igh t p erhaps convey  m ore  
m ean in g  th an  m odu lus o f  p lastic ity .)

T w o w ays o f  look ing  a t the sam e p ro p erty  have, 
there fo re , been exp la ined , a n d  fo r  a ll p rac tica l 
p u rposes i t  is recom m ended  to  re p o r t o n ly  one  o f  
them . T he  values fo r m odu lus o f  p lastic ity  seem  to 
be m o re  conven ien t to  use th an  those  o f  flow a­
bility  a n d  it  is likely th a t  these  w ill be used  in  su b ­
seq u en t w ork  on  th e  subject.

Future Lines o f Investigation
O w ing  to  th e  fa c t  th a t the  A u th o r o f  th is re p o r t 

is  n o  longer engaged  in  th is type  o f  w o rk , i t  w ould  
p ro b ab ly  be  a s  w ell to  p o in t o u t the fo llow ing  
p rob lem s w hich w ill b e  w orthw h ile  investigating.

1. So fa r , m o s t sands exam ined  h av e  show n a 
load -d e fo rm a tio n  re la tio n sh ip  closely ap p ro ach in g  
a  lin ea r value, b u t th e re  a re  ind ica tions th a t the

8
a

2 4  fe 8  10
MOISTURE (PER CENT)

F i g . 12.— Effect o f M oisture on 55  
per cent. Mansfield, 4 5  per cent. 
Southport Sand M ixture.

F i g . 13 .— Effect o f M illing Tim e on 
5 5  per cent. Mansfield, 4 5  per 
cent. Southport Sand M ixture at 
4 .5  per cent. Moisture.
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lo a d  m ay  n o t alw ays vary  d irec tly  as th e  d e fo rm a ­
tion , and in  o n e  m o u ld in g  san d  recently  exam ined , 
it  seem ed to  'be n e a re r  to  the sq u a re  o f  th e  
d e fo rm a tio n .

2. I t  w ill be necessary  to  confirm  w hether o r  n o t 
it  is c o rrec t to  define th e  op tim u m  m o is tu re  o f  a 
san d  as :— “ th a t m o istu re  co n ten t a t w h ich  the 
sand  is cap ab le  o f  ab so rb in g  th e  m ax im u m  qu an tity  
o f  w o rk .”

3. By using  specim ens o f  v arious sizes, it m ay  
be poss ib le  to  find if  the  values fo r  v arious p ro ­
perties h o ld  go o d  .for la rger m asses o f  sand.

4 . E x a m in e  w h e th e r o r  n o t th e  slope  o f  th e  
lo a d /d e fo rm a tio n  line varies w ith  th e  n u m b er o f  
ram s g iven to  th e  specim en o r  w h e th e r it  is only  
the u ltim a te  s tren g th  w hich  varies.

5. E x am in e  w h eth er o r  n o t th e  slope o f  th e  lo a d /  
d e fo rm a tio n  line varies w ith  th e  q u an tity  o f  b inder 
p resen t o r w h eth er it is on ly  th e  u ltim a te  streng th  
w hich  varies.

6. E x am in e  the  effect o f  tim e o n  flow ability  a n d . 
w orkab ility . I t  takes a  defin ite  in te rva l o f  tim e 
fo r. a  sand  to  d e fo rm  a f te r  the app lica tion  o f  a 
load  and  once  th is is exam ined , a  b e tte r u n d e r­
s tan d in g  will be ob ta in ed  o f  th e  p ro b lem  o f  sagging 
cores. T h e  sp rin g  scale  does n o t give a n  in s tan ­
tan eo u s  ap p lica tion  o f  a  defin ite  load , and  in  a d d i­
tio n  th e  lo ad  tends to  fa ll off a  little  d u rin g  
d e fo rm a tio n , so th a t a  “ dead -lo ad  ” ty p e  of 
ap p a ra tu s  w ould  be  req u ired  fo r this w ork .

7. I t is still n o t poss ib le  sim ply  by lo ok ing  a t 
the p ropertie s o f  flow ability  and  w orkab ility , to  tell 
w h eth er o r  n o t a sand  is in  its op tim u m  cond ition  
fo r w ork ing , an d  it the  A u th o r’s belief th a t this 
also w ill n o t be  poss ib le  un til ra te  o f  d e fo rm atio n  
(o r ra te  o f  ab so rp tio n  o f  w ork) h as  been exam ined . 
I t  is likely, how ever, th a t a re la tionsh ip  w ill exist 
betw een th e  co-efficient o f  in te rn a l fr ic tio n  an d  
th e  “ tim e ” fa c to r a n d  if  th e  la tte r  p roves difficult 
to  exam ine  (due  to  a ir-d ry in g  specim ens o r  p ro ­
longed test) then  the fo rm er cou ld  be  used.

T h e  A u th o r w ishes to  th an k  the  d irec to rs  o f 
A rgus F o u n d ry , L im ited , fo r  perm ission  to  publish  
th is rep o rt, and  especially  M r. J. G . A rn o tt fo r h is 
very g rea t personal in te rest in the w ork.

Publications R eceived
La Fontc M alleable—L a Technique; ses Utilisations.

Published by the Association Française des Fon­
deurs de Malleable, 9, Rue AIfred-de-Vigny, Paris.

This 60-page booklet has been prepared by the 
French employers’ association with the object o f  inform ­
ing their customers as to the m anufacture and general 
properties o f m alleable cast iron, both white- and black- 
heart and then to help them by indicating defects due 
to faulty  design o r showing modifications contributing 
to ease o f moulding.

M itteilungen aus dem Giesserei - Institut der 
Rheinisch - Westfälischen Technischen Hochschule, 
Aachen. Edited by Professor Piwowarsky. Eighth 
edition. This is a collection of Papers emanating from 
the Foundry Institute at Aachen, which have" been 
printed in D ie N eue Giesserei. They cover a  very 
wide range of subjects, most o f them written by Prof. 
Piwowarsky, and include studies of developments in 
cupola practice and the newer types o f  cast iron.

House Organs
600, Vol. 25, N o. 115 . The magazine of George Cohen 

Sons & Company, Limited, Cunard W orks, Chase 
Road, London, N.W.10.

This issue tells o f Mr. George Levy’s business jubilee; 
o f the purchase o f a gold mine on the Gold Coast and 
a chemical p lant in N orway, o f taking photographs in 
Switzerland, of “ cabbages and th in g s” and lots of 
risqué stories embellished by dozens of really funny 
pictures.

Steel Horizons, Vol. 13, N o. 3. Published by the Alle­
gheny Ludlam  Steel C orporation, Pittsburgh, Pa.

Perhaps the cover of this issue of this m ost beauti- 
fully-got-up magazine is not quite so colourful as usual, 
but there are many other delightful pages which com­
bine to j n a k e  this publication merit the appellation: 
“ The world’s best-dressed house organ.” Readers 
whose duty it is to  take an interest in publicity should 
certainly write to Pittsburgh to be favoured with a 
copy.

F.P.A . JournaL Issued by the F.O.C. F ire  Protection 
Association, 84, Queen Street, London, E.C.4,

This issue contains a study of a fire which took 
place on the Birmingham to Glasgow express when five 
passengers lost their lives. The cause was attributed to 
a  lighted match or cigarette making its way to an  un­
cleared corner beneath a seat, where rubbish was set on 
fire. The lesson is obvious—that lack of cleanliness 
can be disastrous. There are the usual illustrated 
articles containing accounts of historical fires and the 
early apparatus used.

Wiggin Nickel Alloys, N o .15, published by Henry 
Wiggin & Company, Limited, Wiggin Street, Birming­
ham, 16.

This issue contains articles on forming by spinning 
and on high-nickel-alloy spring materials, both subjects 
of interest to designers. C orrosion problems involved 
in using potassium dichrom ate and phosphorus oxy- 
chloride are also described. O ther interesting articles 
deal with the use of nickel alloys in therm al de-icing', 
industrial drying, gas safety devices and vapour-spray 
cleaning apparatus. Copies of this publication may be 
obtained on application to Birmingham.

“ M ettle ” Summer, 1951. Issued by the M arshall
Organisation, Stafford House, N orfolk Street, 
London, W.C.2.

It would appear from the editorial that the publica­
tion o f “ G roup ” has ceased and is replaced by-the new 
house magazine. They are quite different, however; the 
form er was entirely domestic, whilst the latter is 
primarily m eant fo r customers. The change is good, 
for internal magazines catering for four widely- 
separated works lack the advantages o f one devoted 
to one works only. In  one case Mr. Jones is a  person, 
and in the o ther merely a  nam e to the bulk of the 
readers. Thus in its new form  outsiders are to be 
informed of the more interesting aspects of w hat is 
being done in the four works at G ainsborough. Leeds, 
Crook and Sprotborough. F o r this reason, it was wise 
to carry an article telling of the work done a t each 
establishment and their interconnections. Accounts 
of new m achinery and sales efforts . at exhibitions 
interest overseas agents, whilst a final article on the 
training of apprentices stresses continuity o f high-grade 
w orkmanship. The Editor, Mr. Gavin Starey, has 
made a very creditable job o f his first issue.
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Export Guarantees Act 1951
B y F. J . Tebbutt

Previously, there have been published explanations of 
different Acts concerning export guarantees, there 
having been numerous measures since the first 1920 
Act, and it will be rem embered that this legislation 
concerns schemes o f jnsurance, power being given the 
G overnm ent to  give guarantees against possible loss in 
export trading on paym ent of premiums, the operating 
body being the E xport Credits G uarantee Departm ent, 
under the Board of T rade. The Principal Act is the 
1949 Act containing much of what had gone before, 
bu t with new provisions also, and now there is a  new 
one: the E xport G uarantees Act, 1951.

This new Act makes clear that the E.C.G. D epart­
ment can give cover for transactions by an  overseas 
subsidiary of the parent com pany of United Kingdom 
firms. This cover can be given in either of two 
ways; by means of guarantees given to the parent 
company in the U.K. in respect of possible losses 
incurred by its overseas subsidiary, or by means of 
guarantees given direct to the overseas subsidiary. It 
is pertinent to note that this Act will be particularly 
useful as regards exports to N orth American coun­
tries, as in many cases the business is done by over­
seas subsidiaries for which guarantees are desirable. 
There are special guarantees for U.S.A. and Canada, 
tha t is, fo r the export drive to do llar countries there 
are special policies. Two policies mostly guaranteeing 
50 per cent, o f net loss are called “ M arket Survey ” 
policy, and “ Products Test ” policy. Then there are 
the “ Advertising ” and “ Prom otional Expenses ” 
policies, and im portant policies called “ Joint Venture ” 
policies. These “ Joint V en tu re” policies roughly 
mean that the exporter takes the profits and the D epart­
m ent is rem unerated by its premiums; losses, however, 
are shared on agreed proportions, mostly “ fifty-fifty."

Policies and  P rem ium s
Although in form er articles have been explained many 

general provisions of the schemes, some reference to 
these may be useful as reminding inform ation to some, 
yet new to others. F o r exports anywhere the policy 
mostly favoured is the E.C.G. Contracts V  Policy, a 
comprehensive one covering practically all possible 
losses in connection with export trading, perhaps 
the most im portant being cover against losses through 
the insolvency of the debtor (i.e., bad debts) or through 
protracted defau lt in payment.

For the bad debts, etc., insurance, the cover is 
85 per cent, of the contract price (90 per cent, for the 
other risks covered by this contract) with possibilities 
of more cash com ing along afterw ards if there is any­
thing gathered from  debtor’s estate. This Contracts 
policy covers an exporter from the time he makes 
his export contract to the time he is paid for the 
goods. There is also the E.C.G, Debts (Shipments) 
Policy V(S) under which insurance only starts from 
date of shipment; under this contract, however, pre­
miums are lower than under the other one.

As regards premiums ordinarily, these must vary 
somewhat, as account must be taken of country of 
export and the risks involved, and so m ay vary from 
a premium as low as 5s. o r as high as 40s. per £100 of 
turnover. If the business is, however, o f a  reasonable 
am ount, on average, premiums w orks out in most cases 
to £1 per £100 of turnover or even less (in many cases 
15s.). For capital goods, machinery and plant, etc., 
special policies mostly apply, as there may be special 
circumstances of the particular contract, but, even so, 
these are mostly based on the standard policy.

M iscellanea
There are two main schemes, one where guarantees 

can only be given by the E.C.G. Dept, after consulta­
tion with the Advisory Council (comprised of business 
people), this scheme relating to ordinary commercial 
transactions.' U nder the other, the D epartm ent can 
operate without reference to  this Council and guaran­
tees given in relation to w hat could not come under 
the head of ordinary commercial transactions, for 
example in relation to such things as fixed price con­
tracts for capital goods where m aterials may rise in 
price and costs o f labour increase between receipt of 
order and delivery of goods, and for goods requiring 
a lengthy period for manufacture. Transactions can 
be covered in relation to capital equipm ent (e.g., m achi­
nery and plant) contracts which may mean large sums 
being laid up for lengthy periods. In general, it can be 
stated that the D epartm ent has discretion to insure 
any transaction if considered as being in the national 
interest and  likely to encourage trade with and result 
in earnings from  places outside the U.K.

N ot only goods come under the schemes, the execu­
tion of works or services outside the U.K. including the 
provision of labour and materials, and the installation 
costs o f m achinery and plant, the erection of build­
ings, etc., can be covered. Fees of experts and con­
sulting engineers; cost o f  training employees abroad; 
and the use o f a U .K. contractor’s own equipm ent in 
connection with the execution of engineering works 
abroad are within the schemes.

Invisible exports, meaning U.K. m erchants exporting 
raw materials and prim ary products produced abroad 
(fully m anufactured foreign goods not allowable) and 
shipped to another foreign country w ithout coming 
here, can be covered, and this applies to entrepot 
trading.

Sales by m erchants, and sales from  stocks abroad of 
U.K. goods can  be covered, as well as cost o f financing 
overseas sales agencies.

Ironstone Adviser
Following the passing into law of the Minerals 

W orkings Act, 1951, which makes special finincial 
arrangem ents for the restoration of land worked open­
cast for ironstone, including the restoration o f land 
left derelict in the past, the M inister o f Local G overn­
ment and Planning, M r. Hugh D alton, has appointed 
Sir Henry P rior to be Ironstone Adviser to the Ministry 
with effect from August 27.

For the past four year Sir Henry has been Principal 
Regional Officer of the Ministry of Local G overnment 
and Planning (form erly Tow n and Country Planning) 
in the N orth  M idland Region.

Conference on H eat Insulation
The proceedings of the conference o n  heat insulation, 

held under the auspices o f the Joint Committee on 
M aterials and their Testing, in conjunction with the 
Institution of G as Engineers, in London, last N ovem ­
ber, have now been published. They embody the text 
of the following four papers presented a t the confer­
ence, together with fu ll discussions o f them :— “ H eat 
Insulation in the Refrigeration Industry," by S. 
Richards; “ The Economics of Therm al Insulation in 
Building Construction,” by C. W. G lover; “ High- 
tem perature Insulating M aterials, their Properties and 
Testing.” by J. F. Clements; “ M edium-temperature 
Insulation,” by E. G. Cawte. Copies o f the proceedings 
can be obtained from  the secretary o f the Institution of 
Gas Engineers, 17, G rosvenor Crescent, London, S.W .l, 
at 13s. 6d. a copy, post free.
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O peration  and  Design of H ot-blast Cupolas
B y  F. C. Evans, F .I .M .*

F ig .  6 .— Cyclone
d e s i g n e d  for  
D ust Collection 
from  the Cupola.

TOP-GAS INLET

(Continued from  page 2 5 1 )

F ig . 5 .— Dust-trap at Cupola. (The sizes in millimetres 
are relative.)

E N G IN E E R IN G  D E S IG N  O F H O T -B LA ST  
C U PO L A S

T h ere  is n o th in g  new  in th e  co n cep tio n  o f  h o t 
b las t fo r  cupo las o r  in the  idea th a t cu p o la  to p  gas 
co u ld  be used fo r h ea ting  the b last. P rac tica lly  
everyone w ho has been o n  a cupo la  charg ing  stage 
has w ondered  w h eth er the w aste  h e a t leav ing  the 
to p  o f  the charge  cou ld  be u tilised. N evertheless, 
the recu p era tio n  o f  this h ea t, bo th  la ten t and  sen­
sible, is no  easy  p ro b lem , as th e re  is n o t ac tua lly  
a  g rea t excess o f h ea t fro m  a w ell-run  cu p o la  if 
the b last is to  be hea ted  to  500 deg. C . w ith o u t 
ex te rna l aid . G re a t care  h as  to  be  tak en  w ith  the  
w hole o f  the  design an d  bu ild ing  o f th e  ap p a ra tu s  
to p rev en t losses, b o th  o f  h e a t and  vo lum e, o th e r­
wise d isap p o in tin g  resu lts w ill be o b ta ined . O ne 
o f th e  m a in  difficulties, due  to th e  d u st p ro b lem , is 
to o b ta in  consisten t resu lts th ro u g h o u t th e  b low ing 
period , h o u r  by h o u r, and  w eek by w eek.

D ust Problem
I t  w as p a rtly  the red u c tio n  o f  efficiency o f  the 

recu p era to rs  by d u st deposits th a t m ade  m an y  early  
designs o f  h o t-b la s t cupo las so ineffective and  such  
a nu isance to  fo u n d ry  o p e ra to rs  th a t they  w ere 
abandoned . T h e  significance o f  th is p ro b lem  can 
be realised  by  m o s t fo u n d ry m en  w hen they  consider 
the s ta te  o f  th e ir  ro o f  gu tters. T h e re  is, o f  course, 
no s tan d a rd  q u a n ti ty  o f  d u st p ro d u ced  by a  cupo la  
and  ac tu a l figures are  h a rd  to  co m e  by. T h e  quan-

* The A u th or is  on  th e  s ta f f  o f  
L im ited .

— f -
Top-gas inlet

M e ta llu rg ica l E n g in eers,

tity  fo r an  average  cupo la , how ever, seem s to  be 
in  th e  reg ion  o f  0.03 oz. p e r  cub . ft. o f  ex h au st gas, 
or, in  te rm s o f iron  m elted , a b o u t 45 lb . p e r  ton . In  
an  average  size cupo la  p ro duc ing , say, 5 to n s an  
hr., a b o u t 225 lb. p e r hr. o f  finely-divided d u st is 
p roduced , an d  is availab le  to  b lan k e t th e  h ea t-co n ­
ducting  su rfaces o f  a recupera to r.

P a rt o f  this d u s t can  be rem oved by su itab ly- 
designed cyclones befo re  i t  reaches th e  recu p e ra to rs  
(see Figs. 5 an d  6). T he  cyclone, how ever, h as to  be 
insu la ted  to  p re v e n t loss o f  the valuab le  sensible 
h ea t and  m u s t b e  co nstruc ted  o f  m ateria ls  w hich 
will w ith s tan d  the  h igh ly  erosive ac tion  o f  th e  dust. 
T h e  b last m ains ca rry in g  th e  cu p o la  top  gas to  and  
fro m  the cyclone  m ust also  be sim ilarly  co nstruc ted  
o f in su la ting  an d  ab ras ion -resis ting  m ateria ls . Sizes 
and  shapes o f  th e  m ains h ave  to  be  so a rran g ed  th a t 
th e  gases a re  travelling  a t  th e  co rrec t speeds to  p re ­
vent undue d u st d eposit o n  th e  one  h a n d  an d  exces­
sive ab ra s io n  an d  p ressu re  loss on th e  o ther.

E ven  so, there  rem ain s a considerab le  q u an tity

TO P-G A S INLET EXIT
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O peration  a n d  D esign  o f  H ot-b last C upolas
o f  dust, m ostly  finely d iv ided , w hich  passes from  
the m ains an d  cyclones in to  the recu p era to r. In  a 
h o t-b la s t cupo la  p la n t on a  test ru n  a cupo la  p ro ­
duc ing  5 tons p e r  h r. o f  grey iro n  w ith  a 9|- p e r 
cent, coke  ch a rg e  deposited  132 lb. o f  d u st a n  hr. 
in  th e  cyclone, o r  ab o u t 26 lb. p e r  to n  o f  iron  
m elted. T h ere fo re , even w ith  e lab o ra te  system s o f 
cyclones, th ere  is le ft a  considerab le  q u an tity  o f 
d u st in  the gases as they pass to th e  recupera tive  
system  and  this tends to  co a t th e  conduc ting  su r­
faces.

Recuperator D esign  to O vercom e the D ust 
Problem

So far, all designs o f  h o t-b las t cu p o la  recu p era to rs  
ex cep t one h av e  fo llow ed  n o rm a l h ea t-ex ch an g er 
designs and  h ave  consisted  o f  tube  bund les w ith  the 
h o t gas on one side a n a  th e  a ir  to  be  hea ted  passing  
in  a coun te r-flow  m a n n e r on  th e  o ther. In  all c o n ­
ven tional h eat-exchangers, th e  m ax im um  efficiency 
is o b ta ined  by p u ttin g  th e  hea tin g  m ed ium  ou ts ide  
the  sm all d iam ete r tubes and  passing  th e  m ed ium  
to  be hea ted  (the  a ir) th ro u g h  the tubes (see F ig . 7).

C 0 L D -8 L A S T  I S L E T   J ]  \  | — I - -----------

CLEANING POOR

WASTE GAS—

F i g . 7 .— N orm al Type o f Tubular Recuperator (Schack 
design).

T his system  is used in several designs o f  h o t-b la st 
cupo las b u t has the  serious d isad v an tag e  th a t the 
dust, w hich  can n o t be avo ided , is d eposited  on  the 
ou tside o f  a  nest o f tubes, and  is th e re fo re  very  
difficult to  rem ove. T h e  lab y rin th  p a th  w hich the 
gases h ave  to  fo llow  a ro u n d  th e  tu b e  bund le  is also, 
o f course , very fav o u rab le  to  th e  deposition  o f  dust, 
an d  in fa c t the re c u p e ra to r  becom es a  d u st ca tcher. 
I f  the tubes a re  p rov ided  w ith  fins the p ro b lem  is 
intensified.

In this type o f  p lan t, the  efficiency o f  the 
re cu p e ra to r falls off rap id ly  d u rin g  serv ice and  
this is reflected in  the b last tem p era tu re . In  one  
p lan t, using this fo rm  o f  h ea t-ex ch an g er b u t w ith  
p lain  unfm ned tubes and  w hich  w as p rov ided  w ith  
a cyclone, a  daily  c lean ing  o f  th e  tubes w as essential 
as th e  b last tem p e ra tu re  h ad  fa llen  fro m  500 to 
ab o u t 430 deg. C . a t the en d  o f  th e  day. C lean ing  
h ad  to  be carried  o u t by b low ing  dow n w ith  com ­
pressed-a ir guns inserted  th ro u g h  c lean ing  doors in 
th e  recu p era to r shell, an  o p e ra tio n  bo th  u n p leasan t 
and  lengthy.

F ig . 8 .— Special
Recuperator for 
Hot-blast Cupolas 
with heating me­
dium p a s s i n g  
through the Tubes. 
(Schack design).

T o  overcom e this p ro b lem , a new type o f  recu p e­
ra to r  w as developed by D r. S chack  o f  R ek u p e ra to r 
K -G ., D üsseldorf, w hereby  the h ea tin g  gases pass 
th rough  th e  tubes and  th e  b las t to  be hea ted  ou tside 
the tubes (see F ig . 8). T h is reverses n o rm a l p ra c ­
tice and  does, o f course , g ive a low er therm al 
efficiency. H ow ever, by th e  u se  o f  special m ateria ls  
and  ingenious fo rm s o f  co n stru c tio n  th e  therm al 
efficiency o f  the re cu p e ra to r is m ain ta in ed  a t  58 per 
cent, w ith in  a re cu p e ra to r o f  very  sm all bulk . In  
ad d itio n , th e  tubes a re  m ad e  o f  fa ir ly  la rg e  d ia ­
m eter. T he d u st-laden  gases th e re fo re  pass upw ards 
th ro u g h  vertical tubes o f la rg e  d iam e te r w ith  v ir tu ­
ally  no  obstruc tion . In  consequence, the m ajo rity  
o f  the dust, he lped  by care fu l ca lcu la tio n  o f  gas 
speeds, passes th ro u g h  the  tubes and  o u t to  the 
exhaust. A  fine dep o sit o f dust, o f  course , does 
adhere  to  th e  tubes, b u t th is  is read ily  rem oved  by 
push ing  th rough  th e  tubes a  bo iler-flue brush 
w hereby  th e  d u st is fo rced  d ow n  in to  th e  firebox and 
rem oved  by w ay o f  one o f  the clean ing  doors.

In  ac tu a l p rac tice , th is m e th o d  h as been  extrem ely  
successful and  th e  average  d ro p  o f  th e  b las t tem ­
p e ra tu re  over the w ork ing  d ay  o f  8 hrs. is ab o u t 
30 deg. C . Som e o p e ra to rs  clean  th e ir  tubes daily, 
a  h a lf -h o u r jo b  fo r one  m an  ju s t befo re  sta rting -up  
in the m orn ing , w hile  o th e rs  c lean  tw o o r  three 
tim es a w eek as  they  can  w ork  successfully  w ith  a 
b las t tem p e ra tu re  50 deg. C . o r  so below  ra tin g . A 
typ ical in s ta lla tion  includ ing  a  Schack  tu b u la r 
re cu p e ra to r is show n in  F ig . 9.

A m ongst h o t-b la s t cu p o la  recu p era to rs  there  is 
one o f  unusual design w hich h as been  recently 
developed  and  w hich has been ca lled  th e  spiral 
recu p era to r. T h is  a p p a ra tu s  is show n in  F ig . 10, 
fro m  w hich  it w ill be seen th a t a  single heat-resisting  
steel tube  fo rm s b o th  the co m bustion  space an d  the 
w all th rough  w hich the h ea t is tran sfe rred , w hile the 
a ir  is guided sp irally  ro u n d  it th rough  a narrow  
passage. H ere, again , th e re  is little  o b s tru c tio n  to 
p reven t the passage o f the d u st partic les u p  the 
ch im ney. In  p ractice , ho t-b la st tem p era tu res  o f  up 
to  500 deg. C . have been developed , and  the w hole 
a rran g em en t has show n itself rem ark ab ly  unaffected 
by  dust. In  any  case, th e  large d iam e te r firebox- 
cw w -heat-exchanger is easy to  get a t a n d  clean .
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A s m ost in s ta lla tions a re  coup led  to  a p a ir  o f  
cupo las it is necessary  to  h av e  w ith in  th e  top -gas 
m ains a  valve fo r  shu tting  off w hichever cu p o la  is 
u n d e r repa ir. T hese  valves h av e  to  w ith s tan d  h igh  
tem p era tu res  an d  m u s t close tigh tly  u n d er dusty  
conditions. U nless a  tig h t jo in t is o b ta in ed , a ir  w ill 
be sucked in  th ro u g h  th e  valve, ag a in  w ith  th e  d is­
ad v an tages o f  d ilu tion  an d  b u rn in g  o f th e  C O  
w ith in  th e  top-gas m ain . A lso , som e d u st is d e ­
posited  w ith in  the in tricac ies o f  the  valve d u rin g  
th e  perio d  o f  w o rk ing  and  the valve m u s t be so 
designed as to  sh u t in sp ite  o f th is obstru c tio n .

O n  reach ing  the recu p e ra to r firebox, the top-gas is 
b u rn t by th e  adm ission  o f  a ir , w hich  is usually  
supp lied  by a  sep a ra te  fan. T h e  m e th o d  o f  m ix ing  
the  a ir  a n d  gas is im p o rta n t if m ax im um  h e a t values 
a re  to  be developed  w ith in  th e  firebox. C o m b u stio n  
o f  the low -calorific-value top-gas is bare ly  sp o n ­
taneously  m a in ta in ed  an d  a  p ilo t flam e m u s t be 
p rov ided . T h is  can  e ith e r be  a  gas o r  oil flam e and  
can  be m ade  o f  such  a  size th a t  w hen  fu lly  ex tended  
it can  be used fo r p reh ea tin g  th e  recu p e ra to r so th a t 
b la s t can  b e  supp lied  a lm ost a t m ax im u m  tem p e ra ­
tu re  a t the sta rtin g -u p . A fte r s ta rtin g , the b u rn e r

Fig. 9 .— Pair o f 6-ton per hour Hot-blast Cupolas, just 
before completion at the works o f Knorr-Bremse, 
Volmarsteim. The Schack Tubular Recuperator is on 

the Ictt.

R est o f  th e E quipm ent
A p a rt fro m  the recu p e ra to r and  dust-ca tch ing  

system s, the res t o f  the h o t-b la s t e q u ip m en t needs 
carefu l design  if  excessive h ea t losses and  heavy 
m ain tenance  is to  be avo ided . T h e  first p ro b lem  is 
how  to  co n d u c t th e  cu p o la  gas fro m  th e  cu p o la  to  
the re cu p era to r. T he  to p  gas has bo th  sensible 
and p o ten tia l h ea t, and  to  m a in ta in  efficient w ork ing  
th ere  m u s t be  n o  losses by co n d u c tio n  o r  p re -co m ­
bustion . In  p rac tice , th is req u ires  an  insu lated  
top-gas m ain  fro m  th e  cu po la , to  p rev en t h ea t 
losses by co nduction , an d  a fo rm  o f  gas take-off 
at the cu p o la  w hich preven ts b u rn in g  o f  the  C O  
co n ten t o f th e  gas b e fo re  i t  reaches th e  recu p era to r. 
If  the gas is a llow ed to  b u rn  a t the cupo la  top , no t 
only is va lu ab le  h ea t lo s t b u t also tem p era tu res  o f 
up to  1,000 deg. C . m ay  be reached  w ith in  the  top - 
gas m ain , resu lting  subsequen tly  in  severe m a in ten ­
ance prob lem s.

G as take-offs w hich rely  on au to m a tic  closing  o f  
charg ing  do rs  have been extensively used and  
are reasonab ly  sa tisfac to ry  as long  as th e  doo rs 
close tightly . T h e  p rob lem  o f  design ing  and  
m ain ta in ing  such a  d o o r, how ever, h a s  so fa r  no t 
been solved. L eakage o f  a ir  th rough  th e  d o o r in to  
the cu p o la  alw ays takes p lace  w ith  d ilu tion  o f  th e  
top gas and  b u rn ing  o f th e  C O  in  the  top -gas m ains. 
T he m o s t sa tisfac to ry  so lu tion  fo u n d  h as been  to  
w ithdraw  the gases fro m  the cupo la  below  the 
charging d o o r  th ro u g h  a  specially  designed th ro a t.9
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Fig. 10.— Spiral Recuperator (Schack design).
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O peration an d  D esign o f  H ot-blast C upolas

is tu rn ed  dow n to  p ilo t size, w hen th e  fu e l co n ­
sum p tio n  is negligible. F ro m  the  firebox, th e  b u rn t 
gases pass th ro u g h  the recu p e ra to r, th e  general 
requ irem en ts  o f  w hich h av e  been  a lread y  described .

T he  h o t b last, a t  500 deg. C ., h as  o f cou rse  to  
be co nduc ted  to  th e  cupo las and , if  excessive h ea t 
losses a re  n o t to  resu lt, th e  b last m ain  m u s t be su it­
ab ly  insu lated . T h e  w ind  b e lt h a s  also to  be  in su ­
la ted  and  som e designers fa v o u r  a ring -type  m ain , 
sim ilar to  th a t  o f  a  b la s t fu rn ace , to  overcom e the 
expansion  difficulties. O ther designers insist th a t 
th is is n o t essential. T h e  cu p o la  tu y eres  h av e  to  be 
re-designed  fo r h o t b las t, b u t up  to  b last tem p e ra ­
tu res o f  550 deg. C . cast iro n  and  steel a re  su itab le  
co n stru c tio n a l m ateria ls.

T h e  ex h au st gases a fte r  leaving th e  recu p e ra to r 
w ill be  a t  a  te m p e ra tu re  o f  betw een  380 an d  700 
deg. C ., depend ing  on the efficiency o f  th e  recu p e­
ra to r ; th e  h ig h er the  efficiency o f  the re cu p e ra to r the 
low er the tem p e ra tu re  o f  th e  exhaust gases. D ep en d ­
ing  on  the  design o f the ap p a ra tu s , these gases either 
pass to  a fan  o r to  a ch im ney , b o th  o f  w hich  p rov ide  
th e  necessary  suction  back  th ro u g h  the w hole 
system  to  th e  cu p o la  top . T he  cho ice  betw een  fan  
an d  ch im ney  is largely  co n tro lled  by  th e  lay o u t o f 
the p lan t. I f  it  is possib le  to  e rec t th e  recu p e ra to r 
a t  o r n ear charg ing-floo r level, the d rau g h t can  be 
p rov ided  n a tu ra lly  by m eans o f  a  ch im ney  because 
th e  course  o f  th e  gases can  be a rran g ed  th ro u g h  the  
system  in  a stead ily  u p w a rd  p a th . If , how ever, the 
re c u p e ra to r  has to  be  m oun ted  a t floo r level it  m ay  
be  necessary  to  p ro v id e  a fan  so  th a t th e re  is suffi­
cien t suc tion  to  d raw  the gases fro m  the cupo la  
to p  dow n to th e  recu p era to r. F a n s  ru n n in g  a t  h igh  
tem p era tu res  p resen t m an y  m a in ten an ce  p rob lem s 
and  recu p era to rs  w ith h igh efficiencies giving low  
exh au st-tem p era tu res  a re  to  be p re fe rred . T h e  sp iral 
type  o f recu p era to r especially  lends itself to  a 
sim ple ch im ney , as the  p ressu re  d ro p  across the 
system  o n  the h ea ting  side is ex trem ely  low .

T h e re  is o f  course  considerab le  h e a t rem ain in g  in  
these exhaust gases even at~400 deg. C ., and  som e 
h o t-b la s t in s ta lla tio n s a re  now  being  designed  
w hereby  this h e a t is being utilised by su itab le  hea t 
exchangers fo r  space an d  w ate r heating . M ou ld  d ry ­
ing is a lso  possib le  b u t co re  d ry ing  is n o t feasib le , 
since o il-bonded  co res p rim arily  re q u ire  to  be 
oxidised and  n o t dried . As the  oxygen co n ten t o f 
th e  w aste gases shou ld  o f  course be low , they  
can n o t be used fo r th is pu rpose .

Future D evelopm ent for H ot-blast Cupolas
S o  fa r, the m a jo r app lica tion  o f h o t-b la s t cupo las 

has been to  th e  p ro d u c tio n  o f w h ite -h ea rt m alleab le  
iro n  and  to  h igh -du ty  ca s t irons. H o t b la s t h as 
show n considerab le  techn ica l ad v an tages d u e  to  its  
ab ility  to  give h o tte r  and  less oxid ised  iron  and  
low er su lp h u r con ten ts. E conom ically , the  low er 
coke requ irem en ts , b o th  in  q u an tity  an d  quality , 
com b ined  w ith low silicon losses and  ab ility  to  car- 
burise  steel scrap , m ak e  the h o t-b la s t cu p o la  m ost 
a ttra c tiv e  in  these days o f  m ate ria l sho rtages an d  
h igh raw -m ateria l costs.

B eyond this, there  a re  m an y  ind ica tions th a t  th is 
is on ly  th e  beg inn ing  o f  th e  developm en t o f  the h o t-  
b last cupola. N early  all in sta lla tions so fa r  h av e  
com prised  add itions o f  ho t-b last eq u ip m en t to  a 
conven tiona l design o f co ld -b last cupo la . C u p o la  
p rac tice , too , h a s  largely  fo llow ed co ld  b last experi­
ence w ith  m in o r ad justm en ts. W hile  m an y  w o rth ­
w hile advan tages a re  to  be ob ta in ed  in  th is w ay 
th e re  is m u ch  ro o m  fo r som e basic m eta llu rg ica l 
research  on  th e  use o f  h o t  blast.

T h e  h ig h e r  tem p e ra tu re  ranges, p a rticu la rly  above 
500 deg. C ., a re  as yet unexp lo red , bu t fro m  th e  
w ork  a lready  done  a t the low er tem p era tu res  the 
ind ica tions a re  p rom ising . O n th e  design side th ere  
is m u ch  w o rk  being  done  on  th e  d eve lopm en t o f  a 
sm all, co m p ac t and  cheap  recu p e ra to r w hich will 
m ak e  the ad d itio n  o f  h o t b last to sho rt-b low  cupo la  
o p e ra tio n  econom ically  possib le. A t the p resen t 
tim e, the la rg e r tu b u la r  types o f re c u p e ra to r  are 
re la tive ly  expensive to  bu ild , and  unless d a ily  cam ­
paigns o f  6 hrs. o r  m o re  a re  possib le  it  is difficult 
to  ju s tify  the cap ita l ex pend itu re  on  the g ro u n d s o f  
the  d irec t financial saving alone. T h e  ch eap er and  
sim pler sp iral re c u p e ra to r  is th e  so lu tion  fo r p ro ­
vid ing  a su itab le  h o t-b las t system  fo r th e  sm alle r 
fo u n d ry , as cap ita l expend itu re  on this can  o ften  be 
justified fo r daily  cam paigns as sh o rt as 4 hrs.

ltE F E E E N C E  

Brit. P at. Application 31297/49.

B.I.F . Space Booking
The organisers of the 1952 British Industries Fair, 

which will be held in London and Birmingham, in 
May, have accepted the suggestion of certain trade 
associations, which w ant to put on special group dis­
plays a t the fair, that the closing date fo r space alloca­
tions be extended from  August 25 to September 20, 
and have decided to apply it to exhibitors in all sections 
of the London centres at Earls C ourt and Olympia. 
The heavy engineering section at Castle Bromwich, of 
course, is not affected, there being no specific closing 
date for space applications at that section. Until trade 
associations have form ulated plans for their members 
no final decision will be taken by the organisers on 
special features at the 1952 fair. The allocation of 
trade groups to the three centres of the 1952 B.I.F. has 
been completed and includes the following:—

C a st l e  B r o m w i c h , B i r m i n g h a m : A g r ic u ltu r a l eq u ip m en t;
a rc h itec tu ra l a lu m in iu m  w ork ; ar t m eta lw a re ; bathroom  
f it t in g s  an d  eq u ip m en t; c iv il e n g in e e r in g  co n tra cto rs’ p la n t;  
co n stru ctio n a l a lu m in iu m  w ork s; d a ir y  u ten sils  an d  p la n t;  
d le -c a st in g  m a ch in es; d o m estic  w a sh in g  m a ch in es; e lec tr ica l 
a p p lia n ces ;  e lcc tro -m a g n ctic  a p p lia n ces ;  e lec tro n ic  d ev ices;  
e le c tr o s ta t ic  p a in t  sp r a y in g ;  h ig h -freq u en cy  e q u ip m en t; h ote l, 
bar, and  ca n teen  f it t in g s ;  in d u str ia l cera m ics; in d u str ia l g a s  
eq u ip m en t; in fra-red  h e a t in g  an d  d r y in g ;  lau n d ry  m ach in es  
and  a p p lia n ces; m arin e e q u ip m en t; m e ch a n ic a l-h a n d lin g  
a p p lia n ces ;  m eta ls  (ferrou s and  n o n -ferro u s); m eta l w indow s  
and  b u ild in g  se c tio n s; m in in g  e q u ip m en t; m ob ile  cran es and  
d eliv ery  tru ck s; p la n ta tio n  too ls; p la s t ic  m ou ld in g  m ach in es;  
p u m p s; rad io  and  te lev is io n  tra n sm issio n  a p p a r a tu s; s ta in le s s  
s te e l eq u ip m en t an d  a p p lia n ces ;  s tea m  pow er ap p lia n ces;  
to o ls ;  tu b es  and tu b u lar  con stru ction s, and  w e ld in g  eq u ip ­
m en t.

O l y m p ia , L o n d o n : B a b y  and in v a lid  c a r r ia g es; b ru sh m ak in g  
m a ch in ery ; ch em ica ls  and  a llied  p rod u cts; cu tle r y ;  go ld  and  
s ilv e r  w are; m ed ica l, su r g ica l, d en ta l, an d  o p h th a lm ic  in stru ­
m en ts; m u sica l in s tru m en ts; office m a ch in ery  an d  eq u ip m en t;  
p h o to g ra p h ic  an d  c in e  e q u ip m en t; p la ted  w a re; p r in tin g  
m a ch in ery  an d  a ccesso r ies; p u b lic  ad d ress e q u ip m en t; rad io  
an d  rad ar ap p a r a tu s; sa fe s , s tro n g  b oxes, e tc .;  sc ie n tif is  g la s s ­
w a re; sc ie n tif ic  and  o p tic a l in s tru m en ts; w a tch es  an d  c lock s.
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E valuation  o f Soundness in  Cast Iron"
Report and Recommendations of Sub-committee 

Council
T .S .20 of the I .B .F . Technical

(Continued from  page 260)

D E N SIT Y  D E T E R M IN A T IO N S
Introduction

I t  w as considered  th a t th e  estim ation  o f  density  
could  be m ade w ith sufficient accuracy  to  enable  
even sm all voids in cast iron  to  be detec ted . T his 
m e th o d  fo r  th e  ev a lu a tio n  o f  unsoundness was 
th e re fo re  th o ro u g h ly  exp lo red  on  several types o f 
specim en as fo llow s: —

(1) R ela tive ly  large an d  sm all sam ples o f grey 
and  w hite  iron .

(2) Sam ples know n to  be  sound  and  unsound .
(3) Sam ples o f  vary ing  chem ical com position .
(4) Sam ples o f  s im ila r com position  cast into 

d ifferen t sized sections.

± .0005  in. and  w eighingm easu rem en t w ith in  
w ith in  .0004 gm.

T hese results a re  show n in T ab le  V.

(b) W ater D isplacem ent M ethod
Effect o f  tem p era tu re  v a ria tions can  be show n by 

ca lcu la tio n  to  p ro d u ce  a  ch an g e  in  re la tive  density  
o f  0.012 per 10 deg. C. F o r  ro u tin e  testing  th e re ­
fo re  this fa c to r can  be ignored fo r p rac tica l p u r­
poses, b u t if  necessary  a  co rrec tion  fac to r can  be 
app lied  to  reduce resu lts to  a  s tan d ard  tem p e ra tu re  
(say 15 deg. C.). Efficiency o f  w etting  o f  the su rface  
o f the specim en affects th e  value ob ta ined  a n d  
various fnod ica tions in tech n iq u e  w ere tr ied  to  o ver­
com e this. (See T ab le  V.)

General
R elative density  is expressed as w eigh t p e r cub ic  

cen tim etre  (w ater =  unity). E stim atio n s w ere m ade 
by bo th  (a) w eigh t an d  m easu rem en t and  (b ) th e  
w ate r d isp lacem en t m ethod . T h e  effect o n  the 
density  value  o f va ria tio n s in (1) accu racy  o f  w eigh­
ing an d  m easu ring , (2) tem p e ra tu re , an d  (3) su rface  
finish o f  specim ens w as investigated  a t  the sam e 
tim e.

(a) W eighing and M easuring
M easu rem en ts to  th e  n ea res t 0.001 in . a n d  w eigh­

ing to  0.001 g ram m e p ro d u ce  values w ith an 
accuracy  o f + 0 .0 2  w ith  specim ens over ab o u t 50 
gm s. in  w eight. T h is  is considered  to  be the lim it 
o f  accu racy  to  be expected  in ro u tin e  testing. In  
m ak ing  com parison  betw een the tw o m ethods, d e te r­
m inations w ere also m ad e  on  centreless g ro u n d  and  
po lished  specim ens 1 in. long  w ith  an  accuracy  o f

* P resen ted  a t  th e  N ew ca stle -u p o n -T y n e  C onferen ce o f th e  
I n s t itu te  o f  B r it ish  F ou n d rym en  by Mr. A . T ip p er, w ith  Mr. 
E . L ou gd en , M .I .M ech .E ., in  th e  ch a ir .

Type of Iron
I t  is obv ious th a t w ith  com pletely  sound  cast iron  

the density  will vary  w i th :— (a) changes in co m p o ­
sition— in p a rticu la r the am o u n t o f g raph itic  ca rb o n  
presen t, and  (b ) changes in  stru c tu re , e.g., coarse  
pearlitic -fe rrite -g rap h ite  stru c tu re , o r fine pearlite - 
g rap h ite  high streng th  irons. F o r  th is reason  any  
true  assessm ent o f unsoundness fro m  density  values 
can  only  be m ade  on  castings o r specim ens o f  the 
sam e iron  cast u n d e r sim ilar conditions.

Experimental Results
In the first series o f  tests su itab le  specim ens w ere 

cu t from  a selection  o f  d ifferen t irons an d  their 
density  d e te rm ined  by b o th  m ethods. S erious v a ria ­
tions w ere fo u n d  betw een the tw o m eth o d s an d  the  
efficiency o f  w etting  o f  th e  specim en in  the w ater 
d isp lacem en t m e th o d  w as suspected  as a  possible 
cause.

A  second series o f  de te rm in a tio n s w as th e re fo re  
m ade  co m p arin g  the m easu rem en t and  w eight 
m ethod  (a) w ith  (b) n o rm al d isp lacem en t m ethod

TABLE V .— Comparison of Various Methods of D eterm ining D ensity of Cast Iron.

Sam ple No. 
Type o f  iron

Code II 
1

Centrifugal 
east grey iron

Code H

Centrifugal 
cast grey iron

Code H  
3

Centrifugal 
cast grey iron

Code 1 
4

Ordinary 
grey iron

Code I 
5

Ordinary 
grcv iron

Composition
T.C.......................................................................................... 3 .39 3 .30 3 .25 3 .63 3.71
G.C.......................................................................................... Ü.10 0 .0 3 0 .0 3 0 .4 0 0 .4 8
Si ..................................................................................... 1.94 2 .2 0 2 .17 2 .2 9 2 .29
Mil . . 0 .30 0 .46 0 .4 7 0 .8 0 0 .89
S ..................................................................................... 0 .076 0 .0 7 2 0.070 0 .080 0.081
P ..................................................................................... 1 .09 1.00 1.19 0 .7 2 0 .0 9

M ethod .
( a) W eight and measurem ent 7.060 7.035 7.003 0 .9 9 2 6 .9 5 2
(b) D isplacem ent in distilled water 7.203 7.173 7.170 7.090 7.133
(c) W ater and w etting agent 7.190 7.162 7.158 7.084 7.119
( d) *Lanolin coated . . 7 .110 7.151 7.138 7.071 7.103

Corrected for w eight o f lanolin.
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using distilled  w ate r, (c) the sam e using a sm all 
ad d itio n  o f  a  w etting  ag en t to  overcom e th e  te n d ­
ency fo r  a ir  to be trap p ed  ag a in s t th e  su rface  o f 
th e  specim en w hils t in  w ater, an d  (d )  u sing  speci­
m ens coa ted  w ith  a  th in  film  o f  lan o lin  to  p reven t 
a n y  ab so rp tio n  o f  w ater.

Sam ples 1, 2, an d  3 w ere cen trifuga l cast grey iro n  
specim ens fro m  p ipes o f  0.875 in. th ickness, 
selected  a s  a  sa tisfac to ry  s tan d a rd  fo r  soundness; 4  
a n d  5 w ere o rd in a ry  sand -cast grey  iron  test bars o f  
0.875 in. d iam eter. A ll sam ples w ere approx im ate ly  
1 in. long  by 0.8 in. d iam ete r w ith  accu ra te ly  g round  
an d  polished  su rfaces. T h e  resu lts  ob ta in ed  a re  
given in  T ab le  V.

T hese results, w hich rep resen t the best o f  a n u m ­
ber o f de te rm in a tio n s m ad e  by d ifferen t investiga­
to rs , show  the  ap p rec iab le  red u c tio n  in  the  density  
figures o b ta in ed  by slight d ifferences in trea tm en t 
o f  th e  specim en w hen using the w a te r d isp lacem ent 
m ethod .

T h ese  v a ria tions a re  in  som e cases considerab ly  
g rea te r th an  th e  accep ted  lim its o f  accu racy  to  be 
expected  in ro u tin e  testing  by the w eighing and  
m easu rin g  m ethod , a n d  in  view  o f  th e  inconsisten t 
results o b ta in ed  th ro u g h o u t by the w ate r d isp lace­
m e n t m e th o d , a ll fu r th e r  d e te rm in a tio n s  w ere  th e re ­
fo re  m ad e  by w eighing an d  m easuring .

Effect o f  Varying Section Thickness on D ensity
T o  illu s tra te  the effect o f  section  th ickness on  the 

den sity  o f  a  p a rticu la r iro n , a  series o f  specim ens 
w as cu t fro m  bars o f  increasing  d iam ete r fro m  
I  in . to  3 in . T h e  resu lts  o b ta in ed  a re  se t o u t in 
T a b le  V I a n d  show  n o  m ark ed  effect o f  increase  in  
th ickness, a lthough  th ere  a re  signs o f a sligh t d ro p  
in  d en sity  a s  th ickness increases.
TABLE V I .— The Effect of Section Thickness on D en sity  of Cast Iron. 

(D eterm ined by m easurem ent and w eight m ethod).

T yp e o f  
iron

Cylinder 
iron 

(Code J)

General 
iron 

(Code J)
Grey iron 
(Code M)

Composition
T.C ...................... 3 .06 3 .09 3 .59
G.C...................... 2 .4 5 2 .5 2 _
Si 1 .49 2 .0 9 2 .10
Mil 0 .0 7 0 .61 0 .8 5
S 0.11 0 .1 2 _
P - 0 .0 4 0 .7 0 0 .2 0
Cr — — 0 .0 2

Cast ilia. D ensity value
in in.

0 .2 5  . . _ 7 .15 _
0 .5  . . ' _ 7 .11 _
0 .0 2 5 . . — _ 7 .15
1 .0  . . — — 7 .30
1 .25  . . 7 .18 7.06 —
1 .5  . . _ _ 7 .17
2 .0  . . 7 .16 7 .12
2 .7 5  . . 7 .17 _ _
3 .0  . . — — 7 .0 9

Influence o f Graphitic Carbon Content
B ecause o f  th e  m ark ed  difference in density  o f 

iro n  an d  c a rb o n  (g raph ite )— (values o f 7.75 fo r  iron  
a n d  2.25 fo r  g raph ite  a re  used  in  ca lcu la ting  the 
theo re tica l densities), i t  is obv ious th a t the density

1-9 2-0 21 22 2-3 2-4 25
GRAPHITIC C A R B O N -P E R  CENT

Fig. 18.— Density o f Pearlitic M alleable Cast Iron 
related to Grapliite-carbon Content. (A ll Density 
D eterminations were corrected to 15 deg. C.) For 
Calculation the Graphite Density was taken as 2.25 
and the M atrix Density at 7.75. In the Experimental 
Results the Graphite D etermination m ay be Low  
due to Mechanical Loss in Sampling.

o f an y  p a rticu la r grey cast iro n  will depend  n o t 
only  o n  its  soundness b u t also  on  the p ro p o r tio n  a n d  
s ta te  o f  g rap h itic  c a rb o n  p re se n t an d  th a t fo r sim ilar 
iro n s th e  h igher th e  G .C . the low er w ill be the 
density .

T h e  re la tio n sh ip  betw een  g rap h itic  c a rb o n  co n ten t 
an d  den sity  o f  pea rlitic  m alleab le  cast iro n  p roduced  
by p rogressive  an n ea lin g  is show n  in g raph ica l fo rm  
in F ig . 18, together w ith  th e  ca lcu la ted  re la tionsh ip , 
assum ing  stan d a rd  densities fo r  pearlite  a n d  g raph ite  
an d  th a t th e  sum  o f  p earlite  a n d  g raph ite  = 1 0 0  per 
cent, volum e. In  co m p arin g  th e  density  o f  cast iron  
sam ples th e  influence o f  g raph ite  m ust th e re fo re  be 
taken  in to  fu ll considera tion .

Com parison o f  Sound and U nsound Specim ens o f  
Sim ilar Irons o f  Various Types

I t  w as co n v en ien t fo r  this p u rp o se  to  use th e  
sam e specim ens as p rep a red  fo r  rad io g rap h ic  an d  
u ltra so n ic  exam ina tions, p a rticu la rly  a s  the degree 
o f u n soundness and  its position  w as now  know n in 
these specim ens. T h e  first se t o f  resu lts g iven in  
T ab le  V II  co m p ares resu lts o n  b o th  th e  as-cast 
con d itio n  an d  a f te r  su rface  g rin d in g  to rem ove any 
roughness w hich  m ig h t cause v aria tions. T h e  bars 
exam ined  included  w hite  iro n  b a rs  (series A l) ,  a n ­
nealed  w hite  iro n  (series A l)  and  g rey  iron  bars 
(series A2).
TABLE V II.— D ensity Determ inations on Sound and Unsound Cast Tes 

B ars. Codes A l ,  .11 and  .1*2.
(All by m easurem ent and weighing.)

Whit- iron Annealed 
w hite iron Grey iron

Sound Unsound Sound Unsound Sound Unsound

Machined . . 7 .74
7 .75

7 . OS 
7 .70

7 .30
7.31

7 .32
7 .34

7 .0 5
7 .09

7 .08
7 .00

As cast 7 .6 6 7 .53 7 .38 7 .32 6 .9 5 7 .00
7 .66 i .65 7 .09 7 .48 7 .08 0 .9 3
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T a b le  V I I I .— D en sity  Determ inations in  Two Series of Graded B ars

Annealed w hite iron bars Grey iron bars

Code G Code E
Bar No. Graded Bar No. Graded

unsoundness • unsoundness

2 7.30 0 7 .0 9
2a 7.45 9 0 .9 8
3 7 .19 3 0 .9 9
5 7.31 4 7 .00

T ab le  V III  show s resu lts  o f  density  de te rm ina tions 
o n  the tw o series o f  bars o f  g raded  unsoundness 
(series G  a n d  E). T hese  show  no m ark ed  o r  definite 
re la tio n sh ip  to  th e  o rd e r  o f  unsoundness as d e te r­
m ined  by rad io g rap h y  an d  confirm ed by visual 
exam ina tion  o f  sections o r  to the n a tu re  o f  th e  u n ­
soundness.

Summ ary
F ro m  a  co n sid era tio n  o f the resu lts o b ta ined  on a 

varie ty  o f  irons, bo th  sound  and  u nsound , the fo l­
low ing conclusions a re  d r a w n : —

(a) W hilst density  de te rm in a tio n s can  read ily  
be m ade  w ith  a sufficient degree o f  accuracy  by 
w eigh t a n d  m easu rem en t m ethods to  d istinguish  
betw een sound  and  unsound  castings under the 
m ost fav o u rab le  cond itions , th e re  a re  a n u m b e r of 
fac to rs  w hich  can  h av e  a t  least a s  g rea t an  influ­
ence o n  density . T hese  fac to rs  inc lude  com posi­
tion , p a rtic u la r ly  g raph ite  co n ten t an d  sta te , and 
coarseness o f  stru c tu re .

(b ) U n d e r su itab le  cond itions , e.g., com parison  
o f exactly  sim ilar m etal, includ ing  com position , 
casting  a n d  coo ling  cond itions, density  is d irectly  
re la ted  to  soundness, a lth o u g h  it c an n o t d ifferen ti­
a te  betw een e ither type  o r d is trib u tio n  o f 
unsoundness.

(c) As a  p rac tica l m eth o d  o f  d e te rm in ing  u n ­
soundness in  cast iro n  these com plica ting  fac to rs 
severely lim it its usefulness.

P R E SSU R E  T E ST IN G  
Introduction

P ressu re  testing  h a s  been' extensively used as an 
acceptance tes t fo r  m an y  types o f  casting , using 
both w ate r an d  a ir  pressure. Safety  considera tions 
have led  to  th e  m o re  genera l u se  o f  h y d rau lic  testing.

T h is a lso  h a s  the ad v an tag e  th a t since w ate r is 
practically  incom pressib le , a  very  sm all am o u n t 
pum ped in to  an  enclosed  co n ta in e r ra ises the p res­
sure considerab ly . C o n sequen tly  a sm all a m o u n t o f  
leakage is read ily  detec ted  by a n  ap p rec iab le  d ro p  
in p ressure. F a c to rs  to  be taken  in to  co nsidera tion  
in app ly ing  th e  m e th o d  a re  the ab ility  o f c a s t iron  
to ab so rb  w ate r, th e  resistance  to  th e  flow  o f  w ate r 
along channels o f  po rosity  an d  the need  fo r  sound  
joints. O n  th e  o th e r h an d , ow ing  to  th e  low  v iscos­
ity o f a ir, experience  h as show n  th a t an  a ir  p ressure 
of 50 lb . p e r  sq. in. w ill de tec t leakages th a t w ould  
only be revealed  by  a w ate r p ressu re  o f  400-500 lb. 
per sq. in .

Experim ental M ethod and Results
A sim ple e x p e r im e n t ' w as carried  o u t tak in g  as 

specimens tw o cast-iron  p la tes 6 in . d iam ete r. T hese

w ere cast 11 in. and  1 in. th ick  and  m ach ined  dow n 
to  1 in. a n d  |  in. th ick  respectively tak in g  -} in. fro m  
each cast face. T h ey  w ere  assem bled  in  a  sim ple 
ap p ara tu s  as show n in  F ig . 19, an d  w ater a t  100 lb . 
per sq. in. app lied . L eak ag e  occu rred  im m ediately  
th rough  th e  test pieces and  co n tin u ed  in  spite o f  a  
reduction  in  the pressure to a very  low  value.

T h e  a p p a ra tu s  w as th en  em ptied  an d  connec ted  to  
an  a ir  supply . A t 2 lb. p e r sq . in. th e  th ick e r test 
specim en show ed  leakage  a t  o n e  p o in t in the cen tre  
a n d  subsequen tly  leaked  a t  several positions as the 
pressure w as increased  u p  to  6 lb . per sq. in. N o  
fresh  p o in ts  o f  leakage  occurred  w hen  th e  pressure 
w as increased  to  20 lb p e r sq. in

T h e  th in n e r te s t piece show ed signs o f  leakage a t 
tw o p o in ts  a t  4 lb . pe r sq. in. T hese  channels sealed 
u p  a f te r  a w hile, b u t leakage  occu rred  th ro u g h  tw o 
o th e r po in ts  a t  8 lb. per sq. in. T h e re  w ere no o th e r 
po in ts  o f  leakage  as th e  p ressu re  w as increased  
fu r th e r  to  20 lb. per sq. in. A fte r  stripp ing  the 
ap p a ra tu s  the te s t specim ens w ere  b roken  and  
a lth o u g h  in  bo th  cases the g ra in  o f  the m etal w as 
fa irly  open  there  w ere no  obv ious po ro u s a reas in 
th e  fra c tu re

F u r th e r  tests w ere  then  carried  o u t o n  fo u rteen  
c ircu la r p lates H  in. an d  1 in. th ick . I n  a ll in ­
stances the p lates w ere tested  in  th e  as-cast cond ition  
and  som e w ere  fu r th e r  tes ted  a f te r  i  in . th ickness 
had  been rem oved  by  m ach in ing . T w o  series o f  
plates (C odes K  a n d  L ) w ere  p rep a red  sim ilar in  
com position  excep t fo r th e  p h o sp h o ru s  con ten t. T h e  
analyses w ere  a s  fo llo w : —

Series T.C. Si Mn s P

(1) 1 to  8  (Code K ) . .
(2) 9 to  14 (Code L ) . .

3 .11
3 .19

2 .3 7
2 .20

0 .3 3
0 .4 0

0 .0 9 0
0 .110

1.3G
0 .7 0

A s a lready  sta ted , a ll fo u rteen  tests w ere carried  
o u t in  th e  as-cas t co n d itio n  and  e igh t re te sted  a fte r  
m achin ing . T h e  resu lts  a re  sum m arised  in  T a b le  IX .

T a b le  I X .— Results of Pressure Tests.

Series N o. of 
plates

T hick­
ness, 
in in.

Leakages Soundness as 
indicated by 

fractureAs
cast

Ma­
chined

1 to  8 5 1 nil nil 2 sound 3 unsound
3 14 1 1 2

9 to 14 3 1 nil 1 I „ 2
3 U ” 1 3 „

C onclusions
T h e  lim ita tio n s o f  th is tes t a re  im m ediately  a p p a r­

en t fro m  th e  fac t th a t w hereas th ree  u n so u n d  plates 
w ere  ind ica ted  by th e  pressu re  test, th e re  w ere  ac tu ­
a lly  ten  instances o f  b low holes o r  po rosity . T h e  
p en e tra tio n  o f  gases o r  liqu ids th ro u g h  a  m ass o f  
c a s t iro n  o b v iously  depends on  the in te r-co n n ec tio n  
o f voids, passages o r  genera l po ro s ity  betw een  th e  
faces u n d e r test. T h e  w ork  o u tlined  ab o v e  has led 
to  the conclusion  th a t a p ressu re  tes t c an n o t be  used 
to  ev a lu a te  unsoundness e ith e r qualita tive ly  o r  
quan tita tive ly .
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Indentation H ardness M easurem ent
A  series o f  tests w as m ade  on  fo u r  cast-iron  baTS 

exh ib iting  various degrees o f  sh rinkage  p o ros ity , by 
m eans o f  bo th  B rinell an d  V ickers m achines, the 
first using a 3,000 kg. load  w ith  a 10 m m . ball and  
the o th e r a  120 kg. lo ad  w ith  a  2 m m . ball. T hese 
b a rs  w ere dup lica tes o f  series D 1 u sed  in the  rad io - 
g raph ic  tests a f te r  annealing . T h e  su rfaces w ere 
exp lo red  a t various dep ths fro m  the cast surfaces. 
T yp ical results a re  given in T ab le  X .

T h e  B rinell test is the  b e tte r fo r ind ica ting  u n ­
soundness because  o f  th e  heav ie r lo ad  an d  g rea ter 
a rea  covered  by the im pression . In  considering  the 
possib ility  o f  using th e  B rinell te s t to d iscover o r  
evalua te  unsoundness, it  is c lea r th a t th e  im pressions 
m u s t co v er the w hole a rea  o f  th e  casting  unless 
there w ere p r io r  know ledge o f  the a p p ro x im a te  ex­
ten t an d  situa tion  o f  the unsoundness. A  geom etri­
cal g rid  co u ld  be used fo r loca ting  the tests, w hich 
w ou ld  have  to  be  repea ted  a t  v a rio u s dep ths 
th ro u g h o u t the section . In  th e  case o f  b lackheart 
m alleab le  these dep th s w ould  be  a t, say, 7 /3 2  in. 
in tervals. I t  m ig h t th en  be  poss ib le  to  use th e  sum ­
m ation  o f  a ll the  B rinell n u m b ers  (re jecting  any 
obviously  e rro n eo u s results) as an  ev a lua tion  o f  the 
unsoundness.

T h e  clum sy and  lab o rio u s n a tu re  o f  the w ork , 
coupled  w ith  th e  u n certa in  results, since hardness  is 
affected by fac to rs  o th e r th an  u n soundness , renders 
th e  m ethod  o f  very  litt le .p rac tic a l value.

G E N E R A L  C O N C L U SIO N S A N D  
R E C O M M E N D A T IO N S

A fte r a  de ta iled  investiga tion  o f  v arious no n ­
destructive  m ethods o f de tec ting  an d  m easu ring  the 
ex ten t, o f  unsoundness in  iro n  castings, the conclu ­
sions reached  by the  S ub-com m ittee  can  be sum ­
m arised  as fo llo w : —

(1) F o r  the precise loca tion  an d  de linea tion  of 
any  fo rm  o f  unsoundness w hich  p roduces a local 
v a ria tio n  in  opacity  to y - o r  X -rays, rad iography  
can  be recom m ended . L im ita tions a re  im posed  by
(u) section  th ickness m uch  in excess o f 6 in. to 
8 in., an d  (b ) th e  fa ilu re  o f  rad io g rap h y  to  iden­
tify  evenly  d is tribu ted  p o ros ity  o f sm all size in  grey

T a h lh  X .— Brinell Hardness Num bers, 3,000 K g. Load, 10 m m . B all, 15 Sec.

Test liar
Depth Position

Tn. A » C M CM in A1

P /S 111
118
109

ill
109

116
121
105

114
118
105

116
118
105

114
116
107

114
116
105

P/SS
»

■

50th-
h
*

116
126
116

 ̂
TÎ O

123
123

92
(c)

116
123

82
<C)

123
126

99
(c)

116
123
99

(c)

118
126 (see note (a) ) 
116

P/MS 50 th 123 123 123 121 121 123 123
126 126 114 107 116 126 120

. -  ' i 118 84 c ; c c c 116

(c)
P/G S 50th 118 126 126 121 123 121 116,, 121 121 105 92 107 107 121.,, i 116 88 70 c 66 79 118

(c) («) (c) (c)
N O TE.— («) Headings taken betw een A and B  110, and betw een B1 and A1 118. 

(c) Indicates partial or com plete collapse.

F i g . 19.— Apparatus Used for Pressure Testing with 
Water.

O T H E R  M E T H O D S  
V itreous Enam elling

W hen v itreous-enam elling  cast iron , severe b lister­
ing of th e  enam el c o a t is o ften  fo u n d  w here  po rosity  
exists u n d e r  th e  surface. T h e  acco m pany ing  p h o to ­
g raphs (F igs. 20 to  22) show  such  b listering  over 
locally  th ick  sections o f  e lectric  co o k er castings. 
Id en tifica tion  o f  p o ro s ity  by th is m eans w ou ld  be 
lim ited  to  castings o f  reasonab ly  un ifo rm  an d  th in  
section , w hich have been p roduced  u n d e r cond itions 
su itab le  fo r th e  enam elling  process, an d  w hich 
sa tisfy  ce rta in  lim its o f  analysis. T he  m eth o d  w ould  
on ly  have lim ited  value  as a  test fo r  p o ros ity  due  to 
the m any  o th er fac to rs  w hich can p roduce  local 
blistering.
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F ig . 2 0  (above).— Examples o f 
Blistering on Portions o f 
Vitrcous-cnamelled D o m e s t i c  
Castings.

F i g .  2 2  (centre).— Enlarged View  
showing Relative Positions o f 
Bosses and Blister Defects and 
the Relationship o f Porosity o f a 
Boss and the Blistering o f the 
Enamel.

F i g .  21 (above).— Views o f the 
Same Specimens as shown in 
Fig. 2 0 , turned so as to Show the 
Positions o f the Bosses.
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cast iron . T h is m ay  affect its usefulness in  w ork 
on  the influence o f m ould ing  m ateria ls.

(2) Q u an tita tiv e  evalua tion  o f  unsoundness by 
rad io g rap h y  can  only  be ach ieved  by com parison  
w ith  carefu lly  p rep a red  c o m p a ra to r  ch a rts , b ea r­
ing in  m ind  the fac to rs  de ta iled  in A ppend ix  1.

(3) T he  p rincipal ad v an tag e  o f  u ltrason ic  
m ethods lies in  th e ir app lica tion  to  th ick  sections 
beyond the range  o f  X -rays. M a jo r defects, d is­
con tinu ities and  a reas o f  unsoundness can  be 
located , an d  an  experienced  o p e ra to r c an  ob ta in  
a q u an tita tiv e  m easu re  o f th e  unsoundness, p re fe r­
ab ly  by using the relative ab so rp tio n  fac to r m eth o d  
described herein . L im ita tions o n  sensitivity  are 
im posed  in exam in ing  grey cast iron  by the 
p resence  o f  free  g raph ite  an d , as w ith  rad iog raphy , 
u n ifo rm ly  d ispersed  fine po rosity  is n o t detected .

(4) T he  electrical and  m agnetic  m ethods 
exam ined  p roved  o f  very  lim ited  value, except to  
d istinguish  betw een sou n d  and  unso u n d  test- 
pieces o f  sim ple geom etrica l fo rm .

(5) T h e  de te rm in a tio n  o f  rela tive density  is o f 
lim ited  value, since th e  effect o f va ria tio n s in 
coarseness o f s tru c tu re  and  g raph itic  c a rb o n  co n ­
ten t severely lim its the usefulness o f this c o m p a ra ­
tively sim ple test. U n d e r su itab ly  co n tro lled  test 
cond itions, density  is fo u n d  to  be d irectly  re la ted  
to  soundness, a lthough  n e ith e r the type n o r  the 
d is trib u tio n  o f  the unsoundness can  be defined.

O th e r m ethods o f  de tec ting  p a rtic u la r fo rm s o f 
unsoundness such  as in d en ta tio n  hardness, p re s­
su re  tests and  v itreous enam elling  w ere exam ined , 
b u t ow ing to  the ap p rec iab le  a n d  vary ing  influence 
o f  fac to rs o th e r than  unsoundness, these p roved  
unsu itab le  fo r genera l use.

A P P E N D IX  I
Factors Influencing the Quantitative Estim ation  

of U nsoundness in  Cast Iron by Radiography
B efore  the p ro b lem  can  be  reduced  to  a sim ple 

theo re tica l basis, the fo llow ing assum ptions are 
n e c e ssa ry : —

A. A ll films a re  o f the sam e type; there  is co m ­
p le te  u n ifo rm ity  from  b a tch  to  batch ; exposu re  and  
p rocessing  cond itions a re  fu lly  con tro lled  and  are 
iden tica l in every case, an d  no  in tensify ing  screens 
a re  used.

B. T he  full range o f  film densities involved lies 
w ith in  th e  stra igh t-line  p o rtio n  o f  th e  ch a rac te ris tic  
curve.

C. A ll m easurem en ts a re  taken  on  a densitom eter 
capab le  o f q u an tita tiv e  m easu rem en ts o f  ligh t in ­
tensity .

D . T h e  X -ray  beam  is m o noch rom atic .
E. T here  is no sca tte r w ith in  the m ateria l 

exam ined.
F . T h ere  is no segregation  in  the cast iro n  capab le  

o f  p ro d u c in g  v a ria tions in  the effective th ickness o f 
the section  in th e  absence o f  genu ine  unsoundness.

U n d er the above co nd itions one can  re la te  the 
film density  (D ) an d  th e  in tensity  o f  tran sm itted  ligh t 
(L) to  the difference in  section  A T  p ro d u ced  by a

cav ity  w ith in  a section  (T), as fo llow s: —

D t _  at -  D t =  0.434 y AT ..............  (1)

w here T — At an d  D T are  the film densities over the 
cavity and  over a  sou n d  p o rtio n  o f  th e  section  
respectively, y is th e  slope  o f  the stra ig h t p o rtio n  o f  
the  charac te ristic  curve an d  p is th e  a b so rp tio n  coeffi­
c ien t o f  the m ateria l.

log. 10 — =  0.434y/xT ............... (2)
L t -  At

w here L r — At a re  th e  in tensities o f ligh t tra n s ­
m itted  th ro u g h  the  film over a sou n d  p o rtio n  of 
the section  and  over the cavity  respectively.

It w ill be no ted  th a t n  ap p ea rs  in  b o th  e q u a ­
tions as p a r t o f th e  c o n stan t o f p ro p o rtio n a lity . 
S ince all X -ray  tubes in p rac tica l use fo r  ra d io ­
g raphy  em it a po ly -ch ro m a tic  b eam  an d  since g  
varies w ith  the w avelength , the va lue  o f  ¡x w ill 
decrease  w ith  increase o f  specim en th ickness due 
to  p rogressive filtra tion  o f  th e  so fte r rad ia tio n s 
by the cast iro n , and  so w ill a lte r th e  c o n s ta n t in 
bo th  equations. M o reo v er, the com plete  absence of 
sca tte r c an n o t be ach ieved  in p rac tice  an d  the 
existence o f sca tte red  rad ia tio n  will destroy  the true  
geom etric  co n cep tio n  o f  the passage o f  X -rays 
th rough  th icker sections an d  w ill invalida te  resu lts 
w hich are  based o n  such a n  assum ption . In  p rac tice  
a very large p ro p o r tio n  o f th e  film density  w ill be 
due to  sca tte red  rad ia tion .

V isual A ssessm ent o f  the Basis o f  Equal D ensities
F o r v isual assessm ent o f th e  significance o f film  

density  w ith o u t the a id  o f p h o to m etric  equ ipm en t, 
it  w ill be c lea r th a t the re la tions are  com plica ted  
fu r th e r  by th e  n a tu re  o f the response o f  th e  eye to  
d ifferen t light in tensities an d  th is necessita tes a  re ­
d u c tio n  o f th e  p ro b lem  to  one  o f  co m p ariso n  fo r 
equality  o f the rad io g rap h ic  densities w ith  a range 
o f  densities o b ta ined  on  know n sections.

T he  m ore  im p o rta n t com plica ting  fac to rs  o p e ra t­
ing u n d er such co nd itions a re :  —

(a) T he  g rea te r sensitivity  o f  th e  eye to  sm all 
v a ria tions in  density  w hen  defin ition  is good. S ince 
defin ition  depends on  the shape  o f  th e  cavity , the 
d is tance  o f  th e  cav ity  fro m  th e  film an d  the tube 
ch aracteristics, e.g., film -focus, d is tance  an d  size 
o f focal spo t, it w ill be c lea r th a t good  defin ition  
is unlikely . S tep p en e tram ete rs , on  the o th er 
h an d , will p ro d u ce  sharp ly  defined a reas o f d if­
fe ren t densities fo r  com parison .

(b) D iscrim ina tion  betw een the sim ilar densi­
ties p ro d u ced  by a  single la rg e  cav ity  o r  a nu m b er 
o f  sm all cavities superim posed , o r  o f  large areas 
o f  low er ab so rp tio n  coefficient, w ill n o t be possible.

N ote on the Function o f  Penetrameters
T h e  use o f p en e tram eters  in  rad io g rap h y  is largely 

confined to  the de te rm in a tio n  o f  the lim its o f  sensi­
tivity fo r  a p a rticu la r set o f co nd itions an d  is based 
o n  th e  use o f  a n u m b er o f  steps o f  progressively  in ­
creasing  th ickness superim posed  on  the section  under 
exam ina tion . Sensitivity  is then  d e te rm ined  from  
observa tion  o f  the sm allest ad d itio n a l th ickness o f 
m etal th a t can  be seen against the back g ro u n d  p ro ­
v ided by the m a te ria l u n d e r investigation .
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♦ * * *
M r . T ipper , befo re  p resen ting  th e  above P ap er 

a t  the N ew castle  C on ference , said  it  m ig h t be 
he lp fu l to  ex p la in  th a t th e  w ork  o f S ub-com m ittee  
t .s .20 was o n e  p a r t  o f  a  genera l investiga tion  in to  
th e  p a r t  p layed  by m o u ld  m a te ria ls  o n  th e  so u n d ­
ness o f  iron  castings. T h a t ex p lana tion  w as due 
because o f  the n a tu re  o f the w ork , w hich m igh t 
ap p e a r  unfin ished in  som e d irec tions. In  1945, the 
1 echn ica l C ouncil o f  th e  In s titu te  h a d  ap p o in ted  a 
S ub-com m ittee  to  exp lo re  a n d  rep o rt u p o n  th e  possi­
b ility  o f  c a rry in g  o u t such  an  investigation . T h e ir 
rep o rt, issued in  S ep tem ber, 1946, a f te r  a  w ide 
search  o f  existing  lite ra tu re , w hich  revealed  a  no tice­
a b le  lack  o f  sa tisfac to ry  evidence as to  th e  re la tio n ­
sh ip  betw een m o u ld ing  m ateria ls  a n d  casting  so u n d ­
ness, m ane certa in  specific recom m endations fo r  tw o 
com prehensive  lo n g -te rm  investigations. E ach  of 
th es - co m a  De suo-a iv ided  in to  a series o f sh o r t­
te rm  pro jec ts, v iz■ ■ —

(a) T o  exam ine the effect o f m ou ld  m ateria ls  on 
in te rn a l defects (sh rinkage, po ro s ity  and  blow ­
holes), an d

' (b) to  exam ine the effect o f  m o u ld  m ateria ls  on 
su rface  defec ts and  d iscontinu ities.
T h o se  reco m m en d a tio n s w ere  accep ted  by the 

T echn ical C o u n c il a n d  as a  resu lt S ub-com m ittee  
t .s .21  (la te r reconstitu ted  as t .s .3 3 )  com m enced  
w o rk  on  the investiga tion  o f  th erm al (insulating) 
p ro p ertie s  o f  specific m o u ld in g  m ate ria ls . A t the 
sam e tim e, it  w as realised  th a t in  o rd e r to  in te rp re t 
th e  in fluence o f  m ou ld  m ate ria ls  on  in te rn a l so u n d ­
ness it  w as necessary  to  have sa tisfac to ry  m ethods 
o f  assessing unsoundness in  its v a rio u s fo rm s. A p a rt 
f ro m  the com m only -used  physical tests o n  p rep a red  
test-bars, o r  d estruc tive  bend  o r  c ru sh in g  tests, th ere  
was very lim ited  au th en tic  pub lished  in fo rm atio n  
on a lte rn a tiv e  non -des truc tive  tests app lied  to  cast 
iron  pa rticu la rly  fo r th a t pu rpose.

D ISC U SSIO N
M r. A . C . R ankin , K elv in  & H ughes (Industria l), 

L im ited , said h e  cou ld  n o t add  m uch  to  M r. T ip p e r’s 
b rie f b u t e lo q u en t sum m ary  o f the  p osition  a n d  h e  
m erely  w an ted  to  say a  few  w ords o f an  h isto rical 
n a tu re  o n  th e  subject. U ltra so n ic  testing  as i t  was 
used a t the  p re sen t tim e w as in tro d u ced  d u rin g  the  
second w orld  w a r particu la rly  fo r  th e  d e tec tion  o f  
ha ir-line  cracks in ro lled  a rm o u r p la te , an d  in the 
early  stages th e re  w as an  I ro n  an d  S teel In s titu te  
ad hoc  com m ittee  w hich  carried  o u t a very  ex ten ­
sive survey o f  the app lica tio n  o f  u ltra so n ic  w aves, 
particu la rly  on  th e  steel side. A s tim e w o re  on  it 
becam e m o re  a n d  m o re  c lea r th a t the app lica tion  
o f u ltrason ic  flaw  detec tion  w as p rinc ipa lly  o f value 
to th e  w rought-steel industries and  w ro u g h t light- 
a lloy  industries a s  opposed  to the fo u n d ry  side. 
H ow ever, th ere  w ere one o r tw o excep tions to  this, 
the  m o s t consp icuous case being  one  in  th e  n o r th ­
east area , w here  th e  u ltrason ic  test p roved  very 
su itab le  fo r  the  d e tec tion  o f transverse  cracks in 
large cast-steel m ill rolls. A p a r t fro m  a  few  isolated  
exam ples, there  w as no p rio r gu idance  on the  ques­
tion o f  u ltra so n ic  testing  o f  cast iron , a n d  th e re fo re  
to a degree th e  p resen t w o rk  w hich  w as being re ­

po rted  by the S ub-com m ittee  w as orig inal. T he 
S ub-com m ittee  h a d  s ta rted  off fro m  scra tch , feeling  
its ow n w ay ra th e r  th a n  co nso lida ting  k now n  w ork , 
an d  it w as as w ell to  bear in m ind  th a t as the w ork  
h ad  gone  o n  fresh  ideas h ad  arisen , so  th a t in som e 
respects it  m ig h t be said  th a t the resu lts rep o rted  
in th e  P ap er cou ld  now  be im proved  considerab ly .

R ecent D evelopm ents
In  p a rticu la r, the various d iag ram s w hich  w ere 

show n in Figs. 13, 14, 15, 16 an d  17 re fe rred  to 
tests w hich  w ere ca rr ied  o u t w ith  q u a rtz  crystals o f 
20 m m . accu ra te ly  aligned  on  opposite  sides o f  the 
specim en , as w as show n in the d iag ram  illu s tra ting  
the princip les. S ince th a t da te , fu r th e r developm ent 
h ad  tak en  p lace  an d  fresh  eq u ip m en t h ad  becom e 
ava ilab le  w hereby  g rea te r sensitiv ity  cou ld  be  p ro ­
duced , and  th a t h ad  enab led  the  ex tension  o f  th a t 
type  o f w ork  by v irtu e  o f  th e  fa c t th a t  o n e  could  
sa tisfac to rily  use sm aller q u a rtz  crystals. A ctually  
h e  h a d  p rivate ly  repeated  one  o r  tw o shadow  tests 
o f  th a t ch a rac te r, using  6-m m . d ia . crysta ls  w ith 
the o rd in a ry  eq u ip m en t w hich  h a d  been  used fo r 
th e  tests m en tioned  in  th e  P ap er, an d  th e  sensitiv ity  
had  been  p re tty  low due  to  the high a tten u a tio n  
in  the grey iron . By p u ttin g  u p  th e  o u tp u t pow er 
by a  fa c to r o f  ap p ro x im a te ly  ten  tim es, resu lts 
cou ld  be ach ieved  w ith  those  sm all crystals , an d  a  
very  b rie f look  a t  F ig . 8 w ould  show  th a t the 
m in im um  size o f  flaw w hich  w ould  p ro d u ce  a  co m ­
p le te  shadow  w as purely  a fu n c tio n  o f  th e  receiver 
d iam eter. T h ere fo re , ideally , o n e  shou ld  use a 
fa irly  large  d iam eter tran sm itted  p ro b e  and  as  sm all 
a receiver p ro b e  as w as p racticab le .

R eflection M ethod
T u rn in g  to  th e  reflection  m eth o d  o f  test, w hich 

had  n o t been used to  an y  degree in  th e  p resen t 
w o rk , the fa c t th a t by using low er frequencies and  
longer w avelengths one  could  detec t fa irly  large 
flaw s in  th e  p resence o f  co m para tive ly  co arse  free 
g rap h ite  had  a lready  been m en tioned  in th e  Paper. 
H e  w ou ld  like to  re-em phasise  the  lim ita tio n  th a t 
it w as im possib le  to  d e tec t so m eth in g  w hich  w as o f 
th e  o rd e r o f th e  size o f  the  g raph ite . A  c lu s te r o f 
g rap h ite  flakes w as, u ltrason ica lly  speak ing , a d is­
c o n tin u ity  w hich p ro d u ced  sca tte r effects, a n d  th ere  
w as a  ce rta in  a m o u n t o f  ab so rp tio n  resu lting  from  
it; fine po ro s ity  o f  the sam e o rd e r o f  m agn itude  
w ould  give precisely  th e  sam e resu lts— th a t w as an 
in h e ren t lim ita tion  o f bo th  the reflection  m ethod  
an d  the shadow  m eth o d  o f  u ltrason ic  testing. On 
the o th e r h an d , th ere  w as no  ap p rec iab le  d ifference 
betw een a  fine grey iro n  o r  a  w h ite  iro n  an d  steel, 
and  he show ed the aud ience  an  exam ple  w hich he 
had  p rep a red , illu s tra ting  th e  com p ara tiv e  reflection  
tests fo r m ild-steel and  fo r  a  fine-grain  iron . T o  the 
un in itia ted  eye the oscillogram s w ere precisely 
sim ilar a lthough  there  w ere one o r  tw o very  m in o r 
differences if  one knew  a good  deal a b o u t the  u ltra ­
sonic techn ique.

T here  w as no  d ifference in the case o f reflection 
testing , b u t alongside those  resu lts  there  w as also 
an  exam ple show ing  n o t  on ly  th e  f irs t signal a rr iv ­
ing a t  th e  receiver b u t also  show ing  th e  m u ltip le
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reflections w ith in  the m ass o f th e  specim en. W hile 
th e  steel specim en show ed th a t the reverbera tions 
w en t on fo r a considerab ly  longer tim e th an  the  re ­
ve rb e ra tio n s in  the iron , ind ica ting  th a t indeed  there  
w as increased  sca tte r in the iron  bu t n o t sufficient to  
give resu lts  as described  f o r  a  coarse-g ra in  iro n  in 
th e  a c tu a l P aper.

M r . Elijah asked if there were any limitations 
in the ultrasonic m ethod as far as the surface o f  the 
casting w as concerned: whether a rough surface 
w ould give incorrect results with either the ultra­
sonic or the other m ethod, and secondly whether 
it would be possible to check up a defect in a longi­
tudinal or rectangular casting?

Mr . R ankin, replying to  th e  first p a r t  o f  the 
question , said  it w as tru e  to say  th a t th e  u ltrason ic  
test, p a rticu la rly  the shadbw  test, w as a  func tion  
of th e  surface  cond ition  a n d  it w as also  true  to  say 
th a t the re  h a d  been a ce rta in  am o u n t o f  criticism  
in co n n ec tio n  w ith the fo u n d ry  industry  and  the 
su rface  cond ition . H ow ever, a degree o f p rogress 
h ad  been, an d  w as being, m ade  in  th a t field. In  
th e  shadow  m ethod  o f  testing  they  w ere in troduc ing  
the energy  a t one an d  m easu ring  it on  an o th e r 
su rface , a n d  clearly  loss o f  energy a t the tw o in te r­
faces w as o f  som e im p o rtan ce  in  de te rm in ing  the 
final signal am p litu d e  w hich  a rriv ed  a t the receiver. 
In  the reflection  m eth o d  th a t w as n o t so im p o rtan t, 
because  th ere  w as an  echo  from  th e  b o tto m  w hich  
could  be m easured  an d  w hich cou ld  be used as a 
stan d a rd  signal p rov ided  the am plifier w as n o t over­
load ing . In  th e  case o f  a  specim en  in  a  w a te r-b a th , 
there  w as som ew here a ro u n d  ab o u t 90 deg. o f  the 
energy reflected a t the in ter-face; in the case w here 
it w as w eighed, no rm ally  using  oil in the past, th a t 
loss could  be greatly  cu t. (H ere , the speaker illu s­
tra ted  his rem ark s on  the b lackboard ). In  o th e r 
w o rd s one  o b ta ined  a  fu n c tio n  w hich repea ted  itself, 
go ing  th ro u g h  m ax im u m  reflection  a t  q u a rte r  w ave­
length  and  th ro u g h  th e  m in im u m  a t h a lf  a  w ave­
leng th , so th a t by m ak ing  it very th in  indeed the 
reflected am p litu d e  w as v irtua lly  zero  o n  a good- 
su rfaced  specim en.

C om para tive ly  recen tly , there  h ad  been w orked 
o u t a techn ique  w hich w as as y e t unpub lished , 
a lthough  it h ad  been m en tioned  at several m eetings 
o f the In s titu te  o f  Physics and  elsew here.

(T he rem ain d er o f  M r. R an k in ’s rep ly  w as given 
by m eans o f a b lackboard  d em o n s tra tio n  o f w hich 
it is h o p ed  to  pub lish  details sho rtly , together w ith 
the results o f  fu r th e r experim ents.)

Hardness Testing as an Indication
D r . R. V. R iley said h e  no ticed  from  the P ap er 

th a t unsoundness w as in te rp re ted  as inc lud ing  all 
fo rm s o f  in te rn a l po rosity , inclusions an d  gas holes, 
an d  he w ou ld  like  to  ask M r. T ip p e r  w h eth er a  gas- 
ho le  gave a d ifferen t response to  a  sh rinkage-cav ity  
because he had no ticed  in Figs. 1 an d  2 (the la tte r  
in  p articu la r), a n d  a t  o th e r p o in ts  in  the  P ap er, th a t 
there  ap p eared  to be unsoundness due  to gas holes 
in  one section  o f  the specim en and  also u n so u n d ­
ness due to  shrinkage. D id  those  give the sam e 
response w hen  tested rad iog raph ica lly  and  a lso  by 
the u ltrason ic  m ethod?

Secondly , he w ould like to  know  how  M r. T ip p e r 
p roduced  the unsoundness w hen he w anted  it. 
T hirdly, th e  Sub-com m ittee  h ad  dism issed hardness 
testing  as a test fo r unsoundness b u t he w ould  like 
to  m ake  it c lea r th a t fro m  h is ow n observations 
ha rd n ess testing  w as som etim es a  very sa tisfac to ry  
m eans o f  o b ta in ing  a  q u a lita tiv e  if  n o t q u an tita tiv e  
ind ica tion  o f m icro -unsoundness, i.e., in te rg ran u la r 
unsoundness, in irons hav ing  a  hardness of, say , 
500 B rinell. F o r  th e  d e te rm in a tio n  o f  degree o f 
unsoundness in soft irons it  w as p ro b ab ly  o f  no 
value , bu t w ith h a rd  irons the m ethod  was 
particu la rly  satisfac to ry .

M r . T ipper , rep ly ing  to  the p o in t w ith regard  to 
gas holes as against sh rin k ag e  rad io g rap h ica lly , said 
they  cou ld  definitely  show  th e  shape, particu la rly  
w ith the tw o-sho t techn ique, an d  th en  in te rp re ting  
the unsoundness w as pu re ly  a m a tte r  o f  experience. 
On ultrasonics, w ith  his' lim ited  know ledge he 
w ould  say it w ould  be d ifficult to  d is tinguish , and  
they  lacked a  lo t o f  experience  in th a t field, b u t 
it d id  seem  com m onsense  th a t unless it w as a very 
large  ro u n d  h o le  they  w ould  be ab le  to  say  “ Yes, 
it is located  there ,” an d  it w ould  be m o s t unusual 
to  find a sim ilar so rt o f  space p ro d u ced  by sh rin k ­
age. I t  w as a  m a tte r  o f  com m onsense , b u t w hen all 
w as said  and  d o n e  th is  w o rk  w as in its in fancy , 
p a rticu la rly  as it app lied  to  cast iron .

Other Lim itations
T hey  had  n o t tho ro u g h ly  d ea lt w ith  all types o f 

u n so u n d n ess: he  fe lt they  h ad  n o t really  d o n e  as 
m u ch  o n  th a t a s  they  co u ld  h ave  done, p a rticu la rly  
as regard s inclusions. I t  m igh t be asked w hy 
they  h ad  n o t p ro d u ced  rad io g rap h s  a n d  ch arts  o f  all 
types o f  inclusions w hich m ig h t be fo u n d  in iron  
castings, a n d  th e  answ er w as th a t they  ju s t h a d  n o t 
g o t the tim e to  d o  it. T hey  had  a lready  been w o rk ­
ing on it fo r  th ree  years o r  m ore , an d  one go t o u t 
o f  da te  unless som eth ing  w as published.

A s regards harness tes ting  it w as m ost in teresting  
to lea rn  th a t D r. R iley fo u n d  it a  u sefu l m ethod , 
particu la rly  fo r fine po rosity . M r. Peace in  p a r­
ticu la r had  done w ork  on hardness testing  an d  he 
u n d o u b ted ly  had  w orked  on  the unannea led  as well 
as on  annea led  irons. H e  h ad  gone to  th e  tro u b le  
o f  cu tting  specim ens th ro u g h — slices o f  ab o u t 
Ts in.— and  had dete rm ined  the m in im um  w idth  o f 
a slice to  give a re liab le  resu lt fro m  the to ta l th ick ­
ness being tested , b u t it w as an  aw fu lly  labo rious 
m eth o d  o f  investiga ting  a n d  unless th ere  w as som e 
p a rticu la r job  in  m ind  the S ub -com m ittee  w ould  
n o t reco m m en d  it. F o r  an  exam ple o f  an  excep­
tion , they  m igh t be p rod u c in g  a  p recision  casting  
and  it m igh t be th a t p o ros ity  w as expected  in  one 
p a rticu la r section , w hen q u ick  hardness  test m igh t 
p rove  it s tra ig h t aw ay  an d  w ould  be m uch cheaper 
to ca rry  o u t th a n  a rad io g rap h ic  test.

U nexpected Difficulty
M r . K. E. Walker said  th a t on the question  o f 

p ro d u c in g  the u n so u n d  tes t-b ars  th e  S ub -com ­
m ittee ’s first efforts w ere a  d ism al fa ilu re  as they 
cou ld  on ly  p ro d u ce  relatively  sound b a rs !  T hey  

(Concluded at the fo o t o f facing page)
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Pickling o f  Aluminium Bronze*
This process, com pared with that used for ordinary 

copper alloys (bronzes and brasses) is made m ore diffi­
cult because of the .presences of aluminium.

A num ber o f laboratory tests have been carried out. 
T he usual method embraces the three following 
phases:—(1) Actual chemical treatment. T he table 
printed below sets out the experimental conditions 
(composition of bath, tem perature and time of im m er­
sion) and the finished surface appearance. (2) Careful 
rinsing in cold running water. (3) Drying with rags 
(drying which would be replaced in workshop practice 
by clean sawdust).

Composition o f the bath. Tem p., 
deg. C.

Durat'on
of

immersion.

Surface
finish

obtained.

H y lrochloric acid 22 dec;.
Baum 6 . .  0 .2  ml. 'I 100 10 min. L ightly  bril­

W ater . .  . .  0 .8  ml. / lian t

N itric acid 40 dog. Bnum6
1 litre \ 20 15 sec. L ightly  p ick­

W ater . .  . .  1 litre / led and bril­
liant

Sulphuric acid 60 dcg. B.
1 litre ■)

Crystallised sodium  bicliro* J SO 10 min.
m ate . .  75 gm. |

W ater . .  . .  4 litres J

Then—
Sulphuric acid  60 deg. B .

2 litres 'I Yellow  m att
N itric acid  40 dcg. B . J 45 15 sec. with ligh t e t ­

1 litre 1 ching e lfect
W ater . .  . .  1 litre J (satin-like

appearance.
Sulphuric acid 66 deg. B .

1 litre
N itric acid 40 deg. B . V 70 A few Very light

2 litres J seconds ycllo'v m att

In the case o f castings showing porosity or of which 
the design carries narrow  recesses, rinsing in cold run­
ning w ater can  be usefully followed by immersion in 
a bath m ade up o f 5 gm. anhydrous sodium carbonate 
dissolved in  a litre of water. T he neutralising action 
v/s d vis traces of acid retained by the castings adds 
to the speed of drying of the castings.

* Translated from Fonderie.

E va lu a tio n  o f  S o u n d n ess  in  C ast Ir o n  
(.Continued from  facing page) 

tried all the co n v en tiona l m ethods w hich w ere 
norm ally  the  ex p lana tions fo r  unsound  bars : they 
had m ixed som e m ould ing  sand  w ith  a b o u t 10 per 
cent, o f  m o istu re , they  h ad  used oil on the face o f 
the m ould , they h a d  tried  p o u ring  m etal from  high 
tem perature  and  fro m  low  te m p e ra tu re  an d  none 
of those m eth o d s h a d  w orked , so, in  despera tion , 
they h ad  sim ply  added  ferro -silicon  un til they  had  a 
silicon co n ten t o f  a b o u t 4 per cent., w hich p roduced  
quite unsound  bars. It had  been found  a lm ost 
im possible to g u a ran tee  a “  b low n  ” con d itio n  in 
a given casting , b u t w h eth er th a t w as o f  any  assist­
ance to  fo u n d ry m en  he  did n o t know . T h e  silicon 
content o f th e  m o s t grossly  unso u n d  b a rs  w as in 
the region o f  4  per cen t., and  th e  bars w ere cast 
at a  relatively  h igh  tem p era tu re .

T he Chairman, M r. E . L ongden , d raw ing  th e  
discussion to  a close, p roposed  a  fo rm a l vo te  o f  
thanks to  M r. T ip p e r  and  M r. R an k in , w hich w as 
carried w ith acclam ation .

Lead and Zinc Mining in Scotland
An explanatory circular has been issued to stock­

holders by the Bangrin Tin Dredging Com pany. 
Limited, concerning an option taken by the Siamese Tin 
Syndicate, Limited, which is to be financed jointly by 
both companies, to acquire m ineral rights in lead and 
zinc fields on the Lanarkshire and D umfriesshire 
borders in Scotland. The circular points out that where 
the fields are situated there are upw ards of 60 veins in 
a small area, m ost of which had been worked in the 
past near the surface but only a few to any depth. It is 
stated that when the mines were open the price of lead 
and zinc varied between £8 and £15 a ton, com pared 
with the present price of about £180 a ton. I t is con­
sidered that there is a reasonable chance of discovering 
quantities of ore which are workable at a profit with 
metal at £100 a ton and upwards.

Should a  definitely favourable opinion be formed, 
stockholders will be called together to decide whether 
or not they desire to proceed. It is not proposed that 
the company, in conjunction with the Siamese T in  Syn­
dicate, should bear the full burden of financing this 
enterprise right up to the point o f production, bu t it is 
proposed to  review the financial situation from  time to 
time and, if necessary and desirable, to take steps to 
find further finance.

Coke and Scrap Shortage in France
The production index level o f the French iron and 

steel industry in M ay rem ained a t 160, as in March 
and April. The industry is limited by shortage of both 
coke and scrap and in M ay worked at 90 per cent, of 
capacity, although provisional figures for June indicate 
an improvement. Iron and steel production in  general 
is 15 per cent, above last year, but home demand is un­
satisfied. Order-books are overloaded, with the result 
that delivery dates are abnorm ally distant. Steel ex­
ports, which in D ecember last am ounted to 451,000 tons, 
were cut to 263,000 tons in May.

Some indication of the seriousness of the coke situa­
tion as fa r as the steel industry is concerned may be 
seen from  the fact that the authorities have allocated
700,000 tons a month to the industry against the mini­
mum requirements of 950,000 tons. The scrap shortage 
is attributed partly to the need for France to fulfil her 
trade agreements with regard to scrap exports, and partly 
to the lack o f coke, since the steelmakers are using 
more scrap in seeking to increase their production of 
M artin steel to compensate for the smaller production 
of Bessemer steel.

Training Instrument Mechanics
As the complexity o f industrial instrum ents increases, 

the necessity o f providing users with an adequate 
explanation o f the theory and practice of instrum enta­
tion becomes more apparent. George Kent, Limited, 
engineers, o f Luton, have for many years given a’ 
thorough training to individuals sent to its works by 
user firms, and have now begun a series o f integrated 
courses for instrum ent mechanics and engineers from 
customers. The courses last fo r four or five weeks, 
during which whole-time instruction is given by a quali­
fied training staff. A workshop and lecture room  have 
been specially provided and equipped so that trainees 
get the full benefit o f working and com paring notes 
together.

First results are stated to have been very encourag­
ing, and there is now a greater demand for places on 
the courses than can be satisfied in the immediate future.
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P ig-iron  and Steel P roduction
S ta tis tica l S u m m a r y  o f  J u n e  R e tu rn s

The following particulars of pig-iron and steel p ro­
duced in G reat Britain have been extracted from the 
Statistical Bulletin for July, issued by the British Iron 
and Steel. Federation. Table I summarises activities 
during the previous six months; Table II gives the pro­

duction o f steel ingots and castings in June; Table III 
gives deliveries o f finished steel, and Table IV  the pro­
duction o f pig-iron and ferro-alloys in June. (References 
applicable are given at the foot o f colum n 2).

T a b le  I .— General Sum m ary of Pig-iron and Steel Production. {W eekly Average in  Thousands of Tons.)

Period. Iron-ore
output

Imported
ore

consumed.

Coke 
receipts at 

blast 
furnaces.

Output o f  
pig-iron  

and ferro­
alloys.

Scrap 
used in 
steel- 

m aking.

Steel (incl. alloy).

Im ports.*
Output o f  

Ingots and 
castings.

Deliveries  
o f finished 

steel.
Stocks.3-

1949 .............................. 258 169 199 183 188 17 299 233 1,071
1950 .............................. 249 174 197 185 197 9 313 239 997
1951— January1 . . 258 163 200 183 183 7 306 236 920

February 262 164 202 186 193 i 326 252 875
March 267 167 204 184 187 6 318 253 848
April 279 149 201 179 195 6 323 201 800
M ay1 287 159 204 182 ISO i 305 242 702
June 315 159 204 183 182 7 308 201 737

T a b lk  TI.— W eekly Average Production of Steel Ingots and Castings in  June, 1951. (Thousands of Tons.)

D istrict.
Open- hearth.

Bessemer. Electric. All other
To tal. Total 

ingots and 
castings.A cid. Basic. Ingots. Castings.

Derby, Leics, N otts, N orthants and Essex . . . _ 2 .7 1 0 .8 'basic) 1 .5 0 .2 1 4 .5 0 .7 1 5 .2
Lancs, (excl. N .W . Coast), D enbigh, Flints, 

and Cheshire I  , . 4 2 0 .7 l .S 0 .5 2 3 .3 1 .1 24 .4
Yorkshire (excl. N .E . Coast and Sheffield) 
Lincolnshire

J 2 9 .4 0 .1 2 9 .3 0 .2 29 .5
N orth-E ast C o a s t .............................. 1 .9 5 9 .3 — 1.1 0 .5 6 1 .0 1 .8 62 .8
Scotland 4 .7 3 4 .5 — 1 .2 0 .8 3 9 .2 2 .0 4 1 .2
Stalls, Shrops, W orcs and W arwick — 16.1 __ 0 .8 0 .7 10 .1 1 .5 17 .0
S. W ales and Monmouthshire 7 .2 5 4 .9 5 .0  (basic) 0 .9 0 .1 6 8 .2 0 .5 08 .7
Sheffield (incl. sm all quantities in Manchester) . . 7 .8 23 .1 8 .8 0 .6 3 8 .3 2 .0 4 0 .3
N orth-W est C o a s t .......................................................... — 2 .9 4 .7  (acid) 0 .4 0 .1 8 .0 0 .1 8 .1

Total .......................................................... 2 3 .0 243 .6 2 1 .1 16 .5 3 .6 29 7 .9 9 .9 307 .8

May, 19511 ........................................................................ 2 1 .8 243 .0 2 1 .4 15 .4 3 .5 2 9 5 .9 9 .2 305.1
June, 1950 . . 2 7 .0 246 .6 2 1 .0 14.4 3 .5 30 3 .9 S .6 312.5

t'ABLE I I I .— W eekly Average D eliveries of F inished Steel. (Thousands 
x of Tons.)

T a b le  IV .— W eekly Average Production of P ig -iron  and Ferro-alloys 
{Thousands o f Tons.)

Product. 1949. 1950.
1950. 1951.

June. M ay.1 June.

N on-alloy s te e l: 
Ingots, blooms, 

billets and slabs4 4 .5 3 .6 3 .7 3 .9 3 .9
H eavy  rails, s leep ­

ers, etc . . . 9 .8 1 1 .3 1 2 .5 1 1 .1 1 3 .1
P lates i  in . thick  

and over 3 9 .2 4 0 .0 4 0 .1 4 1 .4 4 5 .5
Other h eavy  prod. 3 7 .5 4 0 .2 4 0 .3 4 1 .4 4 4 .1
L igh t rolled prod. 4 6 .4 4 7 .6 4 5 .9 4 8 .0 4 7 .5
H ot rolled strip  . . 17 .1 19 .4 19 .1 1 8 .9 2 1 .1
W ire rods 1 5 .4 1 6 .3 15 .7 - 1 6 .8 1 6 .6
Cold rolled strip  . . 4 .9 5 .5 5 .6 5 .6 6 .6
Bright steel bars . . 5 .6 6 .2 6 .4 6 .6 7 .1
Sheets, coated and 

uncoatcd 2 7 .6 3 0 .5 3 3 .6 3 2 .3  ’ 3 4 .7
Tin , terne and  

blackplate 1 3 .7 1 4 .3 1 4 .8 1C.7 1 5 .6
Tubes, pipes and  

fittings 1 8 .5 2 0 .0 2 0 .7 2 0 .5 2 3 .5
Mild wire 1 2 .0 1 2 .6 13.1 1 1 .8 1 2 .3
Hard wire 3 .2 3 .5 3 .2 3 .6 4 .0
Tyres, w heels and 

'axles 4 .1 3 .5 3 .7 3 .1 4 .5
Steel forgings(cxcl. 

drop forgings) . . 2 .4 9 9 2 .4 9 9 2 .4
Steel castings 3 .6 3 .5 3 .7 3 .0 4 .6

Total 26 5 .5 2 8 0 .2 28 4 .5 2 8 4 .5 307 .1
A lloy steel 1 0 .4 1 0 .6 1 0 .7 1 1 .6 1 3 .4

Total deliveries from  
U .K . prod.6 2 7 5 .9 2 9 0 .8 2 9 5 .2 2 9 6 .1 32 0 .5

A dd  im ported finished  
steel 9 .5 3 .8 5 .3 3 .0 4 .0

285-4 294 -6 300-5 299-1 324-5
D educt intra-industry  

conversion* 5 2 .8 5 5 .6 5 5 .2 5 7 .4 6 3 .7

T otal d e liv e r ie s .. 23 2 .6 23 9 .0 24 5 .3 24 1 .7 2 6 0 .8

D istrict.

Fur­
naces

in
blast.

H em a­
tite . Basic. F ou n ­

dry. Forge. Ferro­
alloys. Total.

D erby, Leics, 
N otts, N orth- 
ants and E ssex 24 15 .5 2 3 .9 1 .2 4 0 .6

Lancs (excl. 
N .E . Coast), 
D enbigh, F lin ts  
and Cheshire . . ► 6 8 .0 0 .8 8 .8

Yorkshire (incl. 
Sheffield, excl. 
N .E . Coast) 

Lincolnshire - 14 2 4 .7 2 4 .7
N orth -E ast Coast 23 7 .4 3 4 .0 0 .1 — 1 .4 4 2 .9
Scotland 9 0 .7 11 .3 2 .5 — — 14 .5
Staffs, Shrops, 

W orcs, and 
W arwick 9 9 .0 1 .5 10 .5

S. W ales and 
M onmouthshire 7 3 .3 2 2 .6 _ _ _ 2 5 .9

N orth -W est Coast 7 1 3 .7 _ __ — 1 .0 14 .7

Total 99 2 5 .1 125 .1 2 8 .0 1 .2 3 .2 182. V

M ay, 19511 99 2 4 .3 125 .8 2 6 .7 1 .7 3 .7 182 .3
June, 1950 98 2 7 .8 124.1 2 6 .3 1 .1 2 .8 182.2

1 F ive  w eeks.
* W eekly average o f  calendar month.
3 Stocks at Jh e end o f  the years and months show n.
‘ Other than for conversion in to  any form  of, finished s t e e l  listed  

above.
‘ Includes finished steel produced in  the U .K . from  im ported ingots 

and sem i-ftnished steel.
• M aterial for conversion in to  other products also listed  in this table- 
7 Includ ing lOOltons d irect castings.
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Stanton Machine-cast Pig Irons are dean-melting, 

and economical in cupola fuel.

All types of castings are covered by the Stanton 

brands of pig iron, including gas and electric fires, 

stoves, radiators, baths, pipes, and enamelled 

products generally ; repetition castings requiring a 

free-running iron, builders’ hardware and other 

thin castings.

Other grades of Stanton Foundry Pig Iron possess 

the necessary physical properties and strength 

ideal for the production of fly-wheels, textile 

machinery, etc.

Stanton Foundry Pig Iron in all grades is also 

available In sand cast form.

We welcome enquiries on foundry problems and 

offer free technical advice.
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Lectures in Foundry Practice
The Borough Polytechnic, Borough Road, London,

S.E.l, has organised a course of nine lectures on “ Some 
Interesting Aspects o f Foundry Practice,” which will 
be given by specialist lecturers on Thursdays at 7 p.m., 
beginning on October 11.

This course of lectures has been arranged by the 
governors of the Polytechnic at the request of the 
Regional Advisory Council for H igher Technological 
Education for London and the Home Counties.

The fee for the complete course is two guineas. 
Students wishing to enrol should apply to the secretary 
of the Polytechnic for a form to complete.

P rogram m e
O ctober 11, 1951, “ Centrifugal Castings,” by M. M. 

Hallett, M.sc., f . i .m .;  October 18, “ Precision Casting,” 
by J. S. Turnbull; N ovem ber 1, “ M alleable Iron Cast­
ings,” by H. G. Hall, f . i .m .;  November 8, “ A rt Foundry 
Practice,” by A. Wizard; N ovem ber 15, “ Foundry 
Sands,” by W. Davies, d . s c . ;  November 29, “ Non- 
ferrous Foundry Alloys,” by E. C. M antle, m .s c . ,  a . i .m .;  
December 6, " Foundry M echanisation,” by J. W. Gar- 
dom, a .m . i .m e c h .e . ,  f . i .m .;  D ecember 13, “ N odular 
Cast Iron,” by H. M orrogh; January 10, 1952, “ Tech­
nical Controls in the M odem  Steel Foundry,” by A. C. 
Brearley, b .s c .

Scientific Film  Show
A great deal o f work has already been done in G reat 

Britain by a working-party of the Scientific Film 
Association international comm ittee to  ensure tha t this 
country shall be as well represented as possible in all 
fields o f  scientific film using and making a t the Fifth 
Congress o f the International Scientific Film Associa­
tion, to be held from  Septem ber 15 to 22, a t The Hague. 
Netherlands. The research film comm ittee of the In­
ternational Association is hoping to show large num­
bers o f ¡photographs of special applications o f scientific 
cinematography and the apparatus used in research film- 
making. Anyone who can contribute to the British sec­
tion of the exhibit is particularly asked to get into touch 
as soon a's possible with the British S.F.Â. a t 4, G reat 
Russell Street, London, W .C.l.

Course on Refractories
The N ortham pton Polytechnic, St. John Street. 

London. E .C .l, through the Departm ent of Applied 
Chemistry, the head of which is Dr. Garside, is organ­
ising a course covering lectures on refractories— their 
manufacture, properties and uses. The lecturer is Mr. 
L. R. Barrett. They will start at 7 p.m. on October 2 
and continue every Tuesday evening. The fee for the 
course is 30s. This departm ent also organises courses 
of study for entrance to the Institution of Metallurgists 
and many other examinations.

Index to Volume 90
Readers are advised that the Index to' Volume 90 of 

the F o u n d r y  T r a d e  J o u r n a l  covering the period 
January 4 to June 28, 1951, has now* been printed. 
Copies are available free of charge on writing to the 
Publishing Office, F o u n d r y  T r a d e  J o u r n a l ,  49 Welling­
ton Street, London, W.C.2. Regular subscribers are 
invited to apply for inclusion in a  special list to  whom 
copies of the index are sent autom atically as published.

Personal
M r. A r c h i b a l d  B o w i e  has retired after having 

completed 31 years’ service with the Darwen & Mostyn 
Iron Company, Limited, as chief engineer and works 
manager.

M r. D . F. W. M cN air, m anager o f the export sales 
branch o f F. Perkins, Limited, Peterborough, and M r.
G. R. G u e s t ,  head of new sales projects, have left 
for Canada, where they will travel extensively to de­
velop the m arket fo r Perkins Diesel engines.

Aged only 25, M r .  P e t e r  K a y ,  a traction design 
engineer with M etropolitan-Vickers E lectrical Company, 
Limited, Trafford Park, M anchester, has been appointed 
lecturer in electrical engineering at the South-east 
London Technical Institute, Lewisham.

The new employer vice-chairman of the M idland 
Regional Board fo r Industry is M r. S. F . B u r m a n , 
who, in addition to being managing director of Burman 
& Sons, Limited, m anufacturers of hair clippers, etc., 
is also a director of W. & T . Avery, Limited. He has 
also served as a member of the M idlands Electricity 
Board.

Obituary
The death has occurred of M r .  J o h n  A l l s o p p ,  

form erly traffic m anager of the Staveley Coal & Iron 
Company, Limited, Chesterfield.

M r .  G. R. I n s h a w ,  managing director o f the Unicone 
Company, Limited, manufacturers o f tube joints, tubes, 
and fittings, of Rutherglen, Gla'sgow, died on August 27.

M r .  W i l l i a m  M o s t y n  W a t s o n ,  a director of 
A. W ood & Sons (Middlesbrough), Limited, iron and 
steel stockholders and scrap merchants, has died at the 
age of 42.

M r .  N i c h o l a s  C. M u n r o ,  managing director of 
Thom son & Stewart (Aberdeen), Limited, ironfoundcrs, 
which he joined 32 years ago as a foreman, has died 
at the age of 64.

While visiting New Zealand during the course of a 
world tour, M r . P a t r i c k  W. M c D o n o u g h ,  president 
of the M cDonough Steel C orporation, of Oakland, 
California, died suddenly in W ellington.

M r .  A. V . V e n a b l e s ,  welfare officer of John Baker & 
Bessemer, Limited, steel tyre and axle manufacturers, 
etc., of Rotherham , and Rotherham  Forge & Rolling 
Mills. Company, Limited, died recently a t the age of 63.

S i r  R o b e r t  J o h n s o n ,  for many years an outstanding 
personality in the shipbuilding industry, died on August 
28 at the age of 79. He was chairman of Cammell 
Laird & Company, Limited, Birkenhead, his retirement 
from the position of managing director having been 
anonunced on July 24 last, when his son. M r. Robert 
W. Johnson, was appointed to succeed him.

I.B .F . Activities at Doncaster
W ith the object of fostering interest in the 

activities o f the Institute of British Foundrym en in the 
D oncaster district, the Sheffield branch is holding three 
meetings in this area during the coming session. The 
first will be held a t 7.30 p.m. on  W ednesday. October 3, 
at the Technical College. Doncaster. Mr. W. J. Colton, 
president o f the Sheffield branch, will be in the chair 
and will be supported by Mr. É . Burgess, managing 
director o f John Fow ler & Com pany (Leeds), Limited. 
T heir talks, outlining the activities of the Institute, will 
be followed by a Paper. “ Cast Design in Relation to 
Production,” by Mr. J. H. Pearce (secretary of the 
Sheffield branch) and Mr. G . D. Whitehouse.
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m m
1 5 0  Y E A R S

C H 1 P P E R S . M o d els  for all 
c la sses  o f ch ip p in g , cau lk ­
ing , etc . M ain  and a u x ili­
ary valve system  elim inates 
vibration. Sensitive  throttle.

R O T O D R IL L S . Include typ es  
su itab le  for every type o f job ; 
hand-held  and c losc-quarter d r ills,  
screw -feed  types and w oodborers, 
reversible and non-rcvcrsible. A ll 
co m p a ct, sim p le and lightw eight 
tools.

R IV E T E R S . For all riveting  
jobs. M ain  and auxiliary  valve 
a s  in chippcrs. F orce o f blows 
ea sily  controlled . Sensitive  
throttle.

R A M M E R S .  
F loor and bench 
typ es. P iston  stroke  
adjusts itse lf au to­
m atica lly  to  height 
of m aterial. U sual 
butts and pcins 
supplied .

R O T O G R IN D S .  
Sm ooth-running and 
quiet. Full range of 
precision grinding  
and heavy-duty 
typ es. S tra igh t and 
grip  handles avail­
able.

S C A L IN G  
H A M M E R S .  

E xtrem ely  fast- 
m oving, hard-hitting  
too ls for all typ es of 
sca lin g . The only  
m oving part, the 
p iston , is tipp ed
w i t h t u n g s t e n  
carb id e— no rcgrind-  
ing is ever needed.

P A IN T  
S C R A P E R  

N ew  ty p e , h igh-sp eed  
light-hitting stream ­
lined tool. Sen sitive  
lever control. Chrom e  
p la t e d  c y l in d e r .  
V a r io u s  s c r a p e r s ,  
ch isels and sm all 
rivet snaps supplied.

B L O W  G U N . N ew  w ell-  
b a la n ced , easily  con­
tro lled  u ltra lightw eight 
tool with an excep tion a lly  
high a ir sp eed , invaluable  
for cleaning ‘ in accessib le’ 
parts.

Do you regularly receive details o f new Holman Pneumatic 
Tools ? Let us put you on our mailing list.

Labour-saving is a term that comes quickly to mind when speaking o f Holman 
Pneumatic Tools—but what, in fact, does it mean? Making harder work for 
fewer hands—or easier work for an economic number o f hands ? Any Holman 
tool—from a rotogrind to a rammer—makes the job easier to do, simpler, 
faster, more efficient and more pleasant. W hy? Because it is designed to be as 
light as possible in relation to power and purpose. Because it is simple to 
control. And because it does its job without trouble or fuss— always.

C A M B O R N E  . E N G L A N D
T E L E P H O N E : C A M B O R N E  2275 (7 L IN E S ) T E L E G R A M S : A I R D R IL L , C A M B O R N E

S U B S I D I A R Y  C O M P A N IE S , B R A N C H E S  A N D  A G E N C IE S  T H R O U G H O U T  T H E  W O R L D  H B .7
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N ew s in Brief
A n e l e c t r i c i t y  p o w e r  c u t  due to load shedding at 

Keighley on August 27 seriously affected several indus­
trial concerns in Keighley.

In a  b a l l o t  for an assistant general secretary of the 
A m algam ated Engineering Union, Mr. C. W. Hallett 
obtained 37,909 votes and Mr. W. Hannington 29,267.

T h e  S t a t e  E l e c t r i c i t y  C o m m is s i o n  of Victoria has 
placed an order with the M etropolitan-Vickers Electri­
cal Company, Limited, for 31 units of metalclad switch- 
gear.

T h e  U.S. G o v e r n m e n t  on A ugust 28 called 400 indus­
trialists to  an emergency conference at W ashington on 
September 11 to organise a more effective campaign of 
iron and steel scrap salvage.

C. A. P a r s o n s  &  C o m p a n y ,  L i m i t e d ,  Newcastle-upon: 
Tyne, has form ed a company to look after its interests 
in Rhodesia. Mr. M. Coote is acting as manager and 
director o f the new organisation.

O r d e r s  fo r three cargo motorships, each of about
10,000 tons d.w., have been placed on the Clyde by the 
New Zealand Shipping Company, Limited. Two are 
to be built by John Brown & Company, Limited, and the 
third by A lexander Stephen & Sons, Limited.

T h e  w h o l e  of the share capital of A.B.C. Motors, 
Limited, aero engine builders, of W alton-on-Tham es 
(Surrey), has been acquired by Vickers, Limited. An 
executive director o f A.B.C. M otors for many years, 
Mr. R. M. Dennis, has been appointed managing 
director.

A w e e k ’s  c o u r s e ,  designed to  give basic knowledge 
of iron and steel m anufacture to careers masters, science 
masters, and youth employment officers, held at 
Stewarts and Lloyds, Limited, Bilston, includes dajly 
lectures and group discussions on subjects of special 
o r general interest

A d d i t i o n a l  p r e m i s e s  at Peterborough, with an area 
of some 13,000 sq. ft., which form erly belonged to  F . 
Perkins, Limited, Diesel engine manufacturers, have 
been purchased by W. Pinder & Son, Limited, m anu­
facturers of fabricated machine-tool components, 
doubling the size of the existing works.

T h e  r e c e n t  i n c r e a s e  in the price of heavy fuel oil 
will, it is estimated, add m ore than £200,000 a year to  
steel production costs in the Sheffield area. Steel- 
making furnaces in the area now use more than 150.000 
tons of oil a year, a quarter of the entire consumption 
of oil by the British iron and steel industry.

T h e  d i s c o v e r y  of rich deposits of iron, zinc, copper, 
and gold in Quebec has been announced by Mr. 
M aurice Duplessis, Prem ier o f Quebec. Over 1,000,000 
tons o f copper and gold ore have been located on 
M erril Island, in Lake Dore, while the zinc discovery 
is described as one o f the richest in the world.

R e s o l u t i o n s  increasing the authorised capital of 
General Refractories, Limited, from £650,000 to 
£1,250,000 and capitalising £390,000 of reserves fo r a 
three-for-five capital bonus to ordinary shareholders 
registered on Septem ber 10 will be placed before an 
extra-ordinary general meeting on that date.

T h e  d i r e c t o r s  of A eroplane & M otor Aluminium 
Castings. Limited, have announced a proposal to increase 
the capital to £200.000 by the creation o f 125,000 4s. 
ordinary shares and their issue as a capital bonus by 
capitalisation of £25,000 from  general reserve. The 
new shares will be distributed to holders registered on 
September 6.

A n  e x h i b i t  o f  f o u n d r y  i n t e r e s t  which escaped our 
attention last week was that of Leicester. Lovell & Com­
pany, Limited, N orth Baddesley, Southam pton. The 
firm manufactures core-bonding materials based on p . f .  
and u . f .  resins, and shows both cores and castings on

the stand which is located in the gallery of the N ational 
Hall (stand 10, outer row).

T h e  R e p u b l i c  o f  I r e l a n d  imported 2,598 tons of 
pig-iron, valued at £39,656, in the first half of this year, 
again'st 2,525 tons (£36,910) in the corresponding period 
of 1950. The total im port value of iron and steel and 
manufactures (excluding cutlery and machinery) during 
the first half of 1951 was £4,739,011, against £3,903,785 
in the corresponding 1950 period.

It w a s  s u g g e s t e d  by the jury at the inquest at 
Chesterfield, on August 29, on A rthur Bertram, of 
Sheffield, who died in Chesterfield Royal H ospital after 
an accident in a foundry in the area, that if certain safety 
regulations had been properly carried out, the accident 
need never have happened. Bertram, an electrician, was 
struck by a crane while at work, and the coroner com­
mented : “ It is clear that these people were working 
in a position of danger and that proper warning should 
have been given to the driver of the crane.”

A t w o - p r i c e  s y s t e m  for essential commodities was 
advocated by Mr. J. R. D. Tata, chairman of the Tata 
Iron & Steel Company, Limited, at the recent meeting. 
There was no real remedy for inflation, he said, in an 
increase in money payments to m eet an increase in the 
cost of living. H e favoured instead the adoption of 
a dual-price policy which would lay down a relatively 
low price for supplies required to m eet Governm ent’s 
minimum commitments and a higher price for supplies 
above this limit. Such a measure, he believed, would 
be more realistic than the proposal to freeze wages, 
profits, and dividends.

U n d e r  the Road Vehicles (Registration and Licensing) 
Regulations, 1951 (SI No. 1381), and the R oad Vehicles 
(Index Marks) Regulations, 1951 (SI No. 1380), which 
came into effect on August 15, there is special provi­
sion for the exhibition of registration marks on works 
trucks, which are defined as vehicles designed fo r use 
in private premises and used on roads only in pass­
ing to various parts of the same premises or to other 
private premises in the immediate neighbourhood. Their 
registration marks may be exhibited either on both sides 
of the vehicle or only on the back of the vehicle, in­
stead of on both front and back as previously, and these 
marks need no longer be illuminated a t night.

Forthcoming Events
S E P T E M B E R  11 

I n s t itu t io n  o f  W o rk s  M a n a g e r s
B ir m in g h a m  B ra n ch  D in n er  «and A n n u al G eneral M eetin g , at 

th e  G rand H o te l, a t  7 p .m .
In c o r p o r a te d  P la n t  E n g in e e r s

G la sg o w  B r a n c h :— 1 E le c tro n ic s  in  P r o d u ctio n ,” b y  a m em ber 
o f th e  lab ora tory  research  sta ff  o f M ullard. L im ited , a t  
7 p .m ., a t  th e  E n g in e e r in g  C entre, 351, S a u c h ie lia ll S treet, 
G lasgow .

I n s t itu t io n  o f P r o d u c tio n  E n g in e e r s
B irm in g h a m  G ra d u a te  B r a n c h :—F ilm  ev e n in g , w ith  sound  

film s, in c lu d in g  “ T he S harp  E d ge o f th e  W orld ,” by  
G ille tte  In d u str ie s , L im ited , an d  “ P r ec is io n  T oo ls ,”  by  
W eir P rec is io n  E n g in eer in g , L im ited , b y  R . A. B ish op , 
a t  7 p .m ., a t  th e  J a m es  W a tt  M em orial I n s t itu te , G reat 
C harles S treet, B ir m in g h a m , 3.

S E P T E M B E R  12 
I n s t itu te  o f  V itreo u s E n a m e lle r s

O fficial V is it to  th e E n g in e e r in g , M arin e an d  W eld in g  E x h i­
b itio n  a t  O lym p ia , L ondon.

S E P T E M B E R  13 
In c o r p o r a te d  P la n t  E n g in e e r s

K e n t B r a n c h :—“ E le c tr ic  M otors—C h a r a c ter istic s  an d  A pp li­
c a t io n ,” a t  7.30 p .m ., a t  th e  Q ueens H ead , M a id sto n e .

N ew ca s tle -u p o n -T y n e  B r a n c h “  P u lv er ised  F u e l ” (film  and  
d iscu ss io n ), b y  P . R . B e tt le , o f B ab cock  & W ilco x , L im ited , 
a t  7.30 p .m ., a t  R oad w ay  H ou se , O xford S treet, N ew ca stle -  
u pon-T yne.

S o u th  Y o r k s h ire  B ran ch  W orks V is it  to  S teel, P eeck  & 
T ozer’s stee lw o rk s.



WORKINGTON FOUNDRY IRONS

TMl UNITID

I E

W orkington Irons, m ade from  particularly  p u re  hem atite o re s , a re  esteem ed  
b y  foundrym en for adm ixture with o ther irons to im prove the quality and  
physical p ro p ertie s , especially  for ingot m ould castings, m achine castings, 
chem ical plant, e tc . All W orkington irons a re  su p p lied  in m achine-cast form , 
free  from  sand, saving coke in the cupola, and  b e in g  m ost convenien t for 
handling  and  mixing.

W O R K I N G T O N  I R O N  & S T E E L  C O M P A N Y
W  O R K I N G T O N  T elephone: W ork ing ton  206 Telegram s: “  M osbay,”  W ork ing ton  C U M B E R L A N D

B ranch o f  The U n ited  Steel C om panies L im ited

®  W. 78

SEPTEMBER 6, 1951 FOUNDRY TRADE JOURNAL



298 FOUNDRY TRADE JOURNAL SEPTEMBER 6, 1951

Raw Material Markets
Iron and Steel

The foundries continue to be faced with acute 
shortages o f raw  materials, particularly in pig-iron and 
scrap, and are thereby precluded from  obtaining the 
outputs o f castings which the present rate o f  business 
calls for. Pig-iron makers are making every effort to 
distribute available tonnages equitably, but there is 
a large outstanding dem and which cannot be satisfied 
from  the furnaces a t present in blast. A part from  the 
needs o f  the foundries, pressure is m aintained for steel- 
m aking pig-iron, and there is little prospect o f furnaces 
being changed over to supply more iron to the foundries 
o r o f new furnaces being put into blast for this purpose.

Increased im ports o f iron ore should eventually lead 
to some im provem ent in supplies o f pig-iron to the 
general engineering, motor, and textile foundries, which 
a re  urgently in need of additional supplies o f  low- and 
medium-phosphorus iront_as well as hem atite pig-iron, 
but so far, little, o r  no, im provem ent in deliveries is 
evident. Refined and Scotch foundry irons are also very 
scarce. The jobbing and light foundries require much 
larger tonnages of high-phosphorus pig-iron than they 
can obtain. The continued shortage in  deliveries has 
compelled all foundries to utilise stocks, so that the 
foundries are dependent entirely on current deliveries.

The foundries are further incommoded by being com­
pelled to accept iron o f  abnorm al analyses. Supplies 
o f both cast-iron and steel scrap are difficult to  acquire, 
which necessitates the use o f larger quantities of pig- 
iron in their mixtures. There is a persistent dem and 
fo r cupola scrap, which is required in quantities in 
excess o f  available tonnages. Foundry coke presents a 
further problem; although supplies are generally suffi­
cient for immediate requirem ents, stocks are no t being 
built up, thus causing anxiety fo r the future. Foundries 
are able to secure their full needs o f ganister, lime­
stone, and firebricks, but some grades o f ferro-alloys 
are tight.

Although there are reports o f impending increases 
in deliveries o f im ported steel semis, the re-rollers, in 
the meantime, are unable to expand their outputs. 
Supplies from  home steelworks are much below require­
ments, w ith little prospect o f  any early improvement. 
There is no reduction in demand for the re-rollers’ 
products. Heavy calls are made for all sizes o f sections, 
bars, and strip, while the re-rollers o f sheets are inun­
dated with business. A part from  prime m aterial, all 
arisings o f defective material and crops find a ready 
market.

Non-ferrous Metals
The anxiety felt over the possibility of a prolonged 

nationwide strike in the U nited States, calculated to 
bring copper production virtually to  a standstill and to 
cut the ou tpu t of zinc and lead by nearly 50 per cent., 
was to some extent relieved on Saturday when news 
came through that a settlement had been reached in the 
wages dispute at the U tah p lan t o f  the Kennecott Copper 
C orporation, probably the largest copper mine in the 
United States. It has been reported that the N ational 
Production A uthority estimated that about 15,000 tons 
of copper, as well as zinc and lead, were lost last week 
through the strike.

This interruptidn to non-ferrous output has come at 
a bad time, for the drive fo r rearm am ent is well under 
\yay in the United States and it is not surprising that 
the President has appointed a board to  enquire into 
the whole matter. ' -Even before the events of last Week, 
there was a  seriou's shortage o f metals in the United 
States, if only because imports have declined during

the present year. According to one report, Chile is 
now sending only 80 per cent, of her total copper pro­
duction to N orth America. It was understood that this 
proportion was to apply only to  the additional output 
to be achieved during the coming months, but it now 
appears tha t the Chilean Governm ent intends to retain 
a fifth of the total produced fo r sale elsewhere.

The price of tin climbed la'st week to £1,065 per ton 
before the inevitable reaction occurred. In  the United 
States the price has remained at 103 cent's per lb., but 
negotiations with Bolivia for purchases of concentrates 
were approaching finality on the basis of 112 cents. It 
certainly seems as though the producers were not too 
keen on accepting this valuation, even fo r a fairly short 
trial period. The sterling equivalent is £896. Prices 
of other metals are unchanged and the supply situation 
very much w hat it wa's, apart from  some improvement 
in lead. Both copper and zinc are in som ewhat short 
supply, but, in spite of all the gloomy reports about 
future prospects, it would probably be wrong to pre­
sume that these present-day famine conditions are going 
to last indefinitely.

London M etal Exchange official tin quotations were;
Cash—Thursday, £915 to £920; Friday, £925 to 

£930; Monday. £950 to £955; Tuesday, £947 10s. to 
£952 10s.; Wednesday, £935 to £940.

Three M onths—Thursday, £860 to £870; Friday, 
£882 10s. to £887 10s.; M onday, £900 to £905; Tuesday, 
£895 to £897 10s.; W ednesday, £890 to £895.

Birmid Industries Gala
A Sports G ala with novel “ side-shows ” was held by 

the Birmid Industries, Limited, group of companies on 
Saturday last at the “ Percy Pritchard Memorial ” 
grounds at W oodgate, near Birmingham. Among the 
usual attractions a t such an event— model train, shoot­
ing galleries, balloon race, and the like—were marquees 
and outside exhibits of the companies’ productions 
arranged on the theme “ How Birmid helps industry.” 
In these, the finished product o f the customer, be it 
m otor-car aero-engine, tractor, stationary engine or 
compressor, was shown in the background of a group 
of the castings, sheet-metal form ations or extruded sec­
tions which are contributed by the Birmid companies. A 
dozen or more of these groups, out of the 20 exhibited 
were of castings. Strange to relate, many of these were 
supplied to customers who themselves operate foundries 
—the explanation being in the specialised nature of 
Birmid contributions in high-duty iron, aluminium or 
electron, chiefly for the m otor trade. This is indeed a 
novel way of bringing hom e the ramifications of a large 
concern, not only to the general public, but especially 
to the operatives who often possess very sketchy ideas 
of the detail it,pms and ultim ate purpose of a large 
group’s productions.

The rest of. the afternoon’s attractions—all m anner of 
sporting events, inter-works competitions, arts and crafts 
exhibitions, prize-giving, and refreshm ent marquees, all 
were commendably organised and graced by kind 
weather. “ Noises off ” were impressively produced by 
the close-up antics o f a W estland helicopter (for which 
the group makes light-alloy parts). This latter was just 
that high-light o f showmanship much appreciated by the 
gathering.

Mammoth Weld. M r. Le Thom as writing in the 
Journal d 'in form ation Techniques des Industries de la 
Fonderie rightly praises a m etallurgical accogiplishment 
he personally witnessed. I t related to the provision 
o f eight tdhs 'T f alum ino-therm ically prepared steèl for 
mending some outsize casting.
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A full se le c tio n  o f  high a lu m in a , s ill im a n ito  an d  ca ru o n  re f ra c to r ie s , 
jo in tin g  a n d  m o n o lith ic  com p o sitio n s , m o u ld in g  and  s ilica  sands.

G.R. exhibits cover the requirements of all types of industrial'furnaces. The 
high uniform quality characteristic of all G.R. products is maintained by 
employing the latest in plant and equipment backed by development and 

research necessary to the. continuous improvement of refractories.

THE EXHIBITS COVER A WIDE FIELD INCLUDING

BASIC BRICKS 
A co m p reh en s iv e  ra n g e  o f M agnesite , C h ro m c - 

M agnesite  and  D o lo m ite  fo r  o p e n -h e a r th , e le c tr ic  

and  re -h e a tin g  fu rn ace s , c e m e n t k ilns, e tc , A special 

f e a tu re  is th e  "  F e rro c lad  M m e ta l cased  chem ica lly  

bonded  basic  b rick .

FIREBRICKS
Include th e  w o r ld - re n o w n e d  * G lenbo ig  '  an d  
* D avison* b ran d s  fo r  B o ilers , L o com otives , C e m e n t 
Kilns, and  in d u s tr ia l fu rn aces  gen e ra lly .

SILICA BRICKS
F o r use in  S tee l F u rnaces , C o n v e rte rs , G as R e to rts , 
C oke O vens, G lass T an k s, e tc .
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PIG-IRON
Foundry Iron.—No. 3 I r o n ,  C l a s s  2 Middlesbrough, 

(til 10s.; B irmingham, £11 4s. 6d.
Low-phosphorus Iron.— Over 0.10 to  0.75 per cent. P , 

£13 Os. 6d., delivered Birmingham. Staffordshire b last­
furnace low-phosphorus foundry iron (0.10 to  0.50 per cent. 
P, up  to  3 per cent. Si), d /d  w ithin 60 miles o f Stafford, 
£13 12s. 3d.

Scotch Iron.—No. 3 foundry, £13 Is., d /d  Grange­
m outh.

Cylinder and Refined Irons.—N orth  Zone, £15 7 s . ; 
South Zone, £15 9s. 6d. ^

Refined Malleable.—P, 0.10 per cent. m ax.—N orth  Zone, 
£14 1 2 s.; South Zone, £14 14s. 6d.

Cold Blast.—South Staffs, £17 5s. 6d.
Hem atite.— Si up  to  2} per cent., S. & P. over 0.03 to 0.05 

per cent. :—N.-E. Coast and N.-W . Coast of England, 
£12 17s.; Scotland (Scotch iron), £13 3s. 6d. ; ShefSeld, 
£13 13s. 6 d . ; Birmingham, £14 0s. 6d.; W ales (Welsh iron), 
£13 3s. 6d.

Spiegeleisen.— 20 per cent. Mn, £18 15s. 9d.
Basic Pig-iron.— £11 15s. 6d. a ll districts.

FERRO-ALLOYS
(P e r  ton u n le ss otherw ise stated, delivered.)

Ferro-silicon (6-ton lots).— 40/65 per cent., £40 15s., 
basis 46% Si, scale 15s. 6d. per u n i t ; 70/84 per cent., £56 
2s. 6d., Lasis 75% Si, scale 16s. per unit.

Silicon Briquettes (6-ton lo ts and over).—21b. Si, 
£48 5s. ; lib . Si, £49 5s.

Ferro-vanadium.— 50/60 per cent., 15s. per lb. o f V.
Ferro-molybdenum.—65/75 per cent., carbon-free, 9s. 6d. 

per lb. of Mo.
Ferro-titanium .— 20/25 per cent., carbon-free, £175 ; ditto , 

oopper-free, £190.
Ferro-tungsten.—80/85 per cent., 33s. per lb. of W.
Tungsten Metal Powder.—98/99 per cent., 35b. per lb. 

of W.
Ferro-chrome (6-ton lots).— 4/6 per cent C, £74, basis 60% 

Cr, scale 24s. 6d. per u n i t ; 6/8 per cent. C, £70, basis 60% Cr, 
scale 23s. 3d. per u n i t ; m ax. 2 per cent. C, Is. 8}d. per lb. 
C r ; m ax. 1 per cent. C, Is. 8Jd. per lb. C r ; m ax. 0.15 per 
oent. C, Is. 9}d. per lb. C r .; m ax. 0.10 per cent. C, Is. 9 |d . 
per lb. Cr.

Chromium Briquettes (5-ton lots and over). —1 lb. Cr, 
£78 9s.

Cobalt.—98/99 per cent., 17b. 6d. per lb.
Metallic Chromium.— 98/99 per cent., 5b. l id .  per lb.
Ferro-manganese (blast-furnace). — 78 per cent., 

£39 17s. Id.
Manganese Briquettes (5-ton lots and over).—21b. Mn, 

£49 10s.
Metallic Manganese.— 96/98 per cent., carbon-free, 

£215 per ton.
SEMI-FINISHED STEEL

Re-rolling Billets, Blooms, and Slabs.— B a s i c  : Soft, u .t., 
£21 6s. 6 d . ; tested, 0 08 to  0.25 per cent. C (100-ton lots), 
£21 16s. 6 d . ; hard (0.42 to  0.60 per cent. C), £23 1 4 s.; silico- 
m anganese, £29 10s.; free-cutting, £24 10s. 6d. S ie m e n s  
M a r t i n  A c id  : Up to  0.25 per cent. C, £27 U s .;  case- 
hardening, £27 1 9 s.; silico-manganese, £30 11s. 6d.

Billets, Blooms, and Slabs for Forging and Stamping.—
Basic, soft, up to 0.25 per cent. C, £25 15s.; basio, hard, 
over 0.41 up to  0.60 per cent. C, £26 1 5 s .; acid, up to 
0.25 per cent. C, £28 4s.

Sheet and Tinplate Bars.— £21 16s.

FINISHED STEEL
Heavy Plates and Sections.—Ship plates (N .-E. Coast), 

£25 6s. 6 d .; boiler plates (N.-E. Coast), £26 14s.; chequer 
plates (N.-E. Coast), £26 15s. 6 d .; heavy joists, sections, and 
bars (angle basis), N .-E . Coast, £23 15s. 6d.

Small Bars, Sheets, etc.—Rounds and squares, under 3 in., 
untested, £27 1 1 s.; flats, 5 in. wide and under, £27 1 1 s.; 
hoop and strip , £28 6s.; black sheets, 17/20 g., £35 15s. 6 d .; 
galvanised corrugated sheets, 17/20 g., £49 18s. 6d.

Alloy Steel Bars.— 1-in. dia. and up : Nickel, £44 17s. 3d .; 
nickel-chrome, £65 2s. 9d. ; nickel-chrome-molybdenum, 
£72 10s. 3d.

Tinplates.—54s. 8}d. per basis box.

NON-FERROUS METALS
Copper.—Electrolytic, £234 ; high-grade fire-refined, 

£233 1 0 s.; fire-refined of not less th an  99.7 per cent., £233 ; 
d itto , 99.2 per cent., £232 10s. ; black hot-rolled wire 
rods, £243 12s. 6d.

Tin.—Cash, £935 to £940 ; three m onths, £890 to £895; 
settlem ent, £935.

Zinc.—G.O.B. (foreign) (duty  paid), £190; ditto  
(domestic), £190 ; “  Prim e W estern,” £190 ; eleotrolytio, 
£194 ; n o t less th an  99.99 per cent., £196.

Lead.— Good soft pig-lead (foreign) (du ty  paid), £180 ; 
d itto  (Empire and domestic), £180 ; “  English,”  £181 10s.

Zinc Sheets, etc.—Sheets, 15g. and thicker, all English 
destinations, £210 10s. ; rolled zinc (boiler plates), all English 
destinations, £208 1 0 s.; zinc oxide (Red Seal), d /d  buyers’ 
premises, £205.

Other Metals.—Aluminium, ingots, £124; antim ony, 
English, 99 per cent., £390; quicksilver, ex warehouse, 
£73 5s. to  £73 15s. ; nickel, £454.

Brass.— Solid-drawn tubes, 25 id . per l b . ; rods, drawn, 
28}d . ; sheets to  10 w.g., 3 0 } d .; wire, 31 £d . rolled m etal, 
28Jd.

Copper Tubes, etc.— Solid-drawn tubes, 26gd. per lb.; 
wire, 261s. 9d. per cwt. b a s is ; 20 s.w.g., 288s. 9d. per cwt.

Gunmetal.—Ingots to BS. 1400—LG2— 1 (85/5/6/6), 
£277 to  £281 ; BS. 1400— LG3— 1 (86/7/5/2), £282 to  £300; 
BS. 1400—G l— 1 (88/10/2), £330 to  £360 ; A dm iralty GM 
(88/10/2), virgin quality , £350 to  £360 per ton , delivered.

Phosphor-bronze Ingots.—P.B1, £355 to £390; L.P.B1, 
£316 to  £322 per ton.

Phosphor Bronze.— Strip, 38Jd per lb.; sheets to 10 w.g., 
4 0 |d . ; wire, 4 3 } d .; rods, 38}d. ; tubes, 3 7 d .; chill cast 
b a r s : solids 4s., cored, 4s. Id . (C. C l u t o b d  & S o n ,  
L im i t e d . )

Nickel Silver, etc.—Ingots for raising, 2s. 7Jd. per lb. (7%) 
to 3s. 7}d. (30% ); rolled m etal, 3 in. to 9 in. wide X 
.056, 3s. l i d .  (7% ) to 4s. l}d . (30% ); to  12 in. wide X 
.056, 38. IJd . to  4s. l j d . ; to  25 in . wide X .066, 3s. 3}d. 
to 4s. 3}d. Spoon and fork m etal, unsheared, 2s. 10}d. to 
3s. 10}d. W ire, 10g., in coils, 3s. 7}d. (10% ) to  4s. 7d. 
(30% ). Special quality  tu rn ing rod, 10%, 3s. 6 } d .; 
15%, 3s. l i d . ; 18%, 4s. 3}d. All prices are net.


