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in ‘smoothing' the internal combustion engine is the 
Chrysler-Metalastik system of ‘Floating Power.'

The two basic features of this system are:—

1. The geometry, which is such that the rocking axis 
passes through the C.G . and through the universal 
joint centre, thus avoiding ‘shaftwagging’—with 
obviously desirable results. About this axis are 
disposed rubber cushions having a substantial 
'moment' about the crankshaft axis, which pro
gressively oppose torque .reaction.

2. The Metalastik rubber-to-metal weld, without
which the system could not have attained its_
success.

'Floating Power' (fully patented) is applicable to both 
Petrol and Diesel Engines and is used on millions of 
vehicles, both in America and European Countries.

★  The other is the 
Metalastik 
torslonal-vibratlon 
damper.M ETALAStl lC

One of the two greatest advances

L T D . .  L E I C E S T E R

For Petrol and 
Diesel Engines
C H R Y S L E R -

M E T A L A S T I K
S Y S T E M
Fully Patented
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D I B D A L E  W O R K S ,  D U D L E Y ,  W O R G S
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W h e n  t o  u s e

I n  d  u  s  t  r  i a  I 

X - r a y  F i l m

M  E T T A R A Y
F o r  th e  ro u tin e  in sp ectio n  o f ligh t m etal 
an d  a llo y  castings, an d  for genera l c ry s ta llo 
g ra p h y  use E n s ig n  M e tta ra y  In d u s tr ia l 
X - R a y  F ilm . T h is  is a fast non-screen 
X - R a y  film  of v e ry  fine de fin itio n  an d  
w e ll-b a lan ced  co n trast designed  to p ro d u ce  
rad io g rap h s  o f m ax im um  de ta il w ith  
m in im um  exposures.

M  E T T A S C  R E E N
F o r  the  ra d io g ra p h ic  in sp ectio n  o f h e av ie r  
types of m etals use E n s ig n  M e tta sc re en  
In d u s tr ia l X - R a y  F ilm  w ith  in ten s ify in g  
screens. M e tta sc re e n  is p a r t ic u la r ly  w ell 
su ited  fo r th is  pu rp ose  b e cau se  its h ig h  
speed  perm its th e  exposure  tim e to be re 
d u ce d  to a  m in im um , and , s in ce  it m a in ta in s  
its w e ll-b a lan ce d  co n trast th ro u g h o u t the  
w h o le  exposure-range , flaw  d e tectio n  is 
g re a tly  fac ilita ted .

M e tta sc re en  used w ith o u t screens is 
recom m ended  fo r th e  ra d io g ra p h y  of a ll 
sub jec ts  h a v in g  a  w id e  ran g e  of th ickness .

The services of the Ensign Technical Department are available 
to deal with enquiries regarding Ensign Industrial X-Ray 
Films. Firms are invited to communicate with AUSTIN 
EDWARDS LTD., ENSIGN FILM WORKS, WARWICK. 
(Manufacturers of X-Ray Films for nearly 30 years.)
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ILFORD Lead Screens
f o r  I n d u s t r i a l  R a d

200 kVp 10 mA 5 m m. 36 in. 200 kVp 10 m A 3 m m . 36 in.

ILFORD LEAD SCREENS IMPROVE RADIOGRAPHIC QUALITY
Every discerning industrial radiographer is aware of the beneficial action ot lead 
foil placed in contact with each side of the film in overcoming the harmful effects 
of scattered radiation.
Ilford Limited have made a thorough investigation into the problem o f findirg 
the most suitable lead alloy and of determining the optimum thickness of the foil. 
As a result they are now able to supply at economical prices lead screens consisting 
of front and back thicknesses of foil made of a lead alloy specially selected for its 
durability and radiographic efficiency. Ilford Lead Screens afford the following 
advantages :—
1 M a x im u m  r e d u c t io n  o f  s c a t t e r e d  r a d i a t io n  r e a c h in g  t h e  f i lm  g iv in g  th e  

g r e a t e s t  p o s s ib le  im p r o v e m e n t  in  c o n t r a s t .
2  R e d u c t io n  o f  e x p o s u r e  t im e s  u p  t o  50 p e r  c e n t .
3 C o m p le t e  f r e e d o m  f r o m  g r a in .
4  D e f in i t io n  in d is t in g u is h a b le  f r o m  t h a t  o b t a in e d  w i t h  n o n - s c r e e n  e x p o s u r e s .
5 M a x im u m  f l e x ib i l i t y  a n d  p l i a b i l i t y .  .
6 M a x im u m  h a r d n e s s  o f  s u r f a c e  c o m p a t ib l e  w i t h  a  u s e fu l  in t e n s i f y in g  a c t io n .

Descriptive pamphlet is available on application

I L F O R D  L I M I T E D  • I L F O R D  • L O N D O N
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 hu t if she worked in a wartim e factory she would also love the good
lighting w ithout which she could not keep up her high rate of output. 
Incorrect lighting is a drag upon workers’ health  and dulls enthusiasm , 
whilst correct lighting prom otes increased production. I f  your installation 
needs better planning or changes are required to  take care of new' processes, 
or extensions are necessary— consult the G.E.C.
Take advantage of the knowledge G.E.C. lighting specialists have gained 
in helping w artim e factories tow'ards full production.

C o n su Û  f /te

F O R  A N Y  S T A N D A R D  O F  

I L L U M I N A T I O N

Advt. of The General Electric Co., Ltd., Magnet House. Kingsway, 'H.C.l. I.E. I7
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•  A r e  a l l  s t e a m  p i p e s  w e l l  i n s u l a t e d ?

•  I s  t h e r e  a n  a i r  l e a k a g e  ?

•  A r e  a l l  v a l v e s  i n  o r d e r ?

•  I s  t h e  d a m p e r  c o n t r o l  e f f i c i e n t  ?

D O N ’ T  C L A I M  

T H A T  Y O U R  P L A N T  

I S  I N  O R D E R

until you’ve 
read this—

,c^ n „

THE * A'*TEtlAN't
° l
0,LE« plant

Lt1,\ s„

Fuel Efficiency Bulletin No. 38— 
“ The Maintenance of Industrial 
Boiler Plant ” offers under one 
cover much useful information. 
It not only lists many common 
and uncommon maintenance 
problems, but describes how 
to deal with them. It is a 
handbook for the man on the 
job—it is up to management to 
see he gets it.

T h i s  B u l l e t in  h a s  b e e n  p r e p a r e d  
f r o m  th e  p r a c t i c a l  e x p e r ie n c e  o f  
R e g io n a l  F u e l  E f f ic ie n c y  C o m 
m it te e s .  T h e  f o l lo w in g  s h o w s  w h a t  
e c o n o m ie s  c a n  b e  m a d e .

A  L A R G E  I N D U S T R I A L  P L A N T  c o n 
s u m in g  a b o u t  8Q0 to n s  o f  c o a l  p e r  
w e e k .  A s  th e  r e s u lt  o f  a i r  in f i l t r a 
t io n ,  th e  C O 2 v a lu e  w a s  o n ly  
3 .5 — 5 % .  F a n  p o w e r  h a d  to  b e  
s te p p e d  u p  to  m a in t a in  d r a u g h t ,  
a c t u a l l y  c a u s in g  b o i le r  v ib r a t io n .  
E l im in a t i o n  o f  a i r  le a k s  a n d  s h o r t  
c i r c u i t in g ,  to g e th e r  w i t h  im p r o v e 
m e n ts  t o  la g g in g  a n d  f i r in g  s t a n d a r d s ,  
re s u lt e d  in  a  3 0 %  s a v in g  in  fu e l  a n d  
a ls o  b e t t e r  s t e a m in g  c o n d i t io n s .

Additional copies of the Fuel Efficiency Bulletins and 
Fuel Watchers’ badges can be obtained from the 
Regional Offices of the Ministry of Fuel and P o w e r .

' i s s u e d  b y  t h e  m in is t r y  o f  f u e l  a n d  p o w e r



P h o t o g r a p h y  c a n  a i d  

a c t u a l  p r o d u c t i o n  i n  w o r k s
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Handley-Page Ltd., London, N.W.2.

One of the most important 
applications o f photography 
to industry is its use as a 
means of copying engineering 
drawings on to metal, wood, 
etc.

Illustrations by courtesy of Handley-Page Ltd.
Dept. 66,

K O D A K  L T D .  y K 1 N G S W A Y ,  L O N D O N ,  W .C .2 .

In  this process the metal, 
or other substance, is first 
given a light-sensitive surface 
by means o f ‘Kodak’ Transfer 
Sensitising paper, and the 
drawing is then photographed 
on to it.

( I )  Original drawing as prepared by draughtsman.

The normal method of 
carrying out such copying is, 
o f course, by means of hand 
scribing, but the photo
graphic method offers two 
advantages over the manual 
m ethod: (1) M uch  greater 
speed (2) The  drawing can 
be reproduced any number of 
times without variation, and 
the possibility of variations 
between finished templates 
or parts which are intended 
to be identical is therefore 
reduced.

(2 ) The drawing is photographed on to steel and a 
template is made,

Industrial firms wishing to 
investigate the possibilities 
of this method should write (3 ) The finished part installed in a Halifax aircraft.
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E n g l is h  : N o s . 206S 6 " ; ’*206 6 " ; 209 9 " ; 212 12".

M e t r i c  : N o s . 2 I5 S  15cm. ; *215 15cm. ; 225 25cm . ; 230 30cm.

D u p le x  : N o s . 2 06 SEM  6 " &  15cm. ; *2 0 6 EM  6" &  15cm.
209EM  9" &  25cm . ; 2 I 2 E M  12" &  30cm .

* Knife-edge jaws.

M ad e to  h ighest po ss ib le  stan d a rd s ot a ccu racy  and 
fu lly  g u a ran teed . H a rd e n e d  and g ro u n d  jaw s ; 
can be used fo r  in s ide  and o u ts id e  m easu rem en ts . 
G ra d u a te d  in  40ths o f an inch , w ith  v e r n ie r  read ings 
in lOOOths, o r  in i  m m ., w ith  v e r n ie r  read ings in 
SOths o f m m . Packed  in p lush-lined  m ah og any  case.

B R I T I S H  N . S . F .  C O M P A N Y  L T D

K E I G H L E Y ,  Y O R K S .
Lo n d o n  O ffic e  : 25, M a n c h e s te r  Sq ., W . I  

Agents : Stedall Machine Tool Co.,
147-155 St. John St., London. E.C.I. Phone: Cierkenwell 1010(10 lines)

R e d u c e  

I d l e  T i m e !

H o w  to  g e t  s i x t y  f u l l  m in u t e s  e f f e c t i v e  p r o d u c t i o n  
t im e  o u t  o f  e a c h  h o u r  o f  a t t e n d a n c e  t im e  ?  T h a t  

h a s  a l w a y s  b e e n  o n e  o f  I n d u s t r y ’s  c h i e f  a n d  
c o n s t a n t  s t r u g g le s .  T o d a y  T . R .  T i m e  C o n t r o l  
S e r v i c e  i s  l e n d i n g  v a l u a b l e  a i d .  I t  e s t a b l i s h e s  
a  s t a n d a r d  F a c t o r y - t i m e  ; e x p o s e s  I d l e  T i m e  a n d  

p r o v i d e s  t h e  b a s i s  f o r  d e p e n d a b l e  t im e  c o s t s .  T . R .  T i m e  C o n t r o l  i n t r o 
d u c e s  t im e  p r e c i s i o n  a n d  e n c o u r a g e s  t im e  d i s c i p l i n e ,  w h i c h  i n  t u r n  e n s u r e s  
f a i r  p l a y  a n d  a  s q u a r e  d e a l  b e t w e e n  W o r k e r s  a n d  M a n a g e m e n t .  T h e r e  

c a n  b e  n o  W a g e - t im e  d i s p u t e s  w h e r e  t h i s  T . R .  s e r v i c e  i s  i n s t a l l e d .

Installation Companies 1  1  -  1

*• c" ‘" i BîEüüoîiG itsnuls
■  LTD

KENT HOUSE, KNIGHTSBRIDGE, LONDON, S.W.7

T E L E C O M M U N IC A T IO N  • M U S IC  F O R  W O R K E R S  • T IM E  R E C O R D IN G

GD6



1 5 - 1 9  C A V E N D I S H  P L A C E ,  L O N D O N ,  W . 1  •  L A N g h o m  4 0 7 4

Birmingham— 55 Pershore Street M idland 2110
Manchester— Milne Buildings, 66 Mosley Street Central 0275 
Glasgow— 2 F itiro y  Place Douglas 1884
Bristol— 73 Queen Square Bristol 20890

S PECIALISTS IN  THE USE O F X -R A Y S  IN  EN GIN EERING A N D  IN D U STR IA L  PROB LEM S

C a n  t h e  

I f  t h e

April, 1945

D a n g e r  s p o t s  i n  h i g h l y - s t r e s s e d  

a i r c r a f t  c a s t i n g s  s h o u l d  b e  c a u g h t  
b y  t h o r o u g h g o i n g  x - r a y  i n s p e c t i o n  

b e f o r e  a s s e m b l y  —  l e s t  t h e y  l i e  

b i d d e n  t i l l  f a i l u r e  c o m e s  a t  a  

c r i t i c a l  m o m e n t .

X - r a y  i n s p e c t i o n  o f  w a r p l a n e  p a r t s  

i s  t o o  v i t a l  t o  b e  e n t r u s t e d  t o  a n y  

b u t  t h e  m o s t  r e l i a b l e  e q u i p m e n t  

o b t a i n a b l e — w i t h  a n  e f f i c i e n t  a n d  
a c c e s s i b l e  s e r v i c i n g  o r g a n i z a t i o n  t o  

a s s u r e  i t s  u n i n t e r r u p t e d  o p e r a t i o n .

A d v t s .  ix

P l a n e  “T a k e  I t ” 

C a s t i n g s  C a n ’ t ?

T h e  c o m p a c t ,  s h o c k p r o o f  V i c t o r  

K X - 1 4 0  i n s p e c t i o n  u n i t  f o r  l i g h t  

m e t a l  c a s t i n g s  i s  d e s i g n e d  e x p r e s s l y  

t o  m e e t  t h e  n e e d s  o f  t h e  a i r c r a f t  a n d  

r e l a t e d  i n d u s t r i e s .  D e t a i l e d  i n f o r m 

a t i o n  o n  r e q u e s t  t o  D e p t  I E / 1 7 .

LIGHT METALS

V I C T O R  X - R A Y

C O R P O R A T I O N ,  L t d .



X  A d v ts .  L IG H T  M E T A L S  A p r i l ,  1 9 4 5

A l u m i n i u m  C o r p o r a t i o n  

L i m i t e d

INVITE 
ENQUIRIES 

FOR 

CIVIL USES

Temporary Head Office :

T e le p h o n e : D o lg a rro g  21 I T e le g ra m s : F lu x o d e , D o lg a rro g

d e c is iv e  a d v a n t a g e s

IVO Salt Baths are A.I.D. 
approved and used by many 
of the leading ai rcraft 

manufacturers.

1 V 0  E N G I N E E R I N G  
A N D  C O N S T R U C T IO N  

CO ., L T D .,
WOOD LANE, LONDON,W.12
Telephone SHE. 4382/6

1 .  C O N S I S T E N T L Y  H I G H  E F F I C I E N C Y

2 .  S I M P L I C I T Y  I N  O P E R A T I O N

3 .  F U E L  E C O N O M Y

The low operating costs of IVO Salt Baths quickly 
repays the initial outlay. They can be fired by coal, 
gas or oil and the change-over takes about 30 minutes

DELIVERY FROM STOCK OF M A N Y  SIZES

I V O
SALT BATHS
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T h e  i ' 'u ?w a l2 \ i l ^ h e B a Ckcd-up
re la tiv e  s ize s  ^  ̂ ^  h&v b  n 

R o lle r Lev \Y rig h ts°n  & L , "
b u ilt  b y  Head- ■ w lR e
L td ., t ip  to. co n t in u a lly  ex - 

ra T d ’S l f V u  req u ire  a RoU^
L e v e lle r ,  of w h a te ve r  size, send 

u s  yo u r en q u iries .

H E A D ,  W R I G H T S O N e C L ™
Consultants, Designers and Builders to the Steel and Non-Ferrous Industries 

T H O R N A B Y - O N - T E E S

58-1..3



|Ht HMDS! ALUMIIVIIIM CII. LID. SAIISBIWV HORSE LOWS WAIL LONDON EC!
__________“Telephone CLErkenwell 349J

P OWE 11 T R A \ S M1 S S I  Oi\

A  L I  iV I  1 1 \  1 1 M
A c  t h e i r  i n t r o d u c t i o n ,  p l a i n  a l u m i n i u m  c o n 
d u c t o r s  b r o u g h t  e c o n o m y  in  c a p i t a l  c o s t s .  
T h e  d e v e l o p m e n t  o f  s t e e l - c o r e d  a l u m i n i u m  
i n c r e a s e d  t h e  e c o n o m y  f a c t o r  c o n s i d e r a b l y  
b e c a u s e  t h e  g r e a t  s t r e n g t h  o f  t h e  c o n d u c t o r  
m a d e  p o s s i b l e  l o n g e r  s p a n s ,  w i t h  c o r r e s 
p o n d i n g l y  f e w e r  s u p p o r t s  a n d  h e n c e  f e w e r  
p o t e n t i a l  s o u r c e s  o f  w e a k n e s s ,  r e d u c i n g  
m a i n t e n a n c e  c o s t s .  T h a t  t h e s e  e c o n o m i e s  
a r e  c o u p l e d  w i t h  r e l i a b i l i t y ,  e x p l a i n s  t h e  
p h e n o m e n a l  g r o w t h  o f  S.  C .  A .  m i l e a g e  all 
o v e r  t h e  w o r l d  . . . d u r i n g  t h e  l i f e t i m e  of 
t h e  B r i t i s h  A l u m i n i u m  C o .  L td
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Dealing Authoritatively 
tvith the Production, Uses 

and Potentialities of 
Light M etals a n d  

their Alloys

E .  J .  G R O O M , M . In s t .M E T

Offices:
B O W L IN G  G R E E N  L A N E ,  

L O N D O N . E .C .I

E D I T O R I A L  O P I N I O N

S o  L o n g  S i n c e  W e  M e t !

A S a prelude, it is hoped, to full co-operation between the interested
parties in the near future, alum inium  and the civil consumer are, after
five years intensive preoccupation with the w ar effort, to be accorded

a ceremonial réintroduction. This is to take place in May at
Messrs Selfridge, L td ., who, with the jo in t assistance of the principal p ro 
ducers, fabricators and founders in the country, will open to the public an 
exhib ition , (to be located there for one month) designed to illustrate the role 
of light metal in its transition from w ar to peace.

Responsible for the organization of the exhibition is a committee composed 
of representatives of Messrs. Selfridge, the principal aluminium producers, 
fabricators and founders, the W rought L ight Alloys Development Association, 
and the technical Press. The committee has been assisted in its work by the 
willing co-operation of m any m anufacturers and individuals outside the 
alum inium  industry proper.

It is not proposed a t this juncture to attem pt to describe in detail the 
full range of work to be shown ; of greater im portance is the fact that, in 
this presentation of the alum inium  story, continuity is to be, throughout, 
the guiding principle. This conception will be adhered to in every aspect, 
w hether the developm ent of civil aircraft components from their war-time 
counterparts is being dem onstrated, or whether the life history of the metal 
is being told as in the m ural motifs, by means of which visitors will be 
presented, at a glance, with a synopsis of the background to the metal as 
the lay public encounters it.

Somewhat naturally, those phases of the exhibition devoted to the peace
time uses of alum inium  will occupy greater floorspace than  the war-time 
applications ; the form er are, essentially, of a more bulky and expansive
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nature, the latter being entirely utilitarian, and calculated, principally, on 
the basis of maxim um  weight reduction and maxim um  ease of production 
and assembly consistent w ith Service requirements.

L igh t metals in the home w ill be illustrated m ain ly in group exhibits. 
A lum inium  in house construction, representing as it m ay well do an
important application for the metal, w ill be shown not only in the form of 
a complete assembly, but also further emphasized by the inclusion of
especially prominent features, such as doors and w indow frames of special 
design. Here, too, the murals w ill assist in the continuity as they, too, w ill 
be eloquent of the decorative value of the metal. Ind iv idual items in the
house, such as the kitchen and the bathroom, w ill be exhibited to show not
only the trend in modern designs, but also the w ay  in which light metals can 
assist in the realization of combined functional and artistic ends.

I t  is possible, too, that the trained eye m ay see in the application of these 
easily worked materials, a v ita l clue to that speeding up of reconstruction 
and re-creation now' being insisted on both by the general public and 
authoritative bodies, not on ly in this country? but also abroad. In  short, it 
m ay be anticipated that the exhibition w ill go far to stimulate the interest 
of buyers of British  goods in overseas markets.

A  further phase of the aspect of continuity might here be pointed o u t : the 
ready ava ilab ility  of alum inium  and its light alloys in standard sheet and 
extruded forms offers a direct and sound solution to more than one problem 
in quantity p roduction ; honest design and workmanship are both equally 
assisted. The use made of alum inium  tube and sections, sheet and castings 
w ill be seen to extend from the most complex item of w'ar-time equipment to 
the purely? decorative feature in the drawing-room.

N o r is this a l l ; the continuity and permanence of im aginative work based 
principally? on metals demands, like successful hum an effort, sound team-w'ork. 
In  the exhibition, light metals w ill be seen play?ing their part, side b y  side 
not only w ith other metals but, in addition, w ith non-metals, particu larly 
the newer plastics. N o  more convincing proof could be asked of aluminium, 
on this the centenary of its first definite isolation, than that it has attained fu ll 
equality w ith  its elders in the ranks of structural materials.
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A lu m in iu m  a n d  M a g n e s iu m  A llo y s  in

L I G H T  E N G I N E E R I N G

Presenting the F i r s t  P a r t  o f  a D e ta ile d  Survey o f  the 
A p p lic a tio n s  o f  F ig h t  M eta ls  f o r  a W id e  V a r ie ty  o f  S m a ller  
S tructures where L o w  D eadw eigh t is  o f  P r im a ry  Im portance

T H E  a p p l ic a t io n s  o f  l ig h t  a l lo y s  in  h e a v y  
e n g in e e r in g  w e re  s u r v e y e d  in  a  p r e v io u s  

a r t ic le .  T h e  a p p a r e n t  in c o n g r u i t y  o f  l ig h t  
a l lo y s  a n d  h e a v y  e n g in e e r in g  w a s  re m a rk e d  
u p o n , a n d  th e n  w i t h  th e  a id  o f  n u m e ro u s  i n 
s ta n c e s  f r o m  e n g in e e r in g p r a c t ic e ,  r e m a rk a b le  
s e r v ic e a b i l i t y  o f  th e  p a r tn e r s h ip  i n  m a n y  
a p p l ic a t io n s  w a s  d e m o n s t r a te d .  I n  l ig h t  e n g i
n e e r in g ,  a lu m in iu m  a n d  m a g n e s iu m  a l lo y s  
w o u ld  a p p e a r  o b v io u s ly  to  b e  m o re  in  t h e ir  
o w n  e le m e n t  a n d ,  a f t e r  su c h  a n  e x c e l le n t  
r e c o rd  i n  h e a v y  e n g in e e r in g ,  o n e  m ig h t  
e x p e c t  g r e a t  th in g s  o f  th e  l ig h t  m e ta ls  in  
th o s e  b ra n c h e s  o f th e  e n g in e e r in g  in d u s t r y

in  w h ic h  m a t e r ia l  is  d e a l t  w i t h  o n  a  less  
m a s s iv e  sca le . I n  a c t u a l  f a c t ,  th e  r e s u lt  is  
n o t  d is a p p o in t in g ,  fo r  m a n y  a p p l ic a t io n s  o f 
t h e  l ig h t  a n d  u l t r a - lig h t  a l lo y s ,  so m e  o f  th e m  
h ig h ly  o r ig in a l  w h i ls t ,  a t  th e  s a m e  t im e ,  
q u it e  p r a c t ic a l ,  d e m o n s t ra te  th e  r e m a rk a b le  
v e r s a t i l i t y  o f  th e se  m e ta ls  a n d  th e  b e n e f its  
w h ic h  a c c ru e  f r o m  u s in g  th e  r ig h t  m a t e r ia l  
in  th e  r ig h t  p la c e .*

I n  o rd e r  t h a t  th e  c o n te n ts  o f  th is  r e v ie w  
c a n  b e  seen  in  t h e ir  p ro p e r  p e r s p e c t iv e  a n d  
to  l in k  to g e th e r  w h a t  m ig h t  o th e rw is e

* Certain illustrations referred to in this section of 
the account will appear in the concluding section.

C C H E M A T I C  v ie w  of m ach in e  sho p  sh o w in g  possib le  po in ts fo r the  a p p lica tio n  o f ligh t a llo ys  : 
’ , L 1 nno-mie f 0nSt,? CteiT ^ b s t a n t ia l ly  of lig h t a llo ys  an d  w e igh in g , fo r un its  o f 1-3 h .p ., no t 

m ore th a n  10-23 kilos . 2.— P u lle y . 3.— H o ist, illu stra ted  in  g rea ter d e ta il on  a  sub seq uen t 
p ag e  in  th is  a cco u n t. 4.— D y n a m o  w ith  end  caps, cas ing , etc., in  ligh t a llo ys . 5.— Ste p p ed  
p u lle y  : th e  rem a in ing  tools sh o w n  in  th is  illu s tra tio n  a re  p ro v id ed  w ith  flex ib le  d rive s  ru n n in g  
in  flex ib le  a lum in iu m  tube. 6.— H a n d  d rill p ro v id e d  w ith  su itab le  red u ctio n  gear. 7.— Sm a ll 
h a n d  sh ap e r « .— Sim p lex  typ e  reb a tin g  p lan e . 9.— U n ic  typ e  p la n e . 10— H a n d - sa n d in g  
m ach in e . I I .  o u r fa ce  g rinder. (R e p ro d u ce d  from  “ R e v u e  d e  l 'A lu m in iu m .”
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a p p e a r  to  b e  a  se r ie s  o f  d is jo in te d  d e s c r ip 
t io n s  o f  m a c h in e  to o ls  a n d  o th e r  a p p lia n c e s ,  
i t  w i l l  n o t  b o  r e d u n d a n t  to  c o m m e n c e  w ith  
a  s u m m a r y  o f so m e  re c o rd e d  e x a m p le s .

A  m o s t  o b v io u s  a p p l ic a t io n ,  a n d  o n e  in  
w h ic h  b o th  a lu m in iu m  a n d  m a g n e s iu m , 
e i th e r  a s  c o m m e r c ia l ly  p u re  m e ta l  o r  as 
a l lo y s ,  h a v e  a l r e a d y  f ig u re d , is  in  th e  case  
w o r k  o f p o r ta b le  o r  h a n d  to o ls . T h e  fu n c 
t io n  o f th e  l ig h t  m e ta l  h e re  is  a  .secon d ary  
o n e , b u t ,  n e v e r th e le s s ,  th e  s a v in g  in  w e ig h t  
is im p o r t a n t  a n d  a  v a lu a b le  c o n t r ib u t io n  
to w a r d s  th e  r e d u c t io n  o f f a t ig u e  a n d  th e  
e l im in a t io n  o f e r ro rs  a n d  m is h a p s  c o n s e q u e n t  
u p o n  th e  fa t ig u e  o f th e  o p e ra to r .  P o r t a b le  
g r in d e rs ,  p n e u m a t ic  a n d  e le c t r ic  d r i l ls ,

e m p lo y e d  in  p e rm a n e n t  m a g n e t  a s se m b lie s  
u se d  in  c e r ta in  a p p l ic a t io n s  in  e n g in e e r in g ,  
w h i ls t ,  in  c o m b in a t io n  w i t h  i r o n  a n d  n ic k e l  
o r  w i t h  ir o n ,  n ic k e l  a n d  c o b a lt ,  a l lo y s  w i th  
p a r t i c u la r l y  w e ll- d e v e lo p e d  p ro p e r t ie s  o f  p e r 
m a n e n t  m a g n e t is m  a re  p ro d u c e d  w h ic h  h a v e  
a l r e a d y  fo u n d  a p p l ic a t io n ,  f o r  e x a m p le ,  in  
th e  c o n s t ru c t io n  o f m a g n e t ic  c h u c k s .

I n  m a c h in e r y  fo r  th e  w o r k in g  o f b o th  
w o o d  a n d  m e ta ls ,  l ig h t  m e ta ls  fu l f i l  f u n c 
t io n s  o f  p r im a r y  a s  w e l l  a s  s e c o n d a r y  
im p o r ta n c e .  I n  th e  la r g e r  m a c h in e s ,  su c h  a s  
r a d ia l  d r i l ls ,  la th e s  a n d  ra m s , l ig h t  a l lo y s  
h a v e  b e e n  e m p lo y e d  fo r  a  n u m b e r  o f  th e  
la rg e r  c o m p o n e n ts  w i t h  th e  o b je c t  o f 
re d u c in g  th e  in e r t ia  o f  r e c ip r o c a t in g  p a r ts .

C  M O W N  at th e  left is a  
x_) P re n t ic e  14-in. la th e  em 
b o d y in g  nu m erous a lu m in 
ium  a llo y  e lem ents a n d  d e 
s ign ed  sp e c ia lly  fo r use on 
U .S .  n a v a l cra ft. T h e  
s tan d a rd  iro n  an d  steel 
m ode l w e i g h s  3,600 lb ., 
w h ils t  th is  p a tte rn  sca le s  at 
3,000 lb . S h o w n  b e lo w  is 
p a rt o f a  p re c is io n  la th e  w ith  
co ve rs  o f a lum in iu m  m a n u 
fa c tu red  b y  Sc h a u b la in -  
V ille n e u ve , B e v ila rd .

p o lis h e rs ,  e n g r a v in g  m a c h in e s ,  la rg e  b ra c e s  
a n d  h a n d - la p p in g  to b ls  a r e . a l l  in s ta n c e s  o f 
th is  t y p e  o f  a p p l ic a t io n .  . W e ld i n g  to rch e s , 
s p r a y  g u n s , j ig s  a n d  g a u g e s  h a v e  been  p r o 
v id e d  w i t h  l ig h t- m e ta l c o m p o n e n ts  fo r  th e  
sa m e  re a s o n . A n  a d d i t io n a l  a d v a n ta g e  o f 
a lu m in iu m  fo r  th e  f a b r ic a t io n  o f  j ig s  a n d  
g au g e s  is t h a t  i t  c a n  b e  a n o d iz e d  a n d  d y e d  
to  a  je t  b la c k  c o lo u r  o f  r e m a r k a b ly  lo w  
r e f le c t iv i t y  w h ic h  la r g e ly  e l im in a t e s  th e  e y e  
s t r a in  w h ic h  r e s u lt s  .from  th e  c o n s ta n t  h a n d 
l in g  o f a b r ig h t  s te e l o b je c t  u n d e r  a r t i f i c ia l  
o r  n a t u r a l  l ig h t in g .

C o n s id e ra t io n s  o f  lo w  w e ig h t ,  a d e q u a te  
r i g id i t y  a n d  fre e d o m  fro m  u n s ig h t ly  c o r ro 
s io n  h a v e  in d ic a te d  th e  use o f l ig h t  a l lo y s  
i n  a  d r a w in g  b o a rd  o f  s p e c ia l d e s ig n , in  a i r 
c r a f t  a n d  o th e r  t y p e s  o f  in s t ru m e n ts  a n d  
in s t r u m e n t  p a n e ls ,  an d  in  a  p o r ta b le  
w e ig h in g  m a c h in e  f o r  d e te r m in in g  th e  lo a d e d  
w e ig h t  o f  a i r c r a f t .  A lu m in iu m  h a m m e rs  
h a v e  b e en  u sed  fo r  s p e c ia l p u rp o s e s , fo r  
e x a m p le ,  fo r  b e a t in g  ro a g n e s iu m - a llo y  
sh ce ts . T h in  c o a t in g s  o f  a lu m in iu m  a p p lie d  
b y  s p r a y  a re  u se d  a s  a  p r o te c t io n  f o r  
s o ld e r in g  i r o n  b i t s  a n d  fo r  c o a t in g  h a c k s a w  
b la d e s ; in  th e  la t t e r  c a se , th e  l a y e r  o f  s o ft  
m e ta l  f u n c t io n s  a s  a  lu b r ic a n t .

B e in g  n o n - m a g n e t ic ,  a lu m in iu m  h a s  been

o f  c u t t in g  d o w n  v ib r a t io n a l  s tre sses  a n d ,  in  
c e r ta in  s p e c ia l cases , o f  r e d u c in g  d e ad  w e ig h t .  
F o r  d ia m o n d - im p re g n a te d  g r in d in g  w h e e ls  
a n d  s im ila r  to o ls , a g e - h a rd e n in g  a lu m in iu m  
a l lo y s  h a v e  p ro v e d  v e r y  s a t is f a c t o r y  as 
m a t r ix  m a te r ia ls  in  w h ic h  th e  d ia m o n d  d u s t  
is  e m b e d d e d , s u p e r io r ,  in  f a c t ,  to  c o p p e r  o r  
p la s t ic s  fo r  th e  p u rp o se .
Light Alloys in Machine Tools

W i t h  th is  s u m m a r y  in  m in d ,  th e se  v a r io u s  
t y p e s  o f  a p p l ic a t io n  m a y  n o w  b e  d e a l t  w i t h  
in  m o re  d e t a i l ,  p a w in g  'p a r t i c u la r  a t t e n t io n  
to  th e  re a so n  fo r  ih e  c h o ic e  o f  l ig h t  m e ta i  
a n d  th e  m a n n e r  in  w h ic h  i t  is  u sed  to
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a c h ie v e  th e  d e s ire d  re s u lt .  D i r e c t in g  a t t e n 
t io n  f ir s t  to  th e  use o f th e se  m a te r ia ls  in  
m a c h in e  to o ls ,  i t  is  o b v io u s  t h a t  t h e ir  s u i t 
a b i l i t y  m u s t  d e p e n d  o n  c e r t a in  s p e c if ic  c h a r 
a c te r is t ic s  o f  l ig h t  a l lo y s ,  su ch  a s  t h e ir  lo w  
s p e c if ic  g r a v i t y ,  r e la t iv e  so ftn e ss , g o o d  h e a t  
c o n d u c t i v i t y ,  p r o p e r t y  o f  a g e  h a r d e n in g  a n d  
ease o f  m a c h in in g ,  s in c e  t h e y  c a n n o t  c o m 
p e te  w i t h  to o l s te e ls  in  h a rd n e s s  a n d  u l t i 
m a te  te n s ile  s t r e n g th .

I n  m o d e rn  m a c h in e  to o ls ,  t h e  q u a l i t ie s  
c h ie f ly  d e m a n d e d  a re  r i g id i t y  a n d  th e  
a b s e n c e  o f  v ib r a t io n ,  b o th  o f w h ic h  a re  
e s s e n t ia l fo r  a c c u r a t e  w o r k in g .  B o t h  o f th e se  
q u a l i t ie s  c a n  b e  p ro m o te d  b y  th e  a c c u m u la 
t io n  o f m asses  o f m e ta l  a n d ,  in  p o in t  o f  f a c t ,  
th is  is  th e  m a n n e r  in  w h ic h  th e  p ro b le m  h as  
been  m o s t  g e n e r a l ly  ta c k le d  in  th e  p a s t .  I t  
is f r e q u e n t ly  th e  ca se  t h a t  th e  p r a c t ic a l  
m a n ’s o p in io n  o f a  m a c h in e  H ses in  p ro p o r-

o p e ra te d  o v e r  a  ra n g e  o f 14 to  200 s t ro k e s  
p e r  m in u te ,  th e  h ig h e r  speed  o f o p e ra t io n  
b e in g  c o n s id e r a b ly  fa s te r  th a n  th e  m a x im u m  
w h ic h  c o u ld  b e  e m p lo y e d  p r e v io u s ly  w it h  
th e  s te e l r a m .

I n  c e r t a in  ca ses , g r e a te r  r i g id i t y  a n d  a c c u 
r a c y  o f  o p e ra t io n  a re  se c u re d  b y  th e  use o f 
l ig h t  a l lo y s  w h e re  r e d u c t io n  in  w e ig h t  
in v o lv e s  a  d e c re a se  in  v ib r a t io n a l  s tre sses  
a n d  less d e f le c t io n  in  s u p p o r t in g  m e m b e rs . 
T y p i c a l  o f  s u c h  in s ta n c e s  is  th e  d r i v in g  h e a d  
o f  a  r a d ia l  d r i l l  m a d e  b y  th e  C in c in n a t i  
B i c k f o r d  T o o l  C o . in  w h ic h  500 lb .  o f c a s t  
i r o n  w e re  re p la c e d  b y  c a s t in g  in  A l- C u - Z n - F e  
a l lo y  t o t a l l in g  o n ly  130 lb .  in  w e ig h t .  T h e  
c o m p o n e n ts  c a s t  in  l ig h t  a l lo y  in c lu d e d  11 
c o v e rs ,  tw o  b r a c k e ts  a n d  tw o  f ly w h e e ls  a n d  
th e  re d u c e d  d e f le c t io n  o f th e  a rm  w a s  s a id  
to  b e  v e T y  m a rk e d .  I n  a n o th e r  case , g rea ter, 
a c c u r a c y  r e s u lt in g  fro m  lo w e re d  d is to r t io n

M O D E R N  la th e  w ith  covers 
of a lu m in iu m  b y  O e rlik on . 

T h e  use o f th e  m etal here is 
des igned  to a c h ie v e  m ax im um  
r ig id ity  w ith o u t u n d u e  in crease  
in  w e igh t, an d  at th e  sam e tim e 
to  assist in  th e  m a in ten an ce  of 
a  c lean , corrosion-free m ach in e .

t io n  to  its  w e ig h t  , a n d  c o s t .  B u t  th is  is 
fu n d a m e n ta l ly  u n s o u n d , a s  s m o o th e r  r u n 
n in g  c a n  b e  a c h ie v e d  b y  r e d u c in g  v ib r a t io n a l  
s tre sses  in  r o t a t in g  p a r ts  a n d  lo w e r in g  th e  
'in e r t ia  o f  r e c ip r o c a t in g  p a r t s  b y  th e  s u b 
s t i t u t io n  o f w e ll- d e s ig n e d  l ig l i t - a l lo y  c o m 
p o n e n ts  f o r  h e a v y  m e ta l  p a r ts ,  w h i ls t  th e  
a t t a in m e n t  o f  r ig id i t y  h as  b e e n  s h o w n  to  be 
m o re  a  q u e s t io n  o f d e s ig n  th a n  m ass .

T h e .  v a lu e  o f  l ig h t  w e ig h t  in  r o t a t in g  a n d  
r e c ip r o c a t in g  m a c h in e  to o !  p a r t s  is  c o n 
s id e ra b le ,  a l lo w in g  th e  use o f  h ig h e r  speeds 
a n d  in c r e a s in g  th ro u g h - p u t  w i t h o u t  in c re a s e  
in  m o t iv e  p o w e r  o r  v ib r a t io n .  T h u s ,' l ig h t  
m e ta ls  f in d  a p p l ic a t io n  in  th e  c o n s t ru c t io n  
o f la rg e  r e c ip r o c a t in g  o r  ro ta ry *  ta b le s  w h ic h  
h a v e  to  b e  r a p id ly  s ta r te d ,  s to p p e d  a n d  
re v e rs e d , fo r  s h a p e r  ra m s , h e ad s  o f  shears,- 
s a d d le  a s s e m b lie s  o f  r a d ia l  d r i l ls ,  fa c e  p la te s  
a n d  p a r t s  o f  a u to m a t ic s ,  p r in t in g  a n d  c a p 
p in g  m a c h in e r y ,  m e c h a n is m  o p e ra te d  b y  
c a m s , t h e  G e n e v a  s to p  m o t io n  o r  b y  s p e c ia l ly  
c o n t ro l le d  m o to r  d r iv e ,  a n d  so  o n , A  t y p ic a l  
h ig h - sp eed  r a m  in  a lu m in iu m  a l lo y ,  in  o p e ra 
t io n  on a  s h a p in g  m a c h in e , w e ig h e d  o n ly  
o n e - th ird  o f  i t s  c o u n t e r p a r t  in  s te e l,  a n d  w a s

w a s  o b ta in e d  in  a  s p u r  a n d  h e lic a l- g e a r  
g r in d in g  m a c h in e  c o n s t ru c te d  b y  the  
N a t io n a l  T o o l  C o .,  o f  C le v e la n d ,  O h io ,  b y  
r e p la c in g  th e  ca s t- iro n  w o r k  h e a d  s lid e  b y  a  
l ig h t - a l lo y  c a s t in g .  T h e  w o rk - h e a d  c a s in g  
w a s  fa b r ic a te d  fro m  a lu m in iu m - a l lo y  sh e e t.

A p a r t  fro m  th e  v a lu e  o f r e d u c e d  d is to r 
t io n  a n d  lo w e re d  in e r t ia  in  r o t a t in g  a n d  
r e c ip r o c a t in g  p a r t s ,  n u m e ro u s  a d v a n ta g e s  
a c c ru e  f r o m  th e  r e d u c t io n  o f  d e a d - w e ig h t  in  
la rg e  m a c h in e  to o ls ,  a l th o u g h  m o s t  p r a c t ic a l  
m e n  w i l l  n e e d  to  b e  e d u c a te d  to  th is  p o in t  
o f  v ie w ,  w h ic h  is  r a d ic a l ly  o p p o se d  to  th e  
o p in io n s  th e y ' h a v e  d e v e lo p e d  f r o m  e x p e r i 
en ce  w i t h  a ll- s te e l m a c h in e s .  I n  th e  f ir s t  
p la c e ,  h e a v y  e x p e n se s  m a y  b e  in c u r r e d  in  
h a n d l in g  m a s s iv e  m a c h in e  p a r t s  in  th e  sh o p , 
w h e re  a s s e m b ly  m a y ' o f te n  d e m a n d  th e  se r 
v ic e s  o f  a n  o v e rh e a d  c ra n e  t r a v e l l in g  fro m  
m a c h in e  to  m a c h in e  d u r in g  th e  c o u rs e  o f 
e re c t io n ; a  c o r re s p o n d in g  c o m p o n e n t  in  l ig h t  
a l lo y  m a y  o f te n  b e  h a n d le d  b y  a  s im p le  
p u l le y  b lo c k .  O t h e r  c o m p o n e n ts  r e q u ir in g  
s e v e r a j m e n  fo r  t h e ir  m a n ip u la t io n  c a n ,  w ith  
n o  s a c r if ic e  o f  r ig id i t y ,  b e  so  re d u c e d  in  
w e ig h t  a s  to  b e  c a p a b le  o f  m a n ip u la t io n  b y
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o n e  p a i r  o f  h a n d s . I n  th e  f a b r ic a t io n  o f 
m a c h in e - to o l c o m p o n e n ts ,  th e  use o f l ig h t  
a l lo y s  in  p la c e  o f  c a s t  i r o n  a n d  s te e l m e a n s  
th a t  h ig h e r  c u t t in g  a n d  m a c h in in g  sp eed s  
m a y  b e  e m p lo y e d .  S h ip p in g  a n d  t r a n s p o r t  
co s ts  a n d  e v e n  d u t y ,  i f  b a se d  o n  w e ig h t ,  c a n  
b e  c u t  a n d  th e  m a c h in e ,  w h e n  la id  d o w n , 
d e m a n d s  fo u n d a t io n s  less  m a s s iv e  a n d  c o s t ly  
t h a n  in  cases  w h e re  c a s t  i r o n  is  u se d  in  b u lk .

F o r  th e  p u r c h a s e r  o f  th e  m a c h in e , a d v a n 
ta g e s  a r e  to  b e  d e r iv e d  f r o m  th e  e a s ie r  h a n d 
l in g  o f  th e  m a c h in e  d u r in g  th e  in s t a l la t io n  
o p e ra t io n  a n d  d is m a n t l in g  fo r  r e p a i r  o r  s c ra p . 
T h e  p r ic e  o f  h ig h - g ra d e  l ig h t  a l lo y s  is  con-

P L A N  an d  cross-section o f po lish ing- 
w h ee l b o d y  cast in  a lu m in iu m  a llo y .

It  is s tro n g ly  r ib b ed  an d  w e ll b a lan ced , 
a n d  safer th a n  a  w o o d en  w hee l fo r h e a v y  
d u ty  at h ig h  speed.

s id c r a b ly  h ig h e r  t h a n  t h a t  o f g o o d  qu a lity-  
c a s t  ir o n ,  e v e n  w h e n  th e ir  d if f e r e n t  d e n s it ie s  
a re  t a k e n  in to  c o n s id e r a t io n .  A g a in s t  th is  
c a n  b e  s e t  th e  lo w e r  c o s t  o f  m a c h in in g  l ig h t  
a l lo y s ,  e c o n o m ie s  in  h a n d l in g  a n d  in  t r a n s 
p o r t  co s ts  a n d  th e  h ig h e r  s c r a p  v a lu e  o f  th e  
l ig h t  m e ta l  w h e n  th e  m a c h in e  is  f in a l ly  d is 
c a rd e d . N e v e r th e le s s ,  th e  c o s t  o f  a  m a c h in e  
to o l in c o r p o r a t in g  l ig h t  a l lo y s  is , a t  th e  
m o m e n t ,  a t  a l l  e v e n ts ,  s o m e w h a t  h ig h e r  
th a n  t h a t  o f  a  m a c h in e  b u i l t  e n t ir e ly ’- in  th e  
c u s t o m a r y  h e a v y ’ m a te r ia ls ,  b u t  n o t  h ig h  
e n o u g h  to  c ru s h  in te r e s t  in  th o se  w h o  p a u se  
to  c o n s id e r  th e  a d v a n ta g e s  o f  l ig h t 
w e ig h t  c o n s t r u c t io n  a n d ,  in c id e n ta l ly ’ , o f  
fre e d o m  fro m  ru s t in g .

I l lu s t r a t e d  is  a  m o d e rn  la th e  m a d e  a t  th e  
M a c h in e  T o o l  W o r k s ,  O e r l ik o n ,  in  w h ic h  
th e  c o v e rs  w e re  m a d e  o f  a lu m in iu m ,  ch ie fly ’

fo r  l ig h tn e s s  a n d  re s is ta n c e  to  c o r ro s io n . 
A ls o  i l lu s t r a te d  is  th e  P r e n t ic e  14-in. la th e ,  
in  w h ic h  a  t o t a l  o f  600 lb .  h a s  b e e n  s a v e d . 
T h is  la th e  w a s  d e s ig n e d  e s p e c ia lly ' fo r  use 
o n  b o a rd  U . S .  n a v a l  c r a f t ,  s u b m a r in e s ,  
d e s tro y e rs ,  e t c . ,  a n d  in c o rp o ra te s  n u m e ro u s  
a lu m in iu m  a l lo y  c o m p o n e n ts .  H e a t- t r e a te d  
a l lu m in iu m  a l lo y  c a s t in g s  w e re  u se d  fo r  
h e a d s to c k  m o to r  leg , t a i ls t o c k  le g , c o v e rs  
a n d  h a n d  w h e e ls .  T h e  n e t  w e ig h t  o f  th e  
m a c h in e  c o n s t ru c te d  in  h e a v y  m e ta ls  w a s  
a p p r o x im a t e ly  3 ,6 00  lb . ,  so  t h a t  th e  s u b 
s t i t u t io n  o f  a lu m in iu m  fo r  c a s t  iro n  a n d  
s te e l re s u lte d  in  a  to ta l  w e ig h t  s a v in g  o f 
so m e 20 p e r  c e n t .  T h is  f ig u re  is  re a s o n a b le  
w h e n  i t  is  b o rn e  i n  m in d  t h a t  n e a r ly  h a l f  
th e  w e ig h t  o f  th e  a p p a r a tu s  is  c o n c e n t r a te d  
in  r o t a t in g  p a r ts ,  g ea rs , s p in d le s  a n d  b a l l  
b e a r in g s , e t c . ,  w h ic h  m u s t ,  in  a n y  case , 
b e  m a d e  o f  s te e l.

A  p re c is io n  la th e  w i t h  a lu m in iu m  c o v e rs  
h a s  b e en  b u i l t  b y  th e  c o n c e rn  o f  C h . 
S c h a u b la in - V i l le n e u v e ,  B d v i l a r d .  E v e n  m o re  
in te r e s t in g  is th e  p re c is io n  la th e  s h o w n , in  
w h ic h  th e  m a in  p o r t io n  o f  th e  la th e  w a s  
re d e s ig n e d  a s  a  s a n d  c a s t in g  in  m a g n e s iu m  
a l lo y  w i th  a  r i g id i t y  e q u a l to  t h a t  o b ta in e d  
b y  n o rm a l c o n s t ru c t io n  in  c a s t  ir o n  a n d  
w e ld e d  s te e l.  C a r e fu l  o b s e r v a t io n  r e v e a le d  
th a t ,  w i t h  m a x im u m  c u t ,  th e  p e r fo rm a n c e  
w a s  e q u a l to  t h a t  o f  th e  h e a v y - m e ta l  
m a c h in e .  O w in g  to  th e  r e la t i v e l y  lo w  
h a rd n e s s  o f th e  m a g n e s iu m  a l lo y ,  th e  r a i ls  
o n  th e  b e d  o f  th e  la th e  w e re  s t re n g th e n e d  
w i t h  h e a v y - m e ta l  s t r ip s .  T h is  is , in  fa c t ,  
u s u a l  p r a c t ic e  w i t h  a lu m in iu m  as  w e l l  a s  
w i t h  m a g n e s iu m  a l lo y s ,  a n d  p a r t s  w h ic h  a re  
s u b je c te d  to  h e a v y  w e a r ,  su c h  a s  s lid e s  a n d  
b e d w a y s ,  m u s t  b e  p ro te c te d  b y  s te e l ' s t r ip s ,  
a s  is  c u s to m a r y  in  a l l  h ig h - g ra d e  to o ls .  O n  
th e  o th e r  h a n d , th e  g o o d  b e a r in g  q u a l i t ie s  
o f  c e r ta in  l ig h t  a l lo y s  a re  s u c h  t h a t  s p in d le  
b e a r in g s  m a y ' b e  h o u se d  d ire c t ly ’ in  th e  l ig h t  
m e ta l  b o d y  o r  in  p re ssed - in  b ro n z e  b u sh es . 
C a s t  m a g n e s iu m  a llo y 's  c a n  b e  used  e ffe c 
t iv e ly ’ in  cases  w h e re  e x c e p t io n a l  l ig h tn e s s  
is  c a l le d  fo r  in  m a c h in e  to o ls  o w in g ,  fo r  
e x a m p le ,  t o  t h e ir  b e in g  se t u p  in  t r a v e l l in g  
w o rk s h o p s  o r  in  th e  u p p e r  s to r ie s  o f  
b u ild in g s .

H e a t- t r e a te d  C u - A l a l lo y  a r b o r  su p p o rts-  
w e ig h in g  25 lb .  e a c h  w e re  a d o p te d  b y  th e  
C in c in n a t i  M i l l in g  M a c h in e  C o . fo r  u se  o n  
o n e  o f  t h e ir  m il l in g  m a c h in e s .  T h e s e  
re p la c e d  c a s t- iro n  c o m p o n e n ts  w e ig h in g  
50 lb .  e a c h . A  fu r th e r  c o n s id e ra b le  s a v in g  
in  w e ig h t  w a s  a c h ie v e d  b y  a d o p t in g  l ig h t  
a l lo y  c o n s t r u c t io n  fo r  th e  c o v e r  o f  th e  
m o to r  c o m p a r tm e n t .  O n  so m e  la rg e  g r in d 
in g  w h e e ls , c o v e rs  w e ig h in g  75 lb .  e a c h  
w e re  fa b r ic a t e d  in  l ig h t  a l lo y ’ in  r e p la c e m e n t  
o f  c a s t  i r o n  c o v e rs  w e ig h in g  300 lb .  e a c h . 
S a n d  c a s t  in s p e c t io n  d o o rs  o n  th ese  
g r in d e rs  w e ig h e d  4 Jb .  e a ch .

T h e  A lu m in u m  N e w s  L e t t e r  fo r  N o v e m 
b e r, 1937, n o te s  a  h ig h - sp eed  t a p p in g



April, 1945 LIGHT METALS 159

m a c h in e  in  w h ic h  th e  fo l lo w in g  p a r t s  w e re  
fa b r ic a t e d  in  l ig h t  a l lo y :  w o r k  t r a y s ,  to p  
h e ad , o il  s p la s h  g u a rd ,  la m p  g u a rd  a n d  
re f le c to r ,  b e lt  g u a rd ,  fo o t  p e d a l a n d  d o o r . 
E a r l i e r  in  th e  s a m e  y e a r  th e re  w a s  d e s c r ib e d 2 
a  t u r r e t  la th e  w i t h  t u r r e t  a n d  to o l h o ld e rs  
in  a lu m in iu m .  T h e  t u r r e t ,  w h ic h  w a s  o f 
r ib b e d  c o n s t ru c t io n ,  w e ig h e d  373 lb .  in  
l ig h t  a l lo y  c o m p a re d  w i t h  950 lb .  in  fe r ro u s  
m e ta l .  T h e  to o l h o ld e rs  w e ig h e d  100 lb . 
c o m p a re d  w i t h  200 lb .  in  s te e l,  so t h a t  th e  
to t a l  w e ig h t  s a v e d  w a s  in  ex cess  o f  50 p e r  
c e n t .

A n  a lu m in iu m  fra m e  w a s  u sed  fo r  th e  
“  F i l e - A l l  "  c o n t in u o u s  f i l in g  m a c h in e  m a d e  
b y  th e  G e o rg e  A le x a n d e r  M a c h in e r y  C o .,  
L t d . ,  o f  B i r m in g h a m .

A lth o u g h  m o re  n o tc h  s e n s it iv e  th a n  th e  
fe r ro u s  a l lo y s ,  b o th  a lu m in iu m -  a n d  
m a g n e s iu m - a llo y  c o m p o n e n ts  c a n  b e  used 
s a t is f a c t o r i l y  u n d e r  c o n d it io n s  o f  se ve re  
fa t ig u e  s tre ss  p r o v id e d  t h a t  th e  d e s ig n  b e  
s u i t a b le  a n d  t h a t  n o tc h e s  p ro d u c e d  a c c i 
d e n t a l ly  d u r in g  fa b r ic a t io n  a re  e l im in a t e d  
f ro m  th e  f in is h e d  c o m p o n e n t .  A s  an  
e x a m p le  o f th e  s a t is f a c t o r y  o p e ra t io n  o f 
l ig h t - a l lo y  c o m p o n e n ts  u n d e r  s u c h  c o n d i 
t io n s  m a y  b e  in s ta n c e d  a  le v e r  fo r  a  L o re n z -  
g e a re d  w h e e l s lo t t in g  m a c h in e  w h ic h  g a v e  
s a t is f a c t o r y  s e r v ic e  w h e n  s a n d  c a s t  in  m a g 
n e s iu m  a l lo y .  T h is  c o m p o n e n t  m o v e d  c o n 
t in u o u s ly  b a c k w a rd s  a n d  fo r w a r d s  a n d  w a s  
re q u ire d  to  b ra k e  la rg e  in e r t ia  fo rce s . A  
h o l lo w  s e c t io n  w a s  ch o se n  fo r  th is  le v e r ,  
s in c e  i t  w a s  s u b je c te d  to  b o th  b e n d in g  a n d  
to r s io n a l  s tre ss . T h e  n e c e s s a ry  h o le s  fo r  
s u p p o r t in g  th e  co re s  w e re  w e l l  r o u n d e d  on  
th e  in s id e  to  e l im in a t e  n o tc h e s  f ro n t  th e  
in n e r  s u r fa c e  o f  th e  c a s t in g .

Design of Light Metal Components
W h e n  c o n s id e r in g  th e  use  o f l ig h t  m e ta l 

c o m p o n e n ts  in  m a c h in e  to o ls , i t  is  o b v io u s ly  
n o t  s u f f ic ie n t  to  r e p la c e  a  c a s t- iro n  o r  a  
cast-  o r  w ro u g h t- s te e l c o m p o n e n t  b y  an  
e x a c t ly  s im ila r  p a r t  in  l ig h t  a l lo y .  A l lo w 
a n c e  m u s t  b e  m a d e  fo r  th e  d if fe re n c e  in  
th e  m e c h a n ic a l  p ro p e r t ie s  o f  t h e  tw o  classes  
o f  m a t e r ia l  a n d , in  p a r t ic u la r ,  fo r  th e  lo w e r  
m o d u lu s  o f  e la s t i c i t y  o f  th e  l ig h t  a n d  u l t r a  
l ig h t  a l lo y s .  A  p r e v io u s  a r t ic le  in  th is  
jo u r n a l3 re c o m m e n d s  th e  fo l lo w in g  fo rm u la  
to  e v a lu a t e  th e  r i g id i t y  o r  s t if fn e s s  R  o f  a 
m a c h in e  b o d y  a n d  its  re s is ta n c e  to  v ib r a 
t io n s :—

R  =  n 2. W  =  p ro p . ^  
o

w h e re  n  =  v ib r a t io n s  p e r  se c o n d  o f th e  
b o d y

W  =  w e ig h t  o r  m ass  o f  th e  u n it  
g =  p r o p . / E . I .  b e n d in g  d e f le c t io n  

( in s . )
T h e  b e n d in g  v ib r a t io n s  o f  m a c h in e s  m a y  
b e  d e te rm in e d  b y  m e a n s  o f  s p e c ia l  in s t r u 
m e n ts ,  so m e  o f  w h ic h ,  in c id e n t a l ly ,  in c o r 
p o ra te  l ig h t - a l lo v  s t r u c tu r a l  u n it s  a s  esse n 

t ia l  p a r ts  o f  th e  d e s ig n , a n d  i t  is , th e re fo re , 
r e la t i v e l y  e a s y  to  d e m o n s t r a te  w h e th e r  p la n t  
c o n s t ru c te d  o f  l ig h t  a l lo y s  h a s  th e  s a m e  
r e g id i t y  o r  s t if fn e s s  as  a  s im ila r  a s s e m b ly  
b u i l t  o f  c a s t  ir o n  o r  s te e l.

I f  a  c o m p o n e n t  in  c a s t  i r o n  b e  re p la c e d  
b y  o n e  o f  h ig h - g ra d e  a lu m in iu m  a l lo y  o f  th e  
s a m e  s ize  a n d  w a l l  th ic k n e s s ,  th e  w e ig h t  
( W )  is  re d u c e d  in  th e  r a t io  1 :2 .7 , d e f le c t io n  
b e in g  in c re a s e d  in  th e  r a t io  9 .7  : 15 =

1 : 1 .55, o w in g  to  t h e  lo w e r  m o d u lu s  o f 
e la s t i c i t y  o f  t h e  l ig h t  a l lo y .  T h u s ,  e q u a l 
d im e n s io n s  im p ly  t h a t  th e  r ig id i t y  o f  th e  
a lu m in iu m  b o d y  is  re d u c e d  in  th e  r a t io —  

1 1 
2 .7  x 1.55 -  4 .2  

a n d , to  o b t a in  in  th e  l ig h t  a l lo y  r ig id i t y  
e q u a l to  t h a t  o b ta in e d  w i t h  c a s t  iro n , th e  
c ro ss  s e c t io n  o f  th e  a lu m in iu m  a l lo y  u n it

m u s t  b e  in c re a s e d  in  th e  r a t i o y  4 .2  =  2 .0 5 . 
B r in g in g  th e  s p e c if ic  g r a v i t ie s  o f  th e  tw o  
m a t e r ia ls  in to  c o n s id e r a t io n ,  i t  a p p e a rs  t h a t ,  
fo r  u n it s  o f  e q u a l r ig id i t y ,  a  s a v in g  in  
w e ig h t  o f  a b o u t  32 p e r  c e n t ,  m a y  be 
a c h ie v e d  b y  th e  re p la c e m e n t  o f  c a s t- iro n  
c o m p o n e n ts  b y  th o se  in  a lu m in iu m .

A  m u c h  e a r l ie r  p ap e r*  re c o m m e n d e d  t h a t  
in  d e s ig n in g  m a c h in e  e le m e n ts , s t r u c tu r a l  
m e m b e rs  in  te n s io n , s h o r t  m e m b e rs  in  c o m 
p re ss io n , b e am s , a n d  c o n ta in e r s  s u b je c t  to  
in t e r n a l  p re s su re , a l l  u n d e r  c o n d it io n s  o f  
s ta t ic  lo a d in g ,  th e  d e s ig n  s tre ss  fo r  b o th  
te n s io n  a n d  c o m p re s s io n  s h o u ld  b e  t a k e n  as 
]  o f  th e  U . T . S .  o r  |  o f  th e  y ie ld  s t r e n g th , 
w h ic h e v e r  w a s  th e  g re a te r .  F o r  re p e a te d  o r  
a l t e r n a t in g  stresses , th e  d e s ig n  s tre ss  
e m p lo y e d  s h o u ld  n o t  e x cee d  SO  p e r  c e n t ,  o f 
th e  fa t ig u e  l im i t .  In c re a s e d  fa c to r s  sh o u ld  
b e  e m p lo y e d  fo r  m e m b e rs  s u b je c t  to  im p a c t  
lo a d in g  o r  to  o p e ra t io n  a t  e le v a te d  t e m p e r a 
tu re s , a s  is  c u s t o m a r y  in  d e s ig n in g  ir o n  a n d  
s te e l c o m p o n e n ts  o r  s t ru c tu re s .

Screw Threads
T h e  m o s t  n o t ic e a b le  d if fe re n c e s  in  p r a c 

t ic e  r e s u lt in g  f r o m  th e  use o f  l ig h t  m e ta ls  
in  p la c e  o f  fe r ro u s  o r  c o p p e r  b a se  m e ta ls  
a r is e  in  th e  c o n s t r u c t io n  o f  b e a m s , w h ic h  
re q u ir e  a n  in c re a s e d  d e p th  to  s ecu re  
a d e q u a te  r ig id i t y ,  a n d  in  t h e  d e s ig n  o f s c re w  
th re a d s . M o s t  a lu m in iu m  a l lo y s  a re  s o ft  in  
c o m p a r is o n  w i t h  to o l s te e ls  o r  e v e n  b ra s s  
a n d  th e re  is a  c o n s id e ra b le  t e n d e n c y  fo r  
a lu m in iu m  th re a d s  to  b in d .  I n  c o n s e q u e n c e , 
i t  is  g e n e ra l e n g in e e r in g  p r a c t ic e  to  a v o id  
th e  u se  o f  a lu m in iu m  b o lts  a n d  n u ts  
w h e re v e r  p o ss ib le  a n d  fo r  s tu d s  a n d  ta p p e d  
h o le s  i n  l ig h t  a l lo y s  t o  e m p lo y  th e  c o a rs e  
o r  U . S .  s t a n d a r d  s c re w  th r e a d .  T h e  d e p th  
o f th e  t a p p in g  is  m a d e  r a t h e r  g r e a te r  th a n  
is  c u s to m a r y  in  t a p p in g  h o le s  in  h e a v y  
a l lo y s ,  a b o u t  t w ic e  th e  d ia m e te r  b e in g  
re g a rd e d  a s  g o o d  e n g in e e r in g  p r a c t ic e  fo r  
t a p p in g  h o le s  in  a lu m in iu m  a l lo y s .  I t  is 
o b v io u s  t h a t  so m e  ju d g m e n t  m u s t  b e  u sed
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C 1 R E T S  A W  m ach in e  b y 
i  In d e rb itz in g  a n d  C o . ,  
F ra n ce . T h is  m ach in e , d e 
s ign ed  fo r cu ttin g  paper, ca rd , 
p lastics, h a rd  ru b b e r an d  soft 
m etals, w ill h a n d le  m ate ria l 
u p  to 100 mm. th ic k . T a b le ,  
con tro ls , transm ission , gu ides, 
etc., a re  a ll in  lig h t a llo y .

in  th e  s e le c t io n  o f th e  p ro p e r  d e p th  o f a  
ta p p e d  th re a d ,  a s  th is  is a ls o  c o n d it io n e d  
b y  th e  f r e q u e n c y  w i th  w h i c h  th e  s c re w  is 
to  b e  re m o v e d , f r e q u e n t  r e m o v a l so on  
d a m a g in g  th e  l ig h t- a l lo y  th re a d .  W e a r  m a y  
b e  m in im iz e d  b y  s u it a b le  lu b r ic a t io n  a n d  
b y  in c re a s in g  th e  le n g th  o f  th e  th r e a d  
e n g a g e d . S te e l  s tu d s  o r  b o lts  u sed  d i r e c t ly  
:n  c o n ta c t  w i t h  l ig h t  a l lo y s  a re , h o w e v e r ,  
n o t  w i t h o u t  g r a v e  d is a d v a n ta g e s  s in c e  
e le c t r o ly t ic  a c t io n  b e tw e e n  th e  t w o  m e ta ls  
is  l ia b le  to  r e s u lt  in  r a p id  d e te r io r a t io n  b y  
c o r ro s io n .  G a lv a n iz e d  s c re w s  a re  a n  
im p r o v e m e n t  in  th is  re s p e c t , a n d  b i tu m a s t ic  
c o a t in g s  a lso  a s s is t, b u t ,  fo r  r e l ia b le  
b e h a v io u r  u n d e r  c o r ro s iv e  c o n d it io n s ,  i t  is  
e s se n t ia l to  e m p lo y  b o lts ,  n u ts  a n d  s tu d s  
o f an  a l lo y  s im ila r  in  c o m p o s it io n  to  th e  
m e ta l t h e y  c o n ta c t .

A  n u m b e r  o f  a r t ic le s  w h ic h  h a v e  a p p e a re d  
in  th e  T e c h n ic a l  P r e s s  in  r e c e n t  y e a rs  h a v e  
s h o w n  t h a t  a lu m in iu m - a l lo y  th r e a d s  a re  
n o t  so  in f e r io r  to  t h e ir  s te e l c o u n te r p a r t s  
a s  h a d  b e e n  g e n e r a l ly  su p p o se d ; a t  th e  le a s t , 
s u f f ic ie n t  in fo r m a t io n  h a s  n o w  b e e n  p u b 
l ish e d  to  b r in g  th e  b e h a v io u r  o f  a lu m in iu m  
s c r e w  th re a d s  o n  to  a  p r e d ic ta b le  b a s is . 
T h u s ,  re s e a rc h  in to  th e  te n s ile  s t r e n g th  a n d  
r e s is ta n c e  to  re p e a te d  a x ia l  im p a c t  b lo w s  
o f  l ig h t- a l lo y  s c re w s  th r e a d e d  w ith  b o th  
m e t r ic  a n d  W h i t w o r t h  s c re w  th re a d s  s h o w e d  
t h a t  b e t te r  r e s u lts  w e re  o b ta in e d  w i t h  th e  
W h i t w o r t h  th r e a d s  u n d e r  c o n d it io n s  o f  
b o th  s ta t ic  a n d  d y n a m ic  lo a d in g .^  T h e

e x h a u s t iv e ly  in v e s t ig a te d  b y  
B o l le n r a t h ,  C o rn e l iu s  a n d  
S ie d e n b u rg ,  a n d  re p o r te d  in  a  
le n g t h y  p a p e r ,  a  re s u m e  o f 
w h ic h  h a s  b e en  p u b lis h e d  in  
th is  j o u r n a l .6 S c r e w s  c u t  fro m  
t w o  a lu m in iu m - b a s e  a l lo y s  
w e re  in v e s t ig a te d ,  o n e  b e in g  a 

w r o u g h t  a i lo y  c o n t a in in g  4 p e r  c e n t .  C u  
a n d  1 p e r  c e n t .  M g , a n d  th e  o th e r  a  free- 
c u t t in g  a l lo y  o f  th e  s a m e  g ro u p  w i t h  th e  
a d d it io n  o f  2.1 p e r  c e n t .  P b .  T h e  B r in e l l  
h a rd n e s s  o f  th e  f ir s t  a l lo y  w a s  124 to  140 
a n d  t h a t  o f  th e  se c o n d  w a s  104 t o  121. 
F r o m  th e s e  m a t e r ia ls  in  b a r  fo rm  w e re  
m a c h in e d  s ta n d a r d  s c re w s  o f  d ia m e te rs  6, 
S , 10 a n d  14 m m . w i t h  c o r r e s p o n d in g  
p itc h e s  o f  1, 1 .25, 1.5 a n d  1 .75 m m . F o r  
c o m p a r is o n  p u rp o se s , a  10 m m . d ia m e te r  
s c re w  o f  1.5 m m . p i t c h  w a s  e m p lo y e d .  
1 h ese  w e re  u sed  w i t h  n u ts  o f  th e  free- 

c u t t in g  a l lo y  a n d  c o m p a re d  w i t h  s te e l b o lts  
u se d  w i t h  s te e l n u ts .  T h e  in v e s t ig a t io n  a ls o

m a t e r ia l  c h o s e n  fo r  th e  te s ts  w a s  A n t i-  
c o ro d a l in  th e  f u l l y  h e a t  t r e a te d  c o n d it io n .

A  fu r th e r  te s t  w a s  d e v o te d  to  th e  d e te r 
m in a t io n  o f  th e  m in im u m  r a t io  o f  s c re w

Minimum Ratios 
Screw Thread Height of Nut.Screw Shank Diameter*

Condition 
of loading Materia! of nut Metric

thread
W hitw orth

thread

Static Avional (heat-treated) 0.7 0.7
Aluminium 1.6 1.7

Dynamic .. Avional (heat-treated) 0.5 0.4
Aluminium 1.7 1.7

*Anticorodal screws used in each case.

th re a d  h e ig h t  o f  n u t  to  "s c re w  s h a n k  
d ia m e te r ,  a g a in  u n d e r  c o n d it io n s  o f  b o th  
s ta t ic  a n d  d y n a m ic  lo a d in g ,  n u t s  o f  p u re  

a lu m in iu m  a n d  o f A v io n a l  
b e in g  e m p lo y e d .  T h e  re s u lts  
o b ta in e d  fo r  th e  m in im u m  
r a t io s  a re  g iv e n  in  th e  ta b le  
a b o v e .

T h e  fa t ig u e  s t r e n g th  a n d  
re a c t io n  to  re p e a te d  t ig h te n in g  
o f  l ig h t- a l lo y  s c re w s  h a s  b e en



'ID U M IN IU M

HIGH-TENSILE ALUMINIUM ALLOYS

MINIMUM 
M E C H A N I C A L  
P R O P E R T I ES 
O F  F O R G I N G S
PROOF STRESS . . . .  27
ULTIMATE STRESS . . 32
ELONGATION 102
SPECIFIC GRAVITY . . 2-8 
D.T.D. SPECIFICATION 483
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B A T T E R Y  P O W E R E D  E L E C T R I C S

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

0 y ?)jz tcL p

T H E  L I G H T E S T  M A T E R I A L  F O R

M AGNU M IN IUM , four times lighter than steel, with 
high weight/strength ratio and maximum machinability, 
is the obvious choice for the electric vehicle manufacturer, 
as it is for the automobile, aircraft and speedboat indus
tries. In all forms of transport and handling the weight 
economy of M AGNU M IN IUM  spells increased carrying and 
lifting capacity. Portable tools, office machine^, domestic 
equipment, all gain new merit when fashioned out of the 
lightest known metal. For full technical details apply to 
the Sales Department.

<

M A G N E S I U M  B A S E  A L L O Y S

G M  U  M I N I U M
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c o v e re d  th e  in f lu e n c e  o f  c h ro m iu m  p la t in g  
a n d  o f  a n o d iz in g  th e  a lu m in iu m  s c re w s  a n d  
n u ts .  I t  is  in t e r e s t in g  to  n o te  t h a t  th e  
te n s ile  s t re n g th  o f th e  s c re w  a n d  n u t 
a s s e m b ly  in  s te e l w a s  o n ly  so m e 28 p e r c e n t ,  
g r e a te r  t h a n  t h a t  o f  th e  a s s e m b ly  in  th e  f ir s t  
a lu m in iu m  a l lo y  a n d  t h a t  th e  s te e l a s s e m b ly  
a c t u a l l y  s h o w e d  a  s l ig h t ly  lo w e r  p ro o f 
s t r e n g th .  T h e  b e n e f ic ia l in f lu e n c e  o f 
g re a s in g  l ig h t  a l lo y  s c re w  th re a d s  to  re d u c e  
th e  r is k  o f  se iz u re  w a s  w e l l  b ro u g h t  o u t  in  
th is  re s e a rc h , g rea sed  s c re w s  o n ly  s h o w in g  
s l ig h t  s ig n s  o f  s e iz in g  a f t e r  t ig h te n in g  a n d  
lo o s e n in g  10 t im e s .

A n o d iz in g  w a s  fo u n d  to  c o n fe r  n o  
a d v a n ta g e o u s  m e c h a n ic a l  p ro p e r t ie s  o n  th e  
s c re w s  a n d  to  b e  d e f in i t e ly  h a r m fu l  in  t h a t  
th e  t e n d e n c y  to  se ize  w a s  r e la t i v e l y  h ig h  
b o th  fo r  g rea sed  a n d  u n g re a s e d  sc re w s ; 
f r a c tu r e  o c c u r re d  in  s e v e ra l  te s ts  a t  lo a d s  
e q u iv a le n t  to  J  to  \ o f  th e  s t re n g th  o f 
th e  th r e a d .  I t  is  a s su m e d  t h a t  th e  t e n d e n c y  
to  se ize  is  d u e  to  th e  e x fo l ia t io n  o f  th e  
p a r t ic le s  o f  th e  a n o d iz e d  c o a t in g ;  th e  c o m 
p a r a t iv e  ro u g h n e s s  o f  th e  th r e a d  f la n k s  
w o u ld  f a v o u r  th is  h y p o th e s is ,  w h ic h  w a s  
fu r th e r  b o rn e  o u t  b y  th e  fa c t  t h a t  s e iz in g  
w a s  m o re  a p p a r e n t  w i th  t ig h t  th a n  w i t h  
loo se  f its . I t  w a s  c o n s id e re d  p o ss ib le  t h a t  
d im e n s io n a l d if fe re n c e s  m ig h t  b e  p a r t l y  
r e s p o n s ib le  fo r  th e  b e h a v io u r .  S im i la r l y ,  in  
th e  case  o f  c h ro m iu m  p la t in g ,  t h e  t e n d e n c y  
to  se ize  r e m a in e d  p r a c t i c a l l y  th e  s a m e  a s  in  
th e  ca se  o f  b r ig h t  s c re w s  w h ils t ,  w h e n  
t ig h te n in g ,  e x fo l ia t io n  o f th e  d e p o s ite d  
c h r o m iu m  c o n s id e r a b ly  in c re a s e d  th e  d a n g e r  
o f  s e iz in g . T h e  use o f r o lle d  s c re w s  o f 
s p e c ia l s in e - c u rv e  fo rm  m ig h t  b e  w e l l  w o r th  
in v e s t ig a t in g  fro m  th e  s t a n d p o in t  o f  b e t te r  
m e c h a n ic a l  p ro p e r t ie s  a n d  d e c r e a s e d  
te n d e n c y  t o  se iz in g .
Light-alloy Pulleys and Polishing Wheels

T h e  m a in  re a so n  fo r  th e  use o f l ig h t  a l lo y s  
in  c o m p o n e n ts  e m b o d y in g  d is c s  r o t a t in g  a t  
h ig h  sp e e d s , s u c h  a s  h ig h - sp eed  p u lle y s ,  
p o l is h in g  w h e e ls , m i l l in g  c u t te r s ,  b u ffs  a n d  
g r in d in g  a n d  la p p in g  w h e e ls  is  to  r e d u c e  th e  
c e n t r i f u g a l  s tre sses  w h ic h  a r is e  a s  th e  r e s u lt  
o f  th e  i n e v i t a b l y  s l ig h t ly  im p e r fe c t  b a la n c e  
o f  th e se  a sse m b lie s . L o w  s p e c if ic  g r a v i t y  
s im p lif ie s  b a la n c in g  a n d  a s s is ts  in  th e  r e d u c 
t io n  o f v ib r a t io n a l  s tre sses . P l y w o o d  h a s  
b e e n  u sed  in  t h is  c o n n e c t io n  b u t ,  fo r  h ig h 
sp eed  o p e ra t io n  in  th e  n e ig h b o u rh o o d  o f 
7,200-11,000 f t .  p e r  m in . ,  i t s  use is  o b v io u s ly  
c o u p le d  w i t h  so m e  d a n g e r .  I n  co n s e q u e n c e , 
c a s t- a lu m in iu m  o r  m a g n e s iu m - 'a llo y  b o d ie s  
h a v e  b een  u se d  a n d ,  m o re  r e c e n t ly ,  s t r o n g  
w r o u g h t  l ig h t - a l lo y  p re s s in g  w i t h  s tee l 
in s e r t s  fo r  th e  h u b  a n d  c e r ta in  s tre ssed  
p o in ts  h a v e  b e e n  a d o p te d .

A  f i l in g  r in g ,  a v a i la b le  in  d ia m e te r s  f ro m  
6 in s .  to  10 in s . ,  w a s  so  d e s ig n e d  as  t o  f i t  
o v e r  a  s p l i t  a lu m in iu m  b o d y  e x p a n d e d  b y  
m e a n s  o f  a  c o n ic a l  b u s h  p re sse d  in t o  th e  
h u b , so t h a t  th e  r in g  w a s  h e ld  o n  b y  f r ic t io n .

D ia m o n d - im p re g n a te d  la p p in g  w h e e ls  
c o n ta in  a n  a n n u lu s  o f  p h e n o lic  re s in  im p re g 
n a te d  w i t h  d ia m o n d  d u s t  w h ic h  is  a t t a c h e d  
to  a n  a lu m in iu m  b o d y  b y  m e a n s  o f d o v e 
t a i ls  in te g ra l  w i t h  th e  re s in  m o u ld in g  a n d  
f i t t in g  in to  c o r re s p o n d in g  s lo t s  in  th e  m e ta l  
base . A c t u a l l y ,  th e  use  o f l ig h t  a l lo y  in  th is  
c o n n e c t io n  w a s  d ic t a te d  n o t  so  m u c h  b y  i t s  
lo w  s p e c if ic  g r a v i t y ,  a s  th e  re s in  possesses an  
e v e n  lo w e r  d e n s i t y ,  b u t  r a th e r  b y  re a s o n  o f 
th e  h ig h e r  s t r e n g th  a n d  g r e a te r  h e a t  c o n d u c 
t i v i t y  o f  th e  m e ta l .  F u r th e r m o r e ,  w h e re a s  
th e  d im e n s io n a l s t a b i l i t y  o f  th e  l ig h t  m e ta l 
is  n e v e r  l i k e l y  to  be c a lle d  in t o  q u e s t io n , 
la rg e  p la s t ic  m o u ld in g s  f r e q u e n t ly  ca u se  
t r o u b le  in  th is  d ir e c t io n .  f t  is s a id  t h a t  
in s ta n c e s  h a v e  b e e n  re c o rd e d  w h e re  im p re g 
n a te d  w h e e ls  o f  th is  t y p e ,  p ro d u c e d  e n t ir e ly  
.from  p la s t ic s ,  h a v e  d is to r te d  s u f f ic ie n t ly  to  
r e n d e r  p re c is e  o p e ra t io n  d if f ic u lt .

D i f f ic u l t ie s  w e re  a ls o  e x p e r ie n c e d  in  
o b ta in in g  p e r fe c t  b a la n c e  w i t h  im p re g n a te d  
w h e e ls  o p e ra te d  a t  h ig h  sp e e d  a n d  m o u ld e d  
in  p la s t ic s ,  w h i ls t  e x c e s s iv e  t ig h te n in g  o f th e  
c la m p in g  s c re w s  a g a in  f r e q u e n t ly  d a m a g e d  
th e  re s in  b o d y ,  a  se r io u s  m a t t e r  in  w h e e ls  
c o s t in g  £ 1 0  to  £ 2 0  e a ch . M o r e o v e r ,  th e  
in c o r p o r a t io n  o f a  l ig h t - a l lo y  s u p p o r t in g  
b o d y  e n h a n c e s  th e  a p p e a ra n c e  o f  th e  to o l, 
th e  m e ta l  in  th is  case  b e in g  d ia m o n d  tu rn e d  
a s  a  r a le  a n d  th u s  p o ssess in g  a  f in is h  o f  
m a n if e s t ly  h ig h  q u a l i t y .

A c t u a l l y ,  t h is  is b y  n o  m e a n s  th e  w h o le  
s t o r y  o f  th e  e m p lo y m e n t  o f l ig h t  m e ta ls  in  
d ia m o n d - im p re g n a te d  to o ls , a s  c e r ta in  
a lu m in iu m - b a s e  a l lo y s  h a v e  b e en  e m p lo y e d  
w i th  c o n s id e ra b le  su ccess  as th e  m a t r ix  in  
w h ic h  th e  d ia m o n d  d u s t  c a n  b e  d i r e c t ly  
e m b e d d e d . M o re  w i l l  be  s a id  a b o u t  th is  
t y p e  o f  a .p p lic a t io n  la te r .

T h e  use o f  l ig h t  a l lo y s ,  h o w e v e r ,  is  n o t  
c o n f in e d  to  th e  h ig h -sp eed  c o m p o n e n ts  
a lo n e , a n d  th e ir  a p p l ic a t io n  in  th e  c o n s t r u c 
t io n  o f  r e la t i v e l y  s lo w ly  r e v o lv in g  p u lle y s  o f  
la rg e r  d ia m e te r s  w a s  o n e  o f  th e  f ir s t  a p p l i 
c a t io n s  o f  l ig h t  a l lo y s  in  th e  m e c h a n ic a l  
e n g in e e r in g  f ie ld .  I t  w a s  in  1911 t h a t  th e  
A m e r ic a n  T o o l  W o r k s  C o .,  o f  C in c in n a t i ,  
a d o p te d  a lu m in iu m  d r i v in g  p u l le y s  on  th e ir  
la rg e r- s ize  p la n e rs .  T h e  a d v a n ta g e s  w e re  
m a n y .  O n  th e  36-in . a n d  la r g e r  h e a v y -  
p a t t e r n  m a c h in e s  th e  d r i v in g  p u l l e y  w e ig h e d  
105 lb .  in  c a s t  iro n , b u t  o n ly  35 lb . in  l ig h t  
a l lo y .  A n  im m e d ia te  r e s u lt  o f  th is  w a s  a, 
70 p e r  c e n t ,  r e d u c t io n  in  m o m e n tu m  w h ic h  
n o t  o n ly  d e c re a s e d  th e  s t r a in  o n  th e  p la n e r  
b e lts , t h e r e b y  g r e a t ly  in c r e a s in g  th e ir  l ife , 
b u t  a ls o  e n a b le d  th e ir  t r a v e l  t o  b e  in c re a s e d  
b y  2 in s . a s  th e  a fte r- ru n  a f t e r  e a ch  s t ro k e  
w a s  re d u c e d  b y  a  s im ila r  a m o u n t .

G r e a t  in te r e s t  w a s  a ro u s e d  b y  th is  in n o v a ,  
t io n , a n d  a  n u m b e r  o f  A m e r ic a n  c o n c e rn s  
fo llo w e d  th e  e x a m p le  se t  b y  th e  A m e r ic a n  
T o o l  W o r k s  C o . T h e  B u t l e r  M a c h in e  T o b l  
C o .,  o f  H a l i f a x ,  m a d e  a  s p e c ia l s t u d y  o f 
a lu m in iu m - a l lo y  p u lle y s  a n d ,  in  1927, th is  
c o n c e rn  in s ta l le d  a  la rg e  o p en -s id ed  p la n in g
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m a c h in e  in  w h ic h  th e  re v e rs in g  p u l le y s  w e re  
c o n s t ru c te d  in  a lu m in iu m  a l lo y  w i th  cast-  
iro n  c e n tre s .  S u b s t i t u t io n  o f  th e se  c o m 
p o s ite  p u l le y s  fo r  s im ila r  a ll- ca s t- iro n  
c o m p o n e n ts  r e d u c e d  th e  re v e rs a l in e r t ia  to  
o n e - th ird  o f  i t s  p r e v io u s  v a lu e  a n d  g a v e  a  
s m o o th e r  a n d  c o n s id e r a b ly  less  n o is y  re v e rs e .

Light Metal Hammers 
T h e  in h e r e n t  so ftn e ss , o f  l ig h t  m e ta ls  lia s  

b e e n  used  to  p ro d u c e  so ft- fa ce d  h a m m e rs  
fo r  s p e c ia l p u rp o se s . A n  a lu m in iu m - b a s e  
a l lo y  d e v e lo p e d  b y  o n e  C o n t in e n ta l  h a m m e r  
m a n u fa c tu r e r  p r o v e d  to  b e  m o re  s a t is f a c t o r y  
t h a n  th e  c o p p e r  w h ic h  i t  d is p la c e d  as , fo r  
th e  s a m e  a v e r a g e  c o n s u m p t io n  o f e n e rg y , th e  
c o m p re s s io n  o f  th e  l ig h t  a l lo y  w a s  less  th a n  
t h a t  o f  th e  c o p p e r  w i t h ,  c o n s e q u e n t ly ,  less  
d e fo rm a t io n  o f  th e  w o r k in g  fa c e  a n d  a  
lo n g e r  l i f e  f o r  th e  h a m m e r . A n  e v e n  s o fte r  
a lu m in iu m - b a s e  a l lo y  w a s  d e v e lo p e d  to  g iv e  
c h a r a c t e r is t ic s  s im ila r  t o  th o se  o f  le a d  
h a m m e rs  a s  u sed  fo r  w o r k in g  on  b ra s s  a n d  
lig h t- m e ta l  sh e e t . T h is  s a m e  a l lo y  h as  suc-

in  th e  f a b r ic a t io n  o f g r in d in g  a n d  la p p in g  
w h e e ls .

M a t r ix  m a t e r ia ls  fo r  th is  p u rp o s e  m u s t  
s a t is f y  a  n u m b e r  o f  s t r in g e n t  r e q u ire m e n ts .  
I n  th e  f ir s t  p la c e ,  t h e y  m u s t  be c a p a b le  o f 
r e c e iv in g  th e  d ia m o n d  d u s t  o r  o th e r  a b r a s iv e  
m a t e r ia l  a n d  o f r e t a in in g  th e  e m b e d d e d  
g ra in s  u n d e r  c o n d it io n s  in  w h ic h  th e  
t e n d e n c y  to  t e a r  th e m  f ro m  th e  m a t r ix  
m a t e r ia l  is  v e r y  g re a t .  T h e  m a t e r ia l  m u s t  
possess c o n s id e ra b le  s t r e n g th ,  as c e n t r i fu g a l  
fo rce s  a t  th e  h ig h  speed  o f o p e ra t io n  
e m p lo y e d  a r e  c o n s id e ra b le ,  a n d  a c c id e n ts  
d u e  to  s p l i t t in g  o f  th e  w h e e l a re  se r io u s , 
i n v o lv in g  c o n s id e ra b le  d a n g e r  to  p e rs o n n e l. 
L o w  s p e c if ic  g r a v i t y  ps a n  a d v a n ta g e  in  th is  
c o n n e c t io n ,  b u t  th e  n e c e s s ity  fo r  g o o d  h e a t  
c o n d u c t i v i t y  ru le s  o u t  th e  use  o f  fa b r ic -  
r e in fo rc e d  p la s t ic s ,  e x c e p t  f o r  th e  l ig h t e s t  
d u t y  w o rk ,  a l th o u g h  p la s t ic s  w o u ld  o th e r 
w ise  a p p e a r  to  o ffe r  c o n s id e ra b le  p o s s ib i l i 
t ie s . I t  is, th e re fo re ,  p re fe ra b le  t o  e m p lo y  a  
m e ta l  fo r  th e  m a t r ix  a n d ,  e x c e p t  in  th e  
s m a lle s t  s izes  o f  w h e e ls  a n d  a rb o rs ,  th e

c e s s fu l ly  b e e n  e m p lo y e d  fo r  p r o t e c t in g  w o r k  
w h i ls t  b e in g  h e ld  i n  th e  v ic e ,  a n d  h a s  p ro v e d  
q u it e  a s  s u c c e s s fu l a s  le ad -  o r  co p p e r- fa ce d  
ja w s .  T h e  l ig h t- m e ta l  h a m m e rs  re fe r re d  to  
a b o v e  w e re  o f th e  in s e r te d  t y p e ,  w o r k in g  
fa c e s  b e in g  f r o m  J- in .  t o  4-in . d ia m e te r ,  th e  
o v e r a l l  le n g th  o f th e  h e ad  b e in g  b e tw e e n  
3 in s . a n d  8f  in s . ,  w i t h  c o r re s p o n d in g  
w e ig h ts  b e tw e e n  3 J  oz. a n d  17£ lb .  S u c h  
h a m m e rs  a re  v e r y  s u i t a b le  f o r  th e  b e n d in g  
o f  m a g n e s iu m  a l lo y s  a s  t h e y  ca u se  n o  
s c r a t c h in g  o f  t h e  s u r fa c e .

Diamond Polishing Wheels
A n  a p p l ic a t io n  o f  g r e a te r  m o m e n t ,  h o w 

e v e r ,  is b a s e d  o n  th e  use  o f a g e - h a rd e n in g  
a l lo y s  to  p ro d u c e  a  m e d iu m  p re s e n t in g  c h a r 
a c te r is t ic s  o f  so ftn e ss  a t  th e  t im e  o f  f a b r ic a 
t io n  a n d  h a rd n e s s  w h e n  th e  l a t t e r  q u a l i t y  is  
re q u ire d  w i t h o u t  th e  a p p l ic a t io n  o f  th e  h ig h  
te m p e ra tu re s  n e e d e d  fo r  th e  h e a t  t r e a tm e n t  
o f  s te e l.  I n  th is  w a y ,  l ig h t  m e ta ls  h a v e  b e en  
e m p lo y e d  a s  m a t r ix  m a te r ia ls  f o r  a b r a s iv e  
g r a in s  o f  v a r io u s  t y p e s  o f  w h ic h  p e rh a p s  th e  
m o s t  im p o r t a n t  is  d ia m o n d  d u s t  as used

I L L U S T R A T E D  here is 
1 a  g roup  of cu ttin g  or 
w e ld in g  t o r c h e s ,  the  
bod ies of w h ic h  consist o f 
a lu m in iu m -a llo y  fo rg in gs ; 
s im ila r eq u ipm ent has  
be en  p ro d u ced  u tiliz ing  
ch ill- cas t m a g n e s i u m -  
a llo y  bodies.

a b ra s iv e - lo a d e d  m a t r ix  is  o f te n  c o n f in e d  to  
a  zo n e  e x te n d in g  f r o m  th e  p e r ip h e r y  o f  th e  
W h e e l to  o n ly  a  s m a ll  d is ta n c e  b e lo w  it .  
T h is  is  s e c u re d  a u t o m a t i c a l l y  w h e n  th e  
d ia m o n d  is  p re sse d  m e c h a n ic a l ly  in to  th e  
p e r ip h e ra l  s u r fa c e  o f  th e  w h e e l b u t ,  in  ca ses  
w h e re  th e  s t a r t in g  p o in t  is  a  p o w d e r  m ix 
tu re ,  s u c h  a s  a lu m in iu m  p o w d e r  o r  a  m ix tu r e  
o f  m e ta l  p o w d e r  a n d  s y n t h e t ic  r e s in , th e  
a b ra s iv e - la d e n  b a n d  m a y  b e  fo rm e d  a s  a- 
s e p a ra te  c o m p o n e n t  w h ic h  is  a t t a c h e d  to  th e  
h u b  o f  th e  w h e e l b y  e x p a n d in g  th e  l a t t e r  
m e c h a n ic a l ly  w i t h  w e d g e s , b y  th e  use o f 
s u i t a b le  k e y s  a n d  s lo t s  o r , o c c a s io n a l ly ,  b y  
th e  use  o f  s o ld e rs  o r  a d h e s iv e s .  B u t ,  w h a t 
e v e r  m e th o d  is  e m p lo y e d ,  i t  is  n e c e s s a ry  to  
t a k e  in to  c o n s id e r a t io n  th e  c o e f f ic ie n ts  o f  
th e r m a l  e x p a n s io n  o f  a l l  th e  m a t e r ia ls  to  
p r e v e n t  lo o s e n in g , c r a c k in g  a n d  d is in t e g r a 
t io n  u n d e r  th e  c o m b in e d  in f lu e n c e  o f  h e a t  
a n d  c e n t r i f u g a l  s tre s s .

A  p o ss ib le  p o s t- w a r  d e v e lo p m e n t  is  th e  
p r o d u c t io n  o f  w h e e ls  o f  t h is  t y p e  b y  co ld-  
p re s s in g  a lu m in iu m - 'a l lo y  p o w d e rs  b le n d e d  
w i t h  d ia m o n d  d u s t ,  a n d  p o s s ib ly  w i t h  th e
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a d d it io n  o f c o r ro s io n - p ro m o t in g  m a te r ia ls  
to  r e m o v e  th e  l ig h t  m e ta l  s lo w ly  u n d e r  p re s 
s u re  a n d  th u s  to  e l im in a t e  g la z in g  d u e  to  
t h e  s m e a r in g  o f th e  m a t r ix .  F o r  th e  m o m e n t ,  
h o w e v e r ,  im p re g n a te d  w h e e ls  a re  p ro d u c e d  
b y  e m b e d d in g  th e  a b r a s iv e  g r a in s  in to  a 
m e ta l  s u r fa c e . T h is  is  n o n e  to o  e a s y  a  
p ro ce s s . C o p p e r  as a  m a t r ix  m a t e r ia l  m ig h t  
a p p e a r  to  p re s e n t  d e f in ite  p o s s ib il it ie s ,  b u t  
i t  h o ld s  th e  e m b e d d e d  a b r a s iv e  g r a in s  f a r  to o  
in s e c u r e ly  to  g iv e  a n y  re a s o n a b le  life , a n d  
th e  p ro b le m  see m s to  r e v o lv e  a r o u n d  th e  
c h o ic e  o f  a  s u i t a b le  age- o r  h e a t- h a rd e n in g  
a l lo y  s in c e  h a r d e n in g  a p p e a rs  to  t ig h te n  th e  
h o ld  o f  t h e  m e ta l  011 th e  a b ra s iv e ,  w h i ls t  
th e  p r e l im in a r y  s o ftn e ss  o f  th e  m e ta l  s im 
p lif ie s  th e  in t r o d u c t io n  o f  t h e  g r a in s  in t o  i t .  
S t e e l  is  r e a l ly  e x c e s s iv e ly  h a rd  a n d  i t  c a n n o t  
be  u se d  w i t h  d ia m o n d  d u s t  a s  th e  h ig h  
te m p e ra tu re s  n e e d e d  fo r  h a r d e n in g  w o u ld  
a lm o s t  c e r t a in ly  d e s t r o y  th e  d ia m o n d .

A g e - h a rd e n in g  a lu m in iu m - b a s e  a l lo y s  o f 
th e  d u r a lu m in  t y p e ,  o n  th e  o th e r  h a n d ,

p o ssess  a  s a t is f a c t o r y  h a rd n e s s , b e in g  so ft 
e n o u g h  in  th e  a n n e a le d  c o n d it io n  to  s im p l if y  
th e  in t r o d u c t io n  o f  th e  a b r a s iv e  m a t e r ia l  b y  
m e c h a n ic a l  p re s s in g , i f  r e q u ir e d ,  a n d  o f 
s u f f ic ie n t  h a rd n e s s  in  th e  h a rd e n e d  c o n d it io n  

, to  p o ssess  s a t is f a c t o r y  l i fe .  T h e  a b r a s iv e  
g ra in s  a re  s e c u re ly  e m b e d d e d  in  th e  
h a rd e n e d  a l lo y s ,  a n d  m a t e r ia ls  o f  th is  t y p e  
h a v e  a l r e a d y  b e e n  u sed  s a t is f a c t o r i l y  fo r  th e  
p r o d u c t io n  o f d ia m o n d  im p re g n a t in g ,  g r in d 
in g . p o l is h in g  a n d  la p p in g  w h e e ls  a n d  
a rb o rs .  A f t e r  su c h  w h e e ls  h a v e  b e en  p r e 
p a re d  w i t h  th e  d ia m o n d  d u s t ,  t h e y  a re  
s o lu t io n  t r e a t e d  a n d  f in a l l y  p r e c ip i t a t io n  
h a rd e n e d  a t  500 d e g ree s  C . ,  a  te m p e ra tu re  
a t  w h ic h  t h e  d ia m o n d  d o e s  n o t  o x id iz e ,  e v e n  
in  th e  f in e ly  d iv id e d  fo rm . A n o d iz in g  is  
s a id  to  im p r o v e  th e  w h e e ls .

D ia m o n d - im p re g n a te d  w h e e ls  fo r  g la ss  
w o r k in g ,  c o n s is t in g  o f  d ia m o n d  d u s t  
e m b e d d e d  in  a  d u r a lu m in  b a se , a re  a v a i la b le  
in  d ia m e te rs  o f  t o  2 in s . G r in d in g  a r b o r s  
s im i la r l y  im p re g n a te d  in  d u r a lu m in  a re  a lso  
a v a i la b le  d o w n  to  th e  s m a lle s t  sizes.

A  n u m b e r  o f  m e th o d s  h a v e  b e en  p ro p o s e d  
fo r  t h e  m a n u fa c tu r e  o f  th e s e  a b r a s iv e  w h e e ls  
a n d  a rb o rs .  T h u s ,  th e  N o r t o n  C o . h a v e  
p ro p o se d  to  u se  a  p o w d e r  m ix tu r e  c o n s is t in g

o f  40 p e r  c e n t ,  b y  v o lu m e  o f a lu m in iu m  a n d  
60 p e r  c e n t ,  b y  v o lu m e  s il ic o n  a s  a b o n d in g  
m e d iu m  fo r  d ia m o n d  p a r t ic le s ,  1 th e  w h e e ls  
b e in g  p ressed  a n d  s in te re d  in  su c h  a  w a y  
t h a t  a l lo y in g  b e tw e e n  th e  a lu m in iu m  a n d  
th e  s i l ic o n  ta k e s  p la c e  t o  o n ly  a  l im it e d  
e x te n t .  A l t e r n a t i v e l y ,  t h e  a b r a s iv e  p a r t ic le s  
m a y  b e  m ix e d  w i t h  m o lte n  a lu m in iu m -

O  H O W N  a b o ve  a re  d iam o n d  la p p in g  w hee ls  
consisting  of a  d iam o n d  - im p regnated  

p la s tic  an n u lu s  a tta ch e d  b y  d o ve ta ilin g  to a  
m ach in e d  a n d  p o lish ed  true-ru nn ing  a lu m in 
ium  h u b  o r d isc . A t  th e  left is a  filin g  r ing  
a v a ila b le  in  d iam eters o f 6-10 in s . I t  is 
sh o w n  d ism ou n ted  an d  a lso  m ou n ted  on 
a  sp lit a lu m in iu m -a llo y  d isc o n  w h ic h  it is 
tigh tened  b y  m eans o f a  co n ica l bu sh . B e lo w  
is a  g roup  of g rin d in g  arbo rs  an d  a w hee l, 
co ns is ting  in  e v e ry  case  o f a  d iam ond- 
i m p r e g n a t e d  d u ra lu m in  base  su ita b ly  
m ounted  on  a  non- im pregnated  b o d y  to 
econom ize in  d iam o n d  dust.

c o p p e r  o r  a lu m in iu m - z in c  a l lo y s  w h ic h  h a v e  
a p p r o x im a t e ly  th e  s a m e  s p e c if ic  g r a v i t y  
w h e n  m o lte n  a s  t h e  a b r a s iv e  p a r t ic le s ,  a n d  
th e  m ix tu r e  a l lo w e d  t o  s o l id i f y .  S u it a b le  
c o m p o s it io n s  o f  a l lo y  a r e  a lu m in iu m  62 p e r  
c e n t ,  a n d  c o p p e r  38 p e r  c e n t ,  o r  a lu m in iu m  
08 p e r  c e n t ,  a n d  z in c  42 p e r  c e n t .

U . S .  p a t e n t  2 ,0 72 ,051  su g g e s ts  th e  use o f 
co p p e r-b ase  a l lo y s  fo r  h o ld in g  th e  a b ra s iv e ,  
o n e  s u c h  a l lo y  c o n s is t in g  o f  85 p e r  cen t', 
c o p p e r  a n d  15 p e r  c e n t ,  a lu m in iu m .  S u c h  
a n  a l lo y  h a s  a  m e lt in g  p o in t  in  th e  r e g io n  
o f 1 .000  d e g ree s  C .  a n d  is  r e la t i v e l y  to u g h .
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T h e  a c t iv e  p a r t  o f  th e  w h e e l in  th is  case  
c o n s is ts  o f  a n  a n n u lu s  m o u n te d  on  a  
m a s s iv e  a lu m in iu m  h u b , t o  w h ic h  i t  is  f ix e d  
b y  m e a n s  o f s i l v e r  so ld e r . T w o  o th e r  id e a s  
m a k e  use o f  a  c o m b in a t io n  o f m e ta l  a n d  
s y n th e t ic  re s in .  T h u s ,  in  U . S .  p a t e n t  
2 ,1 5 0 ,0 8 6 , a s s ig n e d  to  th e  N o r to n  C o .,  th e  
p ro p o s e d  m a t r ix  c o n s is ts  o f  a lu m in iu m  
p o w d e r  b o n d e d  w i t h  s y n th e t ic  r e s in ,  th e  
g r in d in g  fa c e  o f t h e  w h e e l c o n s is t in g  o f 
d ia m o n d  d u s t  b o n d e d  a ls o  w i th  a  s y n th e t ic  
re s in . I n  m a n u fa c tu r e ,  th e  c o m p o s ite  is 
m o u ld e d  in  o n e  o p e ra t io n .  T h e  c o m 
p o s it io n  o f t h e  d is c  is  su c h  t h a t  i t  c o n ta in s  
n o t  m o re  th a n  25 p e r  c e n t ,  b y  v o lu m e  o f 
s y n th e t ic  r e s in , a n d  h e n ce , o w in g  to  i t s  h ig h  
m e ta l l ic  c o n te n t ,  r e ta in s  e x c e l le n t  h e a t  c o n 
d u c t i v i t y .  B e c a u s e  o f th e  l ig h tn e s s  o f  a  
m o u ld in g  o f th is  t y p e ,  a n y  v ib r a t io n  in  use 
d u e  to  u n b a la n c e d  lo a d in g  is  re d u c e d  to  a 
m in im u m , th u s  m a k in g  fo r  a c c u ra t e  g r in d 
in g . I t  is  p o in te d  o u t  in  th e  p a t e n t  t h a t  th e  
use o f  a lu m in iu m  in  th is  c o n n e c t io n  re s u lts

S M A L L  d iam ond -im pregnated  syn th e tic  
resin  la p p in g  w h ee ls  m ou n ted  on  

a lum in iu m  a llo y  hubs.

in  a  d e c re a se d  c o s t  s in ce  th e  b u lk  d e n s i t y  o f 
th e  a lu m in iu m  is  low .' I n  p ra c t ic e ,  70 p a r ts ' 
b y  v o lu m e  o f 100 m esh  a lu m in iu m  p o w d e r  
a re  b le n d e d  w i t h  14.8 p a r ts  b y  v o lu m e  o f 
p h e n o lic  re s in  m o u ld in g  p o w d e r ,  th e  c o m 
p a c t  b e in g  p re ssed  a t  160 d e g ree s  C .  fo r  5 to  
25 m in s . A  s p e c ia l c h a r a c t e r is t ic  o f  w h e e ls  
m a d e  a c c o r d in g  to  th is  p r in c ip le  is  s a id  to  b e  
th a t  th e  b o d ie s  e x p a n d  a n d  c o n t r a c t  d u r in g  
h e a t in g  a n d  c o o l in g  w i t h o u t  s e p a ra t io n  o f 
th e  r im  fro m  th e  w h e e l o r  d is c  c e n t r e ,  a n d  
t h a t  c r a c k in g  d o e s  n o t  o c c u r  in  th e se  c i r c u m 
s ta n c e s . S u c h  w h e e ls  a re  c la im e d  to  b e  
e s p e c ia l ly  s u it a b le  fo r  in t e r n a l  g r in d in g .

U . S .  p a t e n t  2 ,092 ,591  uses s y n t h e t ic  re s in  
a s  th e  e s s e n t ia l m a t r ix  m a t e r ia l  i n  th e  fo rm  
o f a  t h in  d is c  fa ced  b y  t h in  a lu m in iu m  
sh e e ts , p r e s u m a b ly  to  in c re a s e  th e  s t r e n g th  
o f  th e  d is c  a n d  to  a s s is t  in  th e  d is s ip a t io n  
o f h e a t  f ro m  th e ' m a s s . T h u s ,  in  a n  
e x a m p le ,  tw o  th in  a lu m in iu m  d is c s  5 in s .  
in  d ia m e te r  a n d  0 .0 1 3 - in . t h i c k  w e re  b o n d e d  
to g e th e r  b y  m e a n s  o f  a  s y n t h e t ic  re s in  
a d h e s iv e ,  w i t h  w h ic h  w a s  m ix e d  a n  
a b r a s iv e  su c h  a s  a lu m in iu m  o x id e , s i l ic o n  
c a rb id e ,  d ia m o n d  o r  b o ro n  c a r b id e .  F o r  
e c o n o m y ,  th is  m ig h t  h a v e  b e e n  c o n f in e d  to  
t h e  o u te r  z o n e . T h e  a d h e s iv e  u sed  w a s  a 
p h e n o lic  re s in  o r  o th e r  s u it a b le  p la s t ic ,

r e in fo rc e d , i f  n e c e s s a ry ,  b y  m e a n s  o f c lo th ,  
m e ta l  fo i l  o r  m e ta l  p o w d e r .  T h e  w h e e l w a s  
m a n u fa c tu r e d  b y  p re s s in g  a t  2 t o n s  p e r  
sq . in .  fo r  20 m in s .  a t  a  t e m p e ra tu r e  o f  
140 d e g ree s  C . T h ic k  w h e e ls  m a y  b e  p ro 
d u c e d  b y  c o m p o u n d in g  a  n u m b e r  o f  su ch  
m e ta l- fa c e d  d is c s  to  g iv e  t h e  • th ic k n e s s  
r e q u ire d . A n  e s s e n t ia l r e q u ir e m e n t  fo r  
r e l ia b le  p e r fo rm a n c e  is  t h a t  th e  e x p a n s io n  
o f  th e  re s in  c o re , th e  a b ra s iv e - f i l le d  re s in  
m a t r ix  l a y e r  a n d  o f  th e  a lu m in iu m  sh e e ts  
s h o u ld  a l l  b e  m u c h  th e  sa m e , a  r e q u ir e m e n t  
w h ic h  i t  h a s  b e en  fo u n d  q u ite  p o ss ib le  to  
s a t is f y  b y  s u it a b le  c h o ic e  o f  s ta n d a rd  
a lu m in iu m  a l lo y s ,  s y n t h e t ic  r e s in s  a n d  f i l l in g  
m a te r ia ls .

Gauges and Jigs
L ig h t  a l lo y s  a re  f in d in g  in c r e a s in g  a p p l i 

c a t io n  in  th e  c o n s t r u c t io n  o f g au g e s  a n d  j ig s  
o f  v a r io u s  k in d s . I n  m a n y  ca ses , t h e  m a in  
re a so n  is  to  r e d u c e  th e  w e ig h t  o f  in s t ru m e n ts  
w h ic h  a r c  h a n d le d  r e p e a te d ly  a n d  w h o se  
w e ig h t  w o u ld  te n d  to  b e co m e  e x c e s s iv e  i f  
c o n s t ru c te d  in  iro n  o r  c o p p e r- b ase  m a te r ia ls .  
L a r g e  s n a p  g au g e s  fo r  d ia m e te r s  o f  8 ins. 
a n d  o v e r ,  fo r  e x a m p le ,  m a y  p ro v e  
u n p le a s a n t  in  r o u t in e  use o w in g  to  t h e ir  
w e ig h t ,  a s  th e  r e s u lt  o f  w h ic h  th e  o p e ra to r  
b e c o m e s  fa t ig u e d  a n d  th e  t e n d e n c y  is  fo r  
p e rs o n a l e r ro rs  to  b e  a c c e n tu a te d .  I n  su ch  
a p p l ic a t io n s ,  th e  use  o f a lu m in iu m  a n d  
m a g n e s iu m  a l lo y s  c a n  be h ig h ly  a d v a n 
ta g e o u s ; t h e  in s t ru m e n ts  w e ig h  less  in  l ig h t  
th a n  in  h e a v y  a l lo y s  a n d  th e y  s u t le r  less 
f ro m  c o r ro s io n ,  w h i ls t  th e y  a re  s tro n g e r , 
m o re  r e s is ta n t  to  a b ra s io n  a n d  la r g e ly  
im m u n e  fro m  th e  e v i l  o f d is to r t io n  a n d  
s e n s i t iv i t y  t o  c h a n g e s  in  h u m id i t y  w h ic h  a re  
i n e v i t a b ly  a s s o c ia te d  w i t h  th e  use  o f  o rg a n ic  
m a t e r ia ls  s u c h  a s  w o o d  a n d  p la s t ic s .  T h e y  
possess th e  d is a d v a n ta g e ,  h o w e v e r ,  o f 
s e n s i t iv i t y  t o  t e m p e ra tu re  c h a n g e s  on  
a c c o u n t  o f  th e  r e la t i v e l y  h ig h  c o e f f ic ie n t  o f 
t h e r m a l  e x p a n s io n  o f  th e  l ig h t  a l lo y s ,  a n d  
t h e y  m u s t  n o t  b e  h e ld  in  th e  h a n d s  f o r  lo n g  
(1 m in .  h a s  b e en  r e c o m m e n d e d ,  a s  th e  
m a x im u m  fo r  g au g e s ) a s  th e  s m a ll  m as s  o f  
m e ta l is  c o n d u c iv e  t o  r a p id  te m p e ra tu r e  
r is e  d u e  to  h e a t  t r a n s fe r  f r o m  th e  h a n d s . 
T h is  a p p l ie s  p a r t i c u la r l y  t o  th e  u lt r a - lig h t  
a l lo y s .  I f ,  h o w e v e r ,  l ig h t  a l lo y s  b e  
e m p lo y e d  o n ly  fo r  th e  h a n d le s  o f  th e  g au g es , 
t h is  d r a w b a c k  is  g e n e r a l ly  e l im in a t e d ,  
l e a v in g  th e  g au g e s  p o ssesse d  o f th e  a d v a n 
ta g e  o f so m e  r e d u c t io n  in  w e ig h t  a n d  o f  a 
m o re  s e n s it iv e  “  fee l "  o r  “  to u c h  ”  d u e  to  
th e  h ig h e r  h e a t  c o n d u c t i v i t y  a n d  lo w e r  h e a t  
c a p a c i t y  o f  th e  l ig h t - a l lo y  h a n d le .  B lo c k  
g au g e s  h a v e  b e e n  m a d e  in  th is  w a y  w ith  
h a n d le s  o f  m a g n e s iu m  a l lo y  a n d  w i t h  
m e a s u r in g  fa c e s  o f  s te e l.

T h e  lo w  w e ig h t  o f  l ig h t - a l lo y  g au g e s  
m a k e s  i t  n e c e s s a ry  t o  issue  a  n o te  o f  w a r n 
in g  to  t h e  o p e ra to r  w h o  m a y  o th e rw is e  b e  
l ia b le  t o  c a u se  d a m a g e  to  th e  in s t r u m e n t .
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A B O V E  is a  b lin d - fly in g  p an e l in  d u ra lu m in  
r V  fo r a irc ra ft w ith  instrum ents rem oved . A 
n u m b e r o f a lu m in iu m  a llo y  co m pon en ts  m ay  
be seen ; these  a re  des igned  fo r co u p lin g  u p  
in stru m en ts  to ven tu ris , p u m ps an d  p ressure 
bead s . B e lo w  a re  lig b t-a llo y  cast co m p o 
nen ts  em b o d ied  in to  a irc ra ft in stru m en ts  of 
va r io u s  types. T h e  p arts  he re  are  co n cern ed  
m a in ly  w ith  com passes. A t  the  righ t is a 
b lin d - fly in g  p an e l co m p lete  w ith  instrum ents, 
a ll o f w h ic h  em b o d y co n s id e rab le  q u an tit ie s  
of lig h t a llo ys .

th e  to o l o n  i t s  w a y .  M o t  o n ly  d o es  th is  
p ro d u c e  a n  in a c c u r a c y  in  i t s e lf  b u t ,  a lso , 
in  th e  ca se  o f  a  g a u g e  c o n s is t in g  la r g e ly  o f 
m a g n e s iu m  a l lo y ,  th e  lo w  m o d u lu s  o f 
e la s t ic i t y  o f  th is  g ro u p  o f m e ta ls  a s  c o n 
t r a s te d  w i t h  s te e l m ig h t  r e s u lt  in  t ire  g au g e  
b e c o m in g  d a m a g e d . F o r  th e  h a n d l in g  o f

m a rk e d .  A n  a d d it io n a l  f a c t o r  f a v o u r in g  
th e  a d o p t io n  o f  l ig h t  m e ta l  is  th e  ease  w i t h  
w h ic h  th e  l ig h t  a l lo y s  m a y  b e  fa b r ic a te d .  
I t  is  r e p o r te d  t h a t  th e re  w a s  a  c o m 
p a r a t i v e l y  e x te n s iv e  use  o f  l ig h t - a l lo y  jig s  
in  th e  U . S .  a s  e a r ly  a s  1911, a n d  c e r ta in  
i t  is  t h a t  th e ir  use h a s  g ro w n  to  su c h  a n  
e x te n t  t h a t  t h e y  a r e  n o w  t a k e n  fo r  g ra n te d  
in  th e  m a jo r i t y  o f  p ro g re s s iv e  w o rk s h o p s  on  
b o th  s id e s  o f  th e  A t l a n t i c .

A m o n g  th e  p io n e e rs  in  th e  use o f 
a lu m in iu m  jig s  m u s t  b e  c i t e d  th e  C o m p u t in g  
S c a le  C o .,  o f  D a y t o n ,  O h io ,  w h ic h  w a s  
e m p lo y in g  a lu m in iu m  j ig s  f o r  d r i l l in g  p a r t s  
o f  w e ig h in g  m a c h in e s  b e fo re  th e  1914-1918 
w a r .  M o s t ly ,  t h e  j ig s  w e re  p ro d u c e d  b y  
c a s t in g  a n d  i t  w a s  fo u n d  t h a t  th e  m a k in g  
o f  a  l ig h t- a l lo y  j i g  r e p re s e n te d  a  c o n s id e ra b le  
s a v in g  in  t im e  o y e r  w h a t  h a d  b e e n  p r e 
v io u s ly  r e q u ir e d  in  m a k in g  j ig s  o f  c a s t  ir o n .  
T h is  w a s  d u e  in  p a r t  t o  th e  s u p e r io r  q u a l i t y

p re c is io n  in s t ru m e n ts  o f  th is  k in d  a n d  in  
th e s e  s p e c ia l m a te r ia ls ,  p a r t ic u la r  r e c o m 
m e n d a t io n s  m u s t  b e  p u t  fo r w a r d  a s  re g a rd s  
th e  a v o id a n c e  o f  u n d u ly  ro u g h  u sag e .

O f  e s p e c ia l in te r e s t  a re  th e  m a t t  b la c k  
fin ish e s  o f  e x c e p t io n a l ly  lo w  r e f le c t iv i t y  
w h ic h  c a n  b e  p ro d u c e d  o n  a lu m in iu m  s u r 

fa c e s  b y  p ro cesses  o f  a n o d iz in g  a n d  
d y e in g .  S u c h  p ro cesses  h a v e  been  
a p p l ie d  t o  a e ro p la n e  p ro p e lle rs  fo r  
p u rp o s e s  o f  n ig h t  f l y in g  a n d  s im ila r  
fin ish e s  a re  b e in g  u sed  o n  a lu m in iu m  
jig s  a n d  g au g e s  fo r  c lo s e  w o r k  w h e re  
i t  is d e s ire d  to  a v o id  th e  e y e - s tra in  
t h a t  m a y  o c c u r  w h e re  th e  o p e ra to r  
is  c o n t in u a l l y 'w a t c h in g  f in e  m a te r ia l  
su ch  a s  f i la m e n t  w ire .

I n  th e  ca se  o f  j ig s ,  m u c h  g re a te r  
a p p l ic a t io n  h a s  b e e n  m a d e  o f th e  
l ig h t  a l lo y s  t h a n  fo r  th e  c o n s t r u c 
t io n  o f g au g e s  b e ca u se  th e  a d v a n 
ta g e s  d e ta i le d  a b o v e  h o ld  t o  a  
g r e a te r  e x te n t  fo r  j ig s ,  s in ce  th e  
la t t e r  a re  u s u a l ly  h e a v ie r  s t ru c tu re s ,  
w h i ls t  th e  d is a d v a n ta g e s  a r e  less

T h u s ,  r e tu r n in g  to  s n a p  g au g e s  a g a in ,  i t  is  
u s u a l ly  r e c o m m e n d e d  th a t ,  in  use , th e  g au g e  
s h o u ld  fa l l  o v e r  th e  w o rk p ie c e  b y  its  o w n  
w e ig h t .  I f ,  n o w , t h e  w e ig h t  o f  th e  g au g e  
lie  r e d u c e d  b y  60 p e r c e n t ,  o r  m o re , th e re  
a p p e a rs  to  be a  v e r y  re a l d a n g e r  o f  th e  
o p e ra to r  a p p ly in g  so m e  e x t r a  fo r c e  to  h e lp
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A B O V E  is p ic tu red  a  g roup  of cast ligh t 
z x  a llo y  com ponents fo r com passes, au to 
m atic  p ilo ts an d  sights used  in  a irc ra ft. A t  
th e  righ t is sh o w n  a  cap su le  in co rp o ra ted  in  
th e  Sm ith  a ir-speed in d ica to r , to ge ther w ith  
a ssoc ia ted  com pon ents. B e lo w , sh o w n  in  
th e  d is-assem bled  cond ition , is th e  R e id  an d  
S ig ris t tu rn  in d ica to r. T h e  sm a ll tr ia n g u la r  
bo x  in  the  cen tre  is a  ty p ica l p ressure  
d ie-cast com ponent.

l ig h t  a l lo y s ,  th is  w a s  a c h ie v e d  m o re  e a s i ly  
a n d  a c c u r a t e ly ,  r e s u lt in g  in  a  s a v in g  in  th e  
o p e r a to r ’s  t im e  a n d  in  a  s u b s ta n t ia l  
r e d u c t io n  in  th e  n u m b e r  o f  b ro k e n  d r i l ls .  
A s  a n  in d ic a t io n  o f t h e  w e ig h t  r e d u c t io n  
a c h ie v e d ,  i t  is  s ta te d  th a t ,  w h e re a s  a  c e r t a in  
j ig  in  c a s t  ir o n  w e ig h e d  30 lb . ,  i t s  c o u n t e r 
p a r t  i n  a lu m in iu m  a l lo y  w e ig h e d  o n l y  12 lb .  
P e r f o r m a n c e  w a s  e x c e l le n t ,  a n d ,  a f t e r  10

c o n c e p t io n  a s  h a s  b e e n  p r o v e d  b y  
c e r t a in  F r e n c h  m a n u fa c tu re r s ,  a n d , 
in c id e n t a l ly ,  b y  m a n u fa c tu r e r s  in  
A m e r ic a  a n d  e ls e w h e re , in  u s in g  
p la n t  in c o r p o r a t in g  l ig h t  a l lo y s  in  
v a r io u s  d e g ree s . P ro g re s s  in  th e  
a lu m in iz a t io n  o f w o o d - w o rk in g  to o ls  
w a s  v e r y  l i v e  i n  F r a n c e  ju s t  b e fo re  
th e  w a r ,  th e  g o a l w h ic h  d e s ig n e rs  
s e t  th e m s e lv e s  b e in g  th e  c o m p le te  
d is p la c e m e n t  o f  a l l  u n n e c e s s a ry  

w e ig h t .  T h is  d id  n o t  im p ly  th e  th o u g h t le s s  
c o n d e m n a t io n  o f a l l  h e a v y  m e ta ls  b u t  r a th e r  
th e  use  o f  th e  r ig h t  m a t e r ia l  in  th e  r ig h t  
p la c e ,  a n d  i t  in v o lv e d  a n  u n d e r s ta n d in g  o f 
th e  a d v a n ta g e s  a n d  o f  th e  l im i t a t io n s  o f  
l ig h t  m e ta ls .

T h is  e v o lu t io n  w a s .  fo s te re d  p a r t i c u la r l y  
.n F r a n c e  a n d  n o t a b ly  b y  th e  E t a b l is s e m e n t s  
R e n é  V o le t ,  a  c o n c e rn  w h ic h  is  n o te d  in

o f th e  l ig h t- a l lo y  c a s t in g s , w h ic h  c o n ta in e d  
le ss  s a n d  a n d  fe w e r  b lo w  h o le s , a n d  p a r t l y  
to  th e  s u p e r io r  m a c h in in g  q u a l i t ie s  o f  th e  
m e ta l ;  in  a d d it io n ,  less  d u ll in g  o f th e  to o ls  
w a s  e x p e r ie n c e d . A l l  h o le s  w e re  l in e d  w ith  
h a rd e n e d  b u sh es  a n d  th e  j ig s  w e re  p ro v id e d  
w i t h  h a rd e n e d  s te e l fe e t  to  s ta n d  o n . 
L o c a t io n  w a s  b y  d o w e l p in s  a n d ,  o n  a c c o u n t  

o f  th e  r e d u c t io n  in  w e ig h t  d u e  to  th e  use  o f

y e a rs ,  n o  u n d u e  w a r p in g  o r  d e te r io r a t io n  
w a s  o b s e rv e d .

Tools for the Working of Wood 
T h e  "  R e v u e  d  l 'A lu m in iu m  "  h a s  p u b 

l is h e d  a  d e ta i le d  s u r v e y  o f  th e  uses o f 
a lu m in iu m  a n d  i t s  a l lo y s . i n  w o o d  w o r k in g  
w h ic h  i t  w i l l  b e  a p p r o p r ia t e  t o  s u m m a r iz e  
h e re . A s  in  o th e r  b ra n c h e s  o f  in d u s t r y ,  

t im b e r  a n d  jo in e r y  w o rk s h o p s , 
w h e th e r  e n g a g e d  o n  n e w  c o n 
s t r u c t io n a l  w o r k ,  o n  m a in t e n 
a n c e  o r  o n  re p a ir s ,  u s u a l ly  
c o n ta in  a  q u a n t i t y  o f  h e a v y  
m a c h in e r y  fo r  w h ic h  th e  u s u a l 
m a t e r ia ls  o f  c o n s t r u c t io n  a re  
c a s t  ir o n  fo r  th e  f r a m e w o r k ,  
s u p p o r t s  a n d  p e d e s ta ls , s te e l 
fo r  th e  m e c h a n is m  a n d  b ro n z e  
fo r  th e  b e a r in g s .  B u l k  o f  
w e ig h t  h a s  te n d e d  t o  b e c o m e  
a s s o c ia te d  w i t h  r i g id i t y  a n d  
a c c u r a c y ,  a n  e n t ir e ly  e rro n e o u s
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F r a n c e  a n d  in  m a n y  o th e r  c o u n t r ie s ,  fo r  th e  
p r o d u c t io n  o f m a c h in e  to o ls  f o r  th e  jo in e r y  
t r a d e ,  a n d  th e  E t a b l is s e m e n t s  R . G . A .  T h e  
l a t t e r  c o n c e rn  e x h ib ite d  a  n u m b e r  o f lig h t-  
a l lo y  e le c t r ic a l ly  d r iv e n  w o o d w o r k in g  to o ls  
a t  o n e  o f  th e  P a r is  fa ir s .

T h e  g e n e ra l t r e n d  o f th is  e v o lu t io n  w a s  
th e  a d o p t io n  o f a lu m in iu m  a l lo y s  fo r  th e  
b o d y w o r k ,  c a s in g  a n d  h a n d le s  o f  p o r ta b le  
a n d  se m i- p o r ta b le  to o ls ,  s u c h  a s  d r i l l in g ,  
p a r in g  a n d  g r in d in g  m a c h in e s ,  a n d  s im ila r  
a l lo y s  f o r  c e r t a in  r o t a t in g  a n d  r e c ip r o c a t in g  
p a r ts  o f  f ix e d  p la n t .  T h e  u lt r a - lig h t  a l lo y s  
d o  n o t  a p p e a r  to  h a v e  e n te re d  in to  
c o n s id e ra t io n .

I l lu s t r a t e d  a re  a  n u m b e r  o f  a p p l ic a t io n s  
in  w h ic h  a lu m in iu m  a l lo y s  h a v e  a c t u a l l y  
•been e m p lo y e d  to  a d v a n ta g e  in  F r a n c e .  T h e  
to o ls  a n d  o th e r  a p p l ia n c e s  a re  as  fo l lo w :—

1. A n  in te r n a l- c o m b u s t io n  e n g in e  o f a 
t y p e  f r e q u e n t ly  e m p lo y e d  to  s u p p ly  th e  
m o t iv e  p o w e r  in  a  jo in e r y 'w o r k s ,  m a d e  w ith  
f r a m e w o r k  a n d  c a s in g  e n t i r e ly  in  a lu m in iu m .  
B y  th is  m e a n s  i t  w a s  fo u n d  p o ss ib le  to  p ro 
d u c e  m e d iu m  h o rse - p o w e r  m o to rs  o f  e x c e p 
t io n a l l y  lo w  w e ig h t .  M a c h in e s  o f  th is  t y p e  
a r e  s o m e tim e s  re q u ire d  w h e re  p la n t  is  in  
o p e ra t io n  o n  a n  u p p e r  f lo o r , th e  lo a d in g  o f 
w h ic h  m u s t  b e  k e p t  w i t h in  lo w  l im it s ,  in  
t r a v e l l in g  w o rk s h o p s  a n d  o n  b o a rd  s h ip .

2. A  l ig h t- a l lo y  p u l le y ,  lo w  in  b o th  d e a d 
w e ig h t  a n d  in e r t ia ,  r e d u c in g  v ib r a t io n  a n d  
c o n s e r v in g  p o w e r .

3. O v e r h e a d  t a c k le  in  a lu m in iu m  a l lo y .  
T h e  b o d y w o r k  o f  t h is  t a c k le  w a s  c a s t  in  
A lp a x  (10-13 p e r  c e n t .  S i )  a l lo y  b y  th e  
B e lg ia n  f irm , les  U s in e s  d e  M o n t f io r e .  A  
g r e a t  a d v a n t a g e  o f  lig h tn e s s  in  o v e rh e a d  
e q u ip m e n t  o f  th is  t y p e  is  t h a t  i t  r e d u c e s  th e  
lo a d  o n  th e  su s p e n s io n  s y s te m  w h ic h  c a n , 
a c c o r d in g ly ,  b e  m a d e  o f l ig h t e r  a n d  c h e a p e r  
c o n s t r u c t io n — a n  e c o n o m y  w h ic h  m a y  
ex cee d  th e  e x t r a  c o s t  of" th e  a lu m in iu m  
ta c k le .

4. D y n a m o ,  w i t h  p e d e s ta l a n d  c a s in g  o f 
a lu m in iu m  a l lo y  fo r  th e  s a m e  re a so n s  w h ic h  
le d  t o  th e  a d o p t io n  o f  l ig h t  a l lo y s  in  th e  
in te r n a l- c o m b u s t io n  e n g in e  re fe r re d  to  
a b o v e .

5. C o n e  p u l le y s  w h ic h ,  b e ca u se  o f th e ir  
lo w  w e ig h t  a n d  in e r t ia ,  r e d u c e  v ib r a t io n  a n d  
p e r m it  m o re  r a p id  s t a r t in g  a n d  s to p p in g . 
T h e  fo l lo w in g  to o ls  w e re  d e s ig n e d  b y  th e  
E t a b l is s e m e n t s  R . G . A .  a n d  e x h ib it e d  a t  one  
o f th e  P a r is  f a i r s : T h e y  w e re  e a c h  in d e p e n 
d e n t l y  d r iv e n  b y  m e a n s  o f a n  e le c t r ic  m o to r  
s u sp e n d e d  o n  o v e rh e a d  r u n w a y s .  T h e  d r iv e  
w a s  t a k e n  to  th e  to o l b y  m e a n s  o f  a  f le x ib le  
d r i v in g  c a b le ,  th e  o u te r  c o v e r in g  o f  w h ic h ,  
in c id e n t a l ly ,  w a s  o f a lu m in iu m .  I n  ea ch  
to o l,  th e  g re a te s t  p o ss ib le  s u b s t i tu t io n  o f 
l ig h t  a l lo y  fo r  h e a v y  m e ta l  w a s  m a d e  to  
re d u c e  d e a d w e ig h t  a n d  to  m a k e  th e  e q u ip 
m e n t  a s  p o r ta b le  a n d  a s  e a s y  to  h a n d le  as 
p o ss ib le :-—

6. E le c t r i c  d r i l l .
7. C h is e ll in g  a n d  c o u n te r s in k in g  m a c h in e .

- 8. A n  e le c t r ic  p la n e .
9 . A n  e le c t r ic  s m o o th in g  p la n e .
10. P o l is h e r .
11. P o r t a b le  g r in d e r .
A l t h o u g h  n o  d e ta i ls  a re  g iv e n ,  i t  w o u ld  

a p p e a r  t h a t  th e  w h o le  o f  th e se  to o ls , w i th  
th e  e x c e p t io n  o f  th e  a c tu a l  m e c h a n is m  a n d  
c u t te r s ,  w e re  m a d e  in  l ig h t  a l lo y .  E v e n  
w h e r e  h a rd  w o o d  m ig h t  h a v e  b e e n  e m p lo y e d  
as  in  th e  h a n d le s ,  a lu m in iu m  a l lo y  w a s  used  
fo r  g r e a te r  s t re n g th  a n d  lo n g e r  life . T w o  
t y p e s  o f  h a n d - sa w  w i t h  a lu m in iu m  h a n d le s  
a r e  i l lu s t r a t e d .

I n  a  s m a ll to o l g r in d e r  f o r  b e n c h  
m o u n t in g ,  w h ic h  is  i l lu s t r a t e d ,  e v e r y  p a r t ,  
e x c e p t  th e  a b r a s iv e  w h e e l,  i t s  a x le  a n d  th e  
s m a ll p in io n ,  w a s  m a d e  o f a lu m in iu m  a l lo y .  
T h e  la rg e  p in io n  w a s  c a s t  a n d  s u b s e q u e n t ly  
m a c h in e d .  I t  w a s  fo u n d  to  b e  p e r f e c t ly  
s a t is f a c t o r y  in  use  in  s p ite  o f  th e  s o ftn e ss  o f 
th e  l ig h t  a l lo y .

T h e  fre t- saw  i l lu s t r a te d  is  a  g o o d  e x a m p le  
o f  th e  a p p l ic a t io n  o f  l ig h t  a l lo y s  in  n o n 
p o r ta b le  m a c h in e s .  H e r e  th e r e  w a s  n o  p o in t  
in  th e  use  o f l ig h t  a l lo y s  in  th e  m a in  f r a m e 
w o r k  a n d  p e d e s ta l e x c e p t  in  th o se  e x c e p 
t io n a l  c ir c u m s ta n c e s  w h ic h  h a v e  been  
in s ta n c e d  a b o v e ,  w h e re  d e a d w e ig h t  m ig h t  
h a v e  to  b e  k e p t  to  a  m in im u m . T h e re  is, 
h o w e v e r ,  c o n s id e ra b le  p o in t  in  u s in g  l ig h t  
a l lo y s  in  s e v e ra l  o f  th e  m a c h in e ’s c o m 
p o n e n ts . T h e  la rg e  w o rk - ta b le  w a s  r e m o v 
a b le  a n d  a d ju s ta b le  a n d  i t  w a s ,  th e re fo re ,  
m ad e  in  l ig h t  a l lo y  to  e n a b le  o n e  o p e ra to r  
to  h a n d le  i t  c o m fo r t a b ly .  T h e  r e c ip r o c a t in g  
a rm  c a r r y in g  th e  s a w  b la d e  w a s  m a d e  o f a n  
a lu m in iu m - a l lo y  c a s t in g , th e  a d v a n ta g e  o f 
w h ic h  w a s  a  l o w  in e r t ia  a n d  c o n s e q u e n t  
in c re a s e d  speed  o f o p e ra t io n  w i th  a  g iv e n  
p o w e r  s u p p ly ,  a n d  a  re d u c e d  v ib r a t io n .  F o r  
s im ila r  re a so n s , l ig h t  a l lo y s  w e re  e m p lo y e d  
fo r  a  n u m b e r  o f  p u lle y s  f i t t e d  in  th is  
m a c h in e ,  a l l  c o n n e c t in g  ro d s , g u id e s  a n d  
s lid e s  a n d  th e  fo o t- o p e ra te d  c o n t r o l  p e d a l. 
T h is  m a c h in e  w a s  c a p a b le  o f  h a n d l in g  w o o d , 
p a p e r , c a rd b o a rd ,  c e llu lo id ,  h o rn , e b o n ite ,  
l e a th e r  a n d  ru b b e r  u p  to  a  th ic k n e s s  o f 
10 c m .

A lto g e th e r ,  i t  w o u ld  a p p e a r  t h a t  c a b in e t 
m a k e rs  a n d  s im ila r  w o rk e r s  in  F 'r a n c e  h a v e  
b e e n  s e rv e d  b y  a  p ro g re s s iv e  g ro u p  o f  p la n t  
a n d  m a c h in e r y  c o n s t ru c to r s  w h o  a p p e a r  to  
h a v e  b e e n  d e v e lo p in g  l i g h t  a l lo y - c o n ta in in g  
p la n t  a lo n g  s o u n d  s c ie n t if ic  lin e s .

Portable Metal-working Tools
T h e  a d v a n ta g e s  o f  l i g h t  w e ig h t  in  p o r t 

a b le  to o ls  a re  to o  o b v io u s  to  n e ed  m u c h  
e x p la n a t io n ,  a n d  i t  is  th e  l ig h t  a l lo y s  p ro b 
a b ly  m o re  t h a n  a n y  o th e r  m a t e r ia l  w h ic h  
h a v e  m a d e  p o s s ib le  th e  p r o d u c t io n  o f t r u l y  
p o r ta b le  to o ls . A  fe w  e x a m p le s  w i l l  s h o w  
th e  w a y  in  w h ic h  l ig h t  a l lo y s  h a v e  b een  
d e v e lo p e d  f o r  t h is  p u rp o s e . I l lu s t r a t e d  is
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a  d r i l l in g  w in c h  o f  r a th e r  la rg e  s ize  fo r m in g  
p a r t  o f  th e  p o r ta b le  e q u ip m e n t  o f  a  w o r k 
m a n  e n g a g e d  o n  h e a v y  c o n s t r u c t io n a l  w o r k .  
A lu m in iu m  a l lo y  w a s  th e  m a t e r ia l  o f  c o n 
s t r u c t io n  ch o se n  b y  th e  m a k e rs  (M e s s rs . 
B u h le r  B r o s . ,  U z w i l )  in  o rd e r  to  r e d u c e  th e  
w e ig h t  o f  th e  to o l to  su c h  a n  e x t e n t  t h a t  
i t  c o u ld  b e  c a r r ie d  b y  th e  w o r k m a n  w i th  
r e a s o n a b le  ease . A l l  p a r t s  o f  th is  to o ! w e re  
o f  a lu m in iu m  a l lo y  e x c e p t  th e  lo w e r  p iv o t ,  
w h ic h  w a s , n a t u r a l ly ,  o f  h a rd e n e d  s te e l.

T h e  use o f a lu m in iu m  f o r  th e  m o to r  
h o u s in g  a s s is te d  in  r e d u c in g  th e  w e ig h t  o f  a  
h ig h - sp eed  p ro f i le  g r in d e r  to  o n ly  S5  lb .  
T h is  g r in d e r ,  s a id  to  b e  th e  f i r s t  p o r ta b le  
m a c h in e  o f  i t s  t y p e ,  w a s  p u t  o n  th e  A m e r i 
c a n  m a r k e t  b y  th e  B o y e r - S c l iu lt z e  C o rp .  
e a r ly  in  1939 t o  fu l f i l  m a n y  r e q u ire m e n ts  
in  m o d e rn  to o l a n d  d ie  sh o p s . I t  w a s  b u i l t  
w i t h  a  r e c ip r o c a t in g  s p in d le  o p e ra t in g  a t
20.000 r .p .m .  th ro u g h  a  t a b le  c a p a b le  o f  
t i l t in g  th ro u g h  5 d e g ree s , th is  h ig h  s p in d le  
speed  b e in g  ch o se n  to  e n a b le  m o re  r a p id  
w o r k in g  to  te m p la te s  a n d  s c r ib e d  lin e s , 
m a t in g  o f d ie s  a n d  p u n c h e s  a n d  g r in d in g  d ie  
c le a ra n c e s .  T h e  m o to r  sp e ed  w a s  3 ,450  
r .p .m .  a n d  th e  a lu m in iu m  h o u s in g  w a s  n o t  
o n ly  l ig h t  in  w e ig h t  b u t ,  in  a d d it io n ,  i t  
e ffe c te d  a  s u b s t a n t ia l  r e d u c t io n  in  v ib r a t io n  
a n d  n o ise  c o m p a re d  w i t h  a  s te e l h o u s in g , 
w h i ls t  i t  m a r k e d ly  a ss is te d  in  k e e p in g  th e  
m o to r  c o o ! b y  m o re  r a p id ly  d is s ip a t in g  th e  
h e a t  g e n e ra te d .

I l lu s t r a t e d  is  a  h a n d y  p n e u m a t ic  d r i l l  
w h ic h  w e ig h s  o n ly  24 o z ., th a n k s  to  i t s  
in c o r p o r a t io n  o f a lu m in iu m  a l lo y s .  T h is  
"  B r o o m w a d e  ”  d r i l l  h a s  a n  a lu m in iu m -  
a l lo y  c a s in g . L ig h t  a l lo y  is  a ls o  e m p lo y e d  
fo r  a  c a g e  c a r r y in g  a , r o b u s t  b u t  m in u te  
e p ic y c b c  g e a r in g  b y  m e a n s  o f  w h ic h  th e  
sp eed  o f  t h e  m u l t iv a n e  m o to r ,  r u n n in g  a t
15.000 r .p .m . ,  is  re d u c e d  to  2 ,7 00  r .p .m .  
fo r  th e  d r i l l  s p in d le .*  A l t h o u g h  th e  .b a ll
b e a r in g  u n it s  a re  o f  s ta in le s s  s te e l, w h i ls t  
g ea rs , r o to r  a n d  s h a f t  a re  m a d e  o f n ic k e l-  
c h ro m iu m  s te e l,  th e  e m p lo y m e n t  o f  a lu 
m in iu m  a l lo y s  h a s  m a d e  p o ss ib le  a  c o n s id e r 
a b le  r e d u c t io n  in  w e ig h t .  W h i l s t  l i g h t  
w e ig h t  is  a lw a y s  w e lc o m e  in  re d u c in g  
fa t ig u e  o n  th e  p a r t  o f  th e  o p e r a to r  a n d  in  
in c r e a s in g  th e  sp e ed  o f o p e ra t io n ,  i t  is  
d o u b ly  w e lc o m e  in  to o ls  o f  th is  t y p e  w h ic h  
a re .  in te n d e d  fo r  p re c is io n  w o r k in g ,  w h e re  
fa t ig u e  a n d  c lu m s in e s s  a l ik e  m a y  so o n  le a d  
to  e r ro r .

V e r y  .s im ila r  is  th e  “  H a n d - e e  ”  e le c t r ic  
to o l  w h ic h  is  c la im e d  to  b e  c a p a b le  o f  use 
a s  a  h a n d - d r i l l in g  m a c h in e ,  g r in d e r ,  c u t 
t in g , c a r v in g ,  p o l is h in g  a n d  e n g r a v in g  to o l.  
I t  is  6 in s . lo n g , w e ig h s  12 o z ., a n d  is  
e q u ip p e d  w i th  a n  a lu m in iu m - a l lo y  m o to r  
a n d  g e a r  h o u s in g  e n c lo s e d  in  a  p la s t ic  c a se .

A ls o  i l lu s t r a t e d  is  a  h ig h -sp eed  d r i l l ,  th e  
c a s in g  a n d  g r ip  o f  w h ic h  a r e  m a d e  o f  c a s t  
m a g n e s iu m  a l lo y ,  a n d  a n  e le c t r ic  d r i l l  o f 
r a th e r  d if f e re n t  t y p e  m a d e  b y  S iem en s-

S c h u c k e r t  ( G . B . ) ,  L t d . ,  in  w h ic h  u lt r a - lig h t  
a l lo y  c a s t in g s  fo rm  th e  m a in  c o m p o n e n ts  o f 
th e  to o l.

I l lu s t r a t e d  is  a  g ro u p  o f p re ssu re- d ie- ca s t 
m a g n e s iu m - a llo y  s t a t ic  c o m p o n e n ts  a n d  
m o v in g  p a r t s  o f  p o r ta b le  p n e u m a t ic  o r  e le c 
t r i c  h a n d  to o ls , a l l  o f  w h ic h  h e lp  to  re d u c e  
th e  w e ig h t  o f  th e  f in is h e d  to o l  to  a  c o n 
v e n ie n t  le v e l .

S p r a y  g u n s  w ith  a  d ie - ca s t  o r  p ressu re-d ie-  
c a s t  l ig h t  o r  u lt r a - lig h t  a l lo y  b o d y  h a v e  lo n g  
b e e n  o n  th e  m a r k e t .  T h e y  a re  l ig h t  to  
h a n d le  a n d  n o  c o lo u re d  c o r ro s io n  p ro d u c ts  
a re  fo rm e d  b y  a  tm o s p h e r ic  c o r ro s io n  o r  b y  
r e a c t io n  w ith  th e  p a in t  o r  la c q u e r  to  c o n 
t a m in a t e  th g  c o a t in g ,  n e ith e r  a r e  th e  d r y in g  
p ro p e r t ie s  o f  th e  l a t t e r  a ffe c te d  b y  th e  l ig h t  
m e ta l.

W e ld in g  a n d  c u t t in g  to r c h e s  h a v e  been  
p ro v ic je d  w i t h  h a n d le s  o f  a  c o rro s io n -  
re s is ta n t  l ig h t  a l lo y  in  p la c e  o f th e  m o re  
m a s s iv e  b ra s S  a s s e m b lie s  a t  o n e  t im e  u sed . 
H e r e ,  th e  r e p la c e m e n t  o f  b ra s s  b y  a lu m in iu m  
c a n  e f fe c t  a  d e c re a se  in  d e a d w e ig h t  o f  
30 to  40 p e r  c e n t .  T h e  g r ip  is  o f  s eam less  
c o n s t r u c t io n  a n d ,  th e re fo re ,  c a n n o t  le a k ,  
w h i ls t  i t s  s h a p e  is  c a r e f u l ly  a d a p te d  to  th e  
h a n d , th u s  s t i l l  f u r t h e r  r e d u c in g  th e  o p p o r 
t u n i t y  f o r  fa t ig u e  w h e n  th e  to o l is  in  c o n 
t in u o u s  use . T h e  i l lu s t r a t io n  o f th e  
G r ie s h e im  p ro d u c ts  d e m o n s t ra te s  h o w  a  
s ta n d a r d  d e s ig n  o f to r c h  h a s  b e e n  e v o lv e d  
in  o rd e r  to  f a c i l i t a t e  in t e r c h a n g e a b i l i t y  o f 
s e v e r a l  t y p e s  o f  w e ld in g  a n d  c u t t in g  n o z z le . 
T h e  c o n v e n ie n t  p o s i t io n in g  o f  th e  v a lv e  f o r  
th e  a c e t y le n e  s u p p ly  s h o u ld  b e  n o te d . A  
ra n g e  o f w e ld in g  to r c h e s  w i t h  a lu m in iu m  
b o d ie s  m a n u fa c tu r e d  b y  th e  C o n t in e n ta l-  
L ic h t- u n d  A p p a ra te b a u - G e s e l ls c h a f t ,  D u b e n -  
d o r f ,  is  a ls o  i l lu s t r a te d .

M o s t  o f  th e  d e v e lo p m e n t  w o r k  o n  llg h t-  
'  m e ta l  w e ld in g  to r c h e s  a p p e a rs  to  h a v e  b een  
c a r r ie d  o u t  o n  th e  C o n t in e n t .  C o n s t r u c t io n  
h a s  n o t  b e e n  l im it e d  to  c a s t  a lu m in iu m ;  
w e ld in g  to r c h  b o d ie s  h a v e  b e en  fo rg e d  in  
A n t ic o r o d a l,  w h i ls t  d ie - ca s t  m a g n e s iu m - b a s e  
a l lo y s  h a v e  b e e n  s u c c e s s fu l ly  e m p lo y e d  fo r  
th e  s a m e  p u rp o s e .

I n  U . S . A .  th e  "  A lu m in iu m  N e w s  L e t t e r ”  
o f  M a r c h ,  1937, n o te d  th e  in t r o d u c t io n  to  
th e  A m e r ic a n  m a r k e t  o f  a  l ig h t- w e ig h t ,  
a lu m in iu m - b o d ie d  w e ld in g  to r c h  w e ig h in g  
o n ly  17 oz. D e t a i l s ,  h o w e v e r ,  d o  n o t  a p p e a r  
to  h a v e  b e e n  g iv e n .

A  h a n d - la p p in g  to o l u se d  f o r  th e  s to n in g  
o f  s in te re d  c a rb id e - t ip p e d  to o ls  a s  e m p lo y e d  
in  a u to m a t ic  s c re w s  a n d  o th e r  m a c h in e s ,  h as  
•been p r o v id e d  w i t h  a  s m a ll  l ig h t- m e ta l  
h a n d le ,  s u i t a b ly  fo rm e d  to  p r o v id e  a  g o o d  
g r ip .  T h e  a c t iv e  p a r t  o f  th e  to o l co n s is ts  
o f  a  p h e n o lic - re s in - m o u ld in g  im p re g n a te d  
w i th  d ia m o n d  d u s t .  T h e  u se  o f  l ig h t  m e ta l  
in  th e  a s s e m b ly  in  th is  ca se  e n a b le d  th e  
m ass  o f  t h e  a b ra s iv e - b e a r in g  u n i t  to  b e  
re d u ce d .

(To be continued.)



H I D U M 1 N 1 U M  

A P P L I C A T I O N S  L T D
Farnham Road Slough-Bucks

A s  figh ting  a irc ra ft  dep end  on H ID U M IN IU M  
a lu m in iu m  a lloys  ( to  th e  e x te n t  o f  7 5 %  by 
w e ig h t )  so o u r  p e ace tim e  road  tra n sp o rt 
w ill  need  th e  w e ig h t- re d u c in g  s tu rd iness  
o f  H id u m in iu m . C o ach es, buses, lo rr ies , 
tan ke rs , call fo r  th is  basic tra n s it io n  to  light 
a llo ys  fo r  g re a te r  en g ine  e ffic ien cy, lo w e r  
m ain ten an ce , b e au ty  and road  econom y. 
D es ign e rs  and co n s tru c to rs  can en su re  th a t 
th e  o u tstand in g  q u a lit ie s  o f  H id u m in iu m  a re  
fu lly  u tilised  by t im e ly  e n q u iry  and co llab o r
a t io n  w ith  H id u m in iu m  A p p lic a tio n s  L td . 
f u r th e r  in fo rm a tio n  w ill  be sen t on  req uest.

c Ć ?  Ć f t e ć ic j?
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M Ï Ï  W Q  Genera l ,  T e c h n ic a l  
I N  W  a n d  C o m m e r c i a l

I S S U E D  in  F ra n c e  
A in  1942, d u r in g  the  
pe riod  o f  G e r m a n  
o ccu p a tio n , th is 50- 
c e n t i m e  p i e c e  in  
a lum in iu m -base  a llo y  
is one  of a  nu m b er of 
co ins  s tru ck  a t th e  
tim e in  lig h t m etal. 
Its  a c tu a l d iam e te r is 
0.7 in . (see a lso  “  L ig h t  
M e ta ls ,”  1941/4/94: 
248).

Metals in Housing

O N  T h u r s d a y ,  M a r c h  8, a t  a  m e e t in g  o f 
th e  L o n d o n  L o c a l  S e c t io n  o f  th e  I n s t i 

tu t e  o f  M e ta ls ,  G .  H .  F r ie s e - G re e n e  re a d  a  
p r o v o c a t iv e  p a p e r  o n  th e  s u b je c t  o f  "  M e ta ls  
in  H o u s in g . "  E m p h a s is  w a s  la id  u p o n  th e  
ne ed  fo r  th e  c o r re c t  c o r r e la t io n  .o f a l l  a v a i l 
a b le  s t r u c tu r a l  m a te r ia ls ,  m e t a l l i c  a n d  non- 
m e ta l l ic ,  a n d  c o n s id e ra b le  in te r e s t  w a s  
s t im u la t e d  in  th e  s u b s e q u e n t  d is c u s s io n  as  
to  t h e  p re c is e  d e f in i t io n  o f th e  e x p re ss io n

p e r s o n a l i t y  o f  a  m e t a l , "  w h ic h  w a s  in t r o 
d u c e d  b y  th e  s p e a k e r .

M r .  F r ie s e - G re e n e  d r e w  a t t e n t io n  to  m a n y  
w e a k n e sse s  in  th e  c u r r e n t  o u t lo o k  o n  d e s ig n  
a n d  p r o d u c t io n  o f m e ta l  c o m p o n e n ts  fo r  
h o u ses ; in  p a r t ic u la r ,  h e  d e p lo re d  th e  
u n c o n t r o l le d  u se  o f  e x c e s s iv e ly  th in - g au g e  
sh e e t. C o m m e n ts  o n  p r o to ty p e  hou ses  
e x h ib it e d  b y  M . A . P .  a n d  M . O . W .  o n  th e  
T a t e  G a l l e r y  s ite  w e re  r e c e iv e d  w ith  in te r e s t .  
T h e  p a r t s  to  b e  p la y e d  b y  a lu m in iu m  a n d  
m a g n e s iu m  in  b u i ld in g s  o f  th e  fu tu r e  w e re  
b r ie f ly  a n a ly s e d  a n d  th e  a r c h i t e c t ’s a t t i t u d e  
to  n e w  m a t e r ia ls  s u m m a r iz e d .

Society of Instrument Technology

M E E T I N G  o f  th e  S o c ie t y  o f  In s t r u m e n t  
T e c h n o lo g y  w i l l  b e  h e ld  a t  th e  Lo n d o n -  

S c h o o l  o f  T r o p ic a l  M e d ic in e ,  K e p p e l  S t r e e t ,  
L o n d o n ,  W . C . l ,  o n  S a t u r d a y ,  A p r i l  21, 
1945. T h e  m o rn in g  sess ion  w i l l  c o m m e n c e  
a t  11 o 'c lo c k  a n d  th e  a f te rn o o n  sess io n  a t  
2 .30  p .m .

T h e  p re s id e n t ,  S i r  G .  P .  T h o m s o n ,  
M . A . ,  F . R . S . ,  w i l l  b e  in  th e  c h a ir ,  a n d  
th re e  p a p e r s  w i l l  b e  re a d  a n d  d is cu sse d . 
A n y  n o n - m e m b e rs  o f  th e  S o c ie t y  w h o  w is h  
t o  a t t e n d  s h o u ld  a p p ly  to  th e  H o n .  S e c r e 
t a r y ,  M r .  L .  B .  L a m b e r t ,  55, T u d o r  
G a rd e n s ,  L o n d o n ,  W . 3 .

Air-strip Landing Mats

F L E X I B L E  s te e l la n d in g  m a t s  fo r  q u ic k  
s u r fa c in g  o f a i r  s t r ip s  a n d  a i r  f ie ld s  in  

c o m b a t  a re a s  w e re  d e v e lo p e d  e a r ly  in  th e  
w a r  b y  th e  U . S .  C o rp s  o f  E n g in e e r s  in  
c o - o p e ra t io n  w ith  c e r ta in  la rg e  m a n u fa c 
tu re rs  o f  s te e l m a ts  fo r  c i v i l ia n  in d u s t r ia l  
a n d  o th e r  p u rp o se s . T h e r e  p ro v e d ,  h o w 
e v e r ,  to  b e  m a n y  a re a s  w h e re  su c h  s u r fa c in g  
m a ts  w e re  n e e d e d  q u ic k ly  a n d  h a d  to  be 
f lo w n  in  o n  a ir  t r a n s p o r ts .  T h e  s te e l a r t ic le s  
w e re  to o  h e a v y  fo r  t h is  s e rv ic e ,  so a lu 
m in iu m  m a t s  w e re  d e v e lo p e d ; th e se  a re  
d e sc r ib e d  b y  th e  U . S .  W a r  D e p a r tm e n t  a s  
s im ila r  in  d e s ig n  to  th e  s te e l p ie rc e d - p la n k  
t y p e .  E a c h  m a t  is a b o u t  10 ft .  lo n g  b y  
15 f t .  w id e ,  w i t h  s t re n g th  c o m p a ra b le  to  th e  
s te e l. B u t  th e  w e ig h t  fo r  ea ch  10-ft. b y  
15-ft. p a n e l is  3 1 .8  lb . ,  c o m p a re d  w i t h  
63 .9  lb .  fo r  th e  stee l.

M a t s  a re  fa b r ic a te d  fro m  a lu m in iu m  
sh e e ts  t h a t  a re  A  in . t h ic k .  T w o  J- in .  
p a r a l le l  r ib s  a re  fo rm e d  in  th e  lo n g  s e c t ip u  
o f th e  p a n e l to  a d d  r ig id i t y .  T h r e e  ro w s  
o f t w o  Vs- in . h o le s  a re  p u n c h e d  o n  4-in . 
c e n tre s  w ith  t h e ir  f la n g e s  tu b u la t e d  t o  a d d  
a d d i t io n a l  s t r e n g th  a n d  re d u c e  w e ig h t .  
In d i v id u a l  p a n e ls  a re  c o n n e c te d  b y  i n t e r 
lo c k in g  b a y o n e ts  a n d  p e r fo r a t io n s  a lo n g  th e  
ed g es  o f  th e  p la n k .

M a t s  a re  b u n d le d  fo r  s h ip m e n t  in  s ix  s u b 
b u n d le s  o f  f iv e  p la n k s  e a c h , w h ic h  fo rm  a  
m a s te r  b u n d le  o f  29 10-ft. p la n k s  a n d  t w o  
5-ft. p la n k s .  T h e  m a s te r  b u n d le  fo r  a i r  s h ip 
m e n t ,  to g e th e r  w i t h  th e  c l ip s ,  w e ig h s  a b o u t
1,000 lb . ,  c o m p a re d  w i t h  2,000 lb .  fo r  s te e l 
m a ts  b u n d le d  in  t h e  s a m e  w a y .  I n  a c tu a l  
u se , th e  W a r  D e p a r tm e n t  s a v s  t h a t  a lu 
m in iu m  m a ts  h a v e  b e en  la i'd  a t  a b o u t  
250 sq . f t .  p e r  m a n - h o u r , c o m p a re d  w i th  
150 sq . f t .  p e r  m a n - h o u r  fo r  th e  s te e l m a t .  
T h e  w e ig h t  a d v a n ta g e  o f  t h e  a lu m in iu m
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m a ts  in  a c tu a l  t r a n s p o r t  b y  a i r  is  d e m o n 
s t ra te d  in  th e  fo l lo w in g  c o m p a r is o n  b y  th e  
W a r  D e p a r tm e n t .  T h e  w e ig h t  o f  a  r u n w a y  
o f  150 f t .  b y  5 ,0 00  f t .  is  975 to n s  fo r  th e  
a lu m in iu m  m a ts  a n d  1,928 to n s  fo r  th e  
s te e l. T h is  m e a n s  163 a i r  t r a n s p o r t  lo a d s  
fo r  a lu m in iu m  a n d  322  s im ila r  lo a d s  fo r  
s te e l. T h e  a lu m in iu m  h a s  b e e n  f lo w n  f r e 
q u e n t ly  in  A f r i c a  a n d  th e  S o u th  P a c i f i c  a n d  
C h in a .

Light-alloy Freight Car
A L T H O U G H  th e  U . S .  is  e m e rg in g  fro m  

th e  w a r  w i t h  a  c a p a c i t y  fo r  a lu m in iu m  
p r o d u c t io n  t h a t  is  th r e e "  t im e s  p re - w a r , 
p ro s p e c ts  a re  o p e n in g  u p  s t e a d i ly  fo r  rea l 
to n n a g e  c o n s u m p t io n .  A lu m in iu m  r a i lr o a d  
p a sse n g e r  c o a c h e s  a r e  a n  o ld  s to r y  n o w , b u t  
th e  a lu m in iu m  f r e ig h t  c a r  is  le ss  c o m m o n , 
e v e n  in  th e  U . S .  J u s t  r e c e n t ly ,  th e  f ir s t  
e x p e r im e n ta l  b o x c a r  o f  th is  t y p e  w a s  c o m 
p le te d . C o m p a n ie s  c o n t r ib u t in g  to  i t s  f a b r i 
c a t io n  to  d e s ig n s  o f  th e  G r e a t  N o r th e r n  
R a i l w a y  in c lu d e d  Y o u n g s t o w n  S te e l  D o o r  
C o .,  S t a n d a r d  R a i lw a y  E q u ip m e n t  M fg . 
C o .,  M o r to n  M fg . C o . a n d  A m e r ic a n  S te e l 
F o u n d r y  C o .

P u r p o s e  o f  th e  c a r  is to  use i t  in  h ig h 
sp eed  e x p re ss  s e rv ic e  a t t a c h e d  to  p a sse n g e r  
t r a in s  o f  th e  s t r e a m lin e  v a r ie t y .  A lu m in iu m  
in  th e  c a r  is  Alcoa a n d  w e ig h s  3 ,7 2 2  lb .  U s e  
o f a lu m in iu m  s a v e s  4 ,057  lb .  in  w e ig h t ,  
a c c o r d in g  to  th e  A lu m in u m  C o . o f  A m e r ic a .  
A lu m in iu m  use  in c lu d e s  o u ts id e  s h e a th in g , 
ro o f ,  c o r ru g a te d  e n d s , d o o rs , f lo o r  p ro te c 
t iv e  d o o r w a y  p la te s ,  "  W  ”  c o rn e r  p o s ts , 
r u n n in g  b o a rd s , b r a k e  s te p  a n d  m a n y  m in o r  
p a r ts .  A lu m in iu m  a l lo y  r iv e t s  w e re  u sed  in  
f a b r ic a t in g  th e  ro o f , en d s , s id e  sh e e ts  a n d  
d o o rs .

A n o t h e r  ite m  o f  r a i lw a y  e q u ip m e n t  in to  
w h ic h  a lu m in iu m  h a s  b e en  in t ro d u c e d  in  th e  
U . S .  is. th e  r a i lr o a d  in s p e c t io n  c a r .  F a i r 
m o n t  R a i l w a y  M o to r s ,  I n c . ,  F a i r m o n t ,  
M in n . ,  h a s  b ro u g h t  o u t  a n  in s p e c t io n  c a r ,  
m o to r- d r iv e n , a  la rg e  n u m b e r  o f  p a r t s  o f 
w h ic h  a re  o f  a lu m in iu m .  I t  re d u c e s  w e ig h t  
b y  a lm o s t  100 lb .  a n d  m a k e s  i t  e a s ie r  to  
r e m o v e  th e  in s p e c t io n  c a r s  f r o m  th e  r a i ls  
w h e n  n e c e s s a ry .

Aluminium Alloys for Castings
W H I L S T  w e  w o u ld  a g re e  w i th  M r .  

C a r r in g to n  ( ' L i g h t  M e ta ls , ' M a r c h ,  
1945 , p .  103-110 ) in  th e  n e ed  fo r  a h  a lu 
m in iu m  c a s t in g  a l lo y  h a v in g  a  h ig h  d e g re e  
o f  d u c t i l i t y  w i t h  m e d iu m - h ig h  te n s ile  
s t r e n g th ,  w e  d o , h o w e v e r ,  c o n s id e r  h is  
re fe re n c e  t o  th e  e lo n g a t io n  o f  D .T .D .2 9 .S  
a l lo y  t o  b e  a n  u n d e r s ta te m e n t .  T o  
q u o te :  ' w i t h  D . T . D . 2 9 S  11 p e r  c e n t ,
is  o f te n  o b t a in e d . ’ W e  h a v e  e x a m in e d  
th e  m e c h a n ic a l  te s t  r e s u lt s  o b ta in e d  in  
r e c e n t  ro u t in e  p ro d u c t io n  in  th is  fo u n d r y  
a n d  f in d  t h a t  th e  a v e r a g e  e lo n g a t io n  s h o w n  
b y  s e p a r a t e ly  c a s t  te s t- b a re  is  16.4 p e r  c e n t ,  
t h e  lo w e s t  b e in g  14 p e r  c e n t . ,  a n d  th e  m a x i 
m u m  21 p e r  c e n t.

“  I n  th e  ca se  o f  D .T .D .o O O , a l th o u g h  a  
m in im u m  v a lu e  fo r  e lo n g a t io n  o f  7 p e r  c e n t ,  
is  sp e c if ie d , r e s u lt s  c o n s id e r a b ly  in  ex cess  o f  
th is  a re  o b ta in e d  in  n o r m a l  p r o d u c t io n : fo r  
e x a m p le ,  a n a ly s is  o f  o u r  r o u t in e  p r o d u c t io n  
r e v e a ls  a n  a v e r a g e  e lo n g a t io n  o f  14.7 p e r  
c e n t ,  w i t h  a  m in im u m  v a lu e  o f  11 p e r  c e n t ,  
a n d  a  m a x im u m  v a lu e  o f 21 p e r  c e n t .

"  R e fe r e n c e  is  m a d e  la t e r  in , th e  sam e  
p a p e r  to  th e  use o f  a lu m in iu m  a l lo y  d ie s  fo r  
d ie  c a s t in g .  T o  q u o te :  'a n d  a s  t h e y  h a v e  th e  
s a m e  th e r m a l  e x p a n s io n  a s  th e  c a s t in g ,  th e  
d a n g e r  o f  c r a c k in g  is  p r a c t i c a l l y  e l im in a t e d . ’ 
T h is  is  c la im e d  ' to  be o n e  o f  th e  b ig g e s t  
s te p s  fo rw a rd  in  th e  in d u s t r y  fo r  so m e  t im e . ’ 
T h e  fo rm e r  s ta te m e n t  is , o f  co u rse , f a l la 
c io u s . W r o m  c o n s id e ra t io n  o f d ie  c a s t in g  
p r a c t ic e  i t  is o b v io u s  t h a t  th e  th e rm a l 
e x p a n s io n  o f  t h e  d ie  m a t e r ia l  is  a lm o s t  
a  n e g l ig ib le  f a c to r  in  d e te r m in in g  th e  c o n 
s t r a in t  to  th e  c o n t r a c t io n  o f th e  c a s t in g  in  
th e  d ie , p r o v id in g  th e  th e r m a l c o n d u c t i v i t y  
o f  th e  d ie  m a t e r ia l  is  o f  a  r e la t i v e l y  h ig h  
o rd e r ;  th is ,  o f  co u rse , is  t r u e  in  t h e  ca se  o f  
a n  a lu m in iu m  a l lo y  d ie . ” — F o r  K e n t  A l lo y s ,  
L t d . ,  F .  N .  S m it h ,  C h ie f  M e ta l lu r g is t .

Contributions to “ Light Metals ”
T O  f a c i l i t a t e  th e  e d it in g  o f  c o p y ,  a n d  to

g u a rd  a g a in s t  th e  o c c u r re n c e  o f  n e ed le ss  
e rro rs , w e  w o u ld  a s k  th o s e  f o r w a r d in g  p a p e rs  
fo r  p ro p o s e d  in c lu s io n  in  o u r  e d it o r ia l  p a g e s  
t o  b e  so  g o o d  a s  to  o b s e rv e  th e  fo l lo w in g  
p o in ts :—

(1 )  A s  f a r  a s  p o ss ib le , a l l  c o p y  s h o u ld  
b e  t y p e d  w i t h  d o u b le  s p a c in g  o n  o p e  
s id e  o f  th e  p a g e  o n ly .

(2 )  A l l  i l lu s t r a t io n s  s h o u ld  be n u m b e re d  
c o n s e c u t iv e ly  th u s :— "  F i g .  1, F ig .
2. . . . ”  T h is  a p p l ie s  b o th  to  l in e  
d r a w in g s  a n d  h a lf- to n e s , b e tw e e n  
w h ic h  w e  d o  n o t  d is t in g u is h  fo r  th is  
p u rp o se .

(3 )  T a b le s  s h o u ld  b e  n u m b e re d  c o n s e c u 
t i v e l y  th u s :— "  T a b le  1, T a b le  2 . . . ”

(4 )  R e fe re n c e s  s h o u ld ,  a s  f a r  a s  p o s s ib le , 
b e  g iv e n  in  th e  fo rm  ”  y e a r / v o lu m e /  
p a g e , ”  t h u s :— ”  ‘ L ig h t  M e t a l s , ’ 
1 9 4 1 /4 /2 9 .”  O n ly  in  th e  ca se  o f  
th o se  jo u r n a ls  w h e re  e a c h  is su e  is  
s e p a r a te ly  p a g in a t e d  is  th e  is su e  
n u m b e r  a n d / o r  m o n th  o f  issu e  n e c e s 
s a ry .  I n  th e  case  o f  R u s s ia n  a n d  
Ja p a n e s e  jo u r n a ls  i t  is  a d v is a b le ,  
h o w e v e r ,  to  d e t a i l  re fe re n c e s  as  c o m 
p le te ly  a s  p o s s ib le , a s  i r r e g u la r it je s  
h a v e  f r e q u e n t ly  b e en  fo u n d

W e  w o u ld  p o in t  o u t  t h a t  re a d e rs  w is h in g  
to  e x a m in e  th e  o r ig in a ls  r e fe r re d  to  in  th e  
b ib l io g ra p h ie s ,  e tc . ,  in  t h is  jo u r n a l  s h o u ld , 
b e fo re  t a k in g  fu r th e r  s te p s , in q u ir e  a t  th e  
a p p r o p r ia te  d e p a r tm e n ts  a t  th e  P a t e n t  
O ff ic e  a n d  th e  S c ie n c e  L ib r a r y  (b o th  in  
L o n d o n ) , w h e re , in  m o s t cases , t h e v  w i l l  
b e  fo u n d , a n d  fro m  w h ic h  in s t i t u t io n s  
p h o to s ta t  c o p ie s  m a y ,  i f  n e c e s s a rv . b e  
o b ta in e d .
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Staff and Managerial Changes

W E  h a v e  b e en  in fo rm e d  b y  th e  D o w s o n  
a n d  M a s o n  G a s  P l a n t  C o .,  L t d . ,  A lm a  

W o r k s ,  L e v e n s h u lm e ,  M a n c h e s te r ,  t h a t  
L .  G .  A .  L e o n a r d ,  la te  a s s is ta n t  g e n e ra l 
m a n a g e r  o f  B r i t i s h  F u r n a c e s ,  L t d . ,  o f  
C h e s te r f ie ld ,  h a s  b e en  a p p o in te d  g e n e ra l 
m a n a g e r  o f  D o w s o n  a n d  M a s o n  G a s  P l a n t  
C o .,  L t d . ,  a s  fro m  M a r c h  1, 1945, in  s u c 
ce ss io n  to  J a m e s  P a t o n ,  w h o  is  je t i r in g ,  b u t  
w i l l ,  h o w e v e r ,  r e ta in  h is  s e a t  o n  th e  b o a rd  
o f d ir e c to rs .

S p e c ia l lo id ,  L t d . ,  N o r t h  F in c h le y ,  
L o n d o n ,  a n n o u n c e  th a t  i t  h a s  t a k e n  n e w  
p re m ise s  fo r  J h e  e s t a b l is h m e n t  o f  a  c e n t r a l  
L o n d o n  o ffice  a n d  w a re h o u s e  a t  140-142, 
G r e a t  P o r t la n d  S t r e e t ,  W . l .  T h is  d e p o t  w i l l  
c o v e r  sa le s  a n d  s e rv ic e  to  th e  H o m e  
C o u n t ie s  a n d  L o n d o n .  A .  W .  R o e b u c k ,  
L t d . ,  h a s  b e en  a p p o in te d  m a in  conces-  
s io n n a ire  o f  S p e c ia l lo id  p is to n s  fo r  th e  
L o n d o n  a re a .

U n d e r  th e  t i t le  o f  N e w  M e ta ls  a n d  
C h e m ic a ls ,  L t d . ,  B r o a d  S t r e e t  A v e n u e ,  
L o n d o n ,  E .C .2 ,  a  n e w  c o m p a n y  h as  r e c e n t ly  
b e en  fo rm e d  to  d e a l in  th e  r a r e r  m e ta ls  
a n d  th e ir  a l lo y s ,  c o m p o u n d s  a n d  o res . T h e  
c o m p a n y  is  in te r e s te d  in  a  n u m b e r  o f  n e w  
in d u s t r ia l  a p p l ic a t io n s  fo r  th e se  m a te r ia ls ,  
a n d  h a s  m o d e rn  re s e a rc h  fa c il i t ie s  in  
L o n d o n ,  N o r t h  o f  E n g la n d  a n d  in  S c o t la n d .

T h e  d ir e c to r s  o f  E d g a r  A l le n  a n d  C o .,  
L t d . ,  a n n o u n c e  t h a t  th e y  h a v e  e le c te d

W i l l i a m  H .  H ig g in b o t h a m  a s  c h a irm a n  o f 
t h e  b o a rd  o f  d ir e c to r s  o f th e  c o m p a n y  in  
su c ce ss io n  to  th e  l a t e  C .  K .  E v e r i t t ,  w h o  
d ie d  r e c e n t ly .  W .  H .  H ig g in b o th a m  h a s  
b e e n  a s s o c ia te d  w i t h  th e  c o m p a n y  s in c e  1930 
a n d  b e c a m e  a  d ir e c to r  in  1933.

B i r m in g h a m  E le c t r i c  F u r n a c e s ,  L t d . ,  o f 
T y b u r n  R o a d ,  E r d in g t o n ,  B i r m in g h a m ,  
in fo rm  us t h a t  th e  c o m p a n y  h a s  d e c id e d  to  
c h a n g e  i t s  n a m e  to  B i r l e c ,  L t d .  T h e  t r a d e  
m a r k  "  B i r l e c  ”  h a s  b een  e s ta b lis h e d  fo r  
m a n y  y e a rs ,  a n d  th e  c o m p a n y  fe e ls  t h a t  i t  
is  a l r e a d y  m o re  w id e ly  k n o w n  b y  t h is  
s h o rte n e d  t i t le .  T h e  p o l ic y ,  m a n a g e m e n t  
a n d  p e rs o n n e l o f  th e  c o m p a n y  (w h ic h  is  a  
s u b s id ia r y  o f  th e  M o n d  N ic k e l  C o . )  w i l l  n o t  
b e  in  a n y  w a y  a ffe c te d  b y  th e  c h a n g e .  
B i r l e c ,  L t d . ,  h a s  p io n e e re d  in n u m e r a b le  
t y p e s  o f  in d u s t r ia l  e le c t r ic  h e a t  t r e a tm e n t  
a n d  e le c t r ic  fu rn a c e s  in  th is  c o u n t r y .

F r o m  W i l l i a m s  a n d  W o m e r s le y ,  L t d . ,  
W a k e f ie ld ,  w e  h a v e  re c e iv e d  a  c o p y  o f  a 
c a ta lo g u e  d e a l in g  w i th  m a c h in e s  f o r  th e  
p ro d u c t io n  o f m e ta l s e c t io n s . T h e s e  h a v e  
been  d e v e lo p e d  la r g e ly  fo r  th e  a i r c r a f t  
in d u s t r y  a n d  fo r  th e  m a n u fa c tu re  o f  m e ta l  
a ir f r a m e s ,  b u t  a re  l ik e l y  to  f in d  in c re a s in g  
use  in  th e  c o ld  fo rm in g  o f  m ild  s te e l a n d  
l ig h t- a l lo y  s t r ip .  S o m e  o f  thg . m a c h in e s  
e m b o d y  fe a tu re s  n o t  h i th e r to  in c o rp o ra te d  
in  a n y  p la n t  o f  th is  t y p e .  T h is  se ries  ,o f 
m a c h in e s  m a k e  u p  a  c o m p le te  r a n g e  s u ita b le  
fo r  d e a l in g  w i t h  m a t e r ia l  fro m  th e  c o m m e r 
c ia l  s t r ip  to  th e  f in is h e d  ro lle d  s e c t io n .

F o u n d i n g  o f  M a g n e s i u m  A l l o y s

T h e  P rincip les o f  U ltra -lig h t A l lo y  C asting  are  
S u m m a r is e d  a n d  the N e e d  f o r  A sse ss in g  E ach  
In d iv id u a l Case on I ts  Own M e r its  is Stressed. 
(C o n tin u ed  fr o m  “ T ig h t  M e ta ls  ” i y j j  ¡8 / 1 2 4 )

M O U L D I N G  c a n n o t  b e  t a u g h t  in  a  s in g le  
a r t ic le ;  n e ith e r  c a n  d ie  d e s ig n  n o r  d ie  

s in k in g .  T h e  m e th o d s  o f m o u ld in g  a n d  
d ie  s in k in g  a re  l a r g e ly  th e  sa m e , re g a rd le s s  
o f  th e  m e ta l  in  w h ic h  th e  c a s t in g  is to  b e  
p ro d u c e d . T h i s  is  n o t  to  s a y  t h a t  in d iv id u a l  
m e ta ls  a n d  a l lo y s  h a v in g  th e ir  o w n  p e c u 
l ia r i t ie s ,  d u e  to  ease  o f  o x id a t io n  a n d  la c k  
o f  f lu id i t y ,  f o r  e x a m p le ,  d o  n o t  r e q u ire  
m o d if ic a t io n s  t o  th e  b ro a d  m e th o d s  to  a l lo w  
fo r  th e s e  d iffe re n ce s .

I n  th is  a r t ic le ,  th e re fo re ,  i t  is  p ro p o se d  
to  d e a l . w i t h  th e  d e ta i ls  r e la t in g  to  th e  
s p e c if ic  m a t e r ia l ,  m a g n e s iu m  a l lo y ,  in  
m o u ld  p la n n in g ,  w h e th e r  o f  s a n d  o r  d ie . 
E v e n  w i t h  th is  l im i t a t io n  o f sco p e , th e  s u b 

j e c t  is  n o t  e a s y ,  fo r  w h a t  is  su g g e s te d  h e re  
a s  b e in g  a  n e c e s s ity  fo r  s u c c e s s fu l m ag-  
n e s iu m - a l lo y  c a s t in g  w i l l ,  n o  d o u b t ,  b e  c o n 
t r a d ic te d ,  in  p r a c t ic e ,  in  th e  f ir s t  f o u n d r y  
th e  re a d e r  e n te rs .  T h e  m o s t  t h a t  c a n  be 
d o n e  is  to  p r o v id e  re a s o n a b le  g u id a n c e ; 
e x p e r ie n c e  w i l l  s h o w  w h e th e r  e v e r y  p r e c a u 
t io n  n e ed  b e  t a k e n  in  e v e r y  jo b .

I t  m a y  b e  s u g g e s te d  t h a t  th e  g o ld e n  ru le  
fo r  b e g in n e rs  is "  P l a y  fo r  s a fe t y  a n d  
o b s e rv e  a l l  t ire  p r e c a u t io n s ! "  E x p e r ie n c e  
w i l l  s h o w  w h e re  in d iv id u a l  s a fe g u a rd s  m a v  
b e  ig n o re d .

T h e  r e q u ire m e n ts  fo r  m o u ld s  a n d  d ie s  
m u s t  b e  b ased  u p o n  th e  c h e m ic a l  a n d  
p h y s ic a l  p ro p e r t ie s  o f  m o lte n  m ag n e s iu m -
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a l lo y  t h a t  h a v e  b e en  d is cu sse d  in  p r e v io u s  
a r t ic le s .  I t  w i l l  b e  re m e m b e re d  th a t  th e  
m o s t  u n d e s ir a b le  a s p e c t  o f  th e  m o lte n  m e ta l  
is  th e  ease  w i t h  w h ic h  i t  o x id iz e s , fo r , as 
d is t in c t  fro m  a lu m in iu m  a l lo y s ,  th e  o x id e  
f i lm  is  n o t  p r o t e c t iv e  a n d ,  th e re fo re ,  th e  
fo r m a t io n  o f o x id e  is  p ro g re s s iv e .  T h e  p r e 
v e n t io n  o f o x id e  fo r m a t io n  b y  v a r io u s  
m e th o d s  is th e  b a s is  o f  a  la rg e  p a r t  o f  th e  
p e c u l ia r  m o lte n - m a g n e s iu m  te c h n o lo g y .  W e  
a re  n o t  c o n c e rn e d  h e re  w i t h  th e  p r e v e n t io n  
o f  o x id e  o n  th e  m o lte n  m e ta l  s u p p ly ;  a t t e n 
t io n  m u s t  b e  fo c u s e d  o n  th e  p r e v e n t io n  o f 
th e  o x id e , fo rm e d  d u r in g  p o u r in g  a n d  r u n 
n in g , fro m  e n te r in g  th e  m o u ld .  T h re e  
m e th o d s  a re  u sed  to  e f fe c t  th is ,  a n d  th e y  
m a y  be d e s c r ib e d  a s  c h e m ic a l ,  p h y s ic a l  a n d  
m e c h a n ic a l .

C h e m ic a l  m e th o d s  a re  u sed  d u r in g  p o u r in g  
a n d , o f  co u rse , d u r in g  a c t u a l  r u n n in g  
b e ca u se  o f c o n t a c t  w ith  th e  in h ib i t e d  s a n d . 
T h e  m e ta l  s t re a m  in  its  p a ssa g e  f r o m  th e  
p o t  to  th e  m o u ld  is  p ro te c te d  b y  m e a n s  o f 
s u lp h u r  d u s t  sh a k e n  fro m  a  b a g . I n  so m e  
fo u n d r ie s  a  m o re  c o m p le x  p o w d e r  c o n ta in in g  
f lu o r id e s  a n d  b o r ic  a c id  is  u sed . T h e  use o f 
th e  d u s t in g  p o w d e r ,  a s  i t  is  c o m m o n ly  
c a l le d ,  is  s a id  to  p r o v id e  m o re  p e rm a n e n t  
p r o te c t io n  o f th e  m e ta l  s t r e a m . N e it h e r  
m a t e r ia l  c o m p le t e ly  p r e v e n ts  o x id e , b u t  
a c t u a l l y  a s s is ts  in  th e  fo r m a t io n  o f  a n  o x id e  
tu b e  th ro u g h  w h ic h  th e  m o lte n  m e ta l f lo w s . 
T h e  t y p e  o f  f i lm  fo rm e d  is  o f  r e m a rk a b le  
p e rm a n e n c e , a n d  d o es  n o t  c o n t in u o u s ly  
b re a k  d o w n ,  a s  m ig h t  b e  e x p e c te d .

T h e r e  is , th e n , e f fe c t iv e  c o n t r o l  o f  o x id a 
t io n  d u r in g  p o u r in g  b y  th e  m e th o d  
d e s c r ib e d , b u t ,  n e v e r th e le s s ,  th e  tu b e  o f 
o x id e , e f fe c t iv e  a s  i t  ‘is , m u s t  o b v io u s ly  b e  
p r e v e n te d  f r o m  e n te r in g  th e  m o u ld  c a v i t y .  
A n y  o x id e  p ro d u c e d  w i t h in  th e  r u n n in g  
s y s te m  m u s t  a ls o  be p r e v e n te d  fr o m  
e n te r in g  th e  m o u ld , a n d ,  th e re fo re ,  th e  
m e th o d  a d o p te d  ta k e s  c a re  o f  w h a t  m ig h t  
be d e s c r ib e d  a s  b o th  e x t e r n a l ly  a n d  in t e r n 
a l l y  fo rm e d  f ilm s .

T h e  g e n e ra l ru le  is  t h a t  th e  m e ta l  s t r e a m  
fro m  th e  d o w n r ig h t  m u s t  n o t  e n te r  th e  
m o u ld  d i r e c t ly .  T h e  e n t r y  f r o m  th e  ru n n e r  
is  t a k e n  o ff a t  a n  a n g le  a g a in s t  th e  d ir e c t io n  
o f  th e  m e ta l  f lo w , a n d  th is  s im p le  m e th o d  
is  u s u a l ly  s u f f ic ie n t  to  g iv e  a  p h y s ic a l  s e p a 
r a t io n  o f  th e  o x id e  fro m  th e  m e ta l.  I n  tho se . 
ca se s  w h e re  th e  c a s t in g  is  o f  t h in  se c t io n  
a n d ,  th e re fo re , th e  p re s e n c e  o f  e v e n  s m a ll 
o x id e  d is c o n t in u i t ie s  is  s e r io u s , e x tre m e  
m e a n s  o f  p r e v e n t io n  o f  o x id e  in c lu s io n  m u s t  
b e  t a k e n .  A  m e th o d  o f te n  a d o p te d  is  th a t  
o f  th e  w e l l- k n o w n  w h i r l  g a te ,  f r e q u e n t ly  
a p p l ie d  in  n o n - fe rro u s  f o u n d r y  w o r k .  O n  
th e  fa c e  o f  i t ,  i t  a p p e a rs  sen se less  to  a p p ly  
s u c h  a  m e th o d ,  w h ic h  a im s  a t  p r o d u c in g  a  
q u ic k  r o t a t in g  m o t io n ,  to  su c h  a n  e a s i ly  
o x id iz a ib le  m a t e r ia l  a s  m a g n e s iu in - a llo y ,  b u t ,  
a s  is  o fte n  th e  ca se , a  su c c e s s fu l r e s u lt  a r is e s  
fro m  w h a t  a p p e a rs  to  b e  u n s o u n d  th e o r e t ic 
a l l y .  T h e  m e th o d s  d e s c r ib e d  a b o v e  a re , o f

co u rse , o n ly  a p p l ic a b le  to  s a n d  c a s t in g , b u t  
th e  k n o w le d g e  o f  th e m  is  u s e fu l in  c o n 
s id e r in g  d e s ig n  o f d ie  r u n n in g  s y s te m s .

T h e  o th e r  m e th o d  o f  o x id e  s e p a ra t io n  is 
o n e  w e  h a v e  te rm e d  m e c h a n ic a l ,  a n d  th is  is  
a p p l ic a b le  to  d ie s  as  w e l l  a s  s a n d  m o u ld s . 
A  f i l t e r in g  m e d iu m  su c h  a s  s te e l w o o l,  o r  
p e r fo r a te d  sh e e t, is  p la c e d  in  th e  r u n n in g  
c h a n n e l g u id e  c lo se  to  th e  g a te  a n d ,  a g a in ,  
a l t h o u g h  i t  w o u ld  a p p e a r  t h a t  p r o d u c in g  a  
m u l t i p l i c i t y  o f  m e ta l  s t re a m s  w o u ld  o n ly  
le a d  to  f u r t h e r  o x id e  p ro d u c t io n ,  in  p r a c t ic e  
th e se  m e th o d s  a r e  o f te n  e x t r e m e ly  s u c c e s s fu l.

_ T h e  m e c h a n is m  o f  p r o t e c t iv e  tu b e  fo r m a 
t io n  o n  th e  p o u re d  m e ta l  h a s  b e e n  d e s c r ib e d , 
a n d  n o w  th e  o th e r  d e ta i ls  o f  a v o id in g  fo r m a 
t io n  o f o x id e  w i t h in  th e  r u n n in g  s y s te m  
m u s t  b e  c o n s id e re d  in  f u r t h e r  d e ta i l .  I n  
m o s t  fo u n d r ie s  d o w n r ig h t s  o f  r e c t a n g u la r  
c ro ss  s e c t io n  a re  u se d  b o th  in  s a n d  a n d  d ie , 
to  a v o id  th e  p r o d u c t io n  o f  v o r t e x .  O n  c o n 
s id e r a t io n ,  i t  w i l l  b e  seen  t h a t  t h is  is  n o t  
i l lo g ic a l ,  e v e n  a lt h o u g h  a  w h i r l  g a te ,  w h ic h  
a im s  a t  p r o d u c in g  a  w h ir l ,  h a s  been  
d e s c r ib e d . I n  th e  ca se  o f  s a n d  c a s t in g  a  
fu r th e r  p r e c a u t io n  c a n  b e  t a k e n ;  th e  use  o f 
a  s te p p e d  r u n n in g  c u p  c a n  b e  a p p l ie d  so 
t h a t  th e  d o w n r ig h t s  i t  fe ed s  a r e  a lw a y s  
m a in t a in e d  f u l l  o f  m e ta l .  T h e  s a m e  c o n d i 
t io n s  m u s t  b e  o b ta in e d  in  d ie  ru n n e rs  b y  
d e s ig n  o f  th e  r u n n e r  a c t in g  w i th  th e  m a in 
te n a n c e  o f  th e  p ro p e r  p o u r in g  sp e ed .

A n o t h e r  m e th o d  a p p l ic a b le  to  s a n d  a n d  
d ie  a l ik e  is  t h e  s l i t  g a te  w h ic h  e x te n d s  th e  
c o m p le te  le n g th  o f  a  m o u ld  c a v i t y  o f  f a i r l y  
r e g u la r  c ro ss  s e c t io n ,  fo r  e x a m p le ,  a s  in  a  
c y l in d r i c a l  m o u ld .  I n  th is  m e th o d  th e  
h o t te s t  m e ta l  c o n t in u o u s ly  f lo w s  o n  to p  o f 
th e  m e ta l  a l r e a d y  p re s e n t  'in  th e  c a v i t y  a n d ,  
a s  th e  s if t  g a te  e x te n d s  f a r t h e r  to  jo in  
u p  w i t h  th e  r ise rs , a t  th e  c o n c lu s io n  o f th e  
p o u r in g  th e  h o t t e s t  m e ta l  f lo w s  in t o  th e  
r is e rs , g iv in g  th e  te m p e ra tu re  g r a d ie n t  fro m  
b o t to m  to  to p  o f  th e  c a s t in g  w h ic h  is  so  
e s s e n t ia l to  p ro d u c e  s o u n d  c a s t in g s . T h e  
s l i t  g a te  c a n  b e  re c o m m e n d e d  w h e n e v e r  i t  
c a n  b e  a p p l ie d ;  so m e  e x p e n d itu r e  o f 
in g e n u i t y  is  w o r th  w h i le  in  a t t e m p t in g  to  
a p p ly  th e  m e th o d  e v e n  w h e re  i t s  a p p l ic a t io n  
is  n o t  o b v io u s .   .

A l t h o u g h  th e  m e c h a n ic a l  m e th o d  o f f i l t r a 
t io n  h a s  b e en  d e s c r ib e d , i t  is , in  f a c t ,  d if f i 
c u l t  t o  see w h y  i t  s h o u ld  b e  n e c e s s a ry  i f  
o th e r  p r e c a u t io n s  b e  t a k e n .  I t  m a y  b e  
n o t ic e d  t h a t  f i l t r a t io n  is  r e q u ire d  m o re  o f te n  
o n  c a s t in g s  o f  su c h  t y p e  t h a t  a  lo n g  m e ta l 
f a l l  i n  t h e  d o w n r ig h t  is  u n a v o id a b le .

I n  o rd e r  to  a c h ie v e  p e a c e fu l,  n o n - tu rb u -  
le n t  f i l l in g  o f  th e  m o u ld ,  b o t to m  p o u r in g  is 
o f t e n  re c o m m e n d e d , b u t  e v e n  th is  a p p a 
r e n t l y  v e r y  s e n s ib le  r e c o m m e n d a t io n  is  
ig n o re d  in  p r a c t ic e .  T h e  c h ie f  c o n s id e r a 
t io n ,  w h a t e v e r  m e th o d  o f  g a t in g  is  a d o p te d ,  
is  t h a t  o x id e- fre e  m e ta l  s h a l l  e n te r  th e  m o u ld  
q u ie t ly .

(To be continued.)
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P R E S S U R E  D I E  C A S T I N G

Som e O bservations on the 

E ffec t E x e r te d  by A i r  

T r a p p e d  in  the D ie  C avity  

on the P h ysica l P roperties  

o f  C erta in  D i e - c a s t i n g  

A llo y s  a n d  on T h e ir  H e a t  

T re a ta b ility . T h e  A u th o r  

D escribes P articu larly  the 

D esign  o f  a Specia l D ie  

C onstructed  to Investigate  

the E ffects

J .  L .
B y  

E R I C K S O N ,
M .In s t .  M e t. Fo rm e r ly  C h ie f M eta llu rg is t, 

W e s te rn  D ie  C a s tin g  C o m p an y.

Fifi. 1.—Specifications for special test bar die 
used throughout the experiment.

T H I S  p a p e r  p re s e n ts  th e  r e s u lt s  o l  an  
e x p e r im e n ta l  in v e s t ig a t io n  d e s ig n e d  a n d  
e x e c u te d  to  d e te rm in e  s p e c if ic a l ly  th e  

e f fe c t  w h ic h  t r a p p e d  a i r  (n e c e s s a r i ly  con- 
l in e d  w i t h in  th e  d ie  c a v i t y  o f  th e  s te e l d ie  
m o u ld s  u sed  in  th e  m a n u fa c tu r e  o f p re s su re  
d ie  c a s t in g s )  h a s  u p o n  th e  s o lid i f ic a t io n  o f 
th e  m o lte n  m e ta l w h ic h  is  fo rc e d  in to  th e  
d ie  c a v i t y  u n d e r  h ig h  p re ssu re  ( >  20,000 
p . s . i . ) ,  a n d  a ls o  th e  e f fe c t  o f  su ch  t ra p p e d
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a i r  u p o n  th e  m e ta l ’ s s t r e n g th  a n d  d u c t i l i t y  
p ro p e r t ie s  in  th e  f in a l  c a s t  s ta te .

I t  n e e d s  to  b e  m e n t io n e d  a t  t h is  p o in t ,  
b e fo re  p ro c e e d in g  to  g iv e  th e  re s u lts  o f  th e  
e x p e r im e n t ,  t h a t  s in ce  th e  v e r y  in c e p t io n  o f 
th e  te c h n iq u e  o f p re ssu re  d ie  c a s t in g ,  th o se  
c o m p a n ie s  en g a g e d  in  th e  m a n u fa c tu r e  o f  
p re ssu re  d ie  c a s t in g s  h a v e  re c o g n iz e d  th e  
f a c t  t h a t  t r a p p e d  a i r  g iv e s  r ise  to  p o r o s i t y  
in  c e r t a in  c ir c u m s ta n c e s .  T h i s  p o ro s it y  is 
in d i r e c t ly  re s p o n s ib le  fo r : ( 1) th e  a lm o s t  
u n iv e r s a l  o p in io n  o f  e n g in e e rs  t h a t  p re ssu re  
d ie  c a s t in g s  a re  in f e r io r  to  s a n d  a n d  g r a v i t y  
d ie  c a s t in g s  a s  re g a rd s  u n i f o r m it y  o f  t e n 
s ile  a n d  fa t ig u e  s t re n g th  p ro p e r t ie s ;  ( 2) th e  
in a b i l i t y  o f  m a n u fa c tu re r s  to  h e a t  t r e a t  
p re ssu re  d ie  c a s t in g s  s u c c e s s fu lly ;  a n d .  (3 )  
h ig h  r e je c t io n  ra te s  in  ca se s  w h e re  th e  
p re ssu re  d ie  c a s t in g s  m u s t  b e  a b s o lu te ly  
r a d io g r a p h ic a l ly  so u n d .

M a n u fa c tu r e r s  h a v e  a t t e m p te d ,  b y  th e  
e m p lo y m e n t  o f v a r io u s  te c h n iq u e s ,  to  m a n u 
fa c tu r e  p o ro s ity - fre e  p re s su re  d ie  c a s t in g s  
fo r  o v e r  30 y e a rs .  T h e  th re e  m o s t  c o m m o n
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Fig, 3.— From A .S.T .M . Specification E.3/42 covering 
quarter-inch test bars, dimensions laid down in this 
specification are adhered to in the test bars produced 

in the die shown in Fig. 1.

te c h n iq u e s  e m p lo y e d  c u r r e n t ly  a re : ( 1) th e  
e m p lo y m e n t  o f  h e a v y  a n d  a b u n d a n t  s t r a ig h t  
v e n ts .  V e n t s  a r e  p a ssag e s  w h ic h  a re  c u t  
in to  th e  s te e l d ie  face.s o f  th e  d ie  b lo c k s  to  
f a c i l i t a t e  r a p id  e s c ap e  o f  th e  a i r  w h ic h  is 
c o n f in e d  in s id e  th e  d ie  c a v i t y .  T h e y  a re  
d e s ig n e d  sd t h a t  a i r  is  a l lo w e d  to  f lo w  o u t  
a n d  m e ta l  is n o t .  T h e  use  o f  s t r a ig h t  v e n t s  
h a s  tw o  d r a w b a c k s :  ( a )  th e y  d o  n o t  p e rm it  
th e  e s c ap e  o f  a i r  q u ic k ly  e n o u g h  a n d  th u s  
t h e y  d o  n o t  m a k e  p o ss ib le  th e  e scap e  o f  a l l  
th e  a ir ,  a n d  ( b )  t h e y  a re  to o  e a s i ly  sea led  
o i l  b y  m o lte n  m e ta l f lo w in g  a lo n g  th e  d ie  
w a lls  a h e a d  o f  th e  m a in  m e ta l  m asses  b e fo re

A
|-----41' MINIMUM BETWEEN GRIPS

I ^  [-GAUGE LENGTH-
+.00*
DIA.

--------------j ------ r
GRADUAL TAPER OF .005' FROM BOTH 

ENDS OF REDUCED SECTION TO MIDDLE

Fig. 2.—Double bar cast in the special die shown 
in Fig. I. Note the arrangement of the two parallel 
test bars in relationship to the gate. The metaf 
flows from the butt to test bar. from it through the 
runner, afterwards passing through and around 
an arc and entering the second test bar. The 
casting shown here is in a condition as removed 

from the die-casting machine.

th e  in t e r io r  o f  th e  c a v i t y  f i l ls  w i t h  m e ta l 
w h e re  th e re  is  y e t  a ir .  (2 )  A  s e c o n d  te c h 
n iq u e  w h ic h  is e m p lo y e d  in  a n  e f fo r t  to  
p ro d u c e  p o ro s ity - fre e  p re ssu re  d ie  c a s t in g s  
is  to  e m p lo y  w e lls  o r  o v e r f lo w s . T h e s e  a re  
s e p a ra te  c a v i t ie s  c u t  in to  th e  fa c e  o f th e  
s te e l d ie  b lo c k s  a d ja c e n t  to  th e  m a in  d ie  
c a v i t y .  M o lte n  m e ta l  is p e rm it te d  to  w a sh  
th ro u g h  a  f la t  c o n n e c t in g  c h a n n e l r u n n in g  
b e tw e e n  th e  m a in  d ie  c a v i t y  a n d  th e  w e ll-  
c a v i t y  i t s e lf .  T h e  id e a  o f  th is  d e v ic e  is 
so u n d . W e l l s  d o  a c t  a s  re s e rv o ir s  fo r  th e  
co m p re sse d  a ir ,  i .e . ,  th e  m e ta l  fo rce s  th e  
a i r  in to  th e se  e x t r a  c a v i t ie s .  I n  m a n y  
in s ta n c e s  th e  w e lls  s e rv e  a s  e f f ic ie n t  a i r  
t r a p s ,  h o w e v e r  th e se  e x t r a  c a v i t ie s  t a k e  u p  
sp a c e  o n  th e  d ie  s u r fa c e ,  th u s  in c re a s in g  
th e  n e e d  fo r  g r e a te r  lo c k in g  p re ssu re  a n d , 
fu r th e r ,  t im e  is  n e e d e d  to  m a c h in e  these  
c a v i t ie s  in to  th e  d ie  fa c e . C a s t in g s  m a d e  
f ro m  a  d ie  w h ic h  c o n ta in s  o v e r f lo w s  h a v e  
a s  p a r t  o f  t h e ir  s h a p e  th e se  o v e r f lo w s  as 
a d d e d  a p p e n d a g e s  w h ic h  ra is e  th e  c o s t  o f 
m a c h in in g  as  th e se  a p p e n d a g e s  m u s t  b e  
re m o v e d  b e fo re  th e  c a s t in g s  a re  u sa b le .
(3 )  T h e  th ir d  t e c h n iq u e  a d v o c a te d  fo r  p ro 
d u c in g  p o re- free  c a s t in g s  is  to  fo rc e  th e  
m o lte n  m e ta l in to  th e  d ie  c a v i t y  b y  m e a n s  
o f  a  p re s su re  g r e a t  e n o u g h  to  co m p re s s  a n d  
d isp e rse  th e  t r a p p e d  a j r  .w ith in  th e  m e ta l.  
M a n u fa c tu r e r s  o f  h ig h - p re ssu re  d ie - c a s t in g  
m a c h in e s  a d v e r t is e  t h a t  h ig h  p re ssu re s  w i l l  
p ro d u c e  p o re- free  c a s t in g s — n o t  gas-free 
c a s t in g s .

P r e s s u re  d ie  c a s t in g s  w h ic h  a r e  m a d e  b y  
ea ch  o f th e  in d iv id u a l  p ro cesses  d e s c r ib e d , 
e x h ib i t ,  w h e n  h e a t  t r e a te d  fo r  10 m in u te s  
a t  a  te m p e ra tu r e  ju s t  b e lo w  th e  so lid u s  
te m p e ra tu r e  o f  th e  a l lo y ,  c e r ta in  d e fe c ts . 
T h o s e  p a r t ic u la r  c a s t in g s  w h ic h  a re  m a d e  
b y  e m p lo y in g  o n ly  h ig h  p re s su re  s h o w , u p o n  
th e ir  r e m o v a l f r o m  th e  fu rn a c e ,  d e fe c ts  
w h ic h  re n d e r  th e m  c o m p le te ly  u n f it  fo r  use. 
T h o s e  c a s t in g s  w h ic h  w e re  m a d e  b y  th e  use 
o f  o n l y  e x te n s iv e ,  w e ll- p la c e d , o v e r f lo w s  w i l l  
b e  th e  le a s t  a lte re d  a s  re g a rd s  sm o o th n e s s
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GATE SIZES

Type A  . Type B

Circular

0.100 inch in diameter 0.375 inch in diameter

Fig. 4.—Gate sizes Types A and B for ’ large gate ” 
and " small gate " as set out in Fig. 5 below.

o f  s u r f a c e  a n d  d im e n s io n a l  t o le r a n c e s .  
C o n s e q u e n t ly  t h e  m o s t  s u i t a b l e  m e t h o d  fo r  
g a s  r e m o v a l  i s  t h i s  l a t t e r  m e t h o d .

T h e  a u t h o r  h a s  m a d e  p r e s s u r e  d ie  c a s t in g s  
e m p l o y i n g  a  d ie  w h ic h  h a d  n o  o v e r f lo w s  o r  
v e n t s  a n d  d ie  c a s t  b y  a  m a c h in e  w h ic h  
d e v e l o p e d  4 5 ,0 0 0  p . s . i .  p r e s s u r e .  T h e s e  
p r e s s u r e  d i e  c a s t in g s  w e r e  r a d io g r a p h ic a l ly  
s o u n d  u p o n  f ir s t  in s p e c t io n ,  b u t  a f t e r  a 
s h o r t - t im e  h e a t  t r e a t m e n t  t h e y  a l l  d e v e l o p e d  
u n d e s i r a b le  s u r f a c e  b l is t e r s .

H i g h  p r e s s u r e s  a r e  e s s e n t ia l  in  t h e  m a n u 
f a c t u r e  o f , a n y  a l l o y  p r e s s u r e  d i e  c a s t i n g s  
w h e r e  i t  is  e s s e n t ia l  t h a t  t h e  m e t a l  m u s t  b e  
f o r c e d  v e r y  q u i c k ly  in t o  t h e  d ie  b e f o r e  a n y  
c r y s t a l l i z a t i o n  o c c u r s .  T h is  is  p a r t ic u la r ly  
im p o r t a n t  w h e n  t h e  d ie  c a v i t y  i s  la r g e .  
H i g h  p r e s s u r e s  a lo n e  d o  n o t ,  o n  t h e  c o n 
t r a r y ,  m a k e  p o s s ib l e  h e a t  t r e a t a b l e  p r e s s u r e  
d ie  c a s t in g s .  T h is  is  e s p e c i a l ly  tr u e  i f  th e  
h ig h  p r e s s u r e s  b e  e m p lo y e d  w i t h o u t  t h e  
s im u l t a n e o u s  u s e  o f  o v e r f lo w s  a n d  v e n t s .  
C e r ta in  a l l o y s  a n d  c e r t a in  t y p e s  o f  c a s t in g s  
a b s o l u t e l y  d o  r e q u ir e  t h e  u s e  o f  h ig h  p r e s 

s u r e  in  c o n j u n c t io n  w i t h  v e n t s  a n d  o v e r f lo w s  
in  o r d e r  t o  e n s u r e  h e a t  t r e a t a b l e n e s s .

P u r p o s e  o f  t h e  I n v e s t i g a t i o n

E a r l ie r  w o r k  b y  t h e  a u t h o r  d e m o n s t r a t e d  
t h a t  w h e n  a ir  w a s  r e p la c e d  in  t h e  d ie  c a v i t y  
b y  c e r t a in  o t h e r  g a s e s  a n d  t h e  m e t a l  w a s  
t h e n  a l lo w e d  t o  f i l l  t h e  c a v i t y  in  th e  
o r d in a r y  f a s h i o n ,  t h e  p h y s i c a l  p r o p e r t i e s  o f  
t h e  c a s t i n g s  s o  m a d e  w e r e  q u i t e  d i f f e r e n t  
f r o m  t h e  p r o p e r t i e s  e x h ib i t e d  b y  t h e  s a m e  
m e t a l  w h e n  s im p ly  c a s t  in  a ir  a s  i s  u n iv e r 
s a l l y  d o n e .  S o m e  o f  t h e  g a s e s  w h ic h  th e  
a u t h o r  u s e d  to  r e p la c e  a ir  t e n d e d  t o  im p r o v e  
th e  p h y s i c a l  p r o p e r t i e s  o f  c e r t a in  a l l o y s ,  
w h i l s t  o t h e r  g a s e s  d e f in i t e ly  c a u s e d  t h e  
s a m e  a l l o y  t o  lo s e  i t s  d e s ir a b le  p r o p e r t ie s .  
M a g n e s iu m  a l l o y s  w e r e  im p r o v e d  b y  s u lp h u r  
d io x id e  a n d  c a r b o n  d io x id e ,  w h i l s t  h e l iu m  
b r o u g h t  a b o u t  s e v e r e  d a m a g e  t o  t h e  p r o p e r 
t i e s  o f  s t r e n g t h  a n d  d u c t i l i t y -  o f  t h e  s a m e  
a llo y 's .

T h e  p r e c is e  c a u s e  fo r  t h e  e f f e c t  o f  g a s e s  
o n  t h e  p r o p e r t i e s  o f  c e r t a in  a l l o y s  w h e n  so  
d ie  c a s t  h a s  n o t  b e e n  e x p la in e d  s a t i s f a c 
to r ily -. T h e  a u t h o r  h a s  p o s t u la t e d  t h a t  
b e s id e s  s u c h  t h i n g s  a s  t h e  g a s  a b i l i t y  t o  
io n iz e  o r  d i s a s s o c i a t e ,  t o  fo r m  c o m p o u n d s  
w it h  t h e  m e t a l ,  o r  t o  d i s s o l v e  d i r e c t ly  in  th e  
m e t a l ,  o t h e r  f a c t s  a r e  i m p o r t a n t  w h e n  c o n 
s id e r in g  p r e s s u r e  d ie  c a s t i n g ,  v i z . ,  th e  e x t e n t  
t o  w h ic h  th e  g a s  i s  m e c h a n ic a l ly  m ix e d  w it h  
th e  m o l t e n  m e t a l  p r io r  t o  s o l id i f i c a t io n  a n d  
th e  p r e s s u r e  u n d e r  w h ic h  t h i s  is  c a r r ie d  o u t .

T h e  f a c t  t h a t  o t h e r  g a s e s  b e s id e s  a ir  d o  
h a v e  a  p r o n o u n c e d  e f f e c t  u p o n  t h e  p h y 's ic a l  
p r o p e r t ie s  o f  m e t a l s  d ie  c a s t  u n d e r  p r e s s u r e  
in  t h e ir  p r e s e n c e  in d ic a t e d  t h a t  e v e n  a ir
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Fig. 5.—Diagrammatic illustration showing production of cast test bars ot several different types 
by alteration of the gate size at points 3 and 4. as shown in Fig. 1.
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Fig. 6 (Above).—Modified eutectic silicon-alumin- 
ium alloy referred to in this account as alloy No. 
47. showing micro structure asreceived (see Table 1). 
(Equivalent magnification in reproduction ~  300 

diams.).

Fig. 9.—Microstructure Type A (equivalent magnifica
tion in reproduction 300 diams.).

Fig. 10.—Microstructure Type B(equivalent magnifica
tion in reproduction “  300 diams.).

f o r  t h e  p r o p e r  d u r a t io n  a n d  a t  t h e  p r o p e r  
t im e .

A  s p e c ia l  t e s t - b a r  d ie  w a s ,  th e r e f o r e ,  c o n 
s t r u c t e d  t o  s t u d y  t h e  e f f e c t  o f  t h e  t r a p p e d  
a ir .  T h is  p a p e r  d e t a i l s  t h e  r e s u l t s  o f  t h i s  
in v e s t i g a t i o n  w h ic h  w a s  c o n d u c t e d  a t  t h e  
a u t h o r ' s  p r e s s u r e - d ie - c a s t in g  p l a n t ,  a n d  p r e 
s e n t s  a  c o m p a r i s o n  b e t w e e n  f o u r  d i s t i n c t  
t y p e s  o f  p r e s s u r e - d ie - c a s t  t e s t - b a r s .  T y p e  1 , 
a  t e s t - b a r  m a d e  f r o m  m e t a l  w h ic h  s o l id i f ie d  
w i t h o u t  t u r b u le n c e  in  t h e  p r e s e n c e  o f  c o m 
p r e s s e d  a ir .  T y p e  2 , a  t e s t - b a r  m a d e  fr o m  
m e t a l  w h ic h  s o l id i f i e d  w i t h o u t  t u r b u le n c e  in  
th e  a b s e n c e  o f  a ir .  T y p e  3 , a  t e s t - b a r  m a d e  
f r o m  m e t a l  w h ic h  s o l id i f i e d  a f t e r  m u c h

biff- 7. Unmodified eutectic silicon-aluminium 
alloy N o. I3X, similar in composition to alloy 
No. 47, showing normal unmodified microstructurc 
in condition as received (equivalent magnification 

in reproduction — 300 diams.).

Fig. 8.—Microstructure in ingot form (equivalent 
magnification in reproduction =  300 diams.) of metal 
reclaimed from works and referred to in this account 
as alloy No. I3R. (For composition, see Table I.)
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i t s e l f  i s  r e s p o n s ib le  f o r  t h e  p a r t ic u la r  p r o 
p e r t i e s  n o r m a l l y  e x h ib i t e d  b y  t h e  c o m m e r 
c ia l  p r e s s u r e  d ie  c a s t in g s .

T h e  m o s t  o b v i o u s  e x p e r im e n t a l  m e t h o d  t o  
s t u d y  j u s t  h o w  o r d in a r y  a ir  in f lu e n c e s  t h e  
s o l id i f i c a t io n  o f  m o l t e n  m e t a l s  in  c o n t a c t  
w it h  i t  u n d e r  p r e s s u r e  w a s ,  o f  c o u r s e ,  t o  
in j e c t  t h e  m o l t e n  m e t a l  i n t o  a n  e v a c u a t e d  
d ie  c a v i t y .  T h i s  w a s  d o n e ,  b u t  w i t h  l i t t l e  
s u c c e s s  b e c a u s e  o f  t h e  i n a b i l i t y  o f  t h e  
a u t h o r ’s  e q u ip m e n t  t o  m a in t a in  a  v a c u u m
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t u r b u le n c e  in  t h e  p r e s e n c e  o f  a ir .  T y p e  4 ,  
a  t e s t - b a r  m a d e  fr o m  m e t a l  w h ic h  s o l id i f ie d  
a f t e r  m u c h  t u r b u le n c e  in  t h e  a b s e n c e  o f  a ir .

T h i s  c o m p a r i s o n  w a s  m a d e  b y  s im u l 
t a n e o u s l y  p r e s s u r e  d ie  c a s t i n g  t w o  t e s t - b a r s  
w it h in  t h e  s a m e  d ie .  T h e . s t r e a m  o f  t h e  
in c o m i n g  m o l t e n  m e t a l  w a s  s o  d ir e c t e d  t h a t  
i t  e n t e r e d  a t  o n e  e n d  o f  t h e  t e s t - b a r  c a v i t y ,  
p a s s e d ' t h r o u g h  i t  in t o  o n e  e n d  o f  t h e  s e c o n d  
t e s t - b a r  c a v i t y  a n d  c o n t in u e d  f lo w in g  u n t i l  
i t  f i l le d  t h e  s e c o n d  t e s t - b a r  d ie  c a v i t y ,  f t

Fig. II.—Microstructure T yp eC  (equivalent 
magnification in reproduction ~  300 diams.).

” Fig. 12.—Microstructure Type D (equivalent 
magnification in reproduction 300 diams.).

w a s  h o p e d  t h a t ,  a s  t h e  m e t a l  f lo w e d  t h r o u g h  
t h e  f ir s t  t e s t - b a r  c a v i t y ,  i t  w o u ld  fo r c e  t h e  
a ir  a h e a d  o f  i t  i n t o  t h e  s e c o n d  c a v i t y .  T h e  
a ir  t h u s  c o m p r e s s e d  in t o  t h e  s e c o n d  t e s t - b a r  
c a v i t y  w o u ld  r e m a in  th e r e  t o  m ix  w i t h  t h e  
m o lt e n  m e t a l  e n t e r i n g  b e h in d  i t .  T h u s  o n e  
t e s t - b a r  w o u ld  b e  m a d e  a c c o r d in g  t o  t h e  
r e q u ir e m e n t s  o f  t y p e s  2  a n d  4 c a s t i n g s ,  a n d  
o n e  a c c o r d in g  t o  t h o s e  o f  t y p e s  1 a n d  3 .

E q u ip m e n t  a n d  P r o c e d u r e s

A . T e s t - b a r  D i e  a n d  I t s  D e s i g n

T h e  s p e c ia l  t e s t - b a r  d ie  u s e d  t h r o u g h o u t  
t h i s  e x p e r im e n t  w a s  c o n s t r u c t e d  t o  th e  
s p e c i f i c a t io n s  i l lu s t r a t e d  in  F i g .  1 . A n

Fig. 13.—Microstructure Type E (equivalent 
magnification in reproduction : 300 diams.).

Fig. 14.—Microstructurc Type F  (equivalent 
magnification in reproduction 300 diams.).

Fig. 15.— Microstructure Type G  (equivalent
magnification in reproduction — 300 diams.).
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I ’( t r i a b l e  G a t e  S i z e s .— T h e  in s e r t s  £or th e  
p o in t  N o .  I I I ,  F i g .  I , w e r e  o£ t w o  s iz e s  ( s e e  
F i g .  4 ) .  T h e  g a t e  s i z e  a n d  s h a p e  e m p lo y e d  
fo r  e a c h  is  m e n t io n e d  u n d e r  t h e  d i s c u s s i o n s  
f o r  e a c h  s e p a r a t e  p h a s e  o f  t h i s  e x p e r im e n t .  
T h e  g a t e  s iz e  a t  t h e  p o in t  I V ,  F i g .  1, w a s  
a lw a y s  0 .0 3  in .  b y  0 .3 7 5  in .

13. F o u n d r y  T e c h n i q u e .

1. M e t a l  E m p l o y e d . — T e s t - b a r s  m a d e  in  
t h i s  i n v e s t i g a t i o n  w e r e  c a s t  f r o m  s e v e r a l  
a l l o y s .  A ll  o f  t h e  a l l o y s  e m p lo y e d  a r e  
l i s t e d  in  T a b le  I  w h ic h  g iv e s  t h e ir  r e s p e c t i v e  
c h e m i c a l  c o m p o s i t io n s .  O f  a l l  t h e  c o m 
p o s i t i o n s  e x a m i n e d ,  o n l y  t w o  w e r e  u s e d  in  
o b t a in in g  t h e  b a s i c  d a t a  d i s c u s s e d  h e r e ;  
t h e s e  w e r e :  a lu m in iu m  a l l o y  N o .  4 7  a n d  
a lu m in iu m  a l l o y  N o .  1 3 X ;  b o t h  w e r e  p u r 
c h a s e d  fr o m  t h e  A lu m in u m  C o m p a n y  o f  
A m e r ic a .

T h e  a lu m in iu m  a l l o y  N o .  4 7  h ą d  a lm o s t  
th e  s a m e  c o m p o s i t io n  a s  t h e  A l lo y  1 3 X ,  
b e in g  th e  e u t e c t i c  s i l i c o n - a lu m in iu m  a l l o y  
m o d if ie d  b e fo r e  s a le  b y  t h e  A lu m in u m  
C o m p a n y  o f  A m e r ic a ,  a n d  n o t  u s e d  w id e ly  
f o r  t h e  m a n u f a c t u r e  o f  p r e s s u r e  d ie  c a s t in g 's  
( s e e  F i g .  6 f o r  t h e  m ic r o s t r u c t u r e  o f  th is  

a l l o y  a s  r e c e i v e d ) .

Fig. 16 (below).—Microstructure Type H (equiv
alent magnification in reproduction 300 diams.l. 
Fig. 17 (right).—Microstructure Type I (equivalent 

magnification in reproduction - 300 diams.).

i l lu s t r a t io n  o f  o n e  t y p e  o f  c a s t i n g  p r o d u c e d  
b y  t h i s  d ie  is  s h o w n  in  F i g .  2 .  T e s t - b a r s  
p r o d u c e d  b y  t h is  d ie  a r e  in  d im e n s io n a l  
a c c o r d a n c e  w i t h  t h e  A .S .T .M .  S p e c i f i c a t io n  
E S - 4 2  w h ic h  c o v e r s  J - in .  t e s t - b a r s  ( F i g .  3 )  

T h e  d o u fa le - t e s t -b a r  d ie  c a v i t y  in  a  s in g le  
d ie  a f f o r d e d  a  c o m p a r i s o n  o f  t h e  in f lu e n c e  
o f  c e r t a in  s p e c i f i c  f a c t o r s  w i t h o u t  th e r e  
b e in g  a  q u e s t i o n  a s  t o  w h e t h e r  c e r t a in  o t h e r  
f a c t o r s  s u c h  a s  m e l t in g  t e c h n iq u e ,  d u r a t io n  
o f  m e t a l  r e t e n t i o n ,  p o u r in g  t e c h n iq u e ,  w e ll  
t e m p e r a t u r e ,  e t c . ,  m ig h t  b e  r e s p o n s ib le  f o r  
t h e  d if f e r e n c e s  n o t e d  in  t h e  p r o p e r t i e s  o f  
t h e  t w o  b a r s .  T h e  d e s ig n  e m p lo y e d  
d e f i n i t e l y  l i m i t s  t h e  p o s s ib l e  n u m b e r  o f  
f a c t o r s  r e s p o n s ib le  * f o r  t h e  v a r i a t io n s  
o b s e r v e d  in  t h e  t w o  t y p e s  o f  t e s t - b a r s .

Fig. 18 (above).—Microstructure Type J (equiv
alent magnification in reproduction ~  300 diams.). 
Fig. 19 (right).—Microstructure Type K (equivalent 

magnification in reproduction ’ 300 diams.).
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T h e  a lu m in iu m  a l l o y  N o .  1 3 X  is  t h e  
s t a n d a r d  p r e s s u r e - d ie - c a s t in g  a l l o y  u se d  
u n i v e r s a l l y  t o  m a n u f a c t u r e  c o m m e r c ia l  
p r e s s u r e  t l ie  c a s t in g s ;  t h i s  i s  t h e  n o r m a l  
u n m o d if ie d  e u t e c t i c  c o m p o s i t io n  ( s e e  F i g .  .7  
f o r  th e  s t r u c t u r e  o f  t h i s  a s  . r e c e i v e d ) .

A l l  o f  t h e  m e t a l  u s e d  w a s  c a r e f u l ly  s e le c t e d  
f r o m  s e v e r a l  p o s s ib l e  h e a t s  o f  v ir g in  
m a t e r i a l  a n d  o n ly  t h o s e  p a r t ic u la r -  h e a t s  ( a s  
r e c e iv e d  fr o m  t h e  A lu m in u m  C o m p a n y  o f  
A m e r ic a )  w h ic h ,  w h e n  s a n d  c a s t ,  p r o d u c e d  
p in h o le - f r e e  t e s t - b lo c k s ,  w e r e  e m p lo y e d  in  
t h i s  i n v e s t i g a t i o n .  T h is  w a s  d o n e  in  a n  
e f f o r t  t o  o b t a in  n o n - g a s s y  m e t a l .

T h e  a lu m in iu m  a l l o y  N o .  131? w a s  a  p r o 
d u c t  o f  t h e  a u t h o r ' s  p l a n t s ’ m e t a l  r e c la im in g  
d e p a r t m e n t  a n d '  w a s  p r e p a r e d  fr o m  c le a n  
-sp ru es  a n d  r u n n e r s  o f  p r e s s u r e  d ie  c a s t in g s  
o r i g in a l ly  m a d e  w it h  v ir g in  a lu m in iu m  
a l l o y  N o .  1 3 X  ( s e e  F ig .  8 fo r  i t s  m ic r o 
s t r u c t u r e  in  i n g o t  f o r m ) .

T h e  a lu m in iu m  a l l o y  1 3 S  w a s  p u r c h a s e d  
f r o m  a  r e l ia b le  r e f in in g  a n d  s m e l t i n g  c o m 
p a n y ,  a n d  w a s  r e p r e s e n t e d  t o  t h e  a u t h o r  a s  
s e l l i n g  a s  a  h ig h  q u a l i t y  s e c o n d a r y  e u t e c t i c  
s i l i c o n - a lu m in iu m  a l l o y .

Fig. 20 (left).—Microstructure Type L (equiv
alent magnification in reproduction : 300 diams.). 
Fig. 21 (below).~M icrostructure Type M (equiv
alent magnification in reproduction ~  300 diams.).

T h e  a l l o y  1 3 S ' w a s  p u r c h a s e d  p u r p o s e ly  t o  
t r y  a  v e r y  in f e r io r  s e c o n d a r y  e u t e c t i c  
s i l i c o n - a lu m in iu m  c o m p o s i t io n .  A lu m in iu m  
a l l o y s  2 1 8  a n d  3 5 6  w e r e  v ir g in  m e t a l s .

2 . M e l t i n g  T e c h n i q u e . — T h e ,  m e t a l  u se d  
f o r  a l l  p h a s e s  o f  t h i s  in v e s t i g a t i o n  w a s  
d e l iv e r e d  t o  t h e  h o ld in g  f u r n a c e  o f  th e  
p r e s s u r e - d ie - c a s t in g  m a c h in e  w h e r e  i t  w a s  
p r e h e a t e d  o n  t h e  e d g e  o f  t h e  fu r n a c e  u p  to  
a  t e m p e r a t u r e  o f  4 0 0  d e g r e e s  F .  a n d  m a in 
t a in e d  a t  t h i s  d e g r e e  o f  h e a t  fo r  o n e - h a l f  
h o u r  p r io r  t o  a c t u a l l y  m e l t in g .  I t  w a s  t h e n  
p la c e d  in  a  p r e h e a t e d ,  p r e v i o u s ly  c l e a n e d ,  
s i l i c o n - c a r b id e  c r u c ib le - t y p e  h o ld in g  fu r 
n a c e ,  w h e r e  t h e  m e t a l  w a s  m e l t e d  a n d  i t s

Fig. 22 (left),—Microstructure Type N (equiv
alent magnification In reproduction ~ 300 diams.). 
Fig. 23 (above).—Microstructure Type O (equiv
alent magnification in reproduction 300 diams.).
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s u r f a c e  w a s  p r o t e c t e d  fr o m  c o n t a c t  w it h  
f u r n a c e  g a s e s .

T h e  m e t a l  w a s  c o m p le t e ly  m e l t e d  a n d  i t s  
t e m p e r a t u r e  w a s  b r o u g h t  u p  to  t h e  d e s ir e d  
p o in t .  I t  w a s  t h e n  m a in t a in e d  a n o t h e r  
7 m in s .  a t  t h i s  t e m p e r a t u r e  p r io r  t o  c a s t in g .  
N o  m e l t in g  f lu x  o r  c o v e r in g  f lu x  w a s  
e m p lo y e d .  T h e  m e t a l  w a s  n o t  a g i t a t e d  o r  
s t ir r e d  d u r in g  i t s  r e t e n t i o n ,  a n d ,  j u s t  b e fo r e  
u s e ,  i t s  s u r f a c e  w a s  s k im m e d  o f f  w i t h  a  c le a n  
la d le .

T h e  t e m p e r a t u r e  o f  t h e  m e t a l  in  t h e  
h o ld in g  f u r n a c e  w a s  g o v e r n e d  b y  a n  a u t o 
m a t i c  F o x b o r o  p o t e n t io m e t e r  w h ic h  c o n 
t r o l le d  t h e  b u r n e r s  o f  t h e  f u r n a c e .  A  
p o r t a b le  F o x b o r o  p o t e n t io m e t e r  w a s  u s e d  t o  
c h e c k  p e r i o d ic a l ly  t h e  a u t o m a t i c  p o t e n t i o 
m e te r .  T h r e e  s e p a r a t e  t e m p e r a t u r e  r e a d in g s  
w e r e  m a d e  p r io r  t o  c a s t i n g  e a c h  s e r ie s  o f

c o ld - c h a m b e r ,  o r  c o l d - s h o t ,  t y p e  p la n t  c a p 
a b le  o f  a p p l y i n g  5 0 ,0 0 0  lb .  p . s . i .  p r e s s u r e  o n  
t h e  m o l t e n  m e t a l  o n c e  in  t h e  d ie  c a v i t y .  I t  
h a s  a  H - i n .  in j e c t io n  p i s t o n  a n d  d e v e l o p s  
a  s t r o k e  s p e e d  o f  f r o m  0.001  s e c .  t o  a n y  
s lo w e r  r a te  d e s ir e d .  T h is  w a s  a c c o m p l i s h e d  
b y  a  s p e c ia l  v a lv e - s p e e d - c o n t r o l  m e c h a n is m .

t e s t - b a r s  a n d  fu r t h e r  r e a d in g s  w e r e  m a d e  
t h r o u g h o u t  t h e  e n t i r e  p r o c e d u r e .

T h e  p a r t ic u la r  h o ld in g  f u r n a c e  u s e d  w a s  
e s p e c i a l ly  w e l l  in s u la t e d ,  a n d  v e r y  s im ila r  t o  
a l l  s t a t io n a r y  g a s - f ir e d  a lu m in iu m  m e l t in g  
f u r n a c e s .  T h e  a u t o m a t i c  f ir e  c o n t r o l  m a in 
t a in e d  t h e  m o l t e n  m e t a l  a t  t h e  d e s ir e d  t e m 
p e r a t u r e  ±  5 d e g r e e s  F .

A l l  m e t a l  a d d e d  t o  t h e  m e l t  d u r in g  t h e  
c a s t in g  p r o c e d u r e  w a s  p r e h e a t e d  a n d  w a s  
a d d e d  in  t h e  fo r m  o f  ]  lb .  p i e c e s  c u t  fr o m  
t h e  s t a n d a r d  5 - lb .  i n g o t s .  A l l  i n g o t  a d d i 
t io n s  w e r e  p u r p o s e ly  m a d e  s m a l l  in  a n  e f f o r t  
t o  k e e p  t h e  t e m p e r a t u r e  o f  t h e  m o l t e n  m e t a l  
u n i fo r m — a  c o n d i t io n  f o u n d  im p o s s i b le  t o  
m a in t a in  i f  t h e  e n t i r e  5 - lb ,  i n g o t  i t s e l f  w a s  
in t r o d u c e d  c o ld  i n t o  t h e  m e l t .  T h e  b a th  
w a s  n e v e r  s t ir r e d ,  e v e n  a f t e r  t h e  a d d i t io n  o f  
a  n e w  i n g o t ,  in- a n  e f f o r t  t o  a v o id  a l l  p o s s ib l e  
t u r b u le n c e .

C . P r e s s u r e - d i e - c a s t i n g  P r o c e d u r e

1. T h e  P r e s s u r e - d i e - c a s t i n g  M a c h i n e .—  
T h e  p r e s s u r e - d ie - c a s t in g  m a c h in e  u s e d  f o r  
t h i s  e x p e r im e n t  i s  a c c o r d in g  t o  a n  o r ig in a l  
d e s ig n  o f  t h e  a u t h o r ’s c o m p a n y .  I t  is  a

2 . P r e s s u r e  A p p l i e d . — T h e  p r e s s u r e  
a p p l ie d  t o  t h e  m o l t e n  m e t a l  d u r in g  a n d  j u s t  
a f t e r  in j e c t io n  w a s  c o n t r o l l e d  b y  v a l v e s  o n  
t h e  d i e - c a s t i n g  m a c h in e ,  a n d  "the a p p l ie d  
p r e s s u r e  w a s  r e a d  d ir e c t ly  f r o m  a  g a u g e  
p r e v i o u s ly  c a l ib r a t e d  t o  a s s u r e  c o m p le t e  
a c c u r a c y .

Fiji. 24 (left). — Microstructure Type P (equivalent 
magnification in reproduction -- 300 diarm.). 
Fig. 25 (above).—Microstructure Type I3S metal, 
edge of bar: gauge length C' test bar (equivalent 
magnification in reproduction ~  300 diams.). 
Fig. 26 (below).—Microstructure Type I3S metal, 
centre of bar; gauge length C test bar (equivalent 

magnification in reproduction 300 diams.).
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F ig .27.—Microstructure Type 13S metal, centre of 
b ar; gauge length C test bar (equivalent mag

nification in reproduction ~  300 diams.).

T h e  p r e s s u r e  g a u g e  r e a d  d ir e c t ly  in  p . s . i ,  
a p p l i e d  t o  t h e  m o l t e n  m e t a l  in  t h e  d ie .  T h e  
p r e s s u r e  w a s  h e ld  c o n s t a n t  t h r o u g h o u t  e a c h  
p h a s e  o f  t h e  e x p e r im e n t  a t  2 5 ,0 0 0  p . s . i .

3 .  S p e e d  o f  P l u n g e r  P i s t o n . — T h e  s p e e d  
o f  t h e  p lu n g e r  p i s t o n  w a s  h e ld  c o n s t a n t  a t  
o n e  in c h  p e r  0 . 1 2  s e c . ,  a n d  t r a v e l le d  a  
d i s t a n c e  o f  8 in s .  d u r in g  e a c h  s h o t .  T h e  
s p e e d  w a s  c a l ib r a t e d  a n d  k e p t  u n i fo r m  f r o m  
s h o t  t o  s h o t  b y  m e a n s  o f  p h o t o - e le c t r ic  c e l l s  
a n d  a  G e n e r a l  E le c t r i c  t im e r  c o n t r o l  c l o c k .

4 . S p e e d  o j  P o u r i n g . — T h e  s p e e d  o f  p o u r 
in g  t h e  m e t a l  in t o  t h e  in j e c t io n  w e l l  w a s  
a lw a y s  v e r y  f a s t .  S lo w  p o u r s  w e r e  a v o id e d ,  
s in c e  t h e y  a lw a y s  t e n d  t o  g i v e  r is e  in  t h e  
in j e c t i o n  w e l l  t o  c o ld  s h u t s  w h ic h ,  w h e n

Fig. 28.— Microstructure Type 13S' metal, centre
of bar; grip section C‘ test bar (equivalent mag

nification in reproduction 300 diams.).
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Fig. 29.—Microstructure Type I3S' metal, centre 
of bar ; gauge length O  test bar (equivalent 

magnification in reproduction 300 diams.).

f o r c e d  in t o  t h e  d ie  c a v i t y ,  p r o d u c e d  a  
d e f e c t i v e  c a s t in g .

5 .  T e m p e r a t u r e  o f  I n j e c t i o n  W e l l . — T h e  
t e m p e r a t u r e  o f  t h e  in j e c t io n  w e l l  w a s  m a in 
t a in e d  t h r o u g h o u t  a l l  t h e  p h a s e s  o f  t h e  
i n v e s t i g a t i o n  a t  4 0 0  d e g r e e s  F .  ±  2 0  d eg T ee s  
F .  a n d  i t s  t e m p e r a t u r e  c h e c k e d  p e r i o d i c a l l y  
b y  m e a n s  o f  a  b u i l t - in  t h e r m o c o u p le .

6 . T e m p e r a t u r e  o f  D i e . — T h e  t e m p e r a 
t u r e  o f  t h e  d ie  w a s  m a in t a in e d  t h r o u g h o u t  
a l l  p h a s e s  o f  t h e  e x p e r im e n t  a t  4 0 0  d e g r e e s
F .  ±  10  d e g r e e s  F .  A  n i t r o g e n - t i l l e d  t h e r 
m o m e t e r  in s e r t e d  in  a  h o le  K  in  t h e  d ie  
b lo c k  ( s e e  F i g .  1 ) m a d e  p o s s ib l e  a c c u r a te  
d e t e r m i n a t i o n  a n d  c o n t r o l  o f  t h e  t e m p e r a 
t u r e  o f  t h e  d ie  b lo c k s .

Fig. 30.— Microstructure Type 13S' metal, centre
of bar; gauge length C test bar (equivalent

magnification in reproduction r- 300 diams.).
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G e n e r a l  O u t l i n e  o f  th e  E x p e r im e n t

A .  ' l y p e s  o f  P o s s i b l e  T e s t - b a r  P r e s s u r e  
D i e  C o s t i n g s  

T h e  t e s t - b a r  d ie  ( s e e  F i g .  1 ) e m p lo y e d  
t o  m a k e  th e  t e s t - b a r s  w a s  c a p a b le  o f  p r o 
d u c in g  s e v e r a l  t y p e s  o f  c a s t in g s  e a c h  m a d e  
in  a  d i f f e r e n t  w a y ,  b y  s im p ly  a l t e r in g  th e  
g a t e  s iz e  e m p lo y e d  a t  t h e  p o in t s  I I I  a n d  I V .  
T h is  a l t e r a t io n  w a s  a c c o m p l i s h e d  b y  m e r e ly  
r e p l a c in g  t h e  in s e r t s  a t  t h e s e  p o in t s .  E a c h  
a l t e r a t io n  m a k e s  p o s s ib l e  a  d i f f e r e n t  t y p e  
o f  c a s t i n g .  T h e s e  v a r io u s  t y p e s  o f  c a s t in g s  
a r e  i l lu s t r a t e d  d i a g r a m m a t i c a l l y  in  F i g .  5 
a n d  d e s c r ib e d  h e r e .

T y p e  A '  T e s t - b a r . — M e t a l  e n t e r s  . a t  
p o i n t  I ,  la r g e  g a t e  ( s e e  F i g .  1 j , a n d  i s  f o r c e d  
t o  s t o p  a t  p o in t  I I  d u e  t o  t h e  p r e s e n c e  o f  
a n  in s e r t  w h ic h  is  p la c e d  in  t h e  c a v i t y  F  
t o  o b s t r u c t  i t s  f u r t h e r  f lo w .  S u c h  a n
i n t e r n a l  a r r a n g e m e n t  in  t h e  d ie  p r o d u c e d Fie. 32.—Microstructure Type 218 metal, centre of 

b ar; gauge length C test bar (equivalent mag
nification in reproduction “  300 diams.).

Fig. 31.—Microstructure Type 218 metal, centre of 
bar: gauge length O' test bar (equivalent mag

nification in reproduction == 300 diams.).

w a y  h in d e r e d  in  i t s  t r a v e l .  T h is  t y p e  o f  
s h o t ,  t e r m e d  t h e  B - B '  t y p e ,  p r o d u c e s  a  
c a s t i n g  c o n s i s t i n g  o f  t w o  s e p a r a t e  t e s t - b a r s ,  
B  a n d  B ' .  T h e  f ir s t  t e s t - b a r ,  B ' ,  m a d e  in  
c a v i t y  C D E ,  is  c a s t  a f t e r  t h e  m a in  a ir  m a s s ,  
w h ic h  f il ls  t h e  c a v i t y  C D E  b e f o r e  t h e  m e t a l  
e n t e r s ,  h a s  b e e n  c o m p r e s s e d  i n t o  t h e  s e c o n d  
t e s t - b a r  c a v i t y  G F II .

T h e  m e t a l  w h ic h  f in a l ly  f i l ls  t h e  c a v i t y  
C D E  s o l id i f i e s  w i t h  m u c h  le s s  c h a n c e  o f  
c o m i n g  in  c o n t a c t  w i t h  a ir  t h a n  d o c s  t h e  
m e t a l  w h ic h  f in a l ly  m a k e s  t h e  s e c o n d  t e s t -  
b a r , B ,  in  t h e  c a v i t y  G U I ,  f o r  i t ,  o n  t h e  
o t h e r  h a n d ,  is  in  d ir e c t  c o n t a c t  w i t h  t h e  
c o n f in e d  a ir  d u r in g  i t s  s o l id i f i c a t io n .

T y p e  C  a n d  C '  T e s t - b a r s . — M e ta l  e n t e r s  
a t  p o i n t  I ,  la r g e  g a t e  ( s e e  F i g .  1 ) ,  a n d  
f lo w s  t h r o u g h  t h e  c a v i t y  C D E  a n d  a r o u n d  
th r o u g h  t h e  c a v i t y  I7 u n t i l  i t  r e a c h e s  t h e

o n e  t e s t - b a r  m a d e  q u i t e  s im i l a r ly  t o  t h o s e  
m a d e  c o m m e r c ia l ly  in  g e n e r a l  p r a c t i c e  
w h e r e  t h e r e  i s  n o  e s c a p e  f o r  t h e  a ir  p r e s e n t  
in  t h e  d i e  c a v i t y  a s  t h e  m o l t e n  m e t a l  f i l ls  
i t .  N o  v e n t s  o r  w e l l s  w e r e  e m p lo y e d .  T h e  
o n l y  m a j o r  d i f f e r e n c e  b e t w e e n  t h is  t y p e  o f  
c a s t i n g  a n d  t h e  c o m m e r c ia l  t y p e  i s  t h e  
l a c k  o f  a  d e f in i t e  s m a l l  g a t e .

T y p e  A  T e s t - b a r . — M e ta l  e n t e r s  a t  p o in t  
I V ,  s m a l l  g a t e  ( s e e  F i g .  1 ) ,  a n d  is  f o r c e d  
t o  s t o p  a t  p o i n t  I I I  d u e  t o  t h e  p r e s e n c e  
o f  a n  i n s e r t  in  t h e  c a v i t y  F ,  w h ic h  o b s t r u c t s  
i t s  f u r t h e r  f lo w .  T h e  t y p e  A  t e s t - b a r  t h u s  
m a d e  i s  s im i la r  t o  t h e  s t a n d a r d  c o m m e r c ia l  
p r e s s u r e  d i e  c a s t i n g  w h e r e  a l l  o f  t h e  a ir  
i s  t r a p p e d  a s  i t  is  m a d e  w i t h  a  s m a l l  g a t e .  
T y p e  A  a n d  t y p e  A '  a r e  c a s t  s im u l t a n e o u s l y .

T y p e  B  a n d  B '  T e s t - b a r s . — M e ta l  e n t e r s  
a t  p o in t  1 , la r g e  g a t e  ( s e e  F i g .  1 ) ,  a n d  f lo w s  
t h r o u g h  t h e  c a v i t y  C D E  a n d  a r o u n d  t h r o u g h  
t h e  c a v i t y  F  in t o  G H I  w i t h o u t  b e in g  in  a n v

Fig. 33.— Microstructure Type 356 metal, centre of
bar: gauge lengtb C' test bar (equivalent mag

nification in reproduction “ 300 diams.).
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Table 1.— Chemical Analysis of Alloys Cast.

I 83

Alloy No. Si Fe Cu Zn Mg Mn Ti Ni Na AI

47 12.97 0.21 0.01 0.005 0.02 0.10
13x ....................... 12.89 0.32 0.01 0.005 — 0.01 0.02 __ 0.002
13x held 12.88 0.33 0.01 0.001 — — 0.02 __ 0.002 V
13R 12.02 0.64 0.01 0.06 0.02 0.01 0.02 __ 0.05 c
13S 12.25 0.81 0.21 0.11 0.09 0.04 0.09 __ <0.001 rt
13S' 12.11 0.99 0.31 0.37 0.21 0.07 0.01 _ <0.001
218 0.06 0.16 0.05 0.05 8.25 __ __ __ __ cL
356 6.97 0.21 0.01 0.01 0.36 — — __ — I

in s e r t  a t  p o i n t  I I I ,  w h e r e  a  s m a l l  g a t e  is  
s i t u a t e d .  T h e  m e t a l  th e n  p a s s e s  t h r o u g h  
t h i s  g a t e ,  a t  p o in t  I I I ,  in t o  t h e  c a v i t y  G H I ,  
w h e r e  a  C  t e s t - b a r  is  c a s t .  T h e  f ir s t  t e s t -  
b a r , C ', is  m a d e  in  t h e  s a m e  m a n n e r  h e r e  
a s  is  th e  B '  t e s t - b a r .  T h e  C t e s t - b a r  d if fe r s  
fr o m  t h e  B  t e s t - b a r  in  t h a t  i t  h a s  a  s m a ll  
g a t e  in s t e a d  o f  a  la r g e  o n e .  D u r in g  t h e  s h o t  
th e  a ir  in  t h e  c a v i t y  C D E  is  p u s h e d  o u t  
a n d  c o m p r e s s e d  in t o  t h e  c a v i t y  G H I  b y  t h e  
i n c o m i n g  m o l t e n - m e t a l  s t r e a m . T h e  C  t e s t -  
b a r  is  m a d e  w h i le  a ir  is  in  d ir e c t  c o n t a c t  
w it h  t h e  m o l t e n  m e t a l  d u r in g  i t s  s o l id i f i c a 
t io n .

T - y p e  O '  T e s t - b a r .— M e ta l  e n t e r s  a t  
p o i n t  I ,  la r g e  g a t e  ( s e e  F i g .  1 ) ,  a n d  f lo w s  
t h r o u g h  t h e  c a v i t y  C D E , a f t e r  p a s s in g  
t h r o u g h  t h e  c a v i t y  F ,  u n t i l  i t  r e a c h e s  
p o i n t  I I I ,  w h e r e  i t  is  s t o p p e d ,  d u e  t o  t h e  
p r e s e n c e  o f  a n  in s e r t  p la c e d  in  t h e  c a v i t y  
G H I  t o  p r e v e n t  f u r t h e r  f lo w .  In  t h i s  c a s e  
t h e  i n c o m i n g  m e t a l  c o m p r e s s e s  t h e  a ir  in t o  
t h e  c a v i t y  F .  T h e  a m o u n t  o f  m e t a l  f lo w in g  
t h r o u g h  t h e  c a v i t y  C D E  b e f o r e  s o l id i f i c a t io n  
s e t s  in  i s  le s s  t h a n  if  p o in t  I I I  w e r e  n o t  
b lo c k e d  a n d  t h e  c a v i t y  G H I  w e r e  o p e n e d  
t o  p e r m i t  c o n t in u e d  f lo w .

T y p e  E  a n d  E '  T e s t - b a r s .— M e ta l  e n t e r s  
a t  p o in t  I V ,  s m a l l  g a t e  ( F i g .  1 ) ,  a n d  p a s s e s  
t h r o u g h  t h e  c a v i t y  G H I  a n d  t h r o u g h  p o in t  
I I I ,  a  la r g e  o p e n in g ,  in t o  t h e  c a v i t y  F ,  
a n d  f in a l l y  i n t o  t h e  c a v i t y  C D E ,  v rh e r e  i t  is  
s t o p p e d  a t  p o in t  I  f r o m  f u r t h e r  f lo w .  T w o

t e s t - b a r s  a r e  p r o d u c e d ,  E  a n d  E ' .  T h e  E  
t e s t - b a r .  i s  m a d e  in  t h e  a b s e n c e  o f  a ir  a n d  
u s in g  a  s m a l l  g a t e ;  t h e  E '  t e s t - b a r  i s  m a d e  
b y  m o l t e n  m e t a l ,  w h ic h  h a s  o n l y  p a s s e d  
t h r o u g h  t h e  s m a l l  g a t e  a t  I V  a n d  t h e n c e  
a r o u n d  t h r o u g h  t h e  c a v i t i e s  G H I  a n d  F  in t o  
i t s  f in a l  r e s t i n g  p la c e ,  t h e  c a v i t y  C D E ,  
w i t h o u t  fu r t h e r  o b s t r u c t io n ,  w h e r e  i t  s o l i d i 
f ie s  w i t h  c o m p r e s s e d  a ir  p r e s e n t .

T y p e  F  T e s t - b a r .— M e ta l  e n t e r s  a t  p o i n t  
I V ,  s m a l l  g a t e  ( s e e  F i g .  1 ) ,  a n d  f lo w s  
t h r o u g h  t h e  c a v i t y  G H I  u n t i l  i t  r e a c h e s  
p o i n t  I I ,  a f t e r  p a s s in g  t h r o u g h  t h e  c a v i t y  F ,  
wrh e r e  i t  i s  s t o p p e d ;  d u e  t o  t h e  p r e s e n c e  
o f  a n  in s e r t  in  t h e  c a v i t y  C D E ,  w h ic h  p r e 
v e n t s  f u r t h e r  f lo w . I n  t h i s  t y p e  o f  s h o t  
t h e  in c o m i n g  m e t a l  c o m p r e s s e s  t h e  a ir  in t o  
t h e  c a v i t y  F .  T h e  a m o u n t  o f  m e t a l  p a s s in g  
t h r o u g h  t h e  c a v i t y  G H I  b e f o r e  s o l id i f i c a t io n  
t a k e s  p la c e  is  le s s  t h a n  i f  p o i n t  I I  w e r e  
n o t  c lo s e d ,  i . e . ,  i f  t h e  c a v i t y  C D E  w e r e  t o  
b e  f i l le d .

T y p e  G  a n d  G '  T e s t - b a r s .— M e t a l  e n t e r s  
p o i n t  I ,  la r g e  g a t e  ( s e e  F i g .  1 ) ,  a n d  p o in t  
I V ,  s m a l l  g a t e ,  s im u l t a n e o u s l y .  T h e  e n t ir e  
d ie  c a v i t y  i s  p e r m i t t e d  t o  f i l l  f r o m  b o t h  g a t e s  
a t  o n c e .  ( T e s t  s h o t s  s h o w e d  t h a t  t h e  m e t a l  
f lo w e d  in  t h r o u g h  g a t e  I  s o  f a s t  t h a t  t h e  
c a v i t y  C D E F  w a s  f i l le d  s o l id  b e f o r e  t h e  
s e c t i o n  I H  w a s  o n l y  p a r t ia l l y  f i l l e d . )  T h e  
t w o  t e s t - b a r s  m a d e  in  t h i s  m a n n e r  w e r e  t h e  
s m a l l  g a t e d  o n e ,  G , a n d  t h e  la r g e  g a t e d  
o n e ,  O '.

Alloy No. 47.
T a b le  2.

Metal temperature 1,300°F. Pressure applied 25,000 p.s.i.

Type of shot Type of test- 
bar

Gate size 
dia. in inches

Yield strength 
p.s.i.

Tensile strength 
p.s.i.

%  Elongation 
in 2 inches

or
Radiographically

sound

A-A’ A 0.100 22.000* 35,000* 2.5* 70
A-A' A' 0.375 23,000* ¿5,000* 3.6* 100
B-B' B 0.375 26,000* 37.500* 4.0* 60
B-B’ B' 0.375 27.000* 50,500* 6.5* 100
C -C C 0.100 24.500* 36,000* 2.5* 50
C-C' C 0.375 26,500* 51,000* 5.5* 100

D' D' 0.375 25.000* 47,000* 5.3* 100
E-E' E 0.100 25,000* 45,000* 6.0* 80
E-E' E' 0.375 21.000* 40,000* 3.5* 40

F F 0.100 24,000* 43,000* 5.5* 60
G-G G 0.100 20,000* 32,000* 2.0* 30
G-G G ' 0.375 29,000* 49,500* 6.5* 100

*Ten tensile tests.
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B .  T e s t s  P e r f o r m e d  o n  T e s t - b a r s

1 , R a d i o g r a p h  I n s p e c t i o n . — A ll  t e s t - b a r s  
c a s t ,  w i t h o u t  e x c e p t i o n ,  w e r e  s u b m i t t e d  t o  
X - r a y  in s p e c t io n  t o  d e t e r m i n e  t h e  d e g r e e  o f  
in t e r n a l  p o r o s i t y  b e fo r e  a n y  t e s t s  w e r e  p e r 
f o r m e d .  A l l  r a d io g r a p h s  w e r e  m a d e  w i t h  
2 0 0  k v  G .E .  e q u ip m e n t  in  t h e  a u t h o r ’s 
l a b o r a t o r y .

A l l  t h e  . t e s t - b a r s  w e r e  g r a d e d  a c c o r d in g  
t o  t h e  d e g r e e  o f  p o r o s i t y  p r e v a l e n t ,  a n d  o n ly  
t h o s e  t e s t - b a r s  w h o s e  g a u g e  l e n g t h s  a n d  
t a p e r i n g  s e c t i o n s  w e r e  a b s o l u t e l y  f r e e  f r o m  
e v e n  t h e  s l i g h t e s t  p o r o s i t y  w e r e  u s e d  t o  
o b t a in  t h e  d a t a  p r e s e n t e d  in  t h i s  i n v e s t i g a 
t i o n .  A l l  o t h e r  t e s t - b a r s  w e r e  d is c a r d e d ,  
s a v e  a  f e w ,  w h ic h  w e r e  in s p e c t e d  m e t a l lo -  
g r a p h ic a l ly .

N o t e d  in  T a b le s  2  t o  6 a r e  t h e  r a t io s  
o f  g o o d  t o  b a d  t e s t - b a r s  o u t  o f  20  t e s t - b a r s  
e a c h ,  f o r  e a c h  s u c c e s s iv e  p h a s e  o f  th e  
i n v e s t i g a t i o n .

2 . T e n s i l e  T e s t . * — O n ly  t h o s e  t e s t - b a r s  
w h i c h  s h o w e d  a b s o l u t e ly  n o  p o r o s i t y  o r  a n y

w h ic h  s h o w e d  t h e  m o s t  r a d ic a l  d i f f e r e n c e  o f  
p h y s i c a l  p r o p e r t i e s  w e r e  s p e c t r o g r a p h e d .  
N o  s i g n i f i c a n t  d i f f e r e n c e  w a s  d i s c o v e r e d .J

5 .  X - r a y  D i f f r a c t i o n  S t u d y .  § — T w in  
t e s t - b a r s  w h ic h  s h o w e d  t h e  m o s t  r a d ic a l  
d if f e r e n c e  o f  p h y s i c a l  p r o p e r t i e s  w e r e  s u b 
j e c t e d  t o  X - r a y  d if f r a c t io n  s t u d y .  N o  
d if f e r e n c e s  w e r e  n o t e d .

6 . H e a t  T r e a t m e n t . — T h e  m a in  a lu m i 
n iu m  a l l o y  1 3 X ,  u s e d  t h r o u g h o u t  t h is  
in v e s t i g a t i o n ,  i s  n o t  a  h e a t - t r e a t a b le  a l l o y .  
N o  t e s t - b a r s  w e r e  h e a t  t r e a t e d  f o r  t h e  p u r 
p o s e  o f  i m p r o v i n g  t h e ir  p h y s i c a l  p r o p e r t i e s .  
H e a t  t r e a t i n g  w a s  m e r e ly  d o n e  t o  d e t e r m in e  
t h e  e f f e c t  o f  v a r io u s  c a s t i n g  c o n d i t io n s  o n  
t h e  f o r m a t io n  o f  s u r f a c e  b l i s t e r s ,  in t e r n a l  
p o r o s i t y ,  a n d  d im e n s io n a l  d i s t o r t io n .

O n ly  t h o s e  t e s t - b a r s  h a v in g  a  p o r o s i t y -  
f r e e  s t r u c t u r e  t h r o u g h o u t  b o t h  t h e  g a u g e  
l e n g t h  a n d  t h e  g r ip  s e c t i o n s  w e r e  s u b j e c t e d  
t o  h e a t  t r e a t m e n t .  A f t e r  h e a t  t r e a t m e n t  
t h e  t e s t - b a r s  w e r e  ( 1 ) s u b j e c t e d  t o  t e n s i l e

Table 3.
Alloy No. 13x. Type shot C-C' Pressure applied 25,000 p.s.i.

Type test bar Metal tempera
ture °F.

Gate size 
dia. in inches

Yield strength 
p.s.i.

Tensile strength 
p.s.i.

%  Elongation 
in 2 inches

or/O
Radiographically

sound

C 1,250 0.100 22.000 37,000 3.5 50
C 1,250 0.375 26,000 46,500 6.5 100
C 1,300 0.100 24,500 39,000 5.0 45
C' 1,300 0.375 26,000 50,000 7.0 100
C 1,350 0.100 21,000 39,500 4.5 45
C ' 1,350 0.375 32.000 51,000 8.0 100
C 1,500 0.100 27,500 39,000 4.0 30
C ' 1,500 0.375 34,000 53,000 9.5 100

o t h e r  d e f e c t ,  s h r in k a g e ,  c r a c k ,  o r  in c l u s io n  
w e r e  t e s t e d ;  a n d  a l l  t e s t - b a r s  m a n i f e s t in g  
a n y  s u c h  d e f e c t  a f t e r  t e s t i n g  w e r e  d i s c a r d e d .

T e n  s o u n d  t e s t - b a r s ,  a n d  o n l y  t e n ,  w e r e  
s e l e c t e d  t o  r e p r e s e n t  e a c h  s in g le  p h a s e  o f  
t h i s  i n v e s t i g a t i o n .  I n  a  f e w  in s t a n c e s  t e n  
t e s t - b a r s  h a v i n g  n o  p o r o s i t y  w e r e  n o t  a v a i l 
a b le  d u e  t o  t h e  la r g e  n u m b e r  w h ic h  h a d  
t o  b e  d is c a r d e d  a f t e r  r a d io g r a p h ic  in s p e c 
t io n .

3 . M e t a l l o g r a p h i c  I n s p e c t i o n . — F r o m  t h e  
t e n  f r a c t u r e d  t e s t - b a r s  r e p r e s e n t i n g  e a c h  
s e p a r a t e  p h a s e  o f  t h e  i n v e s t i g a t i o n ,  t w o  t e s t -  
b a r s  w e r e  s e l e c t e d  f o r  m e t a l lo g r a p h ic  in s p e c 
t io n ,  o n e  t e s t - b a r  h a v i n g  t h e  b e s t  c o m 
b in a t io n  o f  y i e ld  s t r e n g t h ,  u l t i m a t e  t e n s i l e  
s t r e n g t h ,  a n d  d u c t i l i t y ,  a n d  t h e  o t h e r  t h a t  
t e s t - b a r  h a v i n g  t h e  m o s t  in f e r io r  c o m b in a 
t io n  o f  p r o p e r t i e s .  T h e s e  t w o  t e s t - b a r s  w e r e  
s e c t i o n e d  o n e  in  t h e  g a u g e  l e n g t h  a n d  
o n e  in  e a c h  g r ip  s e c t i o n .  T h e  s e c t i o n s  
w e r e  t h e n  m o u n t e d  in  B a k e l i t e ,  p o l i s h e d ,  
e t c h e d ,  e x a m i n e d ,  a n d  t h e  m o s t  t y p ic a l  
p o r t io n  o f  e a c h  c r o s s - s e c t io n  p h o t o g r a p h e d . f

4 . S p e c t r o g r a p h i c  C h e c k .— T w in  t e s t -  
b a r s  ( t h o s e  m a d e  d u r in g  t h e  s a m e  s h o t )

t e s t ,  ( 2 )  r a d io g r a p h e d ,  ( 3 )  c h e c k e d  v i s u a l ly  
a n d  ( 4 )  c h e c k e d  d im e n s io n a l ly .

T h e  h e a t - t r e a t i n g  p r o c e d u r e  w a s  to . h e a t  
u p  g r o u p s  o f  t h e  t e s t - b a r s  q u i c k l y  t o  a  t e m 
p e r a t u r e  c l o s e  t o  t h e  s o l id u s  t e m p e r a t u r e  
a n d  h o ld  e a c h  o f  t h e  g r o u p s  th e r e  f o r  a  
d i f f e r e n t  l e n g t h  o f  t im e .  A f t e r  t h i s  t h e  t e s t -  
b a r s  w e r e  e i t h e r  a ir - c o o le d  o r  q u e n c h e d  in  
c o ld  w a te r .

I n  T a b le  6 a r e  p r e s e n t e d  t h e  r e s u l t s  o f  
s o m e  t e n s i l e  t e s t s  o n  h e a t - t r e a t e d  t e s t - b a r s  
m a d e  f r o m  t h e  a lu m in iu m  a l l o y  N o .  1 3 X .

* All tensile tests were conducted at the Hersey 
inspection Bureau. Oakland, California, on a 50.000-lb. 
Olsen tensile testing machine certified by the U.S. Navy.

t  All of the photographs were taken by Mr. L. 
Crawford, of the University of California, at Berkeley 
Metallurgical Laboratories.

t  Any difference of more than .005 of 1 per cent, 
between the amount of a given element in one specimen 
and _ that of another would have been considered 
significant. Likewise the presence of an element in 
one specimen and not in another would have been 
considered significant.
§ X-ray diffraction pictures were made at the

University of California Metallurgical Laboratories
under the direction of Professor Ralph Hultgren.
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" N  field sports there are few  more 
popular events than the hurdles where 
all the up-to-date international records 
are held by U .S .A . Sportsm en. T h e  
120 yards record o f  13.7 seconds was set 
up by Forrest T ow ns at Oslo in 1936. 
T h e 220 yards record o f  22.5 seconds was 
secured by Fred W olcott in 1940 and the 
440 yards hurdles record o f  52.6 seconds 
by John G ibson at Nebraska in 1927.
T h e  record o f  International A lloys Ltd. 
in supplem enting the nation's supplies 
o f  essential light metals cannot be fully  
published till after the war. M ean
while, for post - war developm ents, 
please note the nam e— ‘ I N T A L ’ arc 
and w ill be makers o f  alum inium  alloys 
for every conceivable purpose.

I n t e r n a t i o n a l  M lo t j s  L t d

IN T ER N A T IO N A L  A LLO YS LTD.. SLO U G H , BUC KS. Phone: SLO U G H  23212. Grams: IN T ALLO Y D . SLO U G H
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Alloy 13x “  held.”
T a b le  A.

Type shot C-C'. Pressure applied 25,000 p.s.i.

Test-bar type Metal tempera
ture, o f .

Gate size, 
dia. in inches

Yield strength, 
p.s.i.

Tensile 
strength, p.s.i.

%  Elongation 
in 2 inches

%  Radiograph- 
ically sound

C ' 1,150 0,375 27,000 44,000 3.5 1001,200 0.375 28,000 45,000 3.8 100C' 1,250 0.375 31,000 45.000 3.6 100C 1,300 0.375 32.500 45,000 3.6C ' 1,350 0.375 33,500 46,000 4.2 100C'* 1,350 0.375 34,000 46,000 ‘4.4c* 1,350 0.100 28,000 40,000 3.2 50

> Die temperature raised from 400°F. to 600OF. for these shots.

P h a s e  I ,  T a b le  2 , A l lo y  N o .  4 7

T a b le  2  g iv e s  t h e  r e s u l t s  o i  P h a s e  I ,  in  
w h ic h  th e  p r e m o d if ie d  a lu m in iu m - s i l i c o n  
e u t e c t i c  a l l o y  w a s  p r e s s u r e  d ie  c a s t  in t o  
t h e  e x p e r im e n t a l  d ie  in  t h e  f o l l o w i n g  v a r io u s  
w a y s :  S h o t  t y p e s  A - A ' ,  B - B ' ,  C - C ' ,  D ' ,  E - E ' ,  
a n d  G -G '.

S h o t  T y p e  A - . - l ' . — T h e  r e s u l t s  o f  t h i s  t y p e  
o f  s h o t  s h o w e d  t h a t  g a t e - s iz e  in f lu e n c e s  th e  
u l t i m a t e  t e n s io n  p r o p e r t i e s  o f  m e t a l  w h ic h  
h a s  b e e n  f o r c e d  t o  s o l i d i f y  u n d e r  p r e s s u r e  
in  t h e  p r e s e n c e  o f  c o n f in e d  g a s e s .

T h e  p h y s i c a l  p r o p e r t i e s  o f  b o t h  t h e  A  
a n d  A '  t e s t - b a r s  w e r e  in f e r io r  t o  t e s t - b a r s  
c a s t  s im i l a r ly ,  i . e . ,  w i t h  t h e  s a m e  s i z e  g a t e s  
o n l y  c a s t  in  t h e  a b s e n c e  o f  a ir , n a m e ly  E  
a n d  C ' t e s t - b a r s  r e s p e c t i v e l y .  T h is  c o n 
s p i c u o u s  d i f f e r e n c e  in  p r o p e r t i e s  in d ic a t e s  
t h a t  w h e n  a  m e t a l  i s  f o r c e d  i n t o  a  s e a le d  
c a v i t y  c o n t a i n i n g  a ir ,  t h e  a ir  i t s e l f  d o e s  
in f lu e n c e  t h e  p r o p e r t i e s  o f  t h e  m e t a l  in  t h e  
c a s t  s t a t e .

A ls o  s h o w n  i s  t h a t  t h e  s iz e  o f  t h e  g a t e  
in f lu e n c e s  t h e  m a g n i t u d e  o f  t h e  in t e r n a l  
p o r o s i t y  f o r m e d  w i t h in  t h e  t e s t - b a r s .  T h e  
s m a l l  g a t e d  A  t e s t - b a r s  e x h ib i t e d  s u f f i c ie n t  
p o r o s i t y  in  t h e  g a u g e  l e n g t h  t o  h a v e  t h e m  
r e je c t e d  a t  t h e  r a t e  o f  th r e e  o u t  o f  t e n ,  
w h i l s t  t h e  A '  t e s t - b a r s  e v i d e n c e d  n o  r e je c -  
t i o n a b le  p o r o s i t y  in  t h e  s a m e  a r e a ;  t e n  o u t  
o f  t e n  w e r e  s a t i s f a c t o r y .

T h e  m ic r o s t r u c t u r e  o f  t h e  A ' t e s t - b a r s

e x a m i n e d  w a s  m o d if ie d  t h r o u g h o u t .  T h e  A  
t e s t - b a r s  e x h ib i t e d  a  s e m i- m o d i f i e d  s t r u c t u r e  
in  t h e  g a u g e  l e n g t h  a n d  g r ip  s e c t i o n  n e a r e s t  
t h e  g a t e .

S h o t  T y p e  B - B ' .— T h e  r e s u l t s  o f  t h i s  t v p e  
o f  s h o t  s h o w e d  t h a t  w h e n  t h e  a ir  is  f o r c e d  
o u t  o f  o n e  c a v i t y ,  C D E ,  in t o  t h e  o t h e r  
c a v i t y ,  G H I ,  t h e  t e s t - b a r s  B '  m a d e  in  c a v i t y  
G U I ,  in  t h e  a b s e n c e  o f  a ir , a r e  fa r  s u p e r io r  
t o  t h e  t e s t - b a r s  B  m a d e  in  t h e  a i r ’s  p r e s e n c e .  
T e s t - b a r  B  is  c o m p a r a b le  t o  t e s t - b a r  A ';  
b o t h  w e r e  m a d e  w i t h  la r g e  g a t e s ,  m in im u m  
t u r b u le n c e ,  a n d  f r o m  m e t a l  w h ic h  s o l id i f i e d  
in  t h e  p r e s e n c e  o f  c o n f in e d  a ir . T h e  B  t e s t -  
b a r ’s  p r o p e r t ie s  a r e  in f e r io r  t o  t h o s e  o f  t h e  
A ' t e s t - b a r s  b e c a u s e  o f  t h e  g r e a te r  v o lu m e  
o f  a ir  p r e s e n t  w i t h in  t h e  c a v i t y  G U I  w h e n  
i t  w a s  c a s t  ( t h e  a ir  in  c a v i t y  C D E  p lu s  
c a v i t y  F  p lu s  c a v i t y  G H I ) .

T h e  B '  t e s t - b a r s  w e r e  1 0 0  p e r  c e n t ,  
p o r o s i t y  f r e e ,  w h i l s t  o n ly  6 0  p e r  c e n t ,  o f  t h e  
B  t e s t - b a r s  h a d  n o  p o r o s i t y  w i t h in  t h e  g a u g e  
l e n g t h .

T h e  m ic r o s t r u c t u r e  o f  t h e  B '  t e s t - b a r s  
e x a m i n e d  w a s  c o m p le t e ly  m o d if ie d  w i t h in  
t h e ir  g a u g e  le n g t h ;  t h e '  m ic r o s t r u c t u r e  o f  
t h e  B  t e s t - b a r s  w a s  "  a l m o s t  "  c o m p le t e ly  
m o d if ie d  ( s e e  F i g .  15 fo r  t y p e  m ic r o 
s t r u c t u r e  f o u n d ) .

S h o t  T y p e  C - C ' .— T h e  r e s u l t s  o f  t h i s  t j -p e  
s h o t  s h o w e d  t h a t  t h e  p r o p e r t i e s  m a n i f e s t e d  
b y  t h e  B  t e s t - b a r s  c o u ld  b e  c o n s id e r a b ly  
d e c r e a s e d  b y  c a u s in g  t h e  m e t a l  e n t e r i n g  in t o

Shot type C-C'.
T a b le  5 .

Metal temperature 1.30QOF. Pressure applied, 25,000 p.s.i.

Alloy Test-bar type Gate size, 
dia. in inches

Yield strength 
p.s.i.

Tensile 
strength p.s.i.

%  Elongation 
in 2 inches

%  Radiograph- 
ically sound

13R C' 0.375 26,500 44.000 5.0 10013R C 0.100 24,000 38,000 3.3 4013S C' 0.375 31,000 43,000 3.0 9013S C 0.100 26,500 36,000 2.8 4013S' C' 0.375 32,500 45,000 3.1 8013S' C 0.100 22,000 35,000 3.0 30218 C' 0.375 25,000 43,000 15.0 100218 c 0.100 19,500 33,000 7.1 80356 a 0.375 25,000 42,500 10.5 100356 c 0.100 23,000 38,000 7.8 70356 D' 0.375 25,000 34,000 4.0 100
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t h e  c a v i t y  G H I  f r o m  c a v i t y  F  t o  p a s s  
t h r o u g h  a  s m a l l  g a t e .  T h is  a d d i t io n a l  c o n 
d i t io n  c h a n g e d  t h e  m a n n e r  in  w h i c h  th e  
c a v i t y  G H I  f i l le d  f r o m  t h a t  o f  a  u n i fo r m  
m o v i n g  m o l t e n  m e t a l  f r o n t  f l o w in g  fr o m  
G  t o  I ,  t o  t h a t  o f  a  s m a l l  d ia m e t e r  c y l i n 
d r ic a l  s t r e a m  o f  m o l t e n  m e t a l  w h ic h  f i l le d  
t h e  c a v i t y  G H I  f r o m  I  b a c k  t o  G , p r o d u c in g  
th e  C  t e s t - b a r .  T h e  a d d e d  t u r b u le n c e  t o  
w h ic h  th e  m o l t e n  m e t a l  w a s  s u b j e c t e d  in  
t h e  p r e s e n c e  o f  t h e  c o n f in e d  a ir  s e r v e d  
p r o n o u n c e d l y  t o  a f f e c t  th e  p r o p e r t i e s  o f  t h e  
m e t a l  in  i t s  f in a l  s o l id  s t a t e .

R a d i o g r a p h i c  in s p e c t io n  s h o w e d  1 0 0  p e r  
c e n t ,  o f  t h e  C  t e s t - b a r s  t o  b e  s o u n d ;  5 0  p e r  
c e n t ,  o f  t h e  C t e s t - b a r s .  A l l  o f  t h e  C ' 
t e s t - b a r s  e x a m i n e d  h a d  m o d if ie d  s t r u c t u r e s  
in  t h e ir  g a u g e  l e n g t h s .  A l l  o f  t h e  C  t e s t -  
b a r s  h a d  u n m o d i f i e d  s t r u c t u r e s .

S h o t .  T y p e  D ' .— T h e  r e s u l t s  o f  t h i s  t y p e  o f

i t  h e a t e d  t h e  d ie  w a l l s  a t  t h e  e x p e n s e  o f  
l o s i n g  h e a t  i t s e l f  ( t h i s  p r e - h e a t i n g  o f  t h e  
c a v i t y  C D E  d id  n o t  a m o u n t  t o  a  g r e a t  d e a l ,  
h o w e v e r ) . A s  t h e  f a r t h e s t  p a r t  o f  t h e  d ie  
f i l le d  u p  n e w  h o t  m e t a l  e n t e r e d  t h e  d ie .  
D i r e c t l y  t h i s  m e t a l  c a m e  t o  r e s t ,  th e r e  w a s  
a  d e f in i t e  t e m p e r a t u r e  g r a d ie n t  s e t  u p  
b e t w e e n  t h e  d ie  w a l l  a n d  t h e  c e n t r e  o f  t h e  
t e s t - b a r  d ie  c a v i t y  j u s t  f i l le d  w i t h  m e t a l .  
T h e  q u e s t i o n  w h ic h  a r i s e s  f r o m  a n  e x a m 
in a t io n  o f  t h e  r e s u l t s  o f  t h e  B - B ' - t y p e  s h o t  
is :  A r e  t h e  p r o p e r t i e s  o f  t h e  B  te s t - ib a r s  
in f e r io r  t o  t h e  B ' - t y p e  t e s t - b a r s  b e c a u s e  t h e  
t e m p e r a t u r e  g r a d ie n t  in  t h e  s e c t i o n  IT w a s  
d if f e r e n t  f r o m  t h e  t e m p e r a t u r e  g r a d ie n t  in  
t h e  s e c t i o n  D  b y  a n  a m o u n t  g r e a t  e n o u g h  
t o  e f f e c t  a  d i f f e r e n c e  in  t h e  m ic r o s t r u c t u r e  
w h ic h  i n  tu r n  w a s  r e s p o n s ib le  f o r  t h e  v a r i a 
t io n  in  p h y s i c a l  p r o p e r t ie s ?  T h a t  t h e  m ic r o 
s t r u c t u r e  w a s  d i f f e r e n t  w a s  a n  o b s e r v e d  f a c t .

T a b le  6 .

Alloy No. 13x. Metal temperature 1,300°F. Pressure applied 25,000 p.s.i. Type shot C-C'.
A ll test-bars radiographically 100% sound prior to heat treatment.

Test-bar type Heat treated 
at 525°C.

Gate size 
dia. in inches

Yield strength 
p.s.i.

Tensile strength 
p.s.i.

%  Elongation 
in 2 inches

%  Radiographic- 
ally sound after 

H.T.

C 0 mins. 0.100 21,000 41.000 4.0
C 5 mins. 0.100 17,500 32,000 13.0 0
C 10 mins. 0.100 15,000 26,000 16.5 0
C 60 mins. 0.100 12,500 19,000 21.0 0
C' 0 mins. 0.375 31,000 51,000 8.0 —
C' 5 mins. 0.375 19,500 34,500 15.0 100
C' 10 mins. 0.375 15,000 28.000 19.0 100
C' 60 mins. 0.375 11,500 21.000 23.0 100

s h o t  s h o w e d  t h a t  w h e n  a  la r g e  g a t e  p lu s  a  
la r g e  o v e r f l o w  ( c a v i t y  F )  w e r e  e m p lo y e d  
t o g e t h e r  a n d  t h e  a ir  w a s  f o r c e d  i n f o  t h e  
o v e r f l o w  o u t  o f  t h e  g a u g e  l e n g t h ,  s e c t i o n  D ,  
t h e  t e s t - b a r  D '  m a n i f e s t e d  p r o p e r t i e s  e q u a l  
t o  t h e  C ' t e s t - b a r s  p r e v i o u s ly  d e s c r ib e d .  A l l  
o f  t h e  D '  t e s t - b a r s  c a s t  w e r e  r a d io g r a p h ic a l ly  
fr e e  o f  p o r o s i t y  a n d  t h e  t w o  D '  t e s t - b a r s  
e x a m i n e d  m ic r o g r a p h ic a l ly  h a d  m o d if ie d -  
t v p e  s t r u c t u r e s .

T h e  r e s u l t s  o f  t h e  t y p e  s h o t s  B - B ' ,  C -C /  
a n d  D '  r a i s e d  t h e  q u e s t i o n  a s  t o  w h e t h e r  t h e  
s u p e r io r  q u a l i t i e s  o f  t h e  B ' ,  C ' a n d  D '  t e s t -  
b a r s  r e s u l t e d  s o l e l y  f r o m  t h e  f a c t  t h a t  t h e  
m e t a l  w h ic h  c o m p o s e d  t h e m  s o l id i f i e d  in  a  
p r e - h e a t e d  d ie  c a v i t y ,  i . e . ,  d u e  t o  a  m o r e  
p r o n o u n c e d  t e m p e r a t u r e  g r a d ie n t  b e t w e e n  
t h e  d i e  w a l l  a n d  t h e  s o l i d i f y i n g  m e t a l  in s id e  
t h e  c a v i t y .  B y  w a y  o f  e l a b o r a t io n  o n  t h e  
n a t u r e  o f  t h e  t e m p e r a t u r e  g r a d ie n t  l e t  t h e  
e x p l a n a t i o n  s u f f ic e  a t  t h i s  p o in t .

A l l  t e s t - b a r s  o f  t h e  t y p e  B ' ,  C ' a n d  D '  
w e r e  m a d e  b y  m e t a l  w h i c h  e n t e r e d  t h e  d ie  
c a v i t y  C D E  a f t e r  a  c e r t a in  v o lu m e  o f  m o l t e n  
m e t a l ,  n a m e ly ,  t h a t  w h ic h  f i l le d  t h e  c a v i t y  
F G H I  in  t h e  c a s e  o f  t h e  B - .B ' a n d  C - C '- ty p e  
s h o t s  a n d  t h e  c a v i t y  F  in  t h e  c a s e  o f  t h e  
D ' - t y p e  s h o t .  T h is  v o lu m e  o f  m e t a l  f lo w e d  
t h r o u g h  t h e  c a v i t y  C D E  a n d ,  w h i le  s o  d o in g ,

T h e r e f o r e  t h e  q u e s t i o n  is  w h e t h e r  t h i s  
d if f e r e n c e  in  m ic r o s t r u c t u r e  r e s u l t e d  fr o m  
t h e  f a c t  t h a t  t h e  m e t a l ,  j u s t  b e f o r e  a n d  
d u r in g  s o l id i f i c a t io n ,  w a s  m ix e d  w i t h  a ir  
u n d e r  p r e s s u r e ,  o r  w h e t h e r  t h e  d i f f e r e n c e  in  
m ic r o s t r u c t u r e  r e s u lt e d  fr o m  a  d if f e r e n c e  in  
t e m p e r a t u r e  g r a d ie n t s  o f  t h e  t w o .  T w o  
a t t e m p t s  t o  a n s w e r  t h i s  q u e s t i o n  w e r e  m a d e  
a n d  w i l l  b e  d e s c r ib e d  la t e r .

S h o t  T y p e  E - E ' .— T h e  r e s u l t s  o f  t h i s  t y p e  
o f  s h o t  s h o w e d  t h a t  t h e  s iz e  o f  t h e  g a t e  
t h r o u g h  w h ic h  t h e  m e t a l  e n t e r s  t h e  d ie  
c a v i t y  o r i g in a l ly  in f lu e n c e s  t h e  p r o p e r t i e s  o f  
t h e  m e t a l  s o l i d i f y i n g  t h e r e in .  T h e  r e d u c e d  
g a t e  s i z e  ( f r o m  s i z e  B  t o  s iz e  A )  c a u s e d  t h e  
m e t a l  t o  e n t e r  t h e  f ir s t  d ie  c a v i t y  a s  a  
c y l in d r ic a l  s t r e a m  ( t h i s  w a s  d e t e r m in e d  b y  
t h e  h a l f - s h o t  m e t h o d )  w h ic h  f lo w e d  f o r w a r d  
t h r o u g h  t h e  f ir s t  t e s t - b a r  c a v i t y  w i t h o u t  
f o r c in g  a l l  o f  t h e  a ir  o u t  o f  t h i s  c a v i t y  
e f f i c ie n t ly .  I t  c o n t in u e d  o n  a r o u n d  t h r o u g h  
c a v i t y  F  a n d  b e g a n  f i l l in g  u p  t h e  s e c o n d  
t e s t - b a r  f r o m  t h e  o p p o s i t e  e n d .  T h e  r e s u l t  
w a s  t h a t  t h e  a ir  in  t h e  s e c o n d  t e s t - b a r  
c a v i t y  w a s  f o r c e d  o u t  in t o  t h e  F  c a v i t y .  
T h e  s e c o n d  t e s t - b a r  w a s  t h e r e f o r e  m a d e  b y  
m e t a l  w h ic h  h a d  b e e n  s u b j e c t  t o  m u c h  
t u r b u le n c e  a n d  t h e  f ir s t  t e s t - b a r  w a s  m a d e  
f r o m  m e t a l  w h ic h  h a d  b e e n  s u b j e c t e d  to
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t u r b u le n c e  a n d  y e t  w h ic h  h a d  n o t  s o l id i f i e d  
in  t h e  p r e s e n c e  o f  c o n f in e d  a ir .

R a d io g r a p h s  o f  a l l  o f  t h e  E - E '  t y p e  s h o t s  
s h o w e d  t h a t  t h e  r e g io n  o f  m a x im u m  
p o r o s i t y  e x i s t e d  w i t h in  t h e  c a v i t y  F .  
M e t a l lo g r a p h ic  e x a m i n a t i o n  s h o w e d  t h is  t o  
b e  a  r e g io n  o f  u n m o d i f i e d  s t r u c t u r e .  
P o r o s i t y  w a s  g r e a te r  in  t h e  E '  t e s t - b a r s  t h a n  
in  t h e  E  t e s t - b a r s  b y  t h e  r a t i o  o f  6 0  p e r  
c e n t ,  r e j e c t s  f o r  E '  t e s t - b a r s ,  2 0  p e r  c e n t ,  
f o r  t h e  E  t e s t - b a r s .  B o t h  t h e  E  a n d  E '  
t e s t - b a r s  h a d  s e m i- m o d if i e d  s t r u c t u r e s  
w it h in  t h e  g a u g e  le n g t h ;  s p e c i f i c a l l y  t h e  E  
t e s t - b a r s  h a d  t y p e  H  s t r u c t u r e s  a n d  t h e  E '  
t e s t - b a r s  h a d  t y p e  I  s t r u c t u r e s .

S h o t  T y p e  F .— T h e  r e s u l t s  o f  t h i s  t y p e  
s h o t  s h o w e d  t h a t  b y  p la c i n g  a n  o v e r f lo w  
a t  t h e  e n d  o f  a  t e s t - b a r  h a v i n g  a  s m a l l  g a t e  
s i z e  i t s  p r o p e r t i e s  c o u ld  b e  im p r o v e d .  T h u s  
t h e  p r o p e r t i e s  o f  t h e  F  t e s t - b a r s  w i t h  a  
s m a l l  g a t e  a n d  a n  o v e r f lo w  ( c a v i t y  F )  w e r e  
s u p e r io r  t o  A  t e s t - b a r s  m a d e  w i t h  a  s m a l l  
g a t e  a n d  n o  o v e r f lo w  p r e s e n t .  S i x t y  p e r  
c e n t ,  o f  a l l  o f  t h e  F  t e s t - o a r s  c a s t  w e r e  
r a d io g r a p h ic a l ly  s o u n d  w i t h in  t h e  g a u g e  
l e n g t h .

S h o t  T y p e  G - G ' . — T h e  r e s u lt s  o f  t h i s  t y p e  
s h o t  s h o w e d  t h a t  a s  t h e  t u r b u l e n c e  o f  t h e  
m e t a l  in  t h e  g a u g e  l e n g t h  s e c t i o n  w a s  
in c r e a s e d  a n d  a s  t h e  c o n f in e d  a ir  w a s  f o r c e d  
in t o  c o n t a c t  w i t h  s o l i d i f y i n g  m e t a l  w i t h in  
t h e  g a u g e  l e n g t h  r e g io n  i t s e l f  t h e  p h y s i c a l  
p r o p e r t i e s  o f  t h e  t e s t - b a r  s o  c a s t  b e c a m e  
v e r y  in f e r io r .  A l l  o f  t h e  G ' t e s t - b a r s  c a s t  
w e r e  r a d io g r a p h ic a l ly  s o u n d  a n d  o n l y  3 0  p e r  
c e n t ,  o f  t h e  G  t e s t - b a r s  p a s s e d  in s p e c t io n .

A l l  o f  t h e  G '  t e s t - b a r s  h a d  a  m o d if ie d  t y p e  
( t y p e  E )  s t r u c t u r e  w i t h in  t h e  g a u g e  l e n g t h ,  
w h i l e  t h e  G  t e s t - b a r s  e x a m i n e d  h a d  c o m 
p l e t e l y  u n m o d i f ie d  t y p e  ( t v p e  P )  s t r u c t u r e s .

P h a s e  I I ,  T a b le  3 ,  A l l o y  N o .  1 3 X

T a b le  3  g i v e s  t h e  r e s u l t s  o f  P h a s e  I I ,  in  
w h ic h  t h e  u n m o d i f i e d  a lu m in iu m - s i l i c o n  
e u t e c t i c  a l l o y ,  1 3 X ,  w a s  p r e s s u r e  d ie  c a s t  
i n t o  t h e  e x p e r im e n t a l  d i e  b y  m e a n s  o f  s h o t  
t y p e  C - C '  o n ly .

T a b le  7 .

Internal
porosity

External
blisters

Dimensional
check

C ' Control None None O.K.
C ' 5 mins. None None O.K.
C ' 30 mins. None None O .K.
C  Control None None O.K.
C  5 mins. Very mild Average of Out of

11 blisters straight
C 30 mins. Abundant Average of Completely

52 blisters off

T o  d e t e r m in e  t h e  e f f e c t  o f  m e t a l  t e m p e r a 
t u r e  u p o n  t h e  p r o p e r t i e s  o f  t h e  C  a n d  C ' 
t e s t - b a r s  a  s e r i e s  o f  t e s t - b a r s  w e r e  p r e s s u r e  
d ie  c a s t  o v e r  t h e  r a n g e  o f  t e m p e r a t u r e ;  
1 ,2 5 0  d e g r e e s  F .  t o  1 ,5 0 0  d e g r e e s  F .

T h e  u n m o d i f i e d  a l l o y  w a s  u s e d  t o  c a s t  
t h e  t e s t - b a r s  f o r  t h i s  p h a s e  so ' t h a t  t h e  
r e s u l t a n t  m ic r o s t r u c t u r e  m a n i f e s t e d  b y  t h e  
t e s t - b a r s  c o u ld  b e  u s e d  t o  i n d ic a t e  s o m e 
t h i n g  a b o u t  t h e  c o o l in g  r a t e  o f  t h e  m e t a l .

T h e  r e s u l t s  ( c o l l e c t i v e l y  f o r  t h e  e n t ir e  
p h a s e )  s h o w e d  t h a t  a s  t h e  c a s t i n g  t e m p e r a 
t u r e  w a s  in c r e a s e d ,  t h e , p r o p e r t i e s  o f  t h e  
C '  t e s t - b a r s  im p r o v e d  a n d  t h e  C  t e s t - b a r s  
w e r e  u n a f f e c t e d  u n t i l  t h e  t e m p e r a t u r e  
r e a c h e d  1 ,5 0 0  d e g r e e s  F . ,  a t  w h ic h  t e m p e r a 
t u r e  t h e ir  d u c t i l i t y  f e l l  o f f  a n d  t h e ir  y ie ld  
s t r e n g t h  in c r e a s e d .  A ls o  a s  t h e  t e m p e r a t u r e  
in c r e a s e d  t h e  p e r c e n t a g e  o f  C  t e s t - b a r  r e je c -  
t i o p s  d u e  t o  t h e  p r e s e n c e  o f  p o r o s i t y  
in c r e a s e d .

A l l  o f  t h e  C  t e s t - b a r s  e x a m i n e d  h a d  
u n m o d i f i e d  s t r u c t u r e s  ( T y p e  P )  w i t h in  t h e  
g a u g e  le n g t h s  a n d  a l l  o f  t h e  C ' t e s t - b a r s  
h a d  m o d if ie d  s t r u c t u r e s  ( T y p e s  E  a n d  F )  
w it h in  t h e  g a u g e  l e n g t h .

P h a s e  I I I ,  T a b le  4 ,  A l l o y  N o .  1 3 X
T a b le  4 g iv e s  t h e  r e s u l t s  o f  P h a s e  I I I  

in  w h ic h  t h e  u n m o d i f i e d  a lu m in iu m - s i l i c o n  
e u t e c t i c  a l l o y  w a s  r e ta in e d  in  t h e  h o ld in g  
p o t  f o r  a  p e r io d  o f  f o u r  h o u r s  a t  a  t e m p e r a 

Table 8.

Alloy No. 13 Micro-
structurej

Yield strength, 
p.s.i.*

Tensile strength, 
p.s.i.* %  Elongation* Heat

treatability**

min.-max. min.-max. min.-max.
(Normal) range range range

No confined air and no turbulence Type D 26,000-34,000 46,500-53.500 6.5-11.5 A
No confined air and turbulence .. Type F 23,500-25.500 42,500-45,500 5.0 - 6.0 B
Confined air and no turbulence .. Type I 23,000 25,000 40,500-44.500 4.0- 6.0 D
Confined air and turbulence Type P 22.000-27.500 37,000-39,000 3.5- 4.0 F

(Modified)
No confined air and no turbulence Type D 23,000 26,500 45,000-51,500 5.5-5.6 A
No confined air and turbulence .. Type G 24.000-25,000 43.000-45,000 5.5-6.0 B
Confined air and no turbulence Type J 23,000 26,000 37,50045,000 2.5-3.6 D
Confined air and turbulence Type L 22.000-24,500 35,000-36,000 2.5~3.6 F

$ Determined from the examination of five separate test-bars and two sections from each. 
* Determined from fifty tensile tests.
** A  Excellent. B- Good. D Very poor. F —Not heat treatable at all.
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t u r e  o f  1 ,2 5 0  d e g r e e s  F .  j u s t  p r io r  t o  c a s t in g  
w i t h o u t  a g i t a t i n g  t h e  m e l t .  O n ly  t h e  C -C ' 
t y p e  s h o t  w a s  e m p lo y e d .  S h o t s  w e r e  m a d e  
t o  r e p r e s e n t  l i v e  s e p a r a t e  t e m p e r a t u r e  
l e v e l s ,  1 ,1 4 0 - 1 ,1 5 0  d e g r e e s  F . ,  1 ,1 9 0 - 1 ,2 0 0  
d e g r e e s  I - \ ,  1 ,2 4 0 - 1 ,2 5 0  d e g r e e s  F . ,  1 ,2 9 0 -  
1 ,3 0 0  d e g r e e s  F . ,  a n d  1 ,3 4 0 - 1 ,3 5 0  d e g r e e s  F .

A s  t h e  c a s t in g  t e m p e r a t u r e  w a s  in c r e a s e d  
t h e  y ie ld  s t r e n g t h  r o s e  s l i g h t l y ,  a s  d id  t h e  
p e r c e n t a g e  e l o n g a t i o n .  A l l  o f  t h e  C ' t e s t -  
b a r s  wTe r e  100  p e r  c e n t ,  r a d io g r a p h ic a l ly  
s o u n d ;  a l l  o f  t h e  C  t e s t - b a r s  w e r e  1 0 0  p e r  
c e n t ,  u n s o u n d .  O n ly  w h e n  t h e  d ie  t e m 
p e r a t u r e  w a s  r a i s e d  t o  6 0 0  d e g r e e s  F .  d id  
t h e  C  t e s t - b a r s  tu r n  o u t  t o  b e  p o r o s i t y  f r e e .  
W h e n  t h e  d ie  t e m p e r a t u r e  w a s  r a i s e d  t h e  
y ie ld  p o i n t  o f  t h e  C ' t e s t - b a r s  r o s e  a n d  t h e  
p e r c e n t a g e  e l o n g a t i o n  d e c r e a s e d .

A l l  o f  t h e  C ' t e s t - b a r s  e x a m i n e d  m a n i 
f e s t e d  m o d if ie d  s t r u c t u r e s  ( T y p e  F )  in  t h e  
g a u g e  l e n g t h .  A l l  o f  t h e  C  t e s t - b a r s ,  m a d e  
a t  a  d ie  t e m p e r a t u r e  o f  6 0 0  d e g r e e s  F . ,  
e x a m i n e d  h a d  c o m p l e t e l y  u n m o d i f i e d  s t r u c 
t u r e s  ( T y p e s  O  a n d  P ) .

P h a s e  I V ,  T a b le  5 ,  A l lo y s  1 3 R ,  1 3 S ,  1 3 S ' ,  
2 1 8  a n d  3 5 6

T a b le  5 g iv e s  t h e  r e s u l t s  o f  P h a s e  I V  
in  w h ic h  s e v e r a l  a l l o y s  w 'ere p r e s s u r e  d ie  
c a s t  in  t h e  e x p e r im e n t a l  d ie .  T h e  a l l o y s  
e m p lo y e d  w e r e  1 3 R , 1 3 S , 1 3 S ', 2 1 8  a n d  3 5 6 .  
T h e ir  c h e m i c a l  c o m p o s i t io n  i s  g iv e n  in  
T a b le  1.

T h e  "  r e m e l t  ”  a l l o y ,  1 3 R , a n d  t h e  
“  s e c o n d a r y  a lu m in iu m  ”  a l l o y s ,  1 3 S  a n d  
1 3 S ', p r o v e d  in f e r io r  a s  r e g a r d s  u l t im a t e  
s t r e n g t h  a n d  d u c t i l i t y  t o  t h e  v ir g in  a l l o y  
1 3 X .  T h e  y i e l d  s t r e n g t h  o f  t h e  t w o  
s e c o n d a r y  a l l o y s ,  1 3 S  a n d  1 3 S ', w a s  h ig h e r  
t h a n  t h e  r e m e l t ,  1 3 R . T h e  d u c t i l i t y  o f  t h e  
r e m e l t ,  1 3 R , wra s  s u p e r io r  t o  t h a t  o f  1 3 S  
a n d  1 3 3 ' ,  h o w e v e r  t h e  r e m e l t ’s  y i e ld  
s t r e n g t h  w a s  lo w e r .  N o t  m u c h  d if f e r e n c e  
i s  e v i d e n c e d  in  t h e  t e n s i l e  s t r e n g t h  o f  t h e  
t h r e e  a l l o y s ,  1 3 R , 1 3 S  a n d  1 3 S '— a l l  a r e  
in f e r io r  t o  v ir g in  1 3 X .

I t  i s  in t e r e s t i n g  t o  n o t i c e  t h a t  t h e  C  t e s t -  
b a r s  c a s t  w i t h  t h e  a l l o y  2 IS  w e r e  v e r y  
in f e r io r  t o  t h e  C ' t e s t - b a r s  c a s t  f r o m  t h e  
s a m e  a l l o y .  T h e  d u c t i l i t y  o f  t h e  C  t e s t - b a r s  
w a s  c o n s id e r a b ly  lo w e r  a n d  t h e  y i e ld  
s t r e n g t h  a n d  t h e  t e n s i l e  s t r e n g t h  a l s o  
d r o p p e d  o f f .  T h i s  w a s  a g a in  t h e  c a s e  w i t h  
C  t e s t - b a r s  c a s t  w i t h  t h e  3 5 6  a l l o y .  T h e  
C '  t y p e  t e s t - b a r  h a d  lo w ' y i e l d  a n d  h ig h  
e l o n g a t i o n .  M e t a l lo g r a p h ic  e x a m i n a t i o n  o f  
1 3 R  a l l o y  C  t e s t - b a r s  s h o w e d  a n  u n m o d i f i e d  
t y p e  ( T y p e  L )  s t r u c t u r e ,  w h i le  t h e  C ' t e s t -  
b a r s  h a d  s e m i- m o d i f i e d  t v p e  ( T y p e  T) 
s t r u c t u r e s .

T h e  1 3 S  a l l o y  C ' t e s t - b a r s  h a d  a  s e m i 
m o d if ie d  t y p e  s t r u c t u r e  ( s e e  F i g s .  2 5  a n d  
2 6 ) ,  a n d  t h e  C  t e s t - b a r s  w e r e  s e m i- m o d i f i e d  
in  s t r u c t u r e  ( s e e  F i g .  2 7 ) .  A n d  t h e  C ' t e s t -  
b a r s  h a d  a n  a b u n d a n c e  o f  p r im a r y  s i l ic r ,- . 
c r y s t a l s  w h i le  t h e  C  t e s t - b a r s  d id  n o t .

T h e  1 3 S '  a l l o y  C ' t e s t - b a r s  wre r e  o f  a  m o d i 
f ie d  t y p e  s t r u c t u r e  w i t h  a b u n d a n t  ir o n -  
a lu m in iu m  n e e d le s  ( s e e  F i g .  2 9 ) .  T h e  1 3 S ' 
a l l o y  C  t e s t - b a r s  h a d  a  v e r y  p o o r ly  m o d if ie d  
t y p e  s t r u c t u r e  ( s e e  F i g .  28).

N o  s ig n i f i c a n t  d i f f e r e n c e s  in  t h e  m ic r o 
s t r u c t u r e  o f  t h e  C ' a n d  C  t e s t - b a r s  c a s t  f r o m  
a l l o y  N o .  2 1 S  w e r e  o b s e r v e d  ( s e e  F i g s .  31  
a n d  3 2 ) .

N o  s ig n i f i c a n t  d i f f e r e n c e  in  t h e  m ic r o 
s t r u c t u r e  o f  t h e  C ' a n d  C  t e s t - b a r s  c a s t  f r o m  
a l l o y  N o .  3 5 6  w a s  o b s e r v e d .  B o t h  t y p e s  
o f  t e s t - b a r s ,  C / a n d  C , e v i d e n c e d  m o d if ie d  
e u t e c t i c  a n d  c l o s e l y  p a c k e d  d e n d r i t e s  ( s e e  
F i g .  3 3 ) .

P h a s e  V ,  T a b le  6
T h e  r e s u l t s  o f  t h e  t e n s i l e  t e s t s  p e r fo r m e d  

o n  t h e  v a r io u s  t y p e s  o f  t e s t - b a r s  p r e p a r e d  
a s  d e s c r ib e d  b e lo w ’ a r e  g iv e n  in  T a b le  6 .

A l l  t e s t - b a r s  f o r  P h a s e  V  w e r e  p r e s s u r e  
d ie  c a s t  f r o m  t h e  n o r m a l  e u t e c t i c  
a lu m in iu m - s i l i c o n  a l l o y  N o .  1 3 X . T h e  p u r 
p o s e  o f  c o n d u c i n g  t h is  p h a s e  w a s  t o  d e t e r 
m in e  h o w  h e a t  t r e a t i n g  t h e  C ' a n d  C  t e s t -  
b a r s  a f f e c t e d  t h e i r  p r o p e r t i e s  a n d  a p p e a r 
a n c e .

A l l  t e s t - b a r s  w e r e  r a d io g r a p h e d  p r io r  t o  
h e a t  t r e a t m e n t .  O n ly  t h o s e  t e s t - b a r s  w h ic h  
w e r e  a b s o l u t e l y  f r e e  o f  p o r e s  t h r o u g h o u t  
t h e ir  e n t i r e  i e n g t h  w e r e  h e a t  t r e a t e d .  
D i r e c t l y  t h e y  w’e r e  h e a t  t r e a t e d  t h e y  w e r e  
a g a in  r a d io g r a p h e d ,  a n d  t h e  t w o  r a d io 
g r a p h s  “  b e f o r e  ”  a n d  “  a f t e r  ”  c o m p a r e d .  
B e s id e s  b e in g  in s p e c t e d  r a d io g r a p h ic a l ly  
t h e  h e a t - t r e a t e d  t e s t - b a r s  W’e r e  fu r t h e r  
e x a m i n e d  f o r  d im e n s io n a l  d i s t o r t io n ,  
e x t e r n a l  b l i s t e r  f o r m a t io n ,  a n d  t h e n  f in a l l y  
s u b j e c t e d  t o  a  t e n s i l e  t e s t ,  t h e  r e s u l t s  o f  
w h ic h  a r e  s h o w n  in  T a b le  6 . R e s u l t s  o f  
t h e  r a d io g r a p h ic  i n s p e c t io n  a r e  a l s o  g iv e n  
in  T a b le  6 , a lo n g  w i t h  t h e  r e s u l t s  o f  t h e  
d im e n s io n a l  a n d  s u r f a c e  in s p e c t io n .

S u m m a r y .  ( S e c  T a b le  8 )
( 1 ) T h is  p a p e r  p r e s e n t s  t h e  r e s u l t s  o f  a n  

i n v e s t i g a t i o n  t o  d e t e r m i n e  t h e  e f f e c t  o f  a ir  
t r a p p e d  w i t h in  s t e e l  d i e  c a v i t i e s  u s e d  t o  
m a k e  p r e s s u r e  d ie  c a s t in g s ,  u p o n  t h e  m ic r o 
s t r u c t u r e ,  t e n s i l e  p r o p e r t i e s ,  a n d  h e a t  t r e a t 
a b i l i t y  o f  th r e e  c o m m o n  p r e s s u r e - d ie - c a s t in g  
a l l o y s .

(2)' A  s p e c ia l  t w o - c a v i t y  t e s t - b a r  d i e  w a s  
c o n s t r u c t e d  f o r  t h e  p u r p o s e  .o f  p r e s s u r e  d ie  
c a s t i n g  t w o  s t a n d a r d  A .S .T .M .  ^ - in . t e s t -  
b a r s  d u r in g  a  s in g le  in j e c t io n  o f  t h e  m o l t e n  
m e t a l .  T h e  d ie  w a s  s o  c o n s t r u c t e d  t h a t  
t h e  t e s t - b a r s  c o u ld  b e  m a d e  u s i n g  e i t h e r  a  
la r g e  o r  s m a l l  g a t e .  I t  w a s  f u r t h e r  d e s ig n e d  
t h a t  t h e  i n c o m i n g  m o l t e n  m e t a l  s t r e a m  
f o r c e d  t h e  c o n f in e d  a ir  w i t h in  o n e  t e s t - b a r  
c a v i t y  i n t o  t h e  o t h e r  t e s t - b a r  c a v i t y ,  t h u s  
m a k in g  p o s s ib l e  a  c o m p a r i s o n  o f  t h e  p r o p e r 
t ie s  o f  m e t a l  c a s t  in  . t h e  p r e s e n c e  o f  a ir  a n d  
t h e  p r o p e r t i e s  o f  m e t a l  c a s t  in  t h e  a b s e n c e  
o f  a ir .
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( 3 )  T h e  e f f e c t  o f  c o n f in e d  a ir  w i t h in  th e  
d ie  c a v i t y  u p o n  t h e  t e n s i l e  p r o p e r t i e s ,  t h e  
m ic r o s t r u c t u r e ,  a n d  t h e  h e a t  t r e a t a b i l i t y  o f  
c e r t a in  a lu m in iu m  a l l o y s  w a s  s t u d ie d .

( 4 )  T h e  e f f e c t  o f  t u r b u le n c e  o f  t h e  m e t a l  
a lo n e  w i t h in  t h e  d ie  c a v i t y  u p o n  t h e  t e n s i l e  
p r o p e r t i e s ,  t h e  m ic r o s t r u c t u r e ,  a n d  t h e  h e a t  
t r e a t a b i l i t y  o f  c e r t a in  a lu m in iu m  a l l o y s  w a s  
s t u d ie d .

C o n c lu s io n s

( 1 )  I t  is  c o n c lu d e d  t h a t  t h e  p r e s e n c e  o f  
t r a p p e d  a ir  w i t h in  t h e  d ie  c a v i t y  a f f e c t s  t h e  
m e t a l ,  w h ic h  is  f o r c e d  t o  s o l id i f y  in  i t s  
p r e s e n c e  in  s u c h  a  w a y  t h a t  h e a t  t r e a t m e n t  
o f  th e  c a s t  m e t a l  i s  n o t  f e a s ib le .  B y  
p r e s s u r e  d ie  c a s t in g  a lu m in iu m  a l l o y s  in t o  
s t e e l  d ie s  f r o m  w h ic h  t h e  a ir  h a s  b e e n  
f o r c e d ,  h e a t  t r e a t a b i l i t y  o f  t h e  m e t a l  s o  c a s t  
is  a s s u r e d .

( 2 ) I t  w a s  d e t e r m in e d  t h a t  c o n f in e d  a ir  
w it h in  t h e  d ie  c a v i t y  a n d  tu r b u le n c e  o f  t h e  
m e t a l ,  t o g e t h e r  o r  in d e p e n d e n t l y ,  a f f e c t  
a d v e r s e l y  t h e  m ic r o s t r u c t u r e  o f  t h e  
a lu m in iu m  a l l o y s  n u m b e r e d  1 3 , 2 1 8  a n d  3 5 6 .

( 3 )  I t  w a s  c o n f ir m e d  t h a t  t e s t - b a r s  
h a v in g  m o d if ie d  t y p e  m ic r o s t r u c t u r e s  
p o s s e s s  h ig h e r  t e n s i le  p r o p e r t i e s  t h a n  t e s t -  
b a r s  h a v i n g  t h e  n o r m a l  t y p e  m ic r o s t r u c t u r e .

( 4 )  I t  w a s  s h o w n  t h a t  b o t h  tu r b u le n c e  
o f  t h e  m e t a l  a n d  c o n f in e d  a ir  w i t h in  t h e  
d ie  c a v i t y  t e n d  t o  p r o m o t e  in t e r n a l  p o r o s i t y  
r e g a r d le s s  o f  t h e  a l l o y  e m p lo y e d .

( 5 )  I t  w a s  s h o w n  t h a t  t h e  p r e s e n c e  o f  
c o n f in e d  a ir  w i t h in  t h e  d ie  c a v i t y  t e n d s  t o  
p r e v e n t  t h e  n o r m a l  e u t e c t i c  a lu m in iu m -  
s i l i c o n  a l l o y  f r o m  d e v e l o p i n g  t h e  m o d if ie d  
t y p e  s t r u c t u r e  w h e n  i t  c o o l s  r a p id ly  w i t h in  
t h e  d ie .

. B I B L I O G R A P H Y

U nclassifted
( 1 ) A .  G .  C . G w y e r ;  " T r a n s .  F a r a d a y  

S o c . ”  1 9 1 8 / 1 4 / 1 7 3 .  ( 2 ) Y u .  A .
K l y a c h k o ;  G a s e s  i n  A l u m i n i u m ,  " L e g k i e  
M e t a l l y  ”  ( L i g h t  M e t a l s ) ,  1 9 3 4  ( 7 ) ,
2 4  ( i n  R u s s i a n ) .  ( 3 )  H a n s o n  a n d  
S la t e r ;  A  p a p e r  p r e s e n t e d  a t  t h e  a n n u a l  

a u t u m n  m e e t i n g  o f  t h e  I n s t ,  o f  M e t a l s  a t  
Z u r ic h  in  1 9 3 1 .  ( 4 )  Y u .  A .  K l y a c h k o ;
F u r t h e r  I n v e s t i g a t i o n s  R e l a t i n g  t o  G a s e s  
i n  M e t a l s .  I V  : C o l l o i d - c h e m i c a l  P h e 
n o m e n a  in  M e t a l s  ( G a s e s  i n  A l u m i n i u m  
a n d  i t s  A l l o y s ) ,  " A c t a  P h y s i c o c h i m i c a  
U . R . S . S . ”  1 9 3 7 / 7  ( 5 )  / 7 3 7 .  ' ( 5 )  C . R .  
D r a p e r ;  V o l a t i l e  C h l o r i d e s  f o r  D e g a s s i f i -  
c a t i o n  a n d  G r a in  R e f i n i n g ,  "  L i g h t  

M e t a l s , "  1 9 4 1  / 4 / 9 8 .  ( 6 ) C .  C . H o d g s o n ;
C o n c e r n i n g  t h e  P r o b l e m  o f  G a s e s  in  
A l u m i n i u m ,  "  L i g h t  M e t a l s , ”  1 9 4 1 / 4 / 1 3 3 .  
( 7 )  P .  R ö n t g e n  a n d  F .  M ö l le r ;  O n  t h e  

S o l u b i l i t y  o f  G a s e s  in  C o p p e r  a n d
A l u m i n i u m ,  " M e t a l l w i r t s c h a f t , ”  1 9 3 4 /  

1 3 / 8 1 ;  9 7 .  ( 8 ) " J o u r .  I n s t ,  o f  M e t a l s , ”
1 9 3 2 / 5 0 / 9 2 1 .  ( 9 )  L .  L .  B i r c u m s h a w ;
T h e  S o l u b i l i t y  o f  H y d r o g e n  in  M o l t e n  
A l u m i n i u m ,  "  T r a n s .  F a r a d a y  S o c . , ”  

1 9 3 5 / 3 1 / 1 4 3 9 .  ( 1 0 ) C . J .  S m i t h e l l s  a n d
O .  É .  R a n s l e y ;  T h e  D i f f u s i o n  o f  G a s e s  
T h r o u g h  M e t a l s .  I I  : D i f f u s i o n  o f
H y d r o g e n  T h r o u g h  A l u m i n i u m ,  “  P r o c .  
R o y  S o c . , ”  1 9 3 5 / A / 1 5 2 / 7 0 6 .  ( I I )  
" G a s e s  i n  M e t a l s , ”  J o h n  W i l e y  a n d  
S o n s ,  I n c . ,  N . Y . ,  1 9 3 7 .  ( 1 2 ) F o r  a n

e x p l a n a t i o n  o f  t h e  m a n n e r  in  w h i c h  t h e  
s o l u b i l i t y  o f  h y d r o g e n  in  b i n a r y  a l l o y s  
v a r i e s  in  r e l a t i o n  t o  t h e  e q u i l i b r i u m  
d i a g r a m ,  s e e  M a s a j i ,  F u k u s i m a ,  a n d  
S a b u r o  M i t u i  ( S e i .  R e p .  T o k a k u  I m p .  
U n i v . ,  1 9 3 6 ;  ( i )  "  H o n d a  A n n i v . , ”  V o l .  
9 4 0 )  ( i n  E n g l i s h ) .  ( 1 3 )  W a l t e r  B a u k l o h  
a n d  F r e d r i c k  O e s t e r l e n ;  T h e  S o l u b i l i t y  

o f  H y d r o g e n  i n  A l u m i n i u m  a n d  S o m e  
A l u m i n i u m  A l l o y s ,  "  Z . M e t a l l k u n d e , ”  
1 9 3 8 / 3 0 / 3 8 6 .  ( 1 4 )  H e l m u t  W i n t e r h a g e r ;
O n  t h e  S o l u b i l i t y  o f  H y d r o g e n  in  
A l u m i n i u m  a n d  M a g n e s i u m .  "  A l u -  
m i n u m - A r c h i v . , ”  1 9 3 8  ( 1 2 ) ,  2 4  p p .  ( 1 5 )  
P .  R ö n t g e n  a n d  B r a u n ;  " M e t s .  A b s t . ,  
J o u r .  I n s t ,  o f  M e t a l s , ”  1 9 3 2 / 5 0 / 7 2 1 .
( 1 6 )  P .  R ö n t g e n  a n d  H .  W i n t e r h a g e r ;  

" A l u m i n i u m ”  ( G e r m a n y ) ,  1 9 3 9 / 2 1 / 2 1 0 .
( 1 7 )  A .  P o r t e v i n ,  G .  C h a u d r o n ,  a n d  A .  

M o r e a u ;  A  N e w  M e t h o d  f o r  t h e  E x t r a c 

t io n  o f  g a s e s  R e t a i n e d  in  A l u m i n i u m .  
S e i .  R e p .  T o h a k u  I m p .  U n i v . ,  1 9 3 6  
( i ) ,  " H o n d a  A n n i v . , ”  V o l . ,  9 3 3  ( i n  

F r e n c h ) .  ( 1 8 )  G .  C h a u d r o n ;  T h e  

P r o b l e m  o f  G a s e s  i n  M e t a l s ,  " B u l l .  
A s s o c .  T e c h .  F o n d e r i e , ”  1 9 3 7 / 1 1 ,  
( 1 ) / 4 ;  D i s c u s s i o n ,  1 1 . ( 1 9 )  B r a u n ;
d i s s e r t ,  “  A a c h e n , ”  1 9 3 0 .  ( 2 0 ) R ö n t g e n

a n d  B r a u n ;  " M e t a l l w i r t s c h a f t , ”  1 9 3 2 /  
1 1 / 4 5 9 .  ( 2 1 ) S a i t o  a n d  O k a w a ;  “ C h e m .  
A b s t r a c t s , ”  1 9 3 3 / 2 7 / 1 3 0 1 .  ( 2 2 ) Y u .  A .
K l y a c h k o ;  "  Z h u r .  P r i k l a d ,  K h i m i i , ”  

1 9 4 1 /  1 4 / S 4 ;  C h e m .  A b s t . ,  1 9 4 2 / 3 6 / 9 5 0 .
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( 2 3 )  A r c h b u t t ;  "  J .  I n s t ,  o f  M e t a l s , ”  
1 9 2 S / 4 0 / 5 5 .  ( 2 4 )  L e o n  M o r e a u ;  B e l l

J a r  t e s t  f o r  G a s e s  in  A l u m i n i u m ,  "  B u l l .  

A s s o c .  T e c h .  F o n d e r i e , ”  1 9 3 6 / 1 0 / 4 4 6 .  
( 2 5 )  M . B o s s a r d ,  H .  H u g ,  a n d  E .  
H a n s l e r ;  M e t h o d  o f  T e s t i n g  t h e  G a s  
C o n t e n t  o f  A l u m i n i u m  w i t h  t h e  S t r a u b e -  
P f e i f l e r  V a c u u m  M e t a l - t e s t i n g  A p p a r a 
t u s ,  “ A l u m i n i u m ”  ( G e r m a n y ) ,  1 9 3 7 /  
1 9 / 6 9 9 .  ( 2 6 )  D .  H a n s o n  a n d  I .  G .
S l a t e r ;  " J o u r .  I n s t ,  o f  M e t a l s , ”  1 9 3 5 / 5 6 /  
1 0 3 .  ( 2 7 )  “ J o u r .  I n s t ,  o f  M e t a l s , ”
1 9 2 5 / 3 3 / 2 2 7 .  ( 2 8 )  A .  V .  P r o v o r o v ;

D e g a s s i n g  A l u m i n i u m ,  "  A v i a p r o m y -  

s h l e n n o s t , ”  1 9 4 0 ,  N o .  9 ,  3 5 .  ( 2 9 )  P h i l i p
T .  S t r o u p ;  "  P u r i f y i n g  M o l t e n  A l u 
m i n i u m , ”  U . S .  P a t e n t  2 , 2 3 9 ,  2 7 7 .  ( 3 0 )
V .  A .  G a g e n - T o r n  a n d  M . B .  G o k h s h t e i n ,  
“ M e t a l l u r g , ”  1 9 3 7 / 3 / 1 1 8 .  ( 3 1 )  W .  O .
K r e n i g  a n d  S .  E .  P a v l o v ;  I n f l u e n c e  o f  
T r e a t m e n t  b y  C h l o r i n e  a n d  N i t r o g e n  o n  
t h e  C o r r o s i o n - r e s i s t a n c e  o f  A l u m i n i u m ,  
“  T e h n i k a  V o z d u s h .  F l o t a  ”  ( T e c h .  A ir  
F l e e t ) ,  1 9 3 7 / 7 / S 4 .  ( 3 2 )  G .  V a i n s h i e d ;
R e m o v a l  o f  A l u m i n i u m  O x i d e  f r o m  

A l u m i n i u m  A l l o y s ,  "  N o v o s t i  T e k h -  
n i k i  ( T e c h .  N e w s . ) ,  1 9 3 6 / 1 5 / 2 2 ;  " C h e m .  
A b s t . , ”  1 9 3 7 / 3 1 / 2 1 5 0 .  ( 3 3 )  J .  C z o c h r a l -
s k i  a n d  K .  M i g u r s k a ;  C o m p a r a t i v e  
T e s t s  o n  D i f f e r e n t  M e t h o d s  o f  P u r i f y i n g  
A l u m i n i u m  A l l o y s ,  " C o n g r e s .  I n t e r n a t .  

F o n d e r i e ”  ( W a r s a w ) ,  1 9 3 8 ,  9  p p .  ( 3 4 )  
I v e i  I o k i b e  a n d  S e i t e  I s i d a ;  T h e  D e g a s s 
i n g  o f  A l u m i n i u m  A l l o y s ,  " N i p p o n  

K i n z o k u  G a k k a i - S i  ”  ( T r a n s .  I n s t .  
M e t a l s ,  J a p a n ) ,  1 9 3 9 / 3  ( 3 ) / 9 1 ;  ( 3 5 )
E u c h i r o  I t a m i ;  T h e  E f f e c t  o f  C h l o r i d e  

F l u x e s  o n  A l u m i n i u m  A l l o y s ,  " T e t s u -  
t o - H a g a n e  ( J .  I r o n  a n d  S t e e l  I n s t . ,  
J a p a n ) ,  1 9 3 1 / 1 7  ( 1 2 ) ,  1 2 8 8 ;  “ J a p a n e s e  
J o u r ,  o f  E n g .  A b s t . , ”  1 9 3 4 / 1 1 /  5 6 .  
( 3 6 )  T a k a y a m  H a r a d a ;  O n  t h e  A c t i o n  

o f  C h l o r i d e  F l u x e s  o n  O x i d e s  C o n t a i n e d  
in  A l u m i n i u m ,  “ B u l l  C h e m .  S o c . ,  
J a p a n , ”  1 9 3 5 / 1 0 / 3 7 9 .  ( 3 7 )  Y u .  A .
K l y a c h k o ;  C o l l o i d a l  P h e n o m e n a  in  

M e t a l s ,  X ,  " J o u r .  A p p l i e d  C h e m . ”  

( U . S . S . R . ) ,  1 4 , 3 4 2 .  ( 3 8 )  D .  R .  T u l l i s ;
“ J o u r n a l  I n s t i t u t e  o f  M e t a l s , ”  1 9 2 S /  
4 0 / 5 5 .  ( 3 9 )  S e e  b i b l i o g r a p h y  "  B u l l .
A s s o c .  T e c h .  F o n d e r i e , ”  1 9 3 7 / 1 1 / 8 4 .  

Porosity
( 4 0 )  A .  A .  P e s h e k h o n o v ;  I m p r o v e m e n t  

o f  P o r o u s  C a s t i n g s ,  "  L i t e i n o e  D e l o  ”  

( F o u n d r y  P r a c t i c e ) ,  1 9 3 8 / 9 ,  ( 4 )  / 1 4 ;
" C h e m .  Zentr,” 1938/109, (II)/4319.

( 4 1 )  G .  L .  B a i l e y ;  P o r o s i t y  i n  N o n -  

F e r r o u s  M e t a l  C a s t i n g s ,  "  P r o c .  I n s t .  
B r i t .  F o u n d r y , ”  1 9 3 3 - 3 4 ,  5 2 2 - 5 4 2 .  ( 4 2 )

J .  G e r b e r ;  P o r o s i t y  i n  D i e - C a s t i n g ,  
"  T e c h n .  Z e n t r .  P r a k t .  M e t a l l b e a r b e i t 

u n g , ”  1 9 3 8 / 4 8 ,  ( 1 5 / 1 6 )  / 5 8 0 ;  ( 1 7 / 1 8 ) /  

6 5 3 .  ( 4 3 )  P o r o s i t y  a n d  A n a l a g o u s  P r o b 
l e m s  in  A l - A U o y  C a s t i n g s ,  “ A l u m i n i u m  

T e c h n i q u e , ”  1 9 4 0 ,  J u l y ,  A u g .  1 2  p p .
( 4 4 )  N .  F .  B u d g e n ;  P i n h o l e s  in  C a s t  

A l u m i n i u m  A l l o y s ,  “  M e t a l  I n d . , ”  L o n 
d o n ,  1 9 2 9 / 3 5 / 2 9 3 ,  3 1 9 .  ( 4 5 )  G .  L .

B a i l e y ;  P o r o s i t y  in  N o n - F e r r o u s  M e t a l  
C a s t i n g s ,  "  M e t a l  I n d . , ”  L o n d o n ,  1 9 3 4 /  

4 4 / 2 9 3 ;  d i s c u s s i o n  2 9 5 .  ( 4 6 )  A .  M .

B r e y g u n o v ;  T h e  F i g h t  A g a i n s t  F i n e  
P o r o s i t y  i n  A l u m i n i u m  C a s t i n g s ,  

"  L i t e i n o e  D e l o  ”  ( F o u n d r y  P r a c t i c e ) ,  
1 9 3 4 / 7 / 1 5 .

Solubility
( 4 7 )  O .  K u b a s h e w s k i ;  S o l u b i l i t y  o f  

G a s e s  i n  M e t a l s ,  “  Z .  E l e k t r o c h e m , ”  

1 9 3 8 / 4 4 / 1 5 2 .  ( 4 8 )  W a l t e r  B a u k l o h  a n d
F r i e d r i c h  O e s t e r l e i n ;  S o l u b i l i t y  o f  H y d r o 

g e n  i n  A l u m i n i u m  a n d  A l u m i n i u m  
A l l o y s ,  "  Z .  M e t a l l k u n d e , ”  1 9 3 S / 3 0 / 3 8 6 .
( 4 9 )  W .  C l a u s ,  S .  P r i e s m e i s t e r  a n d  E .  

K a l a e h n e ;  G a s  S o l u b i l i t i e s  i n  M e l t s  o f  

P u r e  A l u m i n i u m  a n d  o f  a n  A l u m i n i u m  

A l l o y ,  "  Z .  M e t a l l k u n d e , ”  1 9 2 9 / 2 1 / 2 6 8 .
( 5 0 )  S o l u b i l i t y  o f  H y d r o g e n  in  M o l t e n  

A l u m i n i u m :  ( a )  R ö n t g e n  a n d  B r a u n ,

"  M e t a l l w i r t s , ”  1 9 3 2 / 1 1 / 4 5 9 ;  ( b )  R ö n t 

g e n  a n d  M ö l l e r ,  i b i d . ,  1 9 3 4 / 1 3 / 8 1 ;  ( c )  
B i r c u m s h a w ,  "  T r a n s .  F a r a d a y  S o c . , ”  

1 9 3 5 / 3 1 / 1 4 3 9 .  ( 5 1 )  H .  V .  W a r t e n b e r g ,

T h e  S o l u b i l i t y  o f  G a s e s  i n  M o l t e n  M e t a l s ,  
"  Z .  E l e k t r o c h e m , ”  1 9 3 6 / 4 2 / 8 4 1 .  ( 5 2 )
C . J .  S m i t h e l l s ;  G a s e s  i n  M e t a l s ,  "  M e t a l  

T r e a t m e n t , ”  1 9 3 5 / 1 / 1 6 5 .

Evolution of Gas
( 5 3 )  O .  W e r n e r ;  T h e  E v o l u t i o n  o f  G a s  

f r o m  W o r k e d  M e t a l s ,  “  Z .  E l e k t r o c h e m , "  
1 9 3 3 / 3 9 / 6 1 1 .  ( 5 4 )  B j .  H o l m e s l a n d ;  T h e
P r o b l e m  o f  G a s  E v o l u t i o n  D u r i n g  P o u r 

i n g  o f  M e t a l s ,  "  T i d s  K j e m i .  B e r g v e s e n  

M e t . , ”  1 , 1 2 5 - 3 0 ,  1 9 4 1 .  A l s o  " C h e m .  
Z e n t r . , ”  1 9 4 2 / 1 / 2 4 5 1 .

Influence of Gas in Metals
( 5 5 )  H e n r y  L e p p ; - G a s e s  in  M e t a l s  a n d  

T h e i r  I n f l u e n c e ,  “  B u l l .  A s s o c .  T e c h .
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F o n d e r i e , ”  1 9 3 7 / 1 1 / 8 4 .  C o r r e c t io n  ( 6 ) ,  

2 1 9 .  ( 5 6 )  I .  E .  T a l o v ;  T h e  I n f l u e n c e  o f
N i t r o g e n  o n  t h e  C a s t i n g  o f  A l - A l l o y s ,  

" M e t a l l u r g , ”  1 9 3 8  ( 1 ) ,  1 0 0 - 4 .  ( 5 7 )  A .
P o r t e v i n ,  G .  C h a u d r o n  a n d  L .  M o r e a u ,  

T h e  E f f e c t  o f  G a s e s  o n  M e t a l s ,  "  M e t a l 
l u r g i s t  ”  ( S u p p l e m e n t  t o  “  E n g i n e e r  ” ) ,  
1 9 3 7 / 1 1 / 5 4 .  ( 5 8 )  J .  D .  G r o g a n ,  P o s t u 

l a t e s  a  R e l a t i o n  B e t w e e n  G a s e s  P r e s e n t ,  
T h e i r  S o l u b i l i t y ,  a n d  G r a in  S i z e ,  "  J .  

I n s t .  M e t a l s , ”  1 9 3 0 / 4 4 / 1 1 2 .  ( 5 9 )  I .  G .

S l a t e r ,  N o t e  o n  t h e  I n f l u e n c e  o f  G a s e s  in  

a n  8 p e r  c e n t  C o p p e r - A l u m i n i u m  A l l o y  o n  
N o r m a l  a n d  I n v e r s e  S e g r e g a t i o n ,  "  J .  

I n s t .  M e t a l s , ”  1 9 3 4 / 5 4 / 1 0 3 ;  d i s c u s s i o n  

1 0 5 .

Diffusion
( 6 0 )  H .  L i c h t e n b e r g ;  D o e s  H y d r o g e n  

D i l l u s e  in  t h e  N a s c e n t  S t a t e  T h r o u g h  

A l u m i n i u m ?  "  M e t a l l w i r t s c h a f t , ”  1 9 3 8 /  
2 0 / 5 9 5 .  ( 6 1 )  M . W i d e m a n n ,  H y d r o g e n

P e r m e a b i l i t y  o f  M e t a l  L a t t i c e ,  "  M e t a l l -  

w i r t s c h a f t , ”  1 9 3 7 / 1 6 / 1 3 6 7 .  ( 6 2 )  C .  J .
S m i t h e l l s  a n d  C . E .  R a n s l e y ,  D i f f u s i o n  
o f  H y d r o g e n  T h r o u g h  A l u m i n i u m ,  

" N a t u r e , ”  1 9 3 5 / 1 3 5 / 5 4 8 .  ( 6 3 )  T h e
D i f f u s i o n  o f  G a s e s  T h r o u g h  M e t a l s :  I I ,  

D i f f u s i o n  o f  H y d r o g e n  T h r o u g h  A l u 
m i n i u m ,  "  P r o c .  R o y .  S o c . , ”  1 9 3 5  ( A ) /  

1 5 2 / 7 0 6 .

Gases Present in Aluminium
( 6 4 )  Y u .  A .  K l y a c h k o ;  F u r t h e r  I n v e s t i 

g a t i o n s  R e l a t i n g  t o  G a s e s  in  M e t a l s .  I V .  

C o l l o i d  C h e m i c a l  P h e n o m e n a  i n  M e t a l s .  
( G a s e s  i n  A l u m i n i u m  a n d  I t s  A l l o y s . )  

"  Z h u r .  P r i k l a d .  K h i m i i , ”  1 9 3 7 ,  1 0  ( 8 ) ,  
1 3 2 9 - 1 3 3 8 .  ( 6 5 )  W .  K o c h ;  G a s e s  in
M e t a l s  w i t h  S p e c i a l  R e f e r e n c e  t o  N o n -  

f e r r o u s  M e t a l s ,  "  Z .  T e c h .  P h y s i k , ”  1 9 3 4 /  

1 5 / 2 8 0 .  ( 6 6 ) G a s e s  i n  A 1  ; R i e b e l i n g ,
T h e s i s ,  A a c h e n ,  "  Z .  M e t a l l k , ”  1 9 2 9 .  
( 6 7 )  G a s e s  in  A 1 ; H a n s o n  a n d  S l a t e r ,  

" J .  I n s t .  M e t a l s , ”  1 9 3 1 / 4 0 / 1 8 7 .  ( 6 8 )
R .  T .  P a r k e r ;  P r e s e n t  P o s i t i o n  o f  G a s e s  

i n  A l - A l l o y s ,  " L i g h t  M e t a l s , ”  1 9 4 0 / 3 /  
1 0 7 . ( 6 9 )  G .  M a s i n g ;  G a s e s  in  A l -

A l l o y s ,  P a r t  o f  L e c t u r e  E n t i t l e d  " N o n -  

f e r r o u s  C a s t i n g s , ”  “ M e t a l s  a n d  A l l o y s , ”
1 9 3 3 .  ( 7 0 )  G a s e s  i n  A l  ; H e s s e n b r u c h ,

" Z .  M e t a l l k , ”  1 9 2 9 / 2 1 / 4 6 .  ( 7 1 )  G a s e s
in  A l ;  V i l l a s h o n  a n d  C h a u d r o n ,  "  C o m p t .

R e n d , ”  1 9 2 9 / 1 8 9 / 3 2 4 .  ( 7 2 )  G a s e s  in  A l ; 
K a l o b n e v ,  "  Z v e t n y e  M e t a l l i c , ”  1 9 3 0 / 5 /  
1 1 0 .  ( 7 3 )  B i r c u m s h a w ;  " T r a n s .  F a r a 
d a y  S o c . , "  1 9 3 5 / 3 1 / 1 4 3 9 .  ( 7 4 )  S m i t h e l l s  

a n d  R a n s l e y ;  "  Pr<^ ;. R o y .  S o c . , ”  1 9 3 6 /  
1 5 5 / 1 9 5 .  ( 7 5 )  S t e i n h ä u s e r ;  "  Z .
M e t a l l k . , ”  1 9 3 4 / 2 0 / 1 3 0 .  ( 7 6 )  B r a u n ;
"  M e t a l l w i r t s c h . , ”  1 9 3 2 / 1 1 / 4 5 9 .  ( 7 7 )
M o r e a u ,  C h a u d r o n  a n d  P o r t e v i n ;

" C o m p t .  R e n d . , "  1 9 3 5 / 2 0 1 / 2 1 2 .  ( 7 8 )
C l a u s ;  " Z .  M e t a l l k . , "  1 9 2 9 / 2 1 / 2 0 8 .  

( 7 9 )  B i r c u m s h a w ;  " P h i l .  M a g . , ”  1 9 2 6 /  

1 / 5 1 0 .  ( 8 0 )  E u r i n g e r ;  "  Z . P h y s i k , ”
1 9 3 5 / 9 6 / 3 7 .  ( 8 1 )  R ö n t g e n  a n d  B r a u n ;

“ M e t a l l  w i r t s , ”  1 9 3 2 / 1 1 / 4 5 9 .  ( 8 2 )
R ö n t g e n  a n d  M ö l l e r ;  “ M e t a l l w i r t s , ”  

1 9 3 4 / 1 3 / 8 1 .  ( 8 3 )  B r a u n ,  D i s s e r t . ;
" A a c h e n , ”  1 9 3 0 .  ( 8 4 )  N o r t o n  a n d
M a r s h a l l ;  “  T .  A m c r .  I n s t .  M i n .  M e t .
E n g . , ”  F e b . ,  1 9 3 2 .

Adsorption and Sorption
( 8 5 )  E r i c  K .  R i d e a l ; T h e  A d s o r p t i o n  

o f  G a s e s  b y  S o l i d s ,  "  R e p .  P r o g r e s s
P h y s i c s , ”  1 9 3 8 ,  4 ,  2 7 / 3 9 .  ( 8 6 ) F .  J .
W i l k i n s ; S t a t i s t i c a l  M e c h a n i c s  o f  t h e  

A d s o r p t i o n  o f  G a s e s  a t  S o l i d  S u r f a c e s ;  
" P r o c .  R o y .  S o c . , ”  1 9 3 8 ,  ( A ) / 1 6 4 ,

( 9 1 9 ) / 4 9 0 .  ( 8 7 )  K .  F .  B o n h o e f f o r  a n d
A .  F a r k a s ;  A n  A d s o r p t i o n  a n d  R e f l e c 
t i o n  P r o c e s s  in  t h e  I n t e r a c t i o n  o f  H y d r o 
g e n  a n d  M e t a l s ,  " T r a n s .  F a r a d a y  S o c . , ”  
1 9 3 2 / 2 8 / 2 4 2 .  ( 8 8 ) J o s e p h  A .  B e c k e r ;
T h e  U s e  o f  T h e r m i o n i c s  in  t h e  S t u d y  o f  
A d s o r p t i o n  o f  V a p o u r s  a n d  G a s e s ,  

" T r a n s .  F a r a d a y  S o c . , ”  1 9 3 2 / 2 8 / 1 4 8 .  

( 8 9 )  C . A .  E d w a r d s ;  G a s e s  i n  M e t a l s ,  
“  T r a n s .  A m e r i c a  I n s t .  M i n .  a n d  M e t .  

E n g . , ”  1 9 3 5 / 1 1 7 / 1 3 .  ( 9 0 )  E .  K .  R i d e a l ;  
G a s e s  a n d  M e t a l s  S u r f a c e s ,  " J .  I n s t .  

M e t a l s , ”  1 9 3 4 / 5 4 / 2 8 7 .  ( 9 1 )  C . J .
S m i t h e l l s ; G a s e s  a n d  M e t a l s ,  I  a n d  I I ,  "  J .  

R o y .  S o c .  A r t s , ”  1 9 3 8 ,  86  ( 4 4 7 2 ) ,  9 3 0 ;  
( 4 4 7 3 ) ,  9 5 1 ;  ( 4 4 7 4 ) ,  9 7 1 .  ( 9 2 )  S .  J .
G r e g g ; T h e  A d s o r p t i o n  o f  G a s e s  b y  
S o l i d s ;  M e t h u e n  a n d  C o . ,  L t d . ,  L o n d o n ,
1 9 3 4 .

Origin in Aluminium
( 9 3 )  K .  B .  P a l c h ;  N o n - f e r r o u s  M e t a l s  

A b s o r b  G a s  D u r i n g  M e l t i n g ,  I V ; 

" F o u n d r y , ”  1 9 4 0 / 0 8 / 4 8 / 1 2 8 .  ( 9 4 )
G u i c h a r d ,  C l a u s m a n n  a n d  B i l l o n ; S w e l l -
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i n g  o f  H y d r o g e n  in  • M e t a l s  a n d  A l l o y s  

C o n t a i n i n g  S m a l l  Q u a n t i t i e s  o f  O x i d e ,  
“ C h i m .  e t  I n d . , ”  1 9 3 4 ,  S p e c i a l  N o .  

( A p r i l ) ,  5 8 8 ;  “ C .  A b s . , ”  1 9 3 4 / 2 8 / 5 3 8 0 .  
(1 )5 ) Y u .  A .  K l y a c b k o ;  C o l l o i d a l  

P h e n o m e n a  in  M e t a l s ,  V I I ,  T h e o r y  o f  t h e  
O r ig in  o f  G a s e s  in  S o l i d  A l u m i n i u m  

( S e c o n d  A p p r o a c h ) ,  " Z h u r .  P r i k l a d  

K h i m i i , ”  1 9 4 0 / 1 3 ,  ( 1 2 ) / 1 7 7 7 .

Chemical Interactions with Metals
(!)(!) K .  F i s c h b e c k ; O n  t h e  P r i n c i p l e s  

o f  t h e  R e a c t i o n s  B e t w e e n  G a s e s  a n d  
M e t a l s ,  "  C h e m .  F a b r i k , ”  1 9 3 8 / 1 1  

( 4 7 / 4 8 ) ,  5 2 5 .  ( 9 7 )  Y u .  A .  K l y a c h k o ;

C o l l o i d a l  P h e n o m e n a  in  M e t a l s ,  V I ,  T h e  

T r u e  S t r u c t u r e  o f  S o l i d  S u b s t a n c e s ,  in  

P a r t i c u l a r  o f  M e t a l s ,  “ U s p e k h i  K h i m i i ”  

( P r o g r e s s  o f  C h e m i s t r y ) ,  1 9 3 9  ( 9 )  1 3 1 4 ;  

" C h e m .  A b s t . , ”  1 9 4 1 / 3 5 / 3 5 9 .

Gases and Their Removal, Degassing, 
Flaxes, etc.
( 9 8 )  R i e d e l b a u c h ;  A  S u r v e y  o f  t h e  

V a r i o u s  P r o c e s s e s  o f  P u r i f i c a t i o n  a n d  

D e g a s s i f i c a t i o n  o f  M e t a l  M e l t s ,  "  G ie s -  

s e r e i , ”  1 9 4 0 / 2 7 / 3 5 7 ,  3 8 3 .  ( 9 9 )  L .

M o r e a u ;  P r o c e s s  f o r  D e g a s s i n g  A l u 
m i n i u m ,  "  B u l l .  A s s o c .  T e c h .  F o n d e r i e , ”  
1 9 3 8 / 1 2 / 2 9 4 .  ( 1 0 0 ) K e i  T o k i b i  a n d  I e i i t i  
I s i d i e ;  T h e  D e g a s s i n g  o f  A l u m i n i u m  

A l l o y s ,  "  N i p p o n  K i n g o k u  G a k k a i - S i , ”  

( T r a n s .  I n s t .  M e t a l s ) ,  1 9 3 9 / 3  ( 3 ) .  ( 1 0 1 )  
W .  C l a u s ;  ( D e g a s s i f i c a t i o n  P r o c e s s  o f  A l u 

m i n i u m  a n d  I t s  A l l o y s  in  t h e  L i q u i d  

S t a t e )  S c h m e l z f l u s s  —  E n t g a s u n g a v e r -  

f a h r e n  f u r  R e i n a l u m i n u m  a n d  A l u m i n u m -  

l e g i e r u n g e n ,  “  Z e i t s c h r i f t  f u r  M e t a l l 
k u n d e , ”  1 9 3 9 / 3 1 / 2 7 1 . .  ( 1 0 2 )  W .
R o s e n h a i n ,  J .  D .  G r o g a n ,  a n d  T .  H .  

S c h o f i e l d ; G a s  R e m o v a l  a n d  G r a in  

R e f i n e m e n t  o f  A l u m i n i u m  A l l o y s ,  "  J o u r .  
I n s t .  M e t a l s , ”  1 9 3 0 / 4 4 / 3 0 5 .  ( 1 0 3 )  J .  D .
G r o g a n  a n d  T .  H .  S c h o f i e l d ;  O n  t h e  
R e m o v a l  o f  G a s e s  f r o m  A l u m i n i u m  A l l o y s  

b y  M i x t u r e s  o f  N i t r o g e n  a n d  V o l a t i l e  

C h l o r i d e s ,  “  J o u r .  I n s t ,  o f  M e t a l s , ”  
1 9 3 2 / 4 9 / 3 0 1 .  ( 1 0 4 )  D .  R .  T u l l i s ;  N o t e

o n  t h e  T r e a t m e n t  o f  A l u m i n i u m  A l l o y s  
w i t h  C h l o r i d e ,  "  J o u r .  I n s t .  M e t a l s , ”  

1 9 2 8 / 4 0 / 5 5 .  ( 1 0 5 )  R .  I r m a n ;  F l u x e s  in

t h e  A l u m i n i u m  F o u n d r y ,  "  G i e s s e r e i , ”

1 9 3 7 / 2 4 / 5 9 7 .  ( 1 0 6 )  H e n r y  L e p p ;  D e o x i 

d a t i o n  a n d  D e g a s s i f i c a t i o n  o f  M e t a l s .  
D e v e l o p m e n t s  in  R e f i n i n g  M e t h o d s ,  

" M e t .  I n d . ”  ( L o n d o n ) ,  1 9 3 5 / 4 7 / 3 1 5 ,  
3 4 1 .  ( 1 0 7 )  A .  V .  P r o v o r o v ;  D e g a s s i n g

o f  A l u m i n i u m ,  "  A v i a p r o m y s h l e n n o s t , ”  

1 9 4 0 / 9 / 3 5 .  ( 1 0 8 )  C . R .  D r a p e r ;

V o l a t i l e  C h l o r i d e s  f o r  D e g a s s i f i c a t i o n  a n d  

G r a in  R e f i n i n g  ( o f  A l u m i n i u m  A l l o y s ) ,  

" L i g h t  M e t a l s , ”  1 9 4 1 / 4 / 9 8 .  ( 1 0 9 )  A n t o n  

V o t h  ; P u r i f i c a t i o n  o f  A l u m i n i u m  A l l o y s ,  

D .  R . P . ,  7 0 9 ,  7 1 S .  ( 1 1 0 ) P h i l i p  T .

S t r o u p ;  P u r i f y i n g  M o l t e n  A l u m i n i u m ,  

U . S .  P a t e n t  2 ,  2 3 9 ,  2 7 7 .  (Ill) A  S u r v e y  

o f  t h e  V a r i o u s  P r o c e s s e s  o f  P u r i f i c a t i o n  

a n d  D e g a s s i f i c a t i o n  o f  M e t a l  M e l t s ,  

R i e d e l b a u c h ,  “ G i e s s e r e i , ”  1 9 4 0 / 2 7 / 3 5 7 ,  

3 8 3 .  ( 1 1 2 ) G . M a n n ;  D e g a s s i f i c a t i o n  o f

A l u m i n i u m  A l l o y s  —  T r e a t m e n t  w i t h  

A l u m i n i u m  C h l o r i d e ,  "  M e t .  I n d . ”  

( L o n d o n ) ,  1 9 3 7 / 5 1 / 8 9 .  ( 1 1 3 )  L .  M .

G a z a r y a n  ; T h e  P r o b l e m s  o f  G a s  

P u r i f i c a t i o n  in  N o n - f e r r o u s  M e t a l l u r g y ,  

“ T s v e t n y e  M e t a l , ”  1 9 4 0 / 8 / 6 9 ;  K h i m .  
R e f e r a t .  Z h u r .  4 ,  N o .  2 ,  7 4  ( 1 9 4 1 ) .  

( 1 1 4 )  G e o r g e s  C h a u d r o n ;  A l b e r t  P o r t e v i n  

a n d  L e o n  M o r e a u ,  S o m e  C o n s e q u e n c e s  o f  
D e g a s s i n g  M e t a l s  a t  O r d i n a r y  T e m p e r a 

t u r e s  ( Q u e l q u e s  C o n s é q u e n c e s  d u  P r o 
c é d é  d e  D é g a z a g e  d e s  M é t a u x  à  l a  

T e m p e r a t u r e  O r d i n a i r e ) ,  " C o m p t  R e n d . , ”  

1 9 3 8 / 2 0 7 / 2 3 5 .  ( 1 1 5 )  G e o r g e s  C h a u d r o n ;  
T h e  E l i m i n a t i o n  o f  G a e s o u s  I m p u r i t i e s  

f r o m  A l u m i n i u m ,  “  P r o c .  I n s t .  B r i t .  
F o u n d . , ”  1 9 3 6 - 1 9 3 7 / 3 0 / 2 5 3 - 6 4 ;  D i s c u s 
s i o n ,  4 1 4 - 1 5 .  ( 1 1 6 )  A l u m i n i u m  F l u x e s ,

A m e r .  M e t a l  M a r k e t ,  1 9 3 5 / 4 2  ( 2 2 8 )  / 5 .  

( 1 1 7 )  E u c h i r o  I t a m i ;  T h e  E f f e c t  o f  

C h l o r i d e  F u x e s  o n  A l u m i n i u m  A l l o y s ,  
T e t s u - t o - H a g a n e  ( J .  I r o n  a n d  S te 'e l  

I n s t .  J a p a n ) ,  1 9 3 1 / 1 7 ,  ( 1 2 )  / 1 2 8 8 - 1 3 3 5 ;  

J a p a n e s e  J .  o f  E n g .  A b s t . ,  1 9 3 4  ( 1 1 ) ,  
5 6  ( i n  J a p a n e s e ) .  ( 1 1 8 )  I .  A .  E l t z e n ;  

T h e  T h e o r y  o f  t h e  R e m o v a l  o f  G a s e s  

F r o m  a  M e t a l  a t  a  H i g h  T e m p e r a t u r e ,  
Z h u r n a l  E k s p e r i m e n t a l n o y  u  T e o r e t i c h e -  
s k o y  F i z i k i  ( J .  E x p e r i m .  T h e o r e t .  
P h y s i c s ) ,  1 9 3 5 / 5 / 1 7 6 - 8 2 ;  C .  A b s . ,  1 9 3 5 /  

2 9 / 7 7 S 1 .  ( 1 1 9 )  A r c h b u t t ,  "  J .  I n s t ,  o f

M e t a l s , ”  1 9 2 5 / 3 3 / 2 2 7 .  ( 1 2 0 ) W .  H .
H y a t t ,  E n g l i s h  P a t e n t ,  S , S O I . ( 1 2 1 )  

D .  R .  T u l l i s ,  "  J .  I n s t ,  o f  M e t a l s , ”  1 9 3 0 /
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G R E E R ’ S  M

N o t  w e t t e d  b y  m o l t e n  m e t a l
Carbon is unique, it is heat resistant, it having good wearing properties and a 
oxidises only at high temperatures, at high resistance to corrosion by powerJ'td 
which it retains its shape and strength; chemicals.
it withstands thermal shock, and is not Carbon can be worked into very intricate 
‘ welted' by molten metal. shapes and to a close degree of accuracy as
It resists erosion, being self-lubricating, required for a great variety of purposes.

Manufacturers having problems that may be solved by the use 
of carbon are invited to discuss them with our engineers.

A M o r g a n
p r o d u c t

TH E MORGAN CRUCIBLE COMPANY, LTD., LONDON, S.W. 11
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4 4 / 3 1 9 .  ( 1 2 2 ) H .  O ’N e i l l ,  " J .  I n s t ,  o f

M e t a l s , ”  1 9 3 0 / 4 4 / 3 2 8 .  ( 1 2 3 )  W .  K o c h ,
"  M e t a l l w i r t s c h a f t , ”  1 9 3 1  1 0 / 6 9 .  ( 1 2 4 )
D .  R .  T u l l i s ,  " M e t .  I n d . ”  ( L o n d o n ) ,  

1 9 2 8 / 3 3 / 2 9 7 .

D e t e c t i o n  o f  G a s e s  i n  A l u m i n i u m

( 1 2 5 )  M . B o s s h a r d ,  H .  H u g ,  a n d  E .  

H a n s l e r ;  M e t h o d  o f  T e s t i n g  t h e  G a s  C o n 

t e n t  o f  A l u m i n i u m  w i t h  S t r a u b e - P I e i f l e r  

V a c u u m  M e t a l  T e s t i n g  A p p a r a t u s ,  

" A l u m i n u m ”  ( G e r m a n y ) ,  1 9 3 7 / 1 9 / 6 9 9 .  

( 1 2 6 )  A .  F .  K a p u s t i n s k y  a n d  A n n a  
S i l b e r m a n ; A  S t a t i c  M e t h o d  f o r  D e t e r 

m i n a t i o n  ( o f  t h e )  E q u i l i b r i a  o f  M e t a l s  

w i t h  C a r b o n  D i o x i d e ,  "  A c t a  P h y s i c o -  

C h i m i c a ,  U . R . S . S . , ”  1 9 3 6 / 4 ,  ( 4 ) / 4 9 5 -
5 0 4 .

E f f e c t  o f  P r e s s u r e

( 1 2 7 )  I .  R .  K r i c h e v k i y ;  S o lu t io n ,  o f  

G a s e s  in  M e t a l s  U n d e r  P r e s s u r e ,  "  Z h u r .  
F i z i c h .  K h i m i i  ”  ( J .  P h y s .  C h e m . ) ,  1 9 3 7 /  

9 / 8 6 7 - 8 6 9 ;  “ C h e m .  Z e n t r . , ”  1 9 3 8 / 1 0 9 ,  

( I )  / 4 2 8 4 .  ( 1 2 8 )  S m i t t e n b u r g ;  E f f e c t  o f

P r e s s u r e  o n  S o l u b i l i t y  o f  G a s e s  i n  M e t a l s  

— A l u m i n i u m  a t  P l i g h  T e m p e r a t u r e s ,  
"  R e c .  T r a v .  C h i m . , ”  1 9 3 4 / 5 3 / 1 0 6 5 .
( 1 2 9 )  A .  A .  B o c h v a r  a n d  A .  G .  S p a s s k y ;  

H o w  t o  A v o i d  P o r o s i t y  in  S p e c i a l  S i l u m i n  

C a s t i n g s  b y  C a s t i n g  U n d e r  P r e s s u r e ,  

"  A v i a p r o m y s h l e n n o s t  ”  ( A e r o .  I n d . ) ,  
1 9 3 6 ,  ( 7 ) / 5 - l l .

M e l t i n g  M e t h o d s

( 1 3 0 )  K .  V .  P e r e d e l s k i y ;  V a c u u m -  

c a s t i n g ,  "  L e g k i e  M e t a l l y  ”  ( L i g h t  
M e t a l s ) ,  1 9 3 4 ,  ( 7 ) / 3 5 - 8 .  " ( 1 3 1 )  W .
K r o l l ;  E x a m p l e s  o f  M e l t i n g  in  a  H i g h  

V a c u u m ,  "  Z . E l e k t r o c h e m . , ”  1 9 3 6 / 4 2 /  
8 7 3 .  ( 1 3 2 )  P .  R ö n t g e n  a n d  IT. W i n t e r -

h a g e n : I n f l u e n c e  o f  M e l t i n g  C o n d i t i o n s  

o n  t h e  S t r u c t u r e  a n d  M e c h a n i c a l  P r o 
p e r t i e s  o f  S e c o n d a r y  A l - a l l o v s ,  “  M e t a l l -  

w i r t s c h a f t , "  1 9 3 8 / 7 / 1 0 4 5 /  ( 1 3 3 )  A .
P o r t e v i n  ; F r e n c h  R e s e a r c h  o n  t h e  C a s t i n g  

o f  L i g h t  M e t a l s ,  "  A l u m i n u m  ”  ( G e r 
m a n y ) ,  1 9 3 9 / 2 1 /  1 8 3 . ( 1 3 4 )  I .  G .  S la t e r ;  

R e c e n t  A d v a n c e s  in  t h e  F o u n d i n g  o f  
A l u m i n i u m  A l l o y s ,  "  M e t .  I n d . ”  ( L o n 

d o n ) ,  1 9 3 5 / 4 6 / 3 7 9 ,  4 1 5 ,  4 3 3 .  ( 1 3 5 )

G . L .  B a i l e y ; E f f e c t  o f  M e l t i n g  C o n d i t i o n s  

o n  G a s  U n s o u n d n e s s  in  M e t a l s ,  I n t e r .  
F o u n d .  C o n g r .  ( L o n d o n ) ,  P a p e r  N o .  668 , 
1 9 3 9 ,  4  p p . ;  "  F o u n d .  T r a d e  J . , ”  1 9 3 9  6 0 ,  

( 1 1 9 3 ) ,  5 7 6 - 5 7 8 ;  6 1 ;  ( 1 1 9 4 ) ,  9 - 1 0 :  D i s 
c u s s i o n ,  6 - 7  : a n d  " M e t .  I n d . ”  ( L o n d o n ) ,  

1 9 3 9 / 5 4  ( 2 5 ) ,  6 6 7 - 6 7 1 .  ( 1 3 6 )  \ Y .  K r o l l ;

T h e  V a c u u m  D i s t i l l a t i o n  o f  M e t a l s ,  
"  L i g h t  M e t a l s  R e s . ” , 1 9 3 5 / 4 / 4 8 - 5 0 .  
( 1 3 7 )  V a c u u m  M e l t i n g ,  " M e t a l l u r g i s t , ”  

F e b .  2 2 , 1 9 2 9 ,  2 6 - 2 7 .  ( 1 3 8 )  G . G u r t h ;
I n f l u e n c e  o f  M e l t i n g  a n d  C a s t i n g  C o n d i 

t i o n s  o n  t h e  G a s  C o n t e n t  a n d  S t r u c t u r e  o f  
A l - c a s t i n g  A l l o y s ,  "  G i e s s e r e i , ”  1 9 3 8 /  

2 5 / 8 8 .

(Bibliography reproduced by courtesy o f  “ Light M eta l A ge.")

Lzg/jt A lloys in

R e c t i f i e r s ,  P h o t o c e l l s  a n d  C o n d e n s e r s

Continuing f r o m  “L ig h t M e t a l s 19  4JI87, Discussion  

on the Theory an d  Practice o f  E lectro lytic  Condensers

B E F O R E  le a v i n g  t h e  s u b j e c t  o f  e l e c t r o 
l y t i c  c o n d e n s e r s ,  s o m e  r e fe r e n c e  m u s t  

b e  m a d e  t o  a  b r o a d  s u r v e y  c o v e r in g  t h e  
p o s i t io n  in  t h i s  c o u n tr y ' b y  P h i l ip  R .  
C o u r s e y  a n d  S .  N .  R a y  in  t h e  J o u r n a l  o f  
t h e  I n s t i t u t i o n  o f  E le c t r i c a l  E n g in e e r s ,  
1 9 3 9 , p a r t i c u l a r ly  b e c a u s e  t h i s  g i v e s  f u r t h e r  
c o n s t r u c t io n a l  a n d  p r o d u c t io n  d e t a i l s .  T h is  
p a p e r  d e a ls  w i t h  t h e  d e v e l o p m e n t  o f  t h e

e l e c t r o l y t i c  c o n d e n s e r  a s  u s e d  e x t e n s i v e l y  
in  m o d e r n  r a d io  r e c e iv e r s  a n d  a m p l i f y i n g  
a p p a r a t u s .  T h e  e v o l u t i o n  o f  m o d e m  d e s ig n s  
i s  in d ic a t e d  f r o m  a  b r ie f  h i s t o r i c a l  s u r v e y ,  
a n d  t h e  c o n s t r u c t io n  a n d  e l e c t r i c a l  D ro p er -  
t i e s  o f  t h e  v a r io u s  t y p e s  o f  e l e c t r o l y t i c  c o n 
d e n s e r  n o w  e m p lo y e d  a r e  d e s c r ib e d .  T h e  
m a n n e r  in  w h ic h  t h e s e  p r o p e r t i e s  in f lu e n c e  
t h e  e c o n o m i c  a n d  u s e f u l  e m p lo y m e n t  o f
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t h e s e  c o n d e n s e r s  i s  in d ic a t e d .  T h e  t h e o r i e s  
e x p o u n d e d  t o  e x p la i n  t h e i r  a c t i o n  a r e  c r i t i c 
a l l y  e x a m i n e d .  M a n u f a c t u r in g  m e t h o d s  a r e  
d e a l t  w i t h  a s  w e l l  a s  t h e  c o n s id e r a t i o n s  
w h i c h  in f lu e n c e  t h e  e m p lo y m e n t  o f  t h e s e  
c o n d e n s e r s  in  v a r i o u s  p r a c t i c a l  a p p l i c a t i o n s .  
F o r  e n s u r in g  u n i f o r m i t y  i n  t h e  a s s e s s m e n t  
o f  p r o p e r t i e s ,  a  s t a n d a r d iz e d  t e s t  m e t h o d  is  
a d v o c a t e d .  A n  e x t e n s i v e  b i b l io g r a p h y  is  
g i v e n ,  i n c l u d in g  p a t e n t  r e f e r e n c e s .

I n  s o  f a r  a s  t h e y  a d d  t o  t h e  d a t a  a lr e a d y  
p r e s e n t e d ,  t h e  f o l l o w i n g  n o t e s  a r e  
a b s t r a c t e d  f r o m  t h i s  p a p e r ,  r e t a i n i n g  t h e  
s u b - h e a d in g s  u n d e r  w h ic h  t h e y  a p p e a r  in  
th e  o r i g in a l ,  n a m e ly : —

1. I n t r o d u c t i o n .
2 . H i s t o r i c a l  S u r v e y .

( a )  E l e t r o l y t i c  c o n d e n s e r s  w i t h  s o l id  
( o x id e )  f i lm s .

( b )  P o l a r i z a t i o n  c o n d e n s e r s .
3 .  T h e o r ie s  o f  O p e r a t io n .

( a )  P o l a r i z a t i o n  c e l l s .
( b )  F i l m  t h e o r i e s .
( c )  M o le c u la r  s t r u c t u r e  o f  t h e  f i lm .

4 .  D e v e l o p m e n t  a n d  M a n u f a c t u r e  o f  th e  
A lu m in iu m  E l e c t r o l y t i c  C o n d e n s e r .

( a )  P r e s e n t - d a y  t y p e s  o f  e l e c t r o l y t i c  
c o n d e n s e r s .

( b )  P r e f o r m in g  o f  a lu m in iu m  
a n o d e s .

( c )  A s s e m b l y  a n d  im p r e g n a t i o n ,
( d )  A g e in g  a n d  t e s t i n g .

5 .  C o n d e n s e r  C h a r a c t e r i s t i c s .
( a )  C a p a c i t a n c e .
(:b) L e a k a g e .
( c )  E le c t r i c a l  lo s s e s .
( d )  S e r v i c e  l i f e .
( e )  D e p e n d e n c e  o f  c o n d e n s e r  p r o 

p e r t i e s  u p o n  c o n d i t i o n s  o f  m e a s u r e 
m e n t  a n d  u se .

6 . P r a c t i c a l  A p p l i c a t io n s .
(a )  I n  r e c t i f ie d  a . c .  c i r c u i t s .
( b )  F o r  d ir e c t  c o n n e c t i o n  t o  d .c .  

s u p p l i e s .
( c )  F o r  u s e  in  p u r e  a . c .  c i r c u i t s .
( d )  “  R e g u la t in g  ”  c o n d e n s e r s .

P a r t i c u la r  a t t e n t i o n  w i l l  b e  g iv e n  t o  i t e m s
4 , 5  a n d  6 .

1 . I n t r o d u c t i o n

C o u r s e y  a n d  R a y  p o i n t  o u t  t h a t ,  b e s id e s  
a lu m in iu m  a n d  t a n t a lu m ,  o t h e r  m e t a l s  s u c h  
a s  v a n a d i u m ,  n io b iu m ,  b i s m u t h  a n d  a n t i 
m o n y  c a n  b e  u s e d  f o r  t h e  c o n s t r u c t io n  o f  
e l e c t r o l y t i c  c o n d e n s e r s ,  b u t  a l t h o u g h  m a n y  
d i f f e r e n t  v a r i e t i e s  o f  t h e s e  c o n d e n s e r s  h a v e  
b e e n  m a d e ,  c o n s id e r a t i o n s  o f  s u c h  p r a c t i c a l  
f a c t o r s  a s  s iz e ,  c o s t  a n d  c o n s t a n c y  h a v e  
c a u s e d  a lu m in iu m  t o  b e  u s e d  c o m m e r c ia l ly  
a lm o s t  u n i v e r s a l l y .

T h e  m a j o r  p o r t io n  o f  r e c e n t  a d v a n c e s  h a s  
b e e n  a s s o c ia t e d  w i t h  t h e  e l e c t r i c a l  f o r m i n g ,  
o r  p r e f o r m in g ,  o f  t h e  a lu m in iu m  e l e c t r o d e .  
T h e y  i l lu s t r a t e  t h e  f o r m i n g  p r o c e s s  w i t h  a  
r a t h e r  in t e r e s t i n g  f o r m  o f  c u r v e .  T h u s ,  i f  
a  d . c .  s o u r c e  o f  c u r r e n t  b e  c o n n e c t e d  in  
s e r i e s  w i t h  a v a r ia b le  r e s i s t a n c e  a n d  a n

a lu m in iu m  e l e c t r o d e  im m e r s e d  i n  a n  e l e c 
t r o l y t e  s u c h  a s  a q u e o u s  a m m o n iu m  b o r a t e  
s o l u t i o n ,  t h e  i n i t i a l  c u r r e n t  i s  d e t e r m in e d  b y  
t h e  r e s i s t a n c e  in  t h e  c i r c u i t .  G r a d u a l ly ,  t h e  
a lu m in iu m  b e c o m e s  f o r m e d  a n d  t h e  c u r r e n t  
d e c r e a s e s .  B y  a d j u s t in g  t h e  v a r ia b le  r e s i s t 
a n c e  t o  m a in t a in  a  c o n s t a n t  c u r r e n t  v a lu e ,  
t h e  p o t e n t i a l  d r o p  a c r o s s  t h e  c e l l  w i l l  b e  
f o u n d  t o  v a r y  w i t h  t im e  in  t h e  m a n n e r  
d e p ic t e d  in  F i g .  1 4 9 . T h is  s h o w s  t h a t  a f t e r  
a  c e r t a in  t im e ,  r e p r e s e n t e d  b y  t h e  p o i n t  A ,  
t h e  r a t e  o f  in c r e a s e  in  p o t e n t i a l  d r o p  w i t h  
t im e  f a l l s  o f f ,  a n d  t h i s  c o r r e s p o n d s  w i t h  a  
p h e n o m e n o n  o f  s p a r k i n g  o v e r  t h e  a lu m in iu m  
a n o d e .  A  f u r t h e r  c h a n g e  o c c u r s ,  a s  s h o w n  
b y  t h e  p o i n t  B ,  b e y o n d  w h ic h  t h e  p o t e n t ia l  
d if f e r e n c e  r e m a in s  s t a t i o n a r y  w i t h  t im e .  I f  
a  v o l t a g e  h ig h e r  t h a n  t h i s  v a lu e  i s  a p p l ie d  
t h e  f o r m e d  f i lm  b r e a k s  d o w n ,  r e s i s t a n c e  f a l l s

Fig. 149.—Electrical forming characteristic 
of aluminium cell at constant current (after 

Gunther-Schulze).

a n d  n o r m a l  e l e c t r o l y s i s  o c c u r s .  T h is ,  b r ie f ly ,  
s h o w s  t h e  f o u n d a t io n  a n d  f u n c t i o n i n g  o f  t h e  
e l e c t r o l y t i c  c o n d e n s e r .  T h e  t w o  p l a t e s  c o n 
s i s t  o f  t h e  f o r m e d  a n o d e  a n d  t h e  e l e c t r o l y t e  
in  c o n t a c t  w i t h  t h e  o u t e r  s u r f a c e  o f  th e  
f o r m e d  f i lm .  T h e  c a t h o d e  i s  n e c e s s a r y  t o  
p r o v id e  e l e c t r i c a l  c o n t a c t  w i t h  t h e  e l e c t r o 
l y t e ,  a n d  t h e  a u t h o r s  a s s e r t  t h a t  f r o m  t h is  
p o i n t  o f  v i e w ,  t h e  a c t u a l  m a t e r ia l  o f  th e  
c a t h o d e  i s  u n i m p o r t a n t  p r o v id e d  t h a t  i t  i s  
a n  e l e c t r i c a l  c o n d u c t o r .

2 .  H i s t o r i c a l  S u r v e y  

M e n t io n  i s  m a d e  o f  N o d e n ' s  c o l lo id  c o n 
d e n s e r ,  w h ic h  i s  o n l y  o f  h i s t o r i c a l  in t e r e s t  
a n d  n o t  o f  d i r e c t  p r a c t i c a l  im p o r t a n c e .  I t  
i s  r e a l ly  a  p o la r i z a t io n  c o n d e n s e r  r a t h e r  t h a n  
a  s o l id  o x i d e  f i lm  e l e c t r o l y t i c .  I t  c o n s i s t s  o f  
t w o  f o i l s  o f  a lu m in iu m  a n d  m a g n e s iu m —  
" t h e  p la t e s  ” — s e p a r a t e d  b y  a n  in s u la t in g  
p o r o u s  m a t e r ia l  o f  w h ic h  .t h e  in t e r s p a c e s  a r e  
f i l le d  w i t h  a  p a s t e ,  m a d e  o f  s e s q u i - o x i d e  o f
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iron mixed with glycerine. Noden's con
denser is described in " Comptes Rendus,” 
1926/182/1270. A point of interest is the 
use of magnesium in this application.
3 .  T h e o r i e s  o f  O p e r a t i o n  o f  E l e c t r o l y t i c  

C o n d e n s e r s
Additional to the review already given on 

this aspect, it is noted that Coursey and Ray 
consider the solid-film theory to be inade
quate, and that a theory put forward by 
Godsey (reference " Trans, of the Amer. 
I.iE.E.," 1932/51/432) conveys a good
physical idea of the process that goes on in 
an electrolytic condenser. Godsey considers 
that the normal film on aluminium or similar 
metal in an electrolytic condenser is of a 
greater thickness than the total effective 
him. The effective film maintains itself'in 
repair by new growth wherever leakage 
currents flow. Water or other solvents from 
the electrolyte saturate the film and so 
increase the effective capacitance, water 
having a dielectric constant of about 80. A 
high dielectric constant keeps the film suffi
ciently thick to reduce the voltage gradients 
materially. Godsey attaches great import
ance to polarization capacitance which he 
thinks occurs in the outer layers of the film 
saturated with the electrolyte.

Coursey and Ray have found that the 
polarization effect, i.e., change of capacit
ance with the impressed alternating current, 
is small and can be accounted for if it is 
assumed that the dielectric has a hysteresis 
curve of the shape depicted in Fig. 150.

Lilienfeld and his co-workers (reference 
" Trans. Amer. Electrochem. Soc.," 1930/ 
58/225 and 1932/61/531) from a study of 
the anodic laj'er conclude that the dielectric 
layer consists of a larger number of polar 
molecules. In a well-formed condenser these 
are properly oriented and the leakage current 
is low. Upon standing idle, the layer 
becomes disorganized, and the excessive 
leakage current on applying a voltage occurs 
while the reorganizing of the layer occurs. 
Consequently, there is only a very small 
change in capacitance owing to idling, and 
the law of chemical equivalents cannot be 
applied to the current used in the process 
of re-forming.

4. Development and Manufacture of 
Aluminium Electrolytic Condensers

( a )  P r e s e n t - d a y  T y p e s  o f  
E l e c t r o l y t i c  C o n d e n s e r s

The main impetus to development has 
been provided by the requirements of radio 
receivers for condensers for smoothing 
rectified currents used in mains operated 
receivers. For this purpose condensers 
having a small size and of several micro
farads capacity and for use on circuits of 
400-500 volts max. are required. More 
inexpensive manufacture than the normal 
paper condensers is also an essential. A

number of types of electrolytic condenser 
has been evolved, generally known as the 
wet or- aqueous type, the semi-dry type and 
the dry or hard-dry type. The distinction 
between these is not too hard and fast and 
is determined by the nature of the 
electrolyte. However, in passing from the 
wet to the other two types there is a 
constructional change.

In all types there is the aluminium anode 
carrying the dielectric film, this deter
mining the capacity of the condenser by its 
effective area. This area may be the 
natural area of the metal or it may be 
augmented by roughening, either mechanic
ally or chemically. There is also the 
cathode which may be the container itself 
or a metal sheet or foil. In modern con
densers for the wet type of construction 
which uses a thin electrolyte, the anode is

Fig. 150.—Hysteresis loop for dielectric film 
on aluminium anode (Coursey and Ray).

generally in form to give maximum area, 
such as a iluted or grooved rod or stiff foil 
in the form of a spiral corrugated or pleated. 
This anode has to be sufficiently stiff to be 
self-supporting. Fig. 150 shows an anode 
in the form of a spiral, Fig. 152 depicts the 
perforated spiral, and Fig. 153 the grooved 
rod. Fig. 154 illustrates the folded or 
pleated strip, while Fig. 155 demonstrates 
an extruded aluminium rod having a star
shaped cross-section with corrugated fins. 
Using these types of anode, a separator 
layer of perforated rubber or of celluloid is 
generally used between the anode and the 
cathode; this is necessary to avoid contact 
between the two electrodes.

With the semi-dry and dry types of con
denser, the anode is usually pure aluminium 
foil from thickness of 0.002 in. to 0.005 in. 
and the cathode can be similar material. 
The two are separated by means of an 
absorbent medium and wound into the form 
of a roll. The separator can be cotton gauze 
or paper, and this holds the electrolyte. It
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is  p o s s ib l e ,  b y  v i r t u e  o i  t h e  c l o s e n e s s  o f  
s p a c in g  t h a t  c a n  b e  a c h ie v e d ,  t o  p r o d u c e  
c o n d e n s e r s  o f  lo w e r  p o w e r  f a c t o r  t h a n  w i t h  
t h e  w e t  t y p e s  o f  t h e  c o n s t r u c t i o n  j u s t  
d e s c r ib e d .

D i f f e r e n t  m e t h o d s  a r e  e m p lo y e d  fo r  f i lm  
f o r m a t io n ,  b u t  in  a l l  c a s e s ,  p r e - f o r m a t io n  o f  
t h e  d ie l e c t r i c  b e f o r e  a s s e m b l y ,  f o l l o w e d  b y  
a  f in a l f o r m a t io n  a n d / o r  " a g e i n g  a f t e r  
a s s e m b l y ,  is  c a r r ie d  o u t .  A n y  e t c h i n g  o r  
m e c h a n ic a l  r o u g h e n in g  u s e d  t o  in c r e a s e  t h e - 
a r e a  o f  t h e  a n o d e  n a t u r a l ly  h a s  t o  b e  p e r 
fo r m e d  b e fo r e  e l e c t r i c a l  f o r m in g .

( b )  P r e - f o r m i n g  o f  t h e  
A l u m i n i u m  A n o d e s

T w o  m a in  a l t e r n a t i v e  m e t h o d s  o f  p r e 
f o r m in g  a r e  e m p lo y e d .  T h e  f ir s t  i s  a  
d i s c o n t in u o u s  p r o c e s s  in  w h ic h  e a c h  a n o d e

c o n t in u o u s  p r e - f o r m i n g  p r o c e s s  f o r  t h i s  t y p e  
o f  a n o d e .

I n  t h e  c o n t i n u o u s  p r e - f o r m i n g  p r o c e s s ,  
o n e  o r  m o r e  a lu m in iu m  fo i l  s t r ip s  a r e  p a s s e d  
o v e r  r o l le r s  t h r o u g h  t h e  e l e c t r o l y t i c  b a t h s .  
T h e  a p p r o p r ia t e  c o n n e c t i o n s  t o  p a s s  t h e  
f o r m i n g  c u r r e n t s  t h r o u g h  t h e  b a t h s  a r e  
m a d e ,  t h e  a lu m in iu m  b 'e in g  t h e  p o s i t i v e  
e l e c t r o d e  in  o r d e r  t o  b u i ld  t h e  d i e l e c t r i c  
f i lm  u p o n  i t :  T h is  p r o c e s s  c a n  b e  c a r r ie d
o u t  in  a  s in g le  s t a g e ,  b u t  m o r e  u s u a l ly  i t  is  
s u b - d iv i d e d  in t o  t w o  o r  m o r e  s e c t i o n s  . s o  
t h a t  t h e  f i lm  m a y  b e  b u i l t  u p  m o r e  g r a d u 
a l l y .  T h is  g i v e s  a  m o r e  s t a b l e  t y p e  o f  f i lm .

W it h  r e g a r d  t o  t h e  e l e c t r o l y t e s  fo r  
p r e - f o r m in g ,  w h e t h e r  t h e  c o n t i n u o u s  o r .  
d i s c o n t in u o u s  p r o c e s s  is  u s e d ,  t h e y  a r e  
g e n e r a l ly  s o lu t io n s  o f  s o d iu m  o r  a m m o n iu m  
b o r a t e .  S o m e t im e s ,  e s p e c i a l ly  w i t h  m u l t i -

o  c

o °

Figs. 151, 152, 153 (at the
le(t).—Reading from the 
left are pictured here re
spectively the spiral 
anode, perforated spiral 
anode and grooved rod 

anode.
Figs. 154 and 135 (at the 
right).—Reading from the 
left are shown respectively 
an anode from strip 
folded to star - shaped 
section and an anode 
from extruded rod of star
shaped section and with 

corrugated fins.

o r  e a c h  g r o u p  o f  a n o d e s  o f  t h e  f in a l f in is h e d  
s h a p e  is  s u b j e c t e d  t o  in d iv id u a l  p r e - f o r m in g  
in  a n  e l e c t r o l y t e .  T h e  s e c o n d  is  a  c o n 
t in u o u s  p r o c e s s  w h e r e in  a  l e n g t h  s t r ip  
o f  a lu m in iu m  f o i l  i s  s u b j e c t e d  t o  p r e - f o r m in g  
in  o n e  o r  m o r e  s t a g e s .  T h e  f ir s t  o f  t h e s e  
m e t h o d s  i s  a lm o s t  i n v a r i a b l y  a d o p t e d  fo r  
w e t - t y p e  e l e c t r o l y t i c  c o n d e n s e r  a n o d e s  o f  
t h e  t y p e s  i l lu s t r a t e d  in  t h e  d ia g r a m s .  T h e s e  
fo r  f o r m i n g  p u r p o s e s  c a n  b e  a s s e m b l e d  in  a  
r a c k  a n d  h u n g  in  t h e  e l e c t r o l y t i c  b a t h  t o  
w h ic h  t h e  f o r m i n g  c u r r e n t  c a n  b e  a p p l ie d  
u n t i l  t h e  d e s ir e d  v o l t a g e  a c r o s s  t h e  d ie l e c t r i c  
f i lm  is  o b t a in e d .  T h e  c o n t r o l  o f  t h e  f o r m i n g  
a c t i o n  c a n  b e  a c h ie v e d  b y  m e a n s  o f  a  
r e s i s t a n c e  in  s e r ie s  w i t h  t h e  s u p p ly  c i r c u i t ,  
o r  b y  c o n t r o l l i n g  t h e  s u p p ly  v o l t a g e ,  f o r  
e x a m p le ,  w i t h  a  f ie ld  c o n t r o l  o n  a  m o t o r  
g e n e r a to r .  B y  t h e s e  m e a n s  t h e  a p p l ie d  
p o t e n t i a l  c a n  b e  r a i s e d  g r a d u a l ly  t o  t h e  fu l l  
v a lu e .

A  s im i la r  p r o c e s s  i s  s o m e t im e s  a p p l ie d  fo r  
f o r m i n g  s t r ip s  o f  a lu m in iu m  f o i l  p r e v i o u s ly  
c u t  t o  t h e  d e s ir e d  l e n g t h  f o r  w in d i n g  i n t o  
t h e  d r y  e l e c t r o l y t i c  c o n d e n s e r  s e c t i o n s .  I t  i s  
m o r e  e c o n o m i c  g e n e r a l ly ,  h o w e v e r ,  t o  u s e  a

s t a g e  f o r m in g ,  a n  a d d i t i o n  o f  s o m e  
p o ly h y d r ic  a l c o h o l  s u c h  a s  g ly c e r in e  i s  m a d e .  
W it h  m u l t i - s t a g e  f o r m a t io n  a n  a l t e r n a t i v e  
p r o c e d u r e  in c l u d e s  t h e  u s e  o f  a  l o w  v o l t a g e  
f o r m a t io n  in  a n  a c i d  s o l u t i o n  o f  c o n s id e r a b le  
c o n d u c t i v i t y ,  f o r  e x a m p le ,  c h r o m i c  o r  
s u l p h u r i c  a c id ,  t h i s  b e i n g  u s e d  f o r  t h e  f ir s t  
s t a g e  in  o r d e r  t o  c r e a t e  a  p o r o u s  b a s e  f ilm  
t h a t  h a s  g o o d  a d h e s i o n  t o  t h e  m e t a l  f o i l  
a n d  t h e n  t h e  h a r d  h ig h  v o l t a g e  film , i s  
s u b s e q u e n t ly  b u i l t  u p  u p o n  i t .

( c )  A s s e m b l y  a n d  I m p r e g n a t i o n  

W it h  t h e  w e t - t y p e  c o n d e n s e r s  t h e  s u b s e 
q u e n t  m a n u f a c t u r in g  p r o c e s s e s  c o m p r i s e  
m a in ly  m e c h a n ic a l  a s s e m b l y  o f  t h e  a n o d e  
p o s t s  in t o  t h e  o u t e r  c o n t a in e r ,  t h e  f i l l in g  o f  
th e  l a t t e r  w it h  t h e  e l e c t r o l y t e  a n d  it s  
c lo s u r e ,  f o l l o w e d  b y  a g e i n g  a n d  t e s t in g .  
W i t h  t h e  d r y  t y p e s  o f  c o n d e n s e r ,  a f t e r ' p r e 
f o r m in g  t h e  c o n t in u o u s  f i lm , t h i s  h a s  t o  b e  
c u t  t o  l e n g t h ,  t h e  s e c t i o n s  h a v e  t o  b e  r o l le d  
w it h  t h e  n e c e s s a r y  c o m b i n a t i o n  o f  f o r m e d  
a n o d e ,  s e p a r a t in g  m a t e r ia l  a n d  u n f o r m e d  
c a t h o d e  f o i l .  F o l l o w i n g  t h i s  t h e  s e c t io n  i s  
im p r e g n a t e d  w i t h  i t s  w o r k in g  e l e c t r o l y t e .



April, 1945 L ICH T  M ETALS 197

The electrolytes for semi-dry condensers 
consist of alkali glycero- or glyco-borates in 
solution of glycerine, ethylene glycol or 
other polyhydric alcohol, together with a 
small quantity of water. The dry con
densers have a similar electrolyte which is 
thickened into a stilt paste, either by the 
addition of boric acid or of similar weak 
film-forming material, to such an extent 
that a mass of fine crystals is formed and 
permeates the electrolyte when it is cooled 
down to atmospheric temperature after 
manufacture, or by the addition of a gum 
which assists the formation of a gel with 
the solution. In some practices, the 
impregnation of the separator with the 
electrolyte before or during the winding of 
the section is carried out, and in others it is 
a separate impregnation operation applied 
to the rolled section. In all cases the object 
is to obtain as complete a filling 
as possible of the pores of the 
separator.

The subsequent treatment of 
the impregnated section varies 
with different manufacturers.

Fig. 156. — Effect of power 
factor of condenser upon its 
apparent capacitance as 
measured by the impedance 

method.

as likewise do such details as 
the attachment of connecting 
wires and sealing. The con
tainer may be of metal or of 
waxed cardboard or other -suit
able material, in which the 
condenser is sealed by wrapping 
it in waxed or oiled paper, inserting it in the 
container and filling the latter with wax or 
bitumen.The drier types of condenser are more 
suitable for use with the cardboard type of 
container which are cheaper than the more 
robust aluminium or metal containers. The 
latter are c-ssential for wet electrolytics and 
are really desirable for the semi-dry types.

From 'the point of view of performance, 
it is essentia! to seal the condenser as per
fectly as possible against the ingress of 
moisture, just as it is with any other type of 
condenser. For this purpose one or more 
sections can be mounted in' the same metal 
container and the negative foils can easily 
be commoned together. Other combinations 
of connection can be likewise catered for 
without difficulty.
( d )  A g e i n g  a n d  T e s t i n g

Both wet- and dry types of electrolytic 
condenser, after assembly, require an ageing 
process in order to repair any slight damage

to the film that may have occurred to the 
foil during manutacture. For this purpose 
they are assembled on racks and the appro
priate d.c. voltage is connected by joining 
them across bus-bars. The condensers can 
be maintained polarized in this manner for 
several hours, or until the leakage current, 
passing through them, falls to some pre
determined value. . A capacity nieasurement 
then follows.

For the needs of inass-production methods 
in the factory, electrical testing has to be as 
simple as possible. For capacity determina
tion an impedance test is found most con
venient. It consists in applying to the 
condenser a known fixed a.c. voltage, for 
example, about 20 volts, of known 
frequency, for example, 50 cycle supply 
mains. The a.c. miliiamperes flowing through 
the condenser are then measured. For a

limited range the miiliammeter can be cali
brated in microfarads of condenser capaci
tance. In making this test it is necessary to 
apply to the condenser a d.c. polarizing 
voltage ,of some convenient value below its 
maximum peak rating, such that the sum 
of this voltage and the peak value of the 
a.c. testing voltage is below the maximum 
voltage1 rating of the condenser. The circuit 
arrangement comprises an a.c. ammeter and 
voltmeter of appropriate ranges only.

The impedance method of measuring 
capacity is particularly useful for "dry-type 
condensers, of which the power factor does 
not exceed 10 per cent. In this case the 
results of such measurements agree with the 
true capacity within 0.5 per cent, as is shown 
in Fig. 156. The alternative to the imped
ance test is an a.c. bridge method, but this 
becomes more of a laboratory test.

At all stages of manufacture of electrolytic 
condensers every care is taken to» prevent 
contamination of any part of the condenser
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a n d  p a r t i c u l a r ly  t h e  e l e c t r o l y t e .  M a n y  
im p u r i t i e s  a r e  v e r y  h a r m f u l  t o  p e r f o r m a n c e  
a n d  a n y t h i n g  t h a t  w i l l  in t r o d u c e  c h lo r in e  
i o n s  i n t o  t h e  e l e c t r o l y t e  m u s t  b e  s c r u p u 
l o u s l y  a v o id e d .

5. Condenser Characteristics
T h e s e  a r e  c o n s id e r e d  u n d e r  f o u r  m a in  

h e a d in g s  o f  c a p a c i t a n c e ,  le a k a g e ,  e l e c t r i c a l  
l o s s e s  a n d  s e r v i c e  l i f e .  I n  p r a c t i c a l  a p p l i c a 
t i o n  o f  t h e  c o n d e n s e r s  a l l  t h e s e  p r o p e r t i e s  
w il l  n o t  h a v e  e q u a l  im p o r t a n c e  in  a l l  c a s e s .  
D if f e r e n t  c o n d e n s e r  c o n s t r u c t io n  m a y  b e t t e r  
s u i t  s p e c i f ic  a p p l i c a t i o n s .

( a )  C a p a c i t a n c e

W it h  v a r i o u s  m e t h o d s  o f  p r o d u c in g  t h e  
d ie l e c t r i c  f i lm  o n  a lu m in iu m  i t  h a s  n o t  b e e n  
f o u n d  t h a t  i t s  d i e l e c t r i c  c o n s t a n t  h a s  b e e n  
a l t e r e d  t h e r e b y  t o  a n y  m a t e r ia l  e x t e n t .  
T h e r e f o r e ,  t h e  p h y s i c a l  d im e n s io n s  o f  t h e  
d ie l e c t r i c  a r e  t h e  im p o r t a n t  f a c t o r s  t h a t  
d e t e r m i n e  c o n d e n s e r  c a p a c i t a n c e .  T h e  a r e a  
o f  t h e  d ie l e c t r i c  is  c o n t r o l l e d  b y  t h e  a r e a  o f  
t h e  e l e c t r o d e  w h i c h ,  o f  c o u r s e ,  m a y  b e  
in c r e a s e d  b y  t h e  m e c h a n ic a l  o r  c h e m ic a l  
t r e a t m e n t  o r  b y  t h e  s h a p e  o f  t h e  a n o d e .  T h e  
m a x im u m  in c r e a s e  i n  s u r f a c e  a r e a  o f  10 
t im e s  is  p o s s ib l e ,  b u t  in  p r a c t i c e  f u l l  a d v a n 
t a g e  i s  n o t  t a k e n  o f  t h i s ,  a n d  in  h ig h e r  
v o l t a g e  c o n d e n s e r s  c o n s t r u c t e d  in  t h i s  w a y ,  
th r e e  J o  s ix  t im e s  t h e  n o r m a l  is  t h e  l i m i t .

R e g a r d in g  m e t h o d s  o f  in c r e a s in g  a r e a ,  th e  
m e c h a n ic a l  p r o c e s s e s  in c l u d e  s a n d - b la s t in g ,  
e m b o s s i n g  b y  m e a n s  o f  i n d e n t e d  s t e e l  r o l le r s ,  
o r  a c t u a l  p e r f o r a t io n  b y  m e a n s  o f  m in u t e  
h o l e s .  C h e m ic a l  p r o c e s s e s  a r e  b a s e d  o n  
e t c h i n g ,  u s in g  s t r o n g  a lk a l i n e  o r  a c id  b a t h s  
o r  b o t h .  T h e  d e e p e s t  f o r m  o f  e t c h i n g  w h ic h  
g iv e s  t h e  g r e a t e s t  in c r e a s e  i n  c a p a c i t y  c a n  
.be a c h ie v e d  b y  m e a n s  o f  a n  a c i d  t r e a t m e n t  
o n  e l e c t r o d e s  o f  s m a l l  t h i c k n e s s ,  s u c h  a s  f o i l  
u p  t o  0 .0 0 6  in .  I n  t h i s  t r e a t m e n t  a c t u a l  
p e r f o r a t i o n s  m a y  t a k e  p la c e .  E l e c t r o 
c h e m i c a l  p r o c e s s e s  a r e  s im i la r  t o  t h e  c h e m i 
c a l  o n e s . e x c e p t  t h a t  t h e  a c t i o n  i s  a c c e le r a t e d  
b y  m e a n s  o f  e l e c t r o l y s i s ,  u s i n g  t h e  a lu m in iu m  
e l e c t r o d e  t o  b e  t r e a t e d  a s  o n e  p o le  o f  t h e  c e l l  
a n d  a n  in e r t  e l e c t r o d e  a s  t h e  o t h e r .  U n d e r  
c o n t r o l l e d  c o n d i t io n s  d e e p e r  e t c h i n g  m a y  b e  
o b t a in e d  b y  t h i s  m e a n s  a n d ,  f u r t h e r ,  g e n e r 
a l l y  l e s s  c h e m i c a l l y  a c t i v e  e l e c t r o l y t e s  c a n  b e  
e m p lo y e d  fo r  t h e  e t c h i n g  w h ic h  is  a n  a d v a n 
t a g e .  A c t u a l l y ,  t h e  p r o c e s s  c a n  b e  e m p lo y e d  
u s i n g  s o lu t io n s  t o  w h ic h  a lu m in iu m  i s  r e la 
t i v e l y  in e r t  a n d  s t i l l  o b t a ip  a  v e r y  d e e p  e t c h  
e l e c t r o l y t i c a l ly ;  f o r  e x a m p le ,  c o m m o n  s a l t  
a lo n e  o r  w i t h  t h e  a d d i t i o n  o f  a  l i t t l e  h y d r o 
c h lo r ic  a c id  i s  r e l a t i v e l y  i n a c t i v e  t o w a r d s  
a lu m in iu m ,  b u t  e l e c t r o l y t i c a l l y ,  u s i n g  s u c h  
a  s o l u t i o n ,  a n  a r e a  a n d  c a p a c i t y  in c r e a s e  u p  
t o  t h e  m a x im u m  g iv e n  a b o v e  i s  a c h ie v a b l e  
u n d e r  q u i t e  s t a b l e  m a n u f a c t u r in g  c o n d i t io n s .

T h e  t h ic k n e s s  o f  t h e  d i e l e c t r i c  f i lm  is  t h e  
o t h e r  f a c t o r  c o n t r o l l i n g  c a p a c i t y .  T h is  is  
n o r m a l l y  a  d i r e c t  f u n c t io n  o f  t h e  v o l t a g e  
u n d e r  w h ic h  t h e  f i lm  i s  p r o d u c e d  in  t h e

p r e f o r m in g  p r o c e s s .  I t  is  n o t  e n t i r e ly  a  
q u e s t i o n  o f  t h i c k n e s s  o f  f i lm ,  b u t  a d h e s i o n  
a n d  d e n s i t y  a n d  q u a l i t y  o f  t h e  f i lm ,  a ls o  
e n t e r .  I t  i s  f o u n d  t h a t  th e  m o s t  s t a b l e  
f i lm s ,  w h ic h  a r e  r e q u ir e d  f o r  h ig h - v o l t a g e  
c i r c u i t s  a r e  g e n e r a l ly  t h o s e  w h ic h  a r e  m o s t  
c o h e r e n t  a n d  s o l id  a n d  w h ic h  a c t u a l l y  h a v e  
a  s m a l le r  o v e r a l l  p h y s i c a l  t h i c k n e s s  th a n  
m a n y  o f  t h e  l o w e r - v o l t a g e  f i lm s .  T h e  e l e c 
t r o l y t e  u s e d  in  f o r m i n g  t h e  f i lm ,  t h e  t e m 
p e r a t u r e  a n d  t im e  o c c u p ie d  i n  t h e  t r e a t m e n t ,  
a l s o  e x e r t  s o m e  in f lu e n c e  u p o n  t h e  e f f e c t iv e  
t h ic k n e s s  a n d ,  t h e r e f o r e ,  u p o n  c a p a c i t y .

( b )  L e a k a g e

L e a k a g e  r e fe r s  t o  t h e  c u r r e n t  t h a t  f lo w s  
t h r o u g h  t h e  c o n d e n s e r  u n d e r  i t s  d .c .  
p o la r i z in g  v o l t a g e .  I t  i s  d e p e n d e n t  u p o n  a  
n u m b e r  o f  f a c t o r s ,  in c l u d in g  t h e  m e t h o d  
o f  m e a s u r e m e n t  a n d  is  n o t  s u c h  a  c o n s t a n t  
o r  d e f in i t e  q u a n t i t y  a s  c a p a c i t y .  I t  i s  a  
f u n c t i o n  o f  th e  t y p e  o f  f i lm  f o r m a t io n  t h a t  
h a s  b e e n  e m p lo y e d  in  m a n u f a c t u r e  a n d  o f  
th e  e l e c t r o l y t e  in  t h e  c o n d e n s e r .  A  s t u d y  o f  
t h e  l e a k a g e  c u r r e n t  a s  a  f u n c t io n  o f  th e  
v a r i o u s  f a c t o r s  t h a t  a f f e c t  i t ,  g i v e  v a lu a b le  
in f o r m a t i o n  c o n c e r n in g  t h e  c o n s t i t u t i o n  a n d  
s e r v i c e  p e r f o r m a n c e  o f  t h e  c o n d e n s e r .

( c )  E l e c t r i c a l  L o s s e s

T h e  e l e c t r i c a l  lo s s e s  o r  p o w e r  f a c t o r  a r i s e  
fr o m  t h e  f lo w  o f  t h e  c a p a c i t a n c e  c u r r e n t  
t h r o u g h  t h e  s e r ie s  r e s i s t a n c e  o f  t h e  e l e c t r o 
l y t e ,  f r o m  t h e  t r u e  d i e l e c t r i c  l o s s e s  in  th e  
f i lm  i t s e l f  a n d  f r o m  t h e  d . c .  l e a k a g e .  T h is  
l a s t  i t e m  i s  g e n e r a l ly  o n l y  a  s m a l l  o n e .  U s u a l l y  
t h e  f ir s t  t w o  i t e m s  a r e  n o t  c o n s id e r e d  s e p a 
r a t e l y ,  b u t  a r e  g r o u p e d  t o g e t h e r  u n d e r  t h e  
t e r m  "  p o w e r  f a c t o r ."  T h e  lo s s e s  a r e  a  
f u n c t io n  o f  t e m p e r a t u r e ,  v o l t a g e  a n d  o t h e r  
c o n d i t i o n s  o f  m e a s u r e m e n t ,  a s  w e l l  a s  o f  
t h e  c o n s t r u c t io n  o f  t h e  c o n d e n s e r .

( d )  S e r v i c e  L i j e

T h e  u s e f u l  e f f e c t iv e  l i f e  o f  a n  e l e c t r o l y t i c  
c o n d e n s e r  d e p e n d s  u p o n  t h e  m a in t e n a n c e  o f  
a  r e a s o n a b le  p r o p o r t io n  o f  i t s  in i t i a l  p r o p e r 
t i e s ,  p a r t i c u l a r ly  c a p a c i t y  a n d  le a k a g e .  
G e n e r a l ly ,  th e r e  i s  a  t e n d e n c y  f o r  t h e  c a p a 
c i t y  t o  fa l l  a n d  t h e  l e a k a g e  a n d  lo s s e s  t o  r ise  
a f t e r  t h e  la p s e  o f  a  c o n s id e r a b le  t im e  in  u s e .  
T h e  e n d  o f  t h e  u s e f u l  l i f e  i s  d e t e r m in e d  b y  
t h e  c a p a c i t y  b e c o m i n g  t o o  s m a l l  t o  g iv e  
e f f e c t iv e  o p e r a t i o n ,  o r  b y  t h e  d .c .  l e a k a g e  
b e c o m i n g  e x c e s s i v e ,  o r  b y  t h e  p o w e r  f a c t o r  
b e c o m i n g  s o  g r e a t  t h a t  o v e r - h e a t i n g  r e s u l t s  
f r o m  t h e  r ip p le  c u r r e n t  f l o w in g  t h r o u g h  th e  
c o n d e n s e r  o r  b y  i t s  f i l t e r in g  a c t i o n  b e c o m i n g  
s p o i l e d  w h e n  t h e  c o n d e n s e r  i s  t is e d  a s  a  
b y - p a s s  o r  s m o o t h i n g  c o n d e n s e r .

A n o t h e r  a s p e c t  t o  b e  c o n s id e r e d  i s  s h e l f  
li f e ;  t h i s  r e fe r s  t o  t h e  d e t e r i o r a t io n  t h a t  
t a k e s  p la c e  w h e n  a n  e l e c t r o l y t i c  c o n d e n s e r  
is  s t a n d in g ,  e v e n  w h e n  i t  i s  n o t  in  u s e  a t  a l l .  
T h e  p r e s e n t - d a y  o b j e c t i v e  in  m a n u f a c t u r é  is  
t o  p r o lo n g  s h e l f  l i f e  a s  m u c h  a s  p o s s ib l e  b y  
in c r e a s in g  t h e  s t a b i l i t y  o f  t h e  d i e l e c t r i c  f i lm
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quency of the a.c. voltage, The nature of 
these variations is expressed by means of 
curves which illustrate typical measure
ments.
( i )  C o n d e n s e r  C h a r a c t e r i s t i c s

The variation of capacity with the applied 
d.c. voltage and the time period of its 
application is not serious with aluminium 
electrolytic condensers. This is shown by 
the curves in Figs. 157 and 15S for wet-and- 
dry-type condensers of 8 mf. capacity 500 v.

Variation in capacity with temperature 
likewise is not large for most condensers

Voltage characteristics are shown in Figs. 
159 and 160 for high- and low-voltage con
densers respectively. Re-forming character
istics are shown in Fig. 161 after a period of 
100 hours’ idling time. Thermal character
istics are shown in Fig. 162. The three 
qualities are fundamental characteristic; 
of all electrolytic condensers.

The changes of electrical losses, that is 
a.c. losses, with the same three factors are 
generally more analogous to the changes 
in capacity with these factors than they 
are to changes in d.c. leakage. This is shown

over the normal working range of tempera
tures, but below freezing point the change 
becomes much greater and some forms of 
electrolyte and condenser construction 
show much larger changes than others 
at low temperatures. Generally, electrolytes 
containing ethylene glycol as the base, and 
particularly those condensers containing a 
large proportion of this material, exhibit
best maintenance of capacity at the lower
temperatures.

Change in capacity with time of the 
applied voltage becomes, in
effect, the service life of the 
condenser, and the termination 
of this useful life is decided by 
the period when loss of capacity 
is greater than can be tolerated 
in the particular circuit in
which the condenser is used.

The variation in d.c. leakage 
with the first three determin
ing conditions, provides the 
most useful evaluation of elec
trolytic condensers. Variation 
with applied voltage is referred 
to as voltage characteristics, 
with time as re-forming charac
teristic and with temperature 
as thermal characteristic.

Fig. 157 (above).—Wet electro
lytic condenser. Dependence 
of apparent capacity upon 
magnitude of D.C. polarizing 
voltage and of superimposed 

A.C. ripple voltage.

Fig. 158 (rightb—Dry-type 
electrolytic condenser. De
pendence of apparent capacity 
upon magnitude of D.C. 
polarizing voltage and of 
superimposed A.C. ripple 

voltage.

in order that all changes in its properties 
are minimized.
( e )  D e p e n d e n c e  o f  C o n d e n s e r  P r o p e r t i e s  
U p o n  C o n d i t i o n s  o f  M e a s u r e m e n t  a n d  U s e  

None of the properties of an electrolytic 
condenser is an invariable quantity or inde
pendent of the conditions of use, or methods 
of measurement. Capacity, d.c. leakage, 
a.c. losses and useful life are all functions of 
the magnitude of the d.c. voltage, the time 
of application of this voltage, the working 
temperature and the magnitude and ire-
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in the curves in Figs. 163 and 164 for wet- 
arid drv-type condensers respectively.
( i i )  V o l t a g e  C l u t r a c t e r i s t i c  

The voltage characteristic is controlled 
mainly by the voltage at which the dielec
tric coating has been formed on the anode 
of the condenser. The point at which the 
leakage current begins to rise rapidly with 
increasing d.c. applied voltage, usually bears 
a direct relationship to the forming voltage. 
In certain applications in which the electro
lytic condensers are used as regulating con
densers, a construction is required in which 
the rise of leakage with voltage follows a 
very steep curve.

'

A-WET

' B-WET I

C—SEMI-DRY 
D-DRY

votrs

Fig. I 59 (above).—Voltage characteristics of 
high voltage (500V) electrolytic condensers.

T h e  b e n d  in  t h e  c u r v e  m a y  g e n e r a l ly  b e  
t a k e n  a s  a n  in d ic a t i o n  o f  t h e  m a x im u m  
w o r k in g  v o l t a g e  t h a t  m a y  b e  s a f e l y  a p p l ie d  
t o  t h e  c o n d e n s e r  f o r  a n y t h i n g  m o r e  t h a n  th e  
s h o r t e s t  o f  p e r io d s .  T h is  i s  s o  b e c a u s e  e x c e s 
s i v e  v o l t a g e  m i g h t  p u n c t u r e  t h e  d ie l e c t r i c  
a n d  a l s o  t h e  la r g e  l e a k a g e  c u r r e n t  w o u ld  
p r o d u c e ,  o v e r - h e a t i n g .  T h e  s h a p e  o f  t h e  
v o l t a g e  c h a r a c te r i s t ic  c u r v e s  i s ,  t h e r e f o r e ,  
s o m e  g u id e  o n  t h e  c o n s t r u c t io n  o f  t h e  c o n 
d e n s e r ,  t h e  m a n n e r  in  w h ic h  i t  w i l l  b e h a v e  
u n d e r  o p e r a t i n g  c o n d i t i o n s  a n d  t h e  t y p e  o f  
u s e  t o  w h ic h  i t  s h o u ld  b e  p u t .

( H i )  R e - f o r m i n g  C h a r a c t e r i s t i c  

T h e  v a r i a t io n  in  l e a k a g e  c u r r e n t  w i t h  t im e  
o f  a p p l i c a t i o n  o f  t h e  a p p l ie d  v o l t a g e  c o n 
s t i t u t e s  o n e  o f  t h e  m o s t  i m p o r t a n t  c h a r a c 
t e r i s t i c s  o f  a n  e l e c t r o l y t i c  c o n d e n s e r .  I t  is

a direct measurement of the stability of the 
dielectric film, because any deterioration of 
the film in the working electrolyte of the 
condenser that may occur when not in use, 
will need to be repaired by re-forming action 
when the' voltage is applied. Excessive 
repair will cause excessively large leakage, 
during the repairing period. With a stable 
film the current drawn by the condenser 
when the voltage is first applied will decrease 
very rapidly to the ultimate limiting leakage 
current. The most stable and most useful 
condenser, therefore, is one in which the 
leakage current is not only normally low, 
■but is restored to this low value rapidly 
after a prolonged idling period. The 
uniformity of the curves for 500 v. dry 
condensers, given in Fig. 165, emphasizes 
the stability of these condensers. The cor
responding curves in Fig. 166 for the 25 v. 
condensers show rather lower stability,

Fig. 160 (below’).—Voltage characteristics of 
low’ voltage electrolytic condensers.

particularly after 12 months’ idling period. 
The fact that when these tests are repeated 
at 75 per cent, of the rated voltage the 
condenser shows no such apparent deteriora
tion, indicates that there has been some 
deterioration of the film in the electrolyte. 
This phenomenon is observed to a much 
greater extent in wet electrolytic condensers.

The film stability judged in this way gives 
quite a good measure of the ability "of the 
condenser to give a long shelf life. ’ This is 
quite apart from the operating life of the 
condenser, which, in addition to the factors 
already mentioned, is also controlled by the 
amount of electrolyte jn the condenser. Thus 
construction‘ having a considerable bulk of 
separator between, the electrodes arid which,
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Photograph : A  high speed steel 
hardening furnace, designed for 
circular saws and cutters.

SMETHWICK • STAFFS can

LONDON OFFICE: 16 GROSVENOR PLACfi. LONDON, S.W .I Telephone: SLOane 7803-9818

& n y  á M a s í í o n s
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HYDRAULIC
P U M P S  G
A C C U M U L A T O R S
W e  manufacture a complete range of 
PUMPS including to tilly  enclosed types 
up to 600 H.P.
Our modern A IR  LO A D ED  A C C U M U 
LATO RS operated by our special 
FULLY  AUTO M A TIC  CO N TRO LS, 
ensure reliability, reduced space, light 
foundations and inside installation. 
W eight loaded Accumulators of all 
types can also be supplied.

M P J l M S
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20 “ To so so TEMPERATURE DECS. CENT.

Fig. 161 (left).—-Re-forming 
characteristic of 8 mf. 500V 
dry - type electrolytic con

denser.

Fig. 162 (below).—Thermal 
characteristics of electrolytic 

condensers.

Fig. 163 (left).—-Wet electro
lytic condensers. Depend
ence of power factor upon 
the polarizing voltage and 
the superimposed A.C. 
ripple voltage. (See also

Fig. 157.)

t h e r e f o r e ,  c o n t a i n  m u c h  e l e c t r o l y t e ,  g i v e  a  
lo n g e r  s e r v i c e  l i f e  b e fo r e  t h e  e l e c t r o l y t e  i s  
e x h a u s t e d .

( i v )  T h e r m a l  C h a r a c t e r i s t i c  

F o r  n o r m a l  u s e s  t h e  t h e r m a l  c h a r a c t e r i s t ic  
is  n o t  v e r y  im p o r t a n t ,  u n le s s  t h e  r a t e  o f  
r is e  o f  t h e  le a k a g e  c u r v e ,  w it h  t e m p e r a t u r e ,  
i s  v e r y  s h a r p . T h e  u t i l i t y  o f  t h e r m a l  c h a r 
a c t e r i s t i c s  is ,  t h e r e f o r e ,  m a in ly  l i m it e d  t o  
a p p l i c a t i o n s  c o n c e r n e d  w i t h  e x t r e m e s  o f  
t e m p e r a t u r e .  A  c o n d i t io n  m a y  a r is e  w h e n  i n 
c r e a s e  in  t e m p e r a t u r e ,  d u e  t o  i t s  p o s i t i o n  in  
a n  e q u ip m e n t ,  m a y  g iv e  r i s e  t o  s o  m u c h  
in c r e a s e  in  le a k a g e  c u r r e n t ,  t h a t  s t i l l  f u r t h e r  
in c r e a s e  in  t e m p e r a t u r e  m a y  b e  c a u s e d .  
P r o g r e s s i v e  r is e  in  t e m p e r a t u r e  a n d ,  u l t i 
m a t e l y ,  b r e a k d o w n , m a y  o c c u r .  S u c h  a n  
o c c u r r e n c e  is  u n l ik e ly  w i t h  m o d e r n  c o n 
d e n s e r s  a s  i l lu s t r a t e d  b y  t h e  c u r v e s  in  F i g .  
1 6 2 . T h e  t h e r m a l  c h a r a c t e r i s t i c  w it h  

r e s p e c t  t o  a . c .  lo s s e s  m a y  b e  m o r e  s e r io u s  
f r o m  t h i s  p o i n t  o f  v i e w ,  b e c a u s e  t h e  c o n 
d e n s e r  m a y  b e  r e q u ir e d  t o  p a s s  a  
c o n s id e r a b le  a m o u n t  o f  r ip p le  c u r r e n t  i f  i t  
is  u s e d  a s  a  r e s e r v o ir  o r  s m o o t h i n g  c o n -

I»« YOITACES SHOWN BY THE NUMERALS ON THE CURVES
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d e n s e r  o n  a x .  r e c t i f ie r  c i r c u i t s .  T h e  
c o r r e s p o n d in g  h e a t  i s  g e n e r a l ly  m u c h  
g r e a te r  t h a n  w h e n  t h e  e n e r g y  lo s s  i s  d u e  t o  
d .c .  l e a k a g e .  A n  u n s t a b le  a n d  d a n g e r o u s  
c o n d i t io n  m a y  b e  q u i c k ly  r e a c h e d , i f  th e  
p o w e r  f a c t o r  o f  t h e  c o n d e n s e r  in c r e a s e s  v e r y  
m u c h  w i t h  r i s e  in  t e m p e r a t u r e .  I t  i s ,  t h e r e 
f o r e ,  a d v a n t a g e o u s  i f  t h e  p o w e r  f a c t o r  
c h a r a c t e r i s t ic  f a l l s  w i t h  in c r e a s in g  t e m p e r a 
t u r e .  I n  m a n y  m o d e r n  d r y  e l e c t r o l y t e s  t h i s

a  c e r t a in  p e r c e n t a g e ,  s a y  9 0  p e r  c e n t ,  o f  t h e  
r a t e d  v a lu e .  T h e . c u r v e s  a r e  t y p i c a l  in  
s h o w in g  t h e  la r g e r  c h a n g e s  t h a t  " o c c u r  in  
d r y - t y p e  c o n d e n s e r s ,  a l t h o u g h  in  w e t  
c o n d e n s e r s  a  s u d d e n  a n d  la r g e  f a l l  o f  c a p a c i t y  
w il l  o c c u r  i f  s u b s t a n t ia l  w a s t a g e  o f  t h e  e l e c 
t r o l y t e  is  a l l o w e d  t o  t a k e  p la c e ,  fo r  e x a m p le ,  
b y  s p a r k i n g  o r  b y  m e c h a n ic a l  l e a k a g e .  
( N o t e . — F i g s .  1 6 6 -1 7 0  i n c l u s iv e  w i l l  a p p e a r  
in  t h e  f o r t h c o m in g  p a r t  o f  t h i s  a r t i c le .

Fig. 164 (left).—Dry electro
lytic condensers dependence 
of power factor upon the 
polarizing voltage and the 
superimposed A. C. ripple 
voltage. (See also Fig. 158.)

f e a t u r e  is  a t t a in e d  u p  t o  
t e m p e r a t u r e s  o f  5 0  o r  6 0  
d e g r e e s  C . a b o v e  w h ic h  t h e  
c u r v e  m a y  t u r n  r o u n d  a n d  
f i s e  w i t h  i n c r e a s in g  t e m p e r a 
t u r e .  T h i s  r e p r e s e n t s  t h e  
m a x im u m  s a f e  w o r k in g  p o in t  
o f  s u c h  c o n d e n s e r s ,  u n le s s  
t h e  c o n d e n s e r  is  p a s s in g  s o  
l i t t l e  r ip p le  c u r r e n t  t h a t  o n ly  
n e g l i g ib l e  h e a t i n g  i s  c a u s e d  
b y  i t .  C a p a c i t y  t e m p e r a t u r e  
c u r v e s  a n d  c a p a c i t y  p o w e r  
f a c t o r  v a lu e s  w i l l  b e  s h o w n  in  
•F ig s . 1 6 7 , 1 68  a n d  1 6 9 .

I v )  T i m e  C h a r a c t e r i s t i c

T h e  q u a l i t y  o f  a n  e l e c t r o 
l y t i c  c o n d e n s e r  h a s  t o  b e  o 
d e t e r m in e d  b y  a  s t u d y  o f  a ll  
t h e  c h a r a c t e r i s t i c s  d e t a i l e d  

a b o v e .  In  g e n e r a l ,  c o n d e n s e r s  t h a t  h a v e  
e t c h e d  o r  s im i l a r ly  t r e a t e d  a n o d e s  w i l l  
b e  b r o a d ly  s im i la r  iu  p e r f o r m a n c e  a n d  
c h a r a c t e r i s t i c s  t o  t h o s e  m a d e  w i t h o u t  
s u c h  t r e a t m e n t ,  b u t  t h e  r e d u c e d  s iz e  
m e a n s  a  r e d u c e d  c a p a c i t y  l o r  d i s s i p a t e d  
h e a t ,  s o  t h a t  t h e  u se  o f  s u c h  c o n d e n s e r s  
iu  c i r c u i t s  w h e r e  m u c h  r ip p le  c u r r e n t  
is  i n v o l v e d ,  m u s t  b e  c a r e f u l ly  w a t c h e d .  
F u r t h e r ,  in  a n y  c a s e ,  t h e  s m a l l e r  b u l k  m e a n s  
s m a l le r  q u a n t i t y  o f  e l e c t r o l y t e  a n d  p o s s ib l e  
S h o r te r  l i f e .  F i g .  1 7 0  g iv e s  t h e  t im e  c h a r 
a c t e r i s t i c  o r  l i f e  c u r v e s  o f  d r y  a n d  w e t  
e l e c t r o l y t i c  c o n d e n s e r s  a t  5 0  d e g r e e s  C . a n d  
5 0 0  v .  T h e  u s e f u l  l i f e  i s  u s u a l ly  t a k e n  a s  
t h e  p o in t  a t  w h ic h  t h e  c a p a c i t y  f a l l s  b e lo w

VOLTAGE

1 1 4 TIME IN MINUTES
Fig. 165 (above).—Reforming characteristics 
of high voltage (500V) dry type electrolytic 

condensers.

I t  i s  n o t  p o s s ib l e  t o  g e n e r a l iz e  u p o n  t h e  
q u e s t i o n  o f  l i f e  b u t ,  w i t h  s u i t a b l e  u s e ,  t w o  
y e a r s  o r  lo n g e r  is  p o s s ib l e .  M a n y  c i r c u m 
s t a n c e s  c o n t r i b u t e  t o  t h i s  l i f e ,  b u t  i t  is  
c e r t a in  t h a t  w h e n  th e  e l e c t r o l y t e  is  a l l  c o n 
s u m e d ,  t h e  u s e f u l  l i f e  i s  t e r m i n a t e d .  E x c e s 
s i v e l y  h ig h  le a k a g e  c u r r e p t  d u e  t o  t o o  
h ig h  a  t e m p e r a t u r e  o r  o p é r a t io n  t o o  n e a r  
t h e  b r e a k d o w n  v o l t a g e  w if i  c a u s e  s h o r t e r  
l i f e .  • / K  '

( T o  b e  c o n t in u e d ) .

A.C. KIPPLENUMERALS ON CURVES



Colonel Cody in his ‘ ‘ Flying Cathedral” arriving at Hendon on the first 
stage of the “ Round Great Britain by Aeroplane” f i  0,000 Race,
July 26, I9II. The Colonel had flown non-stop from Brooklands !

M u c h  t h a t  i s  n o w  c o m m o n p l a c e  w a s  n o v e l ,  e v e n  m a r v e l l o u s ,  

w h e n  C e l l o n  w a s  b o r n .  T h e  m a r c h  o f  t i m e  h a s  b r o u g h t  

u n t h o u g h t - o f  d e v e l o p m e n t  o f  s c i e n c e  a n d  i n d u s t r y ,  a n d  C e l l o n  

h a v e  m o v e d  i n  t i m e  w i t h  c h a n g i n g  e v e n t s .  W e  b e l i e v e  t h a t  

t h e  e f f o r t s  o f  t h e  s t a f f  o f  C e l l o n  l a b o r a t o r i e s  h a v e  m a t e r i a l l y  

c o n t r i b u t e d  t o  t h e  p r o g r e s s  w h i c h  h a s  b e e n  m a d e  d u r i n g  

t h e  p e r i o d .

C E L L O N  L T D . ,  K I N G S T O N - O N - T H A M E S .  T E L  : K I N G S T O N  1 2 3 4  (5 l in e s )  

Thorp-Hambrock Co., Ltd., Montreal. Cellon Corporation Pty., Ltd., Sydney

T h u  j u w j e c t  f im ik /; « .

C E L L O N
C E L L O N
C E R R I C  C E R R U X
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W H E N  W E  W E R E  Y O U N G
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the n a m e  for

Your assurance and guarantee of 

perfect equipment is in the name

Metalectric organi-

sation in the electric thermal field,

with a design and manufacturing skill 

augmented by the exacting demands 

of vigorous war-time production.

Illustration continuous mesh belt

conveyor bright annealing furnaces, each

having an output of 400 lbs. steel parts

METALECTRIC  FURNACES LTD*, SM ETHW ICK, STAFFS.Telephon« : SME. I 56 I -2 Lontion Office : 16 GROSVENOR PLACE. LONDON. S.W. I Telephone: SLOANE 7803 and 98 18

Phosphor Bronze B B B  I  R  0^ Gun MeUl Ingots
"Tandem* WhiteMetal Alloys B  B  |§Mh  HL— Bearings for all purposes

C Y l i t'Eyre* Aluminium and Chill On Phosphor
Aluminium Alloys B l V I *  Bronze Rods
S M E L T IN G  C O M P A N Y  L IM IT E D

TANDEM WORKS. MERTON ABBEY. S .W .I9
Telephone: MITCHAM 2031 (4 lines)

V TAL
. T E C H N I C A L

P R O B L E M S

W e  have solved them for Government 
departments and others. Can we 
assist you in your post-war production 
plans? O u r staff of technical experts 
will at all times be happy to give un
biased advice on any and every Die 
Casting problem involving the use of 
A LU M IN IU M -BR O N ZE, A LU M IN IU M  
ALLO YS, BRASS and W H ITEM ET A L.

TH E
N  o  n - F e r r o  u  s  
D I E  C A S T I N G  C O  LTD
Nonferdica Works, Ńorth Circular Road, 

Cricklewood, London, N.W.2
’Phone: GLAdstone 6377
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LOW A HIGH
PAPER £ FABRIC BASED 
INSULATION MATERIAL 
FOR HOUSEHOLD A 
ENGINEERING APPLICATIONS

M O U L D E D  C O M P O N E N T S  [ J A B L 0 J L TD .
T/l e P i o n e e r s  o f  .L A tn / n / t i e d  P I  a. s t i e s

21 OLD QUEEN STREET - LONDON • S.W.I

PHILIPS INDUSTRIAL (PHILIPS LAMPS LTD.), 
CENTURY HOUSE. SHAFTESBURY AV., W.C.2(57«

T H E  spot welding of 2 x  8 s.w.g. in light 

alloys is an outstanding achievement in 

resistance welding, which has been made 

possible by the development of the new 

Philips condenser discharge ‘stored energy’ 

welder —  the E.I50 I.

Overall rigid construction and special electrode support by means of locating guides.
Electrodes are retractable by means of * Hi-lift’ mechanisms to facilitate welding of deep sections.
Bronze casting for lower part of upper arm reduces eddy current losses.

^  Maximum throat depth of 32" accommodates wide sections and special shapes.



Sections supplied to the Aircraft, 
Automobile, Textile, Coachbuilding,
Railway, Shipbuilding, Architectural Industries, etc., etc.

WARWICK RIM & SECTIONING CO. LTD.
G O L D S  G R E E N , W E S T  .B R O M W IC H , EN G L A N D
London  A g e n t s :—
Murwood L td ., 24 Grosvenor Gardens, L O N D O N , S .W .I 
_ _ _ _ £ £ £ _ W A R 1 C R IM J  ta k e  th e  stra in

M-W.49S
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C O  C O  CO C-..3 C O  C O  r.., -i

m m m m M

S E C T I O N S

IMPERIAL CHEMICAL 
INDUSTRIES LIMITED

LONDON, S.W.I M,9

LIG HT



AMiniSliW; & I'IATIIVRS LIMITE O
H O LLAN D  STREET  RAD CLIFFE LANCS.

We a r e  s p e c ia l ly  eq u ip p ed  
w ith  la r g e  u p -to -d a te  
p la n t, fo r  a n o d is in g  
A lu m in iu m  an d  it s  a llo y s  
i n  N A T U R A L  O R  
C O L O U R E D  F IN IS H E S  ; 
C h r o m a tin g  o f  M a g 
n e s iu m ; Z in c; C a d m iu m ;  
E l - T i n  a n d  S i l v e r  
P la t in g  an d  o th e r  p r o 
c e s s e s .  A .I.D . ap p ro v ed .

I L E P H O N E

GibbonsBros. Ltd., Dibdale Works,Dudley. Phone: Dudley 3141 (P.A.B.X.). Grams:“ Gibbons, LowerGornaV3. 
London Office : i Si ~4 Pol ace Chambers, Westminster, S. W. I. Telephones : Whitehall 6417-S ond S 3 59 •

M-W.242
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G a s  P r o d u c e r  P l a n t

0 eerlo<r

s i t t i  y y p ^

and H O lO tR

'>rornp mu
on ilr

_  . 50NS 
U N  M E E R > - £ ° r 0 a D  «

-  E O N D  O N  -T H A M E 5
0322 «»“ “s

dm 1162

Installation of five me
chanical self-vapourising 
Gas Producers each gasi- 
fyinghalfatonofCokeand 
manufacturing 7 ,̂000 
cub.ft.of 130B.T.U. Gas 
per hour. We design, 
manulacture and erect 
Gas Producer Plant to 
individual requirements.

General view of operating platform of Producer Plant.
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A N O D IC  T R E A T M E N T
of Aluminium and its Alloys

C H R O M A T I N G
of Magnesium Alloys

T E C H N I C A L  
P L A T I N G S  L T D .
CRAIGS WORKS, LUTHER ROAD, 

TEDDINGTON
T ELEPH O N E  - - M O LESEY  240

T RAD E “ GILTEC”  M ARK
A PPR O VED . A .I.D . A IR  M IN ISTRY  

REF. N O . I 38521 3 I

4 4 T . P .
»

FOR

A N O D I S I N G
NATURAL & COLOURED FINISHES

dm 953

I L F A R ON A.I.D. 
APPROVED LISTS

Aluminium Alloy Ingots to Specification
CANLEY COVENTRY Phone 3673

a fifth edition — ■------

E L E C T R O - P L A T I N G
B y  Sam uel Field, A .R .C .S c ,, and A .  Dudley W eill. 
This standard work provides up-to-date 
Information on electro-plating. It covers 
the whole field of the subject and des
cribes the latest methods, materials, 
processes and plant. An essential guide 
for the practical plater who wishes to be 
acquainted with the techni- . _ 
cal progress in the industry I OS. net.

P I T M A M  PITMAN HOUSE, P A R K E R  ST., 
r  I  i  r i  /-V K IN G SW AY , LONDON, W.C.2

THE SHANNON LIMITED
IMPERIAL HOUSE (Dept. E.2) 15-19 KINGSWAY, LONDON W.C.2
And at Birmingham, Bristol, Liverpool, Manchester, Newcastle, Glasgow (Agent)

T n e i f  ’r e  

c f a f i n i i L H t j  t o

S i t i a n n o i j j r a p l i

— and it's goodbye to the old untidy, time-wasting files 
and to frayed tempers over misplaced papers. Shannograph 
full-vislon flat top folders suspended on a steel frame 
solve all filing troubles, speed up filing and finding, and 
give instant location of any paper. Frames fit standard 
filing cabinets, or deep desk drawers.
Send Id. stamp for leaflet (Paper Control Order 48).
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CREOSOTE- 
PITCH FIRING
A number of firms adopting 
this fuel have encountered 
new Refractory Problems 
caused by corrosion and 
Vitrification Spalling.

If a suitable design of burner is used, the 
trouble can usually be overcome by using 
a High Alumina Firebrick such as NETTLE 
(42/44% Alumina)—a point proved by the 
practical experience of several customers. 
An additional protection to the brickwork 
by washcoating with Maksiccar II. or Stein 
Sillimanite Cement will often be found 
economic. Further information will be 
gladly supplied on request.

W. H.À. ROBERTSON & CD LTD_________BEDFORD_________ ENGLAND

ALUMINIUM FOIL MILL
The Mill illustrated is designed to roll aluminium foil in 
widths up to 800 mm. from initial thickness of 0-5 mm. to 
a final thickness of 0 009 mm. or less. Rolling speed is 
variable up to 200 metres/minute.



These A.I.D. Approved Laboratories are now used exclusively by all leading Aircraft Producers for the X-Ray Examination oi Class I and Class II Castings.
INDUSTRIAL AND 
METALLURGICAL 

X-RAY SERVICE
LONDON LABORATORIES: 

Grove Works. Grove Place. ACTON, London. W.3.
Head Office and Midland Laboratories :
53. Weniworih Road. Harborne. BIRMINGHAM, 17.

F L U X E S
Sodium  Fluoride Calcium Fluoride

Am m onium  Barium Fluoride
Bifluoride 

Magnesium  Lithium F 'uoride
Fluoride Cryolith ionite

R .  C R U IC K S H A N K ,  L T D .,  C am den  Street, 
B IR M IN G H A M ,  1. ’Phone : Cen. 72I3.

/  'Vo,

à  f c k
ALL COLD 
ROLLING 
OPERATIONS

For cold rolling of non-ferrous and ferrous metals 
D-Diamond*D hardened steel rolls are esteemed 
by the most Important users in the country : 

all sizes from the smallest upwards

DANIEL DONCASTER &SONS LIMITED
PENISTONE ROAD • SHEFFIELD 6Mak.r. alto of FORCINGS. DROP FORCINGS. HEAT-RESISTING STEEL CASTINGS 4 HARDENED FORGED STEEL ROLLS i

• A L U M I N I U M  

C A S T I N G S
S A N D  &  G R A V IT Y  D I E  C A S T IN G S  

^  F O R  A L L  T R A D E S

B R ID G E  F O U N D R Y  £&
WEDNESBURY • STAFFS
’ P H O N E : W E D N E S B U R Y  0 I 0 9 ---------- --------------------
------------ ’G R A M S: A LSPELC O , W E D N E S B U R Y

-  A G E N C IE S  W A N T E D --------------EXPORT. Firm, with connections and selling organisation in almost every country, desires to contact firms who arc interested in establishingn sound export trade. SALES & PARTNERS, LTD.. 7. Victoria Street, Westminster, S.W.l. ’Phone:A BBK Y *208!). 100/X5097
------------- S IT U A T IO N S  V A C A N T --------------HEAD FOREMAN required for progressive light alloy gravity die foundry. South London area. Post-war prospects. Give full details, age, experience, and salary required. Box No. 5*249, e/o ** LIGHT METALS.” 87/x5567REQUIRED IMMEDIATELY, Technical Sales Representative for light alloy foundry. Experience of trade necessary, with preferably some knowledge of metals. Write, detailing experience and salary required, to Box N'o. 4073, c/o ‘‘LIGHT METALS.” 87/3889
------------- S IT U A T IO N S  W A N T ED -------- ------ADVERTISER,‘20 years' specialised and successful experience serving the packaging, closure display and allied Industries, wishes contact with progressive manufacturers requiring sales agent for the Southern area, including export, with keen and enterprising outlook. Box N'o. 5252, c/o ” LIGHT METALS.”87/X5461
---------------M IS C E L L A N E O U S ----------------MONOMARKS. Permanent London’Address. Letters redirected, 5/- p.a. Write Monomark BM/M0N092. W.C.l. 90/3890
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T o  S M E L T E R S  &  U S E R S  o f  A L U M I N I U M

LARGE QUANTITIES of SEGREGATED

AVAILABLE for IMMEDIATE DISPOSAL
L ONDON  

• B I G G L E S W A D E

J U B I L E E  W O R K S ,  C H A P E L  R O A D .  H O U N S L O W ,  M I D D L E S E X  M A N C H E S T E R

R. J. C0 LEYs?S0 N(hounsHÈP
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U s e  
M O R R I S F L E X
—REX Rotary Files and Cutters, and MORRISFLEX 
Flexible Shaft Equipment, unrivalled for speedy 
output, increased efficiency, better production. In a 
large percentage of factories throughout the country, 
MORRISFLEX FLEXIBLE SHAFT EQUIPMENT is 
playing a vital part in'ensuring these requirements.
Cutting, filing, grinding and 
polishing components o fkAlumin- 
ium, Elektron, Non-ferrous alloys 
and Ferrous metals. M O RR ISFLEX  
Equipment comprises Overhead 
suspension, Bench and Floor type 
machines, R EX  Rotary’,[Files and 
Cutters, M O R R EX  Rotary W ire  
Brushes, M O RRISFLEX  Rotary 
Cutting and Polishing Mops and 
Felts, etc. W r ite  ¡¡[us for fullest 
information.

On Air Ministry, Admiralty 
and War Office Lists.



APRIL, 1945

s u p p o s i n y
t h a t  J o h n  D a l e  L t d .  h a d  b e e n  in  e x i s t e n c e  

I n  1 0 6 6 .  A n d  s u p p o s i n g  t h a t  t h e  E n g l i s h  c a p t a i n ,  K i n g  H a r o l d ,  h a d  c o m e  t o  u s  
a n d  s a i d  t h a t  h e  h a d  a n  i m p o r t a n t  e n g a g e m e n t  a t  H a s t i n g s  w i t h  a  v e r y  t o u g h  
c a s e  in  t h e  s h a p e  o f  W i l l i a m  t h e  C o n q u e r o r ,  a n d  c o u l d  w e  d o  a n y t h i n g  t o  h e l p ?  
W e l l ,  w e  m o s t  c e r t a i n l y  c o u l d  . . . a l u m i n i u m  a l l o y  c a s t i n g s  f o r  s p e a r s ,  a r r o w 
h e a d s ,  a n d  w h a t n o t — w o n d e r f u l l y  l i g h t  a n d  s p l e n d i d l y  s t r o n g — w o u l d  c e r t a i n l y  
h a v e  b e e n  a n  e y e - o p e n e r  f o r  t h e  C o n q u e r o r .  W e ’d  h a v e  c h a n g e d  h i s t o r y  . . .

B u t ,  c o m e  t o  t h a t ,  w e ’r e  h e l p i n g  t o  c h a n g e  h i s t o r y  r i g h t  n o t e  —  e n g i n e e r i n g  
h i s t o r y .  W e ’r e  s h o w i n g  n e w  w a y s  o f  m a k i n g  n i-w , t h i n g s  t h a t  a r e  c o n t r i b u t i n g  
t o  t h e  w i n n i n g  o f  t h e  w a r ,  a n d  s o —  \

J u s t  s u p p o s i n g
th a t  y o u  h a v e  a  p ro b lem  w h ic h  
th e  u se  o f  a lu m in iu m  a llo y  
c a s t in g s  w o u ld  s o lv e — w e  s h a ll  
w e lc o m e  th e  o p p o r tu n ity  o f  
d is c u s s in g  y o u r  p ro b lem . J o h n  
D a l e  A l u m i n i u m  A l l o y s  h a v e  
a lr e a d y  p ro v e d  th e m s e lv e s  th e  
id e a l c o n s t itu e n t  for n u m e ro u s  
p ro d u c ts  ; w e  c o n f id e n t ly  p r e 
d ic t  th a t  th e y  w ill c o n tr ib u te  
to  m a n y  fu tu r e  s u c c e s s e s .

J O H N  D A L E  L t d .
LONDON COLNEY • HERTFORDSHIRE

Telephone: London Cqlney*3141.


