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L A T E  R

the  question  comes up a t  your 
p roduction  conference: “ In 
designing a  light m etal forging, 
pressing o r  stam ping  should 
we depend on o u r own ideas o r 
tak e  i t  to  HDA ? W e know  we , 
a re  n o t specialists, and  th a t  
HDA a re .”  T rue enough . HDA 
have had to  design and  process 
an infinite varie ty  of com pon
en ts  ; research-m inded  develop
m en t engineers have tested  
every known m ethod prom ising 
b e tte r  HIDUMINIUM alum inium  
alloy p ro d u c ts  w ith  m an-hour 
saving, g re a te r  speed and 
econom y. Consult us now ; 
sooner is b e tte r  th a n  la te r .

H i d u m i n i u m
A L U M I N I U M  A L L O Y S
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H e  h a s  c o n c e i v e d  m e a n ly  o f  

t h e  r e s o u r c e s  o f  m a n  w h o  

b e l i e v e s  t h a t  i h e  b e s t  a g e  

o f  p r o d u c t i o n  i s  p a s t  "

/ /APĆcTK  / y Î A V C O  \  

/ a l u m i n i u m \ /  i n g o t s  \

C o n s u l t  u s  o n  y o u r  

C llu m in iiu n  C lllo y  p r o b le m s
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A L U M I L I T E  &  A L Z A K  L T D .
4 0  B r o o k  S t r e e t  L o n d o n ,  W . l

T e le p h o n e  : M a y fa i r  45 4 1

I f  i t ’ s  A N O D I S I N G  

y o u  w a n t  .

A p h o to g ra p h  of one  
of th e  A lum inium  
E xhib ition  m urals a t  
Selfridges L im ited . It 
was o u r  p riv ilege  to  
anod ise  m o st of th e  

exh ib its.

W e  s p e c ia l i s e  in  a  w id e  r a n g e  o f  

a n o d ic  a n d  c o l o u r e d  f in is h e s  o n  

a l u m i n i u m .  If y o u  u s e  a l u m i n i u m  

w e  w ill  a d v is e  y o u  o n  t h e  

c o r r e c t  c h o ic e  o f  a l lo y s  a n d  

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

s u r e  a  f i r s t - c la s s  f i n is h e d  p r o d u c t .

“  F in is  c o r o n a t  o p u s . "
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F u e l  e f f i c i e n c y s t a r t s  w i t h

S p e c i a l i s t  i d e a s  f o r  M a n a g e m e n t

f u e l  e f f i c i e n c y  i s  n o t  o n l y  a  w a r t i m e  e x p e d i e n t :  i t  i s  a  b a s i c  f a c t o r  

i n  f a c t o r y  c o n t r o l .  T h e r e  c a n n o t  b e  a n y  d o u b t  t h a t  p l a n t  o u t p u t  a n d  

p r o d u c t i o n  c o s t s — v i t a l  e l e m e n t s  i n  a l l  f u t u r e  p l a n s — d e p e n d  t o  a  v e r y  

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

i n d u s t r i a l  m a n a g e m e n t  t h e  M i n i s t r y  o f  F u e l  a n d  P o w e r  h a v e  i s s u e d  

a  s e r i e s  o f  B u l l e t i n s ,  w r i t t e n  b y  e x p e r t s  a n d  f u l l  o f  r e a l l y  p r a c t i c a l  

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

f u e l ,  h e a t  a n d  p o w e r .

T h e  p e r s o n a l  a t t e n t i o n  o f  m a n a g e m e n t  i s  d i r e c t e d  e s p e c i a l l y  t o  t h e  

f o l l o w i n g  B u l l e t i n s :

n o . 7  ‘ T h e  A p p o i n t m e n t  a n d  R e s p o n s i b i l i t i e s  o f  F u e l  W a t c h e r s . ’ 

n o . 8  ‘ B o n u s  S c h e m e s  f o r  F u e l  E c o n o m y  in  I n d u s t r y . ’ 

n o . 1 2  ‘ T h e r m a l  I n s u l a t i o n  o f  B u i l d i n g s . ’

n o . 1 3  ‘ F u e l  E c o n o m y  b y  S a v i n g  E l e c t r i c i t y . ’

n o . 1 5  ‘ T h e  E f f e c t  o f  V a r i a t i o n s  in  O u t p u t  o n  H e a t  C o n s u m p t i o n . ’

n o . 2 1  '  T h e  C o n s t r u c t i o n  o f  a  F a c t o r y  H e a t  B a l a n c e . '

n o . 2 6  '  P e a k  S t e a m  D e m a n d s .  C a u s e ,  E f f e c t  a n d  C u r e . ’ 

n o . 3 1  ‘ F u e l  E c o n o m y  b y  W a t e r  S a v i n g . ’

n o . 3 7  ‘ S m a l l  V e r t i c a l  B o i l e r s ,  S t e a m  C r a n e s  a n d  S h u n t i n g  E n g i n e s . ’

®  m a y  W E  S U G G E S T  th a t you call to g e th er Tor a  few 
m inutes your d ep artm en ta l heads and  fuel w atchers. Ask 
each to  check th e  B ulletins he a lread y  holds and  those he 
ought to  have. E x tra  copies will be supplied free  by your 
R egional O ffice o f the M in istry  o f  Fuel and  Pow er.

ISSUED BY THE MINISTRY OF FUEL AND POWER
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The proved ELEKTRON alloys are produced in all forms 

by the most accomplished founders and wrought material 

manufacturers. ELEKd RON used in aircraft means 

increased carrying capacity.

: MAGNESIUM ELEKTRON LIMITED. AM»r Home. London. ILW.t «  Ikmed,

B
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E x t r a  s t a r t i n g  t o r q u e  ?

W h e re  y o u  h a v e  a  d r iv e  d e m a n d in g  e x tr a  
s ta r t in g  e ffo r t , y o u  m a y  th in k  i t  d if fic u lt 
to  o b ta in  a  s u i ta b le  m o to r .  T h a t  is u n t i l  
y o u  lo o k  in to  t h e  P a rk in s o n  s ta n d a r d  
r a n g e  o f  A .C . m o to rs . T h e r e  y o u  w ill f in d  th e  
P a rk in s o n  “ T o r k ” — a  m o to r  w i th  j u s t  th a t  
e x t r a  s ta r t in g  to r q u e  r e q u i r e d .  I t  w o u ld  b e

th e  s a m e  i f  y o u  r e q u i r e d  o th e r  sp e c ia l  c h a r 
a c te r is tic s . P a rk in so n  F lo w  P ro d u c t io n  h a s  
m a d e  i t  p o ss ib le  to  o ffe r  a  s t a n d a r d  r a n g e  o f  
o v e r  2 , 0 0 0  ty p e s  w h ic h  in c lu d e s  m a n y  t h a t  
y o u  u s u a lly  e x p e c t  to  h a v e  sp e c ia l ly  m a d e . 
T h e  P a rk in so n  . A .C . M o to r  S e rv ic e  c a n  
sa v e  y o u  a  g r e a t  d e a l  o f  t im e  a n d  m o n e y .

C R o m P T o n ^ P M t K i n s o n

.  H e r e  i s

y o u r  m o t o r .

E L E C T R A  H O U S E ,  V I C T O R I A  E M B A N K M E N T ,  L O N D O N .  W . C . 2 a n d  B r a n c h e s
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T h e  le a d in g  F e r r o u s ,  N o n - F e r r o u s  a n d  
L ig h t  A l lo y  S m e lte rs  a n d  R e f in e r s .

S O U T H  B A N K - O N - T E E S ,  Y O R K S H I R E

L o n d o n  O f f ic e :  2  C a x to n  S tre e t ,  W e s tm in s te r ,  S .W . I .  P h o n e :  W h i t e h a l l  6310 
B irm in g h a m  O f f ic e :  3 1 9  C h a m b e r s ,  M a r t in e a u  S t., B i r m in g h a m , 2 . P h o n e :  C e n t r a l  10-5

W o u l d  y o u  l i k e  t o  s e e  s a m p l e s  o f  o u r  m e t a l s ?  T h i s  w e  

w e l c o m e ,  f o r  t h e n  y o u  c a n  c o m p a r e  t h e m  s i d e  b y  s i d e  

w i t h  p r o d u c t s  o f  o t h e r  m a k e r s ,  a n d  p u t  t h e m  t o  a n y  t e s t  

y o u  c h o o s e .  B u l k  d e l i v e r i e s  w i l l  b e  f u l l y  u p  t o  t h i s  s t a n d a r d ,  

a n d  m o s t  l i k e l y  t h e  s p e e d i e s t  y o u  h a v e  e v e r  e x p e r i e n c e d .

R E F I N E D  I R O N ,  N O N - F E R R O U S  

A N D  A L U M I N I U M  A L L O Y  I N G O T S

24 hour delivery in London, Birmingham, Yorkshire 
and Lancashire areas.
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I L F O R D
D O C U M E N T

P A P E R S

E E  P L A N  C O P Y I N G
Plan copying on Ilford Document Papers eliminates mechanical tracing and 
gives clean and workmanlike reproductions of the originals. All Ilford 
Document Papers are capable of producing a strong black image combined 
with clean whites, thus giving the maximum visible contrast.
The Ilford booklets “ Photography applied to Plan Copying in Engineering 
and other Industries” and “ Ilford Document Papers: Instructions for their 
use and application ” are available for all drawing offices. The former makes 
suggestions as to the most suitable copying process for a variety of circum
stances while the latter details the particular uses of the various papers.
T h e  m o re  im p o rta n t varie ties o f  I lfo rd  D o c u m e n t P a p e rs  a re  :

ILFORD DOCUMENT PAPERS No. 4 & 4T
fo r c a m e ra  negatives a n d  positives.

ILFORD DOCUMENT PAPER No. 60
fo r  en la rg em en ts  fro m  sm a lle r negatives.

ILFORD REFLEX DOCUMENT PAPER No. 50
fo r reflex copying .

ILFORD PHOTOMECHANICAL PAPER
w here  specially  o p a q u e  neg a tiv es a re  re q u ire d .

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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B I R M E T A L S  L I M I T E D  • Q U I N T O N  • B I R M I N G H A M  • 3 2
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M ILES A H E A D
B . K .  L . A L L O Y S  L T D . ,  K I N G S  N O R T O N ,  B I R M I N G H A M  3 0
’P hone: KIN 1162-5 'G r jm s : TESTAL BIRMINGHAM

A L U M I N I U M  A L L O Y S

ASK FOR

T E S T A L  B R A N D

This will ensure a produce free from 
oxide inclusions manufactured and 
tested by the most m odern m ethod.

W e specialise in degassed and grain- 
high-quality casting alloys.
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one o f th e s e  f a c t o r ie s  is  o u t -o f -d a t e

i t s  p l a n t  i s  f i r s t - c la s s ,  i t s  w o r k e rs  s k i l le d  a n d  w il l in g , i t s  m a n a g e 

m e n t  c a p a b le — b u t  i t s  l ig h t in g  is w ro n g . A ll t h e  g o o d  w o rk ,  th e  

n e w  m a c h in e r y ,  t h e  c a r e fu l  e x e c u t iv e  c o n t r o l ,  o p e r a te  in  e x t r e m e s  o f  

l ig h t  a n d  s h a d o w , t r y in g  to  th e  e y e s  a n d  n e rv e s ,  s lo w in g  u p  o u tp u t  

. . .  I n  t h e  o th e r  f a c to ry ,  O s r a m  F lu o r e s c e n t  L a m p s  p r o v id e  a  c o o l, 

s h a d o w le s s  l ig h t  t h a t  is  t h e  n e x t  b e s t  t h i n g  to  d a y l ig h t  i t s e l f — re s t f u l ,  

d i f fu s e d ,  e v e n ly  d i s t r i b u t e d .  A n d  e c o n o m ic a l ,  t o o !  T h e  8 o -w a tt  

O s r a m  F lu o r e s c e n t  L a m p  g iv e s  t h r e e  t im e s  a s  m u c h  l ig h t  a s  a  tu n g s t e n  

l a m p  f o r  t h e  s a m e  a m o u n t  o f  c u r r e n t .  N o  w o n d e r  r e c o r d s  a r e  b r o k e n  in  

F a c to r y  N o .  2  w h i le  i t  is  a lw a y s  a  s t r u g g le  to  k e e p  a b r e a s t  in  F a c to r y  N o .  1 . 

S tocks ava ilab le a t a ll G .E .C . Branches

D A Y L I G H T  a n d  W A R M  W H I T E

PRODUCTAdvt. of Tłu General Electric Co. Ltd. : May net IIout* : Kinynoay, London, W.C.2
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Mr. X
S ta n d s  f o r  P a r l ia m e n t

Mr. Therm stands 
for HEAT

PROGRAMME FOR INDUSTRY
I. Fir.t cl«* trcatmen» for motalv 
L Better working condition, for light alloy». 
3. Simple control.

M r. X  is t h e  u n k n o w n  q u a n t i t y .  

M r. T h e r m  is n o t .  F a r  f r o m  i t !  M r. 

T h e r m  s ta n d s  f o r  e x a c t ,  m e a s u r a b le  

h e a t .  M r. T h e r m  r e p r e s e n t s  G a s . 

Y ou  c a n  in s ta l l  M r .T h e r m  w i th  lo w  

c a p i ta l  a n d  m a in te n a n c e  c o s ts .  H e  

is q u ic k  o n  t h e  u p ta k e ,  r e l i a b le ,  

e c o n o m ic a l  . . . .  a  c le a n , p r e c is e  

w o r k e r .  T h e  s im p le  g a s  t a p  m a k e s  

h im  in f in i te ly  v e r s a t i l e .  P u t  h im  

u n d e r  h is  o w n  c o n t r o l  a n d  h e ’ll 

t u r n  h im s e l f  o u t  w h e n  h e ’s f in is h e d  
t h e  jo b  !

F o r  t h e  I n d u s t r i a l  c h a n g e - o v e r  

t h e  c h o i c e  i s  ^  J

British t
COUNCIL,, CROSy£N0R

s.vy.i

C E R I U M  

M E T A L
( M i s c h m e t a l l )

F O R  A L L  E S S E N T I A L  

P R I O R I T Y  R E Q U I R E M E N T S

B R I T I S H  F L m T  &  C E R I U M  
M A N U F A C T U R E R S  L I M I T E D  

T O N B R I D G E ,  K E N T

S p e c ia l is ts  in th e  m a n u fa c tu r e  o f  
ra re  e a r th  m e ta ls

A d d r e s s  y o u r  e n q u i r i e s  t o :—
Sole Distributors for The Metallurgical Industry

N E W  M E T A L S  A N D  
C H E M I C A L S  L I M I T E D

4, BROAD STREET PLACE 
L O N D O N , E.C.2

T e l e p h o n e :  L o n d o n  W a l l  2 0 7 1  ( P r . Br. E x c h . )

C O N S E R V A T I O N  o f  

C H R O M I C  A C I D  

A N  O D I S I N G  D . T . D . 9 1 0 b

S u l p h u r i c  a c i d  a n o d i s i n g  is  
offic ia lly  a d v ised  w h ere  a p p lica b le .

The s t a f f  o f  th e  
R U S H T O N  O R G A N I S A T I O N  

in clu d es  P IO N E E R S  in su lp h u ric  

a n o d isin g .

EXISTING CHROMIC ACID PLANTS 
RAPIDLY CONVERTED OR NEW  

PLANTS INSTALLED.

T h e  R U S H T O N  O R G A N I S A T I O N
173, C L A R E N C E  G A T E  G A R D E N S  

L O N D O N ,  N .W .I
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T e i , ;  E A L I N G .  I 1.71-5 G r a m s : S i e m e n s d y n ,  B r e n t f o r d

O f f i c e s  i n  L o n d o n .  B i r m i n g h a m ,  C a r d i f f ,  G l a s g o w .  M a n c h e s t e r ,  N e w c a s t l e  a n d  S h e f f i e l d

A  l i g h t  a l l o y  

c a s t i n g  u n d e r  

t h e  t u b e  o f  a  

s t a n d a r d  2 2 0  k V  

a p p a r a t u s  i n s t a l 
le d  in  o u r  A . I . D .

A p p r o v e d  T e s t  
H o u s e .

W e  build

I N D U S T R I A L  X - U A y  A D D A U A T U S
f o r  t h e  r a d i o g r a p h /  a n d  s c r e e n i n g  o f  l i g h t  m e t a l  c a s t  a n d  

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

E Q U IP M E N T  U P  T O  4 0 0  k V
FO R  S P E C I A L  A P P L I C A T I O N S
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A p p r o v e d  u n d e r  A i r  N a v i g a t i o n  R u l e s  

f o r  C i v i l  A v i a t i o n .

iI f  » ?

W e  c a n  h a n d l e  i t

We are specially equipped with large up-to- 

date plant, for anodising Aluminium and  its 

alloys in NATURAL OR COLOURED 

FIN ISH ES ; also Zinc,

Cadmium, EI-Tin, Silver,

Nickel and  o ther plating 

processes.

A.I.D. approved.

A N O D I S I N G  & P L A T I N G S  L T D .

D A Y  A N D  
N I C H T
S E R V I C E  _

V , TAL
T E C H N I C A L

N  o  n - F e r r o  u  s  
D I E  C A S T IN G  CO.LTD
N onferd ica W o rk s , N o r th  C ircu la r Road, 

C rick lew ood , L ondon, N .W .2  
'Phone : G LAdstone 6377

A t  th e  m o m e n t  o n ly  h a lf 
th e  s to r y  c a n  b e  to ld . 
N o t u n til th e  p e a c e  h a s  
b e e n  w o n  c a n  w e  te ll  y o u  
o f  th e  w a r  d e v e lo p m e n ts  
w h ic h  w ill b e  in c o r p o r a t e d  
in  th e  p o s t - w a r  d e s ig n  
a n d  m a n u fa c tu re  o f  o u r  
O p t i c a l - M e c h a n i c a l -  
E l e c t r i c a l  I n s t r u m e n t s  
a n d  A irc ra f t  E q u ip m e n t .

AVIMO LTD., TAUNTON
S o m e r s e t  ( E n g l a n d )

P R O B L E M S

W e have solved them  for G overnm ent 
departm en ts and o thers. Can we 
assist you in your post-w ar production  
plans ? O u r staff of technical experts  
will a t all tim es be happy to  give un
biased advice on any and every Die 
Casting problem  involving the  use of 
ALUMINIUM-BRONZE, ALUMINIUM 
ALLOYS, BRASS and WHITEMETAL.
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A te-head mould 
of Ihe Bronze Ago

B y  1800 B .C .— n e a r ly  4 ,000 y e a rs  ag o — th e  A n c ien t B rito n s  
in  K e n t w ere  c a s tin g  th e ir  ow n w eapons o f  th e  chase .

T o d a y  cas tin g s s till c o n s titu te  th e  fo u n d a tio n  o f  w eapons 
o f  w a r  an d  h a v e  still g re a te r  a p p lic a tio n  in  p eace .

A n d  in  K e n t  th e re  ex is ts  th e  firs t-c lass fo u n d ry  o f  K e n t  A lloys 
w h ich  is a t  y o u r  se rv ice  to  p ro v id e  c a s tin g s  o f  q u a li ty .

K E N T  A L L O Y S  L T D .
S P E C I A L I S T S  I N  L I G H T  M E T A L  C A S T I N G S

Head Office .... Rochester .... Kent
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H o t  B r a s s  P r e s s w o r k ,  

M e t a l  P r e s s i n g s  o r  

M a c h i n e d  B r a s s w o r k  a r e  

w h a t  w e  s p e c i a l i s e  i n —  

a n d  w e  a r e  q u i t e  s u r e  
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caused by co rro s io n  and 
V itrification  Spaillng.

¡If a suitable design of b u rn er is used, the 
troub le  can usually be overcom e by using 
a High Alumina Firebrick such as NETTLE 
(42/44%  Alum ina)—a po in t proved by the 
practical experience of several custom ers. 
An additional p ro tec tion  to  th e  brickw ork 
by washcoating w ith Maksiccar II. o r  Stein 
Sillimanitc C em ent will often be found 
econom ic. F u rth e r inform ation will be 
gladly supplied on request.
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B r o n z e  o f  c e l l u l a r  

s t r u c t u r e  i m p r e g n a t e d  

w i t h  l u b r i c a t i n g  o i l

“ O ilite”
reduces bear
ing failures to  a 
m inim um  w herever it 
is applied to  suitable com 
ponents . T h e  lu b rican t con ten t 
is am ple to  cope w ith  variations in 
speed and load o v e r a considerab le  range, 
and will d o  this con tinuously  d u rin g  the life 
o f  the com ponen t, w hilst, w here necessary, add i
tional lubrication  can be readily em bodied  in the 
design w ith o u t difficulty. T he accuracy o f  finished 
d im ensions and lim its is equal to  that o f  the highest 
grade m achined bearings, thus m aking  fo r ease of 
assem bly and fitting . A s an alternative to  force 
fitting. " O ilite ”  can, if  desired , be em bodied  
in L ig h t M etal D ie C astings d u rin g  casting, 
thus reducing  the m anufactu ring  oper
ations o f  the com ponen ts , a lthough  
O il m ust be im pregnated  later.
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always n ea t and tidy . Large ad justab le  angled tabs red u ce  filing and finding tim e  tt  
seconds. Shannoblic fits y o u r filing cab inets and m o st deep  desk  d raw ers, o r  a smal 
uni t  is available fo r desk  to p  use. Send I d. stam p  for leaflet (Paper C o n tro l O rd e r  48)
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K I T C H E N  T R A N S F O R M A T I O N

The kitchen  of fifty years ago spe lt rom ance to  th e  young but 
un to ld  toil to  th e  cook. T here  m ight be a c rick e t on th e  hearth , 
b u t th e re  w ould be beetles in th e  w ainscot, d u st and heat every
w h e re , unnecessary  w aste of fuel and of human labour. The 
m odern  c o u n te rp a r t is an amazing co n tra s t in light and space, 
handiness and hygiene. The old sleepily  singing cast iron  kettle  
and th e  massive saucepan have given way to  th e  beautifully  clean, 
fea th erw eig h t al umi ni um eq u ipm en t, good to  look a t and easy 
to  cook w ith , p leasan test of p ic tu res in a m odern  fram e —all 
within the lifetime o f the British Aluminium Company Ltd.
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EDITORIAL OPINION
Roll Up ! Roll Up !

F ESTIVITIES during Bank Holidays on Hampstead Heath were, in pre
war days, enlivened by the cries of the hoopla and coconut-shie men 
enjoining merry-makers to pay their money and try their skill at winning 

for nothing those shiny new watches or milky nuts that no amount of money 
can purchase nowadays. During the period which began on May 30, however, 
and will end on July 14, Messrs. Selfridge, Ltd., need no such whippers-in 
to attract sightseers to the Aluminium Exhibition, for, in all, these average 
some 11,000 per day.

Possibly we may be considered as prejudiced witnesses, for the subject 
matter of the display is very near to our hearts, and care was taken from the 
very first to ensure that presentation should be as faultless as humanly possible. 
Nevertheless, we believe it is true to say that every one of those responsible 
for the organization of "Aluminium—from War to Peace" has been more 
than gratified by the reception accorded to it by the public.

No secret formula or magic spell is responsible for the success achieved: 
continuity of presentation and singleness of aim are the factors to which this 
must be attributed, and the Exhibition Committee and the Management and 
staff of Messrs. Selfridge are to be congratulated on their insistence in main
taining the rigid standard first laid down during initial discussions on the 
project. In " Aluminium—from War to Peace,” a very:great service has been 
rendered to aluminium users throughout this country, to export interests, 
and to buyers from the Dominions and abroad. When its allotted time in 
London has elapsed, it is hoped that those in the provinces may have an 
opportunity of visiting the exhibition and of expressing in turn, as they will, 
the enthusiasm aroused at the initial showing, for, truly, it may be seen a 
dozen times, and yet not lose in novelty.
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All at Sea
A T this late date in the history of metals (and of light and ultra-light metals 

in particular), need no longer exists to refer again to the essential fallibility 
of pure laboratory tests for determining resistance to corrosion in service.

On factory roofs and laboratory window-sills, in the chief chemist’s bath
room, and in selected spots at less-popular seaside resorts, we invariably find 
a neat array of metal strips or panels suitably arranged to obtain maximum 
benefit from the sporadic bursts of sunshine experienced in these islands; from 
fumes produced by laboratory assistants in a hasty attempt to remove excess 
acid with ammonia, from steam arising from the statutory “ five inches” in 
the morning tub, or from corrosive media invariably present in inshore waters. 
Railway tunnels, domestic geysers, even the common chimney, too, are all 
apt to be found carrying these mysterious tablets: the country is plastered 
with such specimens, in every conceivable metal and alloy, treated at its surface 
with every known concoction or by every known process devised by man or 
ordained by providence.

Simultaneously, at selected centres, alternating dip apparatus or the con
ventional humidity chamber or salt spray will be found in full blast, yet the 
grievous fact must be admitted, these combined operations, in very rare 
instances only, achieve more than mediocre success, for an alloy which appears 
to stand up satisfactorily to the ozone and salt-laden air of Southend is quite 
likely to fail if exposed to the effluent from the Yellow River, whilst the 
specimen which corrodes like fun in the flue of the household geyser with
stands most creditably the worse onslaughts to which it may be subjected in 
the gasworks. High-purity magnesium ingot can be stockpiled in the open 
air for months on end in the pure dry air of Central Canada. Similar metal 
behaves remarkably well even in our own moisture-laden, smoky atmosphere, 
but few magnesium founders would agree to take this fact at its face value 
and leave their metal lying for long in a nearby field.

It is because of this that, nowadays, final judgment as to the suitability of a 
material for a given purpose is invariably based on an actual service test. 
Wrong conclusions, however, must not be drawn: laboratory tests, as we all

B R IT IS H  A IR C R A F T  E X H IB IT IO N

\ A / E  w ould  d ire c t  r e a d e rs ’ a t te n tio n  to  th e  c o m p reh en siv e  d isp lay  of British 
v  a irc ra ft w hich is being  ex h ib ited  on  th e  John  Lewis s ite  in O xfo rd  S tre e t, 

L ondon, u n d e r  th e  auspices o f th e  M in istry  o f A irc ra ft P ro d u c tio n , w ith  th e  
assistance o f th e  M inistry  of In fo rm ation .

A L U M IN IU M — F R O M  W A R  T O  P E A C E

IN  resp o n se  to  n u m e ro u s  re q u e s ts  from  public, com m ercial and industria l 
in te re s ts , M essrs. S elfridge have a rra n g ed  th a t  th e  e x h ib itio n  “ Al umi n i um— 

from  W a r  to  P eace ,”  n o w  being held a t  th e i r  s to r e  in O x fo rd  S tre e t , will 
co n tin u e  until S atu rday , July 14.
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k n o w ,  h a v e ,  i n  t h e  p a s t ,  y i e l d e d  d a t a  o f  i n f i n i t e  v a l u e  t o  t h e  p u r e  r e s e a r c h  m a n  

a n d  t o  t h e  i n d u s t r i a l i s t .  W h a t  m i g h t  b e  t e r m e d  “ g e n e r a l  ’ ’ e x p o s u r e  t e s t s ,  

a g a i n ,  h a v e  y i e l d e d  f u r t h e r  i n f o r m a t i o n  c o n f i r m i n g ,  o r  s o m e t i m e s  c o n f l i c t i n g  

w i t h ,  t h e  r e s u l t s  o f  e x p e r i m e n t s  i n  v i t r o : a s  i s  w e l l  k n o w n ,  t h e  f i n a l  s e r v i c e  

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

I n  c o n n e c t i o n  w i t h  t h e  u s e  o f  l i g h t  a n d  u l t r a - l i g h t  a l l o y s  u n d e r  m a r i n e  c o n 

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

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

r e f e r e n c e  t o  c e r t a i n  e x p e r i e n c e s  r e c o r d e d  i n  t h e  P a c i f i c  w a r  z o n e .

It is against this general background that we draw attention to the opening 
account in this issue of “ Light Metals.” Here is described how a ship set 
sail, gaily festooned with some 150 castings of various types in different alu
minium and magnesium alloys; all had been variously treated, and distribution 
and controls were so arranged that some true opinion, it was hoped, could be 
formed of the behaviour of the alloys on re-examination after the vessel had 
returned to port.

It so happened, however, that the voyage was a little more protracted than 
had been expected, and many months elapsed before the trial castings were 
seen again. They had been exposed to almost every type of hazard that every 
sea and ocean could summon up.

It is not our purpose here to attempt a detailed analysis of the results; these 
will be found, summarized rather briefly, it is true, in the record to which we 
have referred. We would point out, however, that photographs of all the 
surviving specimens (and some, unfortunately, were lost in transit) have been 
reproduced in order to demonstrate quite conclusively that all too much of 
the loose talk regarding vulnerability of aluminium and magnesium to sea
water attack is based on very insecure grounds. Certainly, some specimens 
have been markedly corroded; however, we are left wondering what would 
have happened, say, to mild-steel test pieces exposed under similar conditions 
in the same sites.

To those who still doubt the wisdom of exposing light alloys to the perils of 
the sea (and some such doubters still roam abroad), we recommend at least a 
close study of these illustrations. The original photographs may, if necessary, 
be consulted in the files of the Aluminium Development Association.
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LIGHT ALLOYS UNDER MARINE CONDITIONS
B r i e f  N o t e  S u m m a r i s i n g  R e s u l t s  

o f  E x p o s u r e  T e s t s  o n  a  R a n g e  

o f  S m a l l  C a s t i n g s  i n  E i g h t  a n d  

U l t r a - E i g h t  A l l o y s ,  S u b j e c t e d  to

in terest—a history  detailing  th e  failures as well 
as the successes; in the absence of such an 
account, one m ay only suspect th a t  am ongst 
the  failures would be found ill-conceived 
a tte m p ts  to use un trea ted  alum inium  in 
situa tions incom patib le w ith its  chem ical

D i f f e r e n t  P r o t e c t i v e  T r e a t m e n t s , 

D u r i n g  a  P r o l o n g e d  V o y a g e  

w i t h  W i d e  V a r i a t i o n s  o f  

C l i m a t e  a n d  C o r r o s i o n  H a g a r d

properties. D uring w hat m ight be described 
as the  alum inium  peace years—th a t  is, from 
1 9 1 9  to  1 9 3 9 —developm ents in corrosion- 
resis tan t trea tm en ts  and  in the alloys them 
selves took place th a t  should have  negatived 
ac tive  opposition to their use. P erhaps th e

PE R H A P S  the  m ost frequent objection p u t 
forward by engineers and  designers w ho 
should be in terested  in the structu ra l 

potentialities of light m etals is th a t " they  
corrode.”  One is tem pted  to reply th a t  steel 
rusts, and  th a t  i ts  effective use often depends 
upon su itab le  p ro tective trea tm en t such as 
plating, or, more sim ply, red-lead pain ting . I t  
is, indeed, n o t far from  the  tru th  to  say th a t 
there  is some corrosion problem  associated 
w ith the  use of all com m ercial m etals. W hy, 
then , should the ligh t alloys of alum inium , and 
th e  u ltra-ligh t alloys of m agnesium  be picked 
o u t for special condem nation?

It has been pointed ou t th a t  a history of the 
engineering uses of alum inium  would be of great

Plate I

best exam ple of such developm ent in each case 
is the  anodic ox idation  process and  the 
m agnesium  - alum inium  alloys respectively. 
Anodic oxidation is accepted by  the  engineering 
world as being th e  surest protection scheme 
to  be specified; w hilst th e  nam e "  B irm a- 
b rig h t,”  and  those of alloys like it, are 
synonym ous w ith corrosion resistance. T his is 
all well know n, of course, to  aeronautical 
engineers, b u t still the  trad itio n  of extrem e 
corrodibility  persists in the  engineering world 
a t  large.

.Magnesium-base alloys, however, have no t 
achieved their coming-of-age in th is  respect. 
N ot only have  th ey  been used too often 

(Continued on page 31 43

Plate I
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solely (and often unwillingly) because of low 
specific grav ity , and in sp ite of alleged poor 
corrosion resistance, b u t th ey  are  often 
frankly  th o u g h t of as being purely  a ircra ft 
m aterials having m eagre post-w ar commercial 
potentialities.

I t can be agreed th a t  m agnesium  is chem ic
ally active, b u t  its  position a t  the  ac tive end 
of the  electro-chem ical series has influenced too 
m uch, it  is suggested, the  though ts of m any 
w riters on m agnesium . Again, the  adversely 
critical views of engineers on m agnesium  alloys 
are too often based on w h at they  rem em ber of 
their schoolboy 's e lem entary  chem istry.
M agnesium is alm ost im possible to  use, they  
argue, for even boiling w ater is decomposed by 
it (forgetting th a t  such knowledge is based upon 
th e  reaction of pure m etallic m agnesium  in the 
form of pow der or th in  ribbon, w hich is
obviously a very different m a tte r  from the 
oxidation reactions of com paratively  massive 
magnesium  alloy castings or forgings).

I t  is, of course, tru e  th a t  early productions 
of m agnesium  castings were often contam inated  
by flux inclusions, b u t the troub le can now be 
said to  have  been elim inated. Such teeth ing  
troubles are unfortunately , and, it m ay be 
suggested, unreasonably, rem em bered now th e  
child has grown up. L e t them  be forgotten,
from now on.

A uthorities vary  considerably in the
em phasis they  p u t  on th e  corrodibility  of 
m agnesium alloys. C arpenter and R obertson  in 
"  M etals "  (Oxford U niversity  Press, 1 9 3 9 ) list 
am ongst "  the m ost notab le  characteristics of 
m agnesium  . . .  its  chem ical ac tiv ity  w hich 
gives it  a  low resistance to  corrosion while, 
on the  o th er han d , H augh ton  and  P ry therch : 
“ M agnesium and  its Alloys "  (H .M .S.O ., 1 9 3 7 ), 
a lthough  sta ting  th a t  the reactive n atu re  of the

(Continued from page 309) m etal causes it to corrode very readily , record 
the  interesting  fac t "  th a t  a  piece of m agnesium  
alloy and  a  piece of steel were left exposed on 
a window-sill for ab o u t a  year. A t the end of 
th is period the  m agnesium  alloy was only 
ligh tly  coated  w ith corrosion p roduct, while 
steel w as covered w ith a  th ick  lay er of ru s t."

L abora to ry  corrosion tests often seem m erely 
to  confirm th e  fac t th a t  m agnesium  alloys 
corrode, w hilst, indeed, it  is doubtfu l if any  
correlation exists betw een th e  results of sa lt 
spray , in te rm itten t im m ersion, con stan t im m er
sion and  service conditions. L abora to ry  tests 
m ay serve to  m ake com parisons betw een the 
resistance of differently trea ted  te s t sam ples, 
th e  re su ltan t order of m erit finding reflection 
in the  g radation  of p ractical results to  be 
expected  w hen the  sam e finishes are used under 
service conditions. I t  is felt, how ever, th a t, 
too often, the  experim ental resu lts ap pear to 
be so poor th a t  it  is n o t likely th a t  th e  m aterial 
would ever get as far as practical applications.

Now w hatever be th e  t ru th  of th e  corrodi
b ility  of lig h t alloys under su itab le  service 
conditions, it  m ay  be repeated  once m ore th a t, 
in the  app lication  of bo th  alum inium -base and 
m agnesium -base alloys, there  is a  m inim um  
protection  schem e to  be specified. Anodic 
oxidation has been m entioned in the  case of 
alum inium  alloys, w hilst th e  stan d ard  tre a t
m ent for m agnesium  alloys is the one known 
as R .A .E . 3 0 -min. chrom ate trea tm en t. 
A lthough these trea tm en ts  are  p ro tec tive  to 
some ex ten t, their chief value is in th e  fact 
th a t  th ey  a c t as key films for subsequent 
pain ting .

M any p a in t schem es have  been proposed, 
and, indeed, some are  sufficiently standardized  
to  be included in th e  D .T .D . series of M inistry 
of A ircraft P roduction  specifications. G reat 
in terest centres around lacquers based upon 
syn the tic  resins a t  th e  p resen t tim e, as is

T ab le  1.— D etails o f Sam ples T ested .

No. Plate Alloy Type of 
Casting T rea tm en t Lacquer Scheme

1 AS 1-6 5 D.T.D. 133b Sand A nodized Stoving
2AS 1-6 7 D.T.D. 133b Sand Anodized A ir-drying
3AS 1-6 5 D.T.D. 133b Sand Nil Nil
1 AD 1 6 3 D.T.D. 133b Die A nodized Stoving
2AD 1-6 2 D.T.D. 133b Die A nodized A ir-drying
3AD 1 6 6 D.T.D. 133b Die Nil Nil

1BS 1-6 5 D.T.D. A 2 A Sand A nodized Stoving
2BS 1-6 1 D.T.D. A 2 A Sand A nodized A ir-drying
3BS 1 6 1 D.T.D. A 2 A Sand Nil Nil
1BD 1-6 6 D.T.D. A 2 A Die A nodized Stoving
2BD 1-6 7 D.T.D. A 2 A Die A nodized A ir-drying
3BD 1-6 3 D .T.D . A 2 A Die Nil Nil

1CS 1-6 A D.T.D. 165 Sand A nodized Stoving
2CS 1-6 1 D .T.D. 165 Sand A nodized A ir-drying
3CS 1-6 3 D.T.D. 165 Sand Nil Nil
1 CD 1-6 2 D .T.D. 165 Die A nodized Stoving
2CD 1 6 2 D.T.D. 165 Die A nodized A ir-drying
3CD 1-6 1 D.T.D. 165 Die Nil Nil

1DS 1-6 6 D.T.D. 136a Sand \  C hrom ated  f Scoving
2DS 1-6 7 D.T.D. 136a Sand (R.A.E. 30-m inutes) 1 A ir-drying
5DS 1-6 1 D.T.D. 136a Sand Nil Nil
1 DD 1-6 A D.T.D. 136a Die \  Chrorrvated Stoving
2DD 1-6 A D.T.D. 136a Die (R.A.E. 30-m inutes) 1 A ir-drying
5DD 1-6 A D.T.D. 136a Die Nil Nil



LIG H T METALS

Plate 6

IBD4

I0S4

■ ■ ■■

3AD63AD3

3AD4



316 LICHT METALS July, 1945

Plate 7

2AS4

2503 2 BD+ 2 ED6



July, 1945 LIGHT METALS 317

T able 2.— D istrib u tio n  of Specim ens.

Exposed S heltered  Deck S heltered

V V o o a o
Stoving •j— A ir-drying n Stoving A ir-drying _rt Stoving n A ir-drying 23u. CL. a. Q- Cl. CL

Sand cast Sand cast Sand cast Sand cast Sand cast Sand cast
1 AS 1 and 2 5 2AS 1 and 2 7 1AS 3 and 4 5 2AS 3 and 4 7 1 AS 5 and 6 5 2AS 5 and 6 7
1BS 1 and 2 5 2BS 1 and 2 1 1 BS 3 and 4 5 2BS 3 and 4 1 1 BS 5 and 6 5 2BS 5 and 6 1
1CS 1 and 2 4 2CS 1 and 2 1 1CS 3 and 4 4 2CS 3 and 4 1 1CS 5 and 6 4 2CS 5 and 6 1
1DS 1 and 2 6 2DS 1 and 2 7 1 DS 3 and 4 6 2DS 3 and 4 7 1 DS 5 and 6 6 2DS 5 and 6 7

Die cast Die cast Die cast Die cast Die cast Die cast
1 AD 1 and 2 3 2AD1 and 2 2 1 AD 3 and 4 3 2AD 3 and 4 2 1 AD 5 and 6 3 2AD 5 and 6 2
1BD 1 and 2 6 2BD 1 and 2 7 1 BD 3 and 4 6 2BD 3 and 4 7 1 BD 5 and 6 6 2BD 5 and 6 7
1 CD 1 and 2 2 2CD 1 and 2 2 1CD 3 and 4 2 2CD 3 and 4 2 1CD 5 and 6 2 2CD 5 and 6 2
1DD 1 and 2 4 2DD1 and 2 4 1D D 3 and 4 4 2DD 3 and 4 4 1DD 5 and 6 4 2D D 5 and 6 4

som ew hat n a tu ra l. B oth  s to rin g  and  air-drying 
schem es are in use.

An interesting  field te s t in w hich representa
tive lig h t alloys, bo th  alum inium -base and 
magnesium-base, were su bm itted  to exposure on 
board  sh ip  has recently  been carried  ou t by 
Magnal P roduc ts L im ited, in the  course of tests 
on lacquers developed by th a t  com pany for the  
pro tection  of light alloys.

Sand and  die-castings in th e  following 
specifications, R .R . 5 0  (D .T .D . 1 3 3 b), D .T .D . 
.1 2 4 , “  B irm a b r ig h t"  (D .T .D . 1 6 5 ), and
“ E lek tron  A.Z. 9 1  "  (D .T .D . 1 3 6 a ) , were
exposed in various locations on board  a tanker. 
Each set, excep t one, of alum inium  alloy cast
ings in each alloy group were anodized, and 
fu rther p ro tec ted  w ith one coat of zinc chrom e 
air-drying or stoving prim er hav ing  a  syn the tic  
resin base followed by  one coat of alum inium  
pigm ented sy n th e tic  resin base air-drying or 
stoving top coat; sim ilarly, th e  m agnesium  
alloy castings were chrom ated , and  followed by 
one of the  schem es detailed above. A com plete 
set of castings in each alloy group were allowed 
to  rem ain in the  "  as-cast ”  condition, p a rtly  
in o rder to  a c t  as a control set, and  p a rtly  to 
determ ine the  inheren t corrosion resistance of 
the  alloys under test.

Table 1  gives particu lars of sam ples trea ted  
together w ith  reference num bers serving as 
index to  th e  illustrations.

Table 2  show s th e  ship positions in which 
the  sam ples were exposed. Two specim ens of 
each alloy group were tested on the  deck 
(exposed position), and  in the  chief engineer's 
office (sheltered deck position), and in the  
engine room (sheltered position).

T he sam ples were subjected to  extrem es of 
tem pera tu re  during  th e  1 3  m onths they  were a t  
sea, for th e  journey was as follows: E ngland— 
New Y ork—P anam a—Pacific Ocean—F alk land  
Isles — A ntarctic — South Africa — Persia — 
A ustral ia—Pa 11 a m a —C u ra ç a o—E  ngl a n d .

T he sam ples afte r te s t were exam ined 
visually , w hich is perhaps n o t a  very  satisfac
to ry  m ethod of assessing corrosion te s t results 
in general, b u t serves to  show gradation  of 
resu lts of casting  p ro tection  in an  extended 
te s t as this. T he full value of th e  te s t w as 
probably  lo st in so far as some of th e  sam ples 
were really tested to  destruction  and  1 1 0  
inform ation was obtained  on th e  length  of 
useful life, for obvious reasons. M any 
criticism s m ay  no d o u b t be m ade of th e  test, 
b u t th e  fac t rem ains th a t  interesting  and 
instructive results were obtained. T he illus
tra tio n s should be carefully  studied.

G eneral conclusions m ay be sum m arized: 
B irm abrigh t w as far and  aw ay the  b es t alloy 
for corrosion resistance. T he alloys K R  5 0  
an d  D .T .D . 4 2 4  were app rox im ately  equal, 
w hilst th e  m agnesium  alloy cam e last. B u t 
even a lthough  th e  sam ples fell in th is 
expected order there were m any surprises, and 
it  is suggested th a t  a  false im pression would be 
obtained  if this s ta tem en t were accepted a t  its 
face value. For, w ith  reference to location, 
p ro tected  m agnesium  alloy stood up surpris
ingly well in the  sheltered deck position and 
pro tection  w as ad eq u a te  for use in sheltered 
positions. I t  m ay be concluded th a t  lacquered 
B irm abrigh t, R R  5 0  and  D .T .D . 4 2 4  are su it
able for exterior and  in terio r use, w hilst non
lacquered alum inium  alloys, b u t especially

T able 3.— D istrib u tio n  of C o n tro l “ A s-c a s t”  Specim ens.

Exposed S heltered deck Sheltered

V V o o V O
Sand cast n Die cast rt Sand cast rt Die cast rt Sand cast rt Die cast rt

Q_ CL CL a. CL CL

3 AS 1 and 2 5 3 AD 1 and 2 6 3 AS 3 and 4 5 3 AD 3 and 4 6 3 AS 5 and 6 5 3 AD 5 and 6 ó
3 BS 1 and 2 1 3 BD 1 and 2 3 3 BS 3 and 4 1 3 BD 3 and 4 3 3 BS 5 and 6 1 3 BD 5 and 6 3
3 CS 1 and 2 3 3 CD 1 and 2 1 3 CS 3 and 4 3 3 CD 3 and 4 1 3 CS 5 and 6 3 3 CD 5 and 6 1
5 DS 1 and 2 1 5 DD 1 and 2 4 5 DS 3 and 4 1 5 DD 3 and 4 4 5 DS 5 and 6 1 5 DD 5 and 6 4

N ote.—It will be observed from  the  illustrations th a t unfortunately  som e o f  th e  specim ens are missing ; 
perhaps this is only to  be expected considering the  nature of the  test.



318 LIGHT METALS July, 1945

B irm abrigh t, and  lacquered m agnesium  alloy 
are su itab le  for in terior fittings.

The results showed one fu rther unexpected  
p roperty  of lacquer films. I t  is broadly  
accepted th a t  a ir-drying lacquers are m arkedly  
inferior to  stoving lacquers, and  y e t th e  tests 
show under these conditions th a t  an air-drying 
lacquer exhibited  b u t  a  slight tendency to 
flake, and  hence show ed b e tte r  adhesion and 
corrosion resistance.

The practical lesson m ay be gathered  from 
th is extensive field te s t th a t  light alloys should 
be tested  o u t under ac tual service conditions, 
for until th a t  is done, su itab ility  for purpose 
and  choice of p ro tec tive  schem e canno t be fore
cast. W ho would have  said th a t  m agnesium - 
alloy castings even protected  w ith  th e  best 
pro tective m ethods known a t  presen t would be 
adequate  for use in the  m arine atm osphere of a 
sh ip 's  engine-room?

H e a t  T r e a t m e n t  o f

MAGNESIUM-ALLOY CASTINGS
C o n c l u d i n g  f r o m  “ L i g h t  M e t a l s i $ 4 j / 8 / i y 2 , a  C o m 

p r e h e n s i v e  S u r v e y  o f  t h e  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  T e c h n i q u e  a n d  P l a n t  R e q u i r e m e n t s  f o r  t h e  H e a t -  

t r e a t i n g  o f  U l t r a - l i g h t - a l l o y  C a s t i n g s  a r e  D i s c u s s e d ,  a n d  

R e f e r e n c e  i s  M a d e  to  t h e  U s e  o f  I n e r t  A t m o s p h e r e s

IT  w ill h a v e  been  in fe rre d  f ro m  p reced in g  
a r t ic le s  t h a t  th e  u su a l m a g n e s iu m  a llo y s  
a re  th o se  w h ich  c o n ta in  a b o u t  8  to  1 1  p e r 

c e n t, o f a lu m in iu m  a n d  sm a ll a m o u n ts  of 
z inc  in  th e  o rd e r  o f a b o u t  I p e r  c e n t . In  
a d d i t io n ,  n o rm a l a llo y s  c o n ta in  a  sm a ll p e r 
c e n ta g e  o f  m a n g a n e se  to  im p ro v e  co rro s io n  
re s is ta n c e , b u t  th is  c o n s t i tu e n t  d o e s  n o t  
a p p e a r  to  ta k e  p a r t  in th e  s t r u c tu r a l  c h a n g e s  
d u e  to  h e a t  tr e a tm e n t .

T h e  p r in c ip le  o f  h e a t  t r e a tm e n t  o f 
m a g n e s iu m  a llo y s  is  to  o b ta in  a  so lu tio n  
o f  a n  in te rm e ta l lie  c o n s t i tu e n t ,  w h ich , 
s e p a ra tin g  o u t  d u r in g  so lid if ica tio n  a n d  
n a tu r a l  c o o lin g , is ta k e n  in to  so lid  s o lu tio n  
b y  m ean s o f  th e rm a l t r e a tm e n t  a t  a  te m 
p e ra tu re  a  l i t t le  b e lo w  t h a t  a t  w h ich  th e  
c o n s t i tu e n t  is  a c tu a l ly  m o lte n . I t  is n o t  
n e c e ssa ry , fo r  o u r  p u rp o se , to  re v ie w  th e  
v a r io u s  e s t im a te s  t h a t  a p p e a r  in  th e  l i te ra 
tu r e  o n  th e  a c tu a l  p e rc e n ta g e  so lu b ility ' o f 
th e  a lu m in iu m -m a g iie s iu m  c o m p o u n d  a t  
ro o m  te m p e ra tu re  a n d  a t  te m p e ra tu re  o f 
c o m p le te  so lid if ic a tio n . T h ese  e s tim a te s  
a re , in  f a c t ,  w id e ly  d iffe re n t.

T h e  effec t o f  th e  h e a t  t r e a tm e n t  d e sc rib ed , 
m o re  a c c u ra te ly  te rm e d  “  so lu tio n  t r e a t 
m e n t ,”  is  to  im p ro v e  th e  m e c h a n ic a l p ro p e r 
t ie s , a n  a p p re c ia b le  e n h a n c e m e n t o f  ten s ile  
s t r e n g th  a n d  d u c t i l i ty  b e in g  o b ta in e d . T h e  
0.1 p e r  c e n t ,  p ro o f  s tre s s  a n d  B rin e ll  h a r d 
n ess  a re  b u t  s lig h tly  a ffe c ted . A s in d ic a te d , 
t h e  te m p e ra tu re  o f  so lu tio n  t r e a tm e n t  is 
a b o u t  430 d e g re e s  C ., a s  th e  m e lt in g  p o in t  
o f  th e  c o n s t i tu e n t  w h ic h  is to  be  d isso lv ed  
to  435 d eg rees C.

T h e  p h y s ic a l fo rm  a n d  size o f  th e  e u te c tic  
c o n s t i tu e n t  is such  th a t  c o m p a ra tiv e ly  lo n g  
p e r io d s  a t  t r e a tm e n t  te m p e ra tu re  a re  
re q u ire d  to  p ro d u c e  a d e q u a te  so lu tio n . In  
p ra c tic e  c o m p le te  so lu tio n  is se ldom  
a c h ie v e d . C a s tin g s  so t r e a te d  m a y  be  
f u r th e r  h e a te d  a t  a  te m p e ra tu re  o f  250 
d eg rees  C. t o  g iv e  a  fu r th e r  im p ro v e m e n t 
in  te n s ile  s t r e n g th .  T h is  c o n d i t io n  is k n o w n  
a s  ”  f u l ly  h e a t  t r e a t e d ,”  o r  is  d e sc rib e d  as 
b e in g  “  so lu tio n  t r e a te d  a n d  a g e d  ” ; in  th is  
c o n d it io n  th e  0 . 1  p e r  c e n t ,  p ro o f  s tre s s  a n d  
B rin e ll h a rd n e ss  a re  in c rease d ; th e  e lo n g a 
t io n , h o w e v e r, is  d ecreased .

B r it ish  a i r c r a f t  d e s ig n e rs  u su a lly  sp ec ify  
m a g n e s iu m -a llo y  c a s t in g s  to  be  e i th e r  in  th e  
a s -c a s t  o r  s o lu tio n - tre a te d  c o n d it io n , in  
sh a rp  d is t in c tio n  to  A m erican  re q u ire m e n ts  
w h ic h , a lm o s t  w ith o u t  e x c e p tio n , a re  fo r 
fu lly  h e a t- t re a te d  c a s tin g s ; no  e x p la n a tio n  
c a n  be o ffered  fo r  th is  d iffe ren ce  in v iew 
p o in t.

T h e  th e rm a l t r e a tm e n t  k n o w n  as 
“  a n n e a l in g  ”  is  so m e tim e s p ra c tis e d  to  
re liev e  c a s t in g  s tre s se s , b u t  in  th i s  ca se , in 
w h ich  a  lo w  te m p e ra tu re  t r e a tm e n t  is g iv en  
to  a s -c a s t  m a te r ia l , no  im p ro v e m e n t in 
m e c h a n ic a l p ro p e r t ie s  is  o b ta in e d . T h e  
ch ie f  a d v a n ta g e  o f  a n n e a lin g  lies in  th e  fa c t  
t h a t  c a s t in g s  o f  th in  se c tio n  a re  n o t  so 
lik e ly  to  d is to r t  d u r in g  s u b s e q u e n t m a c h in 
in g  o p e ra t io n s  d u r in g  w h ich  th e  c a s t  sk in  
is rem o v ed . I t  sh o u ld  be  m e n tio n e d  t h a t  
th e  D T D  S pecifica tions c o v e r in g  so lu tio n -  
t r e a te d  m a g n e s iu m -a llo y  c a s t in g s  a n d  fu lly  
h e a t- t re a te d  m a g n e s iu m -a llo v  c a s tin g s  a re
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n u m b e re d  281, 289 a n d  285 re sp e c tiv e ly . 
T h e  a llo y s  to  th e  sp e c ifica tio n  D T D  59A 
a n d  136A a re  th e  a s -c a s t  fo rm s  o f these  
h e a t- t re a te d  a llo y s . F o r  th e  p u rp o se  ,o f  
c o m p a riso n  th e  fo llo w in g  ta b le  is g iven  to  
sh o w  th e  sp e c ific a tio n  r e q u ire m e n ts :—

in g s, w h en  rem o v ed  f ro m  th e  b a th ,  a re , of 
co u rse , co v e red  w ith  a  film  o f  so lid ified  
c h ro m a te  s a l ts  w h ich  h a v e  to  be re m o v e d  b y  
w ash in g . T h e  d r a g -o u t  lo ss is, th e re fo re , 
co n s id e ra b le , b u t  a b o v e  a ll th e re  is  th e  
d a n g e r  o f  th e  in c id en ce  o f d e rm a ti t is  asso-

As cast Solution treated Solution treated and aged

U.T.S. 
tons/sq. in.

Elong.O'/O U.T.S. 
tons/sq. in.

Elong.
°o

U.T.S. 
tons sq. in.

Elong./O
DTD 59A 9 2 DTD 289 13 6
DTD 136 A 8 — DTD 281 13 U DTD 285 13 1

T h e  m e th o d  b y  w h ich  h e a t  t r e a tm e n t  is 
p e rfo rm e d  w ill n o w  be  d esc rib ed .

T h e  s im p le s t m e th o d  of h e a t in g  m ag - 
n e s iu m -a llo y  c a s tin g s  to  th e  s o lu tio n - tre a t-  
m e n t  te m p e ra tu re  is b y  th e  use o f  th e  
fu se d -c h ro m a te  s a l t  b a th ,  in  w h ich  a  
m ix tu re  o f  p o ta s s iu m  d ic h ro m a te  a n d  
so d iu m  d ic h ro m a te  is  h e a te d  to  c au se  
m e ltin g . T h e  d es ig n  o f e q u ip m e n t is, o f 
co u rse , s im ila r  t o  t h a t  u sed  fo r  th e  t r e a t 
m e n t  o f  a lu m in iu m  a llo y s  in  n o rm a liz in g . 
I t  sh o u ld  b e  em p h a s iz e d  a s  s tro n g ly  as 
p o ss ib le , h o w ev er, t h a t  th e  salts used jor  
a lum in ium  trea tm en t react exp losively  w ith  
m agnesium  alloys, and m u s t not on any  
account therefore be used in  conjunction  
w ith  the u ltra-ligh t alloys. T h e  s a l t  b a th  
m a y  be  h e a te d  b y  gas, o il, e le c tr ic i ty  o r  
so lid  fu e l, th e  fu rn a c e  d es ig n  a n d  flue 
a r ra n g e m e n ts  b e in g  su c h  t h a t  th e re  is  n o  
a p p re c ia b le  te m p e ra tu re  g r a d ie n t  w ith in  
th e  b a th .  T h e  c h ro m a te  s a l t  b a th  is, 
fu r th e r ,  e x tre m e ly  effic ien t in  h e a t  ex c h a n g e .

I t  sh o u ld  b e  n o te d  t h a t  m ag n e s iu m -a llo y  
c a s t in g s  a re  o f low er specific  g r a v i ty  th a n  
th e  m o lte n  s a l t  a n d , th e re fo re , th e y  f lo a t. 
T o  o v e rco m e  th is  d if fic u lty , c a s t in g s  t o  be  
t r e a te d  a re  lo a d e d  in to  a  p e r fo ra te d  m e ta l 
b a s k e t ,  th e  c a s t in g s  b e in g , in  th e  s im p le s t 
cases, se cu re d  b y  iro n  w ire .

I t  is  o f te n  fo u n d , h o w ev er, t h a t  o th e r  
m e a n s  o f s in k in g  h av e  to  b e  a d o p te d ,  fo r  a t  
th e  te m p e ra tu re  o f  t r e a tm e n t  th e  m a te r ia l  
h a s  l i t t le  m e c h a n ic a l s t r e n g th  a n d  is eas ily  
d is to r te d . I n  su c h  cases i t  is  n e c e ssa ry  to  
m a k e  use  o f  j ig s  d es ig n ed  to  s u p p o r t  th o se  
se c tio n s  o f a  c a s t in g  w h ich  m ig h t  w a rp  o n  
a c c id e n ta l  s tre s s in g  d u r in g  th e  p e r io d  o f 
im m e rs io n  in  th e  s a l t .  I r o n  jig s  m a y  be 
used  o n  th e  g ro u n d  o f  c h e a p n e ss , b u t ,  as 
th e y  w ill m a te r ia l ly  in c re a se  th e  w e ig h t o f  
c h a rg e  to  b e  lo a d e d , i t  is  p re fe ra b le  to  u se  
a lu m in iu m  jig s . T h e  specific  g r a v i ty  o f 
a lu m in iu m  jig s  is su ff ic ie n tly  h ig h e r  to  e ffe c t 
s in k in g . T h e  s a l t- b a th  m e th o d , th e n , is 
s im p le , th e rm a lly  effic ien t, a n d  c o m p a ra 
t iv e ly  in e x p e n s iv e  in  e q u ip m e n t c o s ts . 
P ra c t ic a l  d is a d v a n ta g e s  a re  t h a t  th e  c a s t-

c ia te d  w ith  ch ro m e  c o m p o u n d s . T h e  m e th o d  
is co v e red  b y  B r i t is h  p a te n ts .

I t  w as  lo n g  th o u g h t  t h a t  th e  s a l t- b a th  
m e th o d  p ro v id e d  th e  o n iy  s a t is fa c to ry  
m e a n s  o f  h e a t  t r e a t in g  m a g n e s iu m  a llo y s , 
fo r, a s  th e y  w ere t r e a te d  v i r tu a l ly  in 
a b sen ce  o f  a ir , n o  o x id a tio n  co u ld  ta k e  
p lace . T h is  o x id a tio n  w as fe a re d  t o  be  a n  
e v e r  p r e s e n t  p o s s ib il i ty  if a ir -c irc u la t in g  
o v en s  w ere u sed . I t  w a s  fo u n d , h o w ev er, 
t h a t  p ro v id e d  a  s u i t a b ly  c o n tro lle d  te m 
p e ra tu re  w as m a in ta in e d  w ith in  th e  o v e n , 
s ta n d a rd  e q u ip m e n t co u ld  b e  u se d . T h e  
p rin c ip le s  o f  in e r t  a tm o sp h e re s— t h a t  is, 
in e r t  a s  fa r  a s  m a g n e s iu m  is c o n c e rn e d —  
p re se n t  tw o  s a t is fa c to ry  a l te rn a t iv e s . F i r s t ,  
a n  a tm o sp h e re  m a y  be  used  fro m  w h ich  
o x y g en  a n d  m o is tu re  h a v e  b een  re m o v e d , 
a n d  se co n d , an  a tm o sp h e re  in  w h ich  su lp h u r  
d io x id e  o r  c a rb o n  d io x id e  is p re se n t  in  
su ffic ien t q u a n t i t ie s  to  re s t r a in  o x id a tio n . 
T o  m ak e  use  o f  th e  f irs t  p r in c ip le  i t  is  n e c e s
s a ry  to  u se  g a s -b u rn in g  a p p a r a tu s  g iv in g  a  
m ix tu re  o f g a se s  re su lt in g  f ro m  th e  in c o m 
p le te  c o m b u s tio n  o f to w n  gas , th e  g ases 
b e in g  n itro g e n , c a rb o n  m o n o x id e  a n d  c a rb o n  
d io x id e . T h e  w a te r  p re se n t in  th is  g as is 
re m o v e d  b y  p a s s in g  th ro u g h  so m e d e h y d r a t 
in g  s u b s ta n c e . T h is  m e th o d  is in  p ro d u c 
t io n  use, b u t  re q u ire s  c o n s ta n t  a n a ly t ic a l  
c h eck s  to  e n su re  a b se n c e  o f  free  o x y g e n . 
T h e  p re se n c e  o f  ev en  1 o r  2 p e r  c e n t ,  o f  th is  
e le m e n t is  su ff ic ien t to  c a u se  v io le n t  o x id a 
t io n  w ith  c o n s e q u e n t s c ra p p in g  o f  th e  w o rk . 
T h e  use  o f  in c o m p le te ly  b u r n t  g as h a s  b een  
ap p lie d  b o th  to  e lec tr ic  a n d  g as-fired  o v en s .

T h e  seco n d  m e th o d , c o n s is t in g  o f  th e  
in tro d u c tio n  o f  c a rb o n  d io x id e  o r  su lp h u r  
d io x id e , n e c e s s ita te s  th e  use o f a  c y lin d e r  
su p p ly  o f  th e se  gases, a l th o u g h  a  su p p ly  o f  
su lp h u r  d io x id e  m a y  be o b ta in e d  in  situ  b y  
th e  in tro d u c tio n  to  th e  c h a rg e  o f  iro n  
p y r i te s  d e c o m p o s in g  o n  h e a t in g  to  g ive 
su lp h u r  d io x id e . T h ese  m e th o d s  m a y  a g a in  
be  a p p lie d  to  n o rm a l e q u ip m e n t fired  b y  
e le c tr ic i ty  o r  gas . T h e re  is n e e d  fo r  p r a c 
t ic a l  in v e s tig a t io n  to  a s c e r ta in  ju s t  h o w  fa r  
th e se  a tm o s p h e re s  a re  re a l ly  e s se n tia l; 
A m erican  w o rk  h a s  sh o w n  t h a t '  a t  le a s t  fo r
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som e a llo y s , n o  a tm o sp h e re  re q u ire m e n ts  
need  be o b se rv e d ; i t  h a s  to  be  rem em b ere d  
t h a t  th e  su rface  c h a ra c te r is t ic s  o f th e  c o m 
p o n e n ts  m a y  h a v e  a  b e a r in g  on th is  su b je c t. 
In th o se  cases w here  a  c o r ro s io n -re s is ta n t, 
to u g h  c a s t  su rface  is p re se n t , in e r t  a tm o 
sp h e re s  m ay  n o t  be  n e c e ssa ry , a n d , a s  a  
m a t te r  o f  f a c t, a n  A m erican  p ro p o sa l to 
p r e - t r e a t  m a g n e s iu m  w ith  h y d ro flu o r ic  ac id  
in  o rd e r  to  p ro d u c e  a  p ro te c tiv e  film , h as  
been  fo u n d  to  be s a t is fa c to ry  o n  e x p e r i
m e n ta l  h e a t - t r e a tm e n t  b a tc h e s .

T h e  te c h n ic a l  im p lic a tio n s  o f  th is  in n o v a 
tio n  a re  su c h  t h a t  n o  a p o lo g y  need  b e  m a d e  
h ere  fo r  a  sh o r t  d ig re ss io n . S o m e w h a t u n 
fo r tu n a te ly , a s  w e h a v e  p o in te d  o u t  in 
e a r lie r  se c tio n s  o f  th is  a c c o u n t, th e re  is a 
te n d e n c y  in  c e r ta in  q u a r te r s  to  re g a rd  m a g 
nesiu m  a n d  m a g n e s iu m -b a se  a llo y s  a s  q u ite  
specia l .p h en o m en a  in  th e  m e ta llu rg ic a l 
w o rld . T o  a  lesser e x te n t ,  th e  sa m e  c o m 
m e n t a p p lie s  to  a lu m in iu m  a n d  a lu m in iu m - 
base a llo y s . T h e  d ifficu lties  w h ich  h a v e  
arisen  a s  a  r e s u lt  o f  th is  fa lse  a t t i t u d e  a re  
m a n y  a n d  se rio u s  in  th e  e n g in e e r in g  w orld ; 
so m e w h a t lu ck ily , h o w ev er, th e y  do  n o t  
e x e r t  a n y  m a te r ia l  in flu en ce  fo r h a rm  in 
c o n n e c tio n  w ith  p ro cess o p e ra tio n s .

T o  em p h a s iz e  th e  o rd in a ry  n a tu r e  o f  m a g 
nesium  i t  sh o u ld  be  re m e m b e re d  a t  once , 
t h a t  th e  use o f p ro te c tiv e  a tm o s p h e re s  to  
g u a rd  a g a in s t  su rface  d a m a g e  o r  m e ta l loss 
d u r in g  h e a t  t r e a tm e n t  is n o t  co n fin ed  to  th e  
u l tra - l ig h t  a llo y s; on  th e  c o n tr a ry ,  w here  
eco n o m y  a n d  p ra c tic e  p e rm it,  o r  w here  th e  
v a lu e  of th e  m a te r ia l  b e in g  t r e a te d  is suffi
c ie n tly  g re a t, in e r t  a tm o sp h e re s  a re  u sed  in 
c o n ju n c tio n  w ith  th e  h e a v y  m e ta ls  a n d  th e  
a llo y  s te e ls . T h e  o n ly  d iffe ren ce  b e tw een  
th e  tw o  m ain  g ro u p s  lies in th e  n a tu r e  of 
th e  g aseo u s  p ro te c tiv e  m e d iu m  used .

I t  is  h a rd ly  to  b e  e x p e c te d  t h a t  m a g 
n e s iu m -b ase  a llo y s  e x h ib it in g  th e  re s is ta n c e  
to  a t t a c k  a t  h ig h  te m p e ra tu re  c h a ra c te r is t ic  
o f  th e  tru e  h e a t- re s is t in g  m a te r ia ls  w ill be  
d ev e lo p ed . T h e  th e o ry  o f th e se , i t  w ill be 
reca lled , is, in g en e ra l, b ased  e i th e r  on  th e  
p resen c e  o f a  p e rm a n e n tly  r e s is ta n t  su rface  
film  u n a lte re d  by  h e a t in g  w ith in  th e  n o rm a l 
w o rk in g  ra n g e , o r, m o re  c o m m o n ly , u p o n  
th e  a b i l i ty  o f  th e  a llo y  in  q u e s tio n  to  p ro 
d u ce , c o n tin u a lly , a  n ew  film  a s  th e  o ld  is 
d e s tro y e d  o r  re m o v e d . T h is  is  u su a lly  
a c h ie v e d  b y  c o m b in in g  w ith  th e  a llo y  an  
e le m e n t g iv in g  rise, u su a lly  to  an  o x id e , 
w h ich  d iffuses p re fe re n tia lly  a n d  c o n t in u 
a lly  to  th e  su rface . I t  is  e s se n tia l, in c id e n t 
a lly , t h a t  such  film s sh o u ld , o f  co u rse , be 
“  c o n t in u o u s  ”  in  s t r u c tu r e  a n d  h e re  th e  
fu n d a m e n ta l  d iffe ren ce  b e tw e e n  th e  p h y sic a l 
p ro p e r t ie s  o f  th e  m a g n e s iu m -o x id e  film  an d  
th e  a lu m in iu m -o x id e  film  em erges. T h e  r e 
s is ta n c e  to  su rfa c e  a t t a c k  o f  a lu m in iu m  in 
th e  h e a te d  s ta te  b y  a i r  is d u e  to  th e  im 
p e rm e a b le  n a tu r e  o f  th e  a lu m in a  film  a lw a y s  
p re se n t; th e  m a g n e s iu m -o x id e  film  is q u ite  
p o ro u s  to  a ir .

T h e  use o f th e  flu o rid e  c o a tin g  re fe rred  to

p ro m p ts  a n  in te re s t in g  co m p a riso n  w ith  a 
re c e n tly  d e v e lo p ed  te c h n iq u e  fo r  th e  m a in 
te n a n c e  in a  c lean  c o n d it io n  o f s te e l su rfaces  
d es ig n ed  p a r t ic u la r ly  fo r h o t  g a lv a n iz in g  o r  
o th e r  su rface  fin ish in g . T h e  m e ta l, c lean ed  
in i t ia l ly  by  m e c h a n ic a l m ean s , is c o a te d  w ith  
a  g lass, th e  e ffe c t o f w h ich  is v ir tu a lly  t h a t  
o f an  e x tre m e ly  h ig h -v is c o s ity , in e r t  c o v e r
in g  f lux.  T h e  m a te r ia l  m a y  be h e a t  t r e a te d ,  
th e  g lass  film  re m a in in g  in ta c t .  W h en  i t  is 
d es ired  to  o p e ra te  on  th e  m e ta llic  su rfa c e  
itse lf, th e  c o m p o n e n t is  su b je c te d  to  som e 
su ita b le  th e rm a l o r  m e c h a n ic a l sh o c k  w h ich  
c au ses  th e  g lass  “ c o v e r "  to  s h a t te r  a n d  
d ro p  off, if n ecessa ry  in  s i tu , le a v in g  p ro b 
a b ly  a  clean  m e ta llic  su rface  in  c o n ta c t  w ith  
th e  z in c  b a th ,  e tc .

In  d efence  o f  th is  d ig re ss io n  it can  o n ly  
be  sa id  t h a t  i t  h as  been  m a d e  in o rd e r  to  
d r iv e  h o m e  th e  e s se n tia l fa c t ,  w h ic h  m u s t  
be rea lized  on ce  a n d  fo r  a ll , t h a t  m ag n e s iu m - 
b ase  a llo y s  a re  n o t  f re a k s  in  th e  w o rld  o f  
m e ta ls .

T o  re v e r t  once  m o re  to  o u r  m a in  s u b je c t  
o f d isc u ss io n , th e  m e th o d s  a n d  e q u ip m e n t 
d esc rib ed  a re  p r im a rily  w ith  re fe ren ce  to  
so lu tio n  t r e a tm e n t ;  if th e  seco n d  a g e in g  
t r e a tm e n t  is r e q u ire d , th e  c a s tin g s  m a y  be 
t r e a te d  in  a n y  ty p e  o f  o v en  p ro v id e d  th e  
te m p e ra tu re  is u n ifo rm , fo r  a t  th is  c o m 
p a ra t iv e ly  m ild  h e a t  n o  q u e s tio n  o f o x id a 
tio n  a rise s . I t  sh o u ld  b e  n o te d , h o w ev er, 
t h a t  th e  s a l t  b a th  c a n n o t  be  used  fo r  th is  
p u rp o se  a s  th e  s a l t  m ix tu re  is so lid  a t  th e  
te m p e ra tu re  o f  t r e a tm e n t .

D T D  sp e c ific a tio n s  s t a te  t h a t  c a s t in g s  a n d  
t e s t  sa m p le s  a re  to  be  t r e a te d  a t  a  te m p e ra 
tu re  n o t  ex cee d in g  435 d eg rees C. fo r a 
p e rio d  o f n o t  less th a n  16 h o u rs  a n d  coo led  
in  a i r  o r  q u e n c h e d  in oil o r  w a te r .  T h ree  
o b se rv a tio n s  m a y  be m a d e  o n . th is  s t a te 
m e n t. I t  is d a n g e ro u s , in p ra c tic e , to  use 
a  te m p e ra tu re  a p p ro a c h in g  435 d eg rees  C ., 
fo r  if th is  tem p era tu re , is ex cee d ed , w ith in  a 
v e ry  sh o r t  tim e  th e  c a s t in g s  a re  sp o il t  d u e  
to  fu s io n  o f  e u te c tic . In  a d d it io n  th e re  is 
n o  sa fe g u a rd  a g a in s t  ov en  te m p e ra tu re  
ir re g u la r i t ie s  a n d  fo r  th is  reaso n  in  p ra c tic e  
th e  te m p e ra tu re  o f t r e a tm e n t  sh o u ld  n o t  
exceed  430 d eg rees  C ., a n d  o n ly  t h a t  p ro 
v id e d  th e  o v e n  te m p e ra tu re  d o es  n o t  a t  a n y  
p o in t  rise  ab o v e  435 d eg rees C. C o m p le te  
so lu tio n  o f th e  e u te c tic  re q u ire s  an  e x tre m e ly  
lo n g  p e rio d  a n d  is, in  f a c t, se ld o m  ach iev ed  
in p ra c tic e . T h e  p e rio d  o f  16 h o u rs  a p p e a rs  
th e re fo re  to  b e  sh o r t  a n d  i t  m a y  be  fo u n d  
n e c e ssa ry  to  in c rease  th e  tim e  to  a s  m u c h  a s  
30 h o u rs  to  o b ta in  a  su ffic ien t d eg ree  of 
so lu tio n  to  g iv e  s a t is fa c to ry  te s t  re su lts . 
F in a l ly , c a s t in g s  a re  u s u a lly  a llo w ed  to  cool 
in  a ir , b u t  a n  a i r  b la s t  is p re fe ra b le  since 
i t  le ssen s th e  p o ss ib ilitie s  o f  p re c ip ita t io n  
d u r in g  co o lin g . P re c ip ita tio n , if i t  d o es 
o ccu r, w ill r e s u lt  in  Iqss o f  d u c t i l i ty .

T h e  a g e in g  t r e a tm e n t  c o n s is ts  o f  re h e a t
in g  th e  c a s t in g s  to  a  te m p e ra tu re  n o t  g r e a te r  
th a n  210 d eg rees C. fo r  a  p e rio d  o f n o t  less 
th a n  e ig h t h o u rs .



DESIGNERS IN LICHT METALS 
FOR HIGH DUTY ALLOYS LTD.

REYNOLDS TU&E CO,. LTD. 
REYNOLDS R01UNÇ MILLS LTD

W H E N  T HE  N A T I ON  W A N T S  H O U S E S

IN D U S T R Y  G IVES US ITS C O N FID E N C E

Hi dumi ni um A pplications Ltd. are  . t h e ' 

designers of th e  Al umi ni um H ouse for 

A .I.R .O .H . (A irc ra ft^ ln d u s try ’s Research 

O r g a n i s ^ g n f ih  Housing)'^ Each house 

is completely fac to ry  p re-fab rica ted  ; it 

a rriv es on s t tf tfu lly  e 9 u 'PP.e) S § l i |f e H B
plum bing, serv ices dhd th e  f in is f j^  

of paint.

A R N H A M H 0 A 0 S L O U C H  B U C K S



xxii Advts. LICHT METALS July, 1945

An O c to p u s  and a C hrom ium  Plating process 
— t h e  c o n n e c t i o n ?  Simply th a t w h ere  
CROMALIN is co n cern ed , th e r e  is one defin ite  
sim ilarity—a re len tless  GRIP.

Because of its inseparab le bond to  th e  base 
m etal, th e  CROM ALIN finish offers th e  g re a te s t 
resis tance  to  w ea r and te a r  and a tm o sp h e ric  
c o rro s io n , and it  can be applied n o t only 
to  Brass and Steel, b u t also to  Al umi ni um,  
Al umi ni um Alloys and Z inc  Alloy d ie castings.

W r i te  to  us N O W , and le t us te ll you m o re  
ab o u t it.

M E T A L  F I N I S H E S  L T D . ,  C R O M A L I N  W O R K S ,  B I R M I N G H A M ,  18
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T H E  Rt. H o n . E rn es t B row n , th e  n ew  M in is te r for A irc ra ft P ro d u c tio n , in a u g u 
ra tin g  th e  E x h ib itio n . S e a te d  a t th e  rig h t a re  th e  M ay o r a n d  M ay o ress  of 

M a ry leb o n e  a n d  the, H o n . G eo ffrey  C unliffe, w h ils t s e a te d  a t  th e  s p e a k e r  s le ft is 
M r. H olm es, C h a irm a n  of S e lfridges.

T E IE  e x h ib i t io n  “  A lu m in iu m  f ro m  W a r  to  P e a c e  ”  is d e s ig n e d  to  te l l  th e  s to r y  
o f  a lu m in iu m  a n d  to  s h o w  in  b r o a d  o u t l in e  h o w  l ig h t  m e ta ls ,  w h ic h  h a v e ,  f o r  
th e  p a s t  f iv e  y e a r s ,  b e e n  r e s e r v e d  a lm o s t  e n t i r e ly  f o r  w a r t im e  n e e d s  a r e  

b e in g  r e - a d a p te d  o n c e  a g a i n  to  t h e  s e rv ic e s  o f a  w o r ld  a t  p e a c e .
T o  d a te ,  th e  n u m b e r  o f  v is i to r s  d a i ly  p a s s in g  th r o u g h  th e  E x h ib i t i o n  H a l l  in  

S e l f r id g e 's  h a s  a v e r a g e d  8 ,0 0 0 , w h i ls t  t h e  a lu m in iu m  h o u s e  o n  a  n e a r b y  s i te  c o n t in u e s  
to  d r a w  s o m e  3 ,0 0 0  s ig h ts e e r s  p e r  d a y .  I t  w ill  n o t  b e  s u r p r i s in g ,  th e r e f o r e ,  if  th e  
r e a d e r  o f  t h e  a c c o u n t  w h ic h  is  to  fo llo w  f in d s  h is  c u r io s i ty  o n ly  h a l f  s a t is f ie d  o r  
h is  q u e s t io n s  a n s w e re d  b u t  in  p a r t .  F o r  a m o n g s t  t h i s  l a r g e  n u m b e r  a r e  in c lu d e d  
n o t  o n ly  t h e  g e n e r a l  p u b l ic ,  t h e  c h ie f  i n t e r e s t  o f  w h ic h  is in  c o n s u m e r  g o o d s  f o r  
d o m e s tic  a n d  a l l ie d  p u r p o s e s ,  b u t  a l s o  a  l a r g e  b o d y  r e p r e s e n t in g  d iv e r s e  p ro fe s s io n s , 
t r a d e s  a n d  in d u s t r i e s  f ro m  G r e a t  B r i t a in ,  t h e  E m p i r e  a n d  fo re ig n  l a n d s .

I n  m a n y  in s ta n c e s  s u c h  v is i to r s  a r e  a l r e a d y  w e ll a c q u a in t e d  w ith  th e  u se s  o f 
a lu m in iu m  a n d  q u e r ie s  a r e  in s p i r e d  b y  th e  s ig h t  o f  n o v e l  d e s ig n s  o r  n o v e l  a p p l ic a t io n s  
o f  t h e  m e ta l .  I n  o th e r  c a s e s , h o w e v e r ,  t h e  u s e  o f  a lu m in iu m  is  c o n te m p la te d  f o r  
t h e  f irs t  t im e .  C le a r ly  i t  h a s  n o t  b e e n  p o s s ib le  to  s h o w  a n y t h i n g  m o re  t h a n  a  
f r a c t io n  o f  t h e  v a s t  f ie ld  a l r e a d y  s e rv e d  o r  c a p a b le  o f  b e in g  s e rv e d  b y  l i g h t  m e ta l ,  
a n d  c e r ta in  w e l l - e s ta b l is h e d  a p p l ic a t io n s  a r e ,  b y  r e a s o n s  o f  l im i ta t io n s  o f  t im e  a n d  
s p a c e ,  u n r e p r e s e n te d .

H
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P A N E L  i l lu s t r a t in g  
p o s s ib i l i t ie s  o f  p r o 

d u c t io n  o f  s m a ll  c a s t 
i n g s  o f  v a r y in g  in 
t r i c a c ie s  o f d e s ig n  in  
a lu m in iu m  a l lo y s .

July, 1945

O n  all matters of doubt, there
fore, for answers to problems 
concerning the use of alu
minium in fields not touched 
upon in the exhibition, upon 
questions as to the suitability of 
aluminium with respect to 
existing designs, or the modi
fication of designs in order to 
facilitate the replacement of 
heavy metal by aluminium, thę 
visitor is enjoined to consult the 
Information Officer in the 
Exhibition Hall. Alternatively, 
inquiries m a y  be addressed to 
the Information Officer, Alu
minium Development Associa
tion, Union Chambers, 63, 
Temple Row, Birmingham, 2. 
Telephone, Midland 0847.

Particular interest attaches to 
the entrance screen and tableau 
of murals which form the 
approach to the exhibition. 
These works, designed by Ralph 
Lavers and executed by Starkie 
Gardner and Co., Ltd., were 
originally conceived to tell the 
story of aluminium, and, at the 
same time, to express in them
selves the personality of the 
metal. Originally the whole of

the screen was to 
be anodized and 
dyed light grey, 
medium grey and 
dark grey, the 
murals being left 
in the natural alu
minium colour. 
Subsequently, these 
suggestions were 
amended, anodiz
ing to be in light

G R O U P  o f  l ig h t - a l lo y  d o o r  f u r n i tu r e  
o f  c o n v e n t io n a l  d e s ig n s .
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Aluminium alloy sheet is 
easily fabricated. Owing 
to Us initial ductility It can 
readily be pressed, spun, 
stamped or drawn. Many 
of the alloys become excep
tionally tough and strong
after Heat-t rcatrnent. 
New methods of forming 
aluminium alloy sheet 
are now available to the 
production engineer.

F O R G I N G S

S H E E T

Hot forging by presses 
and power hammers is 
used in engineering indus
tries. Another method 
of forging is by hand for 
architectural and domestic 
purposes, and In this way 
sections aw formed Into 
simple bends or Intricate 
shapes where ifghtness, 
strength and decorative 
finish are required.

R E P R O D U C E D  a b o v e  is  t h e  p a n e l  s e t t in g  o u t  d e ta i l s  o f t h e  fo rg in g  te c h n iq u e  
fo r  l ig h t  a l lo y s , to g e th e r  w ith  r e p r e s e n ta t i v e  e x a m p le s .  A t t h e  fo o t o f  t h e  

p a g e  is th e  p a n e l  d e a l in g  w ith  th e  p r o p e r t ie s  a n d  u s e s  o f  a lu m in iu m  s h e e t .

grey, dark grey and black to suit the artist and to fit in with the anodizing technique.
After early experiments it was decided to abandon any attempt to show perspective 

as the thickness of the materials being used already possessed a third dimensional 
value. Time was short and the utmost simplification was essential; for this reason 
all details not absolutely necessary were discarded. After consultation with the 
artist it was agreed that the murals were to be a combination of drawing and



rive colour.

The thin protective oxide 
film always present on 
aluminium is Increased 
considerably in thickness 
by the electrolytic process 
known as anodtsing. The 
resultant film is hard, 
perfectly jdherent, and 
opabte of absorbing dyes, 
ft may thus be Finished in 
.* ’Wide vaneiy of aurac.

S E T  o u t  o n  t h e  p a n e l  i l lu s t r a t e d  h e r e  is  a  s e r ie s  o f  e x a m p le s  s h o w in g  th e  r a n g e  
o f  p o s s ib ili t ie s  p r e s e n t e d  b y  t h e  a n o d iz in g  a n d  d y e in g  t e c h n iq u e  fo r  a lu m in iu m . 

A t th e  fo o t o f  th e  p a g e  is  a n  i l lu s t r a t io n  s h o w in g  p a r t  o f  t h e  p is to n  e x h ib i t .
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modelling and to be produced as cut-outs from sheet of various thicknesses, the 
required effects being achieved by suitably engraving, texturing and chasing.

The “ Foreword ” and the text embodied in the screen and approach are printed
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P A N E L  i l lu s t r a t in g  a  v a r i e ty  o f  p la in ,  c o lo u re d ,  a n d  e m b o s s e d  
a lu m in iu m  fo ils  fo r  p a c k a g in g  a n d  o th e r  p u r p o s e s .

thus depicted as a lineal descendent of a grekt line and not as a newcomer and a 
stranger to the ideals of the past.

The symbols of stone, bronze and iron are duplicated and positioned on both 
sides of the “ foreword ” panel, with " Genesis ” on the underside and Aluminium 
on the top side, fitted between circular disc features, the murals themselves running 
between the two exits and depicting in sequence the winning of bauxite, reduction, 
alloying, pouring, extruding, rolling, forging and casting.

In achieving designs of the highest artistic merit, sight has not been lost of 
necessity for representing with diagrammatic accuracy the processes entailed in the 
production of aluminium metal in its various semi-manufactured forms. Front these 
murals the visitor m a y  obtain a tolerably accurate idea of aluminium production from 
the ingot stage to casting, sheet or extrusion.

For' the last three murals, symbolizing transport by land, sea and air, traditional 
subjects were deliberately chosen by the artist to break the customary link between 
light metals and such modern conceptions as the aeroplane and speedboat. Further
more, these panels were designed to emphasize and to relieve the great simplicity 
of the treatment accorded to the industrial symbols.

in Gill sans, the lettering being left in the natural colour of the metal on a black,
anodized ground, thus matching the murals themselves.

In the murals around the " foreword ” panel the attempt is ma de to show h o w
aluminium takes its place alongside traditional materials such as bronze. In this
regard, a useful service is done to light metals and for those wh o contemplate their 
use, for, in the minds of many, there tends to exist, consciously or unconsciously, 
a suspicion that the newness of aluminium implies a degree of social inferiority in 
comparison with the established and traditional materials, such as iron and bronze, 
in symbolic sequence, the “ foreword ” panel depicts “ Genesis,” the Stone Age, 
the Bronze Age, the Iron Age, and the new-born spirit of “ Aluminium,” which is
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It must bu pointed out that on this type ol work, unless a designer has the full 
sympathy and help of a team of competent craftsmen, success is jeopardized.

In the murals, the prospective user of aluminium is presented with a synopsis of 
the forms in which the metal and its alloys can be obtained, namely, castings and 
various semi-manufactured and manufactured forms, such as sheet, extrusions and 
forgings. Elsewhere in the exhibition will be found panels depicting the range of 
possibilities in each of those fields; these should be studied in comparison with the 
various manufactured articles comprising the body of the display. Particular 
attention is directed to the use which is made of semi-manufactured forms, more 
especially complex sections, from which, often by simple manipulation (bending,

C U R V E D  b a y  w in d o w  a n d  a c c e s s o r y  fu r n i tu r e .  T h e  m e ta lw o rk  h e r e  
is  i n  a n o d i z e d  a n d  d y e d  a lu m in iu m , t h e  w in d o w s , d e s k  to p ,  h a n d le s  

a n d  a r m r e s t s  o f  c h a i r  b e in g  in  P e r s p e x .

for instance), finished articles can be produced with a m i n i m u m  of machining. Other 
exhibits serve to show h o w  such forms can be combined with castings to give 
assemblies requiring m i n i m u m  time and plant for production. Above ail other metals 
and alloys, aluminium possesses the greatest capacity for adapting itself in this way 
to the needs of modern industry and art, whether for purely decorative features, 
the murals for instance, or strictly utilitarian items.

For sand castings there is virtually no size limit. To some extent, however, 
thinness of sections obtainable will depend both on the size and the design of the 
casting, as well as upon the alloy in which it is executed., Gravity die-castings, 
again, are obtainable in all sizes, the upper size limit being governed principally by

f  T ex t con tinued  on p . 3 3 3 )
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PLAN A N D  DESIGN DETAILS OF ALUMINIUM HOUSE. The house is rectangular 

In plan, 29 ft. 11 ins. by 22 ft. 6  ̂Ins., with central entrance.

Floor area :— Ffouse .. 630sq.fr.
Shed .. 32 sq. ft.

662 sq. ft.

Accommodation Siz£ Floor area

Living room 14 ft. 4$ ins. X 10 ft. 1 ł ins. 157 sq. ft.
Bedroom No. 1 12 ft. 21 ins. X 10 ft. 1 i ins. 135 sq. ft.
Bedroom No. 2 9 ft. 53 ins. X 10 ft. 1 1 ins. 105 sq. ft.
Kitchen .............. 9 ft. 3 ins. X 10 ft. 1 i ins. 102 sq. ft.
Bathroom and w.c. combined .. 5 ft. 6 ins. X 10 ft. 1 J ins. 57 sq. ft.
Hall .. 4 ft. 10 ins. X 10 ft. 1 J ins. 48 sq. ft.
Outside shed 8 ft. 0 in. X 4 ft. 0in. 32 sq. ft.

? 7 
- C
'/jr
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S H O W N  a b o v e  is  a  f r o n t  v ie w  o f  t h e  a lu m in iu m  
h o u s e ,  w h i ls t  b e lo w  is  s h o w n  th e  r e a r  v ie w .



July, 1945 LICHT METALS 329

V IE W  o f  t h e  a lu m in iu m  h o u s e  i l lu s t r a t e d  a b o v e  s h o w s  t h e  l ig h t-m e ta l  
ro o f. B e lo w  is  s e e n  th ^  lo u n g e , lo o k in g  to w a r d s  t h e  f ir e p la c e .
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P IC T U R E D  a b o v e  is  t h e  g u e s t  b e d ro o m  in  t h e  a lu m in iu m  h o u s e  a n d ,  
b e lo w , m a y  b e  s e e n  th e  k i t c h e n ,  th e  d o o r  a t  t h e  le f t b e in g  o p e n  

to  s h o w  th e  lo u n g e .
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F U R T H E R  v ie w  o f  t h e  k i t c h e n  in  t h e  a lu m in iu m  h o u s e  is 
i l lu s t r a t e d  a b o v e ,  w h ils t  b e lo w  is  s h o w n  t h e  b a th r o o m .



LE F T .  D e s ig n e d  b y  R . L a v e r s ,  th e  
s e a l  s h o w n  h e r e  is  b e a t e n  fro m  

a lu m in iu m  s h e e t  a n d  is  m o u n te d  o n  a  
P e r s p e x  p e d e s t a l  a n d  is  b a l a n c in g  a  
la r g e  b lo w n  P e r s p e x  b a l l .

B E L O W . D e s ig n e d  fo r  c a s t in g  in  
a lu m in iu m , t h e  f ig u r e t te  “  S p i r i t  

o f A lu m in iu m  ”  b y  J . W o o d fo rd ,  R .A ., 
s t a n d s  o n  a n  a lu m in iu m  p l in th ,  o n  th e  
f a c e ts  o f  w h ic h  a r e  e n g r a v e d  P e r s p e x  
p la q u e s  i l lu s t r a t in g  s y m b o lic a l ly  th e  
f ie ld s  o f  s c ie n c e  a n d  a r t  w h e re  l ig h t 
m e ta ls  f in d  a p p l ic a t io n .  T h e  b a l l  in  
th e  h a n d s  o f t h e  f ig u re  is in  P e r s p e x  
a n d  th e  w h o le  is  c o v e re d  w ith  a  
P e r s p e x  s h a d e .

the cost of producing the necessary 
permanent mould. M i n i m u m  sec
tion thicknesses will, in this case, 
once more be governed by design 
and choice of alloy.

Pressure die-castii.gs must in the 
main still be considered as catering 
principally for smaller castings, 
m a x i m u m  dimensions being strictly 
limited by the expense and techni
cal difficulty involved in the 
production of very large dies. 
Numerous examples of all types of 
castings will be found exhibited.

In the rolled form, light alloys 
m a y  be obtained in all thicknesses, 
ranging from an inch or more do wn 
to less than .002 in.; the m a x i m u m  
dimensions of a sheet or strip being 
governed by its final thickness. 
Extrusions include tubes of all 
thicknesses and bores, and sections 
up to a size included within a 16-in. 
circle. Forgings and pressings m a y
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be produced in aluminium and its 
alloys to designs and dimensions 
possible in any other metal.

F r o m  these general data it will 
be seen that the designer is not 
limited in his scope by the use of 
light alloys. Intricacies of design 
and service requirements will, as 
in the case of heavy metals,
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L A R G E  d e c o ra t iv e  p a n e l  w ith  a n o d iz e d  
d e s ig n  in  f iv e  c o lo u rs .

R I G H T . D e c o r a t iv e  w a ll  s c r e e n  
w r o u g h t  in  a lu m in iu m , a n t iq u e  

U n ish .

influence the possibility of economic pro
duction and, furthermore, will determine 
the particular light alloy to be used.

T w o  extreme cases might be quoted to 
illustrate this point; the large plane 
mirror in the bathroom • exhibit, and the

A L U M I N I U M  d o o r  a n d  fra m e . T h e  
d o o r  its e lf  is  m a c h in e d  fro m  a  1 -in . 

a lu m in iu m  p la te .  L ig h ts  a n d  w in d o w s  a r e  
in  P e r s p e x .

equally large concave naval searchlight 
mirror shown nearby, are machined from 
massive aluminium sheet of high purity 
in order that they m a y  be satisfactorily 
treated by an anodic process to give a 
permanent surface of m a x i m u m  reflec
tivity. At the opposite end of the scale 
the casings of the small hand tools, shown
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V IE W  o f  k i t c h e n  o f  t h e  
f u tu r e  s h o w in g  e le c 

tr ic  o v e n  a n d  h o t  p la te .  
I n  a ll th e  u n i t s  h e r e ,  e x t e n 
s iv e  u s e  is  m a d e  o f  l ig h t  
m e ta ls .

elsewhere, are die-cast 
in easy-running alloys 
in order to facilitate 
the obtaining of the
somewhat complicated ^ pBSBSHjii
forms required, and, 
furthermore, to enable 
reasonably thin sec
tions to be achieved.
The hydroplane and 
the light-alloy dinghy 
are both built up 
from a magnesium- ,
aluminium alloy of I
the intrinsically high 
corrosion - resistance 
required for marine :
applications such as ,
this.

F r o m  the murals, the panels illustrating the possibilities of dyed anodic finishes, 
and numerous exhibits throughout the hall, a general picture m a y  be obtained 
not only of the range of finishes which it is possible to impart to aluminium surfaces, 
but also of the scope offered to the designer on the one hand, and the user requiring

specific effects on the 
other.

Whilst on this subject, 
opportunity m i g h t  be 
taken to refer to the joint 
use of light metals with 
other materials in engineer
ing and decorative struc
tures. In practice the use 
of a single material, h o w 
ever general its applic
ability, is rarely possible, 
and really satisfactory re
sults can be achieved only 
by using each material in 
its correct form and in its 
correct place. Here w e
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G R O U P  o f  a lu m in iu m  s a u c e 
p a n s  o f  m o d e r n  d e s ig n .

would direct attention to the 
two very different exhibits, 
namely, that showing a 
cycle embodying light-alloy 
components used in con
junction with steel, and to 
the very novel curved bay 
window featuring dyed and 
anodized aluminium, to
gether with transparent 
plastics. A  fuller descrip
tion of this last item is 
warranted.

The interior c o l o u r  
scheme is based on anodized 
aluminium dyed pale blue 
and terra cotta, the exterior 
being aluminium in natural 
finish. The whole of the 
structure is in light metal, 
the dado being built up of thick bent plates and extruded sections anodized and dyed. 
The sill is in thick Perspex with aluminium-plate backing; behind the sill an 
illuminated trough is provided with a Perspex cover plate housing continuous strip 
lighting to illuminate curtains from below; supporting columns on both sides are 
constructed in thick aluminium sheet with timber backing, the " interior ” columns 
being built up from solid-drawn aluminium tube. Artificial-silk curtains processed

with a plastic facing are 
hung on a sliding track of 
entirely new design.

The curved windows are 
in thick Perspex, two 
being arranged to open 
by means of a continuous 
window lift; these are 
counterbalanced. The cir
cular light fitting in the 
ceiling supports a Perspex 
reflecting plate, the pris
matic sections of which are 
machined. The ’writing 
desk is entirely of alu
minium anodized a n d 
dyed, the top being Per
spex laid over stretched

A l u m i n i u m  c o f fe e  p o t,
. t e a p o t ,  m u f f in  d is h e s  a n d  

c o c k ta i l  s e t .
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M E T A L f l S T l k :

O u r  knowledge and extensive test equip

ment are available in the service of all w h o  

have vibration problems to be solved.

Metalastik Ltd., Leicester.

ORSIONAL VIBRATION DAMR
O F  P R O V E N  E F F I C I E N C Y

W e  have been asked w h y  w e  show different 

designs of Metalastik torsional vibration 

dampers when ours is already the simplest 

and most effective damper known to industry.

It is simply a matter of suiting the design to 

therequirementsdictated by the customer’s 

layout. There are many factors that are to 

be considered before a damper is designed: 

the torsional vibration may have a high 

amplitude that is a controlling factor, dia

meter may be restricted by obstructions 

or length may be limited.

W e  are in the fortunate position of having 

at our disposal various designs and a mass 

of well-proved experience; from these w e  

have successfully solved all the problems 

brought to us, including some of the worst 

cases known.

RtS
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’T ' H E  w o rk s  i l lu s t r a t e d  o n  th i s  s h e e t  w e r e  d e s ig n e d  b y  R . L a v e r s  a n d  e x e c u te d  b y  J . S ta rk ii 

G a r d n e r  & C o ., L td .  I n  e v e r y  c a s e  t h e y  a r e  b u i l t  u p  f ro m  m a s s iv e  a lu m in iu m  sheet: 

s u p e r im p o s e d  o n e  o n  t h e  o th e r  a n d  t e x tu r e d  a n d  c u t  o u t  to  g iv e  th i r d - d im e n s io n a l  e ffe c ts . T h e  

d e s ig n  it s e lf  s o  p r o d u c e d  is  m o u n t e d  a g a in  o n  m a s s iv e  a lu m in iu m  s h e e t ,  a n o d i z e d  a n d  d y e d  black« 

T h e  d e s c r ip t iv e  m a t t e r  is  r e p r o d u c e d  b y  a  s p e c i a l  p r o c e s s  o n  t h e  b l a c k  a n o d i z e d  s u r f a c e ,  th e  

le t te r in g  i t s e l f  b e i n g  le f t  i n  t h e  n a t u r a l  a lu m in iu m  c o lo u r .  I n  t h e  "  F o r e w o r d  "  p a n e l  s h o w n  

a b o v e  (le f t) , a t t e n t io n  is  d i r e c t e d  e s p e c i a l l y  t o  t h e  l e f t - h a n d  s id e  o f  t h e  p a n e l  m o u n t in g  w h e re ,  i t  w ill 

b e  n o t ic e d ,  a  fu ll r o u n d e d  d e s ig n  h a s  b e e n  a d o p t e d .  A b o v e ,  a t  t h e  r ig h t ,  is  p r e s e n t e d  a  g e n e ra l 

v ie w  o f  t h e  m u r a ls .  T h e s e  c o v e r  t h e  h i s to r y  o f  a lu m in iu m  fro m  t h e  m in in g  o f  t h e  b a u x i te  th r o u g h  

r e d u c t io n ,  r e m e l t in g  a n d  a l lo y in g  to  t h e  f in a l  p r o d u c t io n  o f  m a n u f a c tu r e d  fo rm s , s u c h  a s  e x tru s io n s  

a n d  s h e e t  a n d  c a s t in g s .  T h e  t e r m in a l  s w e e p  o f  t h e  m u r a l s  e m b r a c e s  c o n c e p t io n s  o f  t r a n s p o i t  

b y  la n d ,  s e a  a n d  a i r ,  i n  a l l o f  w h ic h  l i g h t  m e ta l s  a r e  d e s t i n e d  to  p la y  a n  e v e r - in c r e a s in g  p a r t .

b a u x i t e

Although aluminium is 
on© of the most, common > 
metals Yn nTtuTeTTt is \ 
never found alone but 
always in combination with 
ether elements. The usual 
source is the ore known 
« bauxite, approximately'
four tons Of Which must be ,■
«r« te d  by electro-chemical 
Processes to produce 
one of aluminium.

M U R A L  S T U D Y

Q  E L O W , a t  t h e  le f t, is  p r e s e n t e d  a  c lo s e - u p  v ie w  o f 

•*-r th e  m u ra l  d e p ic t i n g  th e  m in in g  o f  b a u x i te ,  to g e th e r  

w ith  th e  a s s o c ia te d  d e s c r ip t iv e  m a t te r .  F r o m  th i s  s tu d y  

m a y  b e  g a in e d  s o m e  g e n e ra l  i d e a  o f  t h e  f in i s h in g  

t e c h n iq u e  e v o lv e d  fo r  t h e  p a n e ls .  S h o w n  c le a r ly ,  a lso , 

is  t h e  “ p e r s p e c t iv e ”  e f fe c t e d u c e d  b y  t h e  s u p e r im p o s i 

t io n  o f  th e  v a r io u s ly  s u r f a c e d  s h e e t s  ; c lo se  in s p e c t io n  

w ill e n a b le  s o m e  d e ta i l s  o f  t h e  t e x tu r e s  to  b e  o b ta in e d .  

B e lo w , a t  th e  r ig h t ,  is  s h o w n  a  c lo s e r  v ie w  o f  t h e  

te r m in a l  s w e e p  o f  t h e  m u r a l  s e r ie s , t h e  f ig u r e t te ,  

“ S p ir i t  o f  A lu m in iu m ,"  b y  J . W o o d fo rd ,  R .A ., b e in g  

s e e n  in  t h e  fo r e g r o u n d .  F ro m  th i s  i l lu s t r a t io n  a n d  

fro m  t h a t  im m e d ia te ly  a d j a c e n t ,  a t  t h e  le f t, m a y  b e  

o b ta in e d  a  g o o d  im p re s s io n  o f  th e  p la tfo rm  a t  t h e  fo o t 

o f  t h e  m u r a ls  ; o n  th i s  is  m o u n te d  a  n u m b e r  o f  e x h ib i ts  

i l lu s t r a t iv e  o f  th e  m a k e - u p  o f  a lu m in iu m  a l lo y s .

CASTING

T 3 I C T U R E D  a b o v e  is  a  c lo s e - u p  

v ie w  o f  t h e  p a n e l  r e p r e s e n t a 
t iv e  o f  t r a n s p o r t  b y  a i r .  A s  

e x p la in e d  in  t h e  te x t, t h e  a r t i s t  h a s  

c h o s e n  d e l ib e r a t e ly  a  s y m b o lis m  

d e s ig n e d  to  b r e a k  t h e  c o m m o n 

p la c e  l in k  b e tw e e n  l ig h t  m e ta l s  a n d  

t h e  m o d e rn  a i r c r a f t ,  t h u s  e m p h a s iz 

in g  th e  p la c e  o f  a lu m in iu m  a l o n g 

s id e  t h e  m e ta ls  o f  t r a d i t i o n ,  a n d ,  

a t  t h e  s a m e  tim e , e n h a n c in g  th e  

s im p l ic i ty  o f  t h e  o p e n in g  p a n e ls  o f 

t h e  s e r ie s .  T h e  c i r c u la r  d e v ic e s  

o n  e a c h  s id e  o f  t h e  m a in  m o tif  d o , 

h o w e v e r ,  r e a s s e r t  t h e  p la c e  of 

c u r r e n t  d e s ig n ,  a n d  l ig h t  m e ta ls , 

in  t h e  p r e s e n t - d a y  s c h e m e  o f  th in g s .
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crushed Vaumol grain hide. The drawers 
are of hardwood faced with Perspex and 
hide, and fitted with Perspex handles. 
The revolving chair is formed from a 
curved aluminium plate supported on a 
light-alloy pedestal, a plastic roller bear
ing and spindle being provided for the 
rotary movement. It is upholstered in 
hide to match the desk, whilst the arm 
rests are of Perspex overlaid on hide. 
The various furnishings, such as book 
ends, table lamp and standard lamp, are 
all in aluminium; the standard lamp 
incorporating Perspex in its design. The 
inkstand and pen are also in Perspex.

The items shown in the exhibition 
cover the requirements of users in every 
field, ranging from the aluminium sauce-

pans of modern design to the latest type 
of operating table executed in aluminium. 
One general lesson m a y  be drawn:—  
whilst, broadly, there are few structural 
or engineering assemblies which cannot 
be built in light alloys, there is, neverthe
less, a trend to the development of designs 
specifically adapted to these materials. 
This is dictated partly by the intrinsic 
mechanical properties of light metals, 
which differ as mu c h  from those of heavy 
metals as do those of the heavy metals

A  B O W .  F ir e s id e  c o m 
p a n i o n  s e t  i n  a lu m in iu m .

R I G H T . C h a i r ,  tro l le y  a n d  
ta b le  la m p , a s s e m b le d  

fro m  a lu m in iu m  tu b e  a n d  
s e c t io n s .

B E L O W . T h e  lin e s  a n d  
a p p e a r a n c e  o f  a  s u p e r 

s p o r t s  m o d e l  a r e  p r e s e n te d  
b y  th i s  to y  m o to rc a r  b u i l t  u p  
f ro m  a lu m in iu m  s h e e t  a n d  
p r e s s in g s .



338 LIGHT METALS July, 1945

D O L L ’S  h o u s e  a s s e m b le d  f ro m  to y  
s t r u c t u r a l  u n i t s  in  a lu m in iu m .

G R O U P  o f  c h i ld r e n ’s to y s , n u r s e r y  f u r n i tu r e  a n d  p e r a m b u la to r .  L ig h t  a l lo y s  
h e r e  m e e t  t h e  d e m a n d s  o f  m in im u m  d e a d w e ig h t ,  e a s e  o f  p r o d u c t io n  a n d  

a t t r a c t iv e n e s s  in  a p p e a r a n c e  a n d  f in is h .

and the steels amongst themselves. It is governed partly, however, by the need 
and desirability for profiting by the unique properties of aluminium— its light weight, 
its high corrosion resistance, the ease with which it m a y  be fabricated, and the wide 
variety of surface finishes which m a y  be imparted to it. It is, indeed, on account 
of this latter group of considerations that aluminium has found so extensive a field 
of application. Transference of design directly from another material to light metal 
is, in most cases, technically and economically unsound and will frequently result 
in full use not being ma de of the possibilities which its use presents.



July, 1945 LICHT METALS 339

For this reason m a n y  novel designs 
in household furniture, for example, 
will be seen which would be quite 
incapable of realization in wood or 
plastics, and esthetically unsatisfactory 
if produced in steel or heavy metal. 
Nevertheless, where the need exists for 
the duplication of conventional exterior 
forms then this is possible, as shown, 
for example, by the chest of drawers 
and writing desk (both finished in 
stoved cream enamel), designed for use 
on board ship. In these two cases a 
degree of lightness and durability has 
been achieved quite impossible with 
timber, and, furthermore, as compara
tively light-gauge sheet has been 
employed, no space has been lost in the 
form of heavy drawer fronts and rebated 
drawer bottoms.

T E F T .  H y d ro -
p la n e ,  t h e  b o d y  

o f  w h ic h  is  a s s e m 
b le d  f ro m  c o r ro s io n -  
r e s i s ta n t  l ig h t - a l lo y  
s h e e t .  T h i s  b o a t  
s u f f e r e d  p r o lo n g e d  
im m e rs io n  in  w a te r , 
b u t  w h e n  r e c o v e r e d  
e x h ib i te d  n o  s e r io u s  
c o r r o s io n  w h a ts o 
e v e r .

A B O V E . T h e  r o c k in g -  
h o r s e  s h o w n  h e r e  

f e a tu r e s  a  c a s t  a lu m in iu m  
b a s e ,  g iv in g  r ig id i ty  
w i th o u t  e x c e s s iv e  w e ig h t .

T E F T .  I n  t h e  fo re -  
■*—' g r o u n d  is  a  l ig h t -  
a l lo y  d in g h y ,  w h i l s t  in  
th e  b a c k g r o u n d  m a y  b e  
s e e n  c h a i r s  o f  v a r io u s  
d e s ig n s  w ith  l ig h t - a l lo y  
f ra m e s , a  s m a l l  w r o u g h t  
s c r e e n  in  a lu m in iu m  
to g e th e r  w ith  c a b in e t  
a n d  ta b l e  la m p .
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Visitors will appreciate that, to use light alloys to advantage, the engineer must 
design for these materials, whilst the producer of non-engineering structures will 
obviously be advised to take advantage of the school of industrial designers versed 
in the use of aluminium and capable of utilizing to the full its m a n y  unique qualities.

T o  cpiote concrete examples, we would c o m m e n d  particular attention, on the one 
hand, to the light-alloy extending ladder, and, on the other, to the “ door and 
frame ” exhibit. The lightness and rigidity of the ladder should be noted in con
junction with the hollow-section structure of the sides. The door is, in m a n y  respects, 
quite unique. In spite of its ease of movement and light appearance, it is actually 
machined from 1-in. solid aluminium plate, the design being formed by simple 
drilling and reamering of holes, into the larger of which are fitted flush Perspex 
discs, whilst in the case of the small holes coloured vinylite plastic inserts are faced 
on each side with thinner Perspex discs. The door, which is hung on top and bottom 
pivots, is provided with Perspex handles, the surrounding screen being glazed with 
thick Perspex. The main frame is constructed of extruded rectangular-section tube. 
The whole assembly is in natural aluminium colour, satin finished and lacquered.

Perhaps of more general interest m a y  be cjuoted the light-alloy barrow and hay 
rake, these two items representing a field of application at present but little exploited. 
M a x i m u m  lightness and balance are here combined with the high corrosion resistance 
necessary for equipment and appliances undoubtedly to be called on to face in use 
quite severe weathering conditions. Again, it will be noticed that exterior design, 
whilst conforming closely to convention, has, nevertheless, been modified to suit 
all-aluminium construction and to take full advantage of the possibilities offered.

F r o m  such severe exhibits as the operating table and the artificial limbs, and from 
architectural conceptions, such as the murals and the curved bay window, w e  m a y  
pass to another field, that of children’s toys. Specialized properties are called for 
in materials which cater for the toy-making industry, and these are fully met by 
aluminium. E c on om y in first cost, ease of working, availability in light gauges and 
amenability to the reception of the widest possible range of finishes; all these require
ments are automatically met. The toy motorcar and the doll’s house serve to 
illustrate this point.

In the domestic field the scope of light metal is illustrated by an attractive range 
of cooking utensils, to some of which, incidentally, colour and enhanced comfort 
are added by the simultaneous use of plastics. A  small cocktail set indicates h o w  
advanced designs m a y  be achieved in the metal. Gas stoves and water heaters 
m a y  be rendered more attractive, lighter and thermally more efficient by the judicious 
incorporation of aluminium components. Aluminium has been shown to be able to 
stand up eminently satisfactorily to prolonged heat and moisture deposition.

In the aluminium kitchen m a y  be seen an assembly embodying the latest designs 
in light metal. Washing machine, wringer, dish washer and sink are all executed in 
light alloy which provides the necessary combination of stainlessness and intrinsic 
attractiveness in colour.

The aluminium house which was opened to public exhibition by Mr. Duncan 
Sandys, Minister of Works, on Tuesday, June 5, has, of all the individual exhibits, 
proved the main popular attraction. A  plan of the house and various exterior and 
interior views are reproduced elsewhere in this account. In concluding this review 
of the exhibition “ Aluminium— from W a r  to Peace,” we cannot do better than 
present the official synopsis giving details of its construction and erection.

The house was originally conceived by the Aircraft Industry’s Research Organiza
tion for Housing. This organization employed Hiduminium Applications, Ltd., as 
designers under the supervision of A. Goldberg, the architect being A. F. Hare. The 
house is no w sponsored by M.A.P., which has retained Hiduminium Applications and 
the architect as consultants on design and process development.
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The house on view at the exhibition is one of sever.- temporary types to be supplied 
to local authorities under the Housing (Temporary Accommodation) Act, 1944. 
Under this Act, the temporary houses will be provided and owned by the Government. 
The local authorities will choose the tenants, fix and receive the rent, manage the 
houses and keep them in repair. A n  order for 50,000 aluminium houses has been 
placed by the Minister of Works, the Ministry of Aircraft Production acting as agents 
for .production. This order is being treated on lines similar to the manufacture 
of aircraft. Production will take place at five centres: Bristol Aeroplane Co., at 
Weston-super-Mare; Hawksleys, Ltd., at Hucclecote; Vickers-Armstrongs, Ltd., at 
Chester and Blackpool; Blackburn Aircraft, Ltd., at Dumbarton.

The Bristol Aeroplane Co. act as the parent firm of the group, and High Duty 
Alloys, Ltd., are technical advisers to them. The exhibition house was produced 
at the Bristol Aeroplane Co. with Hiduminium Applications as design consultants.

Production will begin on a small scale this month at the parent factory and will be 
followed shortly at the other works, and will eventually build up to a peak production 
of 5,000 houses a month.

C O N S T R U C T I O N
General.— The house is completely prefabricated in four separate units, each ur.it 

approximate size 22 ft. 61  ins. long by 7 ft. 6 ins. wide. Each unit is assembled in the 
factory, where all fitments are installed and final decoration is carried out.

Site Erection.— Consists of hoisting the units on to brick dwarf-wall foundations 
and then connecting the four units together at floor, walls and roof with tapered 
pins. Unit A.— Consists of kitchen and half living room. Unit B.— Consists of 
bathroom, w.c., service unit, all piping and drains, boiler fire and half living room. 
Unit C.— Consists of part bedrooms, hall and wardrobe cupboards. Unit D.— Consists 
of part bedrooms Nos. 1 and 2.

Floor.— Aluminium alloy extruded section framed panels with T. and G. boarding.
W alls.— Frames of aluminium alloy extruded and roiled strip sections riveted 

together, clad externally with 20-gauge aluminium-alloy sheet riveted to frames. The 
frames are filled solid with lightweight aerated concrete providing thermal insulation. 
The external sheet cladding is stuck to the infilling with bitumen adhesives. The 
panels are faced internally with plaster board or building board fixed to ply battens 
screwed to aluminium-alloy frame and 'stuck to infill with bitumen adhesives. Site 
joints are ma d e  with aluminium-alloy spring clips forming a double capillary groove.

Internal Partitions.— Aluminium-alloy frames filled with aerated concrete and faced 
each side with plaster board or building board stuck to in-fill.

Ceilings.— Plaster board or building board supported by aluminium-alloy channel- 
sections spanning between roof trusses, with layer of insulation material fixed to top 
of ceiling boards.

R oof.— Formed of two trusses and two trussed purlins constructed of aluminium 
alloy extruded and rolled sections bolted to walls and spinal partition. Covered with 
aluminium-alloy panels 2 ft. 6 ins. wide, formed with a Boughing section covered 
with layer of insulation and faced internally with aluminium-alloy sheet. The panels 
are formed at sides and ridge with an upstand which is covered with an aluminium- 
alloy rolled strip cloak with capillary groove. The eave overhang, complete with 
gutter, is constructed of aluminium alloy'.

W indows.— Windows, internal and external surrounds, are in aluminium allov.
Doors.— Doors and frames are in timber.
F ittings.— Kitchen and bathroom unit and cupboard units similar to the M . O . W  

standard units are constructed in aluminium alloy'.
Protective Treatm ent.— Aluminium alloy is naturally' highly' resistant to atmo

spheric corrosion, but, as an additional precaution, structural sections and wall facings 
undergo a special anti-corrosive treatment.



342 LICHT METALS July, 1945

C o m m e n t a r y  o n

P R E S S U R E  D I E  C A S T I N G

O b s e r v a t io n s  o n  a  P a p e r  b y  J .  L .  E r i c k s o n ,  

W h i c h  A p p e a r e d  in  “ L i g h t  M e t a l s , ”  

i P 4 j l 8 / i 7 y

B y  

E .  C A R R I N G T O N

A N  attempt has been made in the 
following notes to comment upon 
Erickson's very interesting paper, both 

from the theoretical and practical point of 
view.

In his introduction, Erickson says that 
porosity " is indirectly responsible for (1) 
the almost universal opinion of engineers 
that pressure die castings are inferior to 
sand and gravity die castings as regards 
uniformity of tensile and fatigue strength 
properties", and (3) high rejection rates in 
cases where the pressure die castings must 
lie absolutely radiographically sound.” As 
regards (1) it is obvious from his own article 
that not only engineers, but metallurgists 
and die casters realize that pressure die 
castings are not universally sound. H e  him
self has shown this by rejecting a large 
proportion of bars because of unsoundness, 
often more than , 30 per cent, being 
discarded.
This is most surprising. Test bars were 

made by different methods in order to see 
what kind of bars were obtained, and then 
all the doubtful bars were discarded. This 
defeats the whole object of the experiments. 
In some cases only 30 per cent, were radio
graphically sound'. It may 
therefore be said that those 
tested were " accidentally ” 
good, and that the dis
carded bars were really 
representative of the kind 
of castings obtained under 
those particular conditions.
If Erickson had cast 100 
bars, and only one had 
been sound, would he 
have tested that one and 
said it represented the 
type of bar made under 
those conditions? Surely all 
the bars should have been 
tested, and their conditions 
reported on. in order to 
obtain a general idea as to

Fig. I.— Ideal flow according to 
Frommer.

-r>*>o
— iréE

the castings to be expected under each set 
of conditions.

As regards (3), it is again surprising to 
find that pressure die castings ” must be 
absolutely radiographically sound.” In 
this country the Air Ministry classifies 
all pressure castings as Class III, and 
none need be radiographed, because they 
would not be expected to appear radio
graphically sound. They are, of course, 
quite suitable for the purpose for which they 
are used, as a little rough work with a 
hammer will soon show.
One of the ways in which attempts are 

made to obtain castings free from porosity 
is said to be the use of " heavy and 
abundant straight vents,” and yet, although 
these are very often used in practice, no 
attempt is made to use them in these 
experiments. The function of vents is not 
merely to allow air to escape, but to control 
the speed of escape. If the air escapes com
paratively slowly, it has a cushioning effect 
and prevents excessive turbulence. Wh en 
the metal reaches the end of the vent the 
vent has done its job, and if there is still 
air in the interior of the casting, solidification 
will be so quick that it will be unable to 
escape. The writer would certainly like to 
see pore-free pressure castings. All those 
which he has examined were porous in the 
middle, although the pores in castings ma„de 
by a cold chamber machine can generally 
only be seen under a microscope'. Manufac
turers ma y advertise ” that high pressures 
will produce pore-free castings ” in America, 
but they do not do so in England.

There is another possible way in which 
porosity in pressure castings may be mini
mized, which has not been mentioned by 
Erickson. Ziesenheim1 calls this method

Preftll Injection.”. H e  suggests that the 
gravity die-casting process points the way 
to better pressure die castings. In this 
process the metal is poured into a heated die 
and fills the die slowly from bottom to top, 
thus driving all the air before it. ” Alu
minium castings so made were superior to 
those made at high injection velocity in

t “Metal Industry,“ 1944/65/219.
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Fir. 2.— Actual flow according to Frommer.

pressure-die-casting machines. It became 
evident that if the virtue of slow movement 
of metal could be combined with high final 
pressure on the metal as it chills . . .  a 
great forward step would be made.” The 
prefill injection system works on this prin
ciple. The metal is injected comparatively 
slowly so as to allow the air to escape, and 
then " pressure is immediately applied 
hydraulically, in order to compress any 
gas which has been trapped. A  large gate 
is used in order to allow this pressure to 
be applied. It is claimed that in addition 
to giving sound castings, such a system of 
injection gives a long die life.

This* method seems more likely to give a 
sound casting than building machines with 
mounting injection pressures which must 
give greater turbulence and higher gas con- 
tent.
Later, Erickson explains defects obtained 

on heat treatment with castings made by 
high pressure, and castings with overflow 
but does not mention those made with good 
venting. This omission seems really 
important. He then says that castings made

with a very high pressure but with neither 
overflows nor venting, were “ radiographic- 
ally sound.” Frankly, if castings which we 
know to contain gas appear radiographically 
sound, it is time that we either changed our 
radiographic technique or stopped using 
radiography. The question arises as to 
whether a casting of the test-bar type, which 
contained evenly distributed microscopic 
gas cavities, would simply give a somewhat 
darker but uniform X-ray negative, and 
whether such darkness might be looked upon 
as due to dark-room technique.

It is suggested that a bar be prepared 
from wrought material and radiographed 
with each batch of experimental bars in 
order to provide a standard.
The work previously carried out by 

Erickson, showing the different effects of 
different gases, is very interesting. It 
would be instructive to try ” air ” with 
increased oxygen, and pure nitrogen.
One important point regarding these gases 

appears to have been missed: that is their 
moisture content. In view of the readiness 
of aluminium to split up water, to form 
aluminium oxide and hydrogen gas which 
readily dissolves in molten aluminium, all 
gases "used for these experiments should be 
thoroughly dried by passing them through 
several feet of silica gel.
The die used for these experiments is also 

interesting, but it would appear that too 
much is taken for granted as to the way in 
which the metal will fill it. Frommer4 has 
suggested that the ideal direction of flow to 
fill a parallel-sided mould would be as shown 
in Fig. 1, but that the actual flow is as 
shown in Fig. 2. According to this, metal 
would be entering the second bar cavity of 
Erickson's mould before it had filled the 
first, and thus both bars would contain air, 
relative amounts probably depending upon 
the size of the interconnecting gate.
Foster and Johring2 have carried out 

experiments in which Wood's metal was 
pressure cast into a glass mould, the process 
being photographed by ultra-rapid cinema
tography (3,600 pictures per sec.). Fig. 3 
shows the pictures obtained when filling a 
test-bar mould, and it will be seen that the

2 Die Gresserei," 1941/26/521.

Fir. 3.— Filling of a test-bar mould. 
Readinp from left to right, the illus
tration at the extreme left shows the 
mould 4 x 10-secs, after pourina 
had commenced. The succeedina 
illustrations show the appearance of 
the mould at intervals of 12 x I0-3. 
20 x I0-3. 34 x 10-a. 43 x 10-3. 
57 x 10-3. 62 x 10-3. 67 x 10-3, 
74 x Id"3, and 82 x 10-3 secs., the 
last representing the mould in its 

completely filled state.
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flow of metal is similar to that suggested 
by Frommer.

Brandt3 carried out experiments which 
suggested that the metal does not flow in a 
parallel-sided stream, as suggested by 
Frommer. He says that the direction of 
flow is essentially maintained, but the metal 
spreads until it contacts the walls and keeps 
on flowing until it reaches the farthest part 
of the die. The rate of flow is reduced, due 
to the spreading and the resistance of 
trapped air. This method of flow would 
also leave a pocket of air at the entrance 
to Erickson’s first bar.
The shape of the runner F may have a 

good deal of effect upon the type of bar 
produced in the second half, of the mould. 
Koster and Johring2 used two U  tubes, one 
semi-circular in shape and the other 
rectangular, as shown in Fig. 4. The flow 
of metal in these moulds is shown in Figs. 
5 and 6, and it will be noticed that although 
there must be much more turbulence in the 
rectangular mould than in the semi-circular 
one, the former gives a more gas-free casting, 
because the metal in the semi-circular mould 
is thrown by centrifugal force in a thin 
stream round the outside of the mould and 
thus traps a good deal of air when it gets to 
the far end. Even when the mould is 
“ fuli ” there is still an air pocket at the 
entrance. In view of the curvature of the 
runner F in Erickson's mould it is quite 
possible that air is similarly trapped.
Another point connected with the die 

shape which Erickson has ignored is the 
butt, and the runner between the butt and 
the first test bar. Before the metal is 
actually injected by the piston there is quite 
a iot of air between it and the mould 
proper. If there are corners and changes 
of direction in this part of the die, turbu
lence will take place before the metal enters 
the test-bar cavities. Examination of the 
photograph of the casting shows that there 
are changes of direction. Moreover, at the 
entrance of the first test-bar cavity there is 
a curve somewhat resembling that of the 
U  mould used by Koster and Johring2, and 
it ma y therefore be reasonably expected that 
in addition to turbulence in the buitt there 
will be gas at the entrance to the first bar 
cavity because of the metal running round 
the outside of the curve between the butt 
and the mould.

In describing the types of possible test 
bars, under types A 1 and A, type A 1 is said 
to have no escape for air, and to be quite 
similar to those made commercially in 
general practice. The question immediately 
arises, why are no vents used in general 
practice? In the case of the experimental 
mould there is obviously a desire to try the 
effect of entrapping as much air as possible,

3 “TecHn. Zentralbl. prakt. Metallarbeit.*’ 1937/47/751 : 
819; 893.

but why is the air not allowed to escape 
from a commercial test-bar mould? If runs 
had been carried out using vents in the 
experimental die, some light might have 
been thrown on this question. Again, type 
A  test bar is said to be similar to the 
standard commercial pressure die casting 
" where all the air is trapped as it is made 
with a small gate.” H o w  does the amount 
of air trapped depend upon the gate? Metal 
enters the mould through the gate at a 
very high pressure, and solidifies under 
that pressure, so that no air can escape 
through the gate. Hence, if there ate

Fig. 4.— Shape of moulds used by 
Koster and Johring.

neither overflows nor vents, all the air is 
trapped, whatever the size of gate.
Type B B 1. Here it is stated that the 

first bar, B l, is cast after the main air mass, 
which fills the cavity C D E  before the metal 
enters, has been compressed into the second 
cavity GHI. This assumes that the metal 
acts like a liquid piston and pushes all the 
air before it. Koster and Johring have 
shown quite conclusively that this is not 
so, and while most of the air will have been 
pushed forward, it is probably incorrect to 
say that the metal in the cavity C D E  
solidifies with much less chance of coming 
in contact with air than does the metal 
which makes bar B.
Type D. Here again the assumption is 

made that all the air is compressed in the 
runner F, and that the bar is presumably 
free from air. A  glance at Fig. 5 shows 
that if the second leg of the rounded U  
mould were cut oil or stopped up at the 
finish of the curve as shown by the line on 
the fifth picture, there would be a very 
considerable amount of air in the straight 
portion (i.e., the test bar) when the 
rounded portion \fas filled.
Type E. While the B 1 bar might contain 

air because of the action of centrifugal force 
on the metal between the butt and the first 
test-bar cavity, causing it to run on the
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outside of the curve only, and thus to allow 
air to remain on the inside, with the E  bar 
the air would be left in the first mould 
because of the flow of the metal through a 
small gate as shown in. Figs. 5 and 6.

Type F. In this type of shot the metal 
is said to compress the air into the cavity F. 
Why, then, 40 per cent, scrap? (Table 2, 
" Light Metals,” April, p. 183.)
Type G. If part C D E F  is " filled solid 

before the casting process is complete, how 
is it possible to know that there are no cold 
shuts in either of the bars?

B  tests performed on test bars. 1. Radio- 
graphic inspection. Criticism has already 
been made on the scrapping of all bars 
which were not " absolutely free from even 
the slightest porosity,” both as regards the 
actual scrapping of the bars and the pos
sibility of obtaining bars without porosity.

2. Tensile test. Here again we have a 
large proportion (sometimes a very large 
proportion) of the bars scrapped. Surely 
the object of any experiment is to see what 
happens, but if we deliberately close our

eyes to a large proportion of what happens, 
it is not much use reporting on the other 
part. The object of the work is “ to deter
mine specifically the effect which trapped 
air (necessarily confined within the die 
cavity of the steel die moulds used in the 
manufacture of pressure die castings) has 
upon the solidification of the molten metal 
which is forced into the die cavity under 
high pressure,” but the bars which show 
this trapped air are scrapped, and those 
which do not are retained!

3. Metallographic inspection. The best 
and the worst bar, as regards physical tests, 
were examined under the m.icroscope, but 
instead of examining comparable sections, 
one was sectioned in the gauge length and 
the other in the grip portions. It is a pity 
that the worst part of each bar was not 
photographed. That is_ the part which 
would interest all foundry men.

6. Heat treatment. Here again, only bars 
which appeared sound were heat treated. 
(Incidentally, 525 degrees C. is not “ close 
to the solidus temperature.” The solidus

Table 1.—Effect of Heating.

Type C Type Cl

RadiographicaNy sound after
heating (%) 

y;«m Í Before heating
o»-1- 2» i%iórssheatins ::

0
21,000 
12.500 
A0.5

100
31,000
11,500
62.9

Max. stress 
(lb. ins.2)

Before heating 
After heating 
.% loss

41.000
19.000 
53.7

51.000
21.000 
58.8

Elongation %■<,
Before heating 
After heating 
Increase

4.0
21.0
525

8.0
23.0
287

Yirlrf (Before heating 
Max. stress ;;

51.2 
65.8 

-f 28.5

60.8
54.8
-9.8

for unmodified 13 per cent, silicon alloy is 
57S degrees C., and for the modified alloy 
564 degrees C.). If sound and unsound bars 
had been heated it might have been possible 
to see some connection between the amount

of visible trapped air and the degree of 
blistering.

N o w  let us turn to the results obtained 
from the heated bars. In the conclusions 
it is stated that " the presence of trapped 
air within the die cavity affects the metal 
which is forced to solidify in its presence in 
such a way that heat treatment of the cast 
metal is not feasible.” In the first place it 
is hardly possible to draw such a conclusion 
when a" non-heat-treatable alloy was used. 
In the second place, examination of the 
tensile results after heating (Table 6, 
“ Light Metals,” April, p. 186) shows that—

1 . W e  have two kinds of bar, one of 
which (C) was unsound after being heated, 
while the other kind (C>) was sound. 
Presumably, then, the C bars have more 
trapped air and are therefore ” not 
heat treatable.-” After heating for 60 
minutes, however, the tensile strength of 
the C bar has dropped by 53.7 per cent., 
but that of the " sound ” C> bar has 
dropped by 58.8 per cent. The yield point 
of the C bar has dropped by 40.5 per cent.

Fik. 5.— Progress of filling for a rounded U-typc mould. Reading from left to right, the illustration at the extreme 
left shows the mould 6 x IQ—'* secs, after pouring has commenced. Succeeding illustrations show the mould at
intervals of 8.5 x 1(M, 17 x KM, 24 x KM. 34 X KM, 38 X 10-3, 54 x KM, 58 x 10-3. 72 x I0-3 and 86 x K M  secs., 

the last illustration showing the mould completely filled.
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against 62.9 per cent, for the C 1 bar. The 
elongation has increased by 525 per cent, 
for the C bar against only 287 per cent, for

the " sound ” C 1 bar. The ratio   ---
max. stress

has increased by 28.5 per cent, for the C bar, 
but has dropped by 9.8 per cent, for the C 1 
bar.
From this it. would appear that the more 

" heat treatable ” bars show much more 
depreciation in properties than the bars 
which proved to be radiographically unsound 
after being heated. The conclusion quoted 
above cannot therefore be justified. This 
conclusion continues: *' B y  pressure die
casting aluminium alloy in steel dies from 
which air has been forced, heat treatability 
of the metal so cast is assured.” This 
method has not been tried, however, as in 
none of the shots was the air able to escape, 
and in view of the photographs of Koster 
and Johring all would contain pome air.

Phase I, Table 2, Alloy No. 47. Shot 
type A - A L The physical properties of both

A  and A 1 bars were inferior to those of the 
test bars cast similarly, i.e., with the same 
size gate, but cast “ in the absence of air,” 
namely, E and C 1 test bars respectively. 
H o w  can it be said that any of the bars was 
cast ” in the absence of air ” when in every 
case the mould was full of air and there 
were no vents? Moreover, one of the two 
classes of ” superior ** bars (E) had 20 per 
cent, of its number rejected as radio
graphically unsound; gas appears to have 
been picked up. then!
Shot Type B-B1. It is presumed that 

" the test bars IT made in cavity G H I  ” 
should read “ made in cavitv CD E . ”

Shot Type C-CL It is interesting to see 
here that Erickson agrees with Koster and 
Johring that the metal which enters the 
cavity through a small gate fills the cavity 
from the end farthest from the gate.

Shot Type D>. In explaining the 
superiority of B 1, C 1 and D 1 bars the writer 
says that this ma y be due to the fact that 
the metal ” solidified in a preheated die 
cavity, i.e., due to a more pronounced tem
perature gradient between the die wall and

the solidifying metal in the cavity.” . . . 
” As the farthest part of the die filled up, 
new hot metal entered the die. Directly 
this metal came to rest there was a definite 
temperature gradient set up between the die 
wall and the centre of the test bar die cavity 
just filled with metal.” The fact is, of 
course, that the temperature gradient 
becomes less. As new metal at 1,250 
degrees F. (675 degrees C.) was pushed 
through the die, held at 400 degrees F. 
(200 degrees C.) the die was warmed up and 
the metal cooled. Wh e n  the injection was 
complete there was new hot metal in contact 
with warmed-up die walls in cavity CDE, 
and cooler metal in contact with cooler die 
walls in cavity GHI. It appears probable 
that there, would be less chilling effect in 
cavity C D E  than in cavity GHI, and that 
one might therefore expect a modified 
structure in cavity G H I  rather than in CDE. 
As Erickson says, the fact that this was not 
so may be due to the effect of a larger gas 
content in the metal in the second cavity.

Shot Type E-E1. See the rounded U  
tube. The second bar should be at least 
as scund as the first. Erickson says:
” Radiographs of all of the E-E 1 type shots 
showed that the region of maximum
porosity existed within the cavity F.” 
There was, therefore, porosity elsewhere, but 
80 per cent, of the E  bars and 40 per cent, 
of the E 1 bars were looked upon as radio
graphically sound (Table 2, “ Light
Metals,” April, p. 183).

Shot Type F. It is said that the addition
of an overllow produces a better bar. This 
is shown by comparing F  bars (with over- 
tlow) with A  bars (same gate but no 
overflow). It should be pointed out, how
ever, that only 60 per cent, of the F  bars 
were sound, against 70 per cent, of the A 
bars (Table 2, “ Light Metals,” April, p. 
183).
Phase II. C-O shots were made at

increasing temperatures. It is stated that 
the properties of C 1 bars improved, and that 
those of C. bars were unaffected. A  few 
lines farther down, however, “ as the tem
perature increased, the percentage of C test

Fie. 6.— Fillins process for U-type mould of rectangular form. Reading from left to right, the illustration at the 
extreme left shows the mould 4 x 10-4 secs, after pouring had commenced Succeeding illustrations show the 
mould at intervals of 8.5 x 10-4, 16 x 10-4, 21 x 10-4. 3] * 10-4. 41 x 10-4. 55 x I0~4. 63 x 10-4 and 85 x 10-4. The 

illustration at the extreme right shows the mould at the termination of pouring.
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bars rejected due to the presence of porosity 
increased." How, then, can it be said that 
the properties of C bars were unaffected?

Phase III. It is not easy to see the object 
of these experiments. The metal was held 
at quite low temperatures, even the highest 
used (700 degrees C.) being less than is often 
required for making a pressure die casting. 
Moreover, instead of imitating die-casting 
practice by agitating the melt frequently, or 
taking some metal out and throwing it back, 
the melt is allowed to remain in the pot 
with its protective lilm of oxide unbroken. 
Under such conditions, when neither oxida
tion nor gas absorption can take place, and 
where " stewing ’’ cannot cause reversion to 
the unmodified condition, because the metal 
is already unmodified, it is difficult to see 
how the properties of the bars could be 
materially affected.

Phase V. The scrapping of unsound bars 
and the conclusions to be drawn from a 
study of the tensile results obtained on 
tested bars have already been dealt with.

In view of the objection which may be 
found to the assumption that any bars have 
been cast " in the absence of air," and to 
the way in which bars have been tested as 
if they represented the results obtained 
under certain conditions when actually 
60 per cent, may have been scrapped because 
of porosity, it is impossible- to agree with 
the conclusions drawn.

1. The presence of trapped air does
appear to affect the metal, but it is not
clear what is meant by the heat treatment 
being feasible as no attempt was made to 
heat treat a heat-treatable alloy. It cannot 
be logically stated that " by pressure die 
casting aluminium alloys into steei dies from 
which the air has been forced heat treat
ability of the metal so cast is assured,"
because in no case has the air been forced 
from the die. W h e n  two substances with 
such low viscosities as liquid aluminium and 
air are thrown together at a high speed and 
under a high pressure it is impossible to 
keep them apart. Some intermixture must 
take place. Admittedly there is a great 
probability that the gas content _ of the 
metal in different parts of the die will vary, 
but that is very different from all the gas 
being in one part and none of it in another.

2. In view of the difficulty of judging 
the photomicrographs, and even of saying 
which is the best type for a casting made 
under conditions which do not allow normal 
crystallization, it is preferable not to com
ment on this conclusion, but to accept Mr. 
Erickson’s statement.

3. In view of the fact that modification 
is carried out precisely to give better 
physical properties, it would have been very 
surprising if in these experiments the 
modified structure had not given better 
test-bar results.

4. This is practically the same as No. 2,

as the adverse effect cn the microstructure 
mentioned in No. 2 is probably caused by 
the internal porosity mentioned in No. 4. 
The reading of both these conclusions, 
however, suggests that turbulence alone can 
give porosity. H o w  does this occur? The 
only way in which turbulence itself can 
occur is” by metal being projected across 
some part of the mould where there is no 
wall to confine it. If this happens the metal 
must be m  the presence of air, and therefore 
both air and turbulence have their effect 
upon the casting. It may be said that the 
metal coming along later would take the 
place of that pushed forward, and would 
therefore not be in contact with air, but this 
is not so. Turbulence can only be caused 
by a change of direction, and this means 
the presence of corners. It is most difficult 
to remove any gas from an enclosed space 
with corners, and it is therefore suggested 
that in no case have test bars been subjected 
to turbulence in the absence of air.

5. The conclusion that the presence of 
air in the die cavity “ tends to prevent the 
normal eutectic aluminium-silicon alloy from 
developing the modified structure ” is very 
interesting, and it would appear well worth 
while to carry out further work.
The impression gained, then, after careful 

reading and re-reading of Erickson’s paper, 
is that, whilst the information obtained is 
useful it is impossible to draw such definite 
conclusions from it as Mr. Erickson has 
done. The reasons for this are:—

1 . In his four classifications of condi
tions, onlv one can definitely be said to have 
existed, namely, confined air and turbulence. 
When injecting metal Into an irregularly 
shaped cavity at about 11 tons/sq. m. 
there must always be turbulence. Also if 
one starts with a cavity full of air, and 
injects metal without releasing the air, there 
must always be air, and while it will be 
unevenly distributed it is impossible to 
imagine all of it being in one part of the 
die and none in another.

2. The scrapping of poor bars is a most 
serious matter and may have given an 
entirely wrong impression, of the 'whole of 
the experiments.

3. Table 6 (" Eight Metals," April, p. 
186) does not in any way justify the 
assumption that the bars with higher gas 
content are “ not heat treatable."

4. There is no justification for the 
assumption that the metal will enter the 
gate at I as a wide, even stream, and will 
act like a liquid piston.

In spite of the above the account of this 
work is very interesting, and it is hoped 
that Mr. Erickson will carry out a great deal 
more research work on the same subject. It 
is suggested that in view of the difficulty in 
anodizing pressure die castings, anodizing 
tests might also be carried out in addition 
to tensile tests.



348 LIGHT METALS July, 1945

L i g h t  A l l o y s  i n

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

T h e  P r o p e r t i e s  o f  I n t e r l e a v in g  P a p e r s  a r e  C r i t i c a l ,  a n d ,  

P h y s ic a lly  a n d  C h e m ic a l l y ,  a r e  R e l a t e d  to  th e  E le c t r o d e  

M e t a l s .  ( A c c o u n t  c o n t in u e d  f r o m  “ E i g h t  M e t a l s , ”  1 9 4 J I 8  ¡2 9 2 )

T H E  previous section of this article con
cluded a brief presentation of the 
characteristics of the metal-electrode 

materials (tin-coated paper, metallic tinfoils 
and aluminium foils). Before passing on 
to the dielectric materials, it is of interest 
to illustrate with figures some of the state
ments made concerning the lower electrical 
values exhibited by condensers-having tin- 
coated paper electrodes. These are sum
marized in Table 43, and some explanation 
of them is necessary. For the comparison, 
the condensers were produced under condi
tions as ciosely identical as practicable. 
The need for this precaution becomes more 
and more apparent as one goes more deeply 
into the subject of condenser materials and 
processes.

Considering first batch Nos. 1, 2 and 3, 
the only material difference concerned the 
electrode materials, which are clearly 
recorded in the tabîe. The paper employed 
was the same throughout, the same making 
from one source of supply. The imprég
nant, paraffin wax, was the same. Pro
cessing conditions were identical, the batches 
being made under production conditions at 
the same time in order that the influence, 
if any, of temperature and humidity would 
be equal. The only variation in processing 
from normal was extended pre-drying, this 
being decided by experience as desirable to 
ensure the best electrical results from the 
tin-coated electrode condensers. The elec
trical test results are average values, 
insulation resistance being determined on

all condensers'in each batch, and breakdown 
to destruction on a percentage. It will be 
seen that using tin-coated paper electrodes 
the characteristics are only 50 per cent, of 
the values obtained when aluminium foil is 
employed. Prior sparking of the tin- 
coated paper made no significant difference.

The remaining data in the Table, batches 
Nos. 4, 5 and (i, refer to similar trials using 
a different imprégnant. This was a high- 
melting-point petroleum-hydrocarbon wax, 
the use of which gives a better temperature 
characteristic to the condenser, i.e., more 
stable capacity, power factor and insulation 
values between 20 and 60 degrees C.. The 
results lead to the same conclusions, viz., 
insulation resistance is actually less than 
50 per cent, or that for aluminium foil con
densers, and electric strength about Off per 
cent.

Wh e n  tinfoil is used instead of aluminium 
foil, electrical values are obtained closely 
identical with those derived from the latter, 
and still about 100 per cent, higher than 
those from condensers having tin-coated 
paper electrodes. Electrically, therefore, 
the tin and aluminium foils are equivalent, 
and tin-coated paper inferior.

F I X E D  P A P E R  C O N D E N S E R S  
Paper Interleaving

The paper interleaving of a fixed paper 
condenser is the rigid medium that keeps 
the metal foil electrodes spaced at a pre
determined distance apart from one another. 
It provides the means of carrying the

Table 43.— Comparison of Electrical Test Results on Condensers having Metal Foil and Metal- 
coated Paper Electrodes, measured at 60°F.

Batch
No. Type of foil

Number
of
foils

Number
of

papers
Type of impregnant

Insulation
resistance,
megohms;
microfarad

Breakdown 
voltage, 
volts A.C.

1 Aluminium metal 2 4 Paraffin wax 9,500 1,050
2 Tin-coated paper 2 2 Paraffin wax 5,000 550
3 Tin-coated paper previously 

sparked 2 2 Paraffin wax 5,000 570
4 Aluminium metal 2 4 High melting mineral wax 10,500 1,100
5 Tin-coated paper 2 2 High melting mineral wax 4,500 700
6 Tin-coated paper previously 

sparked ......... 2 2 High melting mineral wax 4.400 710
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Sample No. Origin Supplier Composition Appearance

12
American A Linen Brownish, unbleached
American B Linen Brownish, unbleached

3 French C Linen White, bleached
4 C Linen White, bleached
5 French D Linen White, bleached
6 German E Linen White, bleached
7 German F Linen White, bleached
89

German E Linen White, bleached
Bri tish G Linen Brownish, unbleached

10 British H Linen White, bleached
11 British H Linen Brownish, unbleached
12
13

H Linen Brownish, unbleached
Bri tish H Linen Brownish, unbleached

1A British H Linen Brownish, unbleached

dielectric impregnant of wax, jelly, oil or 
other fluid and, therefore, itself must, willy 
nilly, constitute a part of this dielectric. 
Bearing these features in mind as funda
mentals, together with the service func
tioning requirements of the condenser, as 
well as the needs for satisfactory continuous 
production of the units, the salient quality 
characteristics of a paper tissue for the 
purpose can be enumerated. These are 
briefly listed as requirements below:—

(1) A  thin .tissue paper, as uniform in 
thickness as possible throughout its 
length and across its width.

(2) Availability in continuous length 
on reels.

(3 ) Uniformly wound with even tension 
and free from creases and tears.

(4) High mechanical strength, includ
ing tensile, bursting and tear strengths.

(5) High propensities for oil or wax 
absorption.

(<>) Uniformity of fibrous texture and 
freedom from patches of .matted fibre or 
extraneous inclusions that might lead to 
areas of lower wax or oil absorption.

(7) A  paper of uniform compressibility 
and extensibility.

Table 45.— Physical Test Results on Condenser 
Papers.

Sample
No.

Substance, weight 
basis, grams per 

sq. metre

Thickness, 
inches X 
1,000

Density, 
grams per 

c.c.

1 13.0 0.50 1.02
2 12.2 0.49 0.97
3 12.8 0.46 1.11
4 10.1 0.37 1.10
5 13.0 0.49 1.08
6 12.8 0.41 1.24
7 12.0 0.50 0 95
8 12.5 0.40 1.24
9 11.8 0.47 0.99
10 11.6 0.49 1.01
11 12.0 0.43 1.10
12 12.1 0.49 0.95
13 14.1 0.50 1.13
14 10.5 0.40 1.01

(8) Freedom from chemicals or from 
any non-fibrous ingredients that impart 
low electrical insulation or electric 
strength, or which, in the presence of 
moisture, might ionise to yield elec
trically or electrochemicaliy conducting 
products, or which may be soluble in the 
impregnating medium and thereby lower 
its electric strength and insulation, or 
impoverish its power factor or permit
tivity values.

(0) Freedom from any chemicals or 
other ingredients that may cause corro
sion of the metal foil electrodes (alu
minium or tin), during the process of 
manufacture of the condenser units, 
during shelf life or in service.

(10) Freedom from conducting par
ticles, whether these be inclusions of 
metal or carbon, or whether they be slime 
spots.

(11) Freedom from pin-holes or porous 
patches.

(12) A n  electrical quality of paper, with 
high dielectric strength, high insulation 
resistance, low power factor, and high 
permittivity or dielectric constant.

(13) Constancy of quality in all these 
respects from roll to roll in the same 
batch, and from batch to batch.
The papers employed range in, thickness 

from 0.0003 to 0.0005 in. for general pur
poses, with thicker gauges in much smaller 
quantity for a few special applications. 
These papers are extraordinarily pure in the 
chemical sense, mechanically strong and 
uniform both physically and electrically. 
After all is said and done, this raw 
material is only paper, and it must be 
stressed at the outset that it reflects much 
credit upon the effort, both research and 
industrial, of the producers, for the success 
they have achieved in maintaining control 
for "the production of such an ordinary type 
of raw material in such high grade and" to 
such a degree of precision.

The natural water supply in the district 
in which the paper is made has some bear
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ing upon quality, for it is evident that’ this 
has to be used for preparing the pulp and 
for all washing purposes. Thus, in a peaty 
district where water is somewhat acidic, a 
paper ma y be slightly on the acid side of 
neutral, whereas in a chalky or limestone 
area, it will .result in a slightly alkaline 
product. The paper is manufactured in the 
principal countries of the world, Great 
Britain, France, Germany, Japan, U.S.A., 
etc. It is usually found that paper mills 
specialize in this class of high purity, high 
strength, thin tissue paper, which has 
outlets for purposes other than for elec
trical insulation. Thus, similar material is 
used for transfers, such as employed for 
pottery, for cigarettes and for carbons. 
The manufacture of the actual carbons, or 
even of transfers, of course, needs to be 
segregated from insulation papers.

U p  to about 15 years ago the lowest 
thickness of condenser paper generally 
available was 0.0005 in., and practically the 
whole of it was a linen rag tissue. Subse
quent to that period, 0.0004 in. and
0.0003 in. thicknesses have become regu
larly available, and much wood stock paper 
has been used and established as satis
factory.
To convey some impression of the 

problems that are involved in the manufac
ture of condenser tissue, the following brief 
notes are given, outlining the procedure for 
the usual ().0005-in. linen rag stock paper. 
The starting point is flax waste in the form 
of short ends froqi the carding machines, 
and it is hand picked to remove extraneous 
matter before it is passed forward for pro
cessing. The selected material is washed 
and then, to remove non-cellulosic, resinous 
or acid-forming components, it is heated 
with a suspension of milk of lime in steam- 
heated revolving drums. The time period 
for treating is something of the order of 
12 hours. Alkali, soda or potash is not 
used for these treatments, because of its 
absorption and retention of the fibre. The

liquor is- then strained off and the fibrous 
residue pressed and passed through a 
mechanical operation in a machine known 
as a " devil,” which pulls the fibres apart. 
Short ends are removed by sieving opera
tions. Bleaching and washing operations 
follow, these being carried out in mixing 
machines. The pulp is then beaten in 
heated mixers. This is followed by a centri
fugal operation for the removal of heavy 
impurities. It is stored as a concentrated 
slip in tanks provided with stirrers, and 
drawn from these and diluted with water for 
passing to the paper-making machines. O n  
the way to the latter, a further centrifuging 
process is included in. order to remove final 
traces of dirt or heavy particles. The usual 
felting, drying and calendering operations 
follow. Air conditioning of the buildings 
in which the open processes of the paper 
machine, during the drying and calendering, 
seem to be essential, at least with respect 
to dirt and other impurities. Carbon spots, 
due to soot in the atmosphere, are a 
common source of trouble, giving points of 
low electrical breakdown on test. Never
theless, air conditioning does not Seem to 
be generally practised, which is an evident 
weakness.

Apart from self-apparent factors of fibre 
composition, quality, with special reference 
to chemical impurities, and thickness, the 
electrical properties of the paper may be 
dependent upon the degree of beating to 
which the pulp is subjected, and are affected 
by the degree of calendering and the 
density and porosity of the finished product. 
Reference will be made to these factors 
later, but they are mentioned at this stage 
bechuse it cannot be too strongly stressed 
that, in comparing the merits of various 
metal foils, for example, aluminium versus 
tin foil, by means of various electrical tests 
upon similar condensers made with them, 
the papers in these condensers must be 
identical. It is not sufficient to use papers 
that are the same on chemical tests and

Table 46.— Chemical Test Results on Condenser Papers.

Sample
No. Reaction dH value 

colourmetric
pH value after 
72 hrs. at 125° C.

AshO',o
Moisture

/o
Alcohol 
soluble %

Water soluble
%

1 Neutral 7.2 5.5 0.22 7.6 0.23 0.502 Neutral 7.2 5.4 0.16 6.7 0.58 1.573 Alkaline 9.0 8.6 0.92 6.8 0.42 0.584 Alkaline 8.6 8.5 1.27 7.0 0.57 0.625 Neutral 8.4 8.4 1.15 6.9 0.55 0.606 Neutral 6.8 5.5 0.60 6.5 0.42 2.507 Neutral 8.2 8.0 0.46 6.6 0.30 1.058 Alkaline 9.4 9.2 2.45 6.9 1.25 1.109 Alkaline 8.6 8.4 0.90 6.8 0.45 1.4310 Neutral 8.4 8.3 0.18 7.9’ 0.28 0.7311 Neutral 6.1 5.7 0.08 6.9 0.24 1.1612 Neutral 8.0 7.8 0.25 8.0 0.40 1.1513 Neutral 7.8 7.6 0.29 6.7 0.57 0.3314 Neutral 7.9 7.8 0.28 6.5 0.75 0.45
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Sample No.
As received After 72 hours at 125°C.

Tensile strength 
oz. on J" strip

Elongation
:o

Tensile strength 
oz. on strip

Elongation
%

1 20.5 2.4 20.0 2.2
2 21.5 1.9 22.0 1.8
3 28.0 1.9 29.5 1.8
4 26.5 1.8 25.5 1.7
5 27.0 2.0 27.5 2.0
6 22.0 2.0 21.0 2.0
7 28.0 2.0 25.0 1.8
8 27.2 2.0 27.0 2.0
9 26.0 1.9 27.4 1.9
10 24.3 2.2 24.5 2.2
11 23.0 2.0 23.0 2.0
12 27.0 2.1 27.8 2.0
13 32.5 2.4 36.0 2.7
14 20.8 1.9 21.5 2.0

thickness. The condensers in each batch 
should be made from the same rolls of paper 
to ensure as closely as possible that paper, 
which has had the same degree of beating 
and calendering, is used throughout. This 
is just as essential as ensuring thê  same 
processing conditions. Otherwise, mislead
ing results may be obtained and the wrong 
conclusions drawn.

Excessive beating is said tô  cause a 
tendency towards greater hydration which 
means better absorbency and, in consequence, 
a greater retention of undesirable chemicals 
during washing operations. The more 
hydrated the paper the greater is the 
difficulty in removing moisture from con
denser units in the drying operations. I he 
trend is thus towards, lower insulation 
resistance values in the final condensers.

Experience, too, seems to indicate that 
the greater the calendering, the lower is the 
insulation resistance. O n  the other hand, 
as this should increase density and reduce 
porosity, one would expect better electric 
strength. This is not borne out in practice, 
although high density and low porosity are 
essential to high electrical strength. In 
short, these two qualities must be achieved 
by means other than by heavy calendering
i.e., such factors as fibre size and control
of the paper-making operation itself have 
to be closely studied and controlled to 
provide for them.

These thin electrical papers present a 
different problem from the t thicker ones 
employed in cable and coil insulation.
These range from 0.00175 to 0.010 in. in 
thickness. Studies upon them have indi
cated that low density, highly porous types 
are to be preferred provided a high ratio 
of impregnant to paper is maintained. With 
the thin materials used for condensers,
however, heavier beating of the fibre is 
entailed in order to get down to the thick
ness values, especially with wood stock 
papers and thicknesses as low as 0.003 in.

If a high quality density paper can be 
secured without excessive beating, or with 
beating that only cuts the fibres rather than 
pounding and macerating them, then a low 
impregnation ratio should be tolerable, but 
as soon as much hydration of the fibre is 
permitted, a higher impregnation ratio is 
desirable in order to offset the impoverish
ment of insulation by the greater retention 
of moisture and of chemicals. In practice, 
however, the impregnation ratio is largely 
determined by process conditions, with 
special reference to the pressures imposed 
upon the units, the method of applying this 
pressure and the conditions obtaining when 
this is applied. It will be seen later when 
process is dealt with that the most favour
able factors for these conditions, and for 
producing condensers of uniform quality to 
close capacity limits, do tend to a low 
impregnation ratio. Therefore, much 
reliance has to be placed upon the paper 
manufacturer, controlling both the beating 
and the calendering conditions very closely.

Much work has been done by condenser 
manufacturers upon condenser tissues with 
a view to establishing qualities most suited 
to their needs. Electrical testing has not 
yielded as much information as would be 
expected. The reasons for this are that it 
is very difficult, if not impossible, to test 
the material for insulation resistance, elec
tric strength, power factor and permittivity, 
in the perfectly dry condition, and tests 
made under controlled humidities are not 
very informative because in a condenser the 
paper is in a thoroughly dry and impreg
nated condition. Chemical tests have 
proved more helpful, and it is largely upon 
the results of the intensive work by 
chemists that the modern, methods of 
evaluation of condenser papers are founded. 
These researches have included simple 
physical tests which, too, have been found 
very useful in evaluation.

All this laboratory work has been carried
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out alongside closely controlled production, 
much of it with the use of pilot plants in 
which conditions could be varied, while still 
maintaining close control, so that the 
chemical and physical tests could be corre
lated with condenser quality; the latter 
included all the essentia! electrical values 
of capacity, electric strength, insulation 
resistance, power factor and permittivity.

Of the variety of tests used for this 
evaluation of condenser paper, the following 
gives brief details of some of the most 
useful.

Chemical quality is given major attention. 
Freedom, or degree of freedom from retained 
chemicals, is covered by reaction to indi
cator papers, p H  value estimations on water 
extracts, amount of impurity extractable 
with water, or with alcohol, total ash on 
incineration, and, in more recent years, by 
taking water extracts and determining elec
trical conductivity and p H  value electro- 
metrically.

Physical quality is assessed from the 
substance, namely, weight basis, thickness 
and density, and, nowadays, by porosity. 
Mechanical properties are covered by tensile 
strength and elongation measurements, and 
sometimes additionally with bursting 
strength tests. Electrical tests are usually 
confined to breakdown values with alter
nating current on the material in the " as 
received ” condition.

Ageing characteristics and resistance to 
heat are examined by subjecting specimens 
to a period of dry heat and then repeating 
the mechanical and electrical tests.
General features covered include the 

following:—
Fibre composition, which is determined 

by pulping the paper and examining micro
scopically. A  small sample of the paper is 
torn into small pieces and boiled gently with 
diluted caustic potash (0,5 per cent, by 
weight) for a few minutes to remove non-

cellulosic material. The paper is then 
thoroughly washed by shaking several times 
with distilled water till free from alkali, 
ft is then pulped by shaking with water. 
The pulp is diluted with water and a small 
sample of the suspension is dried ort a micro
scope slide for examination and assessment 
in the usual way.

Visual examination is made for pin-holes, 
crossed fibres, slime spots, carbon spots, 
metal particles and the like. Colour 
generally shows whether the material is 
bleached or unbleached.

The briefly mentioned list of tests require 
a little more amplification, on account of 
their importance, and, therefore, more 
practical details are presented below.

The reaction test is usually carried out as 
indicated previously under the section deal
ing with the electrode foils. Samples of the 
paper in contact with red and blue bibulous 
litmus paper, moistened with distilled water, 
are pressed between glass plates for a period 
of 10 minutes. The test pieces are examined 
carefully at the end of this time, when no 
signs of acidity should be evident, and not 
more than the slightest evidence of alka
linity. N o  double reaction or white spots 
on the litmus paper should be visible, as 
this indicates local contamination as with 
carbon or metal particles.

The p H  value can be quickly determined 
colorimetrically. A  2 gm. sample in 
small pieces is placed in an Erlenmeyer 
flask; 100 ml. of hot, pure distilled water 
is added and the mixture simmered for 
10 minutes. The liquid is decanted and 
made up to 100 ml. with the same water 
(to compensate evaporation losses). It is 
rapidly cooled and p H  value determined 
colorimetrically with the standard B.D.H. 
indicators or their equivalent.

Ash is. determined by complete incinera
tion, carrying out the test slowly and care
fully to avoid losses.

Table 48.— Electric Strength Test Results (Mean Values) on Condenser Papers Before and
After Heat Test.

Sample No,
Electric strength Yolts A.C. Electric strength volts A.C. after 72 hours at 125°C.

One thickness Two thicknesses Three thicknesses One thickness Two thicknesses Three thicknesses

1 350 620 960 300 590 9602 370 680 950 350 650 9503 380 770 1.260 360 660 9604 300 620 760 300 620 8105 310 630 770 310 630 8006 350 700 1,020 350 710 1.0407 350 760 1,080 350 760 1,0808 350 800 1,100 350 810 1,0509 280 640 900 290 640 94010 330 580 940 300 600 87011 300 560 900 250 500 84012 310 610 950 320 600 94013 300 700 950 300 680 98014 300 520 850 310 550 970
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I n te r n a tio n a l  A llo y s  L td

y  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. Sportsmen. T h e  
120 yards record of 13 .7 seconds was set 
up by Forrest T o w n s  at Oslo in 1936. 
T h e  220 yards record of 22.5 seconds was 
secured by Fred Wolcott in 194° an(i the 
440 yards hurdles record of 52.6 seconds 
by John Gibson at Nebraska in 1927. 
T h e  record of International Alloys Ltd. 
in supplementing the nation's supplies 
of essential light metals cannot be fully 
published till after the war. M e a n 
while, for post - war developments, 
please note the n a m e — ‘I N T A L '  are 
and will be makers of aluminium alloys 
for every conceivable purpose.
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c o m e  f r o m  p i n p r i c k  i n c o n v e n i e n c e s ,  f r o m  t h i n g s  b e i n g  

h e a v y  w h e n  t h e y  c o u l d  b e  l i g h t ,  f r o m  t h i n g s  t h a t  r u s t  a n d  

c o r r o d e  w h e n  t h e y  n e e d n ’ t .  W e  c a n  k i l l  t h e s e  a n d  

l a r g e r  e c o n o m i c  t y r a n n i e s  w i t h  n e w  t e c h n i c a l  k n o w l e d g e ,  

d e r i v e d  f r o m  n e w  a n d  r e v o l u t i o n a r y  e x p e r i e n c e s  i n  w a r 

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

We ca n  give you F A C T S a b o u t  A l u m i n i u m

N O R T H E R N  A L U M I N I U M  GO. LTD., ¡¡anbury, oxon. Makers of N O R A L  Products



July, 1945 LIGHT METALS 353

Table 49.— Average Values for Insulation 
Resistance of Condensers Made with 

Various Linen Base Papers.

Sample
No.

Insulation resistance values, megohms microfarad.

Average value Remarks

1 6,500 _
2 14,500 —
3 3,000 Very high pH and ash values
4 9.500 —
5 5,500 —
6 1,000 High ash, very high water

7 400
soluble values 

Rather high water soluble,

8 1,000
low density 

Very high ash, pH and soluble

9 3,000
matters 

High ash and water soluble
10 3.500 —
11 10,000 —
12 3,000 High water soluble, low

13 2.500
density

14 3,600
~

The water and alcohol extracts are 
standardized to six hours’ period of hot 
Soxhlet extraction, syphoning approxi
mately once in 15 minutes. The extracts 
are carefully evaporated to dryness, and 
dried to constant weight at 105 to 110 
degrees C.

Total moisture content is sometimes 
determined, more as a value-for-money 
reason than for quality evaluation. It is 
determined by heating a sample to constant 
weight at 105 to 110 degrees C. and expres
sing the loss in weight as a percentage of 
the original weight.
Acidity or alkalinity are sometimes 

actually made on samples by extraction 
tests, followed by titration with N/100 
alkali or acid respectively.

Substance is usually expressed in terms 
of grams per sq. metre, computed from the 
weight of an appropriate length of the 
paper. Several tests are made from samples 
taken at intervals along the roll, and from 
various roils, and averaged.

Thickness is measured by micrometer 
measurement. It is usually taken on 10 
superimposed thicknesses of the paper and 
taking the average of 10 readings.
Density is calculated from the weight and 

thickness values, from the relationship:—
Density gms./c.c. =

(Wt. basis in gms./sq. m.)

(Thickness in inches) x 10000 X 2.54
Tensile strength and elongation are 

measured on a paper-testing machine, using 
a 7-in. acting length. Bursting strength is 
measured on an Ashcroft tester. The elec
tric strength tests are instantaneous values 
with the A.C. voltage gradually raised to 
breakdown.

Typical heat test conditions for ageing 
include 72 hours at 120 to 125 degrees C., 
with the samples freely exposed in a hot-air 
oven.

In illustration of some of these points, 
test values have been briefly summarized in 
Tables 44 to 49 inclusive. The papers 
concerned were all linen base tissues from 
widely separated but reputable sources. 
Table 44 summarizes them, showing that 
both bleached and unbleached papers were 
included. Table 45 gives physical data, 
showing thicknesses from 0.00037 to 
0.00050 ins., and calculated densities (on 
material in the condition " as received ” ) 
from 0.95 to 1.24.

Table 46 shows chemical results. P H  
values range from 6.1 to 9.4, ash from 0.08 
to the very high figure of 2.48 per- cent., 
alcohol soluble matter from 0.23 to 1.25 per 
cent., and water soluble matter from 0.33 
to 2.50 per cent.
Table 47 deals with mechanical tests 

before and after conditioning by the severe 
heat test. N o  deteriorating effect of the 
latter is revealed. Table 48 covers electric 
strength tests on single, double and treble 
thicknesses, before and after heat test. It 
shows that this does not provide a 
discriminatory method of evaluation.

Table 49 gives average insulation resist
ance values from condensers made with 
these papers, all process conditions being

Table 50.— Dielectric Strength of Condenser Papers and of Corresponding Condensers.

Lot No. 4T 
Lot No. 2T 
Lot No. 7T 
Lot No. 5T 
Lot No. 1620T

Breakdown voltage of 0.0004-in. condenser paper, volts (alternating current)

Sample 
No. 1

500
490
500
520
590

Sample 
No. 2

425
490
500
520
570

Sample 
No. 3

500
290
515
535
590

Sample 
No. 4

500
275
515
525
780

Sample 
No. 5

490
500
515
530
560

Sample 
No. 6

490
490
515
520
630

Sample 
No. 7

515
485
520
525
560

Sample 
No. 8

520
495
520
525
730

Sample 
No. 9

515
500
505
535
630

Sample 
No. 10

505
500
505
520
620

Aver
age

496
451
511
525
626

Average break
down value 
of 1-mfd, con
densers, using 
two sheets of 
paper between 
tinfoils; volts 
(alternating 

current)

655
679
954

1.024
1.603
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Table 51.— Test Data on 0.0004-In. Condenser Paper.

July, 1945

Paper
Porosity of paper ,cc.

Density of 
paper as 
received

Conducting paths per square 
feet

Average breakdown 
value of 1 mfd. con
densers using two 
sheets of paper be
tween tinfoils ; volts 
(alternating current)Maximum Minimum Average Maximum Minimum Average

Lot No. 4T .. 18.9 6.7 9.7 0.980 7 2 4 655
Lot No. 2T .. 21.7 5.3 12.8 0.955, 5 3 4 680
Lot No. 8D 10.9 0.9 4.4 1.020 8 5 6 945
Lot No. 7T .. 9.0 4.4 6.0 0.947 8 5 954
Lot No. 5T 4.5 1.7 2.6 1.014 5 4 4 1,024
Lot No. 3T .. 4.8 2.7 3.7 0.968 13 4 8 1,032
Lot No. 9D 13.4 2.5 6.2 0.980 15 10 12 1,060
Lot No. 1D 3.2 1.0 1.9 1.020 17 10 13 1,138
Lot No. 12P 3.1 0.7 1.4 1.160 18 11 13 1,275
Lot No. 13P ., 2.8 0.6 0.9 1.180 24 10 16 1,340
Lot No. 2D . 8.9 1.6 3.6 1.000 10 5 7 1,430
Lot No. 1620T 2.9 2.7 2.9 0.956 19 16 17 1,603

the same as far as controllable over a period 
of time. In the remarks column, comments 
are made to explain low insulation values 
from the test results on the papers them
selves. Nevertheless, they are not full 
explanations, nor can all electrical peculiari
ties be accounted for in this way. Thus, 
the explanation for the exceptionally low 
insulation value on sample' No. 7 is not 
convincingly covered. O n  the contrary, the 
poor performance of No. 8 would be" fully 
anticipated from the chemical characteristics 
of the paper.

In America, apparently the breakdown 
voltage of a condenser is regarded as a more 
discerning characteristic than is insulation 
resistance. From this angle they tend to 
disprove the importance of density and pay 
full attention to porosity in the condenser 
paper. Under equal conditions it may be, 
of course, that the production of higher 
density in a paper gives the low porosity 
value, but it is dangerous to assume this. 
The low porosity should be achieved by- 
processing to give the right texture and 
uniformity, even if this gives higher density, 
but not by higher calendering which may 
introduce other undesirable features.

The question of porosity is both 
intriguing and important, and in view of

this, together with the fact that control of 
porosity seems to be fundamentally a correct 
line of attack, a précis of Roman's original 
work will be given.

T h e  I m p o r t a n c e  o f  P o r o s i t y  i n  t h e  T e s t i n g  
o f  C o n d e n s e r  P a p e r

The importance of the “ porosity ” of 
condenser paper and of having a uniform 
degree of porosity, was first pointed out by 
F. L. Roman in a paper to the American 
Society for Testing Materials, in June, 1930. 
The paper discussed the relationship between 
several characteristics of condenser paper 
manufactured from linçn stock and the 
dielectric strength or breakdown voltage of 
condensers produced using this paper. The 
condenser tissues investigated were of 
0.0004-in. and 0.0005-in. thicknesses and 
originated from American and foreign 
sources.

The conclusions drawn by Roman from 
the investigation included the fact that 
variations in density of paper, exert no 
noticeable effect upon the breakdown 
voltage of the corresponding condensers. 
Conducting paths through the paper, when 
present in small numbers, were shown to 
have no important effect on the breakdown 
voltage of condensers ha%'ing two sheets of

Table 52.— Test Data on 0.0005-in. Condenser Paper.

Paper
Porosity of paper, etc. Average breakdown valve 

of 1 mfd. condeasers, using 
two sheets of paper between 
tinfoils ; volts (alternating 

current)Maximum Minimum Average

Lot No. Si .. 25.2 4.8 14.1 712
Lot No. Di .. 22.0 2.9 11.6 747
Lot No. D*j .. 9.6 1.2 4.8 955
Lot No. So ,, 6.4 1.6 3.1 1.280
Lot No. D;j .. 2.4 0.7 1.5 1,418
Lot No. S3 .. 3.8 1.5 2.3 1,671
Lot No. Hi .. 0.8 0.4 0.5 1,679
Lot No. H-2 .. 0.6 0.2 0.4 1,712
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Table 53.— Porosicy Tests of Uniform and Non-uniform Condenser Papers.
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0.0004-in. condenser paper, uniform in porosity- 
Lot No. 1620-T

Porosity, cc. 
(15 samples)

Ultimate dielectric strength of 
corresponding condensers, volts 
(alternating current) (50 units)

2.7 1,320 1,750 1,950
2.7 1,400 1,740 1,050
2.9 2.020 1,460 1.280
2.9 2,400 1,380 1,040
2.9 1,460 1,660 2,160
2.9 1,640 1,760 1,800
2.9 1,800 1,750 1,500
2.9 1,150 1,320 1,250
2.9 1,020 1,750 1,940
2.9 1,220 1,950 1,860
2.7 1,850 1,580 1,720
2.9 1,380 2,120 2,000
2.9 1,480 1,400 1,440
2.9
2.9

Average.. 2.9 Average
Maximum 2.9
Minimum 2.7

2,100
1,950
1,520
1.540
1,550
1,150
1,190
1,920
1,460
1,440
1,960

1,603

0.0005-in. condenser paper, non-uniform in porosity- 
Lot No. 889-S

Porosity, cc. 
(15 samples)

4.1
4.0

Average 9.1 
Maximum18.4 
Minimum 3.9

Ultimate dielectric strength of 
corresponding condensers, volts 
(a/ternating current) (50 units)

4.5 700 250 800 1,330
3.9 1,240 830 1,750 1,450
5.1 510 1,240 640 1,440
5.5 690 1,080 800 610
4.2 660 1,350 1,190 710
5.0 520 580 1,120 850
16.0 660 1,070 810 1,440
15.4 660 400 1,330 250
18.4 550 560 480 420
16.2 860 1,220 720 1,240
14.9 650 1,720 1,220 970
14.9 700 1,230 700 —
3.9 1,170 580 500 —

Average..

Average Porosity of Paper, c c. in 15 seconds
F ig .  18 1.— R e la t io n s h ip  b e t w e e n  p o r o s i ty  o f 
c o n d e n s e r  p a p e r  to  b r e a k d o w n  v o l ta g e  o f 
c o n d e n s e r s ,  u s in g  tw o  s h e e t s  o f  p a p e r  b e tw e e n  

m e ta l l ic  fo ils . (S e e  T a b le s  5 1 a n d  52 .)

Electric Strength of the Paper
In Table 50 are given Roman's results on 

electric strength of condenser papers and the 
average values for the corresponding con
densers of 1 mf. capacity, manufactured

paper between the metallic foils. However, 
the percentage of short-circuit condensers 
or of those failing at low voltages is 
expected to increase approximately as the 
square of the number of conducting paths

O' 2 4 6 8 10 12 14-

per unit area of the paper. On the other 
hand, variations in porosity of the paper 
were shown to have a marked influence on 
the breakdown strength of the correspond
ing condensers and, from the work carried 
out, Roman put forward recommendations 
on the porosity requirements for papers for 
use in low-voltage condensers and for those 
employed in high-voltage condensers.

The fundamental reason for the work 
arose from the fact that with the increase 
in production requirements for condensers, 
the quantity of condenser tissue employed 
became very large and yet no adequate test 
methods had been applied to ensure that 
satisfactory paper could be evaluated at the 
inspection stage, in order to guarantee the 
manufacture of condensers to meet specified 
electrical requirements. Production trials 
by actually making batches of condensers 
were necessary and it could not be assured 
that by this means the influence of paper 
qualitv could be interpreted due to the 

i influence of processing technique or varia
tions in it under manufacturing conditions. 
The work entailed, therefore, a study of the 
characteristics of condenser papers and an 
attempt to correlate them with electrical 
characteristics in the product produced 
under controlled conditions.

The investigation studied properties of 
electrical strength, conducting paths, 
density, and porosity, all measured on the 
papers, and correlated these with electric 
strength in the finished condensers. Each 
of these items is dealt with briefly below.
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with two sheets of paper between the tin
foil electrodes. From this can be seen the 
influence of papers of low breakdown 
voltage and of high breakdown voltage. 
For making the measurements on the 
papers, the various samples were all condi
tioned together for one hour at 105-110 
degrees C. and kept in the desiccator until 
required for breakdown test. In the actual

ducting path is effective over an area of
1-32 in. diameter, and that a total of 12 sq. 
ft. of paper arc required in a 1-mfd. con
denser, having two papers between metal 
foils, the probability that two conducting 
paths will come in contact when each paper 
has 30 such paths per sq. ft. is approxi
mately derived from the following 
formula:—

Area of conducting 
path in sq. ins.

No. of sq. ft. of paired paper in 
condenser

Sq. of No. of conducting 
paths per sq. ft.

4 (1/32)2 X 6 X (30)2 
_

144 

4.142 

= 144
= 2.88 per cent.

test two sheets of paper were removed 
together from the desiccator and placed 
between two sheets of tinfoil; this pile-up 
was tested immediately between brass elec
trodes with flat polished contact surfaces in 
accordance with A.S.T.M. methods. The 
electrodes were cylindrical rods, 2 ins. in 
diameter, and had the contact surfaces 
rounded to a radius of one-eighth the dia
meter of the electrodes and they were 
arranged to transmit a constant pressure 
of 15 lb./sq. in. to the pile-up. The con
densers themselves for test were all made 
together under as nearly as possible the 
same conditions and were impregnated with 
the same material.

Tests were also made on condenser papers 
conditioned for 24 hours at 65 per cent, 
humidity and 21 degrees C. immediately 
prior to testing. The electric strength 
values obtained were found to be in the 
same relative order as for the dried papers. 
The electric strength tests, however, were 
not considered entirely satisfactory because 
check tests showed that slight differences 
in the methods of sampling or in the test 
determination itself, could easily cause 
greater variation than shown by the papers 
themselves as revealed by the test results 
given in Table 50. It was concluded that 
comparative electric strength tests give a 
slight indication of the comparative dielec
tric strength of condensers produced with 
them, but that the method of testing is not 
suitable for routine testing and for showing 
whether a paper is capable of producing a 
condenser of specified breakdown voltage.

Relation between Conducting Paths in the 
Paper and the Electric Strength of 
Condensers

Consideration of the number of conduct
ing paths per unit area of the paper is 
logical and Roman points out that paper 
manufacturers have directed their main 
attention towards reducing these conducting 
particles. In commercial papers, he gives 
30 per sq. ft. as the limit rarely exceeded, 
the A.S.T.M. test method being employed. 
O n  the assumption that the average con-

With 10 conducting paths per sq. ft. the 
probability would only be 0.32 per cent., 
or about 1 in 300.

The assumptions made in deriving the 
formula are only approximately correct and, 
further, a portion of the paper extends 
beyond the metallic foils. Again, it has to 
be assumed that the conducting paths still 
exist after the impregnation of the con
denser unit. Nevertheless, the formula 
serves to show the number of condensers 
that may be expected to fail at very low 
voltages due to conducting paths in the 
paper, and that this number is small if the 
number of conducting paths per sq. ft. is 
kept within the usual range.

The influence of conducting paths on the 
electric strength of the corresponding, con
densers, when the conducting paths do not 
meet in the paired papers, is not so well 
known. In Table 51 data is given which 
shows that condensers having high dielec
tric strength can be produced using paper 
in which the number of conducting paths is 
within the usual range. Thus, papers of lot 
Nos. 1620T and 20 showed the best dielec
tric strength in condensers and had 17 and 7 
conducting paths respectively, whereas 
papers in condensers which broke down at 
lower voltages had fewer conducting paths. 
R oman points out that it would be absurd 
to assume that an increase in the number of 
conducting paths would be beneficial to the 
dielectric strength of the condensers and it 
is evident that the better electric strength of 
condensers made from paper, having the 
higher number of conducting paths, is due 
to the paper concerned being of better 
quality in some other respects.

Relation between Density of Paper and 
Electric Strength of Condensers

The data in Table 51 also indicates that 
the average apparent density of the con
denser paper has no important effect upon 
the electric strength of the corresponding 
condenser. For example, papers lot Nos. 
2T and 1620T have approximately the same 
density, whereas the condensers made from 
them showed average breakdown voltages
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b y th e  C U R R A N

P a t e n t A U T O M A T I C  S P R A Y  P R O C E S S

Illustrated is o n e  Un it f r o m  the C u r r a n  Line. T h e  Patent 

A u t o m a t i c  S p r a y  process w h i c h  has m a d e  the C u r r a n  Line 

u n i q u e  is he re utilised for the cleaning a n d  etching of 

light alloys, either strip as s h o w n ,  sheet o r  c o m p o n e n t s .  

W r i t e  for further details— there is a C u r r a n  Un i t  for e v e r y  

r e q u i r e m e n t  in cleaning, etching, pickling a n d  washing.

C U R R A N  B R O T H E R S  L T D - C A R D I F F
D e s ig n e r s  a n d  B u i ld e r s  o f  C o n t in u o u s  P i c k l i n g  P l a n t s
C A R D I F F  N E W  Y O R K  M O N T R E A L
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F ig . 182 .— P e r c e n ta g e  
d e v i a t i o n  o f  th e  
b r e a k d o w n  v o lta g e  
o f  t h e  in d iv id u a l  c o n 
d e n s e r s  fro m  th e  
a v e r a g e  b r e a k d o w n  
v o l ta g e  o f  t h e  c o r r e s 

p o n d in g  lo t.

Individual Condensers Plotted in Order of Decreasing Breakdown Voltages

of 680 and 1603 respectively. Again, paper 
No. 1620T was among those of lowest 
density and highest area per lb. and yet 
it gave condensers having the highest elec
tric strength.

Ro ma n points out that these findings are 
contrary to the usual understanding on 
other insulating papers and suggests that 
changes in density and in other character
istics of the paper, such as degree of hydra
tion. affect the degree of penetration of the 
impregnating material. It ma y also tend 
to prevent thorough drying and complete 
impregnation. Consequently it is possible 
that an increase in density would be detri
mental rather than beneficial, under pro
duction conditions, even though high 
density were found,to be advantageous for 
unimpregnated or thoroughly impregnated 
papers.

Relation between Porosity of Paper and 
Electric Strength of Condensers

The influence of porosity is shown in the 
data in Table 51 and more completely by 
that given in Table 52 and represented 
graphically in Fig. IS I. These definitely 
indicate that, in general, condensers of low 
dielectric strength are produced from paper 
of high porosity and condensers of high 
dielectric strength are produced when paper 
of low porosity is employed. Fig. 181 
shows the average relation between porosity 
of the paper and the breakdown voltage of 
condensers under the particular conditions 
of manufacture encountered. It is known 
that variations in manufacturing process 
of the condensers account for some of the 
apparent discrepancies in breakdown 
voltages obtained on condensers made with 
papers of about the same porosity. It is 
also to be expected that the electric strength 
of condensers produced under manufac
turing conditions will be lower than those 
produced under ideal laboratory circum
stances.
Using papers of American and other 

sources, Roman records that over a period

when several million -condensers were pro
duced, no instance occurred in which con
densers of high breakdown value could not 
be produced from paper of uniform low 
porosity or in which high electric strength 
condensers could be produced from papers 
of high porosity. All these condensers were 
wound from paper having apparent density 
frorn 0.9 to 1.2 and conducting paths from
2-25 per sq. ft. and used two papers between 
metallic foils.

Not only is low porosity necessary, but 
reasonable uniformity of the paper from the 
point of view of porosity is desirable. 
Non-uniformity in porosity corresponds to 
lack of uniformity in the formation of the 
paper sheet. Wh e n  the paper only shows 
a small percentage of its area with high 
porosity spots there is little danger of the 
spots coming in contact when the paper is 
paired. If the percentage of the area of the 
paper which is of high porosity is large, a 
considerable portion of the paper will break 
down at low voltages.

This is shown by the information in 
Table 53. Paper lot No. 1620T of thickness 
0.0004 in. is of low porosity and excep
tionally uniform. Paper No. 889S, which 
is 0.0005 in. in thickness, is non-uniform 
in porosity. The condensers made with the 
first of these papers are all of high electric 
strength and the breakdown voltage of the 
best unit from this lot is less than 2| times 
that of the poorest unit. The condensers 
made from the second paper range from 
very poor to very good with the breakdown 
voltage of the best unit seven times that of 
the poorest.
The percentage deviation of the break

down voltage of each individual condenser 
from the average breakdown voltage of the 
corresponding lot is shown graphically in 
Fig. 182. The condensers made from" the 
0.0004-in. paper jof uniform porosity are 
grouped much more closely along the zero 
deviation line than the condensers made 
from the 0.0005-in. paper,of non-uniform 
porosity. This close grouping to the zero
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line is an important characteristic if con
densers are to be used close to their rated 
value because it is evident that condensers 
with the closest grouping must show the 
smallest number of failures.

The data presented indicates that thick
ness does not improve breakdown voltage 
of the condenser unless the increased thick
ness of paper is from a material of low 
porosity. It would be expected that it 
would be less difficult to make thicker paper 
of lower porosity, but papers of 0.0005 in. 
in thickness have not been appreciably 
better than those of 0.0004 in, from the 
viewpoint of porosity. Further, in general, 
condensers made from 0.0004-in. material 
have shown approximately the same average 
electric strength as those made from
0.0005-in. material.
Method of Determining Porosity

R o m a n ’s apparatus for determining
porosity is a modification of one previously 
designed by the Westinghouse Klectric and 
Manufacturing Company, and has the 
advantage that, except for the clamping 
device, it can readily be assembled from 
components obtained from the normal
apparatus suppliers. The clamping device 
itself is simple and easily made. Any 
adjustments that are necessary are made in 
the connections to maintain the air space 
from the 0 cc. reading of the burette to the 
paper in the clamp at approximately 11 cc.

The apparatus is used as follows:—
The stop-cock is opened, approximately 

250 cc. of water are poured into the 
aspirator bottle and the height of the 
bottle is adjusted to give a reading of 
0 cc. in burette with the water in the 
burette and aspirator at the same level. 
Holder is . fixed to hold the aspirator 
in this position. The aspirator bottle is 
then removed from this holder and with 
the stop-cock still open it is lowered until 
the burette reading is 88.7 cc., again with 
the water level the same in the burette 
and in the aspirator. The ring holder 
is fixed to hold the aspirator bottle in this 
position. The apparatus is then ready for 
operation. . .

With the aspirator in the upper position 
and the water in the burette reading 0 cc 
the sample of paper to be tested is inserted 
between the jaws of clamps and the 
wing lever is tightened. The stop-cock 
is closed and the aspirator placed in 
the lower holder. The stop-cock is then 
opened for 15 secs, and re-closed. The 
aspirator bottle is raised until the water in 
the bottle and in the burette are on the 
same level and a reading of the number of 
ccs. of air which have been drawn through 
the paper is recorded. This is the porosity 
value of the sample.

Routine tests for porosity are made of 
paper held under ordinary room conditions.

but for close checks tests are made imme
diately after conditioning for 24 hours at 
65 per cent, humidity and 70 degrees F. 
For the inspection of large batches of paper 
of reasonably uniform quality, three samples 
from each of live rolls taken from each 
2,000 lb. of paper are considered a sufficient 
check. For- non-uniform papers, or those 
from unknown sources, the number of 
samples should be from 5-10 times more 
numerous.
Control of Porosity of Condenser Paper

The porosity limits naturally depend 
upon service requirements of the condensers. 
Most condensers having two papers between 
foils are used in service at low voltages and 
for such condensers a reasonably uniform 
paper with a maximum average porosity of 
6 cc. is expected to yield condensers of 
adequate electric strength. Higher porosity 
can be tolerated for very low voltages, but 
there are very few instances where such 
paper can be used with advantage.

It has already been stressed that not only 
must maximum porosity be controlled, but 
also average porosity, and it is suggested 
that in stipulating a ma xi mu m average 
porosity of 6 cc. this can be qualified by 
specifying not more than one reading in 
15 to exceed S cc.
For condensers for use at high voltages 

it is advantageous to select papers of lower 
porositv. For example, maximum average 
porosity of 3 cc. with not more than one 
single reading in 15 greater than 5 cc. is 
suggested as adequate safeguard. Stricter 
requirements do not seem justified, nor 
could they be generally met by paper 
manufacturers.
Conclusion

Roman's conclusions from his investiga
tions are to the effect that variations in 
density of condenser paper have no notice
able effect upon the electric strength of 
corresponding condensers. Specification 
requirements for minimum apparent density 
seem, therefore, to be unnecessary. Con
ducting paths in small numbers, likewise 
have no important effect when the con
densers consist of two papers between the 
metallic foils. Nevertheless it is desirable 
to ensure that the number of conducting 
paths is small. Variation in porosity is 
important in relation to electric strength 
and reasonable uniformity in this respect, 
together with a low porosity value, is 
advantageous.
R o m a n ’s work is very convincing and 

further consideration will be given to this 
aspect in the next section. Nevertheless, it 
is stressed that the porosity characteristic 
does not cover all quality aspects of con
denser tissue, and of these the chemical 
features can bv no means be neglected!

(To be continued)
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L I G H T - A L L O Y  B I C Y C L E S

A n  A c c o u n t  i s  G iv e n  o f  th e  E a r l y  H i s t o r y  o f  th e  A l u m i n i u m -  

a llo y  b ic y c le ,  T o g e th e r  w i th  a  D is c u s s io n  o n  th e  T h e o r y  a n d  

P r a c t ic e  o f  M o r e  R e c e n tly  D e v e lo p e d  M o d e l s

F ig . I. —  T h e  C a m in a r g e n t  f r a m e  jo in t :  
u p p e r m o s t  d ia g ra m , s te e r in g  h e a d  jo in t  ; A , 
D u r a lu m in  to p  tu b e  ; B , D u r a lu m in  h e a d  
t u b e  ; C , S te e l  lu g  ; D , D u r a lu m in  r e in f o rc 
in g  s le e v e  ; E , D ia m e tr ic a l  p in  ; F , R iv e ts  ; 
G , T a p e r e d  c h u c k .  C e n t r e  i l lu s t r a t io n  : 
F o rm  o f  t a p e r e d  c h u c k .  L o w e r  d ia g r a m  : 

B o tto m  b r a c k e t .

majority of cyclists or would-be cyclists, 
but it is doubtful whether a detailed analysis 
of all the factors, particularly performance 
and response, in terms of stresses, strains, 
moduli of elasticity, and so on, has ever been 
worked out, or, if so, it must clearly le 
reposing in some confidential file, since no 
such analysis appears to have been pub
lished.

However, in the absence of any better

Note.— Textural references to the illustrations con
tained in this part of the account will be found in the 
concluding' sections which will appear in the August 
issue of “ Light Metals."

F ig . 2 .— F r o n t  f o rk  o f  F r e n c h  o r ig in ,  c a s t  
( g r a v i ty  d ie - c a s t  ? ) in  A P M  a l lo y  a n d  w e ig h 

in g  4 3 0  g m s .

from one person to another, but in all cases 
it is desirable to approach as closely as 
possible to a condition of effortless riding. 
The effort which has to be made to propel

T H E  problem of satisfactory bicycle 
design is not an easy one to discuss. 
It is simple to ask what constitutes a 

good bicycle, but much more difficult to 
provide a satisfactory answer. An explana
tion in general terms, such as performance, 
reliability, response and finish can readily 
Oe framed to meot the approval of the

basis of discussion, let us examine these 
requirements, as typified in general terms, 
and see how light metals fit into the picture. 
First, let us consider performance. In any 
machine economy of effort is always a desir
able factor. In the case of the bicycle, its 
importance is magnified many times by 
virtue of the limited motive power avail
able. H u m a n  effort will obviously vary
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a bicycle at a given speed along a level sur
face depends on a number of factors, some 
of them extremely complex to define. Ihe 
type and condition of the tyres, the gear 
ratio employed, friction in the bearings, the 
road surface itself and wind resistance are 
important factors not all of which can be 
influenced by the use of light-alloy con
struction.

It is probable that reduction in weight 
does reduce frictional resistance both in the 
bearings and between the tyres and the road; 
it may also enable the use of narrower tyres, 
with an inherent reduced frictional resist
ance. It is interesting to note that, in one 
case, weight was saved by the use of light- 
alloy construction to enable an aluminium- 
alloy wind shield to be fitted over the whole 
of the front of the bicycle, thus reducing 
wind resistance.

But it is when we come to consider the 
influence of weight on effort in cycling up 
an inclined surface that the value of light
ness becomes most apparent. Few roads are 
level for more than a few yards, and only a 
small incline is required to increase the 
cyclist's effort to a marked extent. The 
increased effort required to maintain a uni
form speed is actually \V Sin a where a is 
the angle of inclination of the road surface 
to the horizontal and YV is the weight of 
the machine, plus the rider. The increased 
effort is, therefore, directly proportional to 
W, so that the weight of the machine 
becomes a significant factor in determining 
performance on the road. Other advantages 
which accrue from weight reduction m  a 
bicycle are more rapid acceleration for the 
same human exertion, and better braking, 
or, alternatively, lighter brakes may be 
fitted, lessening still further the weight of 
the machine. It is important to note that 
the time lost by a reduction ot average speed 
by, say, 2 m.p.h. on an up-hill stretch of 
road cannot be regained by a 2 m.p.h. 
increase of average speed on a downhill 
stretch of equal length, so that, on an undu
lating road, lightweight construction results 
in an increased average speed of travel. It 
also reduces fatigue, as it is an established 
fact that effort steadily applied is less tiring 
than one which has to be varied according 
to the road conditions encountered.

It is obvious, therefore, that lightweight 
construction in a bicycle is advantageous, 
and it is not surprising to find that light 
alloys and, to a smaller extent, the ultra
light alloys, have been employed for this 
purpose. The different methods which have 
been employed, and the extent to which 
aluminization has been successful, will be 
reviewed later.
Let us now consider the remaining general 

factors; first, response. Presumably, response 
means the mental interpretation of the

mechanical link between the feet, transmit- 
ing the brain's stimulus of effort required, 
and the immediately subsequent sensation 
of movement. Presumably, rapid accelera
tion, easy running characteristics, and small 
drag on inclines are important factors lead
ing to what might be called good or ready 
response characteristics in a lively mount. 
As has already been shown, lightweight con
struction is advantageous in promoting these 
characteristics and, therefore, it may bo 
implied that, from some points of view at 
least, the lightweight bicycle would be a 
more responsive mount than a heavier and 
more sluggish steel machine.

In practice, however, the light-alloy 
bicycle has sometimes been criticized on the 
very grounds of poor response. Light-alloy

F ig . 3 .— P a r t  v ie w  o f th e  D e la g e  c y c le  f r a m e  
(1 9 3 0 ) , s h o w in g  n o v e l  m e th o d  o f  o v e rc o m in g  
a s s e m b ly  d iff ic u ltie s  b y  m e a n s  o f  s p e c ia l  lu g s .

cranks have been said to dellect to a greater 
extent than steel cranks under the pressure 
applied by the feet and to give rise to a 
feeling of sluggishness and insecurity. This 
is only what would be expected of light-alloy 
replicas of steel cranks, and points directly 
to poor design. Both the aluminium- and 
the magnesium-base alloys are possessed of 
lower moduli of elasticity than steel, and, 
in consequence, it becomes necessary to 
increase the section of light-alloy co m
ponents in order to retain the rigidity asso
ciated with their steel prototypes. It is 
important to note at this juncture that the 
densities of the light and ultra-light alloys on 
the one hand and of the various commercial 
steels on the other hand differ to a greater 
extent than the moduli of elasticity, so that 
it is possible to design light-alloy components 
with a rigidity equal to that of the corre
sponding steef member, but still with con 
siderably less weight.
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Another objection, also resulting from the 
low modulus of elasticity of the light alloys, 
has been raised regarding the " whip " of 
the aluminium-alloy frames. Some whip 
is always desirable, if only to absorb load 
shocks, but complaints have been made that 
aluminium alloys carry this property too 
far. Here, again, the problem would seem 
to be largely bound up with design and 
method of fabrication. The fact that satis
factory frames have been built in small quan
tities would lead one to anticipate that this 
problem, even in the case of mass-produced 
frames, is by no means insoluble.
With regard to reliability, light alloys are 

at some disadvantage in view of their rela
tively low fatigue strength, but where the 
highest stresses are involved, 
as in the frame, designs have 
taken this factor into account 
with such success that the 
drawback of fatigue can be 
eliminated from the present 
discussion. On the road now 
are bicycles incorporating light- 
alloy components which have 
been ridden hard for 10 years

Clement, in Paris, exhibited racing models 
with hubs of unalloyed aluminium, whilst, 
even, before 1896, aluminium frames were 
in use on some French machines. A  cycle 
manufactured by MM . Cycles San Soudures 
En Lu-mi-Num,' Paris, and introduced into 
this country in 1S96, will be illustrated. 
Excluding the front fork, the frame of this 
machine was cast in one piece in light alloy. 
Only recently has the casting technique 
again attracted attention.
About the year 1904, extensive experi

ments began to be made on the use of alu
minium alloys in the form of sheet and 
castings. At that time, bicycle manufac
turers had not been established for many 
years, and they were definitely interested

F ig .  4 .— C o m p o n e n t  p a r t s  
o f  t h e  a l l - l i g h t - a l l o y  

C a m in a r g e n t  b ic y c le .

or more without any other troubles and 
breakdowns than are normally encountered 
with conventional " all-steel ” machines. 
From the point of view of corrosion 
resistance, the light alloys are infinitely 
superior to the ferrous metals. As for 
finishing, apart from dyed anodic coatings, 
satisfactory methods of chromium plating 
have now been evolved; light alloys can be 
painted and enamelled like steel components 
and they can be celluloid covered when 
required," as for handlebars. From these 
points of view, aluminium-base alloys are 
certainly not inferior to steel and brass in 
regard to quality and attractiveness of finish 
possible. Their inherent corrosion resist
ance and attractive silvery appearance, on 
the other hand, allows both the aluminium- 
and the magnesium-base alloys to be used 
in the polished but unpainted and unplated 
condition, while the appearance of dyed 
anodized aluminium is something which 
cannot be matched in any other material.

Historical
The history of the aluminization of 

bicycles begins concurrent with the com
mercialization of aluminium. In 1S93,

in methods of reducing the weight of 
their manufactures, a procedure which 
they recognized to be distinctly advan
tageous. As a result, gearcases, wheel rims, 
mudguards, chain guards, seat castings, 
lamps, locks and parcel carriers were all 
fabricated in pure aluminium or in alu
minium alloys for use on the heavy and 
cumbersome machines which, however, were 
considered to be the last word in design in 
those days. Even aluminium frames and 
gearcases were produced, cast in one piece 
in heated iron moulds, with front and rear 
forks, handlebars and seat pillars as sepa
rate castings. However, light alloys in 
1904 had by no means reached the same 
stage of development as they have to-day. 
Casting technique was poor and, in any 
case, castings are not always the best form 
in which to use light metals. It is not 
surprising, therefore, to find that interest 
in the light alloys died out as improvements 
began to be effected in the steel tubing
available; .which made the advantages of
ąlfijńirtiźiLibn,, less apparent with the some- 
AyłfaT priiifjtjIVe fabrication techniques 

fftVt time.
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The daivn of a memorable 
reign. The Coronation pro
cession of King George V. 
arriving at Westminster 

Abbey, June 22 , K jil.

Who could foretell on that glorious June day, the momentous events that 
would fill the years of the reign! The rhythm of progress was advanced to 
an unbelievable tempo. The air was mastered, the ether harnessed; all the 
sciences made greater strides in years than had been accomplished in centuries.

It was the fortune of Cellon to be founded in that year; a pioneer in a new 
industry. The period provided the opportunity; the zeal of Cellon used the 
opportunity to the full. Still young, we look back on the days when we were 
younger, humbly conscious of our errors, justly proud of our achievements.

C EL L O N  L T D ., K IN G ST O N -O N -T H A M E S. T E L .: K IN G S T O N  1234 (5 lines).
Thorp-Hambrock Co., Ltd., Montreal. Cellon Corporation Pty., Ltd., Sydney.
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A L U M I N I U M H A R D E N E R S
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PHILIPS INDUSTRIAL (PHILIPS LAMPS LTD.). 
CENTURY HOUSE, SHAFTESBURY AV„ W.C.2

'57E>

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.I50I.

^  Overall rigid construction and special elec
trode support by means of locating guides.

Electrodes are retractable by means of 
* Hi-lift’ mechanisms to facilitate welding of deep 
sections.
•Jg Bronze casting for lower part of upper arm 
reduces eddy current losses.
^  M a xi mu m throat depth of 32" accommodates 
wide sections and special shapes.



T H E  A M A L G A M S  C ?  U P.
A T T E R C L I F F E  R O A D ,  S H E F F I E L D ,
  ------------------- Telephone 23665 ----------- - —““~

M a n u f a c t u r e  special

I M M E R S I O N  T H E R M O - C O U P L E S
for quick a n d  accurate t e m p e r a t u r e  readings of

M O L T E N  M E T A L S .

T h e  A m a l g a m s  C o .  L t d .  al s o  M a n u f a c t u r e  

m  H A R D E N I T E  C A S E  H A R D E N I N G  C O M P O U N D  

© ' E U T E C T O I D  C A S E  H A R D E N I N G  C O M P O U N D  

0  H A R D I T T E  ( h a r d n e s s)
 C A S E  H A R D E N I N G  C O M P O U N D  — ----

P r o d u c t i o n

s i m p l i f i e d

S o l v e  Y o u r  
A s s e m b l y  P r o b l e m s

with Lasso pressure sensitive adhesive tape.
Printed with legible inscriptions spaced at regu
lar intervals to suit the particular cable, pipe 
diameter, or size of component on to which it 
is to be applied. Supplied in various colours 
to B.S.C. Specification. Particularly suitable 
for pre-assembly where unskilled labour is 
used. Enables parts to be instantly identified.

'htDurable, indelible, waterproof, 
fluid resistant, heat resistant, 
fix  at any point, suitable for 

• pre-assembly or after instal
lation of components.

CABLE ASSEMBLIES LTD .(Subsidiary of Herts Pharmaceuticals Ltd.) BESSEMER RD ..WELWYN GARDEN CITY

Supplies of Lasso Tape are 
available only for high priority 
work owing to restrictions on 
raw materials.
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In addition to 

m a n y  types of



R L u m i n i u m  d i e c b s t i b g s  or c o m p i E T E  b s s e i h b l i e s .
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5  c flc a d û M /

¡[j DIECASTINGS ARE AVAILABLE AS COMPLETE 
PARTS ACCURATELY MACHINED TO DRAW

ING SIZES — OR AS GRAVITY PROCESS HIGH 
QUALITY DIECASTINGS.
HEAT TREATMENT. RADIOLOGY, DECORATIVE 
FINISHING AND ASSEMBLY ARE ALL WITHIN THE 
COMPANY’S SERVICES.
A LARGE WAR-TIME OUTPUT OF COMPLETELY 
FINISHED CASTINGS OR ASSEMBLIES HAS SATIS
FIED THE MOST EXACTING A.I.D. REQUIREMENTS 
OF MANY AIRCRAFT FIRMS. SIMILAR P.B.M. 
QUALITY IS NOW AVAILABLE FOR POST-WAR 
NEEDS IN ALL BRANCHES OF THE ENGINEERING 
INDUSTRY.
TECHNICAL INFORMATION ON SPECIFIC PROB
LEMS INVOLVING ALUMINIUM DIE-CASTINGS, 
DIFFICULT MACHINING OR ASSEMBLY REQUIRE
MENTS WILL BE PROVIDED ON APPLICATION 
TO ANY OF OUR WORKS.

P E R R Y  B A R R  M E T A L  C O M P A N Y  L T D .

Engineering Works:
Middlemore Rd., Handsworth 

Birmingham 21 
Telephone: NORthern 3366-7

Foundries:
Wellhead Lane, Perry Barr 

Birmingham 22B 
Telephone: BIRchfields 4592-3

Laboratories:
Oscott Works, Shady Lane 
Great Barr, Birmingham 22A 
Telephone : GREat Barr 1794-5

C E N T A U R U S

E N G I N E

is another example of where ‘dag’ 
colloidal graphite is applied by 
the manufacturers to sleeve 
valves to provide a dry, self- 
lubricating coating. A  coating 
formed in this way is resistant 
to removal in the presence of oil, 
chemically inert and unaffected 
by extremes of temperature. 
Engine bearing surfaces treated 
with ‘ dag ’ colloidal graphite, 
prior to or during assembly, are 
protected against scoring, scuff
ing and metal pickup. The 
graphoid surfaces formed have 
a low coefficient of friction and 
allow easy oilspread.

Write for technical bulletins on engine 
and other machinery applications.

E .  G .  A C H E S O N  L I M I T E D .  9  G A Y F E R E  S T R E E T .  W E S T M I N S T E R .  S . W . I .
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O N  I T S  M E T T L E

T h r o u g h o u t  the national effort runs the need for 
me ta l— m o r e  metal, better metal, tougher m e t a l -  
strengthened a n d  vitalised by heat treatment. 

G.E.C. Electric Furnaces provide an a n s w e r  to every 
p r o b l e m  of hardening, tempering, annealing, nitriding, 
etc., by w h i c h  the inherent strength a n d  st am in a of 
metal are developed to m e e t  ever m o r e  exacting uses.

4<M. of The General Electric Co. Ltd., Magnet House, Kingsway, London, W.C.2.

E L E C T R I C

F U R N A C E S

B R I T I S H  N.S.F. C O .  L T D .  
K E I G H L E Y ,  Y O R K S .

London Office: 25 Manchester Sq., W.I 
Agents: Stedall Machine Tool Co., 

147-1 ss St. John Street, London, E.C.! 
Phone: Clerkenwell 1010 (10 lines)

O O u i L T  to B.S.S. accuracy: 
graduated in 40ths of an inch, 
vernier readings in lOOOths, 
or in mm. vernier readings 
in 50ths. Height Gauges : 
10 and 18" (English) ; 25 and 
45 cm. (Metric) ; 10"/25 cm. 
and 18" 45 cm. (Duplex) ; 
Vernier Calipers : *6, 9 and 
12" (English) ; 15, 25 and
30 cm. (Metric) ; 6"/l5 cm.. 
9" 2.5 cm. and 12730 cm. 
(Duplex).
*6'  size also supplied with knife 
edge jaws, measuring both 
inside and outside dimensions.
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T . M . B I R K E T T
&  S O N S  L T D .

H A N L E Y  • S T A F F S
’Phone: Stoke-on-Trent 2184-5-6. ’Crams: Birkett, Hanley

G.D.9

• A L U M I N I U M  

C A S T I N G S
SAND &  GRAVITY DIE CASTINGS 
e  FOR AL L TRADES

B R I D G E  F O U N D R Y

W E D N E S B U R Y  • S T A F F S
’PHONE: WEDNESBURY 0109--------------
--------- ’GRAMS: ALSPELCO. WEDNESBURY

W a r- t im e  r e s e a r c h  o p e n s  a  w id e r  f ie ld  fo r 
B r i t is h  E n g in e e r in g  in to  n e w  a n d  e s s e n t ia l  
u s e s  o f  n o n - f e r r o u s  m e ta ls  a n d  a l lo y s . 
O u r  s p e c ia l i s e d  k n o w le d g e  is  o f fe re d  to  
y o u  in  c a s t in g s  o f
P H O S P H O R  BRONZE, GU N M E T A L ,  
ALUMINIUM, MANGANESE BRONZE and in 
ALUMINIUM BRONZE which possesses a Ten
sile Strength of 45 tons per square inch.
Also ‘BIRSO ’Chill Cast Rods and Tubes, Cent rifu- 
gally Cast Worm-wheel Blanks, Finished Propellers 
and Precision Machined Parts, Ingot Metals, etc. 

Fully approved by Admiralty and A.I.D.

EUCLID defined a straight line as 
the shortest distance between two 

points. Similarly, T.R. Telecommunica
tion Service is the ‘shortest time speech- 

contact between any two points in industrial 
or commercial premises. It enables key m e n  
to contact each other on the instant and 
with certainty. Irritating and time-wasting 
delays are avoided— action is speeded.

Telephone Rentals
J  . LTD.

Insta lla tion  C om panies  
throughout the C ou n try

• TELECOMMUNICATION |U I I II TIME RECORDING
• MUSIC FOR I I W O R K E R S  •

K E N T  H O U S E  • K N I C H T S B R I D G E  • L O N D O N . S .W .7

IL F A H APPROVED LISTS

A l u m i n i u m  A l l o y  I n g o t s  t o  S p e c i f i c a t i o n

CANLEY COVENTRY Phone 3673

NON-FERROUS CASTINGS

BG2d.
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L E A D I N G  A L U M I N I U M  F O U N D R I E S  U S E

o u r  N E W  T Y P E  o f  C O R E B I N D E R

SIIPMOt “H” SEMI-SOUP I»
IT P R O D U C E S  S T R O N G  C O R E S  W I T H  H I G H  P E R M E A B I L I T Y  
A N D  S M A L L E S T  G A S  C O N T E N T ,  S A V I N G  V E N T S  A N D  W I R E S

E A S Y  D I S I N T E G R A T I O N

N O  M E T A L  D I S C O L O R A T I O N

F .  &  M .  S U P P L I E S  L T D . ,

2 1 / 2 3 ,  C o l d h a r b o u r ,  L o n d o n ,  E . 1 4

Also Manufacturers of Degassers, Refinersand Covering Ag en ts 
for A l u m i n i u m  Alloys. Parting P o w d e r  of exceptional quality

F O R  T O O L S ,  J I G S  

A M D  T E M P L A T E S

THE IDEAL MATERIAL 
COM HIM NO MECHANICAL 
STRENGTH AND HIGH 
DIELECTRIC PROPERTIES

PAPER » FABRIC BASED 
INSULATION MATERIAL 
FOR H0 LSEn0LD AN D 
ENGINEERING APPLICATIONS

LOW i HIGH VOLTAGE
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ALUMINIUM alloyed with
MANGANESE. TITANIUM, CHROMIUM, 
NIOBIUM. TANTALUM.TUNGSTEN. BOBON. 
VANADIUM, ZIRCONIUM. MOLYBDENUM. 
IRON. SILICON. MAGNESIUM. NICKEL. ETC.

E S T A B L IS H E D  I80=>
Telegrams - Blackwell, Liverpool.
Telephone - Garston 980 (3 lines).

a n d ALUMINIUM
M A S T E R  A L L O Y S

B L A C K W E L L S  M E T A L L U R G I C A L  W O R K S  L T D .

THERMETAL HOUSE, GARSTON. LIVERPOOL 19
Works: Sinks Road. Speke Road and Church Road. Garston

Laboratory Controlled 
P R E S S U R E  C A S T I N G S  in... 
Aluminium, Zinc Base (Mazak) 
G R A V I T Y  in . . .
All Standard Non-Ferrous Alloys

----------- AGENCIES W A N T E D -----------
EXPORT. Firm, with connections and selling organisation in 
almost every country, desires to contact firms who are Interested 
in establishing» sound export trade. SALES A PARTNERS. 
LTD.. 7. Victoria Street, Westminster, S.W.l. ’Phone: 
ABBEY 2089. 9H/X5097
PROGRESSIVE TECHNICAL SALES ORGANISATION, with 
excellent connections throughout the North of England, requires 
sole representation in the area for a first-class firm manufac
turing light alloys and castings. Have their own outside 
resident representatives and well-appointed offices. Box 
No. 3746. c/O “LIGHT METALS.“ 91/4448

-----MACHINERY, TOOLS AND PLANT ------
161' SCHULTZ Die Casting Machine, complete with all equip
ment, including Meehauitc Pots, Plungers, Liners and Goose
necks. MAGNAL PRODUCTS LTD.. Tower Road, Warm ley, 
near Bristol. Tel.: Kings wood (Bristol) 72140. 90/4336

-----------------  WANTED -----------------
PROJECTION MICROSCOPE urgently required, Vickers or 
similar instrument, complete with accessories, including 
pointolite and arc lamp, also for dark field and macro exatnns. 
Box No. 6222, c/o ’’ LIG HT METALS.” 90/2
VITREOUS ENAMELLING PLANT wanted to purchase, would consider taking over works. Write full details. Box U. 831, 
SCRIPPS’S ADVT. OFFICE.South Motton Street, W.l. 90/1

------------- M I S C E L L A N E O U S -------------
A SIMPLE ADHESIVE PROCESS for metals available from 
plastics technologist. Provides quick, low teusile (order of 800 
p.s.i.) joints between similar and dissimilar alloys and other 
materials. Box No. 5839, c/o " LIGHT METALS.” 91/x7550 
MONOMARKS. Permanent London Address. Letters redirected. 5'- p.a. Write Monomark BM/M0N092. W.C.l. 90/3890 
SIR WILLIAM CRAWFORD & PARTNERS. LTD., Industrial 
Designers, undertake design and styling of new products or 
machines. Working prototypes made if required. 233. High 
Holboro, W.C.l. Tel. Hoi. 4381. zzz/49

“ LIGHT METALS “ is published in London, England, 
on the fourth Thursday of the preceding month.
Head Offices: Bowling Green Lane, London, E.C.l

Inland Telegrams - - - Pressimus, Phone, London." 
Cables Pressimus. London.”
Telephone - - - Terminus 3636 (Private Exchange).

Phosphor Bronze ÊtÊ̂ Gun MeUl Ingots
-Tindem’WhiteftcUlAlloys H raLJ? fflC Bearing! for ¿19 purposes

C Y l t C
-Eyre* Aluminium and HT™ Chill Cut PhosphorAluminium Alloy! k  |  Bronze Rods

SMELTING C O M P A N Y  LIMITED
TANDEM WORKS. MERTON ABBEY. S.W.I9

Telephone: MITCHAM 2031 (4 lines)

Priuted lu England aud Published Monthly by the Proprietors,TEMPLE TRESS LTD.,BOWLING GliEEN LANE. LONDON, K.C.l.
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T h e  W i n d o w  o f  t h e  f u t u r e !
W h a t  will the w i n d o w  of the future be like? It will be light but 

firm— designed for the British weather— designed to allow in plenty of 
fresh air and daylight, designed to enable easy cleaning.

This light alloy w i n d o w  designed and constructed by John Dale 
Limited comes most aptly at a time w h e n  post-war housing construction 
is very m u c h  in the public mind.

A  w i n d o w  cast in aluminium alloy has unique qualities that will m a k e  
an instant appeal to those w h o  build houses and those w h o  live in them.

J O H N  D A L E  L t d .

L O N D O N  C O L N E Y ,  H E R T F O R D S H I R E

T elephone: London C o lney  3 1 4 1 .


