
J u s t  supposing
tha t y o u ’ve  got a b ig  job  on, too. 
W e  at Jo h n  D a le  L td .  w ill be 
v e ry  h a p p y  to g ive  yo u  a n y  
in fo rm ation  an d  he lp  tha t yo u  
m a y  requ ire . < ?W e  h a v e  do ne  
som e im p ortan t w o rk  on  w a r 
p ro d u c tion  ; w e  lo o k  fo rw ard  
to ta k in g  an  im p ortan t part 
i p  t h e  b u i l d i n g  o f  P e a c e .

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

Telephone: London Colnev 3141

b e e n

a t  t h e  t i m e  t h a t  

S i r  C h r i s t o p h e r  W r e n  w a s  

d o in g  h i s  w o n d e r f u l  w o r k .  W e  

r a t h e r  t h i n k  t h a t  h e ’d  h a v e  

lo o k e d  in t o  t h i s  m a t t e r 'o f  u s in g  

a lu m in iu m  alloys i n  b u i l d i n g  
c o n s t r u c t i o n .  “ Y e s , ”  S i r  

C h r i s t o p h e r  w o u ld  h a v e  s a id ,  

“ I  s e e  w h a t  y o u  m e a n — l ig h t ,  

s t r o n g ,  e a s i l y  m a c h i n e a b l e ,  

e x c e l l e n t  in  a p p e a r a n c e ;  t h e  
a d m i r a b l e  m a t e r i a l  f o r  a n  a d 

m i r a b l e  p u r p o s e .  l i e  s o  g o o d  

a s  to  m e e t  m e  a t  t h e  t o p  o f  

L  u  d  g  a  t  e  H i l l  t o - m o r r o w  

m o r n i n g ;  I ’v e  g o t  a  b ig  jo b  

o n  i n  t h a t  n e ig h b o u r h o o d . ”
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I F . . . .  IS PR O N O U N C E D  

S U C C E S S  

THEN L A P C O  IS P R O N O U N C E D  

DEPENDABLE.

S '  ”

LIGHT ALLOY PRODUCTS C ?  LT? MINWORTH. BIRMINGHAM

07822173
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M a n a g i n g  D i r e c t o r  A . M . I .  M c c h .  E .  

"" C . R . C .  6.  ~

Tt hasn’t been our intention in these 
advertisements to say to you“ if 

you want the best die-castings, come 
to B.D.C.” We want to interest you in 
pressure die-casting, and to suggest 
that it might mean for you greater 
economy and efficiency in produc
tion. Nobody can say with finality 
how far or how quickly the use of 
this process will go. We are making 
castings today which would have 
seemed far too complicated quite a short time ago. But pressure die- 
casting has its limitations too. So if we are to answer our question and 
say why you should pick on us I should answer : because we know the 
limitations as well as the virtues; because we can tell you not only 
when but when not to use pressure die-castings. Or how to modify 
component-design to make it suitable for the process. Our livelihood 
is pressure die-casting. It doesn’t suit us that a lot of production 

engineers should say “ Well we tried it and it 
didn’t work out.”

B r it is h  D ie  C a s t in g  C o m p a n y  L im it e d ,  P e m b r o k e  W o rk s ,  
P e m b r o k e  R o a d ,  L o n d o n , N .  1 0 .  T e le p h o n e :  T u d o r  2 5 9 4 ¡6

A



i¡ Advts. LICHT METALS March, 1945

b r i n g

immediate  R E S U L T S

Have you realised just how big the 
fuel saving can be when a planned, 
efficient Fuel Watching system is 
operating in a factory ? Resourceful 
factory managements have found in 
intensified Fuel Watching the answer 
to their fuel problems.

Don't forget that there arc Fuel 
Efficiency Bulletins to provide you 
with the latest ‘ specialist ’ knowledge 
on almost every fuel subject— 
valuable advice at your finger-tips, 
ready to be put to full practical 
use.

together they cannot fail
T h e  c o m b in a t io n  o f  a  g o o d  F u e l  W a t c h in g  s y s te m  a n d  th e  in te l l ig e n t  u se  o f  y o u r  F u e l  
E f f ic ie n c y  B u l le t in s  c a n n o t  f a i l  to  b r in g  im m e d ia te  a n d  v e r y  w e lc o m e  e c o n o m ie s  in  
th e  c o n s u m p t io n  o f  c o a l ,  g a s  a n d  e le c t r ic i t y .  /

-jy Fuel Watchers' Badges and additional copies of the 
Fuel Efficiency Bulletins can he obtained from the 
Regional Offices of the Ministry of Fuel and Power.

ISSUED BY THE MINISTRY O F  FUEL & P O W E R

Y O U R  F U E L  

W A T C H E R S

and
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The proved ELEKTRON alloys are produced in all forms 

by the most accomplished founders and wrought material 

manufacturers. E L E K T R O N  used in aircraft means 
increased carrying capacity.

#  Sole Producers and Proprietors of the Trade Mark "Elektron“ :  MAGNESIUM ELEKTRON LIMITED, Abbey House, London, N.W.1 #  Licensed Manufacturers: 
Castings & Forgings: STERLING METALS LIMITED. Northey Road. Foleshitl. Coventry •  Castings: THE BIRMINGHAM ALUMINIUM CASTING (I903> COMPANY 
LIMITED. Birmid Works, Smethwick. Birmingham •  J. STONE A COMPANY LIMITED. Deptford. London. S.EJ4 •  Sheet. Extrusions. Forgings & Tubes .-JAMES BOOTH 
& CO. LIMITED. Argyle Street Works. Nechells, Birmingham. 7 •  Sheet Extrusions. Etc.: BJRMETAIS LIMITED. Wood gate. Quinton. Birmingham
•  Suppliers of Magnesium and " Elektron“  Metal for the British Empire: F. A. HUGHES A CO.* LIMITED. Abbey House, Baker Street. London, N.W.1
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M I L E S  A H E A D

B. K. L. ALLOYS LTD., KINGS NORTON, BIRMINGHAM 30
• P h o n e :  KIN 1162-5 ’G r a m s :  TESTAL BIRMINGHA M

A L U M I N I U M  ALLOYS
A S K  F O R

T E S T A L  B R A N D

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

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

t e s t e d  b y  t h e  m o s t  m o d e r n  m e t h o d .

W e  s p e c i a l i s e  In d e g a s s e d  a n d  g r a i n -
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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 

l e d  i n  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  b u i l d

I N D U S T R I A L  X - R A Y  A P P A R A T U S
f o r  t h e  r a d i o g r a p h y  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 I P M E N T  U P  T O  4 0 0  k V

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

5J i b ' j s ; j5 - S C H U C K S t f  ISHSiVf s a i m i )  L ÏÜ .  
a m r  ¡ m i  a o a d  M z m w w m s n

T e l . :  E A L I N G  1 1 / 1 - 5  G r a m s :  S i e m e n s d y r v ,  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 t d
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M E T T A R A Y

For the routine inspection of light 
metal and alloy castings, and for 
general crystallography use Ensign 
Mettaray Industrial X-Ray Film. This is 
a fast non-screen X-Ray film of very 
fine definition and well - balanced 
contrast  designed to produce radio
graphs of maximum detail with 
minimum exposures.

M E T T A S C R E E N

F o r  t h e  r a d i o g r a p h i c  i n s p e c t i o n  o f  h e a v i e r  
t y p e s  o f  m e t a l s  u s e  E n s i g n  M e t t a s c r e e n  I n d u s 
t r i a l  X - R a y  F i l m  w i t h  i n t e n s i f y i n g  s c r e e n s .  
M e t t a s c r e e n  Is p a r t i c u l a r l y  w e l l  s u i t e d  f o r  t h i s  
p u r p o s e  b e c a u s e  i t s  h i g h  s p e e d  p e r m i t s  t h e  
e x p o s u r e  t i m e  t o  b e  r e d u c e d  t o  a  m i n i m u m ,  
a n d ,  s i n c e  i t  m a i n t a i n s  i t s  w e l l - b a l a n c e d  
c o n t r a s t  t h r o u g h o u t  t h e  w h o l e  e x p o s u r e - r a n g e ,  
f l a w  d e t e c t i o n  is  g r e a t l y  f a c i l i t a t e d .

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

T h e  se rv ices  of  t h e  Ensign Te chn ic a l  D e p a r t m e n t  a r e  
availab le t o  de a l w i th  e n q u i r i e s  r e g a r d in g  Ensign Indus t r ia l  
X-Ray Films. Firm s a r e  in v it ed  t o  c o m m u n i c a t e  w i th  
AUSTIN E D W A R D S  L TD..E NS IG N FILM W O R K S , W A R W I C K  
( M a n u fa c tu re rs  of  X-Ray films fo r  ne a r ly  30 years ) .

X - R A Y  I T  O N
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BIRMETALS LIM ITER • QUINTON • BIRMINGHAM • 32V

This was  a t r a d e  d e v ic e  a d o p te d  b y  Jam es  Nasmyth,  an  e n g in e e r 

in g  g e n iu s  of  the  n in e teen th  c e n tu ry .  He r e v e r s e d  the family motto 

—orig inally " N o n  a rt e  s e d  m a r t e "  ( "Not  b y  a r t  b u t  b y  w a r ” )— a n d  

a d o p te d  the s te am  h a m m e r — " T h e  most  po ten t  fo rm  of the mec han ica l  

a r t " — in p lace  of the  family a rm s ,  which cons is ted  of a  h a n d  d e x te r  

with a  d a g g e r  b e t w e e n  two h a m m e rs  with b r o k e n  shafts.  T h e s e  a rm s  

a n d  cert a in  l an d s  h a d  b e e n  g r a n t e d  to a n  a n c es to r  fo r  s e rv i c e s  r e n d e r e d  to the 

King of Scotland w h e n ,  a s  a  fugit ive d i sg u i s e d  as a  smi th 's  s tr iker ,  h e  w a s  d i sc o v e r e d  

to b e  " n a e  s m y th ”  b u t  a  valiant f igh te r.  Light meta ls in N asm y th ’s  d a y  w e r e  still 

l ab ora to ry  cu riosit i es,  b u t  in m o d e r n  t im es  they  a r e  essentia l  m ateria ls  of con s truc tio n  with 

exce l len t  m echanica l  p r o p e r t i e s ,  a n d — what  is m o r e — they  c a n  b e  s u p p l i e d  in a n y  w ro u g h t  

o r  cast  form . Light m eta l  fo rg ings  a n d  d r o p  s ta m p in g s  a r e  m an u fa c tu re d  b y  Birmetals Limi ted in 

all the f o rg in g  alloys of alumin ium  a n d  m ag n e s iu m  (Elek tron) .  Th e  output  is ,  at p r e s e n t ,  a b s o r b e d  

f o r  w a r  p u r p o s e s ,  b u t let  .us h o p e  that  the  Uni ted  Nations will s o o n  b e  a b le  to follow James  N a s m y th ’s 

e x a m p le  of r e v e r s i n g  the molto  a n d  r e tu r n  to the san ity  of " N o n  m ar t e  s e d  a r t e " .  Meanwhile ,  

fo r y o u r  p o s t - w a r  r e q u i r e m e n t s  of l ight al loy fo rg ings ,  p l e a s e  t ake  no te  of Birmetals Limited .

«<».333
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Supplies of Lasso Tape are 
available only for high priority 
work owing to restrictions on raw 
materials.

C A BLE  A S S E M B L I E S  LTD.

( S u b s i d i a r y  o f  H e r t s  P h a r m a c e u t i c a l s  L t d . )  B E S S E M E R  ROAD , W E L W Y N  GA RDEN CIT Y

Lasso Identification Tape will solve 
all your marking problems and save 
pounds in time and labour. Lasso 
provides neat filmic markers which 
can be applied quickly and easily at 
any point without disconnecting the 
leads. No tools are needed to attach 
it, and it is durable and legible, 
impervious to heat and fluids.

N O R C A S T A L

S A N D  &  D I E  C A S T I N G S  

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

S e n d  y o u r  e n q u ir ie s  t o

T H E  N O R T H E R N  
D I E C A S T I N G  C ?  LTP

N O R C A S T A L  W O R K S

B U R N L E Y  • L A N C S .
P h o n e :  2 2 1 6 / / .  C r a m s :  N o r c a s t a l ,  B u r n l e y .
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O n e  o f  o u r  l a t e s t  r a n g e  o f  m e d i u m  p o w e r  H o r i z o n t a l  
E x t r u s i o n  P r e s s e s ,  f o r  t h e  e x t r u s i o n  o f  s o l i d s  a n d  
t u b e s  In  l i g h t  a l l o y s  a n d  n o n - f e r r o u s  m a t e r i a l s .  T h i s  
p r e s s  is d e s i g n e d  f o r  b o t h  d i r e c t  a n d  i n d i r e c t  
e x t r u s i o n ,  a n d  is  f i t t e d  w i t h  e l e c t r i c a l  r e s i s t a n c e  
c o n t a i n e r  h e a t i n g ,  a n d  f u l l y  b a l a n c e d  p e n d u l u m  t y p e  
s a w  f o r  c u t t i n g  o f f  t h e  d i s c a r d .  O t h e r  f e a t u r e s  
i n c l u d e  a  R a m  S p e e d  I n d i c a t o r  a n d  a  c o m p a c t  
a r r a n g e m e n t  o f  t h e  c o n t r o l  v a l v e s .  W e  a l s o  m a n u 
f a c t u r e  t h e  H y d r a u l i c  P u m p s  a n d  A i r  H y d r a u l i c  
A c c u m u l a t o r s  f o r  t h e  s u p p l y  o f  t h e  h y d r a u l i c  p o w e r .

ß D Ü L D I f l ß S ©  £ •  P I L O T  I T ®
A T L A S  W O R K S .  G L O U C E S T E R ,  E N G L A N D .
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W e  a r e  s p e c i a l l y  e q u i p p e d  
w i t h  l a r g e  u p - t o - d a t e  
p l a n t ,  f o r  a n o d i s i n g  
A l u m i n i u m  a n d  i t s  a l l o y s  
i n  N A T U R A L  O R  
C O L O U R E D  F I N I S H E S  ; 
C h r o m a t i n g  o f  M a g 
n e s i u m  ; Z i n c  ; C a d m i u m  ; 
E l - T i n  a n d  S i l v e r  
P l a t i n g  a n d  o t h e r  p r o 
c e s s e s .  A . I . D .  a p p r o v e d

I N  B U I L D I N G  T H E  
H E R C U L E S  e n g i n e  i l l u s t r a t e d ,  t h e  

m a n u f a c t u r e r s  m a k e  a  p r a c t i c e  o f  
a p p l y i n g  ‘ d a g ’ c o l l o i d a l  g r a p h i t e  t o  
S l e e v e  v a l v e s  i n  o r d e r  t o  p r o v i d e  d r y  
s e l f  -  l u b r i c a t i n g  g r a p h i t e  c o a t i n g s .  
S u c h  c o a t i n g s  a r e  r e s i s t a n t  t o  r e m o v a l  
i n  t h e  p r e s e n c e  o f  o i l ,  c h e m i c a l l y  i n e r t  
a n d  u n a f f e c t e d  b y  e x t r e m e s  o f  t e m 

p e r a t u r e .

T h e  t r e a t m e n t  o f  e n g i n e  b e a r i n g  
s u r f a c e s  w i t h  1 d a g  ’ c o l l o i d a l  g r a p h i t e  
p r i o r  t o  o r  d u r i n g  a s s e m b l y  f o r m s  a  
p r o t e c t i o n  a g a i n s t  s c o r i n g ,  s c u f f i n g  
a n d  m e t a l  p i c k - u p .  O i l  s p r e a d s  m o r e  

r a p i d l y  o v e r  
'  G  r  a  p  h  o  i d  

s u r f a c e s , ’ t h e  
c o e f f i c i e n t  o f  
f r i c t i o n  o f  
w h i c h  is o f  a
l o w  o r d e r .  C O U O I D A I  C R A P H I T E

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 .

A V I I I I I S I IM i :  &  T L A T I N K H  L I M I T E D
H O L L A N D  STREET R A D C tl F FE  LANCS.

d m  1162

N o n f e r d i c a  W o r k s ,  N o r t h  C i r c u l a r  R o a d ,  
C r i c k l e w o o d ,  L o n d o n ,  N . W . 2  

’P h o n e  : G L Adscone  6377

ISI o  n - F e  r r o u s  
DIE CAS TING'CO. LTD

B e f o r e  t he
* D l E IS CAST*

LET US ADVISE
ON DIE CASTING

If A L U M I N I U M - B R O N Z E ,  
A L U M I N I U M  A L L O Y S ,  B R A S S  
a n d  W H I T E  M E T A L  a r e  i n v o l v e d ,  
w e  c a n  o f f e r y o u  u n b i a s e d  a d v i c e  
b a s e d  u p o n  m o r e  t h a n  2 5  y e a r s  
o f  p r a c t i c a l  e x p e r i e n c e .

W h y  n o t  c o n s u l t  o u r  t e c h n i c a l  
e x p e r t s  b e f o r e  f i n a l i s i n g  y o u r  
s p e c i f i c a t i o n s !  t h e
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N O N - F E R R O U S  C A S T I N G  T E C H N I Q U E

C o n t r o l  . . . 

C o n s i s t e n c y .  

C o n f i d e n c e  .

The care which is taken and the 
skill which is exercised 111 every 
detail of modern non-ferrous 

foundry work is best 
appreciated by those 
who lest the finished 
product.

ALUMINIUM BRONZE
I N  P R O D U C T I O N  W I T H

KENT ALLOYS LTD.
SPECIALISTS IN NON-FERROUS CASTINGS 
H E A D  O F F I C E S :  C O M M E R C I A L  R O A D .  S T R O O D
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A n y  c u r in g , d ry in g  o r  b a k in g  
process w h ic h  c a n  b e  sa fe ly  c a r r ie d  o u t in  a 
s h o rt t im e  a t  a  h ig h  te m p e ra tu re , in s te ad  o f 
a  lon g  t im e  a t  a  lo w  te m p e ra tu re , is sp e c ia lly  
su ited  to the  use o f  in fra- red  r a d ia n t  h e a t. 
P a in t  a n d  in k  d ry in g ,  b is cu it  b a k in g , fu r  
d ry in g  a n d  seve ra l o th e r  sp ec ia lised  p ro 
cesses d e m a n d in g  h ig h  rates o f  h e a t  tran s fe r 
h a v e  fo r  ye a rs  been  c a r r ie d  o u t m e re  
c h e a p ly ,  q u ic k ly  a n d  e ff ic ie n tly  b y  r a d ia t io n  
(o r  in fra- re d ) fro m  a  gas source .

M a n y  ex is tin g  gas- fired  a p p lia n ce s  m a y 
b e  re g a rd e d  as o f  th e  in fra- re d  ty p e , a n d  
ex is tin g  c o n v e y o r  o vens c a n  in  som e cases 
h e  e q u ip p e d  w ith  t in fra- red  u n its , b u t, 
w h e re  n e w  p la n t  is to  b e  in s ta lle d , i t  is w e l l  
to  b e a r  in  m in d  th e  a d va n ta g e s  o f  the  
gas- fired  tu n n e l :—
1. S im ple ,  r obus t ,  i nexpens ive  a n d  c o m p a c t ,  g iv in g

long life w i t h  m i n i m u m  m a i n t e n a n c e .
2 . Eas il y  c o n s t ru c te d  in  d i ff e re n t  sizes a n d  shapes .

w i th o u t  t h e  n e e d  fo r c o m p l i ca t e d  au x i l i a ty  
a p p a ra tu s .  ,

2. V e r y  w id e  r a n g e  o f  f lux  dens ity ,  w h ic h  c a n  be 
v a r i e d  b y  tu r n i n g  th e  tap .

1 . E v e n  d i s t r ib u t io n  o f  r ad i a t i o n .  _ .
5. N o  m a t e r i a l  di ff e re nce  i n  d r y in g  t im e  d u e  to 

colou r.
6- L o w  ca p i t a l ,  fuel a n d  m a i n t e n a n c e  costs.

Further infor)nalion is con
tained in a  Paper, entitl'd  

.  “  In fra -R ed  D ryin g  ”  by 
F .  L .  A tk in , M .I .M e c h .  E . ,
M .In s t .G a s  E . ,  free  on re
quest.

S E N D  F O R  A C O P Y  
O F  T H I S  P A P E R

w h ic h  dea ls c o m p r e h e n 
sively w i th  t h e  subjec t .

BRITISH COMMERCIAL GAS 
ASSOCIATION I GR05VEN0R 
PLACE, LONDON. S.VV.l.

A N O D I C  T R E A T M E N T
o f  A l u m i n i u m  a n d  i t s  A l l o y s

C H R O M A T I N G
o f  M a g n e s i u m  A l l o y s

T E C H N I C A L  
P L A T IN G S  LT D .
C R A I G S  W O R K S ,  L U T H E R  R O A D ,  

T E D D I N G T O  N
T E L E P H O N E  - -  -  MOLESEY 2 4 0

T R ADE “ G I L T E C ”  M AR K

A P P R O V E D  A. I .D .  AI R MINISTRY 
REF. N O .  1 3 6 5 2 1 / 3  I

«  T . P . ”
F O R

A N O D I S I N G
N A T U R A L  &  C O L O U R E D  F I N I S H E S

F O U N D R Y P R A C T I C E

B E T T E R  C A S T L Ń G S  A T  L O W E R  C Ö S T

“ F o u n d r y  P r a c t i c e ”  is  s e n t  f r e e  o n  
r e q u e s t  t o  a n y  F o u n d r y m a n .  I t  Is t o  
h e l p  t h e  p r a c t i c a l  m a n  o v e r c o m e  h i s  

d i f f i c u l t i e s .

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

r e c e n t  n u m b e r s  o f "  F o u n d r y  P r a c t i c e  ”  :

Sand C a s t in g  D T D .424 . .  FP.59
C o r r e c t  C u p o la  O p e r a t i o n  FP.60, 62
A l u m in iu m  G ra v i ty  Die cas t in g

FP.64, 65, 69
M a g nes ium -M ould ing  M e th o d s  FP.67 
N o n - S t o p  C u p o la  T i l t in g  S p o u t . .  FP.68
Sand T e s t i n g . .  . .  . .  . .  FP.69
T e s t  Bars . .  . .  . .  FP.66, 70
P r o d u c t i o n  of  B ronze  L iners  . .  FP.71
High D u t y  C as t  Iron  . .  . .  FP.72
M a n u fa c tu re  of  H a r d e n e r s  fo r  

A lu m in iu m  Alloy s  . .  . .  FP.71
X- Ray E x am in a t io n  of C as t in g s  . .  FP.72

A p p l i ca n t s  will  be p u t  o n  t h e  mai ling l ist 
and  p o s te d  back  n u m b e r s ,  if st i ll  in p r in t .

W r i t e  t o :

F O U N D R Y  S E R V I C E S  L T D

285/7  L o n g  A c r e  .  N e c h e l l s  • B I R M I N G H A M  7
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JOHN G.STEIN&C°LT0BONNYBRIDGE
SCOTLAND

C R E O S O T E -  
P I T C H  F I R I N G
A  n u m b e r  o f  f i r m s  a d o p t i n g  

t h i s  f u e l  h a v e  e n c o u n t e r e d  

n e w  R e f r a c t o r y  P r o b l e m s  

c a u s e d  b y  c o r r o s i o n  a n d  

V i t r i f i c a t i o n  S p a l l i n g .

If a s u it ab le  d es ig n  of  b u r n e r  is used,  t h e  
t r o u b l e  can usua lly  be  o v e r c o m e  by using 
a High A lu m in a  F i re b r ic k  suc h as NETTLE 
(4 2 /4 4 %  A l u m in a ) — a p o i n t  p r o v ed  by th e  
p rac tical  e x p e r i e n c e  of  s evera l  c u s to m e rs .  
A n  a d d i t i o n a l  p r o t e c t i o n  t o  t h e  b r i c k w o r k  
by w a s h c o a t in g  w i th  Maks iccar  II. o r  St ein  
S i l l im anite  C e m e n t  will  o f te n  be  found 
e c o n o m ic .  F u r t h e r  i n fo rm a t io n  will  be 
gl ad ly  s u p p l i e d  on  r e q u e s t .

T H E

R E D U X
P R O C E S S

r 1  ̂H E  Redux process provides, through the use of 
synthetic resin adhesives, a method of bonding light alloys 
and steel w ith  a strength exceeding th a t o f riveting—’and 
also of making strong joints betw een metal and wood. 
A fter prolonged tests Redux has been adopted by a 
number of firms engaged in essential w ork and there is 
every reason to  believe th a t w hen the guns cease firing, 
the Redux process w ill find m any new  applications. 
Realising the immense possibilities of the Redux process 
in the fabrication of articles made from light alloys 
Aero Research Ltd. w ill be happy to give full inform ation 
of the process and its suitability  for any particu la r task.

AERO RESEARCH  LIMITED
DUXFORD CAMBRIDGE
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B r o n z e  o t  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 i l i t c ”  
red uces bear
in g  fa ilu res  to  a 

. m in im u m  w h e re v e r  it 
is ap p lied  to  su itab le  co m 
ponen ts. T h e  lu b r ic a n t co n ten t 
is am p le  to  co pe  w ith  va r ia t io n s  in 
speed and  load  o v e r  a co n s id e rab le  range, 
an d  w i l l  d o  th is co n tin u o u s ly  d u r in g  the life  
o f  the co m p o n en t, w h ils t ,  w h e re  necessary , ad d i
tio n a l lu b r ica tio n  can  be re a d ily  em b o d ied  in  the 
d es ig n  w ith o u t  d iff icu lty . T h e  accu racy  o f  fin ished
d im en s io n s  and  lim its  is eq ua l to  that o f  the h ighest
g rad e  m ach in ed  bearings, thus m ak in g  fo r  ease o f
assem b ly  and fitt in g . A s  an a lte rn a tiv e  to  fo rce  
fitt in g , “ O i l i t c ”  can, i f  desired , be em b o d ied  
in  L ig h t  M e ta l D ie  C astin g s  d u r in g  casting , 
thus re d u c in g  the m an u fa c tu r in g  o p e r 
a tio n s  o f  the co m p o n en ts , a lth o u gh  
O i l  m ust be im p reg n a ted  la ter.

T H E  M A N C f A N E S E  B R O N Z E  &  B R A S S  C O .  L T D
H A > I j r O I t I >  W O R K S ,  I P S W I C H  v e l e p h o m e i p s w i c h  2127 t e l e c r a m s  " b r o n z e  i p s w i c h "
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E L E C T R I C  

F U R N A C E S

A d v t. o f  The G e n e r a l E le c t r ic  C o . L td ., M a g n e t  H ou se , K in g s w a y , London, W .C .2.

Instant spotting of any folder is assured with 
Shannoblic Suspended File. Clear, adjustable 
angled tabs show up immediately. Filing is 
quicker and much more accurate with Shanno
blic. Shannoblic fits your filing cabinets and 
most deep desk drawers, or a small unit is avail
able for desk top use. Send id . stanw for leaflet.

T H E  S H A N N O N  L I M I T E D

I M P E R I A L  H O U S E ,  ( D e p t .  E . 4 ) ,  1 5 - 1 9 ,  KIN GSW AY ,  LONDON, W .C .2

A nd  at  B i rmingham,  Bristol ,  Live rp oo l ,  M an ch e s t e r ,  N e w c as t le ,  G lasgow  (A g e n t)

'M e t e d  O N  I T S  M E T T L E

T h r o u g h o u t  t h e  n a t i o n a l  e f f o r t  r u n s  t h e  n e e d  f o r  

m e t a l — m o r e  m e t a l ,  b e t t e r  m e t a l ,  t o u g h e r  m e t a l -  

s t r e n g t h e n e d  a n d  v i t a l i s e d  b y  h e a t  t r e a t m e n t .  

G . E . C .  E l e c t r i c  F u r n a c e s  p r o v i d e  a n  a n s w e r  t o  e v e r y  

p r o b l e m  o f  h a r d e n i n g ,  t e m p e r i n g ,  a n n e a l i n g ,  n i t r i d i n g ,  

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

m e t a l  a r e  d e v e l o p e d  t o  m e e t  e v e r  m o r e  e x a c t i n g  u s e s .
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B A L D W I N S

LIGH T A LLO Y  PRO D U CTS

Aluminium and Strong Light 
Alloys. Slabs, Plates, Sheets 

and Circles.

R I C H A R D  T H O M A S  &  B A L D W I N S  

L I M I T E D .



A I R  T R A N S P O R T — ¿ 3 6

A L U M I N I U M

ALUMINIUM Cü. LTD. SAIISBURV HOUSE LONDON WALL LONDON [.C i
t e lep h o n e  : CLErke nw el l  3494 Telegrams  : C ryo li t e .  Ave. London

I n  V i c t o r i a n  d a y s  a  b a l l o o n  a s c e n t  w a s  a  g r e a t  e v e n t  a n d  

d r e w  e x c i t e d  c r o w d s .  T o - d a y ,  f e w  w o u l d  e v e n  g l a n c e  u p  

a t  t h e  p a s s a g e  o f  a  g i a n t  a i r  l i n e r .  T h e  b a l l o o n  w a s  a t  t h e  

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

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

a n d  c a r g o  t o  f a r  c o u n t r i e s  a t  s i x  m i l e s  a  m i n u t e .  T h e  

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

g r e a t  a c h i e v e m e n t ,  a l l  w i t h i n  t h e  l i f e t i m e  o f  t h e  B r i t i s h  

A l u m i n i u m  C o m p a n y ,  L i m i t e d .
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P roprietors: 

T E M P L E  P R E S S  L T D
E d ito r :

E  J .  G R O O M ,  M . I n s t . M E T .

M anaging D irecto r: 

R O L A N D  E .  D A N G E R F I E L D

Dealing Authoritatively 
with the Production, Uses 

and Potentialities of 
Light Metals and 

their Alloys

O ffices:

B O W L I N G  G R E E N  L A N E ,  
L O N D O N ,  E . C . l

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

Kick It and See !
MONGST the m any irrational pastimes favoured by irresponsible youths
some 20 years or so ago, was one which commenced with the careful
wrapping, tying and sealing of a brick in brown paper. The resulting 

parcel was next deposited a t some strategic point on the pavem ent and kept 
under surveillance from a well-guarded observation post, usually situated in 
a nearby basem ent area. Sooner or later, some curious passer-by would 
notice this apparently lost property and, invariably, before picking it up, 
give it a hearty  k ic k ; the more alarm ing his reaction, the greater the enjoym ent 
of those responsible for the hoax.

It is not our purpose, here, to insinuate tha t the use of an alum inium  brick 
would be less unkind to the victim ’s feelings. We do, however, suggest that, 
when contem plating the purchase of certain types of household equipm ent 
featuring light m etal in their m ake-up, there is scope for the application of an 
empirical bu t convincing test of this sort—kick it and see! O r m aybe, as 
the storekeeper m ight object to having his pots, pans and 'kettles punted 
around by discriminating buyers, a well-delivered blow with the knuckles at 
some telling point m ight answer the same purpose.

Now, in case the object of this discussion has, so far, been a little obscure, 
we must hasten to say that we are not attem pting to popularize a new kind 
of light-hearted frolic; in all seriousness we are protesting against the use of 
unduly light-gauge aluminium sheet for household service. The fault of which 
we complain arises as a result of two causes, both equally to be regretted. 
In the first case, there is and always will be, obviously, attem pts made to 
produce cheap, attractive-looking lines with the object of securing m axim um  
profits for the smallest possible outlay in raw materials. Cunning production 
system s were devised to vest worthless spun ware with the semblance of solidity 
by thickening up edges or by ribbing and seaming. Here, to some extent, the 
buyer could protect himself by  purchasing only from  dealers or m arkets 
of known good repute.

p
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The second cause of this misuse of sheet, however, is fundam entally of a far 
more serious nature , and arises, it would appear a t least, from a lack of 
understanding of the sendee , qualities required from the bulk of domestic 
apparatus, and indicates, too, a profound ignorance of certain basic principles 
in design.

The vastly increased application of light metals which is to be a feature of 
the post-war years demands, in the interests of everybody, tha t this state 
of affairs be pu t right. Two distinct classes of work may be considered : first, 
those utilizing large, unbroken areas of m etal not backed up by a rigid filling 
directly in contact with the metallic surface. H ere, the use of an inadequate 
gauge results inevitably in great difficulties in the production of a truly flat 
surface; waves and cockles will occur, often as a result of mere handling during 
assembly, and if such m etal be designed for an artistic purpose, it must, on 
first principles, fail in this end from the very  beginning.

If, however, it be desired to face some com paratively cheap m aterial, say, 
wood or plastic, w ith aluminium, using a suitable adhesive for bonding 
together the metal and non-metal, the danger is hardly  less great. Admittedly, 
any waviness may be ironed out, but unless the backing be extremely hard and 
rigid, then the slightest blow on the facing sheet will produce a dent which 
cannot be removed.

Broadly, then, no very great difficulty will be found in preventing the occur
ence of this ill. In  no circumstances should excessively thin sheet be used 
under the mistaken impression tha t the structure of which it is to form part 
dem ands nothing heavier. We ourselves prefer 16-gauge as a' good average, 
18-gauge or 14-gauge being used to m eet special conditions. N aturally  enough, 
where expense and circumstance w arrant still heavier metal, then, of course, 
it should at all times be used (remember, we are talking now of general lines).

So, to purchasers of domestic equipm ent in alum inium  we would recommend 
that an eye be kept always on the substance of the ware which they intend 
to purchase. The housewife cannot be expected to carry around a case of 
special micrometers for this purpose, but* she can at least bang her fist 
on the bottom  of the kettle, or give the anodized alum inium  fender a 
discreet but compelling kick. I f  the gauge be adequate no dam age will 
be caused.

Contents
Page
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L i g h t  A l l o y s  i n  L o c o m o t i v e  M o t i o n  1 2 5
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A l u m i n i u m  a n d  M a g n e s i u m  in  t h e  
E l e c t r i c a l  I n d u s t r i e s  . .  . .  1 3 6

A l u m i n i u m  S p o t  W e l d i n g  . .  1 4 6

R E G U L A R  F E A T U R E S

E d i t o r i a l  O p i n i o n . .  . .  . .  1 0 1

N e w s  —  G e n e r a l ,  T e c h n i c a l ,  
C o m m e r c i a l  . .  . .  . . 1 3 2

T H E  F A C T  that goods made o f  rau> m ateria ls  in short su pp ly  because o f  tear conditions are  ad vertised  in 
this jo u rn a l should  noi  be taken as an indication that they are  necessarily ava ila b le  fo r  export.

S A F E  P A P E R .— M o re  than e ve r  is pa p er "waste required fo r  our w ar industries. Waste pa p er  makes 
munitions in a hu ndred  form s—from  sh e ll cases to aeroplane parts.
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S e l e c t i o n  a n d  P r e p a r a t i o n  o f  

A l u m i n i u m  F o u n d r y  A l l o y s

E .  C a r r i n g t o n ,  M . S c . ,  C l a s s i f i e s  L i g h t  M e t a l s  f o r  

F o u n d r y  U s e  F r o m  t h e  S t a n d p o i n t  o f  T e c h n i c a l  a n d  

E c o n o m i c  C o n s i d e r a t i o n s .  A p p r o p r i a t e  S p e c i f i c a t i o n s  

a r e  S y s t e m a t i z e d  a n d  S o m e  P r a c t i c a l  D e t a i l s  a r e  G i v e n

F O R  so m e  y e a r s  n o w , th e  a lu m in iu m -  
fo u n d r y  in d u s t r y  h a s  b e en  u s in g  re la 
t i v e l y  fe w  a l lo y s ,  a n d  .the c h o ic e  o f  th e se  

h a s  b e en  l a r g e ly  o u ts id e  i t s  c o n t r o l ; th e re  
a r e  re a so n s  fo r  th is .  I n  th e  f ir s t  p la ce , 
th e  s u p p ly  p o s it io n  w a s  d if f ic u lt ,  a n d  c a s t 
in g s  h a d  t o  b e  m a d e  f r o m  th e  b e s t  a l lo y  
a v a i la b le .  A ls o ,  w i t h  b u t  a  s m a ll n u m b e r  
o f a l lo y s  in  use, e s p e c ia l ly  i f  e a ch  fo u n d r y  
s p e c ia liz e s  in  o n ly  t w o  o r  th re e ,  i t  i s  m u c h  
m o re  e a s y  t o  s e g re g a te  th e  s c ra p , a n d  re tu rn  
i t  to  n e w  m e lts  o f  th e  s a m e  a l lo y ,  w i t h o u t  
a d u lt e r a t io n .  I t  m u s t  b e  a d m it t e d  t h a t  it 
is q u it e  u n n e c e s s a ry  to  h a v e  in  use th e  la rg e  
n u m b e r  o f  a l lo y s  a t  o n e  t im e  a v a i la b le ,  a n d  
t h a t  to  in c re a s e  th e  ra n g e  c a n  o n ly  a g g ra 
v a t e  th e  d a n g e r  o f  u s in g  u n s u ita b le  c o m 
p o s it io n s ,  o r  o f  a d u l t e r a t in g  g o o d  o n es .

O n  th e  o th e r  h a n d ,  th is  d o e s  n o t  m e a n  
t h a t  w e  h a v e  re a c h e d  a  p o in t  o f  s ta g n a t io n ,  
a n d  th a t  n o  m o re  n e w  a l lo y s . w i l l  be fo r th 
c o m in g .  W e  h a v e  o n ly  t o  v i s i t  th e  re se a rc h  
la b o ra to r ie s  o f th e  c o m p a n ie s  w h ic h  s u p p ly  
a lu m in iu m  a l lo y s ,  t o  r e a liz e  t h a t  c o n s ta n t  
a n d  in te n s iv e  e f fo r ts  a re  b e in g  m a d e  to  p ro 
v id e  e v e r  b e t te r  m a te r ia ls .  M o r e o v e r ,  as 
l ig h t  m e ta ls  b e c o m e  m o re  g e n e r a l ly  a v a i la b le  
fo r  c o m m e rc ia l  use, m a n y  c u s to m e rs  w i l l  
w a n t  c a s t in g s  m a d e  in  a l lo y s  th e  s a m e  as 
th o se  t h e y  u sed  b e fo re  th e  w a r  : th u s  th e  
n u m b e r  in  u se  w i l l  in c re a s e  a p p r e c ia b ly .  
I t  is , o f  co u rse , q u it e  p o s s ib le  t h a t  e v e n  th e  
A i r  M in is t r y  ( a t  p re s e n t ,  s t i l l ,  b y  f a r  th e  
b ig g e s t  c u s to m e r  o f  th e  a lu m in iu m - fo u n d ry  
i n d u s t r y ) ,' w i l l  use a  g r e a te r  ra n g e  o f  a l lo y s  
w h e n  th e  s u p p ly  p o s it io n  im p ro v e s ,  a n d  
m o re  s u it a b le  c o m p o s it io n s  a r e  a v a i la b le  fo r  
s p e c ia l jo b s .

I t  is  c e r t a in  n o w , h o w e v e r ,  e v e n  a s  a  
r e s u lt  o f  m e re  h a b it ,  t h a t  a  la rg e  p ro p o r t io n  
o f p e a c e - t im e  o rd e rs  w i l l  b e  b a se d  o n  B . S . I .  
o r  D . T . D .  s p e c if ic a t io n s . A  c o m p le te  l i s t  o f  
th e se  is  g iv e n  in  ‘ ‘ L ig h t  M e t a ls  ’ ’ fo r  D e c e m 
b e r , 1 94 4 , p a g e s  5 7G -5 81 ; o n  p a g e  571  o f 
th e  s a m e  is su e  th e  p re s e n t  w r i t e r  b r ie f ly  

x p la in s  h o w  th e se  a re  d e v e lo p e d . O b v io u s ly ,

b y  o rd e r in g  a c c o rd in g  to  th e se  s p e c if ic a t io n s , 
a  c u s to m e r  w i l l  k n o w  w h a t  h e  is  o rd e r in g , 
a n d  w h a t  p h y s ic a l  p ro p e r t ie s  h e  m a y  e x p e c t  
fr o m  th e  m e ta l  u se d . H e  w i l l  p r o b a b ly  be 
a w a re  t h a t  th e se  p ro p e r t ie s  a re  n o t  n e ces 
s a r i ly  o b ta in e d  f ro m  th e  a c t u a l  c a s t in g s ,  b u t  
t h e y  d o , a t  le a s t , fo rm  a  b a s is  o n  w h ic h  to  
d e s ig n  th e  w o r k  in  h a n d .

I n  m a n y  cases , a  c u s to m e r  w i l l  s im p ly  
a s k  fo r  “  a lu m in iu m  c a s t in g s , ”  a n d  le a v e  i t  
to  th e  fo u n d e r  to  s e le c t  th e  m o s t  s u ita b le  
m ix .  T h e  fo u n d e r ,  in  h is  tu r n ,  w i l l  th e n  
h a v e  to  c o n s id e r  th e  m a t t e r  f ro m  v a r io u s  
a n g le s . I n  th e  f i r s t  p la c e ,  h e  w i l l  h a v e  to  
use a n  a l lo y  w h ic h  s a t is f ie s  th e  c u s to m e r 's  
r e q u ire m e n ts  a n d ,  in  th e  se c o n d , he- w i l l  
b a v e  to  g iv e  h im s e lf  e v e r y  p o s s ib le  c h a n c e  
o f m a k in g  g o o d , s o u n d  c a s t in g s .  S o m e t im e s  
th e  b e s t  a l lo y  fo r  t h e  c u s to m e r  w i l l  b e  b y  
n o  m e a n s  th e  b e s t  fo r  th e  fo u n d e r ,  a n d  a  
s e c o n d  b e s t f r o m  b o th  p o in t s  o f  v ie w  m a y  
h a v e  to  b e  s e le c te d , i n  o rd e r  to  o b ta in  th e  
m o s t  s a t is f a c t o r y  a l l- ro u n d  p ro p e r t ie s .

T h e r e  a re  s e v e ra l  w a y s  o f  c la s s i f y in g  a lu 
m in iu m  a l lo y s .  O n e  m ig h t ,  fo r  e x a m p le ,  
p la c e  th e m  in  o rd e r  o f  m e c h a n ic a l  s t r e n g th , 
d u c t i l i t y ,  c o r ro s io n  re s is ta n c e , m a c h in -  
a b i l i t y ,  f o u n d r y  p ro p e r t ie s ,  e t c . ,  b u t  th e  
o rd e r  o f  m e r i t  w o u ld  j b e  d if f e r e n t  in  ea ch  
ca se , a n d ,  th e re fo re ,  ./o r . a n y  s p e c if ic  p u r 
p o se , a  c o m p ro m is e  a l lo y  w o u ld  h a v e  t o  be 
s e le c te d . A n o t h e r  im p o r t a n t  f a c to r  in  th e  
s e le c t io n  o f th e  a l lo y  w o u ld  b e  th e  co s t .

A g a in ,  i f - a  la rg e  n u m b e r  o f  c a s t in g s  a re  
to  b e  m a d e  (a n d  th e r e  is  n o  d o u b t  t h a t  th is  
w i l l  b e  th e  case  w h e n  p e ac e  c o m e s ) , i t  m a y  
b e  a d v is a b le  to  p la n  a  p ro g ra m m e  w h ic h  
in c lu d e s  th e  q u ic k  p r o d u c t io n  o f  so m e  s a n d  
c a s t in g s , th e  p r o d u c t io n  o f  a  g r a v i t y  d ie , 
a s  q u ic k ly  a s  p o ss ib le , a n d  th e n  th e  m a n u 
fa c tu r e  o f  a  p re s su re  d ie , in  o rd e r  g ra d u 
a l l y  to  s te p  u p  o u tp u t ,  w h i ls t  g iv in g  so m e 
c a s t in g s  a t  a n  e a r ly  d a te .  I f  th is  s ch e m e  
be  c a r r ie d  o u t ,  i t  w i l l  b e  a d v is a b le  t o  use 
o n e  o f t h e  a l lo y s  w h ic h  c a n  b e  u se d  fo r  
s a n d , g r a v i t y  a n d  p re s s u re  w o r k ,  so  t h a t  th e
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p ro p e r t ie s  o f  th e  m e ta l  w i l l  r e m a in  r e a s o n 
a b l y  u n ifo rm  th ro u g h o u t ,  a n d  so t h a t  s c ra p  
c o m in g  b a c k  fro m  th e  c u s to m e r  w i l l  b e  o f  
o n e  a s s u re d  c o m p o s it io n .

A s  f a r  a s  m e c h a n ic a l  s t r e n g th  is  c o n 
ce rn e d , a lu m in iu m  fo u n d r y  a l lo y s  m a y  be 
d iv id e d  in t o  t h r e e  c la sses , th e  h ig h - , 
m e d iu m - , a n d  lo w - s tr c n g th  a l lo y s .  T h e  
h ig h - s tre n g th  a l lo y s  w i th  w h ic h  th e  
fo u n d e r  m a y  co m e  in  c o n ta c t ,  a re  g iv e n  
b e lo w  :—

Spec ifi cat ion
n u m b e r

P r o p r i e t a r y
d es ig na t io n

Specified
t ens ile

s t r e n g t h

Elonga
t io n

D.T.D.131 A . . R.R.53 16 to n  in .2 __
D.T .D .255  . . C e r a lu m in  C 18 t o n / i n .2 —
D.T .D .2 6 9  . . N.A.22 2 18 t o n / i n .2 _
D.T .D .3 0 0  . . N .A.350 16 to n  in.2 7 %

B.A.29
D.T .D .304 N.A.225  T.92 18 to n  in .2
D.T .D .309  . . R.R.53 19 to n  in .2 —
D.T.D.361 . . N .A.226 21 t o n / i n .2 1%

T h e s e  a l lo y s  h a v e  te n s ile  s t r e n g th s  o f 10 
t o  22  t o n s / in .2, b u t  t o  o b t a in  su c h  v a lu e s  
h e a t  t r e a tm e n t  is n e c e s s a ry ,  T h is  te c h n iq u e  
w i l l  d e m a n d  la b o r a t o r y  s u p e r v is io n , 'a s  w e ll  
a s  s k i l le d  k n o w le d g e , c a r e fu l  a p p l ic a t io n ,  
a n d  s p e c ia l fu rn a c e s  w i t h  a c c u ra t e  th e rm a l 
c o n t r o l .  H o w e v e r ,  i f  th e  fo u n d r y  d o es  n o t  
p ossess s u c h  e q u ip m e n t ,  th e r e  is  l i t t l e  
d o u b t  t h a t ,  in  p e a c e - t im e , p la n t  w i l l  
b e  a v a i la b le ,  t o  w h ic h  th e  s u ita b le  c a s t 
in g s  m a y  be s e n t  fo r  c a r e fu l  , a n d  a c c u ra t e  
h e a t  t r e a tm e n t .

A  w o rd  o f w a r n in g  s h o u ld ,  p e rh a p s , b e  
g iv e n  r e g a r d in g  t w o  o f th e se  a l lo y s ,  n a m e ly ,  
D . T . D . 304  a n d  D .T .D .3 6 1  ( th e s e  a re  th e  
s a m e  a l lo y )  a n d  D .T .D .3 0 0 .  I n  th e  ca se  o f 
D :T .D .3 0 4  (4  p e r  c e n t ,  c o p p e r ) ,  l i ig h - p u r i t y  
n ifeta l is  e s s e n t ia l.  O n ly  0 .2 5  p e r  c e n t ,  o f  
i r o n  a n d  0 .2 5  p e r  c e n t ,  o f  s i l ic o n  is  a l lo w e d ,  
a n d  i f  th e  ir o n  e x cee d s  th e  sp e c if ie d  
l im i t ,  th e  p h y s ic a l  te s ts  m a y  b e  e x p e c te d  
to  b e  b e lo w  s p e c if ic a t io n . I n  th e  ca se  o f  
D .T .D .3 0 0  (1 0  p e r  c e n t ,  m a g n e s iu m )  a ls o , 
h ig h - p u r ity  a l lo y  is  e s s e n t ia l,  a n d  in  th is  
ca se  v e r y  c a r e fu l  c o n t r o l  o f  te m p e ra tu re  
is  r e q u ir e d .  A n o t h e r  p o in t  w h ic h  th e  
fo u n d e r  o u g h t  to  re a liz e  b e fo re  h e  q u o te s , 
is  t h a t  . th is  la s t- n a m e d  a l lo y  m u s t  b e  
q u e n c h e d  in  h o t  o il .  T h is  d o es  n o t  m e a n  
t h a t  th e se  tw o  a l lo y s  a r e  u n s u it a b le  ¿ fo r  
fo u n d r y  use  ; t h e y  h a v e  b o th  b e e n  e m p lo y e d  
to  a n  e n o rm o u s  e x t e n t  fo r  v e r y  v i t a l  p a r t s  
in  o u r  a i r c r a f t .  I f  f a i lu r e  ta k e s  p la c e ,  
b e ca u se  o f  m o u n t in g  im p u r i t ie s  o r  w ro n g  
m e lt in g  te c h n iq u e , i t  is  t h e  f a u l t  o f  th e  
fo u n d r y ,  n o t  o f  t h e  m e ta l .  A  g r e a t  d e a l o f 
d e v e lo p m e n t  w o r k  h a s  b e e n  c a r r ie d  o u t  o n  
th e se  tw o  c o m p o s it io n s ,  a n d  th e  s u p p lie rs

o f th e  m e ta l  w i l l  b e  p le a s e d  to  g iv e  th e  
f o u n d r y  a l l  p o s s ib le  a s s is ta n c e ,  in c lu d in g  
a d v ic e  o n  th e  s p e c ia l  f o u n d r y  t e c h n iq u e  
re q u ire d  lo r  D .T .D .3 0 0 .

T h e  m e d iu m  s t r e n g th  a l lo y s  h a v e  a 
te n s ile  s t r e n g th  o f  10 to  14 t o n / in .2 a n d  a re  
l is te d  b e lo w :—

S pecif ica tion P r o p r i e t a r y
Specified

tens ile Specified 
e lo n g a 
tio n ,  %N o . d es ig n a t io n s t r e n g t h ,  

t o n / i n .2

D.T .D .  133B R.R.50 h e a t  t r e a t e d 10 21
D.T .D .  231 . . M.V.C. alloy 

W i lm i l  “  m "  
A lpax  b e ta

10 5

D.T .D .  240  .; } 11
1.5

D.T .D .  246 ; W il m il  “ m "  
A lpax  g a m m a } -

D.T .D .  250  . . C e r a lu m in  D 14 —-
D.T.D.  264 . . Birmasil  special

(n o t  H.T.) 12 2
D.T .D. 272 . . N .A .1 2 5 /W .6 0  (H.T.) 11 2
D.T .D. 276 . . N .A .125 /T .6 7  (H.T.) 15 —
D.T.D.  287 . . C e r a lu m in  B 10 2
D.T .D .  294  . . A era l  A 14 3
D.T .D .  298 . . N .A .225 /W .91 14 7
D.T .D .  31 3 . . R.R.53C as cast 10 2
B.S.S. 2 L.24 Y alloy as cast 10 —

B.S.S. 2 L.33 / W i lm i l
A lpa x \  10.5 

J 14

5

B.S.S. L.35 . . Y alloy h e a t  t r e a t e d —

M o s t  o f  th e se  c o m p o s it io n s ,  a ls o ,  r e q u ire  
h e a t  t r e a t m e n t .  D .T .D .2 9 4  re q u ire s  c a r e 
fu l  m e lt in g  te c h n iq u e ,  a s  i t  c o n ta in s  
c a d m iu m , w h ic h  b o ils  a t  765 d e g ree s  C . ; 
w i t h  re a s o n a b le  c a re ,  h o w e v e r ,  i t  sh o u ld  
p re s e n t  n o  d i f f ic u l t y .

O n e  o f th is  g ro u p , 2 L .3 3 ,  m a y  a ls o  be 
c la s s e d  a s  th e  b e s t  a l lo y  k n o w n  fo r  m o u ld in g  
t h in  s e c t io n s . I f  la rg e  bosses  b e  r e q u ire d , 
e s p e c ia l ly  in  d ie  c a s t in g s ,  c a re  is  n e c e s s a ry  
in  o rd e r  t o  a v o id  in t e r n a l  c a v i t ie s ,  w h ic h  
c a n n o t  b e  seen  u n t i l  th e  bo sses  a re  
m a c h in e d .  F o r  a l l  s a n d  c a s t in g s , a n d  fo r  
so m e  g r a v i t y  d ie  c a s t in g s ,  i t  is  n e c e s s a ry  to  
“  m o d if y  " t h is  a l lo y .  T h is  c o n s is ts  in  
p lu n g in g  in to  th e  p o t ,  h e ld  a t  750 d e g ree s
C . ,  a  d e f in ite  a m o u n t  o f  m e ta l l ic  s o d iu m , 
a n d  a l lo w in g  th e  m e lt  t o  s ta n d  q u ie t ly  fo r  
a  f e w  m in u te s .  T h e  e x a c t  ¡a m o u n t  o f 
so d iu m  to  b e  u sed  d e p e n d s  u p o n  th e  sh a p e  
o f  th e  c r u c ib le ,  m o re  b e in g  n e e d e d  fo r  a 
s h a l lo w  d ie - c a s t in g  c ru c ib le  th a n  fo r  a  t a l l  
c r u c ib le  s u c h  a s  is  u sed  in  s a n d  fo u n d r ie s .  
I t  a lso  .d e p e n d s  u p o n  th e  c o n d it io n  o f th e  
m e ta l .  S o m e  m e ta l  is  s u p p lie d  a l r e a d y  
m o d if ie d ; a t  le a s t  o n e  c o n c e rn  s u p p lie s  i t  
e n t i r e ly  u n m o d if ie d , a n d  p e rh a p s  th is  is  th e  
s a fe s t  b a s is  o n  w h ic h  t o  w o r k .  T h e  a m o u n t  
o f  s o d iu m  to  a d d , h o w e v e r ,  s t i l l  d e p e n d s  o n  
th e  a m o u n t  o f  m o d if ie d  s c ra p  u sed  in  th e  
m e lt ,  b u t  th is  c a n  b e  c o n t ro l le d  a n d  a l lo w e d  
fo r .  A  g o o d  a m o u n t  to  a d d  fo r  a  f ir s t  t r e a t  
w o u ld  b e  1 oz . p e r  100 lb .  o f  m e lt .

T h e  f r a c tu r e  o f  a  te s t  b a r  o f  m o d if ie d
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m e ta l  s h o u ld  sh o w  a  f in e , w h it e  s t ru c tu re ,  
w i t h  a  s i lk y  a p p e a ra n c e  in  p la ce s . T h e  
u n d e r- m o d ifie d  s t ru c tu r e  w i l l  a p p e a r  e ith e r  
g re y  a n d  co a rse , o r  in  th e  fo rm  o f f a i r l y  
la rg e ,  s h in y  c r y s ta ls .  T h e  o ve r- m o d ifie d  
m e ta l  w j l l  b e  g re y ,  w i th  c i r c u la r  c a v i t ie s  
s h o w in g  w h it e  su r fa ce s . T h e  m o d if ic a t io n  
s h o u ld  b e  c a r r ie d  o u t  u n d e r  l a b o r a to r y  
s u p e r v is io n ,  a n d  w i t h  c o n s t a n t  c a re  l i t t le  

' d i f f ic u l t y  is  m e t  w i t h .
T h e  lo w - s tre n g th  a l lo y s  c o n s is t  c h ie f ly  o f  

th e  o ld e r- e s ta b lis h e d  fo u n d r y  c o m p o s it io n s  
w h ic h  h a v e  g iv e n  e x c e l le n t  s e r v ic e  in  t h e ir  
t im e , b l i t  h a v e ,  to  so m e  e x te n t ,  b e e n  s u p e r 
sed ed  b y  th e  m o re  m o d e rn  t y p e s .  T h e y  a re  
a s  fo l lo w  :—

Specif ica tion
No.

P r o p r i e t a r y
d e s ig n a t io n

Specified
tens ile

s t r e n g th ,
t o n / i n .2

Specified 
e lo n g a 
t i o n ,  %

D.T.D .  165 Birma b r ig h t 9 3
B.S.S.  3 L.5 — 9 2
B.S.S. 3 L.8 — 7 —

B.S.S. 4  L.11 — 7.5 1.5
D .T .D .  238 R.R.53 as cast 9 —

D .T .D .  424 — 9 2
D.T .D .  428 — 8 —

N o  specif ica tion G r a d e  “  D ” — —

O n e  o f  th is  g ro u p , n a m e ly ,  3 L .5 ,  is, 
p e rh a p s , e v e n  y e t  th e  b e s t  a ll- ro u n d  sand-  
c a s t in g  a l lo y  fo r  l ig h t ly  s tre ssed  p a r t s .  I t  
w a s  la r g e ly  u se d  b e fo re  th e  w a r  fo r  c a r  
su m p s , g e a rb o x e s , e tc . ,  a n d  fo r  c ra n k c a s e s  
fo r  s m a ll  a e ro - c n g in e s . A s  i t  c o n ta in s  
a b o u t  13 p e r  c e n t ,  z in c  a n d  2 .75  p e r  ce n t, 
c o p p e r ,  i t  h a s  a  c o m p a r a t iv e ly  h ig h  d e n s ity .

D . T . D .  424 a n d  D . T . D .  428 w e re  
d e ve lo p e d  a t  th e  b e g in n in g  o f th e  w a r  in  
o rd e r  to  p u t  b a c k  in to  use  a l l  a v a i la b le  
a lu m in iu m  a l lo y  s c ra p . A lu m in iu m  
re f in e rs  h a d  fo r  so m e  t im e  b e e n  c o l le c t in g  
m is c e lla n e o u s  s c ra p  f ro m  a lu m in iu m  fo u n 
d r ie s  a n d  r e m c lt in g  i t  in to  in g o ts  w h ic h  
w e re  used  fo r  c a s t in g s  o rd e re d  i n  "  a lu 
m in iu m  a l lo y . ”  T w o  k in d s  o f  in g o t  w e re  
o b ta in e d ,  th o s e  f r o m  fo u n d r ie s  u s in g  3 L .5 ,  
a n d ,  th e re fo re ,  c o n ta in in g  z in c ,  a n d  th o se  
fre e  fro m  z in c . A  f a i r l y  w id e  s p e c if ic a t io n  
w a s  is su e d  fo r  e a ch  o f  th e se , D . T . D .  424 
( f r e e  fro m  z in c )  b e in g  so  a r ra n g e d  t h a t  a  
c o n s id e ra b le  a m o u n t  o f  'a^ro Light: d u ra lu m in  
s c ra p  c o u ld  b e  in c lu d e d .

A t  f ir s t  th e se  m ix tu r e s  g a v e  a  l i t t le  
t r o u b le ,  b u t  t h e y  a re  n o w  f i r m ly  e s ta b lis h e d  
a n d  w i l l  p r o b a b ly  c o n t in u e  to  b e  u se d  in  
la rg e  to n n a g e s  a f t e r  th e  w a r  is  o v e r ,  a n d  
w h e n  e v e n  g re a te r  q u a n t it ie s  o f  s c ra p  co m e  
o n  th e  m a rk e t .

G r a d e  D  is  s im p ly  re m e lte d  fo u n d r y  
s c ra p , w i t h  n o  s p e c if ie d  c o m p o s it io n .  I t  is  
b o u n d  to  v a r y  in  c o n s t i t u t io n ,  b u t  i t  is

q u it e  u s e fu l, i f  th e  u se r  k e e p s  h is  e y e s  o p en  
a n d  d o e s  n o t  m is a p p ly  i t .

L i g h t  A l lo y s  C o n t ro l  ( L . A . C . )  h a s  is su ed  
s e v e ra l s p e c if ic a t io n s  w h ic h  h a v e  b ro u g h t  
in to  use  a g a in  m e ta l  w h ic h  w a s  a  l i t t le  
o u ts id e  s p e c if ic a t io n ,  b u t  w h ic h  c o u ld  e a s ily  
lie  used . T h e s e  s p e c if ic a t io n s  a re  as 
fo l lo w :—

L . A . C .  112.— A n  im p u re  2 L  33 c o n t a in 
in g  a  f a i r  a m o u n t  o f  c o p p e r .  U s e d  in  p la c e  
o f  2 L  33 fo r  p re s su re  d ie - c a s t in g s . S p e c i 
fie d  te n s ile  s t r e n g th ,  8 to n s / s q . in .  N o  
e lo n g a t io n .

L . A . C .  1 1 3 A .— A n  im p u re  3 L  5, u sed  fo r  
s a n d  c a s t in g s .  S p e c if ie d  te n s ile  s t r e n g th , 
9  to n s / s q . in .  N o  e lo n g a t io n .

L . A . C .  10.— A  h ig h  c o p p e r  a l lo y ,  s im ila r  
to  L  L  11, b u t  w i t h  m o re  a l lo w a b le  im p u r i 
t ie s . V e r y  u se fu l in  th e  h e a t- tre a te d  c o n d i 
t io n  fo r  p is to n s  in te n d e d  fo r  l ig h t  d u t y .  
N o  te n s ile  f ig u re s  g iv e n .

D u r in g  th e  w a r  a  c o m m it te e  h a s  b e e n  
fo rm e d  to  a s s is t  a l l  th e  G o v e r n m e n t  d e p a r t 
m e n ts  in  th e  a p p l ic a t io n  o f m e ta ls  t o  t h e ir  
p a r t ic u la r  r e q u ire m e n ts .  D r .  R .  G e n d e rs  is  
in  c h a rg e  o f  th is  w o r k ,  a s  S u p e r in te n d e n t ,  
T e c h n ic a l  A p p l ic a t io n  o f  M e ta ls .  A  c o n 
s id e ra b le  a m o u n t  o f  w o rk  h a s  b e e n  d o n e  
a n d  a  s c h e d u le  h a s  b e e n  p u b lis h e d , c o v e r in g  
s e v e ra l g ro u p s  o f  n o n - fe rro u s  m e ta ls  (c o p p e r  
a l lo y s ,  le a d  a l lo y s ,  e t c . ) .  T h is  is  k n o w n  a s  
th e  S . T .A . 7  s c h e d u le , a n d  a l lo y  g ro u p  N o .  6 
(A lu m in iu m  A l lo y s )  w i l l  s h o r t ly ' b e  is su ed . 
T h is  c o n s is ts  o f  a lu m in iu m  in  v a r io u s  
w r o u g h t  fo rm s , w r o u g h t  a l lo y s  a n d  c a s t in g  
a l lo y s .  T h e  la t t e r  a re  co d e d , A .C .  1, A .C .  2, 
e tc .  T h o s e  se le c te d  c o v e r  a  w id e  ra n g e  o f 
p o ss ib le  a p p l ic a t io n s  a n d  a re  a l l  id e n t ic a l  
w i t h ,  o r  s im ila r  to , o n e  o r  o th e r  o f  th e  
a l lo y s  l is t e d  a b o v e ,  e x c e p t  A .C .  12, th e  low -  
e x p a n s io n  p is to n  a l lo y ,  w h ic h  is  id e n t ic a l  
w i th  an  A m e r ic a n  sp e c if ic a t io n . ( A . E . L .  
1 4 8 ).  T h e y  a re  a s  fo l lo w  :—

C a s t in g  A l lo y s  fo r  G e n e ra l  P u rp o s e s

Id e n t ic a l w ith
1— S a n d  a n d  g r a v i t y

c a s t in g s D . T . D . 428
2— P re s s u re  d ie-cast-

in g s  ................... L . A . C . 112
3— S a n d  c a s t in g s L . A . C . 113 A

. 4 — S a n d ,  g r a v i t y , a n d
p re ssu re  c a s t in g s D . T . D . 4 2 4

. 5— S a n d  a n d  g ra v i t y
d ie - ca s t in g s D . T . D . 165
, 6— S a n d ,  g r a v i t y , a n d
p re ssu re  c a s t in g s

a n d
2 L 33

7— A :  S a n d
g r a v i t y  d ie - ca s tin g s D . T . D . 133C

7— B :  S a n d a n d
g r a v i t y  d ie - ca s t in g s D . T . D . 287
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C a s t in g  A l lo y s  fo r  P a r t ic u l a r  A p p l ic a t io n s
Id e n t ic a l  w it h

A .C .  8— A :  S a n d  a n d
g r a v i t y  d ie - ca s t in g s  . . .  D . T . D .  240

A .C .  8— B :  S a n d  a n d
g r a v i t y  d ie - ca s t in g s  . . .  D . T . D .  245

A .C .  3—- S a n d  a n d  g r a v i t y
d ie - c a s t in g s  . . .  . . .  D . T . D .  BOO

A .C .  10— A :  S a n d  a n d
g r a v i t y  d ie - ca s t in g s  .. .  D . T . D .  298

A .C .  10— B :  S a n d  a n d
g r a v i t y  d ie - ca s t in g s  . . .  D . T . D .  304

P is to n  A l lo y s
A .C .  11— S a n d  a n d  g r a v i t y  Id e n t ic a l  w ith  

d ie - c a s t in g s  s u ita b le  fo r
p i s t o n s .....................................  L . A . C .  10

A .C .  12— A :  S a n d  a n d
g r a v i t y  d ie - ca s tin g s  
s u it a b le  fo r  p is to n s  . . .  —

A .C .  12— B :  S p e c ia l  q u a l i t y  
d ie - c a s t in g s  s u it a b le  fo r
p i s t o n s .................................  A . E X .  148

A .C .  13— A :  S a n d  a n d
g r a v i t y  . d ie - ca s t in g s  
s u it a b le  fo r  p is to n s  ... L  35

S im i la r  to
A .C .  13— B :  S p e c ia l  q u a l i t y  E .  in  C .

d ie - c a s t in g s  fo r  p is to n s  A d m ir a l t y  
A .C .  14— A :  S a n d  a n d

g r a v i t y  d ie - c a s t in g s  Id e n t ic a l  w ith  
s u ita b le  fo r  p is to n s  . . .  D . T . D .  1 3 1 B

A .C .  14— B :  S a n d  a n d
g r a v i t y  d ie - ca s tin g s  
s u ita b le  fo r  p is to n s  . . .  D . T . D .  255

I f  d u c t i l i t y  b e  re q u ire d  in  c a s t in g s , s e le c 
t io n  o f  s u i t a b le  c o m p o s it io n s  is  a  f a i r l y  
s im p le  m a t t e r ,  b e c a u s e  th e re  a re  n o t  m a n y  
c a s t  a lu m in iu m  a l lo y s  w h ic h  p o ssess  an  
a p p re c ia b le  a m o u n t  o f  d u c t i l i t y .  P e r h a p s  
th e  g re a te s t  c o n t r ib u t io n  w h ic h  c o u ld  b e  
m a d e  to  th e  a lu m in iu m  fo u n d r y  in d u s t r y ,  
in  fa c t ,  w o u ld  b e  th e  d is c o v e r y  o f  a  m ix  
w ith  g o o d  d u c t i l i t y ,  in  a d d it io n  t o  a 
m e d iu m - to - h ig h  te n s ile  s t re n g th .

T h e  m o s t d u c t i le  n o n - h e a t- tre a te d  a l lo y  
is  2 T ..33 , i f  c o r r e c t ly  m o d if ie d .  T h e  
s p e c if ie d  e lo n g a t io n  o n  2 in s .  is  5 p e r  c e n t . ,  
b u t  11 p e r  c e n t ,  is  o f te n  o b ta in e d .  T h e  
d is a d v a n ta g e  is , o f  co u rse , t h a t  m o d if ic a t io n  
is  n e c e s s a ry ,  a n d  i f  t h is  p ro cess  b e  n o t 
c o r r e c t ly  c a r r ie d  o u t  th e  d u c t i l i t y  m a y ,  
c o n v e r s e ly ,  b e  v e r y  p o o r . T h e  o th e r  tw o  
d u c t i le  a l lo y s  a re  th e  tw o  h ig h - s tre n g th  
a l lo y s ,  D . T . D .  304 (w h ic h  g iv e s  m o re  
d u c t i l i t y  i f  h e a t- tre a te d  t o  D . T . D .  298, b u t  
less  s t r e n g t h )  a n d  D . T . D .  300. F o r  
D . T . D .  298 a n d  D . T . D .  300, 7 p e r  c e n t ,  
e lo n g a t io n  is  sp e c if ie d ; w i th  D . T . D .  298 
11 p e r  c e n t ,  is  o f te n  o b ta in e d .

I f  c o r ro s io n  re s is ta n c e  b e  a s k e d  fo r , th e

s e le c t io n  o f  th e  b e s t  a l lo y  is  b y  n o  m e a n s  
e a s y . E v e r y  e f fo r t  s h o u ld  be m a d e  to  fin d  
o u t  u n d e r  w h a t  c o r ro s iv e  c o n d it io n s  t h e  
c a s t in g s  a re  to  b e  u se d . T o o  o fte n , w h e n  
re s is ta n c e  to  c h e m ic a l  a t t a c k  is  m e n t io n e d , 
a n  a l lo y  is  s e le c te d  w h ic h  g iv e s  g o o d  r e s is t 
a n c e  in  th e  s a l t  s p r a y  te s t , th is  b e in g  ta k e n  
as  a  s a t is fa c t o r y  g u id e  to  p e r fo rm a n c e  in  
s e rv ic e .  A c t u a l l y ,  h o w e v e r ,  th e  c a s t in g s  
m a y  b e  in  c o n t a c t  w i t h  d y e s ,  m e d ic in e s ,  o r  
fo o d s , a n d  th e  s a lt- s p ra y  te s t  m a y  g iv e  r ise  
t o  a n  e n t ir e ly  w ro n g  im p re s s io n . T h e  o n ly  
w a y  in  w h ic h  to  a p p r o a c h  th is  p ro b le m  is, 
f i r s t ,  t o  f in d  o u t  a l l  p o s s ib le  d e t a i ls  r e g a rd 
in g  th e  c o r ro s iv e  c o n d it io n s  to  b e  e n c o u n 
te re d  a n d  th e n  to  w r i t e  to  s e v e ra l o f  th e  
co m p a n ie s  w h ic h  s u p p ly  m e ta l  to  see i f  th e y  
h a v e  h a d  e x p e r ie n c e  w i t h  a l lo y s  in  s im ila r  
c i r c u m s ta n c e s .  I t  is  h o p e d  th a t ,  so m e 
d a y ,  w e  s h a ll  h a v e  a  c e n t r a l  d e v e lo p m e n t  
a s s o c ia t io n  w h ic h  w i l l  h e lp  fo u n d r ie s  w ith  
p ro b le m s  o f  th is  k in d .  I f ,  in  th e  e n d , th e  
m e ta l  s u p p lie r s  c a n n o t  g iv e  th e  re q u ire d  
a d v ic e ,  th e  fo u n d e r  w i l l  h a v e  to  r e ly  o n  th e  
s a lt- s p ra y  t e s t  o r  t r y  o u t  a  f e w  a l lo y s  u n d e r  
w o r k in g  c o n d it io n s ,  b u t ,  u n fo r tu n a te ly ,  
th is  w i l l  t a k e  t im e .

I n  g e n e ra l,  a lu m in iu m - m a g n e s iu m  a l lo y s  
m a y  b e  e x p e c te d  to  g iv e  th e  b e s t  re s is ta n c e  
to  a t t a c k ,  fo l lo w e d  b y  th e  a lu m in iu m -  
m a g n e s iu m - s il ic o n  a l lo y s ,  a f t e r  w h ic h  w o u ld  
co m e  th e  s i l ic o n  a l lo y s .  I f  h e a t- tre a ta b le  
a l lo y s  a r e  b e in g  u sed  (e s p e c ia l ly  i f  t h e y  
c o n ta in  c o p p e r ) , b e t te r  c o r ro s io n  re s is ta n c e  
w i l l  p r o b a b ly  be o b ta in e d  i f  th e  a l lo y  be 
u se d  in  i t s  s o lu t io n - h e a t- tre a te d  c o n d it io n .  
T h e  c o p p e r  a l lo y s  g iv e  c o m p a r a t iv e ly  p o o r  
c o r ro s io n  re s is ta n c e ,  a n d  t h is  a p p lie s  a ls o  to  
th e  z in c- co p p e r  a l lo y  3 L .5 .  In c id e n t a l ly ,  
a  g r e a t  d e a l o f  v a lu a b le  in f o r m a t io n  h a s  
b e e n  g iv e n  o n  t h i s  s u b je c t  in  "  L ig h t  
M e t a ls . ” 1

A s  re g a rd s  m a c h in in g  p ro p e r t ie s ,  th e  
m a jo r i t y  o f  a lu m in iu m  a l lo y s  m a y  be 
m a c h in e d  a t  a  h ig h  sp e ed , a n d  w i l l  g iv e  good  
s u r fa c e  f in is h . T h e  e x c e p t io n s  a re  th e  h ig h -  
s i l ic o n  a l lo y s ,  2 L .3 3 ,  a n d  th e  lo w - e x p a n s io n  
a l lo y  c o n t a in in g  u p  to  p e rh a p s  14 p e r  c e n t ,  
o f  s i l ic o n .  T h e s e  a l lo y s  d ra g  a n d ,  a s  t h e y  
c o n ta in  p a r t ic le s  o f  s i l ic o n ,  t e n d  to  d a m a g e  
a l l  b u t  d ia m o n d -  o r  c a rb id e - t ip p e d  to o ls . 
I n  g e n e ra l,  th e  h ig h - c o p p e r  a l lo y s  m a y  b e  
e x p e c te d  to  g iv e  c o m p a r a t iv e ly  g oo d  
m a c h in e d  s u r fa c e s . A n  o u t s t a n d in g ly  
g o o d - m a c h in in g  a l lo y  is  D . T . D .  294 
( A e r a l ) .  A l lo y s  w i t h  d o u b le  h e a t  t r e a t 
m e n t  g e n e r a l ly  g iv e  r a t h e r  b e t t e r  m a c h in in g  
re s u lts  th a n  th e  s a m e  a l lo y s  w i t h  th e  s in g le  
h e a t  t r e a tm e n t .

I f  th e  c a s t in g s  a re  to  b e  a n o d iz e d  o r  
p la te d ,  i t  w o u ld  b e  w e l l  w o r th  w h i le ,
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b e fo re h a n d , to  a s k  o n e  o f  th e  w e ll- k n o w n  
c o n c e rn s  w h ic h  c a r r y  o u t  th is  w o r k  fo r  
a d v ic e  a s  to  s u ita b le  a l lo y s .  T h e s e  s u r fa c e  
t r e a tm e n ts  a r e  d e f in i t e ly  t e c h n ic a l  jo b s ,  a n d  
s h o u ld  b e  c a r r ie d  o u t  b y  th o s e  w h o  u n d e r 
s ta n d  th e m . T h e  w r i t e r  w a s  r e c e n t ly  p r i v i 
leg ed  to  see so m e  o f  th e  e x p e r im e n ta l  w o r k  
w h ic h  is  b e in g  c a r r ie d  o u t  in  c o n n e c t io n  
w i t h  a n o d ic  f in ish e s , a n d  w a s  p ro fo und ly-  
im p re sse d  w ith  th e  h ig h  q u a l i t y  o f  th e  
w o r k  a n d  th e  r a p id l y  e x te n d in g  f ie ld  o f  use 
fo r  i t .

S o  f a r ,  th e  fo u n d r y m a n  h a s  b e e n  s tu d y in g  
h is  c u s to m e r ’s  r e q u ire m e n ts .  H e  m u s t  n o w  
c o n s id e r  h is  o w n ,  a n d  t h in k  a b o u t  th e  
fo u n d r y  p ro p e r t ie s  o f  a lu m in iu m  a l lo y s .  
C e r t a in  q u a l i t ie s  a re  c o m m o n  to  th e m  a ll,  
fo r  e x a m p le ,  c o m p a r a t iv e ly  lo w  m e lt in g  
p o in t .  B u t  b e ca u se  o f t h e ir  h ig h  h e a t  
c a p a c i t y  m o re  h e a t  is  r e q u ire d  to  m e lt  th e m  
th a n  to  m e lt  b ra sses . T h e y  a l l  h a v e  a  lo w  
sp e c if ic  g r a v i t y  a n d ,  b e ca u se  o f  th is ,  m u c h  
la rg e r  r is e rs  a r e  r e q u ire d  th a n  a re  used  w i th  
th e  h e a v y  a l lo y s .

A  d is tu r b in g  p r o p e r t y  o f  so m e  a lu m in iu m  
a l lo y s  is h o t  s h o rtn e s s . T h is  is  c h a r a c 
te r iz e d  b y  e x tre m e  w e a k n e s s  a t  h ig h  
te m p e ra tu re s .  H o t  s h o r tn e s s  is  a  s e r io u s  
d r a w b a c k  to  th e  s t r o n g  a l lo y  D . T . D .  304. 
I f  a  s im p le  p la te ,  say-, h a l f  a n  in c h  t h ic k  b y  
a  fo o t  s q u a re , b e  d ie - ca s t in  th is  a l lo y ,  a n d  
th e  d ie  o p e n e d  a s  so o n  a s  t h e  r is e r  is  s o lid ,  
i t  is  p o s s ib le  to  b r e a k  th e  c a s t in g  u p  l ik e  
c r u m b ly  ch eese , b u t  i f  a n o th e r  c a s t in g  b e  
m a d e , a n d  a l lo w e d  to  c o o l t o  a id  t e m p e ra 
tu re ,  i t  w i l l  b e  fo u n d  p o ss ib le  to  b e n d  it  
u n t i l  th e  o p p o s ite  s id es  m e e t, w i t h o u t  a n y  
s ig n  o f c ra c k s .

A n o t h e r  a l lo y  w h ic h  e x h ib it s  p ro n o u n c e d  
h o t  s h o r tn e s s  is  3 L . 5 ,  a n d  w i t h  th is  c o m 
p o s it io n  th e  t ro u b le  b e co m e s  w o rs e  a s  th e  
ir o n  c o n te n t  in c re a s e s . A  f u r t h e r  p ro p e rty ',  
w h ic h  s h o u ld  p e rh a p s  b e  c o u p le d  w i t h  h o t  
s h o rtn e s s , is  h ig h  th e rm a l e x p a n s io n  a n d  
c o n t r a c t io n .  W h e n  th e  c a s t in g  h a s  b e co m e  
s o lid  i t  b e g in s  t o  d e c re a se  in  s ize  a s  i t  co o ls . 
I f  i t  b e  o f  s u c h  a  s h a p e  t h a t  th e re  is  a  lo n g , 
t h in  s e c t io n  w i t h  la rg e  p o r t io n s  a t  e a ch  end  
w h ic h  a re  r e ta in e d  b y ' th e  s a n d  o r  th e  d ie , 
th e  c o n t r a c t io n  is  l ik e ly ' to  c a u s e  c ra c k s ,  
a n d , o f  co u rse , th e  a l lo y s  w h ic h  a re  h o t  
s h o r t  a re  m u c h  m o re  l i k e l y  to  f r a c tu r e  th a n  
th o se  w h ic h  a re  n o t .  I t  is  b e c a u s e  o f  th is  
d e fe c t  t h a t  D . T . D .  304 c a n  only- b e  used  fo r  
d ie - ca s t in g s  o f  a  r e la t i v e l y  s im p le  s h a p e , o r, 
a t  le a s t ,  a r c  m a d e  in  a  d ie  w h ic h  is  e a s y  to  
d is m a n t le .  A lu m in iu m  d ie s  a r e  n o w  b e in g  
d e v e lo p e d , a n d  a s  t h e y  h a v e  th e  sam e  
th e rm a l e x p a n s io n  a s  th e  c a s t in g ,  th e  
d a n g e r  o f  c r a c k in g  is  p r a c t i c a l l y  e l im in a t e d .  
T h e  d e v e lo p m e n t  o f  th e se  d ie s  ( B r i t i s h

P a t e n t  N o .  5 4 3 ,5 7 7 ) w o u ld  a p p e a r  to  be 
o n e  o f  th e  b ig g e s t  s te p s  fo rw a rd  in  th e  
in d u s t r y  fo r  so m e  t im e  (see-  " t i g h t  
M e t a ls , ”  1 9 4 5 /8 /1 2 ).

A n o t h e r  f a c to r  g o v e rn in g  th e  c h o ic e  o f 
a l lo y s  is  p r im e  c o s t ,  a n d  h e re  l e t  is  b e  s a id  
a t  o n c e  t h a t  th e  a lu m in iu m  fo u n d r y  
in d u s t r y ' h a s  bu i.lt u p  a  v a lu a b le  r e p u ta t io n  
fo r  v e r y  h ig h  q u a l i t y  c a s t in g s ,  many- o f 
w h ic h  h a v e  su c c e s s fu lly ' r e p la c e d  fo rg in g s  in  
a i r c r a f t .  I t  is b e ca u se  o f  t h a t  r e p u ta t io n  
t h a t  a  la rg e  p ro p o r t io n  o f  th e  o rd e rs  w i l l  
co m e  to  t l ie  fo u n d r ie s  w h e n  m e ta l  is  a g a in  
a v a i la b le  to  in d u s t r y .  H e n c e ,  e v e r y  e f fo r t  
s h o u ld  b e  m a d e  to  l i v e  u p  to  th e  g o o d  n a m e  
a l r e a d y  o b ta in e d ,  b y  u s in g  a llo y 's  w h ic h  
w i l l  d e f in ite ly ' d o  th e  jo b ,  p re fe ra b ly ',  w ith  
a  l i t t le  to  sp a re . T h is  is  c o m m o n  sense, 
a n d  s o u n d  b u s in e ss . O n  th e  o th e r  h a n d , 
th e re  w i l l  b e  d e m a n d s  fo r  a  la rg e  v a r ie t y  
o f  c a s t in g s  w h ic h  h a v e  to  s ta n d  n o  stre sses , 
a n d  fo r  w h ic h ,  w i t h  d u e  p re c a u t io n s *  any- 
a l lo y  w h ic h  m a k e s  a  “  s o u n d  ”  c a s t in g  w i l l  
b e  s u ita b le .  I n  m a n y  ca ses  th e  c h ie f  
f a c to r  w h ic h  w i l l  in l lu e n c e  th e  c u s to m e r  in  
h is  d e c is io n  a s  to  w h ic h  m e ta l  to  use w i l l  
be the , p r ic e .  I f  a  r e a l ly  c h e a p  a n d  s a t is 
f a c t o r y  a l lo y  is  a v a i la b le  fo r  th e se  s im p le  
jo b s , th e  a lu m in iu m  fo u n d r y  ind u stry-  m a y .  
be a b le  to  o b ta in  u se fu l o rd e rs . S u c h  a n  
a l lo y ,  g rad e  D ,  Is  o n  th e  m a r k e t .  I t  w i l l  
be  re a liz e d  t h a t  i t  is  p r o b a b ly  a  m ix tu r e  o f
D . T . D .  424 a n d  D . T . D .  428. M a t e r ia l  o f 
th is  k in d  w a s  used  fo r  c a r  s u m p s , in d u c t io n  
p ip e s , e t c . ,  b e fo re  th e  w a r ,  a n d  i t  w a s  q u ite  
s a t is fa c t o r y .  I t  c a n  n o w  be o b ta in e d  a t  
£ 3 5  p e r  to n ,  a g a in s t  a  v i r g in  a lu m in iu m  
p r ic e  o f  £ 1 1 0  p e r  to n .  I t s  g r e a t  d is a d v a n 
ta g e  w i l l  b e  i t s  v a r ia b i l i t y ,  b u t  lab o ra to ry-  
c o n t ro l  m a y  b e  e x te n d e d  t o  alloy-s o f  th is  
k in d ,  a n d  s h o u ld  e n a b le  th e m  to  b e  used  
w ith  su ccess . A lw ay-s, h o w e v e r ,  tb e  d a n g e r  
o f  m is u se  o f  u n c r i t ic a l  c o m p o s it io n s  m u s t  
b e  g u a rd e d  a g a in s t .  ( F o r  h o r r ib le  e x a m p le  
see "  L ig h t  M e t a ls , ”  1 9 4 5 / 8 / 8 6 .)

H a v in g  c o n s id e re d  th e  c u s to m e r ’s  r e q u ir e 
m e n ts , h is  o w n  r e q u ire m e n ts ,  a n d  p r ic e ,  th e  
fo u n d e r  s h o u ld ,  w i t h  th e  a s s is ta n c e  o f  th e  
m e ta l lu rg is t ,  b e  a b le  to  ch o o se  h is  a l lo y .  
H o w  w i l l  he  o b ta in  i t ?  T h is  d e p e n d s  u p o n  
h is  b u s in e ss  p o l ic y .  H e  m a y  w is h  to  l im i t  
h is  m e ta l lu r g ic a l  p ro b le m s  b y  u s in g  a s  fe w  
a l lo y s  a s  p o ss ib le , o r  h e  m a y  b e  w i l l in g  to  
s u p p ly  c a s t in g s  in  a n y  a l lo y ,  e v e n  i f  th is  
m e a n s  m a k in g  u p  s m a ll q u a n t it ie s  s p e c ia l ly ,  
fo r  s m a ll o rd e rs . I n  th e  g r e a t  m a jo r i t y  o f  
cases  th e  b e s t  p o l ic y  w i l l  b e  to  o rd e r  th e  
m e ta l  in  in g o t  fo rm  fro m  a  c o n c e rn  w h ic h  
s p e c ia liz e s  in  t h e ir  p r e p a ra t io n .  T h e s e  
c o n c e rn s  m a y  b e  re l ie d  u p o n  a b s o 
lu t e l y  to  d e l iv e r  m e ta l  w h ic h  is  c o r r e c t  t o
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s p e c if ic a t io n , b o th  a s  re g a rd s  c h e m ic a l 
c o m p o s it io n  a n d  p h y s ic a l  p ro p e r t ie s .  M o re 
o v e r ,  c o n s e c u t iv e  d e liv e r ie s  w i l l  b e  re a s o n 
a b ly  u n ifo rm , th u s  e n a b lin g  th e  fo u n d e r  to  
s ta b il iz e  h is  c o n d it io n s .

I f  th e  fo u n d r y m a n  do es , n e ve r th e le s s ,  
p re fe r  to  m a k e  u p  h is  o w n  a l lo y s ,  h e  m a y  
d o  th is  b y  m e lt in g  a lu m in iu m ,  to g e th e r  
w i t h  so -ca lled  "  h a rd e n e r s . ”  T h e s e  a re  
a lu m in iu m  c o m p o s it io n s  c o n ta in in g  a  m u c h  
h ig h e r  p ro p o r t io n  o f th e  a d d e d  m e ta l  th a n  
is  r e q u ire d  in  th e  f in a l a l lo y  to  b e  m a d e . 
I t  is  n e c e s s a ry  to  k n o w  th e  e x a c t  c o m p o s i
t io n  o f ' t h e  h a rd e n e r ,  a n d  th e n  to  c a lc u la te  
th e  a m o u n t  n e c e s s a ry  to  g iv e  th e  re q u ire d  
a l lo y .  T h e  h a rd e n e rs  m a y  b e  o b ta in e d  in  
a  w id e  v a r ie t y  o f  c o m p o s it io n s ,  b u t  c e r ta in  
m ix tu r e s  h a v e  b e e n  fo u n d  to  b e  m o s t  c o n 
v e n ie n t ,  a n d  i t  is  b e t te r  t o  u se  th e se . I n  
so m e ca ses  h a rd e n e rs  m a y  b e  b o u g h t ,  c o n 
ta in in g  tw o  a d d e d  m e ta ls  in  a  d e f in ite  
p ro p o r t io n .

I f  th e  fo u n d e r  h a s  d e c id e d  to  m a k e  u p  
h is  o w n  a l lo y s  he m a y  p o s s ib ly  s a y :  "  W h y  
h a l f  do  th e  jo b ?  I ’ l l  m a k e  m y  o w n  
h a rd e n e rs ,  t o o . ”  T h e  r e p ly  to  t h is  is  th e  
sam e  a s  M r .  P u n c h ’s fa m o u s  a n s w e r—  
"  D o n ’ t . ”  S o m e  o f  th e se  h a rd e n e rs — th e  
c o p p e r  h a rd e n e r ,  f o r  in s ta n c e — a re  q u ite  
e a s y  to  m a k e , b u t  o th e rs ,  su c h  a s  th e  
t i t a n iu m  a n d  n ic k e l  h a rd e n e rs ,  p re s e n t 
d if f ic u lt ie s  w h ic h  th e  fo u n d e r  w o u ld  f in d  
h im s e lf  u n a b le  to  o v e r c o m e .  S o m e  o f  th e  
Y  a l lo y  m a d e  in  th e  e a r ly  d a y s  c o n ta in e d  
v e r y  h a rd ,  t i n y  p a r t ic le s ,  w h ic h  d a m a g e d  
to o ls . T h e s e  w e re  fo u n d  to  b e  d u e  ‘to  
u n s a t is f a c to r y  n ic k e l  h a rd e n e rs .  T h e  s o u n d  
p o l ic y ,  th e n , is  to  o rd e r  a l l  h a rd e n e rs  fro m  
c o n c e rn s  w h ic h  h a v e  d e v e lo p e d  th e  t e c h 
n iq u e  n e c e s s a ry  f o r  t h e ir  p r e p a ra t io n .

S o m e  o f  th e se  h a rd e n e rs  h a v e  a  m e ltin g  
p o in t  w h ic h  is  c o n s id e r a b ly  h ig h e r  th a n  t h a t  
o f  a lu m in iu m .  I n  o r d e r  to  m a k e  su re  th a t  
th e y  p ass  c o m p le te ly  in to  s o lu t io n ,  i t  is 
g o o d  p o l ic y  to  m e lt  th e m  f ir s t ,  p e rh a p s  w i t h  
a  l i t t l e  o f  th e  a lu m in iu m .  H a v in g  m ad e  
su re  t h a t  e v e r y th in g  is  m e lte d ,  th e  
r e m a in d e r  o f  th e  a lu m in iu m  s h o u ld  b e  
a d d e d  so  s lo w ly  t h a t  th e  m e ta l  n e v e r  
so lid if ie s . A s  th is  is  d o n e , th e  m e lt in g  
p o in t  o f  th e  a l lo y  b e c o m e s  lo w e r ,  a n d  w h e n  
th e  la s t  a lu m in iu m  is  a d d e d , th e  n o rm a l 
c a s t in g  te m p e ra tu r e  h a s  b e e n  re a c h e d . 
T h is  m e a n s  t h a t  o n l y  a  s m a ll  p e rc e n ta g e  o f 
th e  c h a rg e  h a s  b e e n  s u b je c te d  to  th e  h ig h  
te m p e ra tu re  w h ic h  is  so  d e t r im e n ta l  t o  th e  
q u a l i t y  o f  a lu m in iu m  a l lo y s .  A l t h o u g h  th e  
a l lo y  is  n o w  a t  i t s  c a s t in g  te m p e ra tu r e ,  i t  
s h o u ld  n o t  be u se d  w i t h o u t  a n a ly s is :  m o re 
o v e r ,  in g o t t in g  w i l l  p r o b a b ly  im p r o v e  its  
q u a l i t y ,  a s  w i l l  b e  seen  la te r .

S o m e t im e s  s c ra p  is  a v a i la b le ,  a n d  th e  
fo u n d e r  w o u ld  l ik e  to  m a k e  h is  a l lo y s  u p  a s  
c h e a p ly  a s  p o s s ib le . W i t h  g oo d  la b o r a t o r y  
c o n t ro l  th is  m a y  b e  fe a s ib le , b u t  i t  s h o u ld  
be re m e m b e re d  t h a t  o n e  p ie c e  o f  m e ta l  o f  
th e  w r o n g  c o m p o s it io n  c a n  m a k e  a  n a s t y  
m ess  o f  a  la rg e  m e lt .

A v a i l a b le  s c ra p  m a y  b e  o f  th e  c o r r e c t  
c o m p o s it io n , b u t  in  a n  in c o n v e n ie n t  fo rm , 
s u c h  a s  tu r n in g s  o r  s w a r f .  T h is  b r in g s  us 
to  a n o th e r  p r o p e r t y  o f  a lu m in iu m ,  n a m e ly ,  
its  e x tre m e  re a d in e s s  to  c o m b in e  w ith  
o x y g e n  to  fo rm  a lu m in iu m  o x id e  o r  
a lu m in a .  I f  a  p ie c e  o f  s h e e t  b e  c la m p e d  
v e r t i c a l l y  b y  its  to p  e d g e , a n d  b e  th e n  
h e a te d ,  i t  w i l l  c h a n g e  in  sh a p e ; i t  w i l l  
b e co m e  m u c h  th in n e r  a t  th e  to p , b u t  f a t  
a n d  ro u n d e d  a t  th e  b o t to m . T h is  is  
b e ca u se  th e  s u r fa c e  o f  th e  s h e e t, w h ic h  h a d  
b e e n  c o n v e r t e d  to  a lu m in a  a t  o r d in a r y  
te m p e ra tu re s ,  w a s  a t t a c k e d  m u c h  m o re  
s t r o n g ly  b y  o x y g e n  a t  th e  h ig h e r  te m p e ra 
tu re , a n d  th e  . f ilm  o f  a lu m in a  b e ca m e  m u c h  
th ic k e r .  M e a n w h i le ,  th e  m a in  m as s  o f  
m e ta l  in s id e  th e  s h e e t  h a d  m e lte d , b u t  th e  
f i lm  o f  a lu m in a  w a s  s t r o n g  e n o u g h  to  h o ld  
th e  m o lte n  m e ta l .  T h is  is  v e r y  im p o r t a n t .  
I f  t u r n in g s  o r  fo i l  b e  u se d  in  th e  fo u n d r y ,  
t h e y  w i l l  be  p u t  in to  th e  m e lt  a  l i t t l e  a t  a  
t im e , a n d  w h i le  t h e y  a re  g e t t in g  h o t  th e re  
is  a n  e n o rm o u s  a r e a  o f  m e ta l  av '-ailab le fo r  
a t t a c k  b y  o x y g e n  in  th e  a ir ;  h e n ce , a  g o o d  
p ro p o r t io n  o f  th e  m e ta l  w i l l  b e co m e  o x id e , 
a n d  i f  th e se  s t r o n g  o x id e  f i lm s  c a t c h  o n  a  
c o rn e r  o f  s a n d  a s  th e  c a s t in g  is  b e in g  
p o u re d , th e  c a s t in g  w i l l  b e  w e a k ,  b e ca u se  o f 
la c k  o f  c o n t in u i t y  o f  m e ta l .  I f  th e  m e ta l  
a d d e d  to  th e  m e lt ,  a n d  th e  in g o ts  o b ta in e d ,  
b e  w e ig h e d , a  g o o d  y ie ld  m a y  b e  e f fe c te d , 
b u t  so m e  o f i t  w i l l  c o n s is t  o f  a lu m in iu m  
o x id e , w h ic h  is  d e f in i t e ly  d e t r im e n ta l .  T h e  
o b v io u s  w a y  to  d e a l w i t h  th is  m a t e r ia l  is 
to  b r iq u e t t e  i t  a n d  to  p lu n g e  th e se  so lid  
b lo c k s  q u ic k ly  u n d e r  a  b a th  o f  th e  a l r e a d y  
m o lte n  m e ta l .

A n o t h e r  w a y  in  w h ic h  m e lts  o f  a lu m in iu m  
a l lo y s  m a y  d e te r io r a te  is  b y  th e  a b s o rp t io n  
o f  g as . S e v e r a l  a n a ly s e s  o f  th is  gas  h a v e  
b e e n  c a r r ie d  o u t ,  a n d  a l l  h a v e  s h o w n  i t  to  
b e  a lm o s t  e n t ir e ly  h y d ro g e n .  I t  is  g e n e ra l ly  
a c c e p te d  t h a t  th is  h y d ro g e n  is  a b s o rb e d  b y  
th e  a c t io n  o f m o is tu r e  o n  h o t  a lu m in iu m .  
A n  e x t r e m e ly  im p o r t a n t  p o in t  t o  re m e m b e r  
is t h a t  a p p r o x im a t e ly  f iv e  t im e s  a s  m u c h  
o f th e  g as  c a n  g o  in to  s o lu t io n  a t  800 
d e g ree s  C . a s  goes in to  s o lu t io n  a t  700 
d e g ree s  C .  I f ,  th e re fo re ,  th e  m e ta l  b e  
t a k e n  to  a  h ig h  te m p e ra tu r e  a n d  h e ld  th e re  
fo r  so m e  t im e , i t  w i l l  a b s o rb  a  g o o d  d e a l  o f  
h y d ro g e n .  A s  i t  co o ls , i t s  a b i l i t y  to  h o ld  th e  
g as  g r a d u a l ly  b e co m e s  less , u n t i l  a  p o in t  is
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re a c h e d  w h e n  th e  la t t e r  s ta r ts  to  c o m e  o u t  
of_ s o lu t io n ,  a n d  r ise  t o  th e  to p  o f t h e  m e lt  
in  th e  fo rm  o f s m a ll  b u b b le s . T h is  c o n 
t in u e s  u n t i l  t h e  m e ta l  so lid if ie s , a n d  so m e  o f 
t h e  g as  is  t r a p p e d ,  t o  fo rm  th e  w e ll- k n o w n  
"  p in - h o le s .”  O b v io u s ly ,  g as  c a v i t a t io n  
m u s t  b e  re m o v e d  b e fo re  a  s a n d  c a s t in g  is  
m a d e . W h e n  d ie  c a s t in g s  a re  m a d e  th e  
r a p id  s o lid if ic a t io n  o f th e  m e ta l  p r e v e n ts  th e  
escap e  o f  g as , a n d  n o  c a v i t ie s  a re  seen . 
A c t u a l l y ,  th e  p in - h o le s  h a v e  m u c h  less  e f fe c t  
th a n  o n e  m ig h t  su p p o se  o n  th e  te n s ile  
s t r e n g t h  o f  th e  m e ta l .  N e v e r th e le s s ,  in  a 
c a s t in g  t h e y  c o u ld  e a s i ly  c o l le c t  a t  so m e  
c o r n e r  a n d  v e r y  m a t e r ia l l y  w e a k e n  th e  
m e ta l;  t h e y  m u s t  th e re fo re  b e  re m o v e d .

T h e re  a re  s e v e ra l w a y s  o f r e m o v in g  gas  
fro m  a lu m in iu m  a l lo y s .  A r c h b u t t 2 h as  
a d v o c a t e d  p la c in g  th e  m o lte n  in g o ts  in  a  
fu rn a c e  a n d  a l lo w in g  th e m  to  c o o l v e r y  
s lo w ly  w i t h  th e  fu rn a c e .  B y  th e  t im e  th e  
m e ta l  is  so lid  a  v e r y  la rg e  p r o p o r t io n  o f th e  
g as  h a s  e s c a p e d . T h i s  w o r k s  w e ll ,  b u t  i t  is 
a n  e x p e n s iv e  w a y  t o  d e g a s  a  m e lt .

A n o t h e r  m e th o d  o f  d e g a s s in g  is  to  b u b b le  
c h lo r in e  th ro u g h  th e  m e lt .  T h e  b u b b lin g  
s h o u ld  b e  v ig o ro u s  a n d  s h o u ld  b e  c a r r ie d  
o u t  fo r  s e v e ra l m in u te s .  T r ia ls  w i l l  s h o w  
h o w  lo n g  is  n e c e s s a ry .  T h r e e  m in u te s  w i l l  
p r o b a b ly  b e  s u f f ic ie n t .  T h is  m e th o d  is 
q u it e  e f fe c t iv e ,  b u t  a p p e a rs  to  in c re a s e  th e  
g r a in  s ize  o f  th e  c a s t in g s .  A n o t h e r  d is a d 
v a n ta g e  is  t h a t  th e  g as  is  p o is o n o u s  a n d  
e x p e n s iv e  e x h a u s t  p la n t  h a s  to  b e  f i t t e d ,  
w h ic h  is  i t s e lf  a t t a c k e d  b y  th e  c h lo r in e .

H a n s o n  a n d  S la t e r ,3 fo r  th e  B r i t i s h  N o n -  
F e r ro u s  M e ta ls  R e s e a r c h  A s s o c ia t io n ,  
d e v e lo p e d  a  d e g a s s in g  m e th o d  w h ic h  re lie s  
u p o n  th e  a c t io n  o f  d r y  n it r o g e n .  T h e  
o r ig in a l  p la n  w a s  to  p a ss  a  p a d d le  th ro u g h  
a  l id  w h ic h  c o v e re d  th e  to p  o f  th e  c ru c ib le .  
T h e  p a d d le  w a s  p a r t l y  su b m e rg e d  in  th e  
m e lt .  N it r o g e n ,  d r ie d  b y  p a s s in g  th ro u g h  
s e v e ra l  fe e t  o f  s i l ic a  g e l, w a s  p a sse d  o v e r  
th e  m e lt ,  w h i le  th e  p a d d le  w a s  ro ta t e d .  A  
flu x , c o n s is t in g  o f f lu o r id e s  a n d  c h lo r id e s ,  
w a s  p u t  o n  th e  m e lt .  A  fe w  m in u te s ’ 
s t i r r in g  u n d e r  th e se  c o n d it io n s  w i l l ,  fo r  
p r a c t ic a l  p u rp o se s , c o m p le te ly  d e g a s  th e  
c h a rg e . I t  is  c e r t a in ly  th e  m o s t  e f fe c t iv e  
d e g a s s in g  m e th o d  w h ic h  th e  w r i t e r  h a s  u se d . 
L a t e r  th e  m e th o d  w a s  m o d if ie d , th e  d r y  
n it r o g e n  b e in g  b u b b le d  in to  th e  m e lt ,  a n d  
th e  p a d d le  b e in g  n o  lo n g e r  u sed .

I n  a d d it io n  t o  th e se  d e g a s s in g  m e th o d s , 
th e r e  a re  p r o p r ie t a r y  d e g asse rs  o n  th e  
m a r k e t  w h ic h  a p p e a r  t o  re m o v e  th e  gas  
m e c h a n ic a l ly .  T h e y  g e n e ra te  a  g as  w h ic h  
b u b b le s  th ro u g h  th e  m e lt  v ig o r o u s ly  a n d  
p r o b a b ly  r e m o v e s  th e  g as  in  a  s im ila r  w a y  
t o  th e  c h lo r in e .

I t  is  p e rh a p s  u n n e c e s s a ry  to  p o in t  o u t  
t h a t  th e se  d e g asse rs  s h o u ld  b e  u sed  u n d e r  
th e  p ro p e r  c o n d it io n s .  F o r  e x a m p le ,  i f  th e  
m e ta l  is  "  d e g a s s e d ,”  a t  a  v e r y  h ig h  te m 
p e ra tu re ,  , a  h ig h e r  p r o p o r t io n  o f  th e  
h y d ro g e n  w i l l  r e m a in  in  s o lu t io n  th a n  w o u ld  
b e  th e  ca se  i f  th e  m e ta l  w e re  m u c h  co o le r . 
A ls o ,  a f t e r  d e g a s s in g  w a s  f in is h e d , fu r th e r  
g a s s in g  w o u ld  ta k e  p la c e  w h i le  th e  m e ta l  
w a s  c o o l in g  to  i t s  c a s t in g  te m p e ra tu r e .

T h e  b e s t w a y  t o  o b t a in  a  gas- free  m e ta l 
is , o f  co u rs e , to  p r e v e n t  th e  gas  f ro m  e n te r 
in g  th e  m e lt  in  t h e  f ir s t  p la c e .  W h i l s t  i t  is  
im p o s s ib le  to  h a v e  a  p e r f e c t ly  m o is tu re - fre e  
a tm o s p h e re ,  i t  is  e a s y  to  e n s u re  t h a t  n o  
t r a c e  o f  m o is tu r e  g e ts  in to  th e  m e lt  fro m  
d a m p  in g o ts  o r  to o ls .  S o m e  o f  th e  f lu x e s  
used  d u r in g  m e lt in g  (w h ic h  w i l l  b e  m e n 
t io n e d  la t e r )  s lo w ly  t a k e  u p  m o is tu re .  I f  
th e  to o l u sed  to  p lu n g e  th e se  in to  th e  m e ta l 
b e  le f t  w i t h  a  c a k e  o f  f lu x  o n  i t ,  a n  a p p r e 
c ia b le  a m o u n t  o f  g a s  m a y  b e  in t ro d u c e d  
in to  th e  fu rn a c e  n e x t  t im e  i t  is  used . 
T h e re  w i l l  a ls o  b e  r a p id  g e n e ra t io n  o f  s te a m  
w i th  th e  e je c t io n  o f m e ta l.  I n  o rd e r  to  
a v o id  t h is  r is k  to o ls  s h o u ld  b e  k e p t  c le a n  
a n d  in g o ts  w a rm e d  b e fo re  t h e y  a re  p u t  in to  
th e  fu rn a c e .

A n o t h e r  w a y  to  p r e v e n t  th e  e n t r y  o f  g as  
in t o  th e  m e ta l  is  t o  c o n t r o l  th e  te m p e ra tu r e  
c a r e f u l ly .  T h e r e  is  n o  re a s o n  w h y  th e  m e lt  
s h o u ld  n o t  b e  h e a te d  u p  r a p id ly  in  o rd e r  
to  g iv e  m a x im u m  o u tp u t ,  b u t  th e  fu rn a c e  
s h o u ld  b e  s h u t  o ff,  o r  tu rn e d  d o w n ,  so m e 
t im e  b e fo re  th e  r e q u ire d  c a s t in g  te m p e ra tu r e  
is  r e a c h e d , s o  t h a t  t h e  r a te  o f  a p p ro a c h  to  
p o u r in g  h e a t  c a n  b e  c o n t ro l le d .  T h e  f u r 
n a c e  s h o u ld  b e  w o rk e d  in  c lo s e  c o l la b o r a t io n  
w i t h  th e  m o u ld e rs  a n d  s h o u ld  r e a c h  th e  
re q u ire d  te m p e ra tu re  w h e n  th e  m o u ld e rs  a re  
r e a d y  fo r  i t .  I f  th e  m e ta l  is  h e a t in g  u p  to o  
r a p id ly  a  l i t t l e  c o ld  s c ra p  s h o u ld  b e  a d d e d  
to  c o o l i t  d o w n .

D u r in g  th e  m e lt in g  p ro ce s s  i t  is  in e v i t 
a b le  t h a t  so m e  a lu m in iu m  w i l l  h a v e  b e e n  
o x id iz e d  to  a lu m in a ,  a n d  th is  w i l l ,  in  th e  
o r d in a r y  co u rs e  o f  e v e n ts ,  b e  in c lu d e d  in  
th e  m e lt .  T h e  f i lm s  o f  a lu m in a  w h ic h  fo rm  
o n  th e  s u r fa c e  h a v e  a p p r o x im a t e ly  th e  s a m e  
s p e c if ic  g r a v i t y  a s  th e  m e ta l .  H e n c e ,  w h e n  
th e  m e ta l  is  s t ir r e d  t h e y  b e co m e  s u sp e n d e d  
in  th e  m e lt  a n d  d o  n o t  te n d  e ith e r  to  s in k  
o r  f lo a t .  T h e  d a n g e r  o f  t h e ir  b e in g  in c lu d e d  
in  th e  c a s t in g  h a s  a l r e a d y  b e e n  p o in te d  o u t .  
A lu m in iu m  o x id e  c a n  b e  re m o v e d  b y  f lu x e s . 
A  g r e a t  d e a l o f  d e v e lo p m e n t  w o r k  h a s  b e en  
d o n e  a n d  is  b e in g  d o n e  o n  th e se , a n d  th e re  
a re  p r o b a b ly  v e r y  fe w  fo u n d r ie s  w h ic h  d o  
n o t  n o w  use  th e m . I f  fo r  n o  o th e r  re a so n  
th a n  th is ,  i t  is  p e rh a p s  w is e  t o  t r y  t o  p u t  
th e m  in  t h e ir  p ro p e r  p e rs p e c t iv e  in  th e
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fo u n d r y .  R a t h e r  o p t im is t ic  b u t  v a g u e  
c la im s  a re  s o m e tim e s  m a d e  a b o u t  th e  p o w e r  
o f  th e  f lu x  to  c le a n s e , re f in e , d e o x id iz e , e tc . ,  
a n d  in  th e  ca se  o f  o n e  f lu x , used  so m e y e a rs  
a g o , i t  w a s  c la im e d  t h a t  i t  p ro lo n g e d  th e  
life  o f  th e  p o t .  H o w  a  f lu x  c o n ta in in g  
f lu o r id e s  is  a b le  to  p ro lo n g  th e  l i f e  o f  a 
s i l ic io u s  p o t  is  d i f f ic u l t  to  im a g in e , b u t  th is  
l lu x  seem ed  to  b e  so  g o o d  t h a t  i t  m ig h t  
a lm o s t  h a v e  b e e n  e x p e c te d  to  r e c t i f y  a n  
a l lo y  w h ic h  h a d  th e  w ro n g  c o m p o s it io n  1 
O n  th e  o th e r  h a n d , th e re  a re  v e r y  r e l ia b le  
f lu x e s  o n  th e  m a r k e t  to - d a y  b a c k e d  b y  
p e o p le  w h o  m a k e  i t  t h e ir  o n e  jo b  to  p re p a re  
th e m  a n d  to  h e lp  th e  fo u n d r ie s  to  use 
th e m , a n d  th e se  c a n  b e  e m p lo y e d  w i th  
e v e r y  c o n f id e n c e ; in  f a c t  t h e y  a c t u a l l y  a re  
used  b y  m o s t  o f  th e  f irm s  w h ic h  p re p a re  
a lu m in iu m  a llo y s .

I t  m ig h t ,  p e rh a p s , be p o in te d  o u t  t h a t  
th e  t e rm  "  re fm e  ”  a s  a p p l ie d  to  iro n , 
c a n n o t  b e  a p p l ie d  to  a lu m in iu m  a l lo y s .  N o  
m e th o d  o f p r e fe r e n t ia l  o x id a t io n ,  su c h  as is 
u sed  in  th e  B e s s e m e r  p ro ce ss , o r  o f  c h e m ic a l  
s e p a ra t io n ,  h a s  y e t  b een  fo u n d , w h e re b y  
th e  m e ta l l ic  im p u r i t ie s  m a y  b e  re m o v e d  
fro m  a lu m in iu m  a l lo y s ,  w i t h  th e  s in g le  
e x c e p t io n  o f  m a g n e s iu m , a  r e m o v e r  o f  
w h ic h  is  o n  th e  m a r k e t .*  A lu m in iu m  
flu x e s , th e n , m a y  b e  e x p e c te d  to  p r e v e n t  
o x id a t io n  a n d  th e  p ic k  u p  o f  gases, a n d  to  
r e m o v e  o x id e  f ro m  a  m e lt  c o n t a in in g  m e ta l 
w h ic h  h a s  b e e n  m e lte d  a  n u m b e r  o f  tim es .

T h e re  is  l i t t l e  d o u b t  t h a t  th e  b e n e f it  o f  
th e  f lu x  w o u ld  b e  s h o w n  b y  a n  im p r o v e m e n t  
in  te s t- b a r  fig u re s . D i f f e r e n t  g ra d e s  o f  f lu x  
a re  o n  th e  m a rk e t ,  w h ic h  m e lt  a t  d if fe re n t  
te m p e ra tu re s ,  a n d  th e  m a k e r s  w i l l  b e  v e r y  
p le a s e d  to  e x p la in  t h e ir  uses . I f  re m e lte d  
s c ra p  b e  u sed  i t  is  p ro b a b le  t h a t  d e g asse rs  
w i l l  a lso  b e  r e q u ire d .  T h is  is  n o w  g e n e ra l ly  
s u p p lie d  in  t a b le t  fo rm , b u t  th e  w r i t e r  s t i l l  
p re fe rs  th e  p o w d e r ,  u sed  p e rh a p s  a  t h i r d  a t  
a  t im e ,  in  o rd e r  to  g iv e  a  lo n g  p e r io d  o f 
a c t io n .

A n o t h e r  k in d  o f  f lu x  c o n ta in s  a  g ra in  
re f in e r . T h is  is  v e r y  u s e fu l to  g iv e  c a s t in g s  
w i t h  s m a ll,  u n ifo rm  g ra in s .  T h e  g ra in  
re f in e r  u sed  is  g e n e r a l ly  b o ro n , a n d  i t  is 
q u it e  e f fe c t iv e .

W h e t h e r  o r  n o t  c o m p le te  d e g a s s if ic a t io n  
s h o u ld  b e  c a r r ie d  o u t  is  s t i l l  a  v e r y  c o n t r o 
v e r s ia l  q u e s t io n , b u t  i t s  m e r it s  a n d  d e m e r its  
r e a l ly  c o m e  u n d e r  fo u n d r y  te c h n iq u e .  I t  
m a y  b e  m e n t io n e d  in  p a s s in g  t h a t  so m e  d ie  
c a s te rs  a re  s o  s t r o n g ly  o f  th e  o p in io n  th a t  
so m e  g a s  is  n e c e s s a ry  t h a t  p r o p r ie t a r y  p r e 
p a r a t io n s  a re  o n  th e  m a rk e t  w h ic h  a c t u a l ly  
a d d  g as.

* H ex a c h lo re lh a n e .

I t  is th u s  p o ss ib le , b y  t a k in g  p re c a u t io n s  
w h i le  m e lt in g ,  to  o b ta in  th e  re q u ire d  a llo y ' 
in  a  c le a n , g as- free  c o n d it io n .  I f ,  h o w e v e r ,  
c a re  be n o t  e x e rc is e d  w h e n  p o u r in g ,  m u c h  
o f th is  g o o d  w o r k  m a y  be u n d o n e . I t  is  
im p o r ta n t  t h a t  m e ta l s h o u ld  b e  p o u re d  in  
a  s te a d y ,  u n b ro k e n  s t re a m , a n d  t h a t  i t  
s h o u ld  e n te r  th e  c a s t in g  c a v i t y  w i t h  th e  
le a s t  p o ss ib le  a m o u n t  o f s p la s h in g .

I n  g r a v i t y ,  a n d  e s p c c ia l l ly  in  p re ssu re  
d ie s , th e  d e s ig n  o f  th e  in g a te  i s ,  o f  th e  
u tm o s t  im p o r ta n c e .  W i t h  t a l l  s a n d  c a s t 
in g s  th e  p lu n g e r  r u n n e r  m a y  b e  u se d , o r  a  
fu n n e l,  w i t h  a  lo n g  tu b e  w h ic h  re a c h e s  to  
th e  b o t to m  o f  th e  d o w n  r u n n e r  a n d  c a n  be 
ra is e d  a s  th e  m e ta l  r ise s . I n  th e  ca se  o f  
r o l l in g  b i l le t s  t h e  Z u b l in  m o u ld  c o u ld  b e  
used  (see Z e e r le d e r  "  T e c h n o lo g ic  d es  A l u 
m in iu m s , "  L e ip z ig ,  1908, p . 1 5 9 ) o r  th e  
m o u ld  su g g e s te d  b y  W a l k e r  a n d  B r id g e  
( B r i t i s h  P a t e n t  N o .  5 5 8 ,5 9 6 ). A l t e r n a t i v e l y  
th e  m e ta l  m a y  b e  p o u re d  d o w n  a  v e r t ic a l  
s p ir a l  c h a n n e l w h ic h  fo rm s  a  h o l lo w  th re a d  
a n d  is  r a is e d  a n d  tw is t e d  to  g iv e  th e  m o t io n  
o f  u n s c r e w in g  a  s c re w  a s  th e  m e ta l  r ises . 
W i t h  th e se  m e th o d s  i t  is  im p o r t a n t  t h a t  th e  
m e ta l  s h o u ld  b e  p o u re d  th r o u g h  a  s ta n d a rd  
o r if ic e , so  t h a t  i t  a lw a y s  r ise s  a t  th e  sam e  
sp e ed , r e la t iv e  to  t h e  m o v e m e n t  o f  th e  
m o u ld  o r  p o u r in g  d e v ic e .

W h i l s t  m o s t  f o u n d r y  a l lo y s  c a n  b e  s u p 
p l ie d  b y  a  n u m b e r  o f  m a n u fa c tu re r s ,  th e  
n a m e s  o f  th e  c o n c e rn s  re s p o n s ib le  fo r  b r a n d 
in g  th e  c o m p o s it io n s  a r e  a s  fo l lo w  :—

A e r a l  A ,  W i l l i a m  M i l l s ,  L t d .
A lp a x ,  A lp a x  B e t a ,  A lp a x  G a m m a ,  

L i g h t  A l lo y s ,  L t d .
B .A . / 2 9 ,  B r i t i s h  A lu m in iu m  C o .,  L t d .  
B i r m a s i l  a n d  B i r m a b r ig h t ,  B i r m in g h a m  

A lu m in iu m  (19 03 ) C o . ,  L t d .
C e r a lu m in  B ,  C  a n d  D ,  J .  S to n e  a n d  

C o .,  L t d .
M . V . C . ,  V ic k e r s ,  L t d .
N . A .  a l lo y s ,  N o r t h e r n  A lu m in iu m  C o .,  

L t d .
R . R .  a llo y 's , H ig h  D u t y  A l lo y s ,  L t d .
W i lm i l ,  W i l m i l  M . ,  B r i t i s h  A lu m in iu m  

C o .,  L t d . .
Y  A l lo y ,  n a m e d  b y  th e  N a t io n a l  

P h y s ic a l  L a b o r a t o r y .
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Light Alloys in
H E A V Y  E N G I N E E R I N G

C o n c l u d e d  f r o m  “ L i g h t  M e t a l s , ”  l y ^ g / f d y ,  t h i s  P a r t  

o f  t h e  A c c o u n t  C o v e r s  C h i e f l y  M i s c e l l a n e o u s  U s e s  o f  

A l u m i n i u m  a n d  M a g n e s i u m  i n  S p e c i a l i s e d  B r a n c h e s  

o f  C i v i l  E n g i n e e r i n g  a n d  A l l i e d  S p h e r e s

I T  w i l l  b e  r e c a l le d  th a t ,  in  th e  o p e n in g  - th e  m a jo r  a s s e m b lie s  p r e v io u s ly  d e s c r ib e d  in  
s e c t io n  o f th is  a r t ic le ,  c o n s id e r a t io n  w a s  d e ta i l ,

g iv e n  m a in ly  to  th e  p r a c t ic a l  r e a l iz a t io n  o f I n  G e r m a n y ,  E n g la n d ,  a n d  U . S . A . ,  to o ,
l ig h t- a ll  o y  d e s ig n  in  m a s s iv e  s t r u c tu r a l  w o rk  a lu m in iu m  h a s  been  e m p lo y e d  a s  a  p a c k in g
su ch  as c ra n e s , m in in g  e q u ip m e n t  a n d  th e  o r  c a u lk in g  m a t e r ia l  fo r  p ip e s . I n  G e r m a n y
l ik e .  N o  less  im p o r t a n t ,  h o w e v e r ,  a re  e c o n o m y  r e g u la t io n s  in d ic a te d  a  s e a rc h  fo r
a p p l ic a t io n s  o f a  less m a s s iv e  o r d e r ;  su c h  s u b s t i t u t e  m a te r ia ls ,  a n d  a lu m in iu m  w o o l
uses f r e q u e n t ly  fo rm  a n  in te g ra l  fe a tu re  o l w a s  fo u n d  to  be v e r y  s u ita b le .  I t  c o u ld

R EPRODUCED from “Engineering News-Record,” October 16, 1930, the 
uppermost illustration shows the fabrication of a 10-ton shop crane from 

aluminium-alloy sheet and sections. The lower illustration, from the same source, 
depicts, in use, a light-metal crane of 10-ton rated capacity and 72-ft. span.
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b e  u sed  o n  th e  s a m e  t y p e  o f w o r k  a s  th e  
p a c k in g  m a t e r ia ls  i t  re p la c e d  a n d ,  fo r  i t s  
in s t a l la t io n ,  i t  r e q u ire d  th e  s a m e  to o ls  a n d  
n o  s p e c ia l  e x p e r ie n c e  in  th e  o p e ra to r .  
A lu m in iu m  w o o l w a s  s u p p lie d  in  p la i t e d  
s t r a n d s  w h ic h  c o u ld  b e  h u n g  o v e r  th e  p ip e  
u n t i l  w a n te d .  Im p o r t a n t  w h e re  u n d e r 
g ro u n d  w o r k  w a s  c o n c e rn e d  w a s  th e  fa c t  
t h a t  a lu m in iu m  a p p e a re d  to  b e  u n a f fe c te d  
b y  h u m ic  a c id s .  I t s  c o s t  w a s  a b o u t  th e  
s a m e  a s  t h a t  o f  le a d .

L a t e r ,  h o w e v e r ,  i t  w a s  fo u n d  t h a t  
a lu m in iu m  fo i l  w a s  e v e n  b e t te r — i t  w o u ld ,  
f o r  in s ta n c e ,  s t a n d  u p  to  25 a tm o s p h e re s  
p re s su re  w i t h o u t  a  c o rd  p a c k in g .  A n  
e x a m p le  o f  t h e  m a n n e r  in  w h ic h  i t  w a s  
u se d  f in  G e r m a n y )  c o n c e rn e d  a  ca s t- iro n  
p ip e  o f  in s id e  d ia m e te r  150 m m . Im p r e g 
n a te d  p a c k in g  th r e a d  w a s  p a c k e d  in to  th e

s le e v e  jo in t  t o  a  h e ig h t  o f  41 m m .,  a f t e r  
w h ic h  a  la y e r  o f  a lu m in iu m  fo il  28 m m . h ig h  
w a s  a p p l ie d  t o  w i t h in  10 m m . o f  th e  f r o n t  
e n d  o f  th e  p la te .

I n  E n g l a n d , '  “  H o p a c o  "  s h e e t p a c k in g  
m a t e r ia l  a n d  "  O v a lh o le  ’ ’ c o i l  p a c k in g  
b o th  u t i l iz e  a lu m in iu m  a s  a n  e s s e n t ia l 
in g re d ie n t .  “  H o p a c o  ”  s h e e t  p a c k in g  c o n 
s is ts  o f  a sb e s to s  f ib re s  a n d  a lu m in iu m  
p o w d e r  c o m p re sse d  to g e th e r  a n d  is  s o ld  in  
sh e e ts  1/64 to  ¿- in .  t h ic k .  "  O v a lh o le  ”  
c o i l  p a c k in g  is  m a d e  o f  h o llo w - c e u tre d  
f ib re  c o a te d  w i t h  p o w d e re d  a lu m in iu m ,  th e  
id e a  b e in g  to , le a v e  a  f i lm  o f a lu m in iu m  o n  
th e  ro d  o r  p lu n g e r  t o  re d u c e  f r ic t io n .

T h e  “  A l- L i t e  ”  h o is t  i l lu s t r a t e d  h a s  b e e n  
d e s c r ib e d  a s  t h e  f i r s t  c h a in  h o is t  to  b e  m a d e  
o f a lu m in iu m  a l lo y s .  I t  w a s  p la c e d  o n  th e  
m a rk e t  b y  th e  C h is h o lm - M o o re  H o is t

R i v e r

■¡c
- T o t a l  w i d t h ,  IV

B o r r o w  p i t

/v e t  V O L U M E

t !

H i

1 5* s^  to
<

Levee
heigh t ,

H

Levee
Base

Pit
W i d t h

T - tal  
w id th ,  

W

Yardage  
p e r  sta.

10 ft. 100 ft. 126 ft. 271 ft. 2,130 cubic  yds.
15 ft. 152.5 ft. 205.5 ft. 398 ft. 4,510 cubic  yds.
20 ft. 200 ft. 285 ft. 525 ft. 7,780  c ub ic  yds.
25 ft. 247.5 ft. 366.5 ft. 654 ft. 11,900 cubic  yds.
30 ft. 295 ft. 448 ft. 783 ft. 16,920 cub ic  yds.

ABOVE. Section of Vicksburg-type 
j l x  levee (see first part of this account, 
“Light Metals,” 1945/8/55); relevant
data are presented in table at left. 
Below is the “Conical” dredger used 
for flood prevention on the Mississippi. 
The boom, 240 ft. long, with a swing 
of 180 degrees, incorporates two 75-ft. 
light-alloy sections.
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c /jÿ ik k & t  Ç r & u c b ^ c J ! Û f y jz ù J ?

THE L IG HTES T MATERIAL FOR 
BATTERY P O W E R E D  ELECTRICS
MAG NU MINIU M,  four t im es l ig h te r  t h an  ste e l ,  wi th  
high w e i g h t / s t r e n g th  ra t i o  and  m a x im u m  machinabil i ty.  
is t h e  obv ious  c ho ic e  for t h e  e lec t ri c  veh icle m an u fac tu re r ,  
as i t  is fo r t h e  a u to m o b i le ,  a ir cra ft  and s p e e d b o a t  indu s
tries.  In all f o rm s  o f  t r a n s p o r t  and  handl ing t h e  w e ig h t  
e c o n o m y  o f  M AG NU M INIU M  spells  increased carry ing  and 
lif ting capacity.  P o r ta b l e  too ls ,  office m achine s,  d o m es t ic  
e q u ip m e n t ,  all gain  n e w  m e r i t  w h e n  fashioned o u t  o f  th e  
l ightest  k n o w n  m eta l .  For full techn ical  deta ils  apply to 
th e  Sales D e p a r tm e n t .

G M  U M  I  M I U M

M A G N E S I U M  C A S T I N G S  &  P R O D U C T S  L T D  •  ' S L O U G H
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w h ic h  th e  w h e e ls  w e re  o f  A lu f o n t  I I  a l lo y .  
T h e  m o to r  c a s in g  w a s  a lso  in  a lu m in iu m  
a l lo y  (u n s p e c i f ie d ) .

T h e  c o r ro s io n  re s is ta n c e  o f a lu m in iu m  
a l lo y s  r e n d e rs  th e  m a t e r ia l  a t t r a c t i v e  fo r  th e  
f a b r ic a t io n  o f  w ir e  sc re en  c lo th  w h e re  
m o d e ra te ly  c o r ro s iv e  m a t e r ia ls  a re  b e in g  
h a n d le d  o r  w h e re  a l l  p o s s ib i l i t y  o f  c o n t a m i 
n a t io n  b y  iro n  o r  c o p p e r  o r  b y  th e ir  
c o r ro s io n  p ro d u c ts  m u s t  b e  a v o id e d .  
S c re e n s  o f  w o v e n  a lu m in iu m  w ir e  a re  o fte n  
used  in  su c h  c ir c u m s ta n c e s  a n d  g e n e ra l ly  
g iv e  e v e r y  s a t is fa c t io n .  T h e i r  s t r e n g th  a n d  
re s is ta n c e  to  a b ra s io n ,  h o w e v e r ,  a re  n o t  a l l  
t h a t  c o u ld  b e  d e s ire d , a n d  i t  is  s o m e tim e s  
p re fe r re d  to  m a k e  u se  o f  s te e l w ir e  c o a te d  
w i th  a lu m in iu m  b y  a  h o t- d ip  p ro cess .

U . S .  p a t e n t  2 ,27:1,483 c la im s  th e  p ro 
d u c t io n  o f  a  d u p le x  a lu m in iu m - b a s e  w ir e  
fo r  u se  in  th e  m a n u fa c tu r e  o f  w ir e  sc re en  
c lo th  in  w h ic h  a  c o re  o f  a lu m in iu m -  
m a g n é s iu m  a l lo y  is c o a te d  w i th  a n o th e r

than that of the latter.
O

C o r p n . ,  T o n a w a n d a ,  N . Y .  O n e  m a n  c o u ld  
l i f t  a n d  c a r r y  th is  h o is t  w h ic h  w a s  o n e - th ird  
l ig h t e r  t h a n  s im ila r  e q u ip m e n t  m a d e  o f 
h e a v ie r  m e ta ls .  S t r e n g th  a s  w e ll  a s  l ig h t 
ness  w a s  o b ta in e d ,  th e  h o is ts  b e in g  te s te d  
u n d e r  a  50 p e r  c e n t ,  o v e r lo a d .  P l a n e t a r y  
r e d u c t io n  g e a rs  w e re  e m p lo y e d  en c lo se d  in  
a  d u s t- p ro o f h o u s in g . O t h e r  fe a tu re s  
in c lu d e d  b a l l  b e a r in g s , A le m it e  lu b r ic a t io n ,  
a n d  a n  a d ju s t a b le  b ra k e  w h ic h  is  s e cu re  a n d  
p o s i t iv e  in  a c t io n .  T h e  h o is t  w a s  f in is h e d  
in  b r ig h t  a lu m in iu m  a n d  w a s  s h o w n  a t  th e  
s e c o n d  N a t io n a l  In d u s t r ia l  E x p o s i t io n  h e ld  
a t  C le v e la n d .

F r o m  G e r m a n y  c o m e s  n e w s  o f a  d u r a lu m in  
b lo c k  a n d  ta c k le  d e s ig n e d  to  l i f t  500 k g . 
w h ic h  w a s  m a d e  b y  th e  G e b r .  K e r n e r .  A l l  
p a r t s  e x c e p t  th e  c h a in  w e re  o f  l ig h t  a l lo y  
(L e ip z ig  F a i r ,  1938).

I l l u s t r a t e d  is a  S w is s  p r o d u c t io n — a m o to r  
m o w in g  m a c h in e  b u i l t  b y  F .  a n d  P .  
A e c h e r l i  a n d  C o .,  o f  R e id e n - L u c e m e ,  in
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a lu m in iu m - b a s e  a l lo y  T h e  c o m p o s it io n  o f 
th e  co re  is  4-li p e r  c e n t .  M g ,  r e m a in d e r  A l ,  
a n d  th e  o u te r  la y e r  c o n ta in s  0.5-3 p e r  c e n t .  
Z n ,  0.5-2 p e r c e n t .  M g ,  0 .25-1 .25  p e r  c e n t .  
S i ,  a n d  a  h a r d e n in g  a g e n t  s u c h  a s  0 .1-0.5  p e r  
c e n t .  C r  o r  0.1-1 p e r  c e n t .  M i l ,  r e m a in d e r  
a lu m in iu m .

Magnesium-base Alloys
M a g n e s iu m - b a s e  a l lo y s  c o m e  q u ite  c o n 

s id e r a b ly  in t o  t h e  p ic t u r e  o f  h e a v y  
e n g in e e r in g . I l lu s t r a t e d  is  a  m a g n e s iu m  
a l lo y  s a n d c a s t in g  w e ig h in g  550  lb .  in te n d e d  
fo r  a  p u m p  b a se . T h is  is  o n ly  o n e  e x a m p le  
f ro m  m a n y  in s ta n c e s  in  w h ic h  la rg e

m a g n e s iu m  a l lo y  c a s t in g s  h a v e  b een  p ro 
d u c e d  fo r  v a r io u s  p u rp o se s  in  h e a v y  
e n g in e e r in g . A t  th e  o p p o s ite  en d  o f  th e  
sca le  m a y  b e  c i t e d  th e  F e n to n - S m ith  p u m p , 
a lso  i l lu s t r a t e d ,  w h ic h  w e ig h s  o n ly  2 J  lb .  
a n d  y e t  h a s  a  c a p a c i t y  o f  17.3 c u b ic  f t .  p e r  
m in . o f  fre e  a i r  a t  a  b a c k  p re s s u re  o f  8 in s . 
o f m e r c u r y  a n d  a  s u c t io n  o f 6 in s . o f  
m e r c u r y  w h e n  ru n n in g  a t  3 ,5 00  r .p .m .  T h is  
a p p l ia n c e  w a s  d e s ig n e d  fo r  use  o n  o p e ra 
t io n a l  a i r c r a f t  fo r  a c t u a t in g  p n e u m a t ic  
b l in d - f ly in g  in s t r u m e n ts  a n d  d e - ic in g  
a p p a r a tu s  o n  th e  w in g  le a d in g  ed g es  a n d  
o th e r  v u ln e r a b le  p o r t io n s  o f  th e  a i r c r a f t .  
U l t r a - l ig h t  a l lo y  w a s  c h o se n  p a r t l y  to

A T the left is illustrated 
a 175 ft. composite 

aluminium-steel boom with 7- 
cubic-yd. steel bucket, oper
ated by Arundel Corp., New 
Roads, La. Below is a 150 ft. 
composite aluminium - steel 
boom with 8 - cubic - yd. 
bucket, operated by 
McWilliams Dredging Co., 
Transylvania, La.

T HE lightweight, power-operated windlass 
shown below is of German origin and * 

features much light-metal in its structure. it 
weighs, in all, about 100 lb., and may be 
operated either by a 2.5 h.p. electric motor, or 
by compressed air at 21 lb./sq. in.
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¥ ■ A BOVE(left).-Illustrating double- 
XXweb construction of light-alloy 
girder for 10-ton shop crane shown 
on first page of this section of the 
article. Above (right).—Operator’s
cage for the crane, constructed of 
light-alloy angles and plates.

T HE “Al-Lite" hoist, 
in which all parts, 

other than the chain, 
are made in aluminium 
alloy, is illustrated 
above.

P ICTURED at the
right is a four-decker 

man cage constructed in 
duralumin and supplied 
for use in South African 
gold mines.

S HOWN above is a 
double-deck cage holding 

50 men. It was constructed 
in 27ST plate and section, 
and 4S sheet and plate by 
the Lake Shore Engine 
Works, Marquette, Michi
gan. Its weight is over 
two tons less than the same 
design in steel.
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A BOVE, left: light-alloy 
. skip hoist (Lake Shore 

Engineering Works). Top 
(right) and on the right are 
two views of a dump car, 
the bodywork and other 
parts of which are in light 
metal (Lake Shore Engineer
ing Works). Below is a 7-ton 
mine skip in duralumin, by 
Vickers-Armstrongs.
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T EFT.-Use o'.f 
i—dight-alloy plates 
and sections in the 
construction of this 
electrically operated 
remote control stock
pile car of 140 cubic 
ft. capacity resulted 
in a 3,700 lb. reduc
tion in deadweight 
and 50 per cent, 
payload increase. 
(See illustration 
below.)

R I G H T . -
Another view 

of light-alloy car 
s ho wn above. 
The lift-up aide is 
automatically 
actuated by a 
dumparm through 
a centre rail on 
the track.

/"''(INSTRUCTED 
V-/ by the Marion 
Steam Shovel Co., 
Ohio, the 17 cubic- 
yd. shovel dipper 
illustrated at the 
left is built almost 
wholly of alumin
ium-base alloys.

o b ta in  a  v e r y  lo w  w e ig h t  in  th e  c o m p le te  
p u m p  a n d  p a r t l y  to  r e d u c e  th e  m o m e n tu m  
o f th e  h ig h -sp eed  m o v in g  p a r ts ,  a n d  th e re  
is n o  d o u b t  t h a t  th e  r e s u lt  is  a  r e m a r k a b ly  
f in e  a c h ie v e m e n t .

N o t  in f r e q u e n t ly  m a g n e s iu m  a l lo y s  h a v e  
be en  ch o se n  fo r  th e  c o n s t r u c t io n  o f c o m 

p l ic a te d  h o u s in g s  b e ca u se  t h e y  a r e  e a s y  to  
fo rm  a n d  m a c h in e  a n d  b e ca u se  th e  w e ig h t  
o f  th e  c o m p le te  h o u s in g  is  lo w . S o m e w h a t  
m o re  u n u s u a l,  h o w e v e r ,  is  a  p re ssu re  
d ie - ca s t m a g n e s iu m  a l lo y  g e a rb o x . T h e  
w e ig h t  o f  t h e  g e a rb o x  is  2  lb .  3 o z . a n d ,  
in  its  fa b r ic a t io n ,  72 co re s  w e re  e m p lo y e d
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S HOWN at the left is a 2-cubic-yd. com
posite aluminium-steel bucket operated by 

Boone and Webster, New Madrid, Mo. Below 
is a mowing machine constructed by F. and 
P. Aecherli and Co., Reiden-Lucerne. The 
wheels and motor casing are in light alloy.

A bove. The casing and main structural 
- castings for the assay muffle furnace at 

Chelsea Polytech nicshown here, are in alumin
ium alloy. Light metal withstands well the 
service demands called for in this equipment.

( Courtesy G a s  L ig h t a n d  Coke C o J

T HE rotors and casing of the centrifugal 
pump shown dismantled (above right) were 

pro duced as aluminium-alloy sand castings by 
the Menziken and Gontenschwil Aluminium 
Products Co., Ltd., Menziken.

' I 'HE portable gravity conveyor shown below is 
f  constructed throughout in light alloys. (For 

detailed account of magnesium-alloy equipment 
of this type, see “Light Metals,” 1939/2/216.)

w it h d r a w n  fro m  a l l  s id es  o f  th e  b o x . B a s e 
p la te s ,  c o v e rs ,  b e a r in g  b lo c k s ,  b e l t  w h e e ls , 
a n d  le v e r s  h a v e  been  p ro d u c e d  in  m a g n e s iu m  
a l lo y s  b y  th e  p re s s u re  d ie - c a s t in g  p ro ce ss .

F i n a l l y ,  w e  w o u ld  m e n t io n  m ag n e s iu m -  
a l lo y  d ie s  fo r  p ress  w o r k .  P ru e s s ,  w r i t in g

in  M e t a l lw i r t s c h a f t ,  193S, e x p re sse d  th e  
o p in io n  t h a t  th e  use  o f  m a g n e s iu m  a l lo y s  
fo r  th e  m a n u fa c tu r e  o f  d ie s  fo r  th e  p re ss in g  
o f a u to m o b ile  w in g s  a p p e a re d  l i k e l y  to  f in d  
e x te n s iv e  a p p l ic a t io n  in  G e r m a n y .  C o n 
s id e ra b le  t e c h n ic a l  a n d  e c o n o m ic  a d v a n ta g e s  

a re  c la im e d  fo r  th is  p r a c t ic e .  T h e  d ies , 
w h ic h  a re  s u p p lie d  to  t h e  u se r  in  th e  
a s-ca s t s ta te ,  a re , o f  co u rse , v e r y  m u c h  
l ig h t e r  t h a n  th e  c o r r e s p o n d in g ly  s te e l 
d ie s , a n d  t o o l in g  o p e ra t io n s  a re  e a s ie r  
a n d  m o re  r a p id ly  c a r r ie d  o u t.

F u r th e r m o r e ,  s a v in g  is  e ffe c te d  in  
h a n d l in g  co s ts  w h e n  th e  d ie s  a r e  in  use
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Le ft , two views of
-‘one half of a mag- 

nesium - alloy pulley 
for a 23-ton double- 
acting hammer. Cast 
by Sterling Metals 
Ltd., it is about 40 ins. 
in diam., and in the 
fettled state each half 
weighs about 520 lb. 
At the right is the 
“Concordia” electric 
safety lamp, the prin
cipal parts of which 
are cast in magne
sium-base alloy. 
Below is the Fenton- 
Smith B 3 Mark I 
vacuum pump, all of 
which, excepting 
gears, spindles and 
studs, are in “Elek- 
tron" magnesium- 
alloy.

d u e  to  th e ir  lo w  w e ig h t ,  e x p e n s iv e  l i f t in g  
t a c k le  b e in g  d isp e n se d  w i t h ,  a n d  i t  is  
in te r e s t in g  to  n o te  t h a t  d e f in ite  e c o n o m ie s  
a re  o b ta in e d  in  th e  p o w e r  c o n s u m p t io n  o f 
th e  p re ss  i t s e l f  a s  th e  u p p e r  h a l f  o f  th e  d ie , 
b e in g  so  l ig h t ,  d o es  n o t  r e q u ire  th e  c o n 
s u m p t io n  o f  so  m u c h  e n e rg y  to  l i f t  i t  w h e n  
in  o p e ra t io n .  T h e  l i fe  o f  th e se  d ie s  is 
b e lie v e d  t o  be s a t is fa c t o r y .

T o  s u m  u p , i t  a p p e a rs  t h a t  th e  v e r s a t i l i t y  
o f  th e  l ig h t  a n d  u lt r a - lig h t  a l lo y s  e n a b le s  
th e m  to  fu lf i l  a  n u m b e r  o f im p o r t a n t  a p p l i 
c a t io n s  in  h e a v y  e n g in e e r in g  to  d e f in ite  
a d v a n ta g e .
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O N E  o f  th e  p ro b le m s  fa c in g  th e  ligh t-  
m e ta l  f o u n d r y  in d u s t r y  in  th e  c h a n g e  
fro m  w a r  p ro d u c t io n  to  p e ace , w i l l  be 

t h a t  c o n c e rn in g  .the  a m o u n t  a n d  k in d  o f 
in s p e c t io n  a p p lie d  to  n o n - a ir c ra f t  c a s t in g s . 
I t  m u s t  b e  re m e m b e re d  t h a t  l ig h t- a l lo y  
fo u n d r ie s  h a v e ,  fo r  a  p e r io d  o f a p p r o x i 
m a t e ly  te n  y e a r s ,  b een  e n g a g e d  a lm o s t  
e x c lu s iv e ly  o n  a i r c r a f t  c a s t in g s ,  th e  in s p e c 
t io n  o f w h ic h  h a s  been  s u b je c t  to  th e  
r e q u ire m e n ts  o f  th e  M in is t r y  o f  A i r c r a f t  
P r o d u c t io n ;  a n d  w h i ls t  s u c h  in s p e c t io n  h a s  
b een  v i t a l l y  n e c e s s a ry  in  th e  n a t io n a l  
in te r e s t  o f  b u ild in g  u p  a n d  m a in ta in in g  an  
A i r  F o r c e  s e c o n d  to  n o n e  in  th e  w o r ld ,  i t  
d o es  n o t  fo l lo w  t h a t  s u c h  e x c e s s iv e  c a re  
is n e c e s s a ry  fo r  c o m m e rc ia l  e a r th - b o u n d  
a p p l ic a t io n s  o f  th e  l ig h t  a l lo y s  o f  a lu m in iu m  
a n d  m a g n e s iu m . In d e e d ,  in  n o rm a l c o m 
m e rc ia l c o n d it io n s  in s p e c t io n ,  a"s re q u ire d  
fo r  A . I . D .  re lea se , p r o b a b ly  w o u ld  n o t  be 
a n  e c o n o m ic  p ro p o s it io n .

N e v e r th e le s s ,  th e  p re s e n t  h ig h  s ta n d a rd  
o f l ig h t- a l lo y  c a s t in g s  is  d u e , in  n o  s m a ll

P H O T O - R Ô N T G E N O G R A P H Y

F .  A .  A l l e n  

D e s c r i b e s  a  M o d i 

f i e d  T e c h n i q u e  o f  

X - r a y  E x a m i n a 

t i o n  D e s i g n e d  

P r i m a r i l y  t o  

E c o n o m i s e  i n  

T i m e  a n d  E x ----------

—  p e n s e  a n d  O n e  

W h i c h  a t  t h e  

S a m e  T i m e  i s  

P o s s i b l y  M o r e  

C o n v e n i e n t  T h a n  

S t r a i g h t f o r w a r d  

R a d i o g r a p h y  f o r  

S c r e e n i n g

em e rg e , h as  b e co m e  s u c c e s s iv e ly  s m a lle r  
u n t i l  n o w .  F o r  a l l  p r a c t ic a l  p u rp o se s , th e  
p e n c i l  o f  r a y s  em erg es  fro m  a  p o in t  so u rce , 
th u s  g iv in g  th e  m a x im u m  d e f in i t io n  o f  d is 
c o n t in u it ie s  w i t h in  th e  c a s t in g . T h e  ca se  
is  c o m p a ra b le  to  th e  s h a d o w  p ro d u c e d  b y  
p la c in g  a n  o p a q u e  o b je c t  b e tw e e n  a ,s o u r c e  
o f  i l lu m in a t io n  a n d  a  s c re e n : . th e  s m a lle r  
t h e  lig h t- s o u rc e  th e  s h a rp e r  th e  s h a d o w , 
b r o a d ly  s p e a k in g . S e c o n d , m a n u fa c tu r e r s  
o f  p h o to g r a p h ic  f i lm  h a v e  a c h ie v e d  m a te r ia l  
o f  r e m a r k a b ly  f in e  g ra in .  T h e  im p r o v e 
m e n ts  b r ie f ly  o u t l in e d  h a v e  re s u lte d  in  r e a l ly  
c r i t i c a l  r a d io g r a p h y :  g iv e n  th e  c o m b in a t io n  
o f m o d e rn  fin e- fo cu s  tu b e  e q u ip m e n t  a n d  
th e  la te s t  fin e - g ra in e d  f ilm , m in o r  d is c o n 
t in u i t ie s  in  l ig h t- a l lo y  c a s t  s t ru c tu re s ,  su c h  
as m ic ro - p o ro s ity  in  m a g n e s iu m  a l lo y s  d if f i 
c u l t  to  see te n  y e a r s  ag o , a re  n o w  e a s i ly  
r lis ce rn e d . T e c h n iq u e  m e th o d s  p re s c r ib e d  
b y  th e  A . I . D .  fo r  th e  r a d io g r a p h ic  e x a m in a 
t io n  o f s p e c if ic  c a s t in g s  o f te n  in s t r u c t  th a t  
o n e  o r  a n o th e r  b r a n d  o f  f in e  g r a in  f i lm  be 
used .

T HE centre illustration is 
of an industrial Photo- 

lontgen apparatus manu
factured by the Victor 
X-ray Corporation. With 
this equipment it is possible 
to obtain a photographic 
record on a reduced scale 
of a screened image. Re
produced at the left—

—and right of these pages 
are typical examples ob
tained by this technique. 
The fact that resolution 
is little affected and that 
the image is obtained 
on a film of such small 
size, promises a keen in
dustrial interest for post
war purposes.

m e a su re , to  ju s t  t h a t  s t r i c t  in s p e c t io n  th a t  
m u s t  e v e n t u a l ly  b e  m o d if ie d  a n d  re la x e d . 
W i t h o u t  d o u b t ,  s t a t is t i c a l  m e th o d s  o f 
q u a l i t y  c o n t r o l  w i l l  b e  m o re  a n d  m o re  
a p p l ie d  to  v is u a l  a n d  d im e n s io n a l in s p e c t io n  
g iv in g  th e  m a x im u m  c e r t a in t y  o f  s ta n d a rd  
w i t h  th e  m in im u m  o f  in d i r e c t  la b o u r  
ex p e n se . I t  w i l l  b e  a g re e d , ' h o w e v e r ,  t h a t  
t h e  h ig h  s t a n d a r d  o f  p r o d u c t io n  is  d u e , 
a b o v e  a l l ,  t o  th e  a p p l ic a t io n  o f X - r a y s  as 
a n  in s p e c t io n a l  to o l, a n d  a  p a r t ic u la r  a s p e c t  
o f  th e  p ro b le m  is to  w h a t  e x te n t  th is  
m e th o d  s h a l l  b e  r e ta in e d  in  p o s t- w a r  d a y s .  
R a d io g r a p h y ,  t h a t  is  th e  p ro d u c t io n  o f  f ilm  
re c o rd , is a n  e x p e n s iv e  p ro cess .

W h i l s t  r a d io g r a p h y  c a n n o t  b e  w a iv e d  in  
th e  e x a m in a t io n  o f  s tre s se d  a i r c r a f t  c a s t 
in g s , i t  s h o u ld  b e  re m e m b e re d  t h a t  th is  
te c h n iq u e  is  n o t  th e  o n ly  m e a n s  o f  X - r a y

a p p l ic a t io n  t o  n o n - d e s t ru c t iv e  te s t in g .  T he  
s e c o n d  m e th o d  is  t h a t  re fe r re d  to  as 
f lu o ro s c o p y , m o re  p o p u la r ly  a s  “  s c re e n 
in g , ”  in  w h ic h  th e  s h a d o w  o f th e  c a s t in g  
in  a  b e a m  o f X - r a y s  fa l ls  u p o n  a  f lu o re s c e n t  
s c re e n . P r o v id e d  th e  sc re en  be s u i t a b ly  
p ro te c te d  w i t h  le a d  g lass , th e  im a g e  m a y  
b e  d i r e c t ly  v ie w e d .  N o w  th e  im a g e  v ie w e d  
o n  th e  s c re e n  is  n o t  a s  c r i t i c a l  a s  th e  im a g e  
f ix e d  u p o n  a  p h o to g ra p h ic  f i lm  b y  e x p o su re  
a c c o rd in g  to  o f f ic ia l ly  a c c e p te d  r a d io g ra p h ic  
m e th o d s .

I t  is  w e l l  k n o w n  t h a t  th e  te c h n iq u e  o f 
r a d io g r a p h y  h as  im p r o v ç d  g r e a t ly  d u r in g  
th e  p e r io d ” i t  h a s  b e en  a p p l ie d  to  m e ta l 
lu r g ic a l  in s p e c t io n .  Im p r o v e m e n ts ,  in  th e  
m a in ,  a re  d u e  to  tw o  f a c t o r s :  X - r a y  tu b e  
c o n s t r u c t io n  a n d  p h o to g ra p h ic .  I n  th e  f ir s t  
in s ta n c e ,  th e  t a r g e t ,  f r o m  w h ic h  th e  r a y s
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T h e  fo re g o in g  m a y  b e  e x p resse d  b r ie f ly  
b y  s t a t in g  t h a t  th e  s e n s i t iv i t y  o f  r a d io 
g r a p h y  h a s  im p ro v e d .

A lth o u g h  p e rh a p s  n o t  so  m u c h  a t t e n t io n  
h a s  been  g iv e n  to  f lu o ro s c o p y , i t  is  n e v e r th e 
less  n o  d o u b t  t ru e  t h a t  r e f in e m e n ts  in  th e  
g r a in  s ize  o f  th e  c h e m ic a ls  c o m p o s in g  th e  
s c re e n  w o u ld  g iv e  a  p a r a l le l  e n h a n c e m e n t  
o f  s e n s i t iv i t y .  I t  is h a r d  to  b e lie v e  t h a t  
th e  la s t  w o rd  h a s  b e en  sa id  on  th e  s u b je c t  
o f  f lu o ro s c o p y . A  sa fe  a s se ssm e n t o f  s e n s i
t i v i t y  o f  t h e  tw o  m e th o d s  is  2 p e r c e n t ,  
fo r  r a d io g r a p h y  a n d  10 p e r  c e n t ,  fo r  s c re e n 
in g ,  s e n s i t iv i t y  b e in g  d e fin e d  a s  th e  d im e n 
s io n  o f a  d is t in c t l y  v is ib le  d is c o n t in u i t y  
ex p resse d  a s  a  p ro p o r t io n  o f th e  cross- 
s e c t io n  c o n ta in in g  th e  d e fe c t .

T h e re  a re  p r o b a b ly  fe w  p e a c e t im e  c o m 
m e rc ia l  a p p l ic a t io n s  o f  l ig h t - a l lo y  c a s t in g s  
fo r  w h ic h  m e c h a n ic a l  f a i lu r e  w o u ld  be as 
s e r io u s  a  co n s e q u e n c e  a s  f a i lu r e  o f  s tre ssed  
a i r c r a f t  c o m p o n e n ts ,  a n d ,  th e re fo re ,  th e re  
is  b o u n d  to  b e  a  b ig  re d u c t io n  in  th e  a m o u n t  
o f  in s p e c t io r ia l  r a d io g r a p h y  in  th o s e  
fo u n d r ie s  th e  p e ac e - tim e  p r o d u c t io n  o f 
w h ic h  is e n t ir e ly  n o n - a ir c r a f t  w o r k .

T h is  d is c u s s io n  su g g es ts  t h a t  th e  p e ac e  
u se  o f  r a d io lo g y  w i l l  be o f  d if f e re n t  in t e n t  
f r o m  t h a t  a t  p re s e n t .  R a d io g r a p h y  w i l l  
c o n t in u e  to  be used  w i t h o u t  d o u b t  d u r in g  
fo u n d r y  e x p e r im e n ta l  w o r k  to  d e te rm in e  
m o u ld in g  te c h n iq u e .  T h is  use o f  r a d io 
g r a p h y  h a s  been  a m p ly  p ro v e d  to  b e  o f 
g re a t  a s s is ta n c e . F lu o r o s c o p y  w i l l  co m e  
b a c k  in to  its  o w n  a s  a  m e a n s  o f e n s u r in g  
t h a t  c a s t in g s  g o in g  fo r w a r d  to  a  c u s to m e r ’s 
m a c h in e  sh o p  s h a l l  b e  a t  le a s t  f re e  f ro m  
g rp ss  d e fe c ts  th e  p re se n ce  o f  w h ic h  m a y  
c a u se  t ro u b le  in  p ro ce s s  o r  m a y  le a d  to  
w a s te  o f  t im e  in  n e e d le s s ly  m a c h in in g  a 
c a s t in g  u l t im a t e ly  fo u n d  to  b e  s c ra p .

F lu o r o s c o p y  su ffe rs  f r o m  n u m e ro u s  dis^ 
a d v a n ta g e s ,  h o w e v e r .  T h e r e  is  c o n s id e ra b le  
f a t ig u e  e x p e r ie n c e d  in  v ie w in g  th e  sc re e n , 
r a y - p ro o f  e q u ip m e n t  is e x p e n s iv e : a n d
in s p e c t io n  is  t r a n s ie n t— th e re  is  n o  re c o rd . 
H o w e v e r ,  w i t h in  i t s  l im i t a t io n s ,  th e  m e th o d  
is  c h e a p  a n d  s p e e d y .

O n  th e  o th e r  h a n d ,  r a d io g r a p h y  is  e x p e n 
s iv e  a n d  s lo w .  I t  is e x p e n s iv e  b e ca u se  o f 
th e  d o u b le  r e q u ir e m e n t  o f  p h o to g ra p h ic  
n ra tc r ia ls  a n d  la b o u r  in  th e  d a r k  ro o m ; i t  
is  s lo w  p a r t l y  b e ca u se  o f th e  t im e - la g  d u e  
to  p ro c e s s in g "th e  f i lm  (o r  f i lm s  i f  th e  c a s t in g  
b e  o f s u c h  c o m p lic a te d  fo rm  t h a t  a  m u l t i 
p l i c i t y  o f  e x p o su re s  a re  r e q u ir e d )  a n d  
b e ca u se  o f  th e  n e c e s s a ry  s p e c ia l is t  v ie w in g  
a n d  in t e r p r e t a t io n  o f th e  f i lm .

A n  a s p e c t  o f  p Q St-w a r r a d io lo g y  n o t  
p r e v io u s ly  m e n t io n e d  is  t h a t  o f  c o n s u m e r  
in te r e s t ,  fo r  th e re  c a n  be l i t t l e  d o u b t  t h a t  
th o s e  m ac h in e , sh o p s  t h a t  h a v e  d e a lin g s  
w i th  r a d io g r a p h ic a l ly  in s p e c te d  c o m p o n e n ts  
fo r  c o n s id e ra b le  w a r- t im e  p e r io d s  w i l l  h a v e  
re a liz e d  th e  a d v a n ta g e s  o f r e c e iv in g  s o u n d  
c a s t in g s  o n  w h ic h  t o  w o r k ,  a n d  i t  is  a n t i c i 

p a te d , th e re fo re ,  t h a t  in  th e  fu tu r e  m a n y  
p u r c h a s in g  s p e c if ic a t io n s  fo r  c a s t in g s  w i l l  
in s is t  u p o n  s o m e  s o r t  o f  r a d io lo g ic a l  in s p e c 
t io n  p r o b a b ly  b a se d  u p o n  M . A . P .  r e q u ir e 
m e n t  n o w  in  use.

T h e r e  a re , i t  is  s u b m it te d ,  tw o  re a so n s  
w h y  r a d io lo g ic a l  in s p e c t io n  w i l l  c o n t in u e  
e v e n  in  c o m m e rc ia l p r o d u c t io n :  fo u n d ry -
p ro cess  c o n t ro l  a t  th e  m a n u fa c tu r in g  s ta g e ’, 
a n d  b e ca u se  th e  c u s to m e r  r e q u ire s  i t ,  p r o 
v id e d  h e  c a n  g e t  th e  s e r v ic e  w i t h o u t  th e  
a d d it io n  o f to o  g r e a t  a  b u rd e n  o n  h is  p r ic e .

T h e r e  is n o  n e ed  to  d iscu ss  h e re  th e  use 
o f  X - r a y s  in  f o u n d r y  c o n t ro l  fo r  th is  is  a  
d o m e s t ic  use, th e  c o s t  b e in g  c h a rg e d  to  
so m e  s o r t  o f  d e v e lo p m e n t  a c c o u n t  a n d  
r e c o v e re d  a s  a  p ro p o r t io n  o f th e  f a c t o r y  
o v e rh e a d .

In s p e c t io n a l  r a d io lo g y ,  th e n ,  m a y  be 
e ith e r  l lu o ro s c o p y  o r  r a d io g r a p h y .  F lu o r o 
s c o p y  is  l i k e l y  to  be u sed  a s  a  s u p p le m e n ta r y  
in s p e c t io n  o f a l l  p r o d u c t io n  t h a t  w i l l  la t e r  
h a v e  to  p a ss  th r o u g h  m a c h in in g  o p e ra t io n s .  
W h a t  o f  r a d io g r a p h y  r e q u ir e d  b y  p u r c h a s 
in g  s p e c if ic a t io n s ’/ I f  th e se  a r e  m o d e lle d  
u p o n  M . A . P .  r e g u la t io n s ,  th e  c u s to m e r  w i l l  
h a v e  th e  r ig h t  to  see r a d io g r a p h ic  re s u lts .

N e w s  f r o m  th e  U n i t e d  S ta te s  te lls  o f  a n  
in te r e s t in g  d e v e lo p m e n t  c o m b in in g  th e  
c o n v e n ie n c e  a n d  c h e a p n e ss  o f  s c re e n in g  w i t h  
th e  p e rm a n e n c e  o f r a d io g r a p h ic  re c o rd . 
T h e  p ro ce s s  c o n s is ts  in  p h o to g ra p h in g  th e  
im a g e  o n  th e  f lu o re s c e n t  s c re e n , a n d  is  
k n o w n  a s  "  p i io t o - r o n tg e n o g r a p h y . ”

M a n y  a d v a n ta g e s  a re  c la im e d  f o r  th e  p ro 
cess. I n  th e  f ir s t  p la c e ,  w h i ls t  v is u a l  v ie w 
in g  is  t r a n s ie n t ,  a n d  in s e n s it iv e  to  th e  v is u a l  
sen se , c a u s in g  d e fe c ts  to  b e  m is sed  b e ca u se  
o f  e y e  fa t ig u e ,  p h o to g r a p h ic  r e p r o d u c t io n  o f 
th e  s c re e n  g iv e s  a  m u c h  m o re  d e ta i le d  
p ic tu r e ,  fo r  th e  p h o to g r a p h ic  f i lm  m a y  b e  
e x p o se d  fo r  s u i t a b le  p e r io d s ,  a n d  d is c o n 
t in u i t ie s  b a ld l y  "p e rc e p t ib le  t o  th e  e y e  ar.e 
h e n c e  r e v e a le d  o n  th e  r e s u lt a n t  f i lm . Â  
s e n s i t iv i t y  o f  5 p e r  c e n t ,  is , in  f a c t ,  a c h ie v e d  
b y  th is  m e th o d ,  a  n ic e ’ c o m p ro m is e ” b e tw e e n  
th e  10 p e r  c e n t ,  s e n s i t iv i t y  o f  th e  v isu a lly-  
v ie w e d  s c re e n  a n d  th e  2 p e r  c e n t ,  o f  n o r m a l  
ra d io g ra p h y ',  a n d  5 p e r  c e n t ,  s e n s i t iv i t y  is  
l ik e ly  to  b e  a d e q u a te  fo r  m o s t  in s p e c t io n  
o f  c o m m e rc ia l  c a s t in g s . F u r t h e r ,  th e  p h o to 
g r a p h ic  f i lm  re c o rd  o b ta in e d  is  o f  re d u c e d  
s ize . A c t u a l l y ,  th e  t a b le  on  w h ic h  th e  c a s t 
in g s  a re  p la c e d  is  17 in s . b y  14 in s . ,  th e  
s ize  o f  p h o to - r i in to g e n o g ra p h ic  r e c o rd  b e in g  
5 in s , b y  4 in s . ,  th e  r e d u c t io n  r e s u lt in g  f r o m  
th e  s y s te m  e m p lo y e d .  T h u s  a s  m a n y  c a s t 
in g s  a s  m a y  b e  a c c o m m o d a te d  o n  a  17 in s . 
b y  14 in s . a re a  m ay ' b e  p ro cessed  a t  o n e  
t im e .  I t  is  e s t im a te d  t h a t  th e  f i lm  c o s t  is  
r e d u c e d  to  o n e - tw e lf th ,  a n d  th e  s m a lle r  
n e g a t iv e  to  b e  p assed  th ro u g h  d a rk - ro o m  
p ro cesses  a g a in  g iv e s  s u b s t a n t ia l  p ro c e s s in g  
e c o n o m ie s , th e  t o t a l  s a v in g  p ro b a b ly ' 
a m o u n t in g  to  o n e - tw e n t ie th  o f  n o rm a l 
r a d io g ra p h ic  co s ts .
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T h e  m in ia tu r e  f i lm s  a re  v ie w e d  o n  a n  
i l lu m in a te d  sc re en  in  th e  n o rm a l m a n n e r .  
I t  is  a d v is a b le  to  m a s k  th e  s c re e n  so  t h a t  
d e f in i t io n  o f th e  s m a ll fi lm  is  a t  a  m a x im u m  
w h i le  v ie w in g ,  a n d  s im i la r ly  b la c k  p a p e r  
m a s k s  m a y  b e  used  to  f ix  th e  a t t e n t io n  o n  
th e  im a g e  o f  o n e  c a s t in g  a t  a  t im e  w h e n  
m a n y  s m a ll  c a s t in g s  a r e  r e p ro d u c e d  o n  o n e  
f i lm ,  o r  o n  p a r t  w h e re  o n e  la rg e  c a s t in g  is 
r e p ro d u c e d . I f  th e se  s im p le  p r a c t ic a l  p r e 
c a u t io n s  a re  t a k e n ,  s m a ll d e fe c ts  m a y  be 
e a s i ly  seen.

T h e  g e n e ra l a r r a n g e m e n t  o f  th e  e q u ip m e n t  
is  s h o w n  in  a n  a c c o m p a n y in g  i l lu s t r a t io n .  
T r a n s fo r m e r  a n d  c o n t r o l  s w it c h b o a r d  a re  
seen  to  b e  in te g r a l  w i t h  t h e  a p p a r a tu s .  T h e  
tu b e  is  s itu a te d  w i t h in  th e  p ro te c te d  b o x 
l ik e  c o n ta in e r ,  th e  c a s t in g s  to  b e  e x a m in e d  
b e in g  p la c e d  u p o n  th e  f lu o re s c e n t sc re en  
c o n s t i t u t in g  th e  f lo o r  o f  t h is  b o x . I t  w i l l  be 
s ee n  t h a t  a  s l id in g  sa sh  a l lo w s  e a s y  access

to  th e  sc re en  p la t fo r m .  B e lo w  is  s itu a te d  
th e  c a m e ra  e q u ip m e n t .  T o  d e m o n s t ra te
re s u lts ,  th e re  a re  r e p ro d u c e d  re p re s e n ta t iv e  
m in ia tu r e  f i lm s  p ro d u c e d  b y  th e  m e th o d  a n d  
e q u ip m e n t  d e s c r ib e d .

I t  m a y  b e  p o in te d  o u t ,  f in a l ly ,  t h a t  th e  
e q u ip m e n t  i l lu s t r a t e d  need  n o t  b e  s o le ly  
re s e rv e d  fo r  th e  m in ia tu r e  r a d io g r a p h y  
s y s te m  d e s c r ib e d . F i lm s  u p  to  th e  s iz e  o f 
17 in s .  b y  14 in s . m a y  be p la c e d  o n  th e  
t a b le ,  th e  c a s t in g  to  be e x a m in e d  p la c e d  
u p o n  i t ,  a n d  th e  e x p o s u re  m a d e  in  th e  
n o rm a l m a n n e r .  W i t h  th e  l im it s  o f  
s ize , th e re fo re ,  th e  p h o to - ro n tg e n o g ra p h ic  
a p p a ra tu s  h as  a  d o u b le  p u rp o se .

T h e  s y s te m  is  a t t r a c t i v e  f r o m  m a n y  
a n g le s ,  a n d  i t  is su g g e s te d  t h a t  p o s t- w a r  
r a d io lo g ic a l  in s p e c t io n  o f  l ig h t - a l lo y  c a s t 
in g s  m a y  w e l l  b e  u n d e r ta k e n  a d e q u a te ly  b y  
th e  m e th o d  o f  p h o to - rô n tg e n o g ra p h y .

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

T h e  P r o p e r t i e s  o f  M o u l d i n g  S a n d s  f o r  M a g n e s i u m  C a s t i n g  

H a v i n g  B e e n  D e a l t  W i t h  i n  a  P r e v i o u s  S e c t i o n  o f  T h i s  A c c o u n t  

( “ L i g h t  M e t a l s , ”  F e b r u a r y ,  p p .  8 2 - 84) ,  S p e c i f i c  C o n s i d e r a t i o n  

i s  N o w  G i v e n  t o  t h e  P r a c t i c a l  H a n d l i n g  o f  I n h i b i t o r s

I T  w i l l  b e  re m e m b e re d  t h a t  m o u ld in g  sa n d s  
fo r  m a g n e s iu m  a l lo y s  w e re  d iscu sse d  fro m  
th e  a s p e c t  o f  s u it a b le  p h y s ic a l  c h a r a c t e r is 

t ic s .  T h e s e  c h a r a c t e r is t ic s  a r e  n e c e s s a ry  fo r  
th e  a c h ie v e m e n t  a n d  m a in te n a n c e  o f  h ig h  
p e r m e a b i l i t y .  O x id a t io n  o f  th e  m o lte n  
m e ta ls  in  th e  m o u ld  w a s  p r e v e n te d  b y  th e  
a d d it io n  to  th e  s a n d  o f r e a c t io n  r e s t ra in e rs  
o r  in h ib ito r s .

T h e  a m o u n t  a n d  t y p e  o f  in h ib i t o r  
c h e m ic a l  u sed  v a r ie s  c o n s id e r a b ly  w i t h  th e  
t y p e  o f  c a s t in g  a n d  p e rs o n a l c h o ic e .  A  
m o u ld  c a v i t y  r e q u ir in g  100 lb .  o f  m e ta l  to  
f i l l  i t  w i l l  n e ed  a g re a te r  in h ib i t o r  c o n te n t  in  
th e  s a n d  th a n  a  m o u ld  to  p ro d u c e  a  c a s t in g  
o f  a  fe w  o u n c e s  w e ig h t ,  fo r  th e  re a s o n  th a t  
a  g r e a te r  v o lu m e  o f  m e ta l  re q u ire s  to  b e  
p ro te c te d .  A g a in ,  th e  s o r t  o f  c ro ss- sect io n  
re g u la te s  th e  a m o u n t  o f  in h ib i t o r  a d d it io n ;  
th in  s e c t io n s  p ro d u c e d  b y  n a r r o w  m o u ld  
c a v i t ie s  w i l l  n o t  r e q u ir e  so  m u c h  in h ib i t o r  
in  t h e  f a c in g  s a n d  a s  in  th e  s a n d  f a c in g  a 
s e c t io n  o f  e x tre m e  th ic k n e s s .  I t  m a y  b e  
su g g e s te d  t h a t  a  lesson  m ig h t  be le a rn e d  
fro m  p re s e n t A m e r ic a n  s a n d - c a s t in g  p r a c 
t ic e  d e v e lo p e d  d u r in g  th e  w a r  to  u se  w o m e n  
la b o u r .

I n  o rd e r  to  a c h ie v e  fo o lp ro o f  s t a n d a r d i 
z a t io n  o f  m e th o d , o n e  A m e r ic a n  fo u n d r y  a t  
le a s t  p ro d u c e s  a i r c r a f t  e n g in e  c y l in d e r s  in  
w h a t  m ig h t  b e  d e s c r ib e d  a s  c o m p o s ite  
m o u ld s .  D i f f e r e n t  s e c t io n s  o f  th e  m o u ld  
a re  m a d e  b y  th e  use  o f  s a n d  o f  s p e c if ic  
p ro p e r t ie s ,  so t h a t  th e  fa c to r s  o f  s o lid if ic a 
t io n  r a te  a n d  ease  o f  p ro d u c t io n  m a y  b e  
d e f in i t e ly  o b s e rv e d . T h is  su g g es ts  th a t  
m o u ld s  fo r  m a g n e s iu m  m o u ld in g  m a y  be 
p ro d u c e d  fr o m  s a n d s  c o n t a in in g  v a r y in g  
a m o u n ts  o f  in h ib i t o r ;  fo r  e x a m p le ,  s a n d  
fo rm in g  th e  c a v i t y  o f  a m a s s iv e  s e c t io n  
c o u ld  b e  h ig h e r  in  in h ib i t o r s  th a n  th e  s a n d  
to  m a k e  a  th in  s e c t io n  o f  th e  s a m e  c a s t in g .  
T h e r e  is  a  g o o d  re a so n  w h y  th is  m e th o d  
s h o u ld  b e  a d o p te d .  I n h ib i t o r  c o n te n ts  
s h o u ld  b e  th e  le a s t  p o s s ib le  to  s e c u re  o x ide-  
fre e  c a s t in g s , fo r  a  m a jo r  in c re a s e  in  in h ib i 
t o r  c o n te n t  m a y  m e a n  t h a t  th e  m a r g in  
b e tw e e n  s o u n d n e ss  a n d  u n s o u n d n e s s  m a y  b e  
s m a ll,  e s p e c ia l ly  in  th in - s e c t io n  jo b s  a n d  in  
th o se  ca se s  w h e re  p e r m e a b i l i t y  is  d e c re a s 
in g . A b s e n c e  o f  in h ib i t in g  s u b s ta n c e s  g iv e s  
r ise  to  w h a t  h a s  c o m e  to  b e  k n o w n  a s  "  s a n d  
a t t a c k , "  in  w h ic h  i t  a p p e a rs  t h a t  a  c o m b i
n a t io n  o f  m o lte n  m a g n e s iu m , s te a m  a n d  th e
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s il ic a  o f  th e  s a n d  re s u lts  in  a  c h e m ic a l  
r e a c t io n  w i t h  th e  p r o d u c t io n  o f  u n s ig h t ly  
d e fe c ts  o n  th e  s u r fa c e  o f  th e  c a s t in g .

In h ib i t o r s  a re  a d d e d  to  c o re  s a n d  m ix e s  
a ls o , a n d  a lth o u g h  i t  is  p ro b le m a t ic  a s  to  
th e  a m o u n t  r e m a in in g  a f te r  b a k in g ,  i t  is 
c e r ta in  t h a t  th e  r e s id u a l t r a c e  a ss is ts  in  th e  
p r o d u c t io n  o f  c a s t in g s  o f  g o o d  c o re d  a p p e a r 
a n c e ,  w h i ls t  c o m p le te  a b s e n c e  o f  in h ib i to r s  
in  c o re s  m a y  r e s u lt  in  so m e  san d  a t t a c k ,  
n o t ,  o f  co u rse , d u e  to  m o is tu re  fro m  th e  
c o re  it s e lf ,  b u t  p o s s ib ly  fro m  th e  d i lu t io n  o f  
i n h ib i t in g  gases w i t h in  th e  m o u ld .

I n  E n g l i s h  p r a c t ic e ,  m a g n e s iu m  m o u ld  
s a n d  c o n ta in s  e ith e r  s u lp h u r  a n d  b o r ic  a c id  
o r  a m m o n iu m  b if lu o r id e  ( a m m o n iu m  a c id  
f lu o r id e ) ;  fo r  c a s t in g s  u p  to  25 lb .  w e ig h t ,  
s u lp h u r  a n d  b o r ic  a c id  c o n te n t  o f  a p p r o x i 
m a t e ly  5 p e r  c e n t ,  a n d  1 p e r  c e n t ,  h a s  been  
fo u n d  to  be a d e q u a te .  W h e n  th e  w e ig h t  
m a t e r ia l l y  in c re a s e s  a b o v e  th is  fig u re , i t  
m a y  b e  fo u n d  n e c e s s a ry  to  in c re a s e  th e  s u l
p h u r  c o n te n t ,  a b o u t  S p e r  c e n t ,  b e in g  th e  
m a x im u m  f ig u re  fo r  th e  la rg e s t  c a s t in g  a t  
p re s e n t  in  p ro d u c t io n .  T h e  f lu o r id e  s a n d s  
c o n ta in  b e tw e e n  1 a n d  3 p e r  c e n t ,  o f  
a m m o n iu m  b if lu o r id e ,  a n d  w i th  h ig h e r  
b if lu o r id e  c o n te n t  th e  m o u ld in g  p ro p e r t ie s  
o f  th e  s a n d  b e c o m e  v e r y  p o o r.

T o  th o se  u n a c q u a in te d  w i t h  th e  m o re  
in t r ic a t e  b ra n c h e s  o f c h e m is t r y ,  c e r ta in  o f  
th e s e  s ta te m e n ts  m a y ,  a t  f i r s t  s ig h t ,  seem  
to  b e  b o th  c o n fu s in g  a n d  c o n t r a d ic t o r y .  I t  
w i l l  b e  r e m e m b e re d  t h a t  th e  iu n c t io n  o f  th e  
in h ib i t o r s  is  c o n f in e d , p r im a r i l y ,  to  th e  c o n 
t r o l  o f  r e a c t io n s  a t  th e  s u r fa c e  o f  th e  m e ta l .  
H o w e v e r ,  d u r in g  th e  a c t u a l  p ro c e s s  o f  c a s t 
in g , th e  la t t e r  m u s t  b e  d e a l t  w i t h  in  b o th  
th e  l iq u id  a n d  th e  s o lid  p h ase , th e  fo rm e r  
b e in g  p r o b a b ly  m o re  s e n s it iv e  a n d  c a p a b le  
o f- t r a n s m it t in g  s u r fa c e  e ffe c ts  t o  th e  in t e r io r  
o f  a  m as s  o f  m e ta l .  T h e  la t t e r ,  w h i ls t  less 
l i k e l y  t o  su ffe r  d e ep -sea ted  a t t a c k  o f  a n y  
t y p e .- m a y ,  a s  w e  h a v e  see n , s u f fe r  re a c t io n  
w ith  s a n d  ( t h is  o c c u r r in g  p r o b a b ly  b e fo re  
fre e z in g  h a s  b e e n  c o m p le t e d ) .  T h u s  i t  h as  
b e e n  d e m o n s t ra te d  t h a t  in h ib i t o r s  a re  re 
q u ir e d  to  c o n t r o l  th e se  s u r fa c e  e ffe c ts , e i th e r  
b y  th e  p r o d u c t io n  o f a  s p e c ia l a tm o s p h e re  
w i t h in  th e  m o u ld  c a v i t y  a n d  w i t h in  th e  b o d y  
o f  th e  m o u ld  i t s e lf ,  o r , a l t e r n a t i v e l y ,  b y  th e  
p ro d u c t io n  o f r e s is ta n t  c o a t in g s  on " th e  
f r e e z in g  m e ta l.

F r o m  th is  s ta n d p o in t ,  th e re fo re ,  i t  is  n o t  
e a s y  to  a p p r e c ia t e  w h y  v a r ia t io n  in  c a s t in g  
s e c t io n  s h o u ld  im p ly  so m e  d e g ree  o f c h a n g e  
in  th e  c o n c e n t r a t io n  o f in h ib i t o r  u se d . H o w 
e v e r ,  i t  is  n e c e s s a ry , a g a in ,  to  r e m e m b e r  
t h a t ,  a t  i t s  m o s t  r e a c t iv e  s ta g e , t h e  m e ta l 
is  in  a  l iq u id  fo rm  a n d  is  e n te r in g  th e  m o u ld  
a t  a  r e l a t i v e l y  h ig h  sp e ed , d is p la c in g  n o t  
o n ly  th e  g ase o u s  c o n te n ts  o f  th e  m o u ld  
c a v i t y  b u t ,  a t  th e  s a m e  t im e ,  e x e r t in g  a  
p o w e r fu l  w a s h in g  e f fe c t  o n  th e  s u r fa c e  o f  
th is .  T h e  in f lu e n c e  o f th e se  t w o  a c t io n s  w i l l  
b e  p r o p o r t io n a te ,  in  a  m e a s u re , to  th e

a m o u n t  o f m e ta l b e in g  ru n ,  a n d  to  th e  d is 
t a n c e  th ro u g h  w h ic h  i t  ru n s .

S o  f a r  a s  th e  h a r m fu l  e f fe c ts  o f  ex cess  
i n h ib i t o r  a re  c o n c e rn e d ,  i t  s h o u ld  b e  re m e m 
b e re d  t h a t  th e se  a d d it io n s  to  th e  s a n d  a re  
m a d e  p u r e ly  t o  o v e rc o m e  s p e c ia l  d if f ic u lt ie s  
a s s o c ia te d  w i t h  th e  c h e m ic a l  r e a c t i v i t y  o f 
th e  m e t a l : p h y s i c a l l y  th is  m u s t  n o t  b e  
v is u a l iz e d  a s  in t e r f e r in g  w i t h  th e  m o u ld  s u r 
fa c e  ; ex cess  f lu o r id e ,  fo r  e x a m p le ,  w i l l  o b v i 
o u s ly  e x e r t  a  h a r m fu l  e f fe c t  in  t h is  d ir e c t io n ,  
w h i ls t  th e  use , to o , o f  a n  o v e r- a b u n d a n c e  
o f  s u lp h u r  is , c le a r ly ,  o f  n o  v a lu e .

M a g n e s iu m  m o u ld in g  s a n d  is  p re p a re d  b y  
m ix in g  w a s h e d  s i l ic a  s a n d  o f th e  re q u ire d  
g r a in  s ize , d is t r ib u t io n  a n d  t h e  in h ib i t in g  
s u b s ta n c e s . B e n t o n i t e  is  a d d e d  a n d  w a te r  
s lo w ly  r u n  o n  th e  m ix  to  h y d r a t e  th e  b e n 
t o n it e  to  fo rm  th e  c la y  b o n d .  T h e  m o u ld e r  
s p e ak s  o f  t h e  " fe e l ”  o f  th e  s a n d , b y  
w h ic h ,  o f  co u rs e , h e  m e a n s  h is  a s se ssm e n t 
o f  th e  m o u ld in g  p ro p e r t ie s  a s  m a d e  b y  
in s p e c t io n  o f  th e  co h e s io n  o f  a h a n d fu l  o f  
s a n d . T h e  a m o u n t  o f  w a te r  a d d e d  w i l l  b e  
4 to  6 p e r  c e n t ,  to  g iv e  a  r e s u lt  t h a t  th e  
m o u ld e r  k n o w s  c a n  b e  u se d . T h e  p e r 
m e a b i l i t y  o f  m a g n e s iu m  s a n d s  so  m ix e d , 
u s in g  th e  n o r m a l  g ra d e s  o f  s i l ic a  s a n d , is  90 
to  140 o n  th e  A . I ' . A .  s ca le . ,

T h e  p e r io d  d u r in g  w h ic h  th e  p re p a re d  
s a n d  m a y  b e  u sed  is  l im it e d ,  fo r  t h e  a r t i 
f i c ia l  a d d i t io n  o f  w a te r  to  a  d r y  c l a y  s u b 
s ta n c e  seem s to  g iv e  a  c la y  h a v in g  d if f e r e n t  
p ro p e r t ie s  f r o m  th e  n a t u r a l  c l a y  a s s o c ia te d  
w i t h  n a t u r a l  s a n d s . T h e  w a te r  seem s to  b e  
m o re  lo o s e ly  h e ld ,  w i t h  th e  e f fe c t  t h a t  th e  
s a n d , lo w  in  m o is tu r e  a t . t h e  o u ts e t ,  s p e e d ily  
b e co m e s  d r y  to  th e  m o u ld e r 's  to u c h , a n d , 
in  f a c t ,  u n u s a b le .  T h i s  d r y n e s s  is a  re a l d is 
a d v a n ta g e  in  th e  use  o f s y n th e t ic  s a n d s .

M o u ld in g  a n d  r u n n in g  m e th o d s  fo r  m a g 
n e s iu m  a l lo y s  fo l lo w  c lo s e ly  th e  m e th o d s  
u sed  fo r  a lu m in iu m  a l lo y s .  B o t t o m  p o u r 
in g  is  to  b e  p r e fe r r e d  a s  a  g e n e ra l tu le ,  b u t  
th e  c h ie f  c o n s id e r a t io n  is  th e  e la b o r a t io n  o f 
m e th o d s  to  s e c u re  c o n t r o l  o f  s o lid if ic a t io n .  
E f f ic ie n t  p r o d u c t io n  c a n  o n ly  b e  a c h ie v e d  
b y  e x p e r im e n ta l  r u n s  i n  w h ic h  th e  c a s t in g s  
a re  s u b je c te d  to  r a d io g r a p h ic  in s p e c t io n  
a n d  f r a c tu r e  te s t , th e  re s u lt s  o f  su ch  te s ts  
g u id in g  th e  p ro g re s s iv e  m o d if ic a t io n s  o f  
m o u ld in g  te c h n iq u e ,  u n t i l  C e r t a in t y  o f  first-  
c la s s  c a s t in g s  is  o b ta in e d .

C o re s  fo r  m a g n e s iu m  s a n d  c a s t in g  a re  
p ro d u c e d  fr o m  s im ila r  s y n th e t ic - s a n d  m ix e s  
a s  in d ic a t e d ,  in h ib i t o r s  b e in g  a d d e d , 
a lt h o u g h  so m e  o f  th e  a m o u n t  w o u ld  b e  lo s t  
d u r in g  b a k in g .  A  co a rse r- b ase  s a n d  m a y  
b e  u sed  w i t h  a d v a n ta g e ,  e s p e c ia l ly  w h e n  
th e  c o re  m a k e s  c o n ta c t  w i t h  th e  m o u ld in g -  
b o x  fa c e ; in  t h is  w a y  th e  m a x im u m  
p e r m e a b i l i t y  is  u se d  w ith  th e  c e r t a in  
e v a c u a t io n  o f  the . m o u ld  o f  a i r ,  m o is tu re  
a n i l  g ases a s  th e  m o lte n  m e ta l  f i l ls  th e  
m o u ld  c a v i t y .

(To be continued)
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L i g h t  A l l o y s  i n  L o c o m o t i v e  M o t i o n

E .  V V a n n e d  D i s c u s s e s  T h e o r e t i c a l  a n d  P r a c t i c a l  

A s p e c t s  o f  E i g h t - w e i g h t  C o n s t r u c t i o n  i n  t h i s  S p e c i a l i s e d  

B r a n c h  o f  E n g i n e e r i n g .  P r i n c i p a l  C o n s i d e r a t i o n  i s  

G i v e n  t o  t h e  E f f e c t  o f  t h e  U s e  o f  A l u m i n i u m - a l l o y  

A s s e m b l i e s  o n  S t a b i l i t y

Locomotives versus Permanent Way 
P O U R I N G  t h e  y e a r s  1930 to  1939, a  v e r y  

m a r k e d  in c r e a s e  'w a s  n o te d  i n  t h e  
s p e e d  o f  p a s s e n g e r  t r a in s .  T h i s  a c c e le r a 
t io n  w a s  lo n g  o v e r d u e  a n d  it s  im m e d ia t e  
e f f e c t  w a s  t h e  in c r e a s e  o f  p a s s e n g e r  t r a v e l  
a n d  r e v e n u e ;  t h e  p u b l i c  a t  la r g e  b e c a m e ,  
o n c e  a g a in ,  m o r e  r a i lw a y - m in d e d ,  a n d  
th e  g r o w in g  p r e f e r e n c e  f o r  lo n g - d is ta n c e  
r o a d  t r a v e l  w a s  p a r t i a l l y  c h e c k e d .  I t  w i l l  
b e  f a t a l  f o r  t h e  r a i lw a y s  n o t  to  r e - e s ta b 
l i s h  a n d  e x te n d  h ig h - s p e e d  t r a v e l  a s  so o n  
a s  t h e  w a r - t im e  lo a d s  c e a s e  to  h a v e  f i r s t  
p la c e ,  a n d  t h e  d e m a n d  f o r  c o m f o r t a b le

sTtr-tnciiw.gD LOCOüCTIVE 

t n aj.YSTB or balancino

f a s t  t r a n s p o r t a t io n ,  lo n g  d e n ie d ,  w i l l  
r e s u l t  in  m o r e  p a s s e n g e r- m ile s  a n d  
in c r e a s e d  e a r n in g s  i f  i t  b e  d e v e lo p e d .  
R a i l w a y s ,  i n  t h is  a n d  o t h e r  c o u n t r ie s ,  
f a c e  in c r e a s in g  c o m p e t i t io n  f r o m  r o a d  
a n d  a i r  t r a n s p o r t ,  a n d  e x p e r ie n c e  h a s  
s h o w n  t h a t  t h e  o n l y  a n s w e r  l ie s  in  h ig h  
s p e e d .

V e r y  f e w  o f  t h e  p u b l i c ,  h o w e v e r ,  a r e  
a w a r e  o f  t h e  c o n s id e r a b le  p r o b le m s  w h i c h  
u n d e r l ie  p a s s e n g e r  t r a i n  o p e r a t io n  a t  
t im e - ta b le  s p e e d s  o f  75 m .p . h .  a n d  o v e r .  
A p a r t  f r o m  t r a f f i c  d e n s i t y  a n d  
“  w o r k in g , ”  t w o  o f  t h e  m a in  f a c t o r s  a r e :

Fig. I.—Outline of locomotive motion for the purpose of this study—the effect of 
substituting light-alloy connecting rods and cross-heads.
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LATERAL
OSCILLATION

4 0 6 0 0  LB-FT

VERTICAL
OSCILLATION

1 3 0 0 0  LB-FT

LONGITUDINAL
FORCE

I 3OOO LB

-------------------------

1 ig. 2. -Oscillating couples at 80 m.p.h. clue to the unbalanced proportion of the 
reciprocating weights.

(a) locomotive power and train design 
with the requisite reduction in weight and 
wind resistance, and (b) permanent way 
design and maintenance to stand up to 
the abnormal loads and shocks occasioned 
by fast and heavy trains. Practically all 
problems in movement increase in magni
tude with the square of the speed, and 
this applies not only to locomotive steam
ing power, but also to the shock loads 
on the track; indeed, it is safe to say 
that the latter factor is the more serious. 
If the permanent-way staff had a vote 
in the matter it would probably limit 
all train speeds to a maximum of a mile 
a minute. The nosing and hammering 
effect of the locomotive on the track is 
virtually twice as great a t 80 m.p.h. as 
at 00 m .p.h., and, so far as the permanent
way staff is concerned, there is no remedy 
but more and more careful and.continual 
maintenance. Nevertheless, the problem 
is being recognized by the locomotive 
engineer, and, having produced a prime 
mover of immense power and efficiency, 
h e . is now concerned with the matter of 
reducing its disturbing effect on the road.

In other countries, notably the United 
States, high-speed long-distance trains 
are very largely built on a multiple unit 
principle. This involves a Diesel engine 
and generator housed in the leading 
vehicle and driving motors more or less

distributed throughout the train. In this 
way not only are reciprocating masses 
absent from the driving motion, but the 
tractive effort is no longer concentrated 
in the leading unit and the track is no 
longer subjected to undue punishment by 
nosing or-hammering. Nevertheless, the 
steam engine, which has been developed 
to its highest degree of performance 
and efficiency in this country, will 
undoubtedly dominate railway work for 
many years to come. Its disadvantage 
at high speeds is not that it is heavy, 
its weight is necessary for adhesion and 
tractive force, but simply that it is a 
reciprocating machine, and the forces 
which arise from its reciprocating masses 
will, if the speed is high enough, create 
dangerous instability and possible derail
ment either by overturning or by spread
ing the gauge of the track.

A very brief study will show the value 
of light-alloy applications in ameliorating 
these disturbing effects.

The Question of Stability
Apart from the sheer deadweight load 

of the locomotive, which is assumed to be 
limited to a maximum of 20 tons per axle, 
stresses in the permanent way arise from 
two main sources: (a) the nosing or
spreading action which is caused by the 
couples formed by the inertia of the re
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BALANCED POSITION UPLIFT

Fig. 3.—Action of the counterweights in driving wheel. Centrifugal forces balance the 
reciprocating masses only when they act horizontally. When acting vertically, either rail 
hammer or uplift results. The cycloid curve shows how the hammer effect is created.

ciprocating masses. This horizontal 
oscillation can be seen in any locomotive 
at speed, the entire frame swinging from 
side to side about a vertical axis and tend
ing to spread the gauge or shear off the 
wheel flanges; (b) the hammer action 
which arises from the counterweights 
attached to the wheels to counteract in 
part the couples above mentioned. 
Beyond a certain point these counter
weights are a remedy worse than the 
disease since, although their centrifugal 
forces balance the reciprocating parts 
when acting horizontally, they are them
selves unbalanced when acting vertically, 
hence the alternate rail hammer and 
uplift a t two positions in every wheel 
revolution. It would be possible to bal
ance out the horizontal forces completely 
and so eliminate the disturbing couples, 
but the consequent rail hammer and uplift 
would be quite beyond the limits of toler
ance. As a result it is common practice to

balance only two-thirds of the reciprocat
ing forces and, even so, the rail-hammer 
trouble becomes increasingly serious as 
the speed increases.

Such expedients as distribution of the 
counterweights between the coupled axles 
do indeed reduce hammering, but 
coupling is usually associated with 
increased tractive effort and heavier con
necting rods and crossheads which again 
increases the burden. W hat makes the 
matter worse is the almost universal 
adoption of outside cylinders, which 
arrangement increases the disturbing 
effects by almost 50 per cent. This 
feature of design has been dictated by the 
increasing size of cylinder bore as well as 
by the high cost of the forged crank axle.

Four-cylinder engines have been 
designed which could be completely bal
anced, but this necessitates entirely 
separate valve gear for each cylinder 
besides involving a costly crank axle; not
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only does cost become prohibitive in such 
a design, but the cylinder diameters are 
strictly limited by the space between the 
frames, and the gear is difficult of access. 
In these circumstances it becomes neces
sary to accept the two-outside-cylinder 
engine as standard and to develop some 
means of improving its stability by reduc
ing the weight of the reciprocating masses. 
What results can be expected from the 
use of light alloys?
Steel and Light Alloys Compared

In locomotive motion the main elements 
are piston, piston rod, crosshead and con
necting rod. Most components, even the 
piston, are now steel forgings, and their 
leading characteristics are tabulated 
below :•—•

C o m p a ra t iv e  l ight -al loy  forgings .

C o m p o s i t i o n  
C a r b o n  
Mang anese  
P h o s p h o r o u s . .  
S u lp h u r  
S i l i c o n . .
N i c k e l .............................
Vanad ium

P r o p e r t i e s  
Tens ile  t o n s  sq.  in. . .  
Yield p o i n t  
E long ati on (%  o n  2in.)

A B
.40 -  .55 .40 -  .55
.60 -  .90 .65 -  .95
.045 max.  .045 max. 
.05 max . .05 max . 
.15 .15

.15

C
.2 0 -  .30 
.6 5 -  .95 
.045 max. 
.05 max . 
.1 5 -  .35 

2.5 -3 .0

38.5
21.5 
24.0

40.0 36.0
27.0 25.0
22.0 28.0

D e s igna t ion
Tensil e
Proof
E l o n g a t i o n . .

RR 56 
28 
22 
12

RR 77 
35 
30 
13

D u ra l  G D ura l  S 
30 32
21 28
15 12

The most significant value is that for 
yield point, and here it may be inter
polated that, while the proof stress of 
light allo}'s is generally accepted in lieu 
of the somewhat indefinite yield point, 
this practice affords a factor of safety, 
since it is estimated that the former 
property is from 10 to 15 per cent, lower 
than the true yield point, if determinable. 
Development of forged light alloys lias 
been so rapid that it is noted, not without 
surprise, the average value of proof stress 
for the four light metals tabulated is equal 
to the average figure for the forged steel. 
In both classes of metal higher yield point 
is obtainable with special composition and 
treatment, but the foregoing values are 
representative ones for normal produc
tion. It will be recalled that almost 20 
years ago locomotives of the Alton anti 
Southern R.R. and the St. Louis and Ohio 
River R.R. were equipped with light

Fig. 4.—Increase of rail- 
hammer effect with speed. 
If a maximum rail-hammer 
blow of 5 tons can be 
tolerated, this will dictate 
a maximum speed of 75 
m.p.h., for the engine 
with steel motion, and a 
maximum of 100 m.p.h. 
for that with light-alloy 

components.

40 6o

MILES PER KO'JR

80



S T R U C T U R A L  L E S S O N S  O F  W A R  A N D  P E A C E

T E R  TO C R A N E
As fighting aircra ft  d e p e n d  o n  HIDUMINIUM 
alum in iu m  alloys ( t o  t h e  e x t e n t  o f  7 5 %  by 
w e igh t)  so  m u s t  e n t e r  largely in to  o u r  p eace 
t im e  heavy e n g in ee r in g .  All m obil e  s t ru c tu re s ,  
such as j ib and  travell ing cranes,  dragl ine 
ex cava to rs  and d red g e r s ,  m in e  cages,  trucks,  
ships and shovels,  c la yw ork ing  m ach in e ry  etc. .  
will benefi t  by t h e  p o w e r  saving, de ad-w c ig h t  
r ed u c t io n ,  s p e ed  inc rease  and c o r ro s io n  res i s t 
ance of  h i idumin ium. W r i t e  t o  H .d u m in iu m  
Appliances,  Ltd.  fo r  f u r t h e r  in form atio n .
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S e r i o u s  t r o u b l e  w i t h  t o r s i o n a l  f l u t t e r ,  w h e r e  

h e a v y  t o r q u e s  a n d  a m p l i t u d e s  w e r e  I n v o l v e d ,  

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

O u r  M a g o  c o u p l i n g ,  b u i l t  I n t o  t h e  d u t c h  c e n t r e ,  

g i v e s  a  h i g h  l o a d  c a p a c i t y  b y  s t r e s s i n g  t h e  

r u b b e r  In  c o m b i n e d  s h e a r  a n d  c o m p r e s s i o n  

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

o v e r - r u n .

M e t a l a s t i k  p r o d u c t s  a r e  u s e d  In  h u n d r e d s  o f  

t h o u s a n d s :  M e t a l a s t i k  p a t e n t  t o r s i o n a l  v i b r a t i o n  

d a m p e r :  P a t e n t  D y n a - f o c a l  s u s p e n s i o n  s y s t e m ,  

e l a s t i c  m o u n t i n g s  f o r  a e r o  e n g i n e s :  C o u p l i n g s  

p e r m i t t i n g  a n g u l a r  a n d  a x i a l  m i s a l i g n m e n t :  a n t i -  

v i b r a t i o n  m o u n t i n g s  f o r  a n y t h i n g  f r o m  a  l i g h t  

i n s t r u m e n t  t o  a  h e a v y  m a c h i n e :  P a t e n t

S t a t o s t a b l e  m o u n t i n g  s y s t e m .

W e  w e l c o m e  y o u r  v i b r a t i o n  p r o b l e m s .  

M e t a l a s t i k  L t d . ,  L e i c e s t e r .

M E T A L A S T I I C
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alloy motion with highly successful 
results. W hat is important to note is the 
fact that the alloy used at that time had 
a yield stress of only 15 tons sq. in. In 
the course of progress this property has 
been improved by no less than 70 per 
cent., and this is coupled with collateral 
improvements in the size of presses and 
the technique of forging and treatment. 
Since a given section of a modern light 
alloy forging will withstand the same load 
as the steel equivalent, its weight might 
be expected to be some 65 per cent, less; 
in practice, however, such components 
are fitted with bronze bushings, steel pins 
and 'bolts, crosshead bearing and other 
attachments in heavy' m etal; for this 
reason the assembled component under 
working conditions ¡will be somewhat 
heavier, and a fair ratio of weight may, 
in practice, be computed as 50 per cent, 
that of the steel member.

The reciprocating motion consists 
mainly of the piston and rod, connecting 
rod and crosshead, and for this study it 
is assumed that only' the connecting rod 
and crosshead are converted to light 
alloy. Pistons and piston rods have been 
made and installed in aluminium, but 
this is not at present considered good 
practice, since the high degree of super
heat and the absence of cooling overstep 
safe limits for light alloys. Coupling rods 
are successfully made and used in light 
alloy forgings and have a double advan
tage, as they' not only are lighter but their 
balancing counterweight is reduced in the 
same degree. They do not, however, 
form part of the reciprocating system, and 
so have no influence on stability' and 
balance.

Analysis of Typical Design
In the following calculations a modern 

4-6-2 passenger locomotive is assumed 
having outside cylinders 21 ins. bore by 
28 ins. stroke. Driving wheels are 6 ft. 
6 ins. diameter, and the speed on which 
the balance is calculated is 80 m.p.h. 
An outline of the motion is shown in 
Fig. f . Actual weights of the recipro
cating members associated with one 
cylinder are as follow ; —

Re c ip ro c a ti n g  masses S teel L ight alloy
Pis ton 159 159
Pi s ton rod 75 75
C r o s s h ea d 166 83
C o n n e c t in g  ro d  ( re c ip ro c a t in g  

p o r t i o n  40%) 178 89

' T o t a l  (M ) . . 578  lb. 406 lb.

W e i g h t  balanced  (2/3) Mt> ( for ste e l) 384 212
W e i g h t  u n b a la nced  (1/3) Mu (for 

ste e l ) 194 194

In the above it  is assumed that 194 lb. 
is the maximum unbalance which can be 
tolerated, and this is identical in both 
designs. By' maintaining this constant 
the full benefit of reduced weight can be 
applied to the relief of rail hammer.

S t a b i l i t y  C o u p le s  These are three in
number and are determined by Dalby's 
method.

(a) Lateral oscillation (nosing).—This 
not only tends to spread the gauge of the 
track but it causes a racking motion of 
the main frames and wear and heating of 
bearings; its value is given by

+ 0.85 Mun2rd ( l b . - f t . ) ............... (1)
(where n =  crank- revolutions per second, 

r =  crank throw, feet, 
d = distance between cylinder axes 

(in this case 6.25 ft.)
In  the present example the couple at 

80 m.p.h. is 40,600 lb.-ft.
(b) Vertical oscillation (galloping); 

this is due to the fact that the line of 
drawbar pull is offset from the horizontal 
plane of motion and the result is a see-saw 
effect causing uneven spring loading and 
straining of the main frames. The 
distance of the couple is seldom more 
than 1 ft. and is denoted “ t .”

± 1.7M„n*rt (lb.-ft.)   (2)
± 13,000 lb.-ft.

(c) Longitudinal oscillation (jerking) 
represents the variation in drawbar pull 
consequent upon the inertia of the recipro
cating masses. I t  occasions great stresses 
in the drawgear, especially when the 
speed is high and the tractive force 
moderate.

± 1.7M„n% ( l b . ) ........................... (3)
± 13,000 lb.

These three forces are illustrated
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Fig- 5.—Maximum rail load for driving wheel. In these figures the rail hammer'(+ or —) 
is superposed on the steady deadweight load of 10 tons per wheel.

t h e  c o u n t e r w e ig h t  ( c o n s id e r e d  a t  c r a n k  
r a d iu s )  to  b a la n c e  a  r e c ip r o c a t in g  m a s s  
M b is  b e s t  a s c e r t a in e d  f r o m  a  v e c t o r  d i a 
g r a m ,  b u t  a l g e b r a i c a l l y  i t  is  g iv e n  b y

mc =:Mb V ^ ± i ! .. . .  (4)

w h e r e  k = d is t a n c e  b e t w e e n  o p p o s it e  w h e e l

t r e a d s  =  4 .9 2  f t . ,  i  = —   a n d  j  =  d  — i
2

I n  t h e  p r e s e n t  e x a m p le  m c = 1 .1 4 M b 
T h e  r a i l  h a m m e r  c a u s e d  b y  a  g iv e n  
c o u n t e r w e ig h t  a t  a  g i v e n  s p e e d  is

C o u n t e r w e i g h t  a t  c ra n k  
r ad ius ,  m c . .

I t  is pos s ib le  t o  r e d u c e  
th is  by d i s t r ib u t in g  20 
p e r  c e n t ,  o f t h e  ba lance  
w e i g h t  o n  t h e  l e a d e r  and 
20 p e r  c e n t ,  o n  t h e  t ra i l 
ing c o u p le d  w h e e l s  leav
ing  fo r  t h e  d r i v e r  60 p e r  
cen t,  o r  . .

T h e  Rail H a m m e r  a t  ¿6 
m .p .h .  f ro m  (5) n o w  
b e c o m e s  . .  ;

R e d u c t io n  w i t h  l ig h t  al loy 
m o t i o n  

R e d u c t io n  w i t h  l ig h t  alloy 
m o t i o n

Stee l  Ligh t alloy

436 242 lb.

146  lb.

3 .12  to n s  

2.58 tons  

45 %

d i a g r a m m a t i c a l l y  in  F i g .  2 . O b v io u s l y ,  
i f  t h e  r e c ip r o c a t in g  m a s s e s  w e r e  f u l l y  
c o m p e n s a t e d  th e s e  u n s t a b le  c o u p le s  a n d  
fo r c e s  w o u ld  d i s a p p e a r ,  b u t  m a s s iv e  
c o u n t e r w e ig h t s  w o u ld  b e  n e c e s s a r y  a n d  
g r e a t e r  t r o u b le  w o u ld  a r is e  f r o m  r a i l  
h a m m e r .

I t  is  n o w  n e c e s s a r y  t o  c o n s id e r  t h e  
c o u n t e r w e ig h t s .  F o r  o n e  l in e  o f  m o t io n

R . H .  =  (IJ2 s in  a  
S

w h i c h  e x p r e s s io n  g iv e s  t h e  v e r t i c a l  c o m 
p o n e n t  o f  t h e  c e n t r i f u g a l  f o r c e ;  i t  c a n  b e  
s im p l i f ie d  to  

R . H .  =  m c 1 ,2 2 n !r  . . .  . . .  ( 5 )
R e v e r t i n g  t o  t h e  d e s ig n  a l r e a d y  o u t 

l in e d  w i t h  a l t e r n a t i v e  s te e l  a n d  l i g h t  a l l o y  
r e c ip r o c a t in g  m o t io n :
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The action of the counterweight in 
causing rail hammer is seen in Fig. 3; 
it is the centrifugal force of this mass 
which is concerned both in balancing 
(horizontally) and in hammering or 
lifting (vertically). If the rail hammer 
increases to the point where it substan
tially reduces or cancels out the dead
weight on the wheel it may even lead to 
overturning by reason of its uplifting 
force. As will be seen in Fig. 4, the 
effect increases as the square of the speed, 
and if a suitable limit be assigned to the 
rail hammer factor this will set a definite 
maximum speed. A value of 5 tons per 
wheel is sometimes regarded as the maxi
mum allowable; in the present instance 
this would allow of a maximum speed 
of 75 m.p.h. with steel motion, while 
100 m.p.h. could be allowed with light 
alloy. Fig. 5 shows the loads on the 
rail under the driving wheel tread, 
including both the variable hammer 
effect and the deadweight loading of 
10 tons.

Such factors as the torsional couple 
and other disturbing moments arise from 
the same causes and a thorough analysis 
is not possible in this study, but the 45 
per cent, reduction in rail hammer 
afforded by the use of light-alloy con
necting rods and cross-heads will effect a 
corresponding improvement throughout.

Practical Experiences
It is characteristic of most new 

engineering developments that they do 
not achieve wide publicity unless they are 
unsatisfactory, and while thousands may 
read of a bridge or dam failing in service, 
no one will give a thought to the 
innumerable examples of good engineer
ing which stand up to their job without 
complaint. With no intention whatsoever 
of being deliberately provocative or 
offensive, this statement must, unfortun
ately, bo considered as applying with 
particular force in that branch of 
engineering practice devoted to railways. 
Here, tradition springs directly from begin
nings removed by little more than a 
generation or two from our own time, 
and based, necessarily, on the use of the

ferrous metals. With these materials (and 
wood) designs were evolved, all earlier 
theory established, and our present com
plex rail-transport system developed. By 
far the greater number of light-alloy 
connecting rods and cross-heads installed 
on locomotives in this and other 
countries have given satisfactory ser
vice. Apart from the American 
examples already mentioned, British rail
ways—notably the L.M.S. and L.N .E.R. 
—have equipped certain engines with 
light-alloy connecting rods on an experi
mental basis. More extensive application 
has been made of light-alloy valve gear. 
In this brief study no account has been 
taken of the reciprocating motion which 
actuates the valves, and adds its quota 
to the total mass which requires balanc
ing and so accounts for heavier counter
weights and increased rail ham m er; valve 
motion levers are forged in light alloy arxl 
installed on an appreciable scale.

A 2-6-2 tank locomotive of the Eastern 
Railway of France was equipped with 
forged light-metal connecting rods some 
years ago, and this was followed by 
weekly inspection to check any tendency 
to incipient failure. The weight of the 
■alloy rod was 95 lb. (without bushings) 
and that of the steel equivalent 157 lb., 
a saving of 39 per cent. The alloy used 
at the time had a proof stress of only 
15 tons per sq. in., and the maximum 
stress allowed was only 3.60 tons per 
sq. in. I t is obvious that a modern heat- 
treated alloy forging would do much 
better than this without impairing the 
necessary factor of safety.

A word about cost. All good engineer
ing is good economics and vice versa, 
and no new development can be con
sidered if the cost be unreasonable in its 
relation to the advantages obtained. It 
has been estimated that the substitution 
of light alloy in the place of steel con
necting rods and cross-heads affects not 
more than 1 per cent, of the overall cost 
per locomotive. If this 1 per cent, result 
in reducing rail hammer by 45 per cent, 
and increasing permissible maximum 
speed by 33 per cent, it must be admitted 
that the cost is negligible.
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N E W S

P e r c y  P r i t c h a r d ,  F . R . A e . S . ,  M . I . A . E .

Mr. Percy Pritchard
T H E  M id la n d s  s u ffe r  a  g r e a t  lo ss  b y  th e  

s u d d e n  d e a th  o f  M r .  P e r c y  P r i t c h a r d ,  
F . R . A e . S . ,  M . I . A . E . ,  o f  E s t o n e  H a l l ,  
Y V o o tto n  W a w e n ,  th e  d e p u t y  c h a ir m a n  a n d  
j o i n t  m a n a g in g  d ir e c to r  o f  B i r m id  In d u s 
tr ie s ,  L t d .

M r .  P r i t c h a r d  w a s  a  m a n  o f  g r e a t  g if ts , 
b r i l l ia n t  m e n ta l  c a p a c i t y ,  a n d  u n b o u n d e d  
e n e rg y .  I n  1914, in , c o n ju n c t io n  w i th  M r .  
A r n o ld  P e a r c e ,  h e  s ta r te d  a  s m a ll iro n  fo u n 
d r y  f o r  th e  m a n u fa c tu r e  o f  m o to r c y c le  
c y l in d e r s ,  a n d  fro m  s u c h  h u m b le  b e g in n in g s  
b u i l t  u p  th e  la rg e  g ro u p  o f  m e ta l lu r g ic a l  
e n g in e e r in g  c o m p a n ie s  t h a t  h a v e  a c h ie v e d  
s u c h  s ig n a l  su ccess  a n d  w h ic h  e m p lo y  
u p w a rd s  o f  10,000 p e o p le .

I n  a d d i t io n ,  he , la t t e r l y ,  b e c a m e  a n  a g r i 
c u lt u r is t ,  f a r m in g  1,000 a c re s  h im s e lf ,  as 
w e l l  a s  t a k in g  a g r e a t  in te r e s t  in  th e  t e n a n t  
fa rm e rs  o n  h is  la rg e  e s ta te . H i s  a b i l i t y  a n d  
e n te rp r is e  w e re  e x e m p lif ie d  in  th e  w a y  in  
w h ic h  h e  b ro u g h t  h is  k n o w le d g e  o f m e c h a n 
iz a t io n  a n d  in d u s t r ia l  o r g a n iz a t io n  t o  b e a r  
u p o n  h is  f a r m in g  a c t iv i t ie s .

His was the scientific and analytical mind 
which cut to the root of any problem with 
exceptional rapidity and precision. His 
grasp of finance was phenomenal in a man 
whose avowed interest was applied science.

He took little interest in politics, but was 
a  great believer in evolution as a practical 
method of improving tire lot of the workers. 
His plans for the hamlet on his estate—held

G e n e r a l ,  T e c h n i c a l  

a n d  C o m m e r c i a l

u p  o w in g  t o  th e  w a i— w e re  a  m o d e l o f  w h a t  
o u g h t  to  b e  d o n e  in  th is  d ir e c t io n .

M r .  P r i t c h a r d  w a s  c h a ir m a n  o f  th e  M id 
la n d  R e g io n a l  C o m m it te e  o f  th e  E m p lo y e r s ' 
F e d e r a t io n ,  p re s id e n t  o f  th e  B r i t i s h  C a s t  
I r o n  R e s e a r c h  A s s o c ia t io n ,  m e m b e r  o f  th e  
B r i t i s h  N o n - F e r ro u s  M e ta ls  R e s e a r c h  A s s o 
c ia t io n ,  m e m b e r  o f  C o u n c il  o f  th e  W r o u g h t  
L ig h t  A l lo y s  D e v e lo p m e n t  A s s o c ia t io n ,  
m e m b e r  o f  th e  B r i t i s h  In s t i t u t e  o f  F o u n d r y -  
m e n , a n d  F o x  G o ld  M e d a l l is t  (1 9 4 1 ), a n d  a 
m e m b e r  o f  th e  In s t i t u t e  o f  M e ta ls .  H e  w a s  
a lso  a  F e l l o w  o f  th e  R o y a l  A e r o n a u t ic a l  
S o c ie t y  a n d  a  m e m b e r  o f  th e  I n s t i t u t io n  o f 
A u to m o b i le  E n g in e e r s ,  u p o n  w h o s e  c o u n c i l  
he h a d  s e rv e d . A t  th e  o u tb r e a k  o f  w a r  h e  
b e ca m e  d ir e c to r  o f  th e  L ig h t  A l l o y  C o n t r o l  
(C a s t in g s ) .

M r .  P r i t c h a r d  h a d  a  c o n s id e ra b le  in te r e s t  
in  s p o r ts , b u t  c h ie f ly  in  th o s e  a s s o c ia te d  w i th  
th e  c o u n t r y s id e ,  a n d  p a r t i c u la r l y  w i t h  w a te r ;  
h e  w a s  a  p o w e r fu l  s w im m e r ,  p re s id e n t  o f  th e  
B r i t i s h  H y d r o p la n e  R a c in g  C lu b ,  m e m b e r  o f 
th e  R o y a l  M o t o r  Y a c h t  C lu b ,  m e m b e r  o f  
th e  S e v e r n  Y a c h t  C lu b ,  a n d ,  in  c o n n e c t io n  
w i t h  h is  f a r m in g  a c t iv i t ie s ,  h e  w a s  a  m e m b e r  
o f  th e  F a r m e r s ’ C lu b .

H e  w a s  a  g re a t  b e lie v e r  in  te c h n ic a l  e d u c a 
t io n , a n d  h e ld  th e  c o n v ic t io n  t h a t  th e  
s a lv a t io n  o f  t h is  c o u n t r y  in  th e  p o s t- w a r  
y e a rs  c o u ld  b e  a c h ie v e d  o n ly  th ro u g h  th e  
t e c h n ic a l  e x c e lle n c e  o f  i t s  p ro d u c ts .  H e  
b u i l t  u p  a  s t r o n g  te a m  o f  m a n a g e rs ,  t e c h 
n ic ia n s ,  a n d  fo re m e n  to  h a n d le  th e  v a r io u s ,  
e n te rp r is e s  t h a t  h e  c o n t ro l le d .

M r ,  P r i t c h a r d  w a s  a  s ta u n c h  F re e m a s o n ,  
a  P a s t  P r o v in c i a l  G r a n d  D e a c o n  o f W a r w i c k 
s h ire , a  P a s t  M a s t e r ,o f  th e  F e d e r a t io n  L o d g e  
— fo r  w h ic h  h e  w a s  a  m o s t  su c ce ss fu l 
a lm o n e r .  H e  d ie d  in  L o d g e  w h i le  in  t e m 
p o r a r y  o c c u p a t io n  o f  th e  M a s te r ’s c h a ir .  H e  
w a s  a  m a n  o f th e  h ig h e s t  m o ra l c h a ra c t e r ,  
w h o  in s is te d  o n  h ig h  s ta n d a rd s  f r o m  a l l  
th o se  a r o u n d  h im . H e  w a s  a  m a n  o f  fe w  
w o rd s , e x c e p t  o n  th o s e  s u b je c ts  o f  w h ic h  b e  
w a s  m a s te r ;  a  m o d e s t  m a n ,  b u t  o n e  w h o  
k n e w  h is  o w n  w o r t h ;  a n  a f fe c t io n a te  a n d  
k in d ly  m a n ,  b u t  o n e  w h o s e  m a n y  b e n e v o 
le n c e s  w e re  p r a c t ic a l  r a th e r  t h a n  s e n t i
m e n ta l .

Death of Mr. Norman Mander
W I T H  g re a t  re g re t  w e  le a rn  t h a t  M r .  

■ N orm an M a n d e r ,  f o r m e r ly  P u b l i c i t y  
M a n a g e r  fo r  A lu m in iu m  U n io n ,  L im i t e d ,  has  
d ie d  o f  w o u n d s  in  B u r m a .

A p p o in t e d  to  A lu m in iu m  U n io n ,  L im i t e d ,  
10 y e a r s  a g o , M r .  M a n d e r  w a s  fo rm e r ly  
a t t a c h e d  to  R r i t c h a r d  W o o d  a n d  P a r t n e r s .
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Porous Tantalum Anodes
I N  v ie w  o f th e  r e fe re n c e  t o  p o ro u s  t a n 

t a lu m  a n o d e s  fo r  e le c t r o ly t ic  c o n d e n se rs  
m a d e  in  t h e  F e b r u a r y  issue  o f  ' L ig h t  
M e ta ls  ’ (p p . 99-100), a  n o te  o n  th e  p a te n t  
p o s it io n  m a y  b e  o f in te r e s t .

"  E le c t r o d e s  fo r  e le c t r o ly t ic  co n d e n s e rs  
m a d e  b y  th e  p ro cesses  o f  p o w d e r  m e ta l lu r g y  
f ro m  t a n t a lu m ,  n io b iu m , o r  a l lo y s  o f th e  tw o  
m e ta ls  a r e  c o v e r e d  b y  B r i t .  P a t .  5 11 ,8 0 5 , 
t a k e n  o u t  b y  th e  F a n s t e e l  M e ta l lu r g ic a l  
C o r p o r a t io n  a n d  d a te d  M a y  5, 1937 ( U . S .  
C o n v e n t io n  D a t e ) .

“ A  p r io r  p a t e n t  ( B r i t .  P a t .  4 92 ,060 , d a te d  
A p r i l  19, 1937) t a k e n  o u t  b y  th e  w r i t e r  
c o v e r s  th e  p r o d u c t io n  o f p o ro u s  e le c tro d e s  
fo r  e le c t r o ly t i c  c o n d e n s e rs  b y  th e  p re s s in g  
a n d  s in te r in g  o f m e ta l  p o w d e rs .  W h i l e  a lu 
m in iu m  is  s p e c i f ic a l ly  m e n t io n e d ,  a  g e n e ra l 
re fe re n c e  is  m a d e  to  th e  use  o f  o th e r  s u i t 
a b le  m e ta ls .

"  T h is  p r io r  p a t e n t  is  m e n t io n e d  in  B r i t .  
P a t .  5 1 1 ,8 0 5 . w h ic h ,  c o n s e q u e n t ly ,  re fe rs  
s p e c if ic a l ly  o n ly  t o  th e  u se  o f t a n t a lu m  a n d  
n io b iu m , c la im in g  t h a t  th e se  m e ta ls  a re  
e a s ie r  to  s in te r  t h a n  a lu m in iu m  p o w d e r .  I n  
th is  c o n n e c t io n  i t  m a y  b e  m e n t io n e d  th a t  
re c e n t  w o r k  o n  s in te r in g  a lu m in iu m  a n d  a lu 
m in iu m  a l lo y  c o m p a c ts  d o e s  n o t  a p p e a r  to  
c o n f irm  th e  a n t ic ip a t e d  d if f ic u lt ie s  d u e  to  
th e  p re sen ce  o f  t h e  o x id e  f ilm .

" I n  v ie w  o f th e  g e n e ra l la c k  o f  in te r e s t  
a t  th e  t im e ,  B r i t .  P a t .  492 ,0 60  w a s  a l lo w e d  
to  la p s e ,  w h ic h  le a v e s  th e  w a y  o p e n  fo r  
im p ro v e m e n ts ,  w h ic h  m a y  p e rh a p s  b e  
e x p e c te d  in  th e se  m o re  e n te rp r is in g  a n d  
k n o w le d g e a b le  d a y s ,  n o w  t h a t  a  le a d  has 
b e e n  g iv e n . "  A -  B e h r .

Remarkable Development of Aluminium
I N  a  r e c e n t  a d d re s s  t o  t h e  D e s ig n  a n d  

In d u s t r ie s  A s s o c ia t io n ,  D r .  E .  G .  W e s t ,  
o f th e  W r o u g h t  L ig h t  A l lo y s  D e v e lo p m e n t  
A s s o c ia t io n ,  h a d  a  s ig n i f ic a n t  m essage  to  
g iv e  c o n c e rn in g  th e  m a n y  a n d  im p o r t a n t  
p o s s ib il it ie s  o f  l ig h t  m e ta ls  in  p e ace - tim e .

He pointed out that aluminium, although 
one of the most plentiful metals present in 
the earth's surface, was not produced on a 
commercial scale until less than a century 
ago. Yet to-day there existed remarkable 
and increased facilities for producing alu
minium alloys in all forms for the require
ments of both art and industry.

W i t h  th e  re c e n t  re le a se  o f  a lu m in iu m  fo r  
p u rp o s e s  o th e r  t h a n  th e  m a n u fa c tu r e  o f  a i r 
c r a f t ,  a  g r e a t  o p p o r t u n i t y  w a s  p re s e n te d  to  
d e s ig n e rs  in  a l l  b r a n c h e s  o f  in d u s t r y  t o  m a k e  
fu l l  u se  o f  th e  u n iq u e  c h a r a c t e r  o f  a lu 
m in iu m  a l lo y s .  N e w  k n o w le d g e  h a d  b e en  
g a in e d  in  s u c h  p ro cesses  a s  w e ld in g ,  a n d  
p la n t  o f  e n o rm o u s  c a p a c i t y  h a d  b e en  
in s ta l le d  t o  p re ss  a n d  fo rm  a  v a r ie t y  o f 
c o m p o n e n ts  f o r  a i r c r a f t .  T h e re  a r e  n o w , 
fo r  e x a m p le ,  h y d r a u l i c a l l y  o p e ra te d  r u b b e r

presses  o f  m o re  th a n  10,000 to n s  c a p a c i t y  
fo r  th e  p r o d u c t io n  o f  s h c e t- m e ta l c o m 
p o n e n ts , d ro p  s ta m p s  u p  t o  n e a r ly  20 to n s  
c a p a c i t y  fo r  fo rg in g  to u g h  a n d  s t r o n g  a l lo y s ,  
a s  w e l l  a s  m e c h a n iz e d  fo u n d r ie s  a n d  la rg e  
d ie - c a s t in g  m a c h in e s  c a p a b le  o f  m a k in g  
h u n d re d s  o f  th o u s a n d s  o f  c o m p o n e n ts  d a i ly .

A l l  th e s e  n e w  fa c il i t ie s ,  c o m b in e d  w i t h  a 
p ro fo u n d  in c re a s e  in  k n o w le d g e  o f  th e  p ro 
p e r t ie s  o f  l ig h t  m e ta ls ,  m u s t  b e  used  in  m a n y  
n e w  f ie ld s  o f  p o s t- w a r  a p p l ic a t io n .  M o to r-  
b u ses  a n d  c o a c h e s , r a i lw a y  c o a ch e s , m o to r 
c a r s  a n d  a l l  fo rm s  o f  t r a n s p o r t  w o u ld  
e m b o d y  c o n s id e ra b le  a n d  in c re a s in g  q u a n t i 
t ie s  o f  a lu m in iu m ,  w i t h  a  c o n s e q u e n t  r e d u c 
t io n  in  w e ig h t  a n d  a  s a v in g  in  fu e l,  a s  w e ll 
a s  a n  in c re a s e  o f  s a fe ty .

M a n y  c o m p o n e n ts  o f  b o th  p e rm a n e n t  a n d  
te m p o r a r y  h o u ses , s ch o o ls , sh ip s , o ffic e s , 
h o te ls , r e s t a u ra n ts ,  a n d  o th e r  b u ild in g s  
w o u ld  b e  o f a lu m in iu m  o r  a lu m in iu m  a l lo y s  
— a llo y s  w h ic h ,  in  m a n y  ca ses , w o u ld  b e  
c o lo u re d  b y  th e  a n o d ic  o x id a t io n  p ro cess  
w h e r e b y  d y e s  c o u ld  b e  a p p l ie d  to  th e  
s m o o th  a n d  p o lis h e d  s u r fa c e  o f th e  m e ta l.

T h e  use  o f c e r t a in  a lu m in iu m  a l lo y s  o n  
b o a rd  s h ip  w o u ld  re d u c e  w e ig h t ,  t h u s  
in c re a s in g  th e  s t a b i l i t y  a n d  s a fe t y  o f  th e  
v e s s e l.  T h e r e  w a s  n o w , in  fa c t ,  s u f f ic ie n t  
e x p e r ie n c e  in  th e s e  a n d  o th e r  a p p l ic a t io n s  o f  
a lu m in iu m  to  ju s t i f y  e v e r y  c o n f id e n c e  o n  th e  
p a r t  o f  m o d e rn  in d u s t r ia l  d e s ig n e rs  in  s ea rch  
o f a  n e w  m a te r ia l .

Adam Hilger, Ltd.
W e  a r e  in fo rm e d  t h a t  D r .  A r u j a  h a s  jo in e d  

th e  X - r a y  d e p a r tm e n t  o f  A d a m  H i lg e r ,  L t d .  
P r e v io u s  to  th is  a p p o in tm e n t ,  D r .  A r u j a  w a s  
a t t a c h e d  to  th e  P h y s ic s  D e p a r tm e n t  o f  U n i 
v e r s i t y  C o lle g e , N e w c a s t le ,  b e in g  fo r m e r ly  
o n e  o f th e  B r a g g  S c h o o l a t  th e  C a v e n d is h  
L a b o r a t o r y ,  C a m b r id g e .

Cecil Kimber Killed in Rail Accident
T H E  d e a th  o c c u r re d  o n  S u n d a y ,  F e b 

r u a r y  4, o f  C e c i l  K im b e r  in  a  r a i lw a y  
a c c id e n t .  K n o w n  to  th o u s a n d s  o f e n th u 
s ia s t ic  o w n e rs  a s  t h e  p re s id in g  g e n iu s  o f  
th e  M .G .  C a r  C o m p a n y ,  h e  h a d  fo r  so m e 
t im e  b e e n  s e r v in g  as  a  d ir e c to r  o f  S p e c ia l-  
lo id ,  L t d . ,  p is to n  m a n u fa c tu re r s ,  a n d  w a s  
o n  h is  w a y  t o  v i s i t  o n e  o f  t h e ir  n o r th e rn  
e s ta b lis h m e n ts  w h e n  th e  a c c id e n t  to o k  
p la c e .

J o in in g  M o r r is  G a ra g e s  a t  O x fo rd  in  1921, 
h e  c o n s t ru c te d  th e  f ir s t  o f  w h a t  w e re  t o  
b e co m e  th e  l in e  o f  M . G .  c a rs  fo r  h is  o w n  
p le a s u re  in  1923. B u i ld in g  i n i t i a l l y  a  fe w  
re p lic a s ,  th e  b u s in e ss  g re w  so  t h a t  in  1929 
th e  M .G .  w a s  b e in g  d e s ig n e d  a n d  b u i l t  in  
i t s  o w n  w o rk s  a t  A b in g d o n ,  w h e re  i t  c o n 
t in u e d  in  la rg e - sca le  p r o d u c t io n  th ro u g h o u t  
th e  d e c a d e  w h ic h  e n d e d  w i t h  th e  o u tb re a k  
o f  w a r .  D u r in g  t h is  p e r io d  M .G .  c a r s  p ro b 
a b l y  w o n  m o re  e v e n t s  t h a n  a n y  o th e r
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B r i t i s h  m a k e , a m i a t  o n e  t im e  h e ld  a l l  th e  
C la s s  H  re c o rd s , in c lu d in g  s e v e ra l g re a t  
a c h ie v e m e n ts ,  th e  f ir s t  750 c .c .  c a r  to  ex ceed  
100 m .p .h .  a n d  th e  f ir s t  1 ,100  c .c .  c a r  to  
e x ce e d  200 m .p .h .

Light Metals and Research
A T  th e  o p e n in g  o f  t h e  t w o  d a y s ' c o n f e r 

en ce  o f  ' '  T h e  P la c e  o f  S c ie n c e  in  
I n d u s t r y , "  P ro fe s s o r  K e l v i n  w a s  q u o te d  a s  
h a v in g  s a id  t h a t  a  f l ig h t  w i t h  a p p lia n c e s  
h e a v ie r  t h a n  a i r  is im p o s s ib le .  I f  w e  u n d e r 
s ta n d  t h a t  o n e  o f th e  a im s  o f  s c ie n c e  is  to  
p r e d ic t  th e  fu tu r e ,  h e  w a s  c e r t a in ly  w ro n g .  
I f  w e  a s s u m e  t h a t  a  s c ie n t is t  s h o u ld  b e  c a r e 
fu l a n d  a v o id  "  s w e e p in g  ”  s ta te m e n ts ,  h e  
w a s  a g a in  w ro n g .  B u t  h e  w a s  r ig h t  i f  be 
assessed  o n ly  th e  c a p a c i t y  o f  h is  ag e .

R e s e a r c h  a n d  d e v e lo p m e n t  a p p l ie d  to  l ig h t  
a l lo y s  w a s  v e r y  a b l y  re p re s e n te d  a t  th e  
c o n fe re n c e  b y  W .  C .  D e v e r e u x .  H e  re c a lle d  
t h a t  th e  b a t t le  c r y  o f  m o re  re se a rc h  h a s  
a l r e a d y  b e c o m e  a  p la t i t u d e ,  a n d ,  a s  o n e  
w h o  h a d  lo n g  a d v o c a te d  a n d  p ra c t is e d  th e  
a p p l ic a t io n  o f  s c ie n t if ic  m e th o d s  to  in d u s t r ia l  
p ro b le m s , h e  c o u ld  w a r n  th e  a u d ie n c e  t h a t  
s c ie n t if ic  re s e a rc h  d o e s  n o t  s o lv e  a l l  o u r  
p ro b le m s  o v e r n ig h t .  O p p o s it io n  to  th e  d r iv e  
fo r  m o re  re s e a rc h  is  s ta m p in g  so m e  fo re ig n  
re s e a rc h  a s  m e re  w in d o w - d re s s in g . H e  
s co re d  h is  f ir s t  r h e to r ic a l  su ccess  w h e n  h e  
s ta te d  s im p ly :  “  I  see n o th in g  w ro n g  in  
w in d o w - d re s s in g ; in  f a c t ,  I  t h in k  t h a t  w e , 
a s  a  n a t io n ,  h a v e  s a d ly  n e g le c te d  t h is  im 
p o r t a n t  a s p e c t  o f  fo re ig n  t r a d e  p r o m o t io n . ”

T h e n  h e  d e a l t  w i t h  th e  p ro b le m  o f  th e  
o r g a n iz a t io n  o f  in d u s t r ia l  re s e a rc h , a n d ,  in  
v ie w  o f a  la c k  o f  s u i t a b le  m e n , re c o m m e n d e d  
t h a t  th e  u n iv e r s it ie s  c o n s id e r  th e  n e w  p o s i
t io n  c re a te d  b y  th e  d e m a n d s  o f  in d u s t r y  fo r  
f u l ly  q u a l i f ie d  s c ie n t if ic  re s e a rc h  w o rk e r s  a n d  
e n g in e e rs , p a r t i c u la r l y  in  e q u ip p in g  th e m  
fo r  h ig h e r  p o s ts  in  re s e a rc h  m a n a g e m e n t  a n d  
a d m in is t r a t io n .

T h e  c o n t r ib u t io n  o f th is  c o u n t r y  to  p u re  
sc ie n ce  a n d  fu n d a m e n ta l  re s e a rc h  w a s  f u l ly  
a p p r e c ia t e d ,  b u t  th e  a p p l ic a t io n  o f  th is  
k n o w le d g e  w a s  c e r t a in ly  n o t  c a r r ie d  o u t  to  
th e  n e c e s s a ry  e x te n t .  F o r  t h is  p a r t l y  th e  
la c k  o f  e n te rp r is e  a n d  p a r t l y  th e  s h o r ta g e  
o f  p r o p e r ly  t r a in e d  in d u s t r ia l  s c ie n t is ts  a n d  
t e c h n ic ia n s  c a n  b e  b la m e d .  U n le s s  th e  
in d u s t r y  c a n  e n lis t  a  s u f f ic ie n t  n u m b e r  o f 
m e n  w i t h  th e  T ig h t k in d  o f  q u a l i f ic a t io n s ,  
th e n  n o  b e n e f it  w i l l  c o m e  o u t  o f  re se a rc h  
fo r  th is  c o u n t r y .

L I G H T  A L L O Y S  F O R

I N  “  L ig h t  A l lo y s  fo r  M a r in e  E n g in e s , ”
A .  J .  M u r p h y  p re s e n te d  to  th e  In s t i t u t e  

o f  M a r in e  E n g in e e r s  a  u s e fu l s u m m a r y  o f 
■ alum inium -ibase a n d  m a g n e s iu m - b a se  a l lo y s  
o f  in te r e s t  to  t h e  m a r in e  e n g in e e r ;  i t  is

T h e  d e v e lo p m e n t  o f  a l lo y s  w i t h  im p ro v e d  
p ro p e r t ie s  c a lls  fo r  c lo s e s t  p o ss ib le  lia is o n  
w i t h  th e  d e s ig n e rs  a n d  e n g in e e rs  u s in g  th e se  
m a te r ia ls  a n d  f o r  th e  c o n t in u o u s  im p r o v e 
m e n t  o f  t e c h n iq u e  a n d  a p p a r a tu s  fo r  te s t in g .  
L a b o r a t o r y  re s e a rc h  s h o u ld  b e  a c c o m p a n ie d  
b y  a p p l ie d  e c o n o m ic  a n d  m a r k e t  re s e a rc h .

T h e  s p e a k e r  re fe r re d  to  h is  p la n  fo r  th e  
in d u s t r ia l  r e c o n s t r u c t io n  o f  W e s t  C u m b e r 
la n d  a s  a n  a t t e m p t  to  assess t h o r o u g h ly  th e  
n a t u r a l  re so u rc e s  o f  th e  a re a  a n d  th e  fu tu r e  
d e m a n d s  fo r  p ro d u c ts  b a se d  o n  th o s e  
re so u rc e s . B y  s u c h  a  p la n  i t  m a y  b e  p o s 
s ib le  to  g iv e  f u l l  e m p lo y m e n t  a n d  ra is e  th e  
s ta n d a r d  o f l i v in g  in  a  f o r m e r ly  "d e p r e s s e d ”  
a re a .  T h is  s o r t  o f  in v e s t ig a t io n  s h o u ld  b e  
g r e a t ly  e x te n d e d . T h e  s p e a k e r  fu r th e r  fe lt  
t h a t  w e , i n  th is  c o u n t r y ,  fa i le d  o n  n u m e ro u s  
o c c a s io n s  f u l ly  t o  e x p lo i t  t h e  r e s u lt s  o f  o u r  
o w n  s c ie n t if ic  re s e a rc h  w o r k  b y  n o t  r e a l iz 
in g  th e  fa r- re a c h in g  e ffe c ts  o f  n e w  in v e n 
t io n s . ”  W e  h a v e  n o t  h a d  th e  c o u ra g e  to  
l a y  o u t  th e  c a p i t a l  n e c e s s a ry  t o  a c h ie v e  a 
s u f f ic ie n t ly  la rg e  o u t p u t  to  m e e t  th e  
d e m a n d , th u s  a l lo w in g  o th e rs  to  g e t  in to  
th e  m a r k e t  o n  th e  ' g ro u n d  f lo o r . ’ ”

Stereoscopic Radiography
A n  in v e n t io n  w h ic h  see m s l i k e l y  t o  r e v o 

lu t io n iz e  th e  te c h n iq u e  o f m e d ic a l  a n d  
in d u s t r ia l  s te re o s c o p ic  r a d io g r a p h y  is  t o  b e  
d e s c r ib e d  a n d  d e m o n s t ra te d  fo r  th e  first- 
t im e  b e fo re  th e  B r i t i s h  In s t i t u t e  o f 
R a d io lo g y  o n  M a r c h  15. I n v e n t o r  o f  th e  
p ro ce s s  is  M r .  L .  P .  D u d le y ,  w h o s e  n a m e  
w i l l  a l r e a d y  b e  k n o w n  to  re a d e rs  a s  th e  
a u th o r  o f  n u m e ro u s  a r t ic le s  d e a l in g  w ith  th e  
s t r u c tu r a l  a p p l ic a t io n s  o f l ig h t  m e ta ls .

T h e  new r p ro ce s s  possesses g r e a t  
a d v a n ta g e s  o v e r  e x is t in g  m e th o d s . N o  
s p e c ia l v ie w in g  d e v ic e ,  s u c h  a s  a  s te re o sc o p e , 
is r e q u ire d  fo r  v ie w in g  th e  r a d io g r a p h s ; a  
s in g le  f i lm  o r  p la t e  is  u se d , a n d  th e  r e s u lt in g  
ra d io g ra p h  e x h ib it s  a  th re e - d im e n s io n a l 
e f fe c t  to  th e  u n a id e d  e y e .  M o re o v e r ,  v a r y in g  
th e  a n g le  f r o m  w h ic h  th e  r a d io g ra p h  is  
v ie w e d  ca u se s  th e  a s p e c t  o f  t h e  im a g e  to  
c h a n g e  in  a  c o r r e s p o n d in g  m a n n e r .  T h is  
p r o p e r t y  is  o f  g r e a t  a s s is ta n c e  in  m e d ic a l 
r a d io g r a p h y  in  lo c a l iz in g  a n  a ffe c te d  b o n e  
o r  tis su e , a n d ,  in  in d u s t r ia l  r a d io g r a p h y ,  in  
d e te r m in in g  th e  p o s i t io n  o f  a n  in t e r n a l  flaw  
in  a n  e n g in e e r in g  c o m p o n e n t .  E x i s t i n g  X - r a y  
a p p a r a tu s  c a n  b e  a d a p te d  t o  t h e  n e w  p r o 
cess  b y  th e  a d d it io n  o f  c o m p a r a t iv e ly  s im p le  
e q u ip m e n t .

M A R I N E  E N G I N E S

th u s  c o m p le m e n ta r y  to  th e  r e c e n t ly  p u b 
l is h e d  p a p e r s  o n  th e  a lu m in iu m  a l lo y s  o f  
in t e r e s t  to  th e  n a v a l  a r c h i t e c t .  T h e  p re s e n t  
a u th o r  m a k e s  th e  ju s t i f ia b le  a s s u m p t io n  
t h a t  re a d e rs  a re  f a m i l ia r  w i t h  th e  p a p e r  b y
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M o r t im e r  a n d  P a ig e  (s e e  “  L ig h t  M e t a ls , ”  
1 9 4 4 /7 /1 0 3 ), a n d  a ls o  p o in t s  o u t  t h a t  h e  
w r i t e s  c h ie f ly  fro m  th e  m e ta l lu r g is t 's  p o in t  
o f  v ie w .

R e s is t a n c e  to  c o r ro s io n  is o f  r e la t iv e ly  
m in o r  im p o r t a n c e  in  th e  en g in e - ro o m , th u s  
a l lo w in g  a  w id e r  c h o ic e  o f  a l lo y s  th a n  is 
p o ss ib le  to  th e  n a v a l  a r c h i t e c t ,  a n d  a t  th e  
o u ts e t  th e  d e n s it ie s  o.f th e  l ig h t  m e ta ls  a re  
c o m p a re d  w i t h  th o se  o f  th e  d o n g - e s ta b lish e d  

'm a r in e  m a te r ia ls — c a s t  iro n , s te e l a n d  gun- 
m e ta l.

T h e  co n s e q u e n c e s  o f  w e ig h t- s a v in g  a re  
m e n t io n e d  b r ie f ly ,  a n d  p a r t i c u la r  n o te  m a y  
b e  m a d e  o f  th e  v a lu e  o f  lo w e r  w e ig h ts  o f 
in s p e c t io n  d o o rs , e t c . ,  w h ic h  re q u ir e  to  be 
m o v e d , f o r  e x a m p le ,  in  c o n f in e d  sp ace s .

Pistons
C o n s id e ra b le  a t t e n t io n  is d e v o te d  to  the  

p ro p e r t ie s  o f p is to n  a l lo y s ;  in  p a r t ic u la r ,  
te n s ile  s t r e n g th  a t  e le v a te d  te m p e ra tu re s ,  
fa t ig u e  a n d  c re e p  p ro p e r t ie s  a t  h ig h e r  t e m 
p e ra tu re s ,  a n d  th e  e ffe c ts  o f  c o n d u c t i v i t y  
a n d  c o e f f ic ie n ts  o f  e x p a n s io n . T h e  a u th o r  
c o n s id e rs  t h a t  th e  c r i t e r io n  is  n o t  te n s ile  
s tre ss  b u t  a  c o m b in a t io n  o f c re e p  a n d  
fa t ig u e . T h e  m o s t  im p o r t a n t  p r o p e r t y  is, 
th e re fo re ,  th e  e n d u ra n c e  a t  th e  h ig h e s t  t e m 
p e r a tu r e  a t t a in e d  b y  s tre sse d  p o r t io n s  o f  th e  
p is to n ,  b u t  i f  th e  m e a n  stre ss  o f  th e  fa t ig u e  
c y c le  is  o f  a p p re c ia b le  m a g n itu d e ,  e sp e c i
a l l y  a te n s ile  s tre ss , th e re  is a  c o n d it io n  o.f 
c re e p  c o in c id in g  w i t h  th e  fa t ig u in g  fo rce s .

T h e  s p e c im e n s  to  w h ic h  re s u lts  w e re  
r e fe r re d  w e re  c u t  f r o m  p re ss- fo rg ed  p is to n s  
a n d  w e re  s u b m it te d  t o  a l t e r n a t in g  te n s io n  
a n d  c o m p re s s io n  s im u lta n e o u s ly  w i t h  a  t e n 
s ile  s tre ss  o f  th e  d e s ire d  m a g n itu d e .  C o n 
s id e r a t io n  o f  th e  re s u lts  in c lu d e d  h e re in  a n d  
o th e rs  in  th e  o r ig in a l  p a p e r  le a d  to  s t r ik in g  
c o n f ir m a t io n  o f th e  s u p e r io r i t y  o f  Y  a l lo y  
o v e r  th e  o th e r  tw o  m e n t io n e d  u n d e r  such  
c o n d it io n s .

I n  a d d it io n  to  s t r e n g th  a t  ra is e d  te m p e ra 
tu re s  th e  e x p a n s io n  a n d  c o n d u c t i v i t y  a re  
im p o r t a n t ,  a n d  th e  b a la n c e  b e tw e e n  th ese  
o p p o s in g  fa c to r s  is  d is cu ssed  in  te rm s  o f
Y  a l lo y  a n d  L o - E x .  T h e  c o e ff ic ie n t  o f  
e x p a n s io n  is  0 .000022  fo r  Y  a l lo y  a n d  
0 .000019  f o r  L o - E x ,  w i t h  c o r re s p o n d in g  
th e r m a l c o n d u c t iv i t ie s  o f  0 .4 0  a n d  0 .3 2  
c .g .s .  u n it s ,  i .e . ,  th e  e x p a n s io n  c o e f f ic ie n t  o f
Y  a l lo y  16 p e r  c e n t ,  g re a te r  th a n  th a t  o f 
L o - E x  b u t  a  c o n d u c t i v i t y  25 p e r  c e n t ,  
g re a te r ,  o n e  f a c t o r  o f fs e t t in g  th e  o th e r  in  
so m e  p is to n s . . T h e  p ro p e r t ie s — p h y s ic a l  a n d  
m e c h a n ic a l— o f m a g n e s iu m d ia s e  a l lo y s  
re n d e r  th e m  u n s u it a b le  fo r  p is to n s .

Cylinder Heads
T h e  sa m e  g e n e ra l p r in c ip le s  a p p ly  to  th e  

s e le c t io n  o f c y l in d e r- h e a d  a l lo y s  a s  to  p is to n  
a l lo y s ,  tou t, c o m p a re d  w i t h  la n d  o r  a i r  
e n g in e s , th e  m a r in e  e n g in e  h e ad  h a s  a n  e v e n  
m o re  s t r in g e n t  r e q u ire m e n t ,  n a m e ly ,  th e  
r is k  o f  c o r ro s io n  d u e  to  th e  use  o f  sea  w a te r  
fo r  c o o l in g  p u rp o se s . T h is  is  a v o id e d  bo
u s in g  a c lo se d  w a te r  c i r c u i t  in  w h ic h  fre sh  
w a te r  is  p a sse d  ro u n d  th e  c y l in d e r  h e a d  a n d  
co o le d  in  a  s e p a ra te  h e a t  e x c h a n g e r  b y  sea 
w a te r .  T h e  a u th o r  su g g es ts  t h a t  th is  
t ro u b le s o m e  d e v ic e  m ig h t  be a v o id e d  by- 
u s in g  a  B irm a to r ig h t- ty p e  a l lo y  f o r  th e  h e ad s , 
as th e  a lu m in iu m - m a g n e s iu m  se r ie s  h a v e  
p r o v e d  s a t is f a c t o r y  f o r  sea-w ate r-co o led  
e x h a u s t  m a n ifo ld s .  H e  is  e n c o u ra g e d  in  th is  
p ro p o s a l b y  th e  e x a m in a t io n  o f a  c y l in d e r  
h e a d  ta k e n  f r o m  a  G e r m a n  B . M . W .  801 
e n g in e , th e  c o m p o s it io n  o f  w h ic h  w a s :—

M agn es ium  . .  . .  5 %  ")
Sil icon . .  . ,  1 %  j. A p p r o x i m a t e l y
T i ta n iu m  . .  . .  0 .1% i

T h e  a l lo y  w a s  h e a t- tre a te d  a n d  g a v e  th e  
fo l lo w in g  p ro p e r t ie s :  —

0.2 %  p r o o f  s t r e s s  . .  . .  6 t o n s / s q . i n .
U l t im a te  t en s i le  s t r e s s  . .  11 12 to n s / s q .  in.
El onga ti on  . .  . .  . .  5 - 2 %
Fat ig ue  s t r e n g t h  . .  . .  ±  3.8 to n s / s q .  in.

I n  s u c h  a  t r ia l  c o n ta c t  c o r ro s io n  w o u ld ,  
o f  co u rse , h a v e  to  b e  a v o id e d .

Corrosion
T h e  a u t h o r  p o in t s  o u t  t h a t  co rro s io n -  

re s is ta n c e  is  n o t  o f  p a r a m o u n t  im p o r ta n c e  
fo r  s u c h  en g in e - ro o m  ite m s  a s  c ra n k c a s e  
in s p e c t io n  d o o rs , g e a r  c a s in g s  a n d  c o v e rs ,  
h a n d  ra i ls ,  f lo o r  p la te s ,  b r a c k e ts  a n d  th e  
lik e . S te e l c o m p o n e n ts ,  w h ic h ,  in  th e  
e n g in e - ro o m , a r e  r e g u la r ly  w ip e d  w i t h  a  
g re a s y  r a g , d o  n o t  r u s t  o r  d e te r io r a te  d u e  to  
c o r ro s io n  a n d  fro m  th is  o b s e r v a t io n  th e  
a u th o r  c o n c lu d e s  t h a t  a  w id e  ra n g e  o.f l ig h t  
a llo y 's  m a y  b e co m e  a v a i la b le  to  th e  d e s ig n e r  
a n d  b u i ld e r  o f  m a r in e  e n g in e s .

Mechanical Properties
R a t h e r  th a n  a t t e m p t  to  s u m m a r iz e  a l l  th e  

a v a i la b le  a l lo y s ,  th e  a u th o r  s e le c ts  so m e  
sp e c if ic  e x a m p le s — a  fe w  w r o u g h t  a p p l ic a 
t io n s  a n d  s e v e ra l  c a s t in g  a l lo y s .

W r o u g h t  a lu m in iu m  a llo y 's  used  fo r  
m a r in e - e n g in e  fo rg in g s  in c lu d e  R R .5 6 ,  
R R . 5 9 ,  C e r a lu m in  F  a n d  C e r a lu m in  22, 
h a v in g  te n s ile  s t r e n g th s  o f  27-30 to n s  p e r  
s q . in .  a t  o r d in a r y  te m p e ra tu re s ,  w h ic h  a re  
r e ta in e d  a t  e le v a te d  te m p e ra tu re s .  A s  a l lo y s  
o f  th e  d u r a lu m in  g ro u p  lose  t h e ir  s t r e n g th  
m o re  r a p id ly  a t  h ig h  te m p e ra tu re s ,  t h e y  a re  
n o t  s u i t a b le  f o r  p is to n s  a n d  c y l in d e r  h e ad s . 
F o r g e d  p is to n s  a re  u sed  in  th e  s m a lle r  
e n g in e s  a n d  l ig h t- a l lo y  c o n n e c t in g  ro d s  h a v e  
re d u ce d  in e r t ia  a p p re c ia b ly '.
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A l u m i n i u m  a n d  M a g n e s i u m  

i n  t h e  E l e c t r i c a l  I n d u s t r i e s

I n  t h i s  S e c t i o n  o f  t h e  A c c o u n t ,  C o n 

t i n u e d  f r o m  “  L i g h t  M e t a l s , ”  

t h e  A u t h o r  D e v o t e s  P a r t i c u l a r  C o n 

s i d e r a t i o n  t o  t h e  T h e o r y  a n d  P r a c t i c e ,  

a n d  M e t h o d s  o f  C o n s t r u c t i o n ,  o f  H o l l o w  

C o n d u c t o r s

By
B. J. BRAJNIKOFF

S TRUCTURAL consideration of alu
minium and steel-cored aluminium 
cables calls for particular care in the 

designation of cross-sectional area. In 
this connection, the stranding, which is 
essential in order to ensure flexibility, is 
also helpful in denoting the cable size by 
indicating the number of strands and the

10 IS 50
Ex te rn a l  d i a m e t e r : mm.

Fig. 1 (above).—Comparative curves for 
maximum continuous current load in 
amperes, and corresponding outer diameter 
in mm., for stranded aluminium conductors 
(C) and stranded copper conductors (D). 
B and A represent outer diameter in mm. of 
cables for overhead transmission. Fig. 2 
(right).—Curve for maximum permissible 
current load in amperes, and cross-sectional 
area in mm.'2, for stranded aluminium cable: 
A, calculated; B, adopted as standard in 

Germany.

gauge number of each; these form an 
envelope around a centrally disposed con
ductor ( with a core of one or more strands 
of steel in the case of reinforced alu
minium), every such alternate layer 
being wound in the opposite direction to 
prevent "  bird-caging ” during bending.

The axial distance of such cable, cor
responding to one complete turn of the 
spiral, is known as the lay, and the ratio 
between the numerical value of the lay 
and the outer diameter of the spiral is 
termed the pitch of winding.

As the length of each conductor in the 
envelope is greater than that of the central 
strand, this obviously increases the resist
ance to the flow of current along the 
various wires as they recede from the 
centre. Hence, in an aluminium or steel- 
cored aluminium cable, there must be dis-

A---------- ,

— B

I(Vj  2X) 3«¡>0 400 soo
C ro ss -sec ti o n  : m m .2.
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t in g u is h e d  th r e e  d i f f e r e n t  c ro s s - s e c t io n s :  
( 1 )  t h e  n o m in a l  c ro s s - s e c t io n , w h i c h  is 
fo r m e d  b y  t h e  c ro s s - s e c t io n a l  a r e a  o f  o n e  
w i r e  in  a  p l a n e  a t  r ig h t- a n g le  to  i t s  lo n g i 
t u d in a l  d i r e c t io n ,  m u l t ip l i e d  b y  th e  n u m 
b e r  o f  c o n s t i t u e n t  c o n d u c t o r s ;  ( 2 )  th e  
a c t u a l  c ro s s - s e c t io n ,  w h i c h  is  t h e  o b l iq u e  
c ro s s - s e c t io n a l  a r e a  r e s u l t in g  f r o m  t h e  c u t 
t in g  o f  t h e  s t r a n d e d  c a b le  b y  a  p la n e  p e r 
p e n d i c u l a r  to  i t s  c o r e ,  m u l t i p l i e d  b y  th e  
n u m b e r  o f  c o m p o n e n t  w i r e s ;  ( 3 )  th e  
e q u i v a l e n t  c ro s s - s e c t io n  is  t h a t  c ro ss- se c 
t io n a l  a r e a  o f  a lu m in iu m  o r  s te e l- c o re d  
a l u m in iu m  c a b le  w h i c h  h a s ,  a p p r o x i 
m a t e l y ,  id e n t i c a l  e le c t r i c a l  r e s is t a n c e  a s  a 
s t r a n d e d  c o p p e r  c o n d u c t o r  o f  a  g iv e n  
c ro s s - s e c t io n  m a d e  o f  h a r d - d r a w n  c o p p e r  
w i r e s  ( t h e  c o n d u c t i v i t y  o f  t h e  s te e l  c o re ,  
i f  p r e s e n t ,  is  n e g le c t e d ) .

Basic Technical Requirements 
A l u m in i u m  a n d  s te e l- c o re d  a l u m in iu m  

c a b le s  a r e  m a d e  o f  r o u n d  a l u m in iu m  
w ir e s  h a v i n g  a  s m o o th  a n d  g lo s s y  s u r f a c e ,

a n d  s te e l  w i r e  g a u g e s  b y  m e a n s  o f  t h e  
m ic r o m e t e r  o r  b y  w e ig h t ,  th ic k n e s s  a n d  
th e  a d h e s io n  o f  t h e  z in c  l a y e r  t o  s te e l ,  a r e  
c a r r i e d  o u t  in  a c c o r d a n c e  w i t h  r e q u i r e 
m e n ts  o f  e s t a b l is h e d  s t a n d a r d s .

I n  c a l c u l a t i n g  d a t a  f o r  o v e r h e a d  t r a n s 
m is s io n  l in e s  th e  f o l lo w in g  g e n e r a l  
f o r m u la  is  u s e d  f o r  d e t e r m in in g  th e  
m o d u lu s  o f  e l a s t i c i t y  o f  a  s te e l- c o re d  a l u 
m in iu m  c a b le ;—

w (9.6m + 30). 705, ,
k . =      k g . / m m . 2

m  +  1

w h e r e  m  d e n o te s  a  r a t io  b e t w e e n  th e  a l u 
m in iu m  c ro s s - s e c t io n  o f  t h e  c a b le  a n d  
t h a t  o f  s t e e l ;  t h e  m o d u lu s  o f  e l a s t i c i t y  o f  
a n  a lu m in iu m  c a b le  is  o f  th e  o r d e r  o f  
5 ,4 0 0  k g . / m m . 2; t h e  m o d u lu s  o f  e la s t i c i t y  
o f  a  s te e l  c a b le  is  o f  t h e  o r d e r  o f  
2 2 ,0 0 0  k g . / m m . 2; th e  c o e f f ic ie n t  o f  l i n e a r  
e x p a n s io n  o f  a lu m in iu m  p e r  d e g r e e  C .  is  
2 2 .S  x  1 0 ~ 6. T h e  c o e f f ic ie n t  o f  l i n e a r  
e x p a n s io n  o f  s te e l  is  1 1 .5  x 10-6 p e r

Fig. 4 (below).—Method of construction 
of tubular conductor in aluminium. This 
system is usually employed in the manu
facture of steel - reinforced aluminium 
cables of this type for high-voltage 

overhead lines.

Fig. 3 (above).—Principle of construction 
of hollow conductor designed to obviate 
corona and to take advantage of skin 

effect in overhead transmission.

f r e e  f r o m  f i lm s ,  c r a c k s  o r  o t h e r  d e fe c ts .  
T h e  n u m b e r  o f  s t r a n d s  a n d  t h e i r  g a u g e ,  
p e r m is s ib le  d im e n s io n a l  t o le r a n c e s  a n d  
m a x im u m  o h m ic  r e s is t a n c e ,  a s  w e l l  a s '  
m e c h a n ic a l  s t r e n g t h  p r o p e r t ie s  o f  g a l 
v a n iz e d  s te e l  w ir e s ,  t h e i r  s iz e s  a n d  l im i t s ,  
s h o u ld  c o n f o r m  to  s p e c i f i c a t io n s  a s  p r e 
s c r ib e d  b y  t h e  e x is t in g  s t a n d a r d s  o f  th e  
in d u s t r i a l  c o u n t r ie s  c o n c e r n e d .  I t  is  
w o r t h y  o f  n o te  t h a t  t h e  m e c h a n ic a l  p r o 
p e r t ie s  o f  a lu m in iu m  a n d  s te e l- c o re d  a l u 
m in iu m  c a b le s  a r e  d e t e r m in e d  o n  th e  
b a s is  o f  t e s t in g  o f  s e p a r a t e  w i r e s  c o n s t i 
t u t in g  a  g i v e n  c a b le ,  j u s t  a s  a n  e s t im a t io n  
o f  e le c t r i c a l  r e s is t a n c e  o f  a l u m in iu m  w ir e s  
is  a r r i v e d  a t  b y  t h e  t e s t in g  o f  i n d i v i d u a l  
c o m p o n e n t  s t r a n d s .  A l l  te s ts ,  w h i c h  
in c lu d e  t h e  c h e c k in g  u p  o f  a lu m in iu m

d e g re e  C .  T h e  c o e f f ic ie n t  o f  th e  l i n e a r  
e x p a n s io n  o f  a  s te e l- c o re d  a lu m in iu m  
c a b le  p e r  1 d e g r e e  C .  is  c o m p u t e d  f r o m  
th e  f o r m u la :—

(1 2 .6  m  + 2 0 )  1.8L, =      x  10-6
m  +  3 .1 3

w h e r e  m  s t a n d s  f o r  t h e  s a m e  q u a n t i t y  a s  
g iv e n  a b o v e .

T h e  a v e r a g e  v a lu e  f o r  th e  e le c t r i c a l  
r e s is ta n c e  o f  a l u m in iu m  p e r  1 k i lo m e t r e  
le n g t h  h a v i n g  1 m m . 2 c ro s s - s e c t io n a l  a r e a ,  
a t  a  t e m p e r a t u r e  o f  20  d e g re e s  C . ,  is  o f  
th e  o r d e r  o f  29 o h m s .

I n  t h e  e s t im a t io n  o f  t e n s i le  s t r e n g t h  o f  
s te e l- r e in fo r c e d  a lu m in iu m  c a b le s ,  u s e  c a n  
b e  m a d e  o f  t h e  f u n d a m e n t a l  d a t a  f u r 
n is h e d  b y  the. N a t i o n a l  P h y s i c a l  L a b o r a -
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tory in Great Britain. Here experiments 
have demonstrated that a mean value for 
tensile strength of steel-cored aluminium 
conductors may be accepted as equal to 
85 per cent, of steel and 98 per cent, of 
aluminium. The analogous data are 
found in the specifications of the British 
Standards Institution based on the results 
of experiments carried out by the British 
Electrical and Allied Industries Research 
Association.

The values for tensile strength of alu
minium and steel components in steel- 
reinforced aluminium cables, adopted as

Fig. 5 (above).-—-Variation in design of 
hollow conductor. In the production of 
this type, electrically suitable aluminium 

alloys can be substituted for copper.

standards by the principal industrial coun
tries, are given in Table 1.

The relationship between maximum 
safely permissible, continuously applied, 
current load and the corresponding outer 
diameter of the stranded hard-drawn 
aluminium and copper cables, respec
tively, is shown in Fig. 1, as worked out 
by the Standards Department of the 
Russian Electrotechnical Association for 
overhead power transmission purposes.

As may be deduced from the curve 
in Fig. 1, the maximum permissible, con
tinuously applied, current load for 
aluminium cables constitutes from To to 
77 per cent, of the same cross-sectional 
area of copper conductors. The value 
accepted by Aluminium, Ltd., as a safe 
current load is 79.3 per cent, of that for 
the identical cross-sections of the copper 
cables.

Fig. 2 illustrates comparative values for 
maximum current load and the corre
sponding cross-sectional area of stranded 
hard-drawn aluminium conductor for 
overhead transmission: A -a s  calculated, 
B - a s  adopted by the Standards Institu
tion of the German Union of Electrical 
Engineers (DIN of V D E).

The ratio between the cross-sectional 
area of aluminium cable and that of a 
stranded copper conductor of the same 
conductivity, adopted by the British 
Standards Institution and L'Aluminium 
Français, is 1.6, in Russia from 1.625 to 
1.634, and in Germany from 1.74 to 1.80. 
The ratio of aluminium cross-section to 
that of steel adopted as a standard for 
steel-reinforced aluminium cables, accord
ing to specifications of the British 
Standards Institution, is 6 :1 up to a crósś- 
sectional area of 160 sq. mm., whilst for 
those above this section the accepted ratio

Fig. 6 (below).—Modification of tubular 
conductor. Here the envelope is 
supported by an inner spiral ribbon of 
double T cross-section. Both envelope 
and T may be made of appropriate 
aluminium alloys, for example Almelec, in 

place of copper.

is 4.29 ; U Aluminium Français adopted 
a ratio of 6 :1  up to cross-sections of 148 
mm.2, and for the values in excess of this, 
4.29; the German Standards Institution 
specifies from 5.74 to 6.1, and Russia from 
5.78 to 6.1.

A typical pitch of winding for the outer 
envelope in aluminium and steel-cored 
aluminium cables is from 11 to 14-fold of 
the outside diameter of a given cable, as 
specified by. the leading cable makers in 
Europe. As to the spiralling of the inner 
strands, it is worthy of note that an appre
ciable economy of material can be 
attained, as in British practice, by the use 
of a pitch.up to 20 times the diameter.

Hollow Aluminium and Steel-cored 
Aluminium Conductors for High- 
voltage Transmission 

In electrical transmission systems oper
ated at very high pressures, namely, those 
over 200 kv., the phenomena of corona 
discharge and skin effect acquire particu
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l a r  s ig n i f i c a n c e .  B e f o r e ,  h o w e v e r ,  w e  
p r o c e e d  to  a  f u r t h e r  in v e s t ig a t io n  o f  th e s e  
q u e s t io n s  w e  m u s t  m a k e  a  b r i e f  in c u r s io n  
in t o  f u n d a m e n t a l  a s p e c ts  u n d e r l y in g  b o th  
p r o p e r t ie s ,  so  a s  to  v is u a l iz e  t h e  c o n d i 
t io n s  t h a t ,  a r e  e s s e n t ia l  f o r  t h e i r  o c c u r 
r e n c e ,  t h e i r  in f lu e n c e  u p o n  th e  b e h a v io u r  
o f  t h e  c o n d u c t o r s ,  a n d  t h u s  b e t t e r  to  
a p p r a is e  p r a c t i c a l  m e th o d s  fo r  c o u n t e r a c t 
in g  t h e i r  i l l- e f fe c ts  in  e le c t r ic a l  s y s te m s .

Electric Current and. Magnetic Field 
Within a Holloiv Conductor

T h e r e  is  n o  e le c t r i c  c u r r e n t  w i t h o u t  a  , 
m a g n e t ic  f ie ld ,  a n d ,  c o n v e r s e ly ,  t h e r e  c a n  
b e  110 m a g n e t ic  f ie ld  w i t h o u t  a n  e le c t r ic  
f ie ld  in  m o t io n ,  i . e . ,  w i t h o u t  a  c u r r e n t ,  
n o  m a t t e r  w h a t  m a t e r ia l  t h e  c o n d u c t o r  is  ■ 
m a d e  o f  o r  w h a t  is  t h e  s o u r c e  o f  t h e  c u r 
r e n t .  M a g n e t i c  f ie ld  a n d  e le c t r ic  c u r r e n t  
a r e  t w o  in s e p a r a b le  p h e n o m e n a . .  T h e r e  
m u s t  b e  a  m a g n e t i c  f ie ld  w i t h i n  a  c o n 
d u c t o r  c a r r y in g  a  c u r r e n t ,  f o r  w e  m a y  
r e g a r d  e v e r y  c o n d u c t o r  a s  c o m p o s e d  o f  a  
v e r y  la r g e  n u m b e r  o f  t h in  p a r a l le l  c o n 
d u c t o r s ,  e a c h  o f  w h i c h  m u s t  g iv e  r is e  to  a  
m a g n e t ic ,  f ie ld .

L e t  u s  c o n s id e r  f i r s t  t h e  c a s e  o f  a  h o l lo w  
c o n d u c t o r ,  i . e . ,  a  t u b e  w i t h  v e r y  t h in  
w a l l s .  A  s im p le  e x p e r im e n t  w i t h  i r o n  
f i l in g s  w i l l  s h o w  t h a t ,  w h i l s t  in  th e  
e x t e r n a l  s p a c e  th e  f o r m  o f  t h e  m a g n e t ic  
l in e s  o f  f o r c e  is  id e n t i c a l  to  t h a t  o f  a  s o lid  
w i r e  o f  t h e  s a m e  c ro s s - s e c t io n ,  t h e r e  is .n o  
m a g n e t i c  f ie ld  w i t h in  a  t u b e  c a r r y in g  a  
s t e a d y  c u r r e n t  in  t h e  d i r e c t io n  o f  i t s  a x is .  
T h u s  th e  m a g n e t ic  f ie ld s  o f  t h e  e le m e n t a r y  
c u r r e n t  f i la m e n t s  c o m p e n s a te  e a c h  o t h e r  
in  t h e  in t e r io r  o f  t h e  t u b e .

A s  a  s o l id  c o n d u c t o r  m a y  b e  r e g a r d e d  
a s  c o m p o s e d  o f  c o n c e n t r i c  tu b e s ,  e a c h  o f 
w h i c h  h a s  a n  e x t e r n a l  m a g n e t ic  f ie ld  b u t  
n o  in t e r n a l  f ie ld ,  i t  f o l lo w s ,  t h e r e fo r e ,  t h a t  
t h e  f ie ld  s t r e n g t h  is  z e ro  in  t h e  a x is  o f  th e  
s o l id  c o n d u c t o r ,  in c r e a s in g  in  i n t e n s i t y  a s  
w e  p a s s  o u t w a r d s  f r o m  t h e  a x is ,  a n d  
b e c o m in g  a t  t h e  s u r f a c e  o f  t h e  c o n d u c t o r  
e q u a l  to  th e  c o r r e s p o n d in g  f ie ld  s t r e n g t h  
a s  c a l c u la t e d  f o r  e x t e r n a l  s p a c e .

V a r ia t i o n s  o f  m a g n e t ic  f ie ld  s t r e n g t h  
w i t h i n  t h e  c o n d u c t o r ,  in  t h e  c a s e  o f  a n  
a l t e r n a t in g  c u r r e n t ,  g iv e  r is e  to  a  
p h e n o m e n o n  o f  s k in  e f fe c t ,  c a u s in g  th e  
im p e d a n c e  o f  a  s t r a ig h t  w i r e  t o  d i f f e r  c o n 

s id e r a b ly  f r o m  it s  o h m ic  r e s is ta n c e  f o r  
d i r e c t  c u r r e n t .  C a l c u l a t i o n  s h o w s  t h a t  
t h is  d i f f e r e n c e  is  g r e a t e s t  f o r  th o s e  l in e s  
o f  f lo w  w h i c h  a r e  s i t u a t e d  f a r t h e s t  f r o m  
th e  s u r f a c e .  T h u s  th e  c o n d u c t o r  n o  
lo n g e r  d i s p l a y s  u n i f o r m  b e h a v io u r  
t h r o u g h o u t  i t s  in t e r io r ;  t h e  e l e c t r i c i t y  
d o e s  n o t  f lo w  u n i f o r m ly  t h r o u g h  th e  
w h o le  c ro s s - s e c t io n a l  a r e a ,  b u t  p a s s e s  
m o r e  r e a d i l y  t h r o u g h  t h e  r e g io n s  l y i n g  
n e a r e s t  to  th e  s u r f a c e .  T h e  im p e d a n c e  
o f  a  w i r e  f o r  a l t e r n a t in g  c u r r e n t s  o f  s u f 
f i c ie n t l y  h ig h  f r e q u e n c y  is , th e r e fo r e ,  
g r e a t e r  t h a n  its  o h m ic  r e s is t a n c e  f o r  d i r e c t  
c u r r e n t s ,  a n d  t h i s  d i f f e r e n c e  b e c o m e s  
m o r e  a n d  m o r e  m a r k e d  a s  t h e  f r e q u e n c y  
is  in c r e a s e d .  T h i s  s k in  e f fe c t  h a s  a  r e l a 
t i v e l y  g r e a t e r  m a g n i t u d e  f o r  c o n d u c to r s  
o f  l a r g e r  c ro s s - s e c t io n a l  a r e a .  A t  v e r y  
h ig h  f r e q u e n c ie s  a  h o l lo w  tu b e  m a y  c o n 
d u c t  j u s t  a s  w e l l  a s  a  s o lid  w i r e  o f  th e  
s a m e  d ia m e t e r .

Corona Discharge and Associated 
Phenomena

A s  th e  e le c t r o m o t iv e  fo r c e  b e tw e e n  tw o  
e le c t r o d e s  is  in c r e a s e d  in  a i r  a t  n o r m a l  
p r e s s u r e ,  i t  is  o f t e n  o b s e r v e d  t h a t  t h e  e le c 
t r o d e s ,  w h e n  v i e w e d  in  t h e  d a r k ,  b e c o m e  
c o v e r e d  w i t h  a  n u m b e r  o f  lu m in o u s  
p o in t s  o r  a  lu m in o u s  l a y e r ;  a t  th e  s a m e  
t im e ,  th e  le a d s  a r e  s u r r o u n d e d  b y  a  
f e e b ly  g lo w in g  s h e a t h .  T h i s  p h e n o m e n o n ,  
k n o w n  a s  t h e  c o r o n a  d is c h a r g e ,  is  a c c o m 
p a n ie d  b y  a  h u m m in g  o r  b u z z in g  s o u n d .  
I n  t h i s  k in d  o f  d is c h a r g e ,  w h i c h  is  
d e p e n d e n t  to  a  g r e a t  e x t e n t  u p o n  th e  
s h a p e  o f  th e  e le c t r o d e s ,  w e  a r e  c o n c e r n e d  
w i t h  io n iz a t io n  p ro c e s s e s  in  th e  n e ig h b o u r 
h o o d  o f  th e  e le c t r o d e s ,  b u t  w h i c h  a r e  
u n a b le  to  e x t e n d  r ig h t  a c r o s s  t h e  g a p  
b e tw e e n  th e  e le c t r o d e s  011 a c c o u n t  o f  t h e  
r e l a t i v e l y  h ig h  p r e s s u r e  o f  t h e  in t e r v e n in g  
g a s e o u s  m e d iu m .

A c c o r d in g  to  t h e  s h a p e ,  c a p a c i t y  a n d  
d is t a n c e  a p a r t  o f  t h e  e le c t r o d e s ,  t h e r e  
m a y  a ls o  o c c u r  o t h e r  t y p e s  p f  d is c h a r g e .  
T h u s ,  f o r  e x a m p le ,  a s  th e  p o t e n t ia l  d i f 
f e r e n c e  b e t w e e n  t h e  e le c t r o d e s  is  s t i l l  f u r 
t h e r  in c r e a s e d ,  lu m in o u s  b r a n c h in g  
s t r e a k s  a r e  s e e n  to  s t r e t c h  o u t  in t o  th e  
a i r ,  t h is  b e in g  th e  s o - c a l le d  b r u s h  d is 
c h a r g e .  A g a in ,  a  s p e c ia l  f o r m  o f  c o r o n a  
d is c h a r g e  m a y  t a k e  p la c e  w h e r e  o n e  e le c 
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t r o d e  is  i n  t h e  s h a p e  o f  a  s h a r p  p o in t ,  
w h i c h  a p p e a r s  th e n  a s  a  lu m in o u s  t u f t .  
A n o t h e r  v a r i e t y  o f  d is c h a r g e  , is  t h a t  o f  
th e  1 e l e c t r i c  s p a r k ,  w h i c h  c o n s is t s  o f  a  
s u d d e n  l e a p in g  o f  t h e  d is c h a r g e  r ig h t  
a c r o s s  t h e  g a p  b e t w e e n  t h e  e le c t r o d e s ,  in  
c o n s e q u e n c e  o f  in t e n s e  i o n iz a t io n  o f  t h e  
in t e r p o s e d  m e d iu m  r e n d e r in g  t h e  a i r  
e l e c t r o c o n d u c t iv e .  T h e  s p a r k  a d v a n c e s  
o u t  o f  a  c o r o n a  d is c h a r g e  in  a  s e r ie s  o f  
d i s t i n c t  j u m p s  u n t i l ,  u n i t in g  w i t h  t h e  d i s 
c h a r g e  f r o m  th e  o p p o s it e  e le c t r o d e ,  th e  
f i n a l  t r u e  s p a r k  d is c h a r g e  o c c u r s ,  i . e . ,  
th e r e  is  a  m o m e n t a r y  e n o r m o u s  in c r e a s e  
o f  c u r r e n t  s t r e n g t h  'd u e  t o  a  s u d d e n  
c u m u la t i v e  g e n e r a t io n  o f  io n s .  T h e  h e a t 
in g  o f  t h e  c a t h o d e

h e a t  is  I 2R ;  h e n c e ,  t h e  s m a l le r  I  is  m a d e ,  
t h e  l o w e r  t h e  lo s s .  T h i s  is  th e  r e a s o n  f o r  
u s in g  s u c h  a  h ig h  v o l t a g e  in  o p e r a t in g  th e  
m o d e r n  t r a n s m is s io n  l in e s ;  a s  t h e  p o w e r  
is  m e a s u r e d  b y  t h e  p r o d u c t  o f  t h e  c u r r e n t  
s t r e n g t h  I  a n d  t h e  p r e s s u r e  V ,  in  t r a n s 
m i t t in g  a  g iv e n  e le c t r i c  p o w e r  i t  is  p o s 
s ib le  t o  d im in is h  I  to  a n y  d e s ir e d  e x t e n t ,  
p r o v id e d  t h a t  t h e  p r e s s u r e  b e  c o r r e s p o n d 
i n g l y  in c r e a s e d .  T h e r e f o r e ,  i n  d e a l in g  
w i t h  v e r y  lo n g  c a b le s  i t  is  a d v a n t a g e o u s  
t o  t r a n s f e r  e le c t r i c  e n e r g y  b y  m e a n s  o f  
w e a k  c u r r e n t s  a t  h ig h  t e n s io n .  T h e  
h ig h e r  th e  p r e s s u r e ,  t h e  g r e a t e r  th e  s a v in g  
in  c o n d u c t o r  m a t e r ia l ,  a s  t h e  c u r r e n t-  
c a r r y in g  c a p a c i t y  o f  t h e  l in e  w i r e s  n e e d  

n o t  b e  s o  l a r g e .  O f
a t  t h e  s p a r k in g  
p o in t  p l a y s  a  d e c i 
s i v e  r o le  i n  t h is  
p r o d u c t i o n  o f  
c a r r ie r s ,  a s  t y p i f i e d  
b y  t h e  a r c  d i s 
c h a r g e ,  in  w h ic h  
e v e n t  t h e  c a t h o d e  
is  v e r y  s t r o n g ly  
h e a t e d  b y  t h e  c u r 
r e n t  p r o c e s s  it s e lf ,  
t h u s  b e c o m in g  a n  
e x t r e m e ly  in te n s e  
s o u r c e  o f  e le c t r o n s .
T h e  p e c u l i a r  s h a r p  
n o is e  o f  t h e  s p a r k  is  
d u e  to  t h e  s u d d e n , 
in t e n s e  h e a t in g  o f 
t h e  a i r  s u r r o u n d in g  it s  p a t h .

Principle of Construction of a Hollow 
Conductor 

F r o m  c o n s id e r a t io n s  p u t  f o r w a r d  in  t h e  
p r e c e d in g  d is c u s s io n  i t  f o l lo w s  t h a t  
c o r o n a  d is c h a r g e s  a r e  v e r y  u n d e s i r a b le  in  
e le c t r i c a l  e n g in e e r in g ,  a s  t h e y  m a y  c a u s e  
a p p r e c ia b le  e n e r g y  lo s s e s  a t  h ig h  e le c t r o 
m o t i v e  fo r c e s ,  e s p e c i a l l y  th o s e  a b o v e  
200 k v .  i n  o v e r h e a d  t r a n s m is s io n  l in e s ,  
w h i c h  a r e  n o w a d a y s  e m p lo y e d .  P o w e r  
lo s s e s  d u e  to  c o r o n a  a r is e  a n d  r a p id l y  
g r o w  a s  s o o n  a s  t h e  in t e n s i t y  o f  t h e  e le c 
t r i c  f ie ld  b e t w e e n  th e  c o n d u c t o r s  e x c e e d s  
a  c e r t a in  d e f in i t e  v a lu e .  F o r  a  c a b le  o f  
r e s is t a n c e  R  c a r r y in g  a  c u r r e n t  s t r e n g t h  I  
t h e  e n e r g y  lo s s  p e r  s e c o n d  d u e  to  J o u l e

T a b le  1. c o u r s e ,  a n  u p p e r
l i m i t  is  s e t  to  th e  
v o l t a g e ,  w h i c h  c a n  
b e  u s e d  in  p r a c t ic e ,  
b y  t h e  f in it e  c a p a 
c i t y  o f  i n s u la t in g  
m a t e r i a l s  to  r e s is t  
b r e a k d o w n .  H o w 
e v e r ,  i t  s h o u ld  b e  
b o r n e  in  m in d  t h a t ,  
e v e n 'A t  th e s e  h ig h  
te n s io h s ,  t h e  c u r 
r e n t  s t r e n g t h s  a r e  
s t i l l  v e r y  g r e a t .

N o n e  th e  le s s ,  a t  
p r e s e n t ,  h ig h  p o t e n 
t i a ls  h a v e  t o  b e  
e m p lo y e d  in  o r d e r  

to  k e e p  e n e r g y  lo s s e s  in  o v e r h e a d  l in e s  a s  
lo w  a s  p o s s ib l e ; t h e  f a c t  t h a t  a l t e r n a t in g  
c u r r e n t s  m a y  e a s i l y  b e  s te p p e d  u p  o r  
d o w n  is  o f  v a lu e  h e r e .

P r a c t i c a l  m e th o d s  f o r  t h e  e le v a t io n  o f  
e le c t r i c  p r e s s u r e  in  a n  o v e r h e a d  l i n e  c a n  
b e s t  b e  e s t im a t e d  f r o m  th e  f o l lo w in g  
a n a l y t i c a l  c o n s id e r a t io n s .  L e t  u s  e x a m in e  
a  t h r e e - p h a s e  t r a n s m is s io n  s y s t e m ,  th e  
c o n d u c t o r s  f o r  w h i c h  a r e  lo c a t e d  a t  t h e  
v e r t e x e s  o f  a n  e q u i la t e r a l  t r i a n g l e ; t h e n  
th e  in t e n s i t y  o f  t h e  e le c t r ic  f ie ld  o n  th e  
s u r f a c e  o f  t h e  c o n d u c t o r  in  a i r  is  e x p re s s e d  
b y : — -

Kg./mm. square
Country Alu

minium Steel

British Standards Institution, 
for diameter 2.37 mm.

British Standards Institution, 
for diameter 5.36 mm.

19.5

16.2

|-113.0-140.0

J
British Aluminium Co., Ltd. 

(minimum) 14.2 112.0-140.0

Aluminium, Ltd. (maximum) .. 16.9 112.5

L’Aluminium Français .. 20.0 120.0
German Standards Institution 

(D IN  of VDE) (average) 18.0 120.0
Russia (average) 17.0 120.0

d V
d r

V

A /  3 ' r ’ log,-
2 h D

r V d j  +  4h-



March, 1945 LIGHT METALS Advts. xxiii

I N T E R N A T I O N A L  A L L O Y S  L T D . ,  S L O U G H ,  B U C K S .  
P h o n e :  S L O U G H  23212. G r a m s :  IN T A L L O Y D ,  S L O U G H

In t e r n a t io n a l A llo y s  L t d  | J |

H E  l i s t  o f  O l y m p i c  . y i c t o 'r s  

b e g in s  i n  7 7 6  B .C .' T h e  m o d e r n  

s e r ie s  o f  O l y m p i c  g a m e s  w a s  

i n i t i a t e d  a t  A t h e n s  i n  18 9 6 ,  

s i n c e  w h e n  t h e  d e v e l o p m e n t  o f  

a t h l e t i c  p r o w e s s ,  a s  e x p r e s s e d  b y  

i n t e r n a t i o n a l  r e c o r d s ,  h a s  b e e n  r e 

m a r k a b l e .  F o r  t h e  p o l e  j u m p ,  t h e  

i n t e r n a t i o n a l  r e c o r d  o f  15 f t .  7 |  i n s .  

w a s  s e t  u p  b y  C o r n e l i u s  W a r m e r d a m ,  

o f  U . S . A . ,  a t  M o d e s t o ,  C a b ,  i n  1 9 4 2 .

T h e  r e c o r d  o f  I n t e r n a t i o n a l  A l l o y s  L t d . 

i n  s u p p l e m e n t i n g  t h e  n a t i o n ’s  s u p p l i e s  

o f  e s s e n t i a l  l i g h t m e t a l s c a n n o t b e f u l l y  

p u b l i s h e d  t i l l  a f t e r  t h e  w a r .  M e a n 

w h i l e ,  f o r  p o s t - w a r  d e v e l o p m e n t s ,  

p l e a s e  n o t e  t h e  n a m e — ‘ I N  T A L  a r e  

• a n d  w i l l  b e  m a k e r s  o f  a l u m in iu m  

a l l o y s  f o r  e v e r y  c o n c e i v a b l e  p u r p o s e .

IA/244A
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w h e r e  V  d e n o te s  t h e  v a lu e  o f  t h e  p o t e n 
t i a l  d i f f e r e n c e  b e t w e e n  t w o  c o n d u c t o r s ; 
r  is  t h e  r a d iu s  o f  t h e  c o n d u c t o r  in  c m . ; 
D  is  t h e  d is t a n c e  b e t w e e n  t h e  a x e s  o f  t h e  
c o n d u c t o r s  in  c m .  ; h  is  t h e  d is t a n c e  
b e tw e e n  th e  c e n t r e  o f  th e  t r i a n g le  o f  t h e  
s y s t e m  o f  c o n d u c t o r s  a n d  t h e  g r o u n d  in  
c m .

A s  t h e  v a lu e  o f  h  is  la r g e  in  c o m p a r is o n  
w i t h  D ,  w e  m a y  r e a r r a n g e ,  w i t h o u t  a p p r e 
c i a b l e  e r r o r  in  t h e  r e s u l t ,  t h e  a b o v e  
f o r m u la  a s  f o l lo w s  :—

d V  V
d r / —  D  

V  3 . r . l o g e—

T h u s  i t  is  se e n  
t h a t  t h e  p o s s ib i l i t y  
o f  r a i s in g  th e  e le c 
t r i c  p r e s s u r e  o f  a  
t r a n s m is s io n  l i n e  
c a n  b e  a c h ie v e d  
e i t h e r  b y  m e a n s  o f  
in c r e a s in g  t h e  s p a c 
in g  b e t w e e n  th e  
c o n d u c t o r s  o r  b y  
a u g m e n t in g  t h  e 
d ia m e t e r  o f  t h e  
c a b le s .  I n  p r a c t i c e  
u s e  is  m a d e  o f  th e  
l a t t e r  c o n d i t io n ,  f o r  
in c r e a s in g  th e  d is 
t a n c e  b e tw e e n  t h e  c o n d u c t o r s  le a d s  to  
v e r y  la r g e  v a lu e s  o f  D .

B y  a t t e m p t in g  t o  in c r e a s e  th e  d ia m e t e r  
o f  t h e  c o n d u c t o r s  w e  r e a c h  s iz e s  w h i c h  
p r e c lu d e  t h e  a p p l i c a t i o n  o f  o r t h o d o x  
d e s ig n ,  f o r ,  a p a r t  f r o m  m o u n t in g  lo s s e s  
d u e  to  s k in  e l f e c t ,  t h e r e  is  e x c e s s iv e  
in c r e a s e  in  w e ig h t  a n d  c o s t  o f  t h e  c o n 
d u c t o r  m a t e r i a l .  C o n s e q u e n t l y ,  t h e  o n l y  
a l t e r n a t i v e  f o r  s o lv in g  t h is  q u e s t io n  is  t h e  
a p p l i c a t i o n  o f  a  h o l lo w  c o n d u c t o r ,  t h e  
o u t e r  d ia m e t e r  o f  w h i c h  c o r r e s p o n d s  to  
t h e  v o l t a g e  e m p lo y e d ,  a n d  th e  t h ic k n e s s  
o f  t h e  c o n d u c t in g  e n v e lo p e  o f  w h i c h  
e n s u r e s  a d e q u a t e  c ro s s - s e c t io n  f o r  t r a n s 
m i t t in g  th e  n e c e s s a r y  c u r r e n t .  T h e  o r d e r  
o f  v a lu e s  fo r  t h e  d ia m e t e r s  o f  c a b le s  a n d  
m in im u m  c ro s s - s e c t io n s  o f  t h e  c u r r e n t-  
c a r r y in g  p a r t  d e p e n d in g  o n  o p e r a t in g  v o l t 
a g e  a r e  s u m m a r iz e d  in  T a b le  3 .

A l t h o u g h ,  s o  f a r ,  n o  s t a n d a r d iz e d  t e c h 
n o lo g ic a l  m e t h o d  h a s  b e e n  e v o l v e d  in  t h is  
f ie ld ,  t h e  p r e s e n t- d a y  c o n s t r u c t io n s  o f  
h o l lo w  c o n d u c t o r s  m a y  b e  d i v id e d  in t o  
t h r e e  p r i n c ip a l  g r o u p s :—

( 1 )  H o l l o w  c a b le s  h a v i n g  a n  in n e r  s u p 
p o r t  f o r  t h e  o u t e r  e le c t r o - c o n d u c t iv e  
e n v e lo p e .

( 2 )  H o l l o w  c a b le s  p o s s e s s in g  a  s e lf- s u p 
p o r t in g  o u t e r  e n v e lo p e .

( 3 )  H o l l o w  c a b le s  c o m b in in g  a  s e lf- s u p 
p o r t in g  c u r r e n t - c a r r y in g  e n v e lo p e ,  r e in 
f o r c e d  b y  a n  in n e r  h e l i c a l  b a s e  o r  a  c o r e .

A s  m ig h t  b e  e x p e c t e d ,  t h e  c o n s t r u c t io n  
o f  h o l lo w  c a b le s  p r e s e n ts  c o n s id e r a b le  
t e c h n i c a l  d i f f i c u l t ie s .  F r o m  a  p r a c t i c a l
p o in t  o f  v i e w ,  m o s t  t u b u l a r  c o n d u c t o r s  o f 

th e  f i r s t  a n d  s e c o n d  
c a t e g o r ie s  h a v e  a  
n u m b e r  o f  in h e r e n t  
e l e c t r i c a l  a n d  
m e c h a n ic a l  d i s a d 
v a n t a g e s ,  w h ic h ,  
t h e r e fo r e ,  p r e c lu d e  
t h e i r  u s e , e x c e p t  
o n l y  o n  a  l im i t e d  
s c a le .  H o l l o w  
c a b le s  o f  th e  t h i r d  
g r o u p ,  h o w e v e r ,  
h a v e  fo u n d  w id e  
a p p l i c a t io n s  i n 
i n d u s t r y .  T h e  b e s t  
o f  t h e m  a r e  th o s e  

d e s ig n s  in  w h i c h  th e  c o n d u c t o r  m a t e r i a l  
is  u t i l iz e d  in  t h e  m o s t  e f f ic ie n t  w a y  to  
m e e t  th e  r e q u i r e m e n t s  to  t h e  f u l le s t  
e x t e n t .

A t  t h is  ju n c t u r e  i t  is  i n s t r u c t i v e  f i r s t  to  
c o n s id e r  t h e  c a s e  o f  h o l lo w  c o p p e r  c o n 
d u c to r s ,  f o r  e x p e r ie n c e  g a in e d  d u r in g  th e  
p a s t  t w o  d e c a d e s  s in c e  t h e i r  e a r l y  a d o p 
t io n  in  E u r o p e  m u s t  b e  o f  g r e a t  v a lu e  in  
a s s e s s in g  th e  f i tn e s s  o f  c e r t a in  a lu m in iu m -  
b a s e  a l lo y s  a s  t h e  c o n d u c t o r  m a t e r ia l s  in  
t h i s  k in d  o f  s t r u c t u r e .

T h e  f o r m  o f  t h e  c a b le ,  w h i c h  h a s  
p r o v e d  i t s e l f  m o s t  p r a c t i c a l ,  is  t y p i f i e d  b y  
t h e  d e s ig n  i l lu s t r a t e d  in  F i g .  3 . D e v e lo p e d  
o r ig i n a l l y  b y  S ie m e n s  a n d  S c h u c k e r t ,  
A . G . ,  fo r  n e t w o r k s  e q u ip p e d  w i t h  c o p p e r  
h o l lo w  c a b le s  o p e r a t e d  f r o m  220 k v .  to  
3 8 0  k v . ,  t h is  d e s ig n  so o n  p r o v e d  it s  w o r t h ,  
a n d  h a s  g a in e d  g e n e r a l- r e c o g n it io n  a s  a

T a b le  2.

Country

Electrica/ resistance 
of aluminium 
conductor, 

km.cfims p e r----mrr..-

British Standards Institution
(average) 28.6

British Aluminium Co., Ltd.
(maximum) 28.73

Aluminium, Ltd. 28.26
L’Aluminium Français 29.5
International Standards for Alu

minium 29.0
German Standards Institution (D IN

o fV D E ) .................................. • 29.4-30
Russia 30
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m o d e l  o f  s t u r d y  s t r u c t u r e  f o r  t u b u la r  
c o n d u c to r s .

T h e  h o l lo w - c a b le  s iz e  o r d i n a r i l y  
e m p lo y e d  f o r  o v e r h e a d  t r a n s m is s io n  a t  
2 2 0  k V  h a s  a  d ia m e t e r  f r o m  2 5  to  3 0  m m . ,  
a n d  a t  3 8 0  k V  t h e  d ia m e t e r  o f  4 2  m m .  
T h e  e n v e lo p e  o f  t h i s  c a b le  is  b u i l t  u p  o f  
t w o  l a y e r s  o f  r ib b o n  c o n d u c t o r  o f  r e c t 
a n g u la r  c ro s s - s e c t io n ,  w h i c h  a r e  s p i r a l le d  
in  t h e  o p p o s it e  d i r e c t io n  r o u n d  a n  in n e r  
h e l i c a l  s u p p o r t ;  t h e  f i r s t  w in d in g  f o r m s  
a  c i r c u l a r  v a u l t ,  t h e  b a r r e l  o f  w h i c h  
s e r v e s  a s  a  b a s e  f o r  a n  o u t e r  l a y e r  o f  f la t  
w i r e  o f  a  f in e r  g a u g e .  M a d e  in  t h is  
f a s h io n ,  t h e  c a b le  e n v e lo p e  is  c a p a b le  o f  
w i t h s t a n d in g  b o t h  t h e  r a d i a l  a n d  t h e  a x i a l  
lo a d s  e n c o u n t e r e d  in  s e r v ic e .

T h e  in n e r  s u p p o r t  c o n s is t s  o f  a  r o l le d  
c o p p e r  r ib b o n  0 .9 5  m m .  t h i c k ,  s p i r a l le d  
a r o u n d  its- o w n
a x is .  T o  p r e v e n t  
b r e a k in g  o f  t h e  
e d g e s , t h e  r ib b o n ,  
p i r o r  t o  c o i l in g ,  is  
f lu t e d .  T h i s  o r ig i 
n a l  m e th o d  o f  s u p 
p o r t  p o s s e s s e s  c e r 
t a in  a d v a n t a g e s  
o v e r  o t h e r  d e s ig n s ,  
a s  i t  a l lo w s  u s  to  
o b t a in  a  s t r o n g  a n d  
d e p e n d a b le  b a s e  o f 
v e r y  l i g h t  w e ig h t
f o r  s u p e r im p o s e d  e le c t r o c o n d u c t iv e  e n v e 
lo p e s ;  a c c o r d in g  to  t h e  m a k e r s ’ c la im s ,  
o n l y  40 p e r  c e n t ,  o f  t h e  w e ig h t  o f  t h e  
s u p p o r t  is  n o t  u t i l iz e d  e l e c t r i c a l l y ,  t h e  
r e m a in in g  00 p e r  c e n t ,  c o n s t i t u t in g  a  
s u p p le m e n t a r y  c ro s s - s e c t io n  f o r  c a r r y in g  
th e  c u r r e n t  lo a d .  W i t h  a n  o u t e r  c a b le  
d ia m e t e r  o f  42  m m . ,  t h e  c ro s s - s e c t io n a l 
a r e a  o f  t h e  e n v e lo p e  is  400  m m .  s q .

R ig o r o u s  te s ts  o f  t e n s i le  s t r e n g t h  
(1 3 ,4 0 0  k g . ) ,  a n d  o f  t h e  e la s t i c  a n d  p e r 
m a n e n t  e lo n g a t io n s  o f  t h i s  t y p e  o f  c a b le ,  
h a v e  d e m o n s t r a t e d  t h a t  i t s  s t r u c t u r e ,  
r i g h t  u p  to  t h e  m o m e n t  o f  r u p t u r e ,  s u i t e r s  
a lm o s t  n o  a l t e r a t i o n  in  s h a p e ,  a n d  u n d e r  
t h e  a c t io n  o f  u l t im a t e  s t r e s s  t h e  w i r e s  
w h i c h  c o m p o s e  t h e  o u t e r  e n v e lo p e  b r e a k  
in d e p e n d e n t l y  o f  t h e  l i n e  o f  c o n t a c t  w i t h  
t h e  i n n e r  s u p p o r t ,  s o  t h a t  t h e  h e l i c a l  
v a u l t  o f  t h e  d o u b le  e n v e lo p e  t a k e s  u p

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

I n  s p i t e  o f  a n  e l a s t i c i t y  lo w e r  t h a n  t h a t  
o f  "  s o l id  ”  c o n d u c t o r s ,  a s  w e l l  a s  o th e r  
f e a t u r e s  p e c u l i a r  t o  h o l lo w  c a b le s  ( e . g . ,  
p r o b le m s  o f  jo in t in g  a n d  a t t a c h m e n t  to  
l in e  s u p p o r t s ,  e t c . ) ,  w h i c h  n a t u r a l l y  
r e q u i r e  g r e a t  s k i l l  a n d  c a r e  in  h a n d l in g ,  
i t  m a y  b e  s a id  t h a t  a l l  t h e  d i f f i c u l t ie s  
a s s o c ia t e d  w i t h  t h e  t e c h n iq u e  o f  t h e ir  
e r e c t io n  a r e  t h in g s  o f  t h e  p a s t ;  t h e y  a r e  
n o w  e m p lo y e d  s u c c e s s f u l l y  f o r  h e a v y -  
d u t y  l in e s .

A t  t h e  p r e s e n t  t im e ,  t h e  a d v a n t a g e s  o f 
t h i s  m e t h o d  f o r  b u i ld in g  t h e  c u r r e n t-  
c a r r y in g  l a y e r s  o f  h o l lo w  c a b le s  a r e  w e l l  
a p p r e c ia t e d ,  a n d  t h i s  t y p e  o f  c o n s t r u c t io n  
is  b e in g  u t i l iz e d  b y  m a n y  m a n u f a c t u r e r s .

O f  t h e  v e r y  l a r g e  n u m b e r  o f  d i f f e r e n t  
t y p e s  o f  h o l lo w

Electric 
Pressure in 
transmission 

line, kV.

Construc
tion of 
cable

Diameter 
of Con
ductor, 

mm.

Minimum 
cross- 

section of 
current 
carrying 
part of 
cable, 

mm. sq.

Cross- 
section 
of cable 
in the 

case of 
solid ”  

winding, 
mm. sq.

100 Normal 12
150 Normal 18 — —
200 Hollow 25 185 500
300 Hollow 36 320 1,000
400 Hollow 50 520 1,900

y a b le  3. c o n d u c t o r s  in  u s e ,
w e  c a n  o n l y  d is c u s s  
a  f e w  o f  t h e  m o s t  
r e p r e s e n t a t i v e  
e x a m p le s .  A m o n g  
h o l lo w  a l u m in iu m  
c a b le s ,  o f  p r a c t i c a l  
v a lu e ,  t h e  d e s ig n  
in t r o d u c e d  b y  t h e  
A l lg e m e in e  E le k t r i -  
c i t â t s  G e s e l l s c h a f t ,  
A . G . ,  o f  B e r l i n ,  
a s  i l lu s t r a t e d  in  

F i g .  4 , is  o f  p a r t i c u l a r  in t e r e s t .  T h i s  
s t r u c t u r e  c o n s is t s  o f  a  c o r e  m a d e  o f 
l io n - m a g n e t ic  n i c k e l  s te e l a b le  t o  b e a r  
t h e  n e c e s s a r y  m e c h a n ic a l  lo a d ,  w i t h  
a lu m in iu m  r ib b o n  s p i r a l le d  e d g e w is e  
r o u n d  to  g iv e  s u p p o r t  to  o n e  o r  t w o  l a y e r s  
o f  a lu m in iu m  c o n d u c t o r s  o f  r e c t a n g u la r  
c ro s s - s e c t io n ,  e a c h  w o u n d  in  o p p o s it e  
d i r e c t io n .  T h e  c u r r e n t - c a r r y in g  e n v e 
lo p e  s u p e r im p o s e d  o n  th e  a lu m in iu m  
s p i r a l  u s u a l l y  c o n s is t s  o f  24 a lu m in iu m  
f l a t  w i r e s  o f  6 m m .2 c ro s s - s e c t io n ,  w i t h  a  
p i t c h  o f  w in d in g  o f  255  m m .  in  t h e  c a s e  
o f  a  s in g le  l a y e r ,  a n d  67 a l u m in iu m  w ir e s  
(3 2  in  t h e  in n e r  a n d  35  in  t h e  o u te r  
e n v e lo p e  r e s p e c t i v e l y )  o f  4 .9 5  m m .2 
c r o s s - s e c t io n a l  a r e a ,  h a v i n g  a  p i t c h  o f  
w in d in g  o f  515  m m . ,  in  t h e  d o u b le - la y e r  
t y p e .

S in c e  t h e  in t r o d u c t io n  o f  t h e  f i r s t
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•designs f o r  h o l lo w  c o n d u c t o r s ,  t h e  t e c h 
n iq u e  o f  p r o d u c t io n  o f  th e s e  c a b le s  h a s  
m a d e  c o n s id e r a b le  a d v a n c e s .  Im p r o v e d  
c o n s t r u c t io n  w a s  m u c h  f a c i l i t a t e d  b y  t h e  
u s e  o f  s u i t a b le  a lu m in iu m - b a s e  a l lo y s ,  
n a m e ly ,  A l d r e y ,  A lm e le c ,  A l u d u r ,  M o n -  
t e g a l ,  e t c . ,  w h i c h ,  t o g e th e r  w i t h  t h e i r  lo w  
d e n s i t y ,  p o s s e s s  v e r y  g o o d  c o n d u c t i v i t y  
a n d  o u t s t a n d in g  m e c h a n ic a l  s t r e n g t h .  
T h u s ,  b y  s u b s t i t u t in g  t h e m  f o r  c o p p e r  in  
t h e  p r o t o t y p e  d e p ic t e d  in  F i g .  3 , w e  
o b t a in  h o l lo w  c o n d u c t o r s ,  w h i c h  c o m b in e  
a d e q u a t e  e le c t r i c a l  c o n d u c t i v i t y  w i t h  
e x c e l l e n t  m e c h a n ic a l  p r o p e r t ie s  a n d  h ig h  
r e s is t a n c e  to  c o r r o s io n .

F i g .  5 i l lu s t r a t e s  a  s t r u c t u r a l  m o d i f ic a 
t io n  in  t h e  d e s ig n  o f  t u b u l a r  c a b le ,  in

F ig .  7.— M e th o d  
of co nstru ctio n  
of h o llo w  A ld re y  
co n d u c to r co n 
ta in in g  a n  in n e r 
fre e ly  m o v i n g  
s i n g l e  c o r e  
t o  s u p p r e s s  
l o n g i t u d i n a l  

v ib ra tio n s .

w h i c h  A l d r e y ,  A lm e le c ,  a n d  s im i l a r  
a l u m in iu m  a l lo y s  m a y  r e p la c e  c o p p e r .

T a k in g  A l d r e y  a s  a  r e p r e s e n t a t i v e  o f  
th e  g r o u p ,  t h i s  t y p e  o f  c a b le  c a n  b e  m a d e  
o n  a  s p i r a l  b a s e  c o n s is t in g  o f  a  r o u n d  
A l d r e y  w i r e ,  w h i c h  s e r v e s  a s  a  s u p p o r t  
f o r  t w o  l a y e r s  o f  A l d r e y  c o n d u c t o r s  o f  
r e c t a n g u la r  c ro s s - s e c t io n  w o u n d  in  o p p o 
s it e  d i r e c t io n .  T h e  in n e r  s u p p o r t  o f  t h e  
A l d r e y  w i r e  o f  2 .3  m m .  d ia m e t e r ,  h a v i n g  
a  p i t c h  o f  w in d in g  o f  14 m m . ,  t h u s  fo r m s  
a  s t r o n g  v a u l t  s t r u c t u r e  t o  a c t  a s  a  
d e p e n d a b le  b a s e  f o r  t h e  d o u b le  e n v e lo p e  
o f  a  c a b le  o f  t h e  42  m m .  d ia m e t e r  a n d  
400  m m .2 c ro s s - s e c t io n . M e n t io n  s h o u ld  
a ls o  b e  m a d e  o f  t h e  c o n s t r u c t io n  o f  t h e  
h o l lo w  c a b le  s h o w n  in  F i g .  6. T h i s  r e p r e 
s e n ts  a  v a r i a t i o n  o f  S ie m e n s  a n d  
S c h u c k e r t ’s  d e s ig n ,  in  w h i c h  is  u s e d  a n  
in n e r  h e l i c a l  s u p p o r t  c o n s is t in g  o f  a  
d o u b le - T  c ro s s - s e c t io n  in s t e a d  o f  f l a t  
r ib b o n ,  t h e  c u r r e n t - c a r r y in g  e n v e lo p e  
b e in g  f o r m e d  o f  t w o  l a y e r s  o f  r o u n d

w ir e s  w o u n d  in  o p p o s it e  s e n s e s . T h i s  
m e t h o d  o f  c o n s t r u c t io n ,  w h e r e  c o p p e r  
c a n  b e  r e p la c e d  b y  A lm e le c  o r  o t h e r  s u i t 
a b le  a l u m in iu m  a l l o y ,  o f fe r s  t h e  a d v a n 
t a g e  o f  e n h a n c e d  m e c h a n ic a l  s t r e n g t h  
o w in g  to  im p r o v e d  d e s ig n  a n d  th e  
s u p e r io r  c h a r a c t e r i s t i c s  o f  th e  l ig h t - a l lo y  
u s e d .

H a v i n g  r e g a r d  to  t h e  m u c h  lo w e r  m e l t 
in g  p o in t  o f  l i g h t  m e ta ls  in  c o m p a r is o n  
w i t h  c o p p e r ,  i t  m a y  b e  r e a d i l y  a p p r e c i 
a t e d  t h a t ,  in  o r d e r  to  p r e v e n t  lo c a l  o v e r 
h e a t in g  o f  th e  f o r m e r  d u e  to  a r c in g ,  p a r 
t i c u l a r  a t t e n t io n  s h o u ld  b e  d e v o t e d  to  th e  
in s u la t o r s  a n d ,  i f  r e q u i r e d ,  t o  t h e  p r o v i 
s io n  o f  s p e c ia l  p r o t e c t i v e  d e v ic e s  a g a in s t  
f la s h - o v e r .

F ig . 8. —  V a r i 
a tio n  o f co n 
stru c tio n  of the  
v ib ra tio n - d am p 
ing-type tu b u la r  
c o n d u c t o r  in  
A ld re y , h av in g , 
i n s t e a d ,  a  
s tran d ed  co re  of 
galvan ized-stee i 

w ire .

A s  m ig h t  b e  e x p e c t e d ,  th e  u s e  o f  lo n g  
s p a n s  a n d  in c r e a s e  in  t h e  d ia m e t e r s  o f  
t h e  c o n d u c t o r s  g iv e  r is e  t o  t h e  l o n g i 
t u d in a l  v ib r a t i o n s  o f  t h e  c a b le .  T h e s e  
t a k e  p la c e  in  a  v e r t i c a l  p l a n e  a n d  a r e  in  
th e  fo r m  o f  s t a t i o n a r y  w a v e s  d u e  to  t h e  
a c t io n  o f  a  u n i f o r m  c o n t in u o u s  w in d  
p re s s u re .  A c c o r d in g  to  a v a i l a b l e  d a t a ,  
th e  a m p l i t u d e  o f  th e  v ib r a t i o n s  is  o f  th e  
o r d e r  o f  2 t o  20 m m . ,  a t  f r e q u e n c ie s  f r o m  
8 to  60  o s c i l la t io n s  p e r  s e c o n d .  T h e y  
o f t e n  l e a d  to  t h e  d e s t r u c t io n  o f  t h e  c a b le ,  
a n d  i t  is , th e r e fo r e ,  o f  p r a c t i c a l  in t e r e s t  
to  m e n t io n  a  m e t h o d  d e v e lo p e d  in  G e r 
m a n y  to  c o u n t e r a c t  s u c h  m o v e m e n t .  A  
h o l lo w  c o n d u c t o r  a c c o m m o d a t e s  in  its  
in t e r io r  a  p a r a l l e l  c o r e ,  b o th  p a r t s  b e in g  
fre e  to  m o v e  r e l a t i v e  t o  o n e  a n o t h e r ;  b y  
a d ju s t in g  th e  r e s p e c t iv e  m e c h a n ic a l  t e n 
s io n s , w e  a r e  e n a b le d  to  k e e p  e a c h  o f  t h e  
c o m p o n e n t  p a r t s  a t  d i f f e r e n t  f r e q u e n c ie s  
a n d  t h u s  to  n e u t r a l iz e  s t a t i o n a r y  w a v e s  

o c c u r r in g  in  t h e  p r in c ip a l  c a b le .
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A c t u a l  e x p e r ie n c e  s h o w s  t h a t  th e  b e s t  
r e s u lt s  a r e  o b t a in e d  b y  u s in g  a l u m in iu m  
a l lo y s  ( A l d r e y  a n d  th e  l i k e )  a s  c o n d u c t o r  
m a t e r ia l  f o r  w in d in g  th e  o u t e r  c u r r e n t-  
c a r r y in g  e n v e lo p e ,  w h i c h  h o u s e s  w i t h in  
i t s e l f  a  p a r a l l e l  f r e e l y  m o v in g  c o m p o n e n t ,  
t h e  p u r p o s e  o f  w h i c h  is  s t r i c t l y  
m e c h a n ic a l  a n d  is  c o n f in e d  to  v ib r a t io n -  
s u p p r e s s io n ;  t h i s  p a r t  m a y  c o n s is t  e i t h e r  
o f  a  s in g le  c o r e  o f  n i c k e l  s te e l,  a s  i l lu s 
t r a t e d  in  F i g .  7 , o r  a  s t r a n d e d  c o re  m a d e  
o f  s e v e n  o r  m o r e  g a lv a n iz e d  s te e l w i r e s ,  
a s  d e p ic t e d  i n  F i g .  8.

D u r in g  t h e  p a s t  f e w  y e a r s  f u r t h e r  
d e v e lo p m e n t s  h a v e  t a k e n  p la c e  in  R u s s i a  
in  u t i l i z in g  a lu m in iu m  a n d  it s  a l lo y s  in  
t h e  c o n s t r u c t io n  o f  h o l lo w  c o n d u c t o r s  fo r  
h ig h - v o l t a g e  o v e r h e a d  t r a n s m is s io n  p u r-

u s e , a r e  w o u n d  in  a  t h r e e - s t r a n d  u n it ,  
t h u s  g iv i n g  a  t o t a l  e le c t r o c o n d u c t iv e  
c ro s s - s e c t io n  a r e a  o f  201 m m .  sq . W i t h  
th e  o u t e r  d ia m e t e r  o f  2 7 .5  m m . ,  th e  
g e n e r a l  w e ig h t  o f  t h e  c a b le  is  1 ,337  
k g . / k m .  I t  is  w o r t h  r e m a r k in g  t h a t ,  
c o m p a r e d  to  s te e l- c o re d  a lu m in iu m  
c a b le s  o f  t h e  n o r m a l  d e s ig n ,  t h i s  d ia m e t e r  
c o r r e s p o n d s  to  a  c a b le ,  th e  a l u m in iu m  
c ro s s - s e c t io n  o f  w h i c h  e q u a ls  400  m m .2

A s  th e  r e q u i r e m e n t s  w h i c h  th e  c o n d u c 
to r  h a d  to  m e e t  in  th e  a b o v e - m e n t io n e d  
t r a n s m is s io n  l i n e  w e r e  s p e c i f ie d  a s  28  to  
30  m m .  d ia m e t e r  a n d  a n  e q u i v a l e n t  c o p 
p e r  c ro s s - s e c t io n  o f  100 m m .2 ( t h a t  is , 
160 m m .2 a l u m in iu m  c ro s s - s e c t io n  h a v i n g  
id e n t i c a l  e le c t r i c a l  c o n d u c t i v i t y ) ,  i t  is  
o b v io u s  t h a t  t h e  a p p l i c a t i o n  o f  a  s te e l-

F ig . 9.— T u b u  1 a r  
c o n d u c t o r  o f  
R u ss ia n  co n stru c 
t i o n  ■ f o r  h i g h -  
vo ltag e  o ve rh ead  

transm ission .

p o s e s .  O n e  e x a m p le  o f  t h i s  w o r k  is  a  
t u b u la r  c a b le ,  w h i c h  c a n  e i t h e r  b e  m a d e  
o f  c o p p e r ,  o r  p r o p e r l y  s e le c te d ,  e le c 
t r i c a l l y  s u i t a b le  a lu m in iu m  a l lo y s ,  th e  
t y p e  a s  s h o w n  in  F i g .  9 , c o n s is t in g  o f  a n  
in n e r  f lu t e d  r ib b o n  s p i r a l ,  w h i c h  g iv e s  
s u p p o r t  to  t h e  c u r r e h t - c a r r y in g  e n v e lo p e  
f o r m e d  b y  t w o  o p p o s i t e ly  w o u n d  l a y e r s  o f  
f l a t  w ir e s .  D e t a i l e d  in v e s t ig a t io n  o f  p r o 
d u c t io n  t e c h n iq u e  fo r  t h is  t y p e  o f  c o n 
d u c t o r  h a s  b e e n  c a r r i e d  o u t  a t  t h e  M o s c o w  
S t a t e  C a b le  W o r k s .

A n o t h e r  t y p e  is  r e p r e s e n t e d  b y  a  s tee l-  
r e in f o r c e d  a lu m in iu m  c a b le ,  d e s ig n e d  fo r  
th e  220- k v .  o v e r h e a d  t r a n s m is s io n  l in e ,  
210  k i lo m s .  lo n g ,  c o n n e c t in g  M a g n i t o 
g o r s k  a n d  Z l a t o u s t  i n  t h e  U r a l s .

T h e  b o d y  o f  t h e  c a b le  c o n s is t s  o f  a  
s t r a n d e d  c o r e  b u i l t  o f  19 g a lv a n iz e d  s te e l 
w i r e s  e a c h  1.8 m m .  s q . ,  w i t h  a  r in g  o f  12 
a d d i t i o n a l  w in d in g s  o f  t h r e e - p ly  w i r e s  o f  
t h e  s a m e  d ia m e t e r ,  h a v i n g  a  t o t a l  s te e l 
c ro s s - s e c t io n  o f  96  m m .  s q .  T h e  c u r r e n t-  
c a r r y in g  e n v e lo p e  o f  t h e  c a b le  is  f o r m e d  
b y  t w o  l a y e r s  o f  3 S  s p i r a l le d  a lu m in iu m  
w i r e s  e a c h  1 .5  m m .  s q . ,  w h i c h ,  p r i o r  to

c o r e d  a l u m in iu m  c a b le  o f  o r t h o d o x  s t r u c 
t u r e  w o u ld  h e r e  b e  u n e c o n o m ic a l .

F i n a l l y ,  m e n t io n  s h o u ld  b e  m a d e  o f  t h e  
c o n s t r u c t io n  o f  a n  a l u m in iu m  c o n d u c t o r  
o f  s p e c ia l  d e s ig n  p r o d u c e d  b y  t h e  N o r t h  
S t a t e  C a b le  C o m b in e  in  L e n i n g r a d  f o r  th e  
e q u ip m e n t  o f  t h e  e x p e r im e n t a l  o v e r h e a d  
t r a n s m is s io n  l in e ,  1 ,6 0 0  m e t r e s  lo n g ,
o p e r a t e d  a t  5 0 0  k v . ,  a t  t h e  L e n in g r a d  
E le c t r o - P h y s i c a l  I n s t i t u t e .  T h i s  c a b le  
c o n s is t s  o f  3 x  37  a lu m in iu m  w i r e s  o f  2 .8  
m m .  d ia m e t e r ,  th e  m e t h o d  a d o p t e d  b y  
t h e  m a k e r s  f o r  in c r e a s in g  th e  c a b le  
d ia m e t e r  b e in g  t o  s p i r a l  n o t  t h e  s e p a r a t e  
a lu m in iu m  w ir e s ,  b u t  t h r e e - p ly  a l u 
m in iu m  s t r a n d s .  T h u s ,  t h e  c o e f f ic ie n t  o f  
f i l l i n g ,  w h i c h  in  t h e  u s u a l  w in d in g
a m o u n t s  to  0 .7 5 , in  t h i s  c a s e  is  r e d u c ib le
to  0 .4 9 , so  a s  t o  p r o d u c e  a  c o n d u c t o r  o f  
680  m m .  s q .  c ro s s - s e c t io n a l  a r e a  a n d  42 
m m .  d ia m e t e r .

T e s t s  o n  s a m p le s  o f  t h i s  c a b le  h a v e  
i n d ic a t e d  a  b r e a k in g  lo a d  o f  1 0 ,6 0 0  k g . ,  
o r ,  a p p r o x im a t e l y ,  9 8  p e r  c e n t ,  o f  t h e  
c a l c u l a t e d  u l t im a t e  s tre s s .

(To be continued.)
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Installations for the Production
of

C a r b u r e t t e d  W a t e r  G a s

B l u e  W a t e r  G a s

P r o d u c e r  G a s

S p e c i a l  G a s  

f o r  S y n t h e t i c  P r o c e s s e s

H y d r o g e n

Ancillary Plant
for

W a s te  H e a t  S te a m  P r o d u c tio n ;  G a s  C o o lin g  &  C le a n in g ;  
F u e l  H a n d l i n g  &  C h a r g i n g ;

A s h  &  D u s t  D is p o s a l;  etc.

London Address :
Humglas House,
Carlisle Place,
London, S . W . l

Temporary Address : 
Winkfield Manor, 
Ascot . . Berks.
Phone: Winltfield Roul 2107

E s t a b l i s h e d  1 8 9 2
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A L U M I N I U M  S P O T  W E L D I N G

A f t e r  Irm a n n  in  “ Schw eizer A r c h i v 1 9 4 4 / 1 0 / 1 7 7 . 
A  S tu d y  is  Presented o f  the R e la tionsh ip  Between 
W e ld in g  C onditions and  the M echanica l P roperties  

o f  S p o t W ields in  R ig h t A l lo y s

T H E  q u a l i t y  o f  a  s p o t- w e ld e d  jo in t ,  
a s  t h a t  o f  a n  a u to g e n o u s  w e ld  o r  a  
r i v e t e d  j o in t ,  is  d e t e r m in e d ,  i n  t h e  

f i r s t  p la c e ,  b y  e x a m in a t io n  o f  m e c h a n ic a l  
p r o p e r t ie s .  I n  a d d i t i o n ,  h o w e v e r ,  t h e  
a p p e a r a n c e  o f  t h e  w e ld e d  s p o t  a ls o  p r o 
v id e s  v e r y  g o o d  e v id e n c e  a s  t o  w h e t h e r  
o r  n o t  t h e  jo i n t  is  s a t i s f a c t o r y .  T h e  p r o 
p e r t ie s  o f  t h e  w e ld  w i l l  d e p e n d  n o t  o n l y

kid Spot

to  t h e  lo w e s t  p o s s ib le  m in im u m  b y  a d e 
q u a t e  s c r a t c h  b r u s h in g  o r  p i c k l in g .  
A c c o r d in g  t o  t h e  n a t u r e  o f  t h e  a l l o y ,  th e  
r e s is t a n c e  o f  t h e  s h e e t  w i l l ,  i t s e l f ,  t o  s o m e  
e x t e n t  v a r y ,  b u t ,  in  a n y  c a s e ,  w i l l  b e  
q u i t e  s m a l l  i n  c o m p a r is o n  to  t h a t  b e t w e e n  
th e  c o n t a c t  s u r f a c e s  o f  t h e  t w o  s h e e ts  
b e in g  w e ld e d .  H e r e  e le c t r i c a l  r e s is ta n c e  
d e p e n d s  n o t  o n l y  o n  t h e  s u r f a c e  f in is h  o f

F ig . 1 (le ft).— S h e a r  strength  of spot w elds 
in  re la tio n sh ip  to w e ld in g  tim e fo r Anti-  
co rod a l-B  sheet-pairs re sp e c tive ly  3 mm. 
a n d  2 mm. in  th ickness . F ig . 2 (b e lo w ).—  
S h e a r  s treng th  of spots in  re la tion sh ip  to 
cu rren t d e n s ity  fo r m ateria l an d  gauges as 

in  F ig . I.

kg./spo!
500

o n  w e ld in g  c o n d i t io n s  b u t  a ls o  o n  th e  
t h i c k n e s s  o f  t h e  m a t e r i a l  a n d  i t s  in h e r e n t  
p r o p e r t ie s .

I f  c o n s id e r a t io n  b e  g i v e n  to  t h e  c o n d i 
t io n s  u n d e r  w h i c h  t h e  s p o t  w e ld  is  e f fe c te d  
b e t w e e n  t w o  s h e e ts ,  t h e n  a t  o n c e  c e r t a in  
c o n d i t io n s  a r e  a u t o m a t i c a l l y  d e t e r m in e d  
r e g a r d in g  t h e  n a t u r e  o f  t h e  w e ld in g  p r o 
c e s s  ; f u r t h e r m o r e ,  i t  is  p o s s ib le  t o  d e r iv e  
c e r t a in  c o n c lu s io n s  a s  t o  t h e  in f lu e n c e  o f 
t h e  p h y s i c a l  p r o p e r t ie s  o f  t h e  v a r io u s  
a lu m in iu m  a l lo y s  u p o n  t h e  w e ld in g  c o n 
d i t io n s  w h i c h  m u s t  b e  a d o p t e d .

I f  t w o  s h e e ts  b e  p re s s e d  b e t w e e n  th e  
e le c t r o d e s  a n d  t h e  w e ld in g  c u r r e n t  b e  
a l lo w e d  to  p a s s  t h r o u g h  t h e  s y s t e m ,  t h e n  
t h e  g r e a t e s t  r e s is t a n c e ,  a n d ,  t h e r e fo r e ,  t h e  
g r e a t e s t  h e a t in g  e f fe c t ,  o c c u r s  a t  t h e  c o n 
t a c t  s u r f a c e s  b e t w e e n  t h e  s h e e ts .  T h e  
r e s is t a n c e  b e t w e e n  t h e  e le c t r o d e s  a n d  th e  
o u t e r  s u r f a c e  o f  t h e  s h e e t  i t s e l f  is  r e d u c e d

' 47 holf cycles

20000 25000 30000
Welding current Amps.

t h e  s h e e ts  c o n c e r n e d  ( t h e  f a c e s  o f  e a c h  
b e in g  c o v e r e d  w i t h  a n  o x id e  f i lm  o f  v a r y 
in g  t h ic k n e s s ,  d e p e n d in g  o n  th e  n a t u r e  o f  
t h e  a l l o y  a n d  t h e  h e a t  t r e a t m e n t  w h i c h  
h a s  b e e n  g iv e n  i t )  b u t  a ls o  o n  w e ld in g  
c o n d i t io n s .

A f t e r  m e l t in g  h a s  o c c u r r e d  a t  t h e  c o n 
t a c t  s u r f a c e  b e t w e e n  th e  s h e e ts ,  h e a t  is  
c o n d u c t e d  r e a d i l y  t h r o u g h  t h e  m a s s ,  a n d  
f u r t h e r  h e a t in g  is  p o s s ib le  o n t y  w i t h in
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n a r r o w  l im i t s ,  d u e  t o  t h e  lo w  e le c t r ic a l  
r e s is t a n c e  w h i c h  n o w  o b t a in s .  T h u s  i t  
f o l lo w s  t h a t  f o r  w e ld in g  t o  o c c u r  u n d e r  
t h e s e  c o n d i t io n s  c u r r e n t  d e n s i t y  m u s t  b e  
r a is e d  t o  a  r e a s o n a b ly  h ig h  l e v e l ,  h e n c e  
w e ld in g  t im e  m u s t  n e c e s s a r i l y  b e  s h o r t .

T h i s  c h a in  o f  r e a c t io n s  is  m a d e  v e r y  
o b v io u s  i f  c o n s id e r a t io n  b e  g iv e n  to  th e

pp^pp

L . J □ 1
t • u

F i g .  2 , h a s  a  m o s t  p r o n o u n c e d  e f fe c t  o n  
t h e  s t r e n g t h  o f  t h e  s p o t  w e ld  a c h ie v e d .  I n  
s p i t e  o f  t h e  d e c r e a s e  in  w e ld in g  t im e  th e  
s t r e n g t h  o f  t h e  w e ld  in c r e a s e s  s t r o n g ly  
w i t h  in c r e a s in g  c u r r e n t  d e n s i t y .  H o w 
e v e r ,  t h e  u s e  o f  e x c e s s iv e ly  h e a v y  c u r 
r e n t s  is  l im i t e d  b y  c e r t a in  f u n d a m e n t a l  
c o n d i t io n s ,  a s  th e  t e n d e n c y  o f  t h e  e le c 
t r o d e s  t o  a d h e r e  t o ,  o r  b i t e  in t o ,  t h e  s h e e t  
is  m u c h  e n h a n c e d .  In c r e a s e  in  t h e  
s t r e n g t h  o f  t h e  w e ld  is , i n  a l l  c a s e s ,  t o  b e  
a t t r i b u t e d  p r i n c ip a l l y  to  m o r e  r a p id  m e lt-

F ig . 4 (b e lo w ).— A p p e a ra n c e  of spo t in  
re la tio n sh ip  to e lec trod e  p ressu re  fo r 
w e ld  in  A n tico ro d a l- B  sheet 3 mm. th ick . 
T h e  m ac rog rap h  “ I , ”  o f a  spot p ro duced  
at lo w  pressure, show s m an ifest u n so u n d 
ness ; an  im p rovem en t is no ticed  in  " 2"  ; 
in  " 3 "  a sm a ll p e rfe c tly  so u n d  spot 

is ev ident.

F ig . 3 (a b o v e ).— E ffe c t  of e lec trod e  p res 
su re  on  size of spots fo r w e ld s  in  3 mm. 
A n tico ro d a l- B  sheet (e q u iv a le n t m ag n ifi
ca tio n  in  rep ro d u ctio n  eq ua ls  9 d ia ). 
C om m en cing  w ith  " I , ”  th e  m acrog rap hs 
h e re  a re  rep resen ta tive  o f th e  resu lts  of 
g ra d u a lly  in c re as in g  e lec trod e  pressure, 
th e  spo t illu s tra ted  in  " 6"  b e in g  the  

sm allest a n d  soundest,

e f f e c t  o f  w e ld in g  t im e  a n d  c u r r e n t  d e n s i t y  
o n  t h e  s h e a r  s t r e n g t h  o f  s p o t  w e ld s  in  
A n t i c o r o d a l- B .  I n  F i g .  1 is  p lo t t e d  th e  
m e a n  s h e a r  s t r e n g t h  p e r  s p o t  in  r e l a t i o n 
s h ip  t o  w e ld in g  t im e  in  h a l f  c y c le s ,  fo r  
s im p le  l a p  jo in t s  i n  s h e e t  p a i r s  3  m m .  a n d  
2  m m .  t h i c k  r e s p e c t i v e l y .  T h e  w e ld s  a r e  
c a r r i e d  o u t  o n  a  m a c h in e  w i t h  m e c h a n ic a l  
c o n t r o l .  I n  t h e  c a s e  o f  t h e  .3 m m .  s h e e t  a  
c u r r e n t  d e n s i t y  o f  3 1 ,0 0 0  a m p s  w a s  u s e d ,  
w i t h  e le c t r o d e s  12 m m .  in  d ia m e t e r  a n d  
a n  e le c t r o d e  p r e s s u r e  o f  5 0 0  k g .  I n  t h e  
c a s e  o f  t h e  2 m m .  s h e e t ,  a  c u r r e n t  d e n s i t y  
o f  2 7 ,0 0 0  a m p s ,  w a s  u s e d  w i t h  t h e  s a m e  
e le c t r o d e  p r e s s u r e  a n d  e le c t r o d e s  o f  t h e  
s a m e  d ia m e t e r .

I t  w i l l  b e  s e e n  t h a t ,  e s p e c ia l l y  in  th e  
c a s e  o f  t h in n e r  s h e e t ,  t h e  e f fe c t  o f  w e ld in g  
t im e  is  v e r y  s m a l l ,  w h i l s t  t h e  u s e  o f  t h e  
c o r r e c t  c u r r e n t  d e n s i t y ,  a s  in d ic a t e d  in

in g  a t  t h e  c o n t a c t  s u r f a c e s  a n d  to  t h e  
f o r m a t io n  o f  a  c o r r e s p o n d in g ly  g r e a t e r  
a r e a  o f  in t e r fu s io n .

I t  t h u s  b e c o m e s  c l e a r  t h a t  e le c t r o d e  
p r e s s u r e ,  w h i c h  g o v e r n s  t o  a  la r g e  e x t e n t  
t h e  c o n t a c t  r e s is t a n c e  b e t w e e n  t h e  s h e e ts ,  
p r o m o te s  e i t h e r  a  le s s e r  o r  a  g r e a t e r  
d e g r e e  o f  m e l t in g .  F o r  a  g iv e n  c u r r e n t  
d e n s i t y  a n d  w e ld in g  t im e  a n d  v a r y i n g  
e le c t r o d e  p r e s s u re s ,  w e ld in g  s p o ts  o f  v a r i 
o u s  s iz e s  a r e  f o r m e d ;  t h i s  i s  s h o w n  in  
F i g .  3 . T h e  l o w e r  t h e  e le c t r o d e  p r e s s u r e  
t h e  g r e a t e r  b u t  m o r e  u n s o u n d  is  t h e  a r e a  
o f  in t e r f u s io n .  B l o w  h o le s  a n d  f is s u re s
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o f  t h e  fu s io n  z o n e ,  t o g e t h e r  w i t h  t h e  
s t r e n g t h  o f  t h e  s p o t ,  a r e  p lo t t e d  a g a in s t  
e le c t r o d e  p r e s s u r e .  B o t h  s p o t  w id t h  a n d  
h e ig h t  a n d  s p o t  s h e a r  s t r e n g t h  d e c r e a s e  
p r o p o r t i o n a t e ly  w i t h  i n c r e a s in g  e le c t r o d e  
p r e s s u r e .  T h e  h ig h  s p o t  s t r e n g t h  w h i c h  
is  o b t a in e d ,  h o w e v e r ,  w i t h  t h e  lo w e s t  
e le c t r o d e  p r e s s u r e — f o r  e x a m p le ,  3 0 0  k g .  
— p r o m o te s  e x c e s s iv e  fu s io n  a t  t h e  i n t e r 
f a c e ,  a n d  t h i s  c a u s e s  n o t  o n l y  b lo w  h o le s  
a n d  f is s u re s  in  t h e  z o n e  o f  in t e r f u s io n  b u t  
a ls o  g iv e s  r i s e  t o  t h e  d a n g e r  o f  m e l t in g  
t h r o u g h  to  t h e  o u t e r  s u r f a c e  o f  t h e  s h e e t .  
H e n c e  in  t h e  c a s e  o f  3  m m .  s h e e t  u s in g  
12 m m .  d ia m e t e r  e le c t r o d e s  t h e  lo w e s t  
e le c t r o d e  p r e s s u r e  t o  b e  r e c o m m e n d e d  is  
5 0 0  k g .  F u r t h e r m o r e ,  in  p r a c t i c e  i t  is  
m o r e  s a t i s f a c t o r y  w i t h  h a r d e r  m a t e r ia ls ,  
s i i c h  a s  A n t i c o r o d a l  B ,  to  s e le c t  e le c t r o d e  
p r e s s u r e s ; a s  h ig h  a s  r e a s o n a b l y  p o s s ib le ,  
f o r  i n  t h i s  c a s e ,  p a r t i c u l a r l y  w h e n  j o in in g  
s h e e t  o r  s e c t io n s  o f  la r g e  d im e n s io n s ,  
in e q u a l i t i e s  a t  t h e  c o n t a c t  f a c e s  t e n d  to  b e  
r e d u c e d .  I n  t h is  c o n n e c t io n  i t  s h o u ld  b e  
p o in t e d  o u t  t h a t  h ig h e r  e le c t r o d e  p re s-

2 x O S mm.

F ig .  5 (a b o ve ).— E ffe c t  o f e le c 
trode p r e s s u r e  o n  sh e ar 
s trength  p e r spo t a n d  h e ig h t 
an d  w id th  of spo t fo r w e ld s  in  

3 mm. A n tico ro d a l B  sheet.

F ig .  6 ( r i g h t ) . — F re q u e n c y  
cu rves  for strength  o f spot 
w e lds  in  c lad  d u ra lu m in  sheet. 
T h e s e  w e ld s  w e re  execu ted  on 
a  m ac h in e  o f th e  condenser-  
d isch arg e  type. T h e  il lu s tra 
tio n  is rep ro d u ced  from  p. 11 7 
of th e  W e ld in g  Jo u rn a l,  1941.

320 400 S45 6°0 700
Breaking load per spot in kg.

40

20

20

20

Minimum permissible 
load according to 

-Army Air Corp

63 5
IA 10 l COBreaking load per spot in kg. 
2 x I mm.

Test piece

Minimum permissible 
load according to 

-  Army Air Carp

200 300 325 400
Breaking load per spot in kg. 
2 x 1-6 mm.

Section across spot
-20 h-

— * s

Section across spot

d e c r e a s e  w i t h  in c r e a s e  i n  e le c t r o d e  p r e s 
s u r e ,  a s  i n d ic a t e d  v e r y  w e l l  in  F i g .  4 , 
w h i c h  s h o w s  a  s e r ie s  o f  w e ld e d  s p o ts  
b e t w e e n  p a i r s  o f  A n t i c o r o d a l  B  s h e e t ,  
e a c h  3  m m .  t h i c k ,  w i t h  e le c t r o d e  p r e s 
s u re s  o f  4 0 0 , 7 0 0  a n d  1 ,0 0 0 /k g . r e s p e c 
t i v e l y .  I n  t h e  c a s e  o f  t h e  400-lcg . 
s p e c im e n ,  t h e  a r e a  o f  m e l t in g  b e t r a y s  
n u m e r o u s  b lo w  h o le s  a n d  f i s s u r e s ; th e s e  
a r e  s t i l l  p o s s ib le  w i t h  a n  e le c t r o d e  p r e s 
s u r e  o f  7 0 0  k g . ,  w h i l s t  w i t h  a  p r e s s u r e  o f  
1,000 k g .  t h e  f u s io n  a r e a  is  s o u n d .

I n  F i g .  5 t h e  w id t h  a a n d  t h e  h e ig h t  h
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s u re s  m a k e  n e c e s s a r y  t h e  u s e  o f  e le c t r o d e s  
th e  w o r k in g  f a c e s  o f  w h ic h  s h o u ld  b e  
g iv e n  a  v e r y  s l ig h t  r a d iu s ,  f o r  i f  a  f l a t  
e le c t r o d e  b e  u s e d  th e  s l ig h t e s t  t i l t i n g  w i l l

600

soo

Ś  300
31000 A.  300 kg Electrode pressure25 Half Cycles----  500 kg
Elec. dia ¡2 mm,— ■ 700 kg

s io /sEest piece number 20 22

F ig . 7 (a b o v e ).— E ffe c t  o f e lectrode p ressure 
o n  va r ia t io n  o f sh e a r strength  in  spot w elds 
in  3 m m. A n tico ro d a l sheet. F ig . 8 (r ig h t).—  
M ic ro g ra p h  sh o w in g  ox ide  film  at th e  spot 
in te r fa ce  of tw o  spot-w e lded l ig h t- a llo y  
sheets. F ig . 9 (b e lo w ).— M e a n  spot strength  
fo r w e ld s  in  soft u n a llo y ed  a lum in iu m  
(R A 1 -W ) ; A n tico ro d a l- B  (A c - B ) ; A v io n a l- M  
(A v - M ) ; a n d  soft Pcra lum an -5  (P E - 5 W ). 
L ik e  w e ld in g  cond itions w ere  observed  
th ro u g h o u t, a n d  a ll sheet w as 3 mm. th ick .

g i v e  r is e  t o  m o s t  u n s ig h t l y  im p r e s s io n s  
o n  t h e  s u r f a c e  o f  t h e  s h e e t .

T h e  e le c t r o d e  p r e s s u r e  h a s  a  v e r y  
m a r k e d  in f lu e n c e  o n  t h e  range o f  t h e  
m e c h a n ic a l  p r o p e r t ie s  e x h ib i t e d  b y  s p o t  
w e ld s ,  a n d  i f  w e ld in g  c o n d i t io n s  b e  n o t

c h o s e n  w i t h  t h e  u tm o s t  c a r e ; " t h i s  r a n g e  
c a n  b e  v e r y  g r e a t  in d e e d .  T h i s  is  i l lu s 
t r a t e d  in  F i g .  (>, w h e r e  v a r ia t i o n s  in  
s t r e n g t h  p e r  s p o t  a r e  p lo t t e d  f o r  a l c l a d  
s h e e t  ( d u r a l  c o r e ) .  I n  t h is  c a s e ,  v a lu e s  
l i e  a s  m u c h  a s  15-30  p e r  c e n t ,  o n  e i t h e r  
s id e  o f  t h e  m e a n .  T h i s  v a r ia t i o n ,  h o w 
e v e r ,  t e n d s  to  d e c r e a s e  w i t h  in c r e a s e  in  
e le c t r o d e  p r e s s u r e s ,  a s  is  s h o w n  b y  F i g .  7, 
f o r  w e ld s  in  A n t i c o r o d a l  B ,  w i t h  e le c t r o d e  
p re s s u r e s  o f  3 0 0 , 5 0 0  a n d  7 0 0  k g .  r e s p e c 
t i v e l y .  T h i s  in d ic a t e s  t h a t  c o n t r o l  o i  t h e  
p r e s s u r e  c y c l e ,  w h ic h  c o m m e n c e s  w i t h  
v e r y  h ig h  p r e s s u r e  a n d  w h i c h  is  o n l y  
r e l i e v e d  d u r in g  th e  p a s s a g e  o f  t h e  c u r r e n t ,  
c a n  h a v e  a  p o w e r f u l  e f fe c t  in  r e d u c in g

f g : - a  y  . J i f A s f ;
4 • . ’ . • ‘ .. A j A ‘ '
• ' '• - ' A  ’ \  ,/ .

'■ * - * ' i ’  v " ' V  •’ K'•-*v■ * •#. /  # '  y ,'+■ - - *• . , \* ?*>. •1 k % ' y , . : I i .A >r ■>

'• V. ' i / >• • •
T '  " ’ '  t - '  * ». . • ’ , ... > :' . ■

-

th e  t e n d e n c y  to  s t r e n g t h  v a r i a t i o n  in  th e  
s p o ts .

A s  t h e  o x id e  f i lm  o n  th e  s h e e ts  w i l l  
v a r y  in  t h ic k n e s s  a c c o r d in g  to  t h e  a l lo y ,  
a n d  a c c o r d in g  t o  t h e  h e a t  t r e a t m e n t  w h ic h  
h a s  b e e n  g iv e n  i t ,  a n d  a s ,  f u r t h e r m o r e ,  
th is  o x id e  f i lm  is  n o t  r e m o v e d  b e fo r e  t h e  
w e ld in g  p r o c e s s  is  u n d e r t a k e n ,  t h e  e f fe c t  
o f  p r e s s u r e  b e c o m e s  o b v io u s .  A t  h ig h  
p re s s u re s  t h e  o x id e  f i lm  is  m o r e  e a s i l y  
b r o k e n  d o w n ,  h e n c e  t h e  c o n t a c t  r e s is t a n c e  
b e t w e e n  s h e e ts  w h i c h  h a v e  n o t  b e e n  
p ic k le d  o r  s c r a t c h  b r u s h e d  b e c o m e s  le s s ;  
a s  a  r e s u l t  o f  t h is ,  t h e  a r e a  o f  m e l t in g ,
i . e . ,  t h e  s iz e  o f  t h e  s p o t ,  a ls o  d e c r e a s e s  i f  
th e  c u r r e n t  d e n s i t y  e m p lo y e d  b e  in s u f f i 
c ie n t .  C o n v e r s e ly ,  b y  a r t i f i c i a l l y  i n c r e a s 
in g  th e  c o n t a c t  r e s is t a n c e ,  t h e  a r e a  o f  t h e  
fu s io n  z o n e  m a y  a ls o  b e  in c r e a s e d  : f o r  
e x a m p le ,  a  s t r ip  o f  a l u m in iu m  f o i l  m a y  
b e  l a id  b e t w e e n  t h e  s h e e ts  b e in g  w e ld e d ,
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o r  t h e  s u r f a c e  o f  t h e  s h e e ts  a t  t h e  c o n t a c t  
z o n e s  m a y  b e  p r o v id e d  w i t h  a  h e a v i e r  
o x id e  f i lm ;  f o r  in s t a n c e ,  b y  M . B . V .  
t r e a t m e n t .

T h e  r e la t io n s h ip  b e t w e e n  v a r i a t i o n  in  
s p o t  w e ld  s t r e n g t h  a n d  s u r f a c e  t r e a t m e n t  
g iv e n  to  t h e  s h e e t  p r i o r  to  w e ld in g  is , a t  
t h e  m o m e n t ,  n o t  e n t i r e l y  c le a r .  A c c o r d 
in g  to  in v e s t ig a t io n s  b y  B o l l e n r a t h  (“ Z. 
f i i r  M e t a l l k u n d e , ”  1 9 4 2 / 3 4 / 1 8 7 ) ,  u s in g  
a l l  t y p e s  o f  m a c h in e s  m a n u f a c t u r e d  b y  
n u m e r o u s  c o n c e r n s ,  v a r ia t i o n s  w e r e

o b t a in e d  ju s t  a s  g r e a t  a s  th o s e  in d ic a t e d  
a b o v e ,  a n d  th e s e  q u it e  in d e p e n d e n t  o f  
t h e  s u r f a c e  t r e a t m e n t  g i v e n  to  th e  s h e e t  
b e fo r e  w e ld in g .  T h e  r e s u lt s  o f  o u r  o w n  
in v e s t ig a t io n s  h a v e  so  f a r  le d  o n l y  to  t h is  
c o n c lu s io n ,  t h a t  v a r i a t i o n  in  m e c h a n ic a l  
p r o p e r t ie s  t e n d s  t o  b e c o m e  m o r e  m a r k e d  
w i t h  in c r e a s e  in  t h e  t h ic k n e s s  o f  t h e  s to c k  
b e in g  w e ld e d .  T h e  fu s io n  z o n e  in  t h e  
c a s e  o f  t h i c k  m a t e r i a l  s h o w s  a  g r e a t  t e n 
d e n c y  to  b e c o m e  n o n - u n i f o r m  a n d  to  
e x h ib i t  b lo w h o le s  a n d  f is s u re s ,  d e fe c t s  
w h i c h  a r e  f a v o u r e d  b y  r a p id  c o o l in g  a n d  
s te e p  t e m p e r a t u r e  g r a d ie n t s .

I n  t h i s  c o n n e c t io n ,  t h e  a p p l i c a t i o n  o f  a  
c o n t r o l le d  p r e s s u r e  c y c l e  e n t a i l in g  a f t e r 
p r e s s in g  o f  t h e  s p o t  s u b s e q u e n t  to  t h e  
p a s s a g e  o f  t h e  w e ld in g  c u r r e n t ,  a p p e a r s  
to  b e  o f  v a lu e  i n  s o  f a r  a s  n o t  o n l y  a r e  
p o r o u s  s p o ts  c o n s o l id a t e d ,  b u t ,  a t  th e  
s a m e  t im e ,  in  p l a c e  o f  t h e  g a s s y  z o n e  
th e r e  is  p r o d u c e d  w h a t  m ig h t  b e  d e s c r ib e d  
a s  a  l i g h t l y  fo r g e d  s t r u c t u r e .  I n  p r i n 
c ip le  i t  w o u ld  b e  b e t t e r ,  w h e n  s p o t  w e ld 
in g ,  to  s e t  a s  t h e  g o a l ,  n o t  a  j u n c t io n  b y  
fu s io n ,  b u t  r a t h e r  j o in in g  b y  d i f f u s io n ,  
s u c h  a s  t a k e s  p la c e  in  t h e  c a s e  o f  h a m m e r-

w e ld e d  a lu m in iu m .  H a m m e r  w e ld in g ,  
h o w e v e r ,  b e s id e s  d e m a n d in g  th e  u s e  o f 
h ig h e r  t e m p e r a t u r e s ,  e m p lo y s  h ig h  
p re s s u re s  a n d  p r o m o te s  f lo w  s im i l a r  to  
t h a t  o c c u r r in g  in  t h e  p r o d u c t io n  o f  c la d  
s h e e t ,  a n d  in  t h is  w a y  t h e  o x id e  f i lm  
w h i c h  h in d e r s  f u s io n  is  b r o k e n  d o w n .  
C e r t a in  m o d e r n  r e c o m m e n d a t io n s  i n v o l v 
in g  v i b r a t i o n  o f  t h e  e le c t r o d e s  d u r in g  s p o t  
w e ld in g  a p p e a r  to  a t t e m p t  a  s im u la t io n  o f  
th e s e  p h e n o m e n a .  A s  m a y  b e  s e e n  f r o m  
F i g .  8, f u l l  d e s t r u c t io n  o f  t h e  o x id e  f i lm

F ig . 10 (le ft).— S h o w n  in  th e  le ft-hand  h a lf 
o f th is  illu s tra tio n  is th e  ap p e a ra n c e  of a 
doub le-row  spot-w e lded jo in t a fte r fra c tu re  
in  ten s ion  ; sh o w n  in  the  righ t-h an d  h a lf of 
th e  illu s tra tion  is th e  a p p e a ra n c e  o f a 
s ing le-row  spo t-w e lded  jo in t a fte r fa ilu re  in 
b end ing . F ig .  11 (b e lo w ).— Illu s tra t in g  the  
co u rse  of fa tigue  fa ilu re  o f a s ing le  w e ld ed  

spot in  A n tico ro d a l.

in  s p o t  w e ld in g  o c c u r s  o n l y  in  t h e  r e g io n  
o f  t h e  fu s io n  z o n e ; b e y o n d  t h is ,  w h e r e  f u l l  
fu s io n  h a s  n o t  o c c u r r e d ,  f r a g m e n t s  o f  t h e  
f i lm  s t i l l  r e m a in .  A  d i f f u s io n  w e ld in g  p r o 
c e s s  w o u ld  p r o v id e  th e  s im p le s t  p o s s ib le  
m e a n s  f o r  e f f e c t in g  th e  j u n c t u r e  o f  d is 
s im i l a r  m e ta ls ,  f o r  e x a m p le ,  c o p p e r  a n d  
a lu m in iu m ,  in  o r d e r  to  a v o id  t h e  o c c u r 
r e n c e  o f  t h e  u n s a t i s f a c t o r y  b r i t t l e  s t r u c 
t u r e  w h i c h  t e n d s  to  a r is e  i f  f u s io n  w e ld in g  
b e  a d o p t e d .

T o  s o m e  e x te n t ,  t h e  w e ld e d  s p o t  u n d e r 
g o e s  a  h e a t  t r e a t m e n t  p ro c e s s  a s  a  r e s u l t  
o f  t h e  v e r y  r a p id  c o o l in g  a p p l i e d  t o  t h e  
m o l t e n  m e t a l .  F u r t h e r  im p r o v e m e n t s ,  
h o w e v e r ,  m ig h t  b e  e f fe c te d  in  t h e  s t r u c 
t u r e  o f  t h e  w e ld e d  z o n e  b y  d e l ib e r a t e l y  
h e a t  t r e a t in g  o r  b y  h o m o g e n iz in g :  in  p r a c 
t ic e ,  h o w e v e r ,  t h i s  is  r a r e l y  l i k e l y  to  b e
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p o s s ib le .  T h e r e  a r e ,  h o w e v e r ,  in t e r e s t in g  
s u g g e s t io n s  in  t h i s  r e g a r d  i n v o l v i n g  c a r e 
f u l  m a n ip u la t io n  o f  t h e  c u r r e n t  a n d  
p r e s s u r e  c y c le s  w h e r e b y ,  a f t e r  ju n c t io n  
h a s  b e e n  e f fe c te d  u n d e r  h ig h  p r e s s u re ,

F ig . 12 (a b o ve ).— E ffe c t of spot d iam eter 
on  sh e a r s trength , a n d  resistance to 
flu c tu a tin g  stresses (v a ry in g  from  0 — M ax .; 
i.e., U rsp ru n g sfes tig ke it) fo r spo t w elds in  
a lum in ium -copper-m agnesium . F ig . 13 
(r ig h t).— C o u rse  of fa tigue fa ilu re  in  a 
rive ted  io in t. F ig . 1 4 (b e lo w ).— A lternat-  
ing-bend strength  for spo t-w e lded  jo in ts 
in  1 mm. A n tico ro d a l- B  sheet. F o r  com 
p a ra tiv e  purposes, cu rves  are  presented  
fo r rive ted  jo in ts  an d  au to genou s w e lds  in  

th e  sam e m ateria l.

Endurance limit

Stress reversals

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

F r o m  th e s e  r e m a r k s  i t  w i l l  b e  q u it e  
o b v io u s  t h a t  t h e  q u a l i t y  o f  t h e  w e ld  
d e p e n d s  v e r y  c o n s id e r a b ly  o n  t h e  s t r u c 
t u r e  o f  t h e  w e ld  m e t a l  w h i c h  is  o b t a in e d ;  
h e n c e  a n y  p r e c is e  l a y i n g  d o w n  o f  w e ld in g  
c o n d i t io n s  is  n o t  p o s s ib le ,  w h e t h e r  a c c d rd -

in g  to  th e  t y p e  o f  a l lo y  b e in g  w e ld e d ,  o r  
in  r e la t io n  t o  g a u g e  o f  s t o c k ;  e v e r y  c a s e  
m u s t  b e  ju d g e d  o n  i t s  o w n  m e r i t s .  F i g .  9 
p r e s e n ts  in  d ia g r a m m a t i c  f o r m  th e  m e a n  
s t r e n g t h  o f  w e ld e d  s p o ts  in  a l u m in iu m  
s h e e ts  a n d  a lu m in iu m  a l l o y  s h e e ts  3  m m .  
t h i c k .  I n  e v e r y  c a s e  s p o t  w e ld in g  w a s  
c a r r i e d  o u t  u n d e r  t h e  s a m e  c o n d i t io n s ,  
a n d  m e a s u r e m e n t  o f  th e  s iz e  o f  t h e  s p o t  
s h o w e d  t h a t  s h e a r  s t r e n g t h  p e r  s p o t  is , to  
s o m e  e x te n t ,  g o v e r n e d  b y  i t s  d im e n s io n s ;  
th e s e  a r e  s m a l le s t  in  t h e  c a s e  o f  u n a l l o y e d  
a lu m in iu m ,  a n d  g r e a t e s t  in  t h e  c a s e  o f  
P e r a l u m a n  5 . F r o m  t h i s  i t  m a y  b e  
d e d u c e d  t h a t  t h e  s h e a r  s t r e n g t h  o f  sp o t-

w e ld e d  a l lo y s  is  g r e a t e r  t h a n  in  t h e  c a s e  
o f  s p o t- w e ld e d  u n a l l o y e d  a lu m in iu m .

T h e  f a c t  t h a t  t h e  a l lo y s  w h i c h  p o s s e s s  
e le c t r i c  c o n d u c t i v i t i e s  in f e r io r  t o  t h a t  o f  
t h e  p u r e  m e t a l  e x h ib i t  g r e a t e r  w e ld  
s t r e n g t h  m ig h t  l e a d  to  t h e  c o n c lu s io n  t h a t  
t h e  s p e c i f ic  r e s is t a n c e  o f  t h e  s h e e t  f u n c j  
t io n s  a s  a  m e a s u r e  o f  t h e  s iz e  o f  th e  s p o t  
w h i c h  w i l l  b e  o b t a in e d .  T h i s ,  h o w e v e r ,  
is  o b v i o u s l y  n o t  t h e  c a s e ;  t h e  t h i c k n e s s  o f  
t h e  o x id e  f i lm  o n  t h e  s u r f a c e  a ls o  p l a y s  
i t s  p a r t ,  in  s o  f a r  a s  i t  p r o m o te s  a  g r e a t e r  
o r  le s s e r  d e g r e e  o f  in t e r f u s io n  t o  o c c u r  
b e t w e e n  th e  s h e e ts .

I f  t h e  s u r f a c e  o f  s h e a r e d  s p o t  w e ld s  b e  
e x a m in e d ,  v a r io u s  t y p e s  o f  f r a c t u r e  w i l l  
b e  fo u n d ,  t h e  n a t u r e  o f  t h e  b r o k e n  s u r f a c e
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d e p e n d in g  n o t  o n l y  o n  th e  q u a l i t y  o f  t h e  
w e ld  i t s e l f ,  b u t  a ls o  o n  t h e  t h i c k n e s s  o f  
t h e  m a t e r i a l  a n d  th e  s h a p e  o f  t h e  t e s t  
p ie c e .  I n  F i g .  10, t h e  s p e c im e n  a t  t h e  le f t ,  
w i t h  t w o  r o w s  o f  s p o ts ,  f a i l e d  in  s h e a r  b y  
t e a r in g  o f  t h e  e d g e  o f  th e  s h e e t ,  a s  in  th e  
c a s e  o f  a  s im i l a r  r i v e t e d  jo in t ,  t h e  s h e e t  
b e in g  t h in  a n d  t h e  i n t e r v a l  b e t w e e n  t h e  
r o w  o f  s p o ts  a n d  th e  s h e e t  e d g e  d e f in i t e l y  
in a d e q u a t e .  I n  t h e  c a s e  o f  a  j o i n  m a d e  
w i t h  a  s in g le  r o w  o f  s p o ts ,  r u p t u r e  in  
s h e a r  r e s u lt s  in  t h e  s p o ts  b e in g  t o r n  f r o m  
th e  s h e e t ,  w i t h  t h e  p r o d u c t io n  o f  a  h o le ,  
t h is  p ro c e s s  t a k in g  p la c e  th e  m o r e  r e a d i l y  
t h e  t h in n e r  a n d  s o f t e r  t h e  s h e e t  c o n 
c e r n e d .

T e n s i l e  s t r e s s in g  t h r o u g h  th e  s p o t  in  a  
d i r e c t io n  a t  r ig h t- a n g le s  to  t h e  s u r f a c e  o f  
t h e  s h e e t  m a y  a r is e  a s  s h o w n  in  t h e  r ig h t-  
h a n d  s p e c im e n  i n  F i g .  10, b y  b e n d in g  o f  
th e  s p e c im e n .  I n  s u c h  a  c a s e ,  t h e  s p o t  
m a y  b e  p u l l e d  a p a r t  w i t h  th e  p r o d u c t io n  
o f  a  p i t  in  o n e  h a l f  o f  t h e  jo in t ,  o r  a  h o le  
m a y  b e  fo r m e d .  I f  t h e  s h e a r  s t r e n g t h  o f  
th e  s p o t  b e  d e t e r m in e d  in  t h i s  w a y ,  
v a lu e s  w i l l  b e  o b t a in e d  in f e r io r  to  th o s e  
r e s u l t in g  f r o m  t r u e  s h e a r  s t r e s s in g  c a r r i e d  
o u t  i n  a  d i r e c t io n  h o r iz o n t a l  t o  t h e  s u r f a c e  
o f  t h e  s h e e t .

S i m i l a r  t o  th e s e  s t a t i c  te s ts ,  s o  a ls o  is  
th e  c a s e  o f  d y n a m i c  s t re s s e s :  t h e  s t r e n g t h  
o f  a  s p o t  w e ld  w i l l  v a r y  a c c o r d in g  to  th e  
d i r e c t io n  i n  w h i c h  i t  is  lo a d e d .  T h e  
e n d u r a n c e  l i m i t  o f  a .  s p o t  w e ld  is  d e t e r 
m in e d  b y  t h e  a r e a  o f  g r e a t e s t  s t r e s s in g ,  
t h a t  is ,  a t  i t s  p e r ip h e r y .  A t  t h i s  p o in t ,  in  
t h e  c a s e  o f  a  s im p le  j o i n t  w i t h  a  s in g le  r o w  
o f  s p o ts ,  p e a k  s t re s s e s  a s  m u c h  a s  f i v e  
t im e s  a s  g r e a t  a s  t h e  m e a n  s t r e s s  w i l l  a r is e .  
I n  F i g .  11 , t w o  s p o t  w e ld s  a r e  s h o w n  a f t e r  
f r a c t u r e  u n d e r  a n  e n d u r a n c e  s t r e n g t h  te s t .  
P r o g r e s s i v e  c r a c k in g  h a s  o c c u r r e d  a r o u n d  
th e  e d g e  o f  t h e  s p o t  a n d  h a s  p r o c e e d e d  in  
p a r t  t o w a r d s  th e  in t e r io r  o f  t h e  m o lt e n  
z o n e .

I t  is  in t e r e s t in g  to  n o te  t h a t ,  b y  i n c r e a s 
in g  t h e  s iz e  o f  t h e  s p o t ,  b y  u s in g ,  f o r  
e x a m p le ,  a  h ig h e r  c u r r e n t  d e n s i t y ,  s t a t i c  
s t r e n g t h  is  m a r k e d l y  in c r e a s e d ,  w h e r e a s  
d y n a m i c  s t r e n g t h ,  a s  d e t e r m in e d  b y  a  
lo a d  f l u c t u a t in g  b e t w e e n  z e ro  a n d  m a x . ,  
is  o n l y  s l i g h t l y  in c r e a s e d .  F i g .  12 s h o w s  
t h a t  t h e  s t a t i c  s t r e n g t h  p e r  s p o t  in c r e a s e s

a p p r o x im a t e l y  l i n e a r l y  w i t h  s p o t  d i a 
m e te r ,  w h i l s t  f o r  a  f l u c t u a t in g  lo a d  o f  th e  
t y p e  w e  h a v e  d e s c r ib e d  n o t  o n l y  d o e s  th e  
s t r e n g t h  l e v e l  l i e  lo w e r ,  b u t ,  f u r t h e r m o r e ,  
e x h ib i t s  o n l y  a  m in o r  r is e .  T h i s  b e c o m e s  
c l e a r  w h e n  w e  r e m e m b e r  t h a t  f a i l u r e  b y  
f a t ig u e  o c c u r s  in  t h e  a r e a  o f  h ig h e s t  s t re s s  
in  t h e  s p o t ,  n a m e ly ,  a t  i t s  p e r ip h e r y ,  
h e n c e  th e  a c t u a l  s iz e  o f  t h e  s p o t  is  o f  l i t t l e  
im p o r t a n c e  in  t h i s  c o n n e c t io n .  I t  m ig h t  
b e  p o in t e d  o u t  t h a t  f a t ig u e  f a i l u r e  in  th e  
c a s e  o f  a  r i v e t e d  j o i n t  d o e s  n o t  b e g in  a t  
th e  p e r ip h e r y  o f  t h e  h o le  t h r o u g h  w h i c h  
th e  r i v e t  p a s s e s ,  b u t  i n  t h a t  a r e a  o f  t h e  
s h e e t  d i r e c t l y  d e l in e a t e d  b y  t h e  p e r ip h e r y  
o f  t h e  r i v e t  h e a d ;  t h is  is  s h o w n  in  F i g .  18.

A n y  d i r e c t  c o m p a r is o n ,  h o w e v e r ,  o f  a  
s p o t- w e ld e d  j o i n t  a n d  a  r i v e t e d  j o i n t  
u n d e r  c o n d i t io n s  o f  d y n a m i c  s t r e s s  w o u ld ,  
a c c o r d in g  to  e a r l i e r  p u b l is h e d  w o r k ,  s e e m  
to  b e  im p o s s ib le .  I n  F i g .  14 a r e  p lo t t e d  
a l t e r n a t in g  b e n d  te s t  c u r v e s  ( f o r  s tre s s e s  
v a r y i n g  b e t w e e n  p o s i t i v e  m a x im a  a n d  
n e g a t i v e  m a x im a )  f o r  1 m m .  A n t ic o r o -  
d a l  B  s h e e t .  T h e  s h e e t  a lo n e  f o r  t h is  
t y p e  o f  s t r e s s in g  g iv e s  a  v a lu e  o f  
9 k g . / m m .2, w h i l s t  a  r i v e t e d  j o i n t  a n d  
a n  a u to g e n o u s  w e ld  in  t h e  s a m e  m a t e r i a l  
g i v e  f a t ig u e  v a lu e s  o f  7 k g . / m m .2; t h e  c o r 
r e s p o n d in g  v a lu e  f o r  a  s p o t  w e ld  is  
5 k g . / m m .2.

A l t e r n a t in g - b e n d  s t r e s s in g  im p o s e s  v e r y  
h e a v y  f a t ig u e  lo a d s  o n  a  s t r u c t u r e ;  s u c h  
s t r e s s in g ,  th e r e fo r e ,  s h o u ld ,  a s  f a r  a s  p o s 
s ib le ,  b e  a v o id e d  b o th  in  r i v e t e d  a n d  in  
s p o t- w e ld e d  a s s e m b l ie s .  I t  f o l lo w s ,  t h e r e 
fo r e ,  t h a t  w h e r e  d y n a m i c  s t re s s e s  a r e  to  
b e  e x p e c t e d ,  t h e  a p p l i c a t i o n  o f  t h e  sp o t-  
w e ld in g  t e c h n iq u e  is  s u b je c t  to  c e r t a in  
l im i t a t i o n s ,  t h e  o v e r c o m in g  o f  w h i c h ,  by- 
m e a n s  o f  im p r o v e m e n t s  in  t h e  s t r u c t u r e  
o f  t h e  m e t a l  a t  t h e  s p o t ,  a n d  b y  d e c r e a s 
in g  p e a k  s t re s s e s  b e t w e e n  t h e  p e r ip h e 'r y  
o f  t h e  s p o t  a n d  t h e  s h e e t ,  m u s t  f o r m  th e  
s u b je c t  o f  f u r t h e r  r e s e a r c h .  T h i s ,  i t  is  to  
b e  a n t i c ip a t e d ,  w i l l  p r o b a b l y  t a k e  th e  
f o r m  o f  in t e n s iv e  in v e s t ig a t io n  in t o  t h e  
m e c h a n ic s  o f  t h e  s p o t- w e ld in g  p ro c e s s  a s  
a p p l ie d  t o  l i g h t  a l lo y s ,  w i t h  t h e  o b je c t  o f  
f u r t h e r  in c r e a s in g  th e  d e g r e e  o f  c o n t r o l  
a t  p r e s e n t  e x e r c is e d  o v e r  t h a t  p a r t  o f  t h e  
c y c l e  i n v o l v i n g  t h e  f r e e z in g  o f  t h e  fu s e d  
m e t a l .
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G E R E R R L  R E F R A C T O R I E S
L I M I T E D

G E N E F A X  H O U S E  ■ S H E F F I E L D  10 T E L E P H O N E  • S H E F F I E L O  3 I I I Ï

FROM  T H E  overburdened roads of B ritain  a t w ar will 
arise the  R oads of the F u tu re—broad highways to carry 
the  traffic of post-war reconstruction. To the road- 
m aking industry there m ust flow v ast supplies of 
cem ent/lim e, roadstone, steel, road-m aking and  stone- 
crushing m achinery, equipm ent and  power — all 
dependent in tu rn  upon adequate sup
plies of furnace linings. In  peace as 
in war, the  G .R . organisation will play 
a  v ita l p a rt in m eeting the  national 
dem and for quality  Refractories.

FIRE BRICKS • BASIC BRICKS 
ACID-RESISTING MATERIALS 
CEMENTS O COMPOUNDS 
INSULATION • SILICA BRICKS 
S I L L I M A N I T E  • S A N D S
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B e y o n d  t h e  B l u e p r i

No matter whether you are  planning a 
new product or redesigning an old 
if castings in non-ferrous metals are 
called for then Universal with a  com
p le te  service from designing to 
finishing can help you. On post-war 
products our Technical Staff will gladly 
work with your design and engineering

departments so that your job is ready 
for pattern or die making immediately 
restrictions are lifted. For immediate 
essential work the whole of our service 
is at your disposal . . . NOW.

S T E E L  S T A M P S
On Air Mini »try Approved Litl .Vo. 7i/llGQ3,'39

L a rg e  O u tp u t .  P ro m p t  D e liv e r ie s .

J O H N  M E E R L O O  & S O N S ,
74, LONDON RD., KINGSTON-ON-THAMES.

'Phone: KingttonG322 «fr 2878.

ILFAR ON A.I.D . 
APPRO VED  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 é c i f i c a t i o n

CANLEY COVENTRY Phone 3673

• A L U M I N I U M  

C A S T I N G S
S A N D  &  G R A V IT Y  D I E  C A S T IN G S  

F O R  A L L  T R A D E S

BRIDGE
W E D N E S B U R Y
•PHO NE: W E D N E S B U R Y  0109-

FOUNDRY LTD .’ 

S T A F F S

-’G R A M S: A LSPELC O , W E O N E S B U R Y
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"SUPINOL-N” SEMI-SOUD OIL
i s  a  sp ec ia lised  n e w  t y p e  o f  c o r e  

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

A L U M I N I U M  C A S T I N G S
I t  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

EASY KNOCKOUT- 
NO METAL DISCOLORATION

IN REGULAR U S E  B Y  LEADING ALUMINIUM FOUNDRIES 
Manufactured by

F .  &  M .  S U P P L I E S  Ltd.
2 1 / 3 ,  C O L D H A R B O U R ,  L O N D O N ,  E . I 4

A ls o  m a n u f a c t u r e r s  of D e g a s s e r s ,  R e f in e r s  a n d  C o v e r in g  A g e n t s  f o r  A l u m in i u m  
A l lo y s ,  P a r t i n g  P o w d e r ,  e t c . ,  o f  e x c e p t io n a l  q u a l i t y

T AS/CL,B.305

s  i  .
Ü PROVED cmdhilrutUm to the te^kuicjuo or

1 In s titu t io n !  I

K I M O L O
T H E

fin« cclluUn.ui 
high ujiubung

K IM O LO  Insulating Bricks, now in plentiful supply, pro
vide the up-to-date answer to heat-insulation problems. 
Manufactured in Kent from local materials they have proved, 
both in official tests and in wide application, to equal or better 
the performance of insulating bricks dependent on imported 
materials. Engineers, metallurgists, chemists, and all in 
charge of fuel-burning plant are cordially invited to apply 

at once for full technical data.

Cl PvlutHpb tihitcCrlv
Jtes k  p  hotiu-cftcrri

Sole K IM O LO  M A N U FA C T U R ER S  LTD ,
DistributorC E L L A C T IT E  & B R IT IS H  U R A L IT E  LT D . 

Terminal House. 52, Grosvenor Gardens, London, S .W .I. Telephone: SLOarie 5127 (4 lines).Telegrams: Cellactite-Sowest-London.

STANDARD GRADE 1 
INSULATING BRICK |
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A L U M IN IU M  alloyed w ith
MANGANESE. TITANIUM. . CHROMIUM. \  
NIOBIUM. TANTALUM. TUNGSTEN. BORON. 
VANADIUM. ZIRCONIUM. MOLYBDENUM. 
IRON. SILICON. MAGNESIUM. NICKEL. ETC. ,

L I O N  B R A N D ’

E S T A B L I S H E D  I 8 S Q

Telegrams - Blackwell, Liverpool. I
Telephone - Garston 980 (3 lines), j

l_l V.V I'f D I X H I N U

&  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 .

T H E R M E T A L  H O U SE . G A R S T O N . L IV E R P O O L  19
Works: Banks 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  I n . . .  
A lu m in iu m , Z in c  Base  (M ax ak ) 
G R A V I T Y  in  . . .
A l l  S ta n d a rd  N o n - F e r ro u s  A l lo y s

A N O D I S I N G  a n d  

C H R O M A T I N G

P L A N T S ,  F L U X E S  

a n d  C H E M I C A L S

W R I T E  T O  U S

R .  G R U IC K S H A N K ,  L T D .,  C am den  S tre e t 
B IR M IN G H A M ,  1. 'P h o n e : C en t. 72I3

------------- S I T U A T I O N S  V A C A N T --------------
REQUIRED IMMEDIATELY, Technical Sales Representative 
for light alloy foundry. Experience of trade necessary, with 
preferatdy some knowledge of metals. Write, detailing ex
perience and salary required, to Box No. 4673, c/o “ LIGHT 
METALS." 87/3889
-----------  M I S C E L L A N E O U S ----------------
MONOMARKS. Permanent London Address. Letters redirected. 
5/-p.a. Write Mouomark BM/MONO02, W.C.l. 90/3890

“  L IG H T  M E T A L S  *’ is published in London, England, 
towards the end of each month.
Head Offices: Bow ling Green Lane, London, E .C .l.

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

Phosphor Bron;«- M  ■  ■  K B  d | |  Gun Metal Ingots
-Tandem* White Metal Alloys E B  j|| H JB  Bearings for all purposes

C Y n c
•fyre* Aluminum and Chill Cast PhosphorAluminum Alloys TV I l k  Bronze Reds

S M E L T I N G  C O M P A N Y  L IMITED
T A N D E M  W O R K S ,  M E R T O N  A B B E Y .  S . W . I 9

Telephone: MITCHAM 2031 (4 lines)

Printed in England and Published Monthly by the Proprietors, TEMPLE PRESS LTD .. BOWLING GREEN LANE .LONDON .E.C.1
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U s e

M O R R I S F L E X
— R E X  R o ta ry  F iles  and C u t te r s ,  and M O R R IS F L E X  
F le x ib le  S h a ft E q u ip m e n t , u n r iv a lle d  fo r  sp e ed y  
o u tp u t ,  in creased  e ffic ien cy , b e t te r  p ro d u c t io n . In  a 
la rge  p e rce n tag e  o f fa c to r ie s  th ro u g h o u t  th e  c o u n t ry ,  
M O R R I S F L E X  F L E X I B L E  S H A F T  E Q U I P M E N T  Is 
p lay in g  a v ita l p a r t  In e n su r in g  th e se  re q u ire m e n ts .
Cutting, filing, grinding and 
polishing components of Alumin
ium, Elektron, Non-ferrous alloys 
and Ferrous metals. M O R RISFLEX  
Equipment comprises Overhead 
suspension, Bench and Floor type 
machines, R EX  Rotary Files and 
Cutters, M O R R EX  Rotary W ire  
Brushes, M O RR ISFLEX  Rotary 
Cutting and Polishing Mops and 
Felts, etc. W rite  us for fullest 
information.

On Air Ministry, Admiralty and War Office Lists.

B  O  M O R R I S  L T D .
SHIRLEY- BIRMINGHAM

| Telephone: Shirley 1237 Telegrami; Morrisflex. Birmingham, i
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