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A p erfec t Casting
In  “  A  M A  T I  E R  O F  L I F E  
A N D  D E A T H ”  a irm a n  
P e ter  C a r te r  ( d a v id  n i v e n )  
is w a sh e d  ash o re  w i th  c o n ­
cussion. D r .  R eeves  (RO G ER  
ijjy 3 S 8 & ^ r x ts J ye te r  a n  in je c t-  

h im se lf  on  
grial *"*"ê ry lier World. 
W h e n  rv im  /,is
l i f e u J ^ ^ M n s e l  td ins h is  case. 
f£ $ $ ^ rchers^lhi (G.F.D. 
W it t r i b u t i o n A f f i f  chosen  f o r  
t h e £ o v y y M f o f r t r f orm ance , 

■ casting .

A m etal casting too can be  “ A 
M atte r  o f  L ife and  D eath  A tiny  

crack— if  und e tected  m ay have grave 
consequences. R ecently  we cast this 

a irc raft rod in high s treng th  a lum inium  
alloy. W e X -R ayed  it eleven tim es Irom 

eleven d ifferen t angles. Every casting of that 
assignm ent was X -R ayed  by us eleven tim es.

p v v i v v t  4  a s / i n f /  b y

JOHN DALE Ltd
T e le p h o n e :  L o n d o n  C o ln e y  3*41 LONDON COLNEY HERTFORDSHIRE
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RESISTANCE WELDING EQUIPMENT FROM

T Y P E  E . I 504

BUILT-IN TIMER
A n  a u to m a tic  w e ld in g - t im e  
c o n tro l  u n i t  is  e m b o d ie d  in 
th e  e q u ip m e n t  —  w ith in  
easy  r e a c h  o f  th e  o p e ra to r .

UNIVERSAL ARM ADJUSTMENT
A rm  m o v e m e n t is  b o t l i  v e rtica l 
a n d  h o r iz o n ta l  —  a b ig  a d v a n ta g e  
w i th  m a n y  w e ld in g  jo b s .

FULL RANGE OF TOOLINGS
A  c o m p re h e n s iv e  ra n g e  o f  to o lin g s  
is  p ro v id e d .  A b o v e  is i llu s t r a te d  
a ty p ic a l  e x a m p le .

Designed for small production runs and mild 
steel assemblies of all kinds. Will give out­
standing welding service in any industrial 
general shop.
★  Send for (a) brochure L D .937 giving a fu ll descrip­
tion of the type E .150 4  and its uses? and (b) an 
illustrated catalogue o f all standard toolings.
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^H >H E world volume of aluminium 
production today ranks second 

amongst metals. This is the measure 
by which aluminium now serves 
mankind. Industrial history has, in 
fact, few parallels to the leap of the 
aluminium industry into its present 
position. Large-scale production 
has made possible a lowering of 
basic prices—a further incentive to 
the more abundant use of the metal. 
Here, essentially, 
is a story of drive 
and imagination 
—with Canada as 
the centre of the 
largest aluminium 
producing organi­
sation in the

A eria l view r f  A rv id a  town 
site and plant o f  A lum in um  
Com pany o f  Canada , Ltd.

A rvida  teas fo u n d ed  by the Com pany in  1926  and 
has been developed along p lan n ed  lines. It is a 
modern city with a ll m u n icipa l services. The 
population is now approxim ately  10 .0 0 0 .

British Commonwealth. For the 
Aluminium Limited Group, the 
storv lias involved vast new enter­
prises and operational'activity. All 
this to one end—the growth of 
large-scale production and dis­
tribution of aluminium and its 
allovs from mine to m arket. The 
trade and industry of Great Britain 
have been well served : still greater 
service will he our constant object.

mmmm mm
The largest distributors of Aluminium and 
Its Alloys In the British Commonwealth

THE A DELPH I, S T R A N D , LO N D O N , W .C .2
An A L U M IN IU M  L IM IT E D  Com pany
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As pioneers in the  
anodic  and  chemical  
oxidat ion ,  e l e c t r o l y t i c  
and  chemical  bright- 
e n i n g ,  w e  w i l l  b e  
hap py  to advise o n  
“ T ECH NIQUE’—* PLANT 
IN S T A L L A T IO N S  ”  etc.

O u r  technical sta ff and  combined 
resources o f  our Am erican and  
C o n t in e n ta l  associates are a t  

your disposal.

UNITED ANODISING LTD.
London Sales Office : 4 0 , B ro o k  S t r e e t ,  W . l  Mayfair 4541
Birmingham Sales Office: H o lb o rn  C h a m b e rs , 321, B ro ad  S t., 1. Midland 2348
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H OT A N D  COLD R O LLIN G  M ILLS FOR STEEL A N D  N O N  FERR O U S M ETALS 
W IT H  A LL  A U X IL IA R Y  EQ U IPM EN T

HYD RAULIC  PRESSES FO R T H E : STEEL. N O N  FERRO US, PLASTIC  AM D
F>OWDER IN D USTR IES

EN G IN EER IN G  C O M P A N Y  LTD.
376 STRAND LONDON W .C.2.



In d u s t ry  requ ires  In d u s tr ia l  G ases  as  n eve r  b e fo re  if vital ta rge ts  a re  

to  be ach ieved .
G ases  a r e  in  a m p le  su p p ly  b u t  th e re  is a n  a c u te  sh o r ta g e  o f  cy l ind e rs—  

m a n y  h u n d re d s  m a y  well be ly ing idle in  all p a r t s  o f  th e  c o u n t ry ,  a n d  if th ese  
fare n o t  b e in g  p u t  to  g o o d  use, they  s h o u ld  b e  r e tu rn e d  to  th e  n ea res t  B .O .C , 
w o rk s  im m edia te ly .

Please he lp  us to  h e lp  o th e r s— by g iv ing  in s t ru c t io n s  t h a t  a l l  cy linders  

a rc  tu r n e d  r o u n d  p ro m p tly .
. Even o n e  d ay  saved  o n  each  c y l in d e r ’s tu r n - r o u n d  p e r iod  w o u ld  m a k e  

ava i lab le  th o u s a n d s  m o re  cu b ic  feet o f  c o m p re s se d  gases to  In d u s try

R e m e m b e r  cy linders  a re  vital to  p ro d u c t io n  for  b o th  [ 
h o m e  a n d  exp o r t .  K e e p  th e m  c ircu la t ing .

THE BRITISH OXYGEN CO LTD
London and Branches

¡V L IG H T  M ETALS March, 1948
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O ne of the T o :  ACHESON COLLOIDS LIMITED, 9  G a y a r e  S t r e e t ,  W e s t m i n s t e r ,  L o n d o n ,  S . W . I .

P le as?  se n d  L e a f le t  63  a n d  o  h e r  i n f o r m a r o n  o n  H ig h  T e m p e r a tu r e  
L u b r ic a t io n  w i .h  ‘ tl2 g ’ C o l lo id a l  G ra p h ite .

N a m e  ........................... P o s i t i o n  in  F ir m

A d d r e s s  .................................................................................. ........................................................................................

.......................         551

T h e problem  is solved by

ć/7/7/j/łSźe a ¿  ¿¿ó
C U T  O U T  and M A I L  T O D A Y

H ow  to keep the conveyors o f furnaces, ovens and o ther equipm ent, 
freely lubricated  a t tem peratures at w hich oils b u rn  off is a  problem  
solved by ‘ dag ’ colloidal g raphite . Available in a %'ariety o f  liquids, 
it is easy to apply and stays on the job, unaffected by high tem per­
atures. M aybe you don’t  operate a m echanical furnace, bu t you do 
have your own particular problem s o f high tem pera ture  lubrication. 
Send off the  coupon below to Acheson Colloids L td ., 9 Gayfere 
S treet, W estm inster, L ondon , S .W .i and learn how they can be 
solved by ‘ d a g ’ colloidal graphite.
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Uftbooa built bf
M t iW . N. V. fon lnklljkt M aotKhjppy  •• DE SCHEIDE."

- OF-BIRmaBH ICHT
‘ BIRMABRIGHT ’ SAVES so much

— in top  - w eight of boa t decks.

IF IT'S A QUESTION OF “SAV ING”

SAVES so much
— over previous costs of repainting. 

SAVES so much

— by absence of m etal-disintegration, 
and thus repairing  costs.

L ife b o a ts  a re  d e s ig n e d  to  s a v e  l iv e s  —

‘ B ir m a b r ig h t ’ s a v e s  th e  l iv e s  o f  L ife b o a ts .

M U S T  HAND / T  r0  J J s

B I R M E T A I S  L I M 
B I RMABRI GHT LI

1 I T E D  1 
M I T E D J

BIRMa b r ig HT
( R E G I S T E R E D  T R A D E  M A R K )

WOODGAT E  W O R K S  • Q U I N T O N  • B I R M I N G H A M  32
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WILLIAM MILLS LIM ITED
F R I A R  P A R K  R O A D  • W E D N E S B U R Y  S T A F F S -



G E R E R R L  R EFRAC TORIES
L I M I T E D

G E N E FA X  H O U S E  • S H E F F IE L D  10 • TELEPHONE SHEFFIELD 31113
198

L IG H T  METALS

IN FURNACE ECO
G ood, sound  refractories properly  applied are essential 
to industries operating  a t record  p roduction  levels.

March, 1948

o f m anufacture o f their extensive range o f p roducts and
their technicians are available to  assist in  the  solution of
difficult problem s o f selection and application.

THE G.R. RANGE INCLUDES: F IR E B R IC K S  • B A S IC  B R I C K S  - A C I D - R E S I S T I N G  M A T E R IA L S  
S A N D S  ' S I L L I M A N I T e  A N D  H I G H  A L U M I N A  B R I C K S  * R E F R A C T O R Y  C E M E N T S  
S I L I C A  B R I C K S  • I N S U L A T I O N  - P A T C  H I N  G  A  N  D  R A M  M I N  G  M A T E  RIALS

G eneral R efractories take the  greatest care in  every stage



F A C T O R Y  C En TR E-K iriG S  nORTOfl• BIRIfflflGHAni30 
Telephone: KIN 1162/5

LIGHT METALSM arch, 1948

W E ARE THE 
MAKERS O F

.CTTILP
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b y  E n y i n e e r s  a n d  I P e s i y n v r s

on the PHYSICAL properties of

Aluminium
's- ’

Casting Alloys

NUMBER
TW O

of the 

Se r ie s

T h ese  a re  so m e m o re  of 

the  q u es tio n s  a n sw e re d  b y  

this T echn ica l A ssocia tion . 

If y o u  h a v e  any  p ro b le m s 

in vo lv ing  a lum inium  casting  

a lloys, f re e  a n d  confidentia l 

ad v ice  m ay  b e  o b ta in ed  

up o n  re q u e s t  t o ...............

LSSO C IA T IO N

A l l o y

R e f i n e r s

}

W hat a r e  th eir d e n s it ie s ?

W hich h a s  the hit/hest 
e le c tric a l co n d u ctivitn  ?

. I re  then flo o d  c o n d u cto rs  o f  
h e a t ?

W hat a re  the v a lu e s  f o r  the 
coefficients o f  th e rm a l  
e x p a n s io n ?

A t u'hat te m p e ra tu re s do  the 
allot/s hef/in to m e lt?

e tc .  etc.

M em ber C om panies :
B.K.L. Alloys Ltd. Enfield Rolling Mills (Aluminium) Ltd.
The Eyre Smelting Co.. Ltd. International Alloys Ltd.
T. J. Priestm an Ltd. The W olverham pton Metal Co., Ltd.

ALAR, P  N ew  Broad Street, London, E .C .2
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GIBBONS Lead the field
and SERVE THE WORLD

G IB B O N S  B R O S . LTD. D IB D A L E  W O R K S . D U D L E Y . W O R C S . P h o n e  D U D L E Y  3141

IN almost every corner of the world 
Gibbons are adding new names to 
their already long list o f  customers 

j across the seas.

O u r special technical staff will be only 
' too pleased to advise you should your 
j- problem come within the spheres of the 
I Gibbons organisation.
, •  FURNACES AND HANDLING PLANT, 
I GAS PRODUCERS, COKE OVENS, GAS 

W O R K S  P L A N T  A N D  D R E S S L E R  
FUNNEL KILNS.

J.T.L.15
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Fo r the  annea ling  and hea t t re a tm e n t 
fe rrous  and non-ferrous m eta ls  and a lloys 
m odern  eq u ipm en t can m a te r ia lly  reduce 
costs by p rov id in g  speed ie r p rod uction  for 
m in im u m  ex p en d itu re  o f fuel. G e t  W A R D S  
techn ic ians to  in vestig a te  yo u r heat t r e a t ­
m en t p rob lem s and cu t y o u r p rod uction  costs.

-fa The illustration above 
shows a typical Double 
Chamber High Speed Steel 
Tool Hardening furnace of 
the forced-draught, gas- 
fired type.

N o  m a t t e r  w h a t  you  may r e q u i r e  in 
th e  w ay of p lan t  and e q u ip m e n t ,  
m ach in e ry ,  o r  to o ls  it is g o o d  policy 
to  b ea r  in m ind t h a t  W a r d s  m ig h t  
have it— and w r i t e  W A R D S  first.

•jç The illustration above shows 
a Rotary Drying Machine for sand 
and similar substances, these 
machines are heated by means of 
g as, oil or solid fuel.

THO? W. WARD LTD
‘Phoo* A LBIO N  W O RK S • S H E F F IE L D  'Crams

Zfclll(l»llUK) rotWUO.IKilfiCLD. -
T h e  S y m b o l o f  D e p e n d a b i l i ty .  1-1« « M U tM It

■' '   ---- —■’‘'Tr-raill ma— g— — B—m C1AICOW.lAOCMtM »IftCt



SIEMENS-SCHUCKERT (GREAT BRITAIN) LTD.
G R E A T  W E S T  R O A D  B R E N T F O R D  M ID D L ESEX
Tel.: EA L IN G  1171-5 Grams: Siemensdyn, Brentford
Offices in London, Birmingham, Cardiff, Glasgow, Manchester, Newcastle, and Sheffield 

Represented in Australia, New  Zealand, India, and South Africa

March, 1948 L IG H T  M ETALS

A  M E W  D E S I G N
by Siemens-Schuckert

MARINE PATTERN 
INDUSTRIAL X-RAY EQUIPMENT

Rated at 150 K.V., 9 m.A.

T ra n s p o r ta b l e  T ype, fo r  t h e  radiological ex am in a t io n  o f castings.
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AMY S E C T I O N  
S T R A I G H T  OR M I T R E D  J O I N T S

Another Sciaky Development

elding operation is pneu­
matically controlled.
Incorporating special SC IAKY  
system of variable speed and 
synchronised flashing and up­
setting,, individually controlled

M o d e l  FBA  200 S LO U G H  22342/3

S C I A K Y  E L E C T R IC  W E L D I N G  M A C H I N E S  L IM IT E D
F A R N H A M  R O A D .  S L O U G H .  B U C K S ,  A L S O  A T  L O N D O N ,  B I R M I N G H A M ,  P A R IS ,  C H I C A G O  & S Y D N E Y
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CAST AWAY
DEAD WEIGHT
Castings usually account fo rm o st  of the 
d ead  weight in a design, ELEKTRON 
Magnesium Alloy Castings a re  40% to 
75% lighter than those in other metals 
and  a re  finding new  applications every  
d ay  in post-war p roducts  from b uses  to 
binoculars, from typewriters to toys. 
Sand, gravity die and p ressu re  die cast­
ings can b e  supplied. Apart from their 
lightness, ELEKTRON castings possess 
exceptional machmability, resistance to 
fatigue and  freedom from ' ‘.pin-holing " 
a n d  o ther defects. They a re  easier to 
design, too, because  co red  holes and 
pockets can b e  eliminated without 
apprec iab le  addition to weight. ELEK­
TRON offers no particular machine shop 
p ro b lem s if certain elementary rules 
a re  observed .
Next time you a re  thinking in term s of 
castings, r e m em b e r  that F. A. Hughes & 
Co. Ltd., who have ov e r  20 y ea rs '  ex­
p e r ience  in Magnesium Alloys, freely 
offer you advice both on design  and  
production aspects of ELEKTRON.

Write  to the METALS DEPARTMENT, 

F. A. Hughes & Co. Ltd., A bbey House, N .W .l.
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design
T his Two-High Reversing H o t S trip  Mill is designed 
lor the hot rolling of slab ingots 15" wide x  1A" x 29’’ 
long, weighing about 216 lbs. into {" strip . 17" wide 
and up to 12' 9" long.

A  24 x 36” HOT BRASS 
STRIP MILL

drive
T he m ain mill drive is provided by a 200-h.p. m otor, 
running a t  415 r.p .m . through double reduction 
gear. W eight balanced bearings arc fitted  to  the 
top spindle while the balance gear for the  bottom  
spindle is of the spring loaded type.
E lectric screwdown for the top roll is provided by a 
10-h.p. m otor, a m agnetic clutch allowing for 
independent operation of each screw. Top roll 
balance gear is of the underneath  weight type.

perform ance
This mill takes up to  30 slabs an hour from the 
furnace Tine and its  o u tp u t tonnage regularly 
exceeds 2A tons per hour.

designed and built by

DAVY and UNITED
E N G I N E E R I N G  C O M P A N Y  L I M I T E D  S H E F F I E L D
Proprietor o f : Davy and United Roll Foundry Limited, Blllingham.

Duncan Stewart & Company Limited, Glasgow.
Associated with : United Engineering and Foundry Company, Pittsburgh. U .S .A .

d e  x i
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B R A W N  F O R  B O X E R S — but electricity for 
Industry.
Full production depends upon an uninterrupted 
supply of electricity.
The only way to ensure that you will never be 
without electricity regardless of power cuts or 
failures— is to install your own self-contained 
generating set.
W hether you employ 5 or 5,000 workers, Power 
Application Ltd. will advise, supply, and if necessary 
install the “  P O W A P  ” plant most suited to your 
needs.
Don’t take risks with production ; consult Power 
Application Ltd.

A pplication  of

POWER

POWER APPLICATION LTD
36, DORSET STREET, LONDON,  W.I

T e l e p h o n e  : W E L b e t k  12 8 7  -  7 6  5 I
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The application of &IPLEC furnaces to the light alloy industry 

embraces every phase of manufacture and fabrication.

M E L T I N G  • B I L L E T  H E A T I N G  • F O R G I N G  

ANNEALING • SOLUTION & PRECIPITATION TREATMENT

BIRLEC LIMITED, TYBURN ROAD, ERDINGTON, BIRMINGHAM, 24

In  A u s t ra l ia  :  B IR L E C  L T D . ,  S Y D N E Y ,  N . S . W .  In  S w e d e n :  B IR LE C E L E K T R O U G N A R  A B  S T O C K H O L M ,  C

fi
g

ff
«

a



Beadle’s Ohassisless Bus
T h e  C hass is iess  Bus d es ig n ed  a n d  c o n s t ru c te d  by J. C. Beadle  L td . ,  a n d  
bu il t  w i th  “ K y n a l ”  l igh t  a l lo y s  m a n u f a c tu r e d  by  the  M e ta ls  D iv is io n  o f
I .C .I .  L td .,  is 2.1 to n s  l igh te r  th a n  the  n o r m a l  co ac h  o f  th e  s a m e  sea t in g  
cap ac i ty .  T h is  r e m a rk a b le  r e d u c t io n — e q u iv a le n t  to  th e  w e ig h t  o f  a  
c o m m e rc ia l  t r u c k — is th e  resu lt  o f  c lose  c o l l a b o ra t io n  b e tw e en  d e s ig n e r  a n d '  
su p p l ie r  o f  r a w  m a te r ia ls .  I t  m e a n s  lo w er  c o n s t ru c t io n  costs ,  d o u b le  th e  

' n o r m a l  tyre  life, a n d ,  a b o v e  all ,  d o u b le d  m ileag e  p e r  g a l lo n  o f  fuel.

March,-1948 LIG H T  METALS

§
s p a

IMPERIAL CHEMICAL INDUSTRIES LTD., LONDON, S .W .l

M.120



XX LIG H T  M ETALS March, 1948

■ n  E A T  CĄN BE KEPT IN TOO j
H eat’s natural instinct is to go ou t to play 
from  all surfaces w hich store or convey it. 
Few people realise that if  a i"  steam  pipe 
with a surface tem perature  o f 200’ C  is 
unlagged for 20 ft., the heat lost by radi­
a tion  and convection may waste nearly 
half a hundredw eigh t o f  coal in the course 
o f a working week.

M ost likely your heated surfaces are 
lagged. B ut are they all lagged efficiently ? 
Are regular checks carried ou t to ensure 
that insulating m aterial is in good condi­
tion everywhere —  including that dark 
corner w here the  pipes can’t  be reached 
w ithout a ladder ? Is the thickness o f the 
material sufficient for the tem perature

o f the surface it covers ? Are you sure 
that flanges and valve bodies have not 
been left naked to make m aintenance 
easy? T h e  heat loss from  a bare flange 
m ay be as m uch  as that from  a foot or 
m ore o f bare pipe.

Proper lagging o f boilers, cylinders, 
steam  pipes and o ther heated surfaces pays 
the  highest dividends in  fuel efficiency 
for very little capital expenditure. Fuel 
Efficiency Bulletin N o. 2 published by 
the M inistry  o f Fuel and Pow er is a little 
m ine o f in rorm ation concerning this. 
T h e  M in istry ’s Regional Office will 
gladly send you a copy if  yours has gone 
astray.

R E G I O N

N o r th e r n
N o r th -E a s te r n
N o r th -M id la n d
E a s te rn
L o n d o n
S o u th -E a s te rn
S o u th e rn
W ales
S o u th -W e s te rn
M id la n d
N o r th -W e s te r n
S c o tla n d
S c o tla n d
S c o tla n d

YOUR REGIONAL FUEL OFFICE

G o v e r n m e n t  B u ild in g s , P o n te la n d  R o a d , N e w c a s t lc - o n -T y n e ,  5
C e n tu ry  H o u s e ,  S o u th  P a ra d e ,  L e e d s , 1
C a s tle  G a te  H o u s e , C a s t le  G a te ,  N o t t in g h a m
S h a f te sh .u ry  R o a d , B ro o k la n d s  A v e n u e , C a m b rid g e
M il l  H o u s e ,  87/89  S h a f te s b u ry  A v e n u e , W .i
9 5 , H ig h  S tre e t ,  R o c h e s te r
W h ite k n ig h ts ,  E a r le y , R e a d in g
2 7 , N e w p o r t  R o a d , C a rd if f
1 2 / 1 4 , A p s le y  R o a d , C lif to n ,  B r is to l,  8
T e m p o ra r y  O ffice  B u ild in g s , H a g le y  R o a d  W e st, B irm in g h a m , 17
B u r to n  R o a d , W e s t  D id s b u ry ,  M a n c h e s te r ,  20
14 5 ,  S t .  V in c e n t  S t re e t ,  G la sg o w , C .2
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T R A D E  T E R M S  T R A V E S T I E D  • N U M B E R  T E N

ALUMINIUM ALLOYS - BJRMINGHAM-12 Vic:2581*5

/" W A>  //''/¿nr

U SERS of T JP  aluminium alloys p - — A
don’t have to rely upon the ,  -p I r-J, . f i

weather for supplies of coolth for
chill casting. They can create the ^ L
necessary chilly atmosphere at any < f S T  /  I t
season. It has even been known '  i y
to permeate buyers’ offices on rare '?
occasions, but we have found that '
the charms of Priestman repre- W .  ' M
sentatives soon warm up the ioT Os
welcomes ! Seriously, though, we v ÿ  fc)
do want to draw your attention to the fact 
that there are several T JP  aluminium alloys
that produce sounder castings in a chill mould than in sand. O ur 
advice on the selection of these is yours for the asking. They are 
absolutely reliable and true to specification ; a confident assurance 
made possible by the good work of the T JP  chemical and physical 
laboratory staff, in strict testing and checking at all stages of 
production. Profit by the Q U A L IT Y  guaranteed by T JP  !

L I M I T E D

D



A lum inium  Alloys com bine  st rength  and  durabili ty  with a  lightness o f  great 

advantage  in the design, const ruc tion  and  opera t ion  o f  m any engineering 

s tructures © A lum in ium  Alloy plate is being used increasingly for bridges, 

ships, tran sp o r t  and  o ther  specialised equipm ent for the heavier engineer­

ing industries •  In step with development The British Aluminium C om pany  

has expanded fabricating capacity  for plate up to  18' x 6' in the full range 

o f  strong  alloys and  up to 30' x 6' in special cases.

T H E  B R IT IS H  A L U M IN IU M  C O  L T D  S A L IS B U R Y  H O U S E  L O N D O N  EC2

38-204A
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EDITORIAL OPINION
Red Sea to Tyneside and t h e 'C ly d e

. . and the Tyrian monarch, nothing loth, equipped a 
fleet of ‘ ships of Tarshishf at Tiflon Geber.” (Ratr/inson, 
“ India and the Western World,” C.U.P., 1916, p . 10.)

FR O M  the tum ultuous  days o f  So lom on and  his friend, H iram , K ing o f  Tyre, 
until the d aw n  o f  this p resent troubled  phase in world history, shipwrights pursued 
their c ra f t  with bu t few fundam enta l  changes in a technique limited oy the 

one  suitable materia l o f  construction  they had a t  their disposal.  T eak , greenheart,  
oak  an d  the  m ahoganies ,  these a n d  less fam iliar  timbers ob ta ined  f ro m  the  forests  o f  
the Eastern  and  W estern H em ispheres  fo rm ed  the one  a n d  well-nigh inexhaustible 
resource upo n  which o u r  Navies depended, until the com ing  o f  the iron  ship som e­
w hat above  a century  ago. With this, m any  o f  the old limitations o f  design and  
c ircum stance  w ere gradually  and  successfully overcom e; others cam e to light, however,  
as dem ands  and  duties changed, and  for  these, no im m ediate  solution could at first be 
ofi'ered.

T he  merits o f  light metal fo r  shipbuilding were first discerned and  tested ou t  in 
practice 50 years since, bu t  the cost  o f  a lum in ium , lack o f  suitable alloys, and  absence 
o f  essential s tructural an d  design d a ta  together  conspired to hold up developm ent,  and 
real progress has been m ad e  only  during  the past 20 years. N o w  the fruits  o f  the 
work done  during  tha t  tim e have com e to m aturity .

“ T enta t ive  Requirem ents  for the Quality  and  Testing o f  A lum in ium  Alloys for  
Shipbuilding P e rfo rm ance ,"  comprised  within pages 43 to 45 o f  L loyd's Register of 
Shipping, N otice No. 1879, m arks  an  historic event. In the place o f  the cus tom ary  
steel, approva l has been given for  the use o f  plates in certa in  types o f  a lum in ium  
allov, no t only for  superstruc tures  bu t  also fo r  the  m a in  hull assem bly  o f  large 
ships. T h e  schedule presented is ad m irab le  in its scope an d  flexibility; sufficient 
guidance  is given to enable  "intelligent use to  be  m ade  o f  existing materials  and  
fabricating  facilities, bu t  am ple  opp o r tu n i ty  is left fo r  fu r ther  developm ent,  either 
directly as a result o f  in form ed experimental enterprise, or, in consequence, generally 
of m a jo r  advances in alum in ium -alloy  technology.

O n an  historical no te  we began, and  on  o ne  such shall w e end:-^-the t r ium p h  o f



De Lesseps a t  Suez eclipsed Ezion G eber,  so long fam iliar  to the w ooden  vessels o f  
H iram  and  his successors in these waters. But History  is tem peram en ta l  and  has a 
hab it  o f  reversing her  judgm ents .  It m ay  yet be that, in the future, the glories o f  
A elana may be revived and, off the shores o f  E dom , above  the w orm -eaten  ribs o f  the 
ships o f  Tyre, light-metal hulls will ride, as they b reak  their  long journey  f ro m  the 
West to O ph ir  and beyond.
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I t ' s  G ood— i t ’ s  Canned—in Aluminium
“ On an empty stomach the mind is peculiarly open to morbid imaginations’’'’ 

(Turton, “ There mas Once a City,” Methuen, London, 1927, p. 68).

A L T H O U G H  we pay full t r ibu te  to T u r to n 's  ax iom  quo ted  above, we canno t 
believe th a t  str ingent ra t ioning in these is lands is, alone, responsible fo r  a  m ost 
un fo r tuna te  circular recently issued by the Ministry  o f  Food . In this is indicated 

Ministerial d isapproval o f  im ported  foods canned  in o ther  than  tinplate  containers. 
F rom  w hat source did the inspiration com e which led to the prom ulgat ion  o f  this 
unhappy  docum ent?  W hence  its studied vagueness, and  why, in fact , is it no t  m ade  at 
once  app aren t  that, specifically, the Ministry  has developed an acu te  allergy to fish 
canned in alum in ium ?

Disquiet am ongs t light-metal can m akers ,  and  in the ranks o f  those who produce, 
m arke t  and  consum e foodstuffs packed in this material, is one  im m ediate  result. 
Norw egian  enterprise is especially affected and, in that country , those interests which 
have suffered from  the implied1 prohibit ion  feel justifiably aggrieved.

T h e  ill-defined n a tu re  o f  the charges which, we m us t p resum e, have  been preferred  
against a lum in ium , give rise to the gravest suspicion concerning their origin and 
purpose; their m is in terpretation  by a  technically and  scientifically u n in fo rm ed  public 
m ay  occasion h a rm  to m any  thriving branches o f  industry, bo th  a t  h om e and  abroad .

It  is inconceivable th a t  a lum in ium  producers  should  be expected to rush fo rw ard  
to the defence o f  their m etal as regards suitability fro m  the s tandpo in t o f  hygiene. 
This was m ade  clear during  a recent m inor o u tb reak  o f  t roub le  in the U.S.A., arising 
as a  result o f  mechanica l  d am age  to cans, the  contents o f  which were, in themselves, 
above  suspicion. Is it possible tha t the Ministry o f  Food, like a  fr ightened horse, 
has shied a t  the echo o f  a whistle blow n across the o ther  side o f  the Atlantic, o r  is there, 
in reality, som e trivial remedial point which the pundits  w ho supervise the quali ty  
o f  o u r  im ported  canned  fish w ould  like to see ad jus ted  b u t  a re  too m odes t  to ann ou nce  
openly? Most likely, it would seem, som e slight modification in boxing o f  the cans 
for t r ansport  would overcom e the difficulty.
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A n Examination o f the Implications Contained in 
Circular Cj26jjf66 of M.O.F., More Especially from  
the Standpoint, o f the Norwegian Canning Industry

SO M E  few m onths  ago there was 
issued by the  M inistry  o f  Fo o d  in 
L ondon  a c ircular C /2 6 / J /6 6 ,  in 

which it is stated “  A pplications (for 
Im po rt  Licences) fo r  goods packed  in 
o th e r  than  tinplate will no t be suppor ted .” 
This has given rise to very serious 
m isunders tandings and, in part icu lar ,  has 
inflicted considerable  hardsh ip  on the 
N orw egian  canning  industry  in sb far  as 
no t only does N orw ay  export a large 
volum e o f  her canned  products  to this 
country , but, fu r therm ore ,  relies to a 
m a jo r  extent on the use o f  a lum in ium  
as a pack ing  m edium . S om ew hat n a tu r ­
ally the viewpoint has been taken  that 
the prohibit ion  referred to here applies 
solely to goods packed in a lum in ium  cans. 
T he  implication is justified, a l though it 
should  be noted  tha t  no specific reference 
has been m ade  to a lum in ium .

T h e  case to be considered resolves itself

under two m ain  headings; first, tha t  of  
the inheren t suitability o f  a lum in ium  as a 
canning  material fo r  m any  types o f  f o o d ­
stuff and, secondly, the na tu re  and 
properties o f  an  a lum in ium  (or  a suitable 
a lum in ium  alloy) can, as con trasted  with 
those o f  a similar tinplate can.

T he  use o f  light metal fo r  can-m aking , 
the technique o f  can p roduction ,  an d  the 
hygienic aspects o f  a lum in ium  fo r  food, 
canning  have  all been dealt with very 
fully in past issues o f  “ Light M etals.” * 
It is, therefore ,  p roposed  in this m e m o ra n ­
d um  to refer merely to the causes respons­
ible fo r  the present tem p ora ry  difficulty.

In fo rm at io n  regard ing  this m a t te r  
reached the N orw eg ian  a lum in ium  indus­
try early in D ecem ber, 1947, a  copy of 
the Ministry  o f  F o o d ’s c ircular being fo r ­
w arded to N orw ay  by an  English 
im p orte r  o f  N orw egian  canned  products.

* See se lec t b ib lio g rap h y  o n  p a g e  119,
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In a covering letter he wrote as follows:— 
“ We ourselves ho pe  tha t  you, together 
with yo u r  canning  associations, a lu ­
m inium m anufac tu re rs  and  possibly your 
G o vern m en t  D epartm ents ,  will take  this 
m a t te r  up with the British G overn m en t  
as ou r  own personal opinion is tha t for 
certain goods a lum in ium  is perfectly 
satisfactory.”

T he  m ain  product ,  the im po rt  into this 
country  o f  which is now prohibited , is 
cod roe and  liver paste. C onsiderable  
quantities o f  this were sent to the United 
K ingdom  f ro m  N o rw ay  in 1946 and  1947. 
It was well received by the public, and 
rightly so, for it is a wholesom e fo o d ­
stuff, contain ing m uch fat, protein  and  a 
nu m b er  o f  va luable  vitamins. It was 
packed in a lum in ium  cans, which are  
claimed by the packers to be ideal for 
the purpose, in so far  as, unlike tinplate, 
light metal does no t blacken under the 
influence o f  the contents, n o r  a re  these 
themselves b lackened o r  stained.

Recently, it appears ,  som e details were 
given concern ing  a mishap  with this 
p roduct .  A  case o f  food  poisoning 
occurred  af ter  the cod  roe  and  liver paste  
had  been consum ed, and  a t  the retailer 's 
shop  from  which it had  been purchased, 
were found  a n u m b er  o f  a lu m in ium  cans 
which were blown and  part ly  dam aged 
as a result o f  perfora tion  by the acc o m ­
panying key. I t  is n o t  surpris ing that ,  as 
a result o f  exposure  to external c o n ­
tam ina t ion  arising f ro m  this dam age , 
pathological bacte ria  were fou nd  in large 
num bers  in the paste. Full appreciation  
o f  this po in t  is o f  g rea t  im portance :—  
In fec tio n  occurred as a result o f  dam age  
to  the tin; at no tim e was any  suggestion  
m ade that the a lu m in iu m  itse lf u y /.v in any  
way responsible fo r  the h a rm fu l effects.

Close investigation which, off an d  on, 
has been pursued now  f o r 'n e a r ly  half  a 
century, has d em ons tra ted  quite conclu­
sively tha t  a lum in ium  is p robably  the 
least toxic o f  all metals.* N o w  the inci­

* See. for ex am p le , "  A lum inium  a n d  Fo o d . A 
S ym posium  of R esea rch  by  In d ep e n d e n t E x p e rts .” 
Issu ed  in fo lder form  jo in tly  b y  th e  B ritish A lum inium  
Co. L td . a n d  o th ers . S ee  a lso  “ A lum in ium  V essels 
n n d  F o o d  C o n ta m in a tio n ."  D u n b a r  M itchell. P u b lish ed  
b y  Jo h n  Bale S o n s a n d  D an ie lsso n . L td ., L o n d o n , 1933, 
"A lum in ium  in  F o o d ,"  M onier W illiam s, 1935.

den t referred to here happened  som e time 
a fter  the issue o f  the Ministry o f  F o o d ’s 
s ta tem ent,  and  -it seems that, pr io r  to  the 
appea ran ce  o f  tha t directive, no c o m ­
plaints had reached N orw ay  from  G rea t  
Britain. It must no t be inferred that no 
instances had  occurred  o f  defective cans 
being found; cans themselves are  m a n u ­
factured  on mass-production  lines, and 
packing itself is also practised in a similar 
way. Both opera t ions are  subjected to the 
m os t str ingent safeguards an d  exhaustive 
tests, bu t  it is inevitable that, occasionally, 
defective packs will be made. This  applies 
no m a t te r  w h a t  the packaging materials 
m ay  be— tinplate, glass o r  a lum inium . 
Rejections a t  sight a re  few in nu m b er  in 
any  case, bu t a re  p robab ly  equal fo r  tin ­
plate and  light metal.

A lthough  canned  goods were in t ro ­
duced d ur ing  the closing years  o f  the 18th 
century, and, therefore ,  have a cen tury  
and  a ehalf  o f  tradit ion  behind them , it 
is not to be denied tha t  a lingering p re ­
judice still exists. This arose  in the first 
place, probably , due  to accidents o r  
ignorance in earlier days, bu t these 
m ishaps in the light o f  adequa te  scien­
tific contro l a re  no longer possible. If, 
however, trouble  does arise, it is 
co m m only  experienced tha t  the old p re ­
judice itself suffers a recrudescence. A lu ­
min ium  as a canning  material is co m ­
paratively new; w here faults arise, m any  
place the b lam e at once  on  the metal w ith ­
ou t  considering fabrica t ion  methods or 
can design.

Obviously, however,  it is no t  to these 
very e lem entary  details tha t  the issue of 
the M inistry o f  F o o d ’s circular can be 
imputed. W e have a lready indicated that 
the non-toxicity  o f  a lum in ium  has been 
am ply  dem ons tra ted .  F u r th e rm ore ,  the 
metal can  in no way be considered as 
exerting an  inhibitory  effect on  the 
destruc tion o f  bacteria  du ring  processing. 
As a reason  then fo r  the  issue o f  the s ta te­
ment,  som e o ther  factors m ust be found.

It has been suggested that, because a 
trial im port  o f  N orw eg ian  brisling in oil. 
packed in a lum in ium  cans, were found 
to be unsatisfactory  in 1933, this prece­
den t was called upon to substan tia te  the
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present att itude. A t tha t  time hydrogen 
swell was com m o n ,  due  to slight a ttack 
on  the metal which was used w ithout the 
application o f  a surface  finish. Chemical 
a ttack  responsible for hydrogen evolution 
had  been v irtually  eliminated by 1939 
when all cans were produced  by 
stam ping  f ro m  pre-anodized a lum in ium  
strip. Late  in 1946 a m inor  ou tb reak  
o f  food  poisoning occurred  in U.S.A.,  
as a result o f  which an  em bargo  was 
laid by the N ew  Y o rk  City H ealth  
D ep ar tm en t  on  sardines packed in a lu ­
m in ium  cans. A b o u t  o n e  pe r  cent, o f  a 
total im port  to the U nited  States o f  nearly 
300,000 ounces o f  a lum in ium  cans showed 
a certain percentage exhibiting hydrogen 
swell. T hese  cans were carefully  inves­
tigated by experts, both  fro m  the United 
States and  N orw ay. It is possible that 
officials o f  the Ministry o f  F o o d  in 
L ondon  m ay have a ttached  undue im p o rt­
ance  to this incident, bu t exam ination  o f  
the official s ta tem ent which was issued 
will indicate quite clearly th a t  the trouble  
was for tu itous and  in no w ay  a ttr ibu tab le  
either to a lum in ium  cans o r  to the goods 
packed in them.

T h e  N orw egian  G o v e rn m e n t  agreed to 
w ithdraw  som e 1,000 cases o f  the sa r­
dines, the sale o f  which h ad  been p ro ­
hibited from  the N ew  Y o rk  City market 
by the N ew  Y ork City H ealth  D ep a r t ­
ment. H ea lth  C om m iss ioner  Israel 
W einstein an nounced  tha t  this action  was 
wholly vo lun tary  and  the offer o f  the 
N orw eg ian  G o v e rn m e n t  was conveyed to 
the N ew  Y ork  City H ea lth  D ep ar tm en t  
by the Royal N orw eg ian  Consulate- 
G enera l  in N ew  York. Dr. Weinstein 
said tha t  bo th  the N ew  Y o rk  City H ealth  
D epar tm en t  and  N orw eg ian  G overn m en t 
Agencies had  conducted  extensive investi­
gations into the m atter .  Je rom e Tric ter 
and  Edwin Ludewig, respectively director 
and  assistant d irec tor o f  the H ealth  
D ep ar tm en t  Bureau  o f  F o o d  and  Drugs, 
went to N o rw a y  a t  the expense o f  the 
N orwegian  G o v e rn m en t  and  w orked  with 
G o vern m en t  an d  canning  industry  experts 
on  the problem. F u r th e rm ore ,  Miss 
Valberg  Aschehoug, bacteriologist in 
charge  o f  the bacteriological section o f

the Research Division o f  the N orw eg ian  
canning  industry, and  Sigurd Buschniann, 
chemical engineer o f  the N orw egian  A lu ­
m in ium  C o m p any , cam e  to N ew  Y ork  
and  worked with H ealth  D epar tm en t  
experts on the investigation.

Results indicated, said Dr. Weinstein, 
th a t  a very small n um b er  o f  cans had 
sprung leaks; this allowed the en try  o f  
bacteria ,  which might have  caused, the 
ou tb reak  o f  illness; this, however, could 
no t be proved by  the subsequent investi­
gation. A  small percentage o f  a lum in ium  
cans exhibited defective seams, which 
resulted in leakers and  swells. Je rom e 
Tric ter reported to Dr. Weinstein tha t  the 
Norw egian  canning industry, the hygienic 
aspects o f  which are  under  close super­
vision o f  the G overn m en t ,  had  instituted 
rigid contro l over seam ing equipm ent and 
seam ing practice, in o rder  to prevent 
recurrence o f  this trouble. It  was em p h a ­
sized tha t  no criticism o f  the use o f  a lu ­
m in ium  as a con ta iner  was involved in 
the findings o f  the N orwegian  and  the 
U.S.A. investigators. Dr. Weinstein 
pointed  ou t tha t a lum in ium  had  been 
used as a metal fo r  food containers  with­
ou t  ill-effects for m any  years. N orw egian  
sardines, w hether  packed in a lum in ium  
o r  tinplate, he said, a re  a safe  and  w hole­
som e product,  and  the H ealth  D ep ar t­
ment has no restrictions against their  sale 
in U.S.A., w here  investigations o f  the 
N orw eg ian  canning  industry  indicated 
tha t  canned  sardines were produced u nder  
sanitary  conditions with every effort m ad e  
to ensure  high quali ty  and  a safe 
product.

A ny consideration  o f  the relevant merits 
o f  a lum in ium  (or a  suitable  a lum in ium  
alloy) and  tinplate as packing media is 
bound  to involve com par ison  between the 
respective m echanical properties  o f  these 
two materials. It has been sta ted  tha t  
a lum in ium  cans, as a t  p resent p roduced ,  
lack the rigidity o f  tinplate  cans and  
hence tend, under  adverse  conditions, to 
be d am aged  during  transport .  Only test 
results ob ta ined  in actual service can 
decide this issue, and  it is a fact that 
although , p r io r  to 1939, a b o u t  ha lf  a 
million cases o f  a lum in ium  cans were



118 L IG H T  METALS March, 1948

exported  to U.S.A., no complain ts  in this 
regard  were m ade; indeed, one  large co n ­
cern im port ing  N orw eg ian  sardines into 
the U nited  States,  d em anded  specifically, 
tha t they be  packed in a lum in ium  cans.

O f  the three rigid packing media 
com m only  employed for  foodstuffs,  
namely , tinplate, glass and  alum in ium , 
each possesses well-known properties 
which define no t  only limits o f  use­
fulness bu t also details o f  design, p ro ­
cessing technique and  even, to som e 
extent, packing and  tr ansport  systems. 
T h us  the fact th a t  a lum in ium  is “ s o f t e r ” 
than tinplate is not to be considered 
necessarily a d raw back .  A lum in ium  cans 
m ust be h and led  with m ore  caution than 
tinplate  during  fabrication , p roduct ion  
a n d  transport .  T h e  ou te r  packaging  must 
be adequa te  and  so designed as to p ro ­
vide m ax im u m  pro tec tion  against 
mechanical dam age . In o rder  to avoid 
perfora tion ,  opening  keys, if these be 
used, must be o f  correct d iam eter  and 
flattened a t  the end. T h e  seam ing o f  
a lum in ium  cans must, in every way, be 
as perfect as tha t required for tinplate 
cans, a so luble  ru b ber  co m po un d  being 
employed as a sealing medium. With c o r ­
rectly d es igned’ and  opera ted  seaming 
machines and  proper  control, safe and  
satisfactory  seaming o f  the cans is assured 
beyond doubt.

Bearing these points in mind, there can 
be no .question that the light-metal can 
offers itself as very suitable  fo r  a  large 
n um ber  o f  food products. A lum inium  
imparts no metallic taste to the contents 
o f  the can, gives rise to no blackening 
and, as we have said before , is devoid o f  
toxicity and  o f  any  destructive action 
upon vitamins. F ro m  the retailers’ s tan d ­
point, light-metal cans possess a definite 
shelf appeal by reason o f  their clean 
silvery colour. T hey  a re  light in weight 
and  a re  easy to open.

As regards the present use o f  light- 
metal cans in N orw ay , m ateria l fo r  these 
in the fo rm  o f  coiled sheet is being 
supplied to the  canning  industry  a t  the 
ra te  of a b o u t  1,800 tons a year. Delivery 
is limited to this figure a t  the m om ent,  
on accoun t o f  shor tage  o f  rolling cap a ­

city. In D e n m ark  the canning  industry 
is showing increasing interest in these 
cans, and  the consum ption  o f  a lum in ium  
strip  is now a t  the rate o f  ab ou t  700 tons 
a year.

F ro m  N orw ay ,  the principal export 
p roducts  a re  sild and brisling sardines in 
oil— these being packed in anodized a lu ­
min ium  cans— and kippered  herring, 
packed  in cans fabrica ted  fro m  the alloy 
3S conta in ing  1.25 per cent. Mn. C o d  roe 
an d  liver paste in anodized  cans is a  co m ­
para t ive ly  recent p roduct ,  bu t  is now  
being packed  in increasing quantities. 
Fish balls, cod-roe. fish cakes, shrimps 
and  crab  and  a n u m b er  o f  vegetables are  
also a t  the m o m en t packed  in a lum in ium  
cans an d  a re  showing satisfactory  results.

T abu la ted  in this account will be found  
a survey o f  the present si tuation. It 
should be emphasized, however, that 
certain  o f  the new synthetics m ay  quite 
likely im prove the s to rage  capacity  fo r  a 
n um b er  of p roducts  packed in lacquered 
a lum in ium  cans. An article in the D anish  
m onth ly  publication “ Konserves ” fo r  
D ecem ber,  1947, contains a repor t  f ro m  
the Offic ia l, L ab o ra to ry  for  F o o d  C o n ­
servation  entitled “ T h e  Use o f  A lu ­
min ium  C ans  for  Conserves .” T h e  article 
presents the results o f  num erou s  canning 
trials with unprotected , anodized and  lac­
quered  a lum in ium  cans respectively. 
F ro m  these it was concluded tha t  as a 
con ta iner  m ateria l fo r  food  products ,  a lu ­
m in ium  is just as good as tinplate, and, 
in som e cases, even to be preferred. 
Slightly acid products  m ay  readily im part  
a  metallic taste to foodstuffs packed in 
tinplate; this is no t the case with the 
a lum in ium  can.

N o  especially new developm ents are  to 
be recorded  in connection  with the use o f  
a lum in ium  cans in N orw ay . T he  neces­
sary  “ over-pressure  ” autoclaves are 
installed in all the princ ipal  canneries, 
and  the experience o f  the industry  with 
the metal and  its t rea tm en t is growing. 
Previously, ru b b e r  rings a lone  were used 
as a sealing device, bu t  now  a “ s o l u b le ” 
ru b b e r  c o m p o u n d  is finding increasing 
favour ;  it is applied to the can  lids by  
m eans o f  D ew ey and A lm y machines.
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W e l d i n g  t h e  L i g h t  A l l o y s

OPERAT ORS welding sheet alum inium  by  the double 
operato r vertical technique. T h is  m ethod is recom ­

m ended for m aterials of d-in. section and  over.

OX Y -A C E T Y L E N E  fusion welding 
is a t  the present time the technique 
most widely used for  the welding of 

light alloys. D uring  the  past 50 years a 
g rea t  deal o f  experimental w ork  and 
research has been devoted  to the 
developm ent o f  suitable  equ ipm ent and 
procedures fo r  the fusion welding of 
a lum in ium  and  later m agnesium , and 
a  vast fund o f  technical knowledge 
and  practical experience is a t  the dis­
posal o f  those m anufac tu re rs  who 
decide to tu rn  to welding light alloys 
in p reference to o the r  m ethods o f  jo in ­
ing. A welder who takes up  w ork  
in the light-alloys field a f te r  welding 
mild steel will find th a t  his previous 
experience is no t  sufficient in this new 
w ork  owing to  the  part icu lar c h a rac ­
teristics o f  these metals , and  if he 
has had  no tra in ing in this type  of 
welding he  will soon be in difficulties. 
T h e  pitfalls which will beset him are 
however easily avoided, fo r  efficient 
welding techniques have  been evolved

to overcom e them, and  with experience 
and  practice the average  welder will 
find that light metals a re  welded as 
readily as steel.

A p a r t  f rom  the fact th a t  welding 
allows greater  f reedom  to the designer, 
a fiords grea te r  speed and  econom y in 
production , and  considerable  saving in 
materials  and  weight, fusion welding 
produces a jo in t which is s tronger 
than  the paren t  metal itself, and  which, 
having the sam e characteristics as the 
paren t metal presents a sm ooth  incon­
spicuous jo in t  o f  even contour .  This 
is due  to the fact th a t  in fusion welding 
the two edges to be jointed a re  heated  to 
such a tem p era tu re  by  the blowpipe- 
flame th a t  they coalesce, an d  so form  a 
hom ogeneous  joint, becom ing in effect a 
single piece o f  metal.  If  fu r ther  metal 
is added  to  the jo in t,  in the  shape  o f  a 
filler rod, as in practice it is to all but 
the th innest sections, this is norm ally  
either o f  the sam e com posit ion  as the 
paren t metal o r  so designed as to give

P a rt II

In this, the Second of 
a Ser i e s  of Your 
Articles, is Presented 
tin Account of the Oxy- 
acetylene W  e l d i n g  
Process us Applied to 
Sheet and Castings in 
Aluminium and Mag­

nesium Alloys
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super ior  metallurgical properties  to the 
joint.

E qu ipm ent fo r  F u sio n  W eld ing.
T h e  high tem pera tu re  (3,120 degrees 

C.) p roduced  by the oxy-acetylene 
flame, provides a  very highly concen­
trated  heat source, which makes possible 
h igher welding speeds and  a narrower 
heat-affected zo ne  th an  a re  ob ta ined  with 
o ther  gases. C onsequently  acetylene is 
the gas m os t com m on ly  used fo r  welding. 
T h e  oxy-hydrogen flame is also som e­
times used but is no t  recom m ended  as 
the tem pera tu re  o f  this flame is 820 
degrees C. below  th a t  o f  the oxy- 
acetylene.

T h e  type  o f  welding equ ipm ent  used 
fo r  fusion welding depends  upon  w hether 
dissolved o r  generated  acetylene is used 
as the fuel gas. H igh-pressure  equ ip ­
m en t m ust be used fo r  dissolved acety­
lene, whilst low-pressure  equ ipm en t m ust 
be used with genera ted  gas.

T h e  ap p a ra tu s  fo r  use with dissolved 
acetylene is too well know n to need 
lengthy description. F o r  mobili ty  the 
cylinders m ay  be m o un ted  o n  a  trolley 
and  the  w hole  ap para tu s  then becomes 
portable .  Alternatively  w here  repetition 
w ork  is to be carr ied  o u t  by  a nu m b er  
o f  opera tors ,  a n d  the  welding points can 
be  fixed, it is o f ten  advantageous to con­
nect the cylinders to m anifolds from 
which a pipeline can  be run. T h e  a d v a n ­
tages o f  using dissolved acetylene and  
h igh-pressure equ ipm en t are  num erous, 
am o n g  them  being the  fac t  th a t  the acety­
lene is tho rough ly  purified an d  dried 
before being compressed into cylinders, 
thus ensuring tha t no harm fu l  impurities 
a re  present which might otherwise affect 
the  reliabili ty  o f  the weld.

I t  is par t icu lar ly  im po rtan t  when 
welding the light alloys to  ensure tha t  the 
right welding rods and  fluxes a re  used. 
V arious  ranges o f  welding rods have been 
developed by the welding industry, each 
rod  being designed fo r  a specific purpose  
o r  a p art icu la r  alloy. T hese  rods should 
never be  used except on  th e  range  of 
alloys fo r  which they were designed. In 
som e cases strips cut f ro m  the  paren t

RECOMMENDED : '  NOT RECOMMENDED

THE im portance o( correct design of 
joint for fusion w elding canno t be 

overstressed. T h ese  diagram s indicate 
how  to avoid the inclusion of dux  in 
w elded joints.

metal m ay  be used as filler rods, and  in 
case o f  d o u b t  the supplier  o f  the  alloy 
should invariably be consültéd.

A  flux should  always b e  used for 
welding both a lum in ium  and  magnesium  
to break  dow n the oxide and  allow 
sm ooth  and  free melting o f  the metal.  
Satisfactory results will never b each iev cu  
on a lum in ium  o r  magnesium  alloys 
unless the  correc t  flux be used fo r  the  job.

T h e  correc t  ad jus tm en t o f  the oxy- 
acetylene flame is also a  m a t te r  o f  great 
im portance. Excess o f  oxygen in the 
flame will p roduce  oxidizing conditions 
which will m ak e  satisfactory  welding 
impossible, while too m uch  acetylene will 
cause porosity . T h e  m os t  satisfactory  
setting is a neutra l flame with a  slight 
haze  o r  mistiness o f  acetylene to ensure 
non-oxidizing conditions.

W ith  these general rem ark s  on  the 
fusion welding o f  the light alloys w e may

■ , —  . F
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n o w  pasc to a closed consideration  o f  the 
welding techniques fo r  a lum in ium  and 
m agnesium  respectively.

A lu m in iu m
Five characteristics o f  a lu m in ium  m ust 

be kept in mind by all those concerned 
with the welding o f  this m etal:—

1. It  has a  low melting point (approx i­
m ately  650 degrees C.).

2. It does no t give any  w arning tha t  it 
is ap proach ing  its melting point; there  is 
no noticeable  change in co lour  and  the 
metal tends to  collapse suddenly.

3. In  spite o f  its low melting po in t  it 
requires a lm ost as g rea t  a hea t  inpu t  as 
steel to bring it to  welding tem pera ture ,  
owing to its high therm al conductivity.

4. It is hot-short , i.e., it is weak when 
hot,  and  consequently all a reas  o f  which 
the tem pera tu re  is raised should  be 
adequate ly  suppor ted  du ring  welding. 
This hot-shortness also causes stresses to 
occur  du ring  welding, with resulting 
cracks on  cooling unless p rop e r  p re ­
cautions a re  taken.

5. T h e  corros ion  resistance o f  a lu ­
m in ium  is derived from  an oxide o f  
a lum in ium  which forms on all surfaces, 
an d  w hich m u s t  be  rem oved  if  a 
successful weld is to be made. This 
oxide has a m uch higher melting point 
than  that o f  the metal itself an d  so the 
hea t o f  the  b low pipe flame a lone  will no t  
rem ove it. T he re fo re  a suitable flux 
m u s t  be used which attacks the  oxide 
fo rm ing  a fusible slag; this slag rises to 
the surface  o f  the weld-puddle and  is 
thus removed.

It is up o n  these basic facts tha t  the 
whole technique o f  a lum in ium  welding 
has been built up, and  it is fo r  these 
reasons tha t  som e o f  the  m o re  complex 
a lum in ium  alloys a re  no t  recom m ended  
for  fus ion  welding. T h ey  a re  m o re  liable 
to crack w here  free contrac tion  is no t 
possible, and  the properties o f  the weld 
cann o t  achieve those o f  the  unwelded 
paren t metal, which m ay  be d ue  to heat 
t rea tm en t o r  cold working.

Design plays an  especially im po rtan t  
part  in a lum in ium  welding. 
T he  flux which m ust be used 
to rem ove the oxide an d  thus 
perm it successful welding is 
also highly corrosive, and  
therefore  all traces m us t  be 
removed af ter  welding. All 
joints should  be  so located  
tha t  there is easy access to 
each side o f  the  weld, and ,  
w here possible, b u tt  jo ints 
only  should  be used. If 
lapped jo in ts can no t  be 
avoided the ends m ust be 
welded up to prevent 
moisture  entering, ‘ which 
might set up corrosion  with 
the en trapped  flux. W here  
welds are  carr ied  out a t  
corners,  these corners  should 
be radiused. so that the flux

A  SH A TTER ED  alum inium  
alloy casting  before an d  

after repair by  oxy-acetylene 
fusion  welding.
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is no t  held a t  an acute  angle. C up-and- 
cone-type joints should  never be m ad e  in 
tubes, and  som e m eans m ust always be 
devised o f  washing tubu la r  assemblies 
af te r  jo inting. T h e  types o f  jo in t  which 
should be avoided are  illustrated.

E dge P reparation  o f  A lu m in iu m  
Sh eet

F o r  thicknesses up  to  & in. no bevelling 
is required , bu t  the  edges should  be 
sm oo th  and  un ifo rm  and  should  be 
cleaned prio r  to welding with a  wire 
b rush  o r  file. F o r  th icker sections, u p  to 
i  in., a  bevel to an  included angle of 
80-90 degrees is recom m ended ,  leaving a 
small nose  a t  the  b o t to m  approx im ate ly  
Ts in. th ick to p revent over-rap id  melting 
o f  the low er edge. F o r  m ateria l over 
i  in. thick, a  doub le  bevel (80-90 degrees) 
and  nose (Vs-J in. in w idth, accord ing  to 
m etal thickness) is necessary.

All oil o r  grease m ust be rem oved from  
the  weld a rea  before  starting work.

T h e  workpiece, wherever possible,

NITR IC  acid storage tan k  in alum inium  
w ith w elded seam s. S uch  tan k s have  

been  in  general use for m any years, and  
ably dem onstrate  th e  reliability of this 
m ethod of joining. (C ourtesy A. P. V. L td.)

should be set up  with a tapered gap 
between the edges to  be welded to 
prevent the  adjo in ing  edges overlapping 
as a  result o f  expansion  during  welding 
an d  so causing cracking d ue  to the  setting 
up o f  stresses. I f  jigs cann o t  be used, 
the two pieces should  always be tacked 
together a t  regu lar intervals.

Owing to the high ra te  o f  conductivity  
o f  a lum in ium  it is advisable  to  preheat 
the w hole jo b  to  be  welded with the b lo w ­
pipe before  starting the weld, except 
w here the article is very small. The 
speed o f  welding increases noticeably as 
the weld proceeds ow ing to  the rapid  rise 
in tem pera tu re  o f  the  su r round ing  metal 
caused by this high ra te  o f  conductivity, 
bu t this can be partially  overcom e by 
such preheating , and  with practice  the 
difficulties which this acceleration  m a y  at 
first p ro du ce  will be entirely mastered.

M eth o d  o f  W eld ing A lu m in iu m  
Sheet

O n  th in-gauge a lum in ium , welding is 
norm ally  carried o u t  in the  horizonta l  or 
underhand  position, using the so-called 
“ lef tward  ”  technique. In  this method 
the welder works f ro m  right to left and  
the  flame preheats the edges to  be melted 
in fron t o f  the wcld-puddle. It  is usually 
advisable  to s ta r t  the weld a shor t  
dis tance f rom  the end o f  the  edges to  be 
jo ined  in o rder  to  reduce the risk o f  
cracking due  to con trac tion  stresses. T h e  
weld is carr ied  o n  to  the fa r th e r  end and 
then the  workpiece is tu rned  ro u n d  fo r  
the shor te r  weld to  be completed. A  
p rocedure  on  these lines should  also be  
evolved fo r  complicated  assemblies. T he  
flux is applied  by d ipping the  ho t end  o f  
the filler rod into the  flux pow der and  
thereafte r  melting  bo th  rod an d  flux 
together.

O n  th icker sections o f  ! in. o r  over the 
“  double  - op e ra to r  vertical technique ” 
should  be  used w herever  possible. This  
p rocedure  offers several advantages in 
w o rk  on th icker m ateria l,  a m o n g  which 
a re :—

I. T h e  avo idance  o f  any  special edge 
p repa ra t ion ,  a p a r t  f ro m  cleaning and
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aligning, on  thicknesses up to ü in. 
A b ov e  this thickness a d oub le  bevel of 
80 degrees included angle is recom ­
mended.

2. Increased speed o f  opera t ion .
3. E co n o m y  in gas and  welding-rod 

consum ption .
4. I t  is easier to achieve soundness o f  

weld, metal th rou gh ou t  the weld.
5. Perfect penetra tion , with  building 

up  on  both  sides o f  the metal, is assured.
6. Reduced fatigue for  welders.
This  method  o f  welding derives its

advantages fro m  the  fac t  th a t  with  two 
opera tors  a t  w ork , welding together as a 
team , m uch sm aller  blowpipes can be 
used than  fo r  a  similar thickness with  one  
o pera to r  w orking in the un derhand  posi­
tion. This results in savings o f  gas con­
sum ption  o f  up  to 50 pe r  cent., whilst the 
fact tha t  no edge p rep a ra t io n  is necessary 
on  thicknesses up  to I  in. and  tha t reduced 
angles o f  bevel a re  requ ired  above  that 
gauge results in appreciab le  savings in 
welding-rod consum ption  and  increased 
welding speed.

It  is im po rtan t  th a t  the  two opera tors  
should  w o rk  together a t  the sam e  speed, 
and  using the  sam e  flame settings and 
gas pressures. T h e  close co-operation  
required is, however,  easily achieved af ter  
a little practice.

It  has  been show n, by a long period o f  
observation in welding shops, tha t  welders 
a re  able  to p roduce  m ore  consistent welds 
when using the vertical technique. 
A m on g  the reasons for  this is the  fac t 
tha t fa t igue  is reduced because the o p e ra ­
to r  works in a  n a tu ra l  and  com fortab le  
position and  can  use a  sm aller blowpipe.

F in ish in g  the W eld
T h e  finishing o f  the  weld is as im p o r t ­

an t as the  welding opera t io n  itself, and  
there are  th ree  separa te  stages to  be con­
sidered, namely , flux rem oval,  cold w o rk ­
ing and  heat treatm ent.

It has been pointed ou t  a lready that the 
fluxes used for  welding a lum in ium  a re  o f  
a  corrosive nature ,  and  must, therefore,  
be rem oved completely  af ter  the weld is 
finished. T h e  flux residues dissolve readily 
in ho t water, and  small art icles should  be

A L U M IN IU M  liner for nitric acid 
p lan t w elded by the double operator 

techn ique. (C ourtesy A.P.V. L td.)

im m ersed in boil ing w ater  fo r  15-20 
minutes . L arge  welded assemblies, which 
canno t  be to tally immersed, should  be 
washed with a  s t ream  o f  ho t  water, 
accom pan ied  by vigorous scrubbing  
(inside as well as out). I f  flux is likely 
to be en trapped ,  the object should  also 
be ba thed  in a  5 per cent,  so lu tion  o f  
nitric acid a t  a tem p era tu re  o f  60-80 
degrees C. fo r  som e 10 minutes . A fter  
this chemical t rea tm en t the metal should 
again  be w ashed  in w a rm  running  w ater 
in o rde r  to avo id  staining. A fte r  washing, 
the art icle m ust be dra ined and  dried  as 
quickly  as possible.

Unless provision is m ade  to d ra in  off 
the surface  w ater  o f  the washing bath , 
there  is a danger  o f  con tam ina t ion  from  
flux residues floating on  the  surface . T he  
usual practice is to have  two tanks at 
slightly different levels, connected  by a 
tube  a t  the  w ate r  surface  level o f  the 
higher  tank. Articles a re  im m ersed  in the 
low er tank  first fo r  the m a in  flux removal 
opera t ion ,  an d  in the top  tank  for  the 
final washing. A slow feed o f  running
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w ater is supplied to the top  tank, and  a 
d ra in  pipe fro m  the  low er tank  carries 
aw ay  the  residue.

T h e  m eta l  which has been deposited 
during  welding is o f  a cast  st ructure  and  
is ra ther  coa ise  grained. In  o rd e r  to refine 
this s tructure ,  rem ove  any  surface  
porosity , and  to  consolidate  the surface  
o f  the  weld it is usually  advisable  to cold- 
w o rk  the weld m etal a f te r  rem oval o f  the 
flux. T h is  also helps to relieve any  
stresses w hich  m ay  be  present.

T h e  extent o f  w orking depends partly 
on the alloy involved and  partly  on the 
am o u n t  o f  spreading o f  the metal d ue  to 
reduction in thickness. G enera lly  speak­
ing, the heat- trea ted  alloys w ork-harden  
to a  grea te r  extent th a n  those which are 
not, bu t  with a g rea ter  risk o f  cracking. 
F o r  this type  o f  alloy careful ham m erin g  
o f  welds a t  a tem p era tu re  o f  350-450 
degrees C. is som etimes possible, bu t the 
job  must be heat- trea ted  again af ter  h a m ­
mering to res to re  the m echanical pro'per- 
ties as fa r  as possible

C old-w ork ing  is usually carried out 
with the flat face o f  a h a m m e r  o r  mallet, 
and  the article m ust be rigidly suppor ted  
during  h am m ering ,  b u t  wheeling o r  jenny- 
rolling is sometimes used instead fo r  sheet 
assemblies.

A fte r  ham m ering ,  non heat-treated 
alloys a re  often annealed  in o rd e r  to 
increase ductili ty . This  is norm ally  done 
with the b low pipe flame, bu t  in the case 
o f  large assemblies it m ay  be p referab le  
to carry  o u t  the opera t ion  in a  furnace.

H eat- t rea ted  alloys canno t be annealed, 
bu t  should  be reheated  to the ap p rop r ia te  
tem p era tu re  af te r  ham m ering . But whilst 
this will im prove their strength, it will not 
res tore  the  full strength o f  th e  unwelded 
paren t metal.

W eld in g  o f  A lu m in iu m  C astings
A lum in ium  castings usually  contain 

p ropor t ions  o f  o th e r  metals , an d  it is, 
therefore ,  necessary to use a welding rod 
o f  the  ap p ro p r ia te  com posit ion  fo r  each 
part icu la r  class o f  casting. T h e  ord inary  
cast a lum in ium  rod  has the widest app li­
cation, bu t 5 per cent,  silicon a lum in ium , 
10 per cent, silicon a lum in ium , and  5 per 
cent, copper  a lum in ium  rods, and  certain

o ther  p roprie ta ry  brands ,  are also avail­
able fo r  specific purposes.

M ost welding jobs o f  this type are  on 
castings tha t  have  a lready been in use, and  
which consequently  will p ro b ab ly  be 
heavily contam inated  with oil o r  grease. 
Com plete  rem oval o f  all oil and  grease is 
essential, and  should  be carr ied  ou t  either 
in a p ro p e r  ba th  or by washing in petrol,  
followed by dipping in a 10 per cent, 
nitric acid solution and  rinsing in ho t 
water. I f  such elabora te  cleaning p re ­
cautions are  no t  possible fo r  any  reason, 
the edges to be welded should be m ade  as 
clean and  bright as possible by wire 
brushing.

T h e  edges to be welded should  be 
bevelled to an  included angle  o f  
90 degrees. A deq ua te  a r rangem en ts  fo r  
preheating the casting m ust be m ade, and 
this should norm ally  be carried ou t in a 
suitable fu rnace  o f  the type  illustrated, 
which shows a cast-iron casting being p re ­
heated. Special ca rc  m us t be taken to 
supp o r t  the  casting so tha t  it does no t 
collapse on  approach ing  the melting 
point. T h e  casting should  also be p ro ­
tected f ro m  direct con tac t  with  the p re ­
heating  fire o r  flames by a shield o f  sheet 
metal. As a lum in ium  gives no  indication 
o f  tem pera tu re  by  co lour  change, o ther 
tests a re  required  to  ascertain w hen  the 
casting has reached its p rop e r  p reheating 
tem pera ture .  T h e  m ost practical tests a re  
either rubbing  the casting with a stick o f  
50 /50  solder which melts w hen the  correct 
tem pera tu re  is reached, o r  sprinkling  saw ­
dust on the casting.

A  flux m us t be used on  castings, just 
as fo r  a lum in ium  sheet, and, generally 
speaking, the welding p rocedure  is similar 
to tha t  required  fo r  sheet-metal work. 
T h e  filler rod  m ust be melted into the 
weld vee with the flame, since the heat o f  
molten a lum in ium  is no t o f  itself enough 
to melt the rod. T h e  molten  metal should 
be w orked  w ith  the end o f  the  rod  to 
bring  the  oxide to the  surface  and  to 
ensure com ple te  penetration .

A fte r  the  weld has been com pleted  it 
is m ost im p o r tan t  to  a llow the  casting to 
cool slowly, aw ay  f ro m  all d raugh ts ,  as 
cast a lum in ium  is very susceptible tq.
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sudden changes o f  tem pera ture .  A fter  
cooling, bu t  p referab ly  while the  weld is 
still hand  hot, all traces o f ' f l u x  should 
be rem oved in the m an n er  a lready 
described, b u t  in no c ircum stances 
should cast - a lum in ium  welds be 
ham m ered .

W eld in g  o f  M a g n esiu m  A llo y s
T he m agnesium  alloys m os t widely 

used in fab r ica t ion  conta in  90 pe r  cent.

otherwise oxy - acetylene welding is 
v ir tually  restricted to b u tt  jo ints. T he  
developm ent o f  A rgo narc  welding to 
overcom e this a n d  o ther  p rob lem s c o n ­
nected with the welding o f  m agnesium  
will be discussed in a  later article.

G enera lly ,  m agnes ium  alloys should  be 
joined with welding rods o f  the sam e 
com posit ion  as the paren t metal, and  it 
is only in certain  specific cases tha t  satis­
fac tory  results can  be  achieved by 

welding metals o f  differ­
ent com posit ions together. 
Special rods are  prepared  
fo r  the  principal sheet, tube 
and  cast alloys, and  when-

TYPICAL furnace for heating  
castings prior to w elding. In 

this instance a  cast iron  cylin­
d er b lock is in  th e  fu rnace  ; the  
sam e arrangem ent is u sed  for 
alum inium  alloy castings.

o r  m ore  o f  m agnes ium  alloyed with 
a lum in ium , m anganese , zinc, silicon, and ,  
m o re  recently, zirconium . M o s t  o f  these 
alloys can  be jo ined successfully by 
oxy-acetylene welding.

In m any  respects the welding qualities 
o f  the m agnes ium  alloys a re  similar  to 
those o f  a lum in ium , in so f a r  as they 
share  som e o f  their m os t im p ortan t  
characteristics, nam ely , low melting 
points, lack  o f  co lour  ch ange  o n  
ap proach ing  melting po in t ,  h igh  heat 
conductivity  and  high therm al  exp an ­
sion. Consequently , b road ly  speaking, 
the welding technique used fo r  the  two 
metals is very similar. But the  risks o f  
corrosion  f ro m  en trapped  flux residues 
a re  grea ter with m agnes ium  than 
a lum in ium , a n d  there fore  grea te r  a t te n ­
tion m us t be  pa id  to the avoidance  o f  
joints liable to cause this en trapm en t.  
Fillet welds are  permissible provided the 
flux can  be  completely  driven out,  bu t

ever there  is an y  d o u b t  as 
to the  correc t  ro d  to be used 
the suppliers should  be 
consulted w ithou t hesita­
tion.

T o  p rep a re  m agnes ium  alloys for  
welding, first clean aw ay all oil, grease 
an d  dirt; the  corrosion-resisting covering 
o f  sod ium  d ich rom ate  being then 
rem oved  with wire  w oo l f ro m  bo th  sides 
o f  the edges to be welded to  a  width 
o f  a b o u t  1 in. T h e  welding rod should 
also be thorough ly  cleaned by this 
method.

M agnes ium  is very susceptible to 
oxidat ion , an d  fo r  this reason a  flux m ust 
always be  used fo r  welding. Fluxes are 
supplied  as a d ry  pow der,  bu t  should  be 
mixed with disti lled w ater  o r  com m ercial 
a lcohol to fo rm  a paste  befo re  use. T h e  
paste can  be  pain ted  on  to  th e  edges to 
be jo ined  an d  o n  to the  welding rod, o r  
it m ay  be applied from  the heated  end o f  
the rod. I t  is especially im p o r ta n t  to 
pa int the  u n d e r  side o f  the edges, as the  
u nd er  side o f  the  weld is particularly  
liable to oxidation. Fresh  paste should 
be mixed each day.
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The edge p repara tion  recom m ended 
fo r  m agnes ium  is similar to tha t  already 
discussed for  a lum in ium . C are  should 
be taken in setting up  the w orkpiece for  
welding, because m agnesium  is liable to 
w arp  severely a t  high tem pera tu res  and 
cracks m ay  be caused. W hen jigs are  
used tight clam ping should be avoided, 
so th a t  the  expansion and  contrac tion  o f  
the m eta l  is n o t  undu ly  restricted. W hen 
seams a re  tacked p r io r  to  welding it will 
be  found  th a t  a  g rea te r  n u m b er  o f  tacks 
will be required  th an  fo r  a lum in ium . On 
thin sections considerable  w arping m ay  
take p lace du ring  tack-welding, which 
can  be stra ightened ou t  again  with a 
w ooden  mallet. T acks  should  be re­
covered  with flux paste  before  the  main 
welding opera t ion  is started.

T h e  technique recom m ended  for 
depositing the weld metal is the  sam e as 
fo r  a lum in ium . If possible, everything 
should  be so a r rang ed  th a t  the  weld can  
be carr ied  o u t  w ithou t in terrup t ion , fo r  
refluxing the  rod ,  fo r  instance, and  great 
care m us t be taken a t  the beginning o f  
the weld to see th a t  the  metal does no t 
s ta r t  to bu rn  o r  oxidize. I f  the angle  o f  
the b low-pipe is n o t  a llowed to rise above 
som e 30 degrees this will be  avoided, b u t  
if the  metal does s tar t  to b u rn  the  weld 
m us t  b e  s topped  a n d  the  b urned  area  
should  be  cleaned ou t  carefully.

Welded magnesium  assemblies are 
often  left in the  “ as-welded ” condition, 
bu t if the excess o f  weld metal has to be 
rem oved, this should  be do ne  by  chipping 
o r  milling followed, perhaps, by h a m m e r­
ing, bu t  under  no c ircumstances should 
the weld be dressed dow n by  ham m ering  
alone.

T h e  flux m us t be completely rem oved 
im mediately af te r  welding by scrubbing 
the weld a rea  with a  wire brush  and  ho t 
water. I f  som e parts a rc  n o t  accessible 
to the  wire  b rush  they can  be cleaned by 
boil ing in a  solution o f  0.5 per  cent, 
sod ium  d ich rom ate  fo r  2 hrs. A fter 
cleaning, the  w o rk  must be  thoroughly  
dried and  should  then be given the 
n o rm al  sod ium  d ich rom ate  t rea tm en t 
w hich gives m agnesium  alloys their

yellow ap pea ran ce  and  provides pro tec­
tion agains t corrosion.

W eld ing o f  M a g n esiu m  C astings
T he  welding o f  magnesium -alloy  cast­

ings also follows very closely the 
procedure  adop ted  in the case o f  
a lum inium , and  again ra ther  m ore  vigi­
lance is required  to ensure success. T he  
recom m ended  prehea t tem pera tu re  is 
slightly lower (350-375 degrees C.) and  
the danger  o f  the casting collapsing

MA IN  petrol tan k  for a  S hetland  aircraft, 
fabricated  in m agnesium  by oxy-acety- 

lene w elding. (Courtesy, Essex Aero L td.)

th rough  overheating is m ore  apparen t .  
This  is avoided  by  ensuring  th a t  the 
casting is adequate ly  suppor ted , tha t  heat 
is evenly dis tributed th roughou t ,  an d  that 
the metal is not allowed to com e into 
d irect con tac t  with  the  preheat ing  flames. 
As a guide to the  heat o f  the  casting, it 
has been found  th a t  it will be  ho t  enough 
w hen w hite  paper  rubbed  o n  the  surface 
shows signs o f  discoloration , o r  when 
soap  m arks tu rn  a  light shade  o f  
chocola te  brow n.

A fte r  the weld has been com pleted  a 
fu r th e r  period o f  heating is required  for  
a lum in ium  castings, an d  the  precautions 
required fo r  magnesium  sheet a re  also 
necessary. A fte r - t rea tm en t  o f  the  weld 
is the sam e as fo r  the  sheet m etal and  the 
final requ irem en t is once  again a  coating 
o f  sod ium -d ischrom ate  solution.
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^  —  short for GRAVITY — is costing this country millions of pounds 

a year. Everywhere energy is being wasted in overcoming (lie power of 

We th ink  in term s of heaviness. We shift tons and tons and tons of useless 

weight every m inute. W hy don’t we th ink in term s of lightness by using 

the wonderful new light alloys that have been developed by H.D.A. W e need 

not surrender strength for H.D.A. have produced alloys t bat combine great 

strength with extreme lightness. W hen next you have a production problem . . .

HI G H
. . . m a k e  l i ght  wor k of  it wi th D U T Y

A L L O Y S
HIGH DUTY ALLOYS LIMITED, SLOUGH, BUCKS.

1 SCOTS, BILLETS, FORGINGS. CASTINGS AND EXTRUSIONS IN * HIDUMINIU.M * ALUMINIUM ALLOYS
(Kegd.  t ra d e mark)
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TH E garden ing  tool illustrated  on this pag e  is the S o w -tz e  seed 
sow er. M ade entirely from alum inium , the too! m akes a  drill, sows 

a n d  covers the  seed in one operation, thereby  saving  time an d  energy 
a n d  ensuring  a  more uniform a n d  econom ical distribution of seed. 
T h e  chairm an  of th e  H am pton Allotm ent H olders’ Association, show n 
above, p raises the  “ Sow -Eze," an d  observes that it eliminates 
excessive tram pling of the  ground. (Courtesy, S teddall an d  Com pany, 
L td., 164, H igh H olborn, L ondon, W .C.I.)

Recent Intelligence

TH E  follow ing announcem ents have been 
received:—

Northern Alum inium  Co., Ltd. T w o sales 
offices o f this concern have m oved to new 
addresses. T he B irm ingham  sales office is 
now located  a t 14, T em ple Street, B irm ing­
ham , 2. T elephone, M idland 5236. T ele­
gram s, N o ra lu m in  B irm ingham . T he South- 
W estern A rea sales office is now a t 18, St. 
A ugustine Parade, C ity  C entre , Bristol, 1. 
T elephone, Bristol 20351.

Wild-Barfield Electric Furnaces, Ltd. 
J. P. D . C olem an w ho joined the concern  in 
1919 and who since 1933 has been works 
d irecto r, has re tired  fro m  the  bo ard  and also 
from  th a t ' o f the associated  com pany. 
G . W. B. E lectric  Furnaces, Ltd.

Sciaky Electric W elding M achines, Ltd., 
F a rn h am  R oad, S lough, Bucks. C. A. 
B urton, M .Inst.W ., has been appoin ted  sales 
m anager. H e jo ined the com pany  in 1934 
as chief test and research engineer, and, 
during  the  last w ar, was a ttached to the 
D irectorate  o f Industria l E quipm ent as 
resistance welding advisor.

The Aluminium Courier

THE third issue o f the A lum in ium  C o u rier 
has now been published. Each num ber of 

the C o u rier is devoted to one m ain topic 
which, this tim e, is sm all boats, and is an 
excellent sum m ary of the  considerable p ro ­
gress w hich has been m ade in this sphere o f 
application.

Ideal Hom e Exhibition, 194S

ON E  o f the m ain featu res o f this y ear’s 
exhibition  is the tw o-storey a lum inium  

house, show n in public fo r  the first time. 
Last y ear the standard  a lum in ium  house 
roused great interest and , in spite o f criti­
cisms, has proved very popu lar.

Vcnesta, Ltd. 
r i ' , E L E B R A T JN G  th e ir G olden Jubilee, 

V enesta, L td., V intry  H ouse. Q ueen 
Street Place, L ondon, E .C.4, have published 
a booklet under the title  “ O u r F irst 50 
Y ears.” T his h isto ry  of the concern is p re ­
sented m ost a ttractively , giving the  reader an 
insight in to  the developm ent o f  the plyw ood 
industry.

R eaders o f this jo u rn a l m ay recall on page

APPSOXIXÎATE ANGLE ■/ 
to gsouno uva W /

Henry Ford and Aluminium

FO L L O W IN G  a recent Press reception 
held by  H enry Ford  in L ondon, o u r 

associated jou rnal “ T he M o to r ” addressed 
to him  a  series o f questions concerning the 
F o rd  o rgan ization . W e quo te  the follow ing: 

” W ill the  use o f light alloys be m uch 
extended in m o to rcar p roduction  du ring  the 
next few  years? ”

" W e  will use light alloys if steel is so 
scarce we can n o t get it, bu t also use the 
lighter alloys if they com e dow n to the point 
w here  they  are  econom ically  feasible."

H
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636 o f the D ecem ber issue an  announcem ent 
ab o u t “ V endura.” T his m ateria l is com ­
posed of a lum in ium  sheet, w ith a wood 
veneer cem ented on one o r bo th  sides. One 
interesting story  th a t is recorded in the 
booklet is o f the in troduction  of “ P lym ax,” 
a  m etal-coated plyw ood. On one occasion 
in 1922, when loading a  press, a face veneer 
was inadvertently  om itted , causing the glue-

“ Twenty Questions ”

AW A R E  of the popu larity  o f the R adio  
P rogram m e “ T w enty  Q uestions,” L o n ­

don M etal W arehouses, L td., have p repared  
a new  leaflet con ta in ing  tw enty questions on 
a lum in ium  alloys, w ith, o f course, the  correct 
answers. C opies can be ob tained  on app li­
cation  to the com pany  a t 15-17, E dgw are 
R oad, M arb le  A rch, L ondon . W.2.

P I C T U R E D  h e re  is th e  “ C h a m p io n "  e q u ip m e n t for sh re d d in g , d ic in g , g ra tin g , c h ip p in g , sca llo p  slic ing  a n d  
L a llied  o p e ra t io n s  in  th e  c a te r in g  tra d e s . T h e  b o d y  of th e  m ach in e  c o n s is ts  of a  s in g le  po lish ed  a lum in ium  
c a stin g  (sh o w n  h e re  to  a  scale  o t i  l in e a r)  w ith  n u m ero u s  c a s t  a lu m in iu m  fittings. C u tte r  p la te s  (n o t  sh o w n  to 
sca le )  a re  in  th e  form  of h e a v y -g a u g e  s ta in le ss -s te e l-sh e e t p ress in g s  a tta c h e d  to  po lish ed  c a st-a lu m in iu in -a llo y  
sp id e rs . T h is  n p p a rn tu s  is m an u fa c tu re d  by  M cdcn lf a n d  C o.. L td ., 141, S affro n  Hill, L o n d o n , E.C.1.

covered centre ply to adhere  to  the steel 
p laten . T his m istake was soon  tu rned  to 
good account and repeated in tentionally . A 
m odification o f the adhesives then  m ade it 
possib le to stićk m ost m etals to  plyw ood.

A lso recorded in (he book let is how  during 
the recent w a r the  com pany  w ere called 
upon to m ake a considerab le  tonnage  of 
a lum in ium  fo il fo r  a  m ysterious purpose. 
L ater, th is foil was to be fo u n d  spread over 
a  large a rea  of E urope in the  w ake o f our 
bom bers, having effectively confused the 
enem y’s rad ar instrum ents.

A ltogether the b o o k let is a  very fine 
blending o f h isto ry  and  technology, and  the 
com pany  are  to  be congratu la ted  on its 
p resentation .

G auge and T ool Exhibition

TH E  1948 G auge and T ool E xhibition  was 
held a t the  New H all, V incent Square, 

L ondon, fro m  Jan u a ry  26 to  F eb ru ary  6. 
A m ongst the stands o f 82 exh ib ito rs w ere to 
be fo und  gauges, m easuring instrum ents and 
equipm ent, jigs and fixtures, press tools, 
m oulds and  dies, pneum atic  and electrica* 
po rtab le  tools, d iam ond tools and a  wide 
range of engineers’ cu tting  tools. In  this 
excellent range of equ ipm ent w ere m any 
items of particu la r interest to the light m etals 
industry  and som e interesting developm ents 
w ere no ted .

As in previous exhibitions dealing with 
engineering subjects, it was in teresting  to 
note a  considerab le  usage o f a lum in ium  in
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SHOW N on th is page are some 
of the  items exhibited by 

W arco Products, L td., Saltisford. 
W arwick, a t the recent Hotel. 
R estaurant, an d  Catering Exhibi­
tion. Im mediately above is a 
litter basket designed for use in 
lounges an d  bars, w ith bowl and  
p illar in polished alum inium . 
Above (left) the W arco unit 
furniture, including  a  tab le  giving 
com plete freedom  of m ovem ent 
to the  diner. T h e  centre  colum n 
is of alum inium . supporting  a  
lightw eight top, w ith th e  whole 
counterbalanced  by a  heavy  cast- 
iron base. T h e  table top is of 
p lastic in a n  alum inium  fram e 
an d  is reversible, one side being 
covered with green baize. T h e  
alum inium  nesting  chair (centre, 
left) is exceptionally  light an d  
occupies a n  abso lu te  minimum of 
space, w hether in use o r stacked . 
O ther in teresting  exhibits show n 
on  the  s ta n d  (bottom , left) w ere a 
range of alum inium  utensils for 
catering  purposes, including large 
stew pans a n d  som e attractive 
teapots, enam elled an d  decorated  
with floral designs.
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ihe machines. Again, aver 20 per cent, of 
the exhibitors were using aluminium in the 
cast or wrought form in their products. Of 
particular interest to those who are con­
cerned with the machining of light alloys 
were the many diamond cutting tools 
displayed.

The exhibition was organized by the 
Gauge and Tool Makers’ Association in 
conjunction with the National Federation of 
Engineers’ Tool Manufacturers.

importance of rubber, but also gives a 
detailed account of an industry in which 
many aluminium and magnesium fabricators 
are interested at the present time.

“ Foundry Practice ”

DURING a recent fire caused by an elec­
trical short, certain of the technical and 

sales offices of Foundry Services, Ltd., 285. 
Long Acre, Nechells, Birmingham, 7, were 
destroyed. Part of the company’s addresso-

THE H ealth  an d  H olidays Exhibition w as opened  a t Earls C ourt, L ondon, on 
F ebruary  23, a n d  closes on M arch  27. Show n here in  the  final stage of p repara tion  

is the cen tral feature. Spectacu lar dives are  m ade from th e  74 ft. tower in to  a  pool 
below. T h e  scaffolding is of tu b u la r steel an d  alum inium .

Rubber in Textile Factories

WE have received a small booklet issued 
by The British Rubber Development 

Board entitled “ Rubber in Textile Fac­
tories," by Colin Macbeth, M.I.A.E., F.I.R.I. 
It covers the many applications of rubber in 
this industry and indicates in several ways 
how aluminium and indeed magnesium are 
to be found alongside rubber. It is particu­
larly interesting from this view-polnt, in that 
not only does it adequately present the

graph system was lost, and it is feared that 
the mailing list for “ Foundry Practice ” is 
now incomplete. It is suggested that regular 
readers who have not received No. 89 o f  this 
bi-monthly publication should get in touch 
with Foundry Services, Ltd., at the above 
address.

“ Foundry Practice” is written for the 
practical man in the foundry to help him 
overcome his difficulties. It is sent free of 
charge to all interested.
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F IN ISH ED  pan techn icon  body 
being m ounted on a  chassis 

a t the  Enfield w orks of H ays 
W harf C artage Co., Ltd.

Light 
Alloy 

Body-building Progress

Qu a n t i t y  p roduction  o f  aii-iight- 
alloy industrial-vehicle bodies on 
an  ingenious construc tiona l system 

is now  in full o pera t ion  a t  the Enfield 
engineering works o f  H ay s  W h arf  
C artage  Co.,  Ltd. In  the  m ethod  o f  
f r am e  - construction employed by this 
concern , and  know n as the “ Faira l  ” 
system, f r am e  m em bers  are  m ade  f ro m  
square-section  a lum in ium -a lloy  tubing, 
reinforced f ro m  within by round-section  
tubes. U n d e r  hydrau l ic  pressure  of 
400 lb. p e r  sq. in., the  b ox-fo rm  tube  is 
expanded  by a m ax im u m  o f  0.005 in. to 
a llow  the  insertion o f  the round  mem ber. 
E xpan ded  is, perhaps , no t  quite the right 
term. W h a t  happens  is tha t  the square  
tube tends to assum e a  ro u n d  fo rm , but 
becomes square  again  w hen pressure is 
released. T h e  square  tub e  then contracts  
and  grips the  core tube tightly, fo rm ing  a 
un it  o f  quite  exceptional strength fo r  its 
light weight.

As the  tube  is n o t  suited for  ho t bend­
ing it is hea t treated  and  then bent cold. 
B ody-fram e com ponen ts  a re  built up  by 
the use o f  highly ingenious junct ion  
pieces, which a re  split a long their  longi­
tudinal axes. With these, the m os t  
com plica ted  angle  joints can be made 
easily and  rapidly. These special jo ints 
consist o f  square  centra l bosses from  
which extend w hat m ight be  te rm ed  split 
spigots (ou r  A m erican  friends would

probab ly  call them  junction-location  
members). T hese  a re  inserted into the 
tu bu la r  f ram e  m em bers  and  the  halves 
o f  each spigot a re  then forced  ap a r t  by 
d ura lum in  tape r  pins, the tubes being 
thus firmly gripped f ro m  within.

Should a pillar become dam aged , the 
affected p a r t  is cut ou t  and  a split spigot, 
similar to a  junc t ion  piece bu t w ithout 
the boss, is inserted. T he  spigot is first 
driven into the upper  p art  o f  the  pillar 
and  then d raw n  dow nw ards  into the 
lower one, thus jo in ing the two. T aper  
pins a re  inserted and  a n  efficient jo in t  is 
m ade  in a  few minutes.

T h e  “ Fairal ”  method  has proved 
adm irab ly  ad ap tab le  to quan ti ty  p rod uc­
tion, as it m akes fo r  speed an d  simplicity 
in the erection o f  body-f ram e skeletons. 
As in o the r  systems o f  light-alloy body 
construction  which we have dealt with in 
recent months,* fram es a re  m ad e  up 
from  partial assemblies. T h e  roof ,  fo r  
instance, is constructed  as a  single unit 
and  panelled before  mounting . T he  
centre  section o f  th e  body, including 
wheel-arch f r am ew o rk  and  rear  body 
sections, a re  o th e r  prefabrica ted  units.

C orru ga ted  B irm abrigh t slats are 
riveted to the inner sides o f  body  pillars 
to  p ro tec t  the  o u te r  panelling, whilst a 
B irm abrigh t panel,  also corrugated , of 
U  shape  form s the sides and  ends o f  the

* See , fo r  exam ple . “ L ig h t M e ta ls ,"  1947/10/629; 1948/11/84
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wheel-arch enclosure. Break-stem rivets 
are  used th ro u g h o u t  in a ttach ing  panels . 
So adap tab le  is this par t icu lar  system of  
tub u la r  construction  th a t  e labora te  body 
designs can  be p roduced ,  w hen necessary, 
with  little grea ter  difficulty th an  those o f  
m o s t  o r th od ox  fo rm . Body floors a re  o f  
w ood , screwed to t im ber inserted in to  a 
specially extruded bearer.

In  a  concern  such as the H ay s  W h a rf  
C a r tag e  Co., Ltd., with  all its varied  
departm ents ,  a  very great variety  of 
com m ercia l  bodies m us t  be tu rn ed  out.  
C om m encing  with the  first p ro to type  
“ Fa ira l  ” body in April ,  1946, 740 bodies 
o f  all types, built on this system, were 
produced  by  the end o f  1947. O u t  o f  
this to tal,  d epartm en ta l  a llocations 
included 138 Bedford  pantechnicons, 
each o f  1,020-cubic-ft. capacity; 33 
a rt iculated  trailer pantechnicons, each of 
1,500 cubic ft.; 418 general-scrvice bodies 
(2-ton, 3-ton and  5-ton); and  in add it ion

ABOVE, build ing  the wheel- 
arch  com ponent of the 

“ F a ira l” body in corrugated  
B irm abright. Right, the  first 
stage on the  assem bly  line. 
T h e  fram e skeleton is erected 
in  square-section  tube, w ith  a 
round  core. The m ethod 
em ployed for ioining these 
sections is illustrated below.

to  these, 62 art icula ted  tra iler bodies.
T h e  balance  o f  the 740 represents a 

hos t  o f  bodies fo r  con trac t  vehicles, all 
o f  w hich  w ere constructed  to special 
design. M ater ia l  used in building these 
bodies presents som e in teresting figures. 
A m o n g s t  m a jo r  requ irem ents  w ere 
89 miles o f  square  alloy tub ing  and  
89 miles o f  roun d ,  14 miles o f  alloy 
extrusions, 331,000 sq. ft. o f  a lum in ium  
sheet and  2,620,600 rivets.
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During 1947 p roduc t ion  o f  “ F a i r a l ” 
bodies averaged 51.09 per  m on th ,  but 
th is  has now  been greatly  stepped up  and  
on  a recent visit to the  Enfield w orks we 
saw bodies com ing  off the  assembly line 
really fast.  W hile there  we w ere  shown 
a  special van  body fo r  Parnel l-Y ate , Ltd. 
A rranged  to  carry  heaters a n d  electric 
washing machines on  two floors within 
the  body ,  this van  is provided  with a  neat 
little ho is t  on  the rear end o f  the  roof, 
fo r  ease in off-loading. T h e  upper  floor 
in the  van  is m ade  up  o f  sliding sections

TH E roof of the  “ Fairal ” 
body, as illustrated above, 

is m ade as a  single com ponent 
an d  panelled  before m ounting. 
T h is work is done by women.

AT  the  left, the second 
stage on the assem bly line, 

w hen the  roof an d  Birm abright 
side slats are m ounted.

in
these a re  con tinued  o n  the i 
the  rea r  doors  so th a t  the end 
can  be slid ou t  u n der  the hoist.

This van  body, a r ranged  on 
a 3-4-ton Bedford  chassis, 
has a capacity  o f  770 cubic 
ft., is designed fo r  a mixed 
load o f  34 stoves an d  w ash ­
ing machines. T h e  cooker 
weighs 2 cwt. and  the w ash­
ing m ach ine  a b o u t  l i  cwt. 
T h a n k s  to the special hoist, 
these can be off-loaded by the 
van driver. T h e  complete 
light-metal b o d y  weighs 
approx im ate ly  1 ton, a 
rem ark ab ly  low figure fo r  an 
assembly  designed o n  such 
generous and  roo m y  lines.

ELOW, the third stage in 
assem bly. H ere the  sides 
the body arc  panelled  and  
interior fittings com pleted.
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FEW people will d isag ree  with the 
statem ent th a t the uses of alum inium  

foil are  legion an d  it is hardly  necessary 
to recall that for m any years m anufac­
turers have used  this so-called “  silver 
pap er ” to preserve a  variety  of 
products, such  as chocolate a n d  cigar­
ettes. M ore recently  it w as show n
(“  L ight M etals," 1947/10 278) that
alum inium  foil could be used  to great 
advan tag e  in storing  app les an d  pears 
a n d  this is now  being p ractised  
commercially.

It is surprising  th a t this product has 
not h itherto  been m ade available to 
the general public to perform  a  m ulti­
tude  of dom estic duties for w hich it is 
em inently suitable. Aluminium foil is 
now availab le to the  C anad ian  house­
wife an d  depicted  here are  some of the 
m any uses for w hich it is recom m ended, 

as lining cooking utensils to elim­
inate  w ashing-up (the used  foil being 
d iscarded), pack ing  picnic baskets, 
preserving pain t t brushes an d  lining 
larder shelves.
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RESISTANCE WELDING
of Light Alloys 

By E. J. Keefe, B.Sc.,* and L. B. W ilson, M .Inst.W .f

The Authors Discuss Spot and Seam Welding Techniques and 
Consider Certain Major Difficulties Hitherto Associated with 
the Application of these to Aluminium. A  Patented System, 
Designed to Eliminate the Principal Difficulties, is Described, 

Together with some Experimental li.esults Obtained.

D e v e l o p m e n t  o f  a lum in ium  has, 
in the past, been severely h indered 
by two im portan t  factors, first, its 

p r im e cost, which, fo r  m any  civilian 
applications, tended to limit its use to 
specific fields, and  secondly, the fact tha t  
it could not, fo r  general purposes,  be 
satisfactorily  soldered, o r  resistance- 
welded w ithout special equipm ent.

T h e  econom ic  s i tuation b rou gh t  abou t 
by the second W orld  W ar, however,  gave 
a m uch-needed im petus to 
the developm ent o f  o u r  
light-metal resources, and, 
as a  result, supplies have 
become m o re  a b u n d a n t  
and  the  cost o f  the metal 
has been reduced. It was 
n o t  until quite recently, 
however,  tha t  serious 
a tten tion  was given to the 
resistance-welding p ro b ­
lem, fo r  with o th e r  weld­
able materials  readily available, there  was 
little ad van ta ge  to be gained in utilizing 
w h a t  was know n to  be  a m o re  hazardous  
process than tha t  required fo r  ferrous 
materials,

T h e  acu te  shor tage  o f  steel a t  the 
present time has p laced an entirely 
different light on the subject, and  a t ten ­
tion is now  being focused on a lum in ium  
as a likely substitute  for steel in m any 
diverse applications. T he  metal has, in

* R esea rch  D e p a rtm e n t, B ritish  In su la te d  C a lle n d e r 's  
C ab les, L td . 

f  W eldinff C o n su lta n t to  B. I.C .C ., L td .

, inoucc enun-Tt

Fig. 1.— Sketch showing total 
resistance between electrodes.

fact, become a vital p a r t  o f  o u r  national 
econom y and  it is c lear tha t  the welding 
prob lem  m ust be considered as a m atter  
o f  the highest im portance. T h e  au thors  
believe tha t  a solution has been found 
and  are confident tha t  the m ethod  of 
welding descr ibed t will have widespread 
industrial application.

R esistan ce-w eld in g  T ech n iq u e
In o rder  to unders tand m ore  fully the 

p rob lem  o f  welding a lu ­
m inium , it is first neces­
sary to consider the 
fundam enta l  principle  o f  
resistance-welding.

W hen it is desired to 
jo in  together two o r  m ore 
pieces o f  metal by a spot 
o r  seam  weld, the metal is 
held between two elec­
trodes which conduc t a 
curren t o f  high am perage  

th rough  the pieces, the heat generated 
being directly p ropor t iona l  to the  electrical 
resistance offered by the m etal between 
the electrodes. With the curren t m a in ­
tained until the metal reaches welding 
tem pera ture ,  the electrodes a re  forced 
together and  a unified weld is obtained. 
T he  pressure is m aintained until a f ter  the 
curren t has been switched ofT.

The hea t generated  in this way can be 
expressed by the fo rm ula :  —

H  =  l 2R T x K .

Î  P a te n t  A p p lica tio n s  N o . 30,330/46. 2,071/48.
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Fig. 6.— S pot w elder in action.

Fig. 2.— M acrograph of g rain  structure.

W here I is the c u rren t passing betw een 
electrodes, R  is the to ta l resistance offered 
by the m etal (this is m ade up  in the 
m an n er illu stra ted  in Fig. 1), T  is the 
tim e the cu rren t is m a in ta ined , and  K  is 
a constan t fo r the p articu la r app lica tion , 
depending  on  losses due to  rad ia tio n  and 
conduction  and  hence vary ing  w ith  the 
tim e and  the m ateria l to  be w elded.

It will be seen tha t w hen alum in ium  
is the m etal to be w elded, the constan t K 
an d  th e  resistance R a re  low  (assum ing 
th a t the re  is no oxide p resen t on  the 
su rfaces o f  the m etal), so th a t fo r a given 
am o u n t o f  h ea t the w elding cu rren t m ust 
be increased to a  very m uch h igher value 
than  th a t fo r steel, and  thus w hen 
a ttem p ts a re  m ade to  spo t- o r  seam -w eld 
alum in ium  by no rm al m ethods, m achines 
o f very m uch la rger o u tp u t than  those 
requ ired  to weld steel o f  equal thickness 
m ust be used (see T ab le  1).

T h ere  a re  also o th e r difficulties. F o r  
exam ple, it is obv ious th a t in view  o f the

relatively  low  m elting  po in t o f a lum in ium  
and  m ost o f its a lloys, the useful plastic 
range will, in co n tra st to th a t o f steel, 
be lim ited  and , consequently , exceedingly 
accu ra te  con tro l is necessary. In  ad d i­
tion , the su rface  o f  a lum in ium  tends to 
oxidize rap id ly  in  a ir , the su rface  resist­
ance increasing in p ro p o rtio n , so tha t 
this high resistance film m ust be rem oved 
from  all su rfaces if sa tisfac to rily  co n ­
sistent and  un iform  welds a re  to be m ade.

Fig. 4.— Sam ple of spot welding.

A nother difficulty is the m arked  tendency 
fo r a lum in ium  to alloy  w ith copper, w hich 
causes “ sticking,” so tha t frequen t 
changes o f electrodes a re  necessary 

In  spite o f the above difficulties, how ­
ever, progress has been m ade w ith spo t 

w elding in recen t years 
and , prov ided  th a t accu ­
ra te  con tro l is exercised 
and  m achines o f  high 
pow er o u tp u t a re  used, 
good spo t welds can be 
ob ta ined  by no rm al w eld­
ing m ethods.

W hen seam  w elding is 
a ttem p ted , how ever, it is 
fo u n d  th a t even w hen the 
on-ofT periods a re  reduced 
to  the region o f  one  cycle, 
the weld is n o t alw ays 
con tinuous. T his can  be

explained qu ite  sim ply by 
a series o f d iag ram s. Fig. 8 
(a) show s the n o rm al pa th  
o f  cu rren t fo r  the first sho t 
w hen tw o sheets o f a lu ­
m in ium  are  being welded 
betw een electrodes. T he 
sheets a re  then  m oved 
very slightly  fo rw ard  fo r 
the second cycle. T he 
resistance built up by 
ox ida tion  on  th e  surfaces 
o f the a lum in ium  now  
causes m ost o f the cu rren t 
to  dev ia te  from  the d irec t
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Fig. 5.— W eld being

path  and  follow  the p a th  o f  least resist­
ance th rough  th e  prev ious w eld, as show n 
in Fig. 8 (b). T h is  by-passing o f  cu rren t 
persists un til th e  d is tance  becom es too 
g rea t, w hen  a  fresh  w eld is m ade. 
Fig. 8 (c).

T he  “ seam  ” w eld thus produced  is in 
reality  a series o f  sep a ra te  sp o t welds at 
close in tervals, and  it is obviously  useless 
fo r p ressu re  vessels o r  liqu id  con tainers. 
E ven w hen a ttem p ts  a re  m ade to  over­
com e th is by using w ider e lectrodes, high 
cu rren t density  and  relatively  low  speeds, 
w ith  the cen tre  o f  th e  spo ts well spaced 
b u t hav ing  sufficient sp read  to  link  up

Fig. 7.— T ypical w eld obtained  w ith new 
process.

Fig. 3.— Seam  w elder in  operation.

and  overlap  in the fo rm  o f  a “ stitch ” 
w eld, it is difficult to ob ta in  a  sa tisfac­
to rily  gas-tight seam . E xperim ents have 
show n th a t in  this m ethod , w ith speeds o f 
the o rd e r o f 3 ft. p er m inute , m achines 
o f m ore th an  200 kV A  have been neces­
sary. F o rtu n a te ly , by the ad o p tio n  o f  an  
entirely  new  technique in w elding, this 
troub le  can  now  be overcom e.
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Fig. 8 (left). —  T hree  
sketches (A), (B), an d  (C), 
show ing how interm ittent 

weld is formed.

Fig. 9 (right).— Sketch  of 
steel strip  m ethod.

A fter considerab le  experim en t it was 
found  th a t w hen a lum in ium  w as p re ­
heated  to  a certa in  extent and  the cu rren t 
applied , a  highly efficient w eld w as pos­
sible. A  m ethod  w as, therefo re , evolved 
in w hich steel strip s o f  definite thickness 
w ere in terposed  betw een  th e  electrodes 
a n d  the a lum in ium ; the th ickness o f  th e  
steel strip s being d e te rm ined  by th e  th ick ­
ness o f  a lum in ium  to be w elded. T he 
princip le  is illustrated  in Fig. 9.

A pply ing  the prev ious fo rm u la  to  this 
m ethod , we find th a t a lth o u g h  K  will 
have a d ifferent value, the to ta l resistance 
betw een elec trodes (R ), will be  consider­
ab ly  increased; hence, fo r a given am o u n t 
o f hea t the w elding cu rren t w ill be p ro ­
po rtio n a te ly  reduced.

T h e  passage o f  cu rren t th ro u g h  the 
h igher resistance offered by th e  steel 
genera tes app ro x im ate ly  fo u r  tim es m ore  
heat in  th e  steel than  in the a lum in ium . 
T he  a lum in ium  is thus heated  by co n d u c­
tion  ju s t befo re  reach ing  a position  
betw een  the electrodes w here th e  w eld is 
m ade, so th a t w hen the sh o t is finally 
applied , the tem p era tu re  need on ly  be 
raised  a few  degrees to  reach  exact w eld­
ing heat. (W hether this ad d itiona l hea t 
fo r w elding is ac tua lly  ob ta in ed  by the 
passage o f cu rren t th rough  the alum in ium  
o r by the increased  heat o f th e  steel, has 
n o t yet been ascerta ined ; it is p ro b ab le  
th a t the add itiona l hea t fro m  the steel 
plays the m ore  im p o rtan t part.)

T h a t a perfectly  un ifo rm  an d  co n tin u ­
ous w eld o f  h igh efficiency is possib le by 
th is m ethod , has been am ply  d em o n ­

stra ted  by convincing tests 
in w hich perfectly  gas- 
tigh t seam  w elds w ith 
tensile strengths u p  to  92 
p er cent, o f  the pa ren t 

m etal have been recorded . P rov ided  th a t 
co rrec t w elding pressures a re  used and  
fine ad ju s tm en t o f the cu rren t can  be 
m ade, the steel does n o t stick  to  the 
a lum in ium .

In Fig. 7 m ay be seen a typical seam  
w eld ob ta ined  in 20 S.W .G . a lum inium . 
T he sam ple show n has been  anod ized  and  
dyed in o rd e r to illu stra te  the cleanliness 
o f the  seam  w eld ob ta ined . T his fea tu re  
will be o f p articu la r in terest to those c o n ­
cerned  in  th e  m an u fac tu re  o f  fan cy  goods 
in a lum in ium . T he streng th  o f  th e  weld 
is illustrated  in Fig. 5. H ere, the  m etal o f  
the sam e sam ple has been opened  o u t and 
an  a ttem p t is being m ade to  separa te  th e  
w eld by chisel. I t  will be seen th a t the 
tear ac tua lly  occurs in the p a ren t m etal.

T h e  a lte ra tio n  in  g ra in  s tru c tu re  o f  the 
weld m ay  be seen in Fig. 2, and  in Fig. 10

Table 1.— Short circuit currents for resistance 
welding by normal methods.*

E le c tr o d e  P r e s s u r e  1 0 ,0 0 0  I b . ’s q .  in .
T ip  S iz e  . .  . .  5 /3 2  in .  d ia .  1 2 0 °  in c lu d e d  a n g le
T im e  . ,  . .  5 c y c le s

S h e e t  T h ic k n e s s  
( in s .)

S h o r t  C i r c u i t  C u r r e n t  
( a m p e r e s )

S te e l B A  60 
A lu m in iu m

0 .0 1 6 7 ,5 0 0 1 7 ,0 0 0

0 .0 2 8 9 ,0 0 0 1 7 ,6 0 0

0 .0 3 6 9 ,7 6 0 1 9 ,7 0 0

* F ig u r e s  p u b l i s h e d  b y  p e r m is s io n  o f  t h e  B r i t is h  
W e ld in g  R e s e a rc h  A s s o c ia t io n .
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th e  varia tion  in hardness across the weld 
is show n p lotted .

U ndoub ted ly , the m ost im p o rtan t 
ad v an tag e  ob ta in ed  by the new  m ethod  
is th a t it is no longer necessary  to use 
m achines o f large o u tp u t fo r a lum in ium  
w elding. T he welds illustrated  w ere, in 
fac t, m ade on a co n v cn tiona l-pa tte rn  
30-kV A  m ach ine  w ith  the usual ign itron  
tim e con tro l an d  ru n n in g  a t  a  w elding 
speed o f  13 ft./m in . w hen w elding 
20-s.w.g. a lum in ium  alloy. Fig. 3 show s 
th e  seam  w elder in  opera tion .

Sp ot W eld in g

W hen a lum in ium  is spot-w elded m any  
o f  th e  dilliculties h ith e rto  experienced 
w ith seam  w elding do n o t, o f  course, 
arise , fo r the spots a re  spaced a t 
sufficiently w ide in tervals to  neu tra lize  
th e  effect o f  “ by-pass ” cu rren t. H igh- 
pow er m achines o f  th e  o rd e r o f  200 kV A  
o u tp u t have , nevertheless, been requ ired , 
an d  as the m ajo rity  o f  the spot-w elders 
a re  o f  com parative ly  low  capacity  fo r 
steel w elding they  have proved  unsu it­
ab le  fo r use on a lum in ium  jo bb ing  as 
well as the ir norm al p ro duc tion  w ork.

A pp lica tion  o f  the new  m ethod  to 
spo t-w eld ing , how ever, will im m ediately  
increase the range o f  a large nu m b er o f  
existing m achines. H ow  fa r  th e ir field 
o f  usefulness will be increased m ay be 
judg ed  from  Fig. 6, w hich show s a

Table 2.— Short circuit currents for resistance 
welding by new method.*

E le c t r o d e  P r e s s u r e  . .  1 0 ,0 0 0  Ib ./s a -  in .
T ip  S i z e .............................................. 5 /3 2  in . d ia .  1 2 0 °

in c lu d e d  a n g le
T im e  ...............................................5 c y c le s
S te e l  S t r ip  T h ic k n e s s  . .  0 .0 1 6  in .

S h e e t  T h ic k n e s s  
( in .)

S h o r t  C i r c u i t  C u r r e n t  ( a m p e r e s )

BA 6 0  A lu m in iu m  w i th  0 .0 1 6 - in .  
s t e e l .

0 .0 1 6 8 .7 0 0 f

0 .0 2 8 9 ,0 0 0

0 .0 3 6 9 ,7 6 0

* F ig u r e s  p u b l i s h e d  by  p e r m is s io n  o f  t h e  B r i t is h  
W e l d in g  R e s e a r c h  A s s o c ia t io n .

7 T h is  v a lu e  m a y  e v e n  b e  le s s  w i th  t h i n n e r  s t e e l  s t r i p .

-.6CL

IM P R E S S IO N S

Fig. 10.— G raph  of hardness.

conven tional - p a tte rn  30 - kV A  w elder 
being used fo r spot-w elding th ree  pieces 
o f .080-in. a lum in ium  alloy  (1.25 per 
cent, m anganese) to a to tal added  th ick­
ness o f  £ in. T he  e lec trode  p ressu re  fo r 
this w eld w as 7,000 lb ./sq . in. T he 
streng th  o f  the w eld so ob ta ined  is illus­
tra ted  in Fig. 4, th e  top  piece o f 
alum in ium  having  been to rn  aw ay 
leaving a  solid  nugget o f w eld. F u rth e r  
welding d a ta  fo r th is sam ple a re :—

S h o r t  c i r c u i t  c u r r e n t  . .  9 ,0 0 0  a m p e r e s
W e ld in g  t im e  . .  . .  . .  5 c y c le s
E le c tr o d e  t i p s ........................... J "  d ia .  f la t .

In general, the tensile streng th  o f  a 
weld jo in ing  tw o pieces o f  14 s.w.g. 
a lum in ium  is 6.4 tons p e r  sq . in. (over 
90 per cent, p a ren t m etal).

In  T ab le  2 the cu rren ts  o b ta ined  w ith 
the new  m ethod  o f  w elding o n  a lum in ium  
o f  identical g rade  and  th ickness as th a t 
quo ted  in  T ab le  1 a re  show n fo r 
com parison .

P resent W ork
E xperim en ts w ith  resistance  w elding 

a re  con tinu ing , w ith  an  investigation  in to  
the m ax im um  cu rren t requ ired  fo r  w eld­
ing various grades o f  a lum in ium , and  it
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is hoped  to  include results o f  th is w ork , 
together w ith o th e r relative in fo rm atio n , 
such as  th e  m echanical-w eld  streng ths 
o b ta ined , varia tion  in g rade  struc tu re , 
etc., in a  la te r article.

A t the sam e tim e, it is hoped  to  publish  
details o f  research  in to  the  resistance 
w elding o f  m agnesium -base alloys. U p 
to  th e  p resen t tim e experim ents w ith  this 
m etal h ave  proved  d isappo in ting , the 
m echanical-w eld  streng ths o b ta ined  being 
on ly  a b o u t 48 per cent, o f  th e  pa ren t 
m etal. T h e  new  process, how ever, show s

considerab le  prom ise w ith m agnesium  
an d  successful welds will undoub ted ly  be 
achieved w hen the ap p ro p ria te  w elding 
fac to rs fo r  p ressu re, speed and  tim e are  
finally d eterm ined  fo r th e  m etal.

T h e  a u th o r’s acknow ledgm ents a re  due 
to M r. P. V. H u n te r, C .B .E ., E ngineer-in- 
C hief, B ritish In su la ted  C allen d er’s 
C ables, L td ., fo r  perm ission  to  publish  
th is artic le; to the B ritish W elding 
R esearch  A ssociation  fo r the ir co llab o ra ­
tion , an d  to various colleagues fo r the ir 
assistance in  th e  w ork.

L e t t e r s  t o  t h e  E d i t o r
Correspondents are reminded that a stamped and addressed envelope should be enclosed In all 
cases where a personal answer is desired. It Is understood that any letter received may be 

published at the discretion of the Editor.

A n od izin g  P lant
“ I very much appreciate your kind 

assistance in helping me to obtain 17ST 
square tubes 45 by 45 by 2 mm. and alu- 
minium-alioy cycle components, although I 
was unable to trace the translation of your 
article from  ‘ Light M etals ’ which was pub­
lished in a Norwegian paper.

“ May I now ask fo r further assistance. 
I wish to contact a m aker of plant fo r 
anodizing and dyeing aluminium alloys in 
silver and a range of colours. A description 
of plant, process instructions and a' quota­
tion will be greatly appreciated.’’— O l e  
H e n s e n , Norway.

W e w ould  recom m end  th a t 
inquiries be addressed  to  W illiam  
C ann ing  and  C o., L td ., 133-7, G rea t

H am pton  S treet, B irm ingham , 18, 
E ng land , and  to R. C ru ickshank . 
Ltd., 123, G ra y ’s Inn R o ad , L ondon . 
W .C .l. I t will be adv isab le  w hen 
o rdering  such p lan t to s ta te  very 
com pletely  the pu rpose  fo r  w hich it 
is required , m ore  especially as re ­
gard s estim ated  m eta l a rea  loading. 
A n a lternative  to  ob ta in ing  a p p a r­
a tu s  d irec t from  this co u n try  w ould 
be to  have it constructed  in N orw ay 
to a  detailed  specification prov ided  
by a com peten t au th o rity . W e sug­
gest in  this connection  th a t inquiries 
be d irected  to  M r. P e te r Sm ith , o f 
30, Cova.l G ard en s, E ast Sheen. 
L ondon . S.W . 14.

D ecorated  M eta l B oxes

" On page 565 of the November issue of 
‘ Light Metals ’ is a  selection of decorated 
metal boxes for export markets, fabricated in 
aluminium and coloured by a  printing pro­
cess, which I have admired with great 
interest.

“ As 1 am greatly interested in the 
im portation of these boxes for the Spanish 
market, I should be very much obliged if 
you would put me in touch with the Metal 
Box Co., Ltd. Being well connected with a 
branch of the grocery and confectionery

• trade, I believe firmly that there is good busi­
ness to be done with these articles.”— 
V. L. de Ceballos, Barcelona.

W e agree  w ith Senor C eballos as 
to  the superb  a rtistic  m erit o f  these 
deco ra ted  m etal boxes, and  w ould 
p o in t o u t th a t those illu stra ted  form  
b u t a  section o f  a m uch w ider range 
p roduced  by th e  M eta l Box C o., L td .. 
th e  address o f  w hich is T he  L ang- 
ham , P o rtlan d  P lace, L o n d o n , W .l.
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Light -Alloys in
T h e  In t e r n a l - C o m b u s t i o n  E n g i n e

Continued from “ Light M e t a l s 1948 ¡11¡7 6 , this Section 
of the Account Develops the Discussion on Light-Alloy 
hearings and Concludes with the Possible Application of 

Light Alloys to Crankshafts and Camshafts

THE function of the lubricant in a bearing 
can be demonstrated by a small case- 
hardened shaft fitting closely into a 
case-hardened hole. Both surfaces should 

be of fine finish. If the shaft is spun with 
the fingers, friction is high at first, but as 
speed increases, a sudden drop in friction 
occurs, and the shaft spins freely fo r a time 
and then, as speed falls, it is pulled up 
sharply. D uring the period of free spinning 
the pin is running in air, due to the wedging 
action, and the only friction is due to the 
shearing of this air film. Friction is high, due 
to metal-to-metal contact, until the wedge 
has forced the pin away from the bore or 
when decreasing speed allows the wedge to 
disappear. The well-known Michel bearing 
takes advantage of these facts. It is, indeed, 
fortunate that this wedging action does take 
place, o r no bearing would last yery long.

Nevertheless, this ideal condition is con­
stantly being interrupted. Pieces of grit and 
dirt, deflections of the shaft, froth in the oil 
stream, sudden or drastic changes in condi­
tions, e.g., terminal velocity dives in a fighter 
aircraft, are continually altering the full fluid 
condition, and minute metal-to-metal con­
tacts are constantly occurring. Moreover, 
no mechanism runs for ever and starting and 
stopping are critical periods in the life of a 
bearing. When metal-to-metal contact does 
take- place, minute seizure or welds are 
liable to occur, and, with high speeds or 
high loads, the melting point of the 
bearing metal may be reached. The local 
melting frees the seizure and the molten 
metal itself acts as a lubricant in healing the 
seized spot. It is, consequently, advantageous 
for a bearing metal to possess a low fusion 
tem perature or to contain low melting con­
stituents, and if the molten metal does not 
wet the other bearing surface, a further safe­
guard against seizure is available.

A successful bearing metal should be able 
to absorb hard particles of metal, swarf, grit, 
carbon, etc., which always tend to cut the oil 
film and injure both bearing metal and shaft. 
A high fatigue strength at bearing tempera­
ture is essential, but it is of almost equal 
importance for a bearing metal to possess a

sufficiently low modulus of elasticity and 
yield point to accommodate itself easily to 
shaft deflection and changes in load. These 
properties are, of course, in general opposed 
to high fatigue strength. Bearings are not 
without their corrosion troubles and espe­
cially when using certain of the newer refined 
oils it is essential that the bearing metal 
should possess an adequate chemical resist­
ance. G ood thermal conductivity is important 
to keep the bearing cool, and this means not 
so much taking heat from the shaft and oil 
as of dissipating the heat of the momentary 
seizures and melting into the body of the 
bearing metal.

By no means the least qualification o f a 
bearing metal is its ability to be handled, 
cast and bonded. In these respects lead 
bronze, fo r example, fails lam entably ' and 
this has led to its disuse by many firms. 
Silver, too, is difficult to handle and could 
be put into production only when suitable 
plating technique had been developed after 
much laboratory work. The low melting 
point metals, of course, are easy to cast and 
handle.

On all these scores aluminium-base 
materials acquit themselves at least 
moderately well and, in practice, aluminium- 
alloy bearings have given rem arkably fine 
service, often under arduous conditions. 
The main requirement appears to be that 
the running surface should be sufficiently 
hard, and with this proviso in mind satis­
factory results appear to be obtainable with 
almost any aluminium-base alloy except 
under very favourably conditions. It has, 
for instance, long been the practice to run 
case-hardened steel gudgeon pins directly in 
aluminium piston bosses and the results 
have been nothing if not satisfactory.

In addition, we have mentioned the use in 
the Cross rotary valve engine of a nitralloy 
steel valve running directly in a split housing 
in “ Y ” alloy. Fraser and Chalmers in their 
large oil engines have used Y-alloy pistons 
of the spherical gudgeon type with tubular 
piston body and aluminium spherical bear­
ings. It is stated(1> that they have always 
used aluminium bearings on the spherical
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engine and have not had the slightest trouble 
whatever. One noted maker of gas and oil 
engines has used simple sandcast bearings of 
B.S.,L 11 (7-8 per cent, copper) for years 
throughout his range of products, simply 
because they were cheap, did the job satis­
factorily, and were easy to cast, machine 
and fit.

“ Q uarzal,” a continental alloy, contains 
5-15 per cent, of copper. 2-3 per cent, of 
lead an d /o r bismuth, and works best at a 
pressure of half a ton per sq. in., but will 
take a ton. Another alloy of this class 
consists of 20-22 per cent, of silicon, 1.25 per 
cent, cobalt, 1.5 per cent, copper, 0.6 per 
cent, manganese, 1.25 per cent, nickel, 
0.5 per cent, magnesium, the balance alu­
minium. The object of this intricate selec­
tion is to imitate white metal-hard particles 
embedded in a soft matrix. The alloy has 
a low expansion and a Brinell hardness of 
120.

In some cases high contents of lead are 
incorporated, up to 20 per cent., in which 
case the metal ceases to become an alloy 
in the true sense of the word, but a 
mechanical mixture which calls for special 
technique in handling. An alloy developed 
by High Duty Alloys, Ltd., as a result of 
much experience and technical research on 
light metal bearing materials and which was 
used in various directions during the war is 
Hiduminium A C /9 . This material is 
patented (Nos. 470, 248 and 472, 248) by 
Rolls-Royce, Ltd.. and High Duty Alloys. 
Ltd.. and an exclusive licence to manufac­
ture has been, granted to W ellworthy Piston 
Rings, Ltd., Lymington, Hants.

Curves in Fig. 22 ("L igh t Metals," 
1947/10/452) show results of tests on the 
centre main bearing of a Rolls-Royce Kestrel 
engine using lead-bronze, white metal and 
alum inium-alloy bearing materials. All 
three bearings were run-in fo r two hours at 
1.000, 1,300 and 1,700 r.p.m. at 80 degrees C. 
(±  5 degrees C.), the speed being then 
reduced to 1,000 r.p.m. at the commence­
ment of the test. Speed and load were then 
increased by 200 r.p.m. and 200 Ib./sq. in., 
respectively, at 15-minute intervals, and 
temperature to 100 degrees on the Thurston 
bearing-testing machine.

The curves demonstrate that, throughout 
the speed range of the tests, the aluminium- 
base material has a lower friction coefficient 
than the two other alloys with with it was 
compared.

In the July, 1939, issue of “ The Foundry,” 
mention was made of an alloy with bearing 
properties claimed to be equivalent to those 
of white metal, its constitution being as 
follows:—5.5-7.0 per cent. Sn, 1.5-1.8 per 
cent. Ni, 0.6-0.9 per cent. Cu, 0.7-1.0 per 
cent. Mg. 0.15-0.3 per cent. Fe, and 0.2-0.45 
per cent. Si.

An issue of “ The Automobile E ngineer”

(1946/36/480) despribes three aluminium- 
alloy bearings developed in the U.S.A. for 
use as connecting-rod, main and thrust 
bearings in high-duty engines. The first 
alloy contains tin 6.5, copper 1, nickel 1 per 
cent., and aluminium remainder; the second 
has a similar composition with an addition 
of silicon; and the third is the first alloy in 
its wrought form. Laboratory bearing tests, 
heat-transfer properties, Brinell hardnesses, 
and machining properties of the alloys are 
discussed.

In Automotive Industries, October, 1939, 
L. Kempf, research engineer, and F. Jardine, 
chief autom otive engineer of the Aluminum 
Company of America, describe the properties 
of an aluminium-base bearing metal recently 
developed. The fatigue strength of the 
alloy is claimed to be many times that of 
conventional by-metal bearings, whilst its 
resistance to corrosion by the breakdown 
products of lubricating oils is also of a high 
order. Fabrication of the bearing is not 
difficult, and the customary methods of 
finishing can be employed. F or main and 
big-end bearings permanent mould castings 
are employed, but for camshaft bearings use 
is made of rolled sheet. It is pointed out 
that, whilst aluminium-alloy main bearings 
are but a recent innovation, the metal has 
been used as a material for aircraft camshaft 
bearings for a quarter of a century. Also, 
as is, of course, well known, aluminium has 
long been used .for valve-tappet guides and 
as gudgeon-pin bearings in aluminium-alloy 
pistons.

An incentive to the development of 
aluminium-base bearing metals in Switzer­
land has existed for a number of years in 
the shape of a shortage of tin and other 
conventional bearing-metal constituents, and 
as a result three main compositions have 
been introduced—La 11, La 21 and La 31. 
These three grades differ in working qualities 
and in mechanical and physical properties, 
and one or other is selected according to 
service requirements.

Alloy La 11 consists of alum inium with 
small quantities of magnesium and zinc; it 
contains no additions which are not readily 
obtainable in Switzerland.

Alloy La 21 is the eutectic aluminium- 
silicon alloy with additions of copper, 
nickel, manganese and magnesium, the 
copper and nickel contents being about 
6 per cent.

Alloy La 31 consists of aluminium with 
about 8 per cent, of tin, plus copper and 
nickel, together with some magnesium.

The medium-hard alloys, La 11 and La 31, 
are similar to each other in possessing good 
running qualities and good resistance to 
edge pressure. Alloy La 31 is preferred to 
La 11 when it is impossible to give the bear­
ing surface a high finish and when it is not 
expedient to run the bearing in gradually
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Fig. 51.— Piston, in D T D  
424, for the  scavenge 
pum p of a  C .I. engine 
built by John  I. T horny- 
c r o f t  a n d  C o .,  L td . ,  
W oolston, S outham pton.

under load. Alloy La 21 has approximately 
the same coefficient of expansion as bronze 
and is used mainly fo r bearings subjected to 
shock and high loads. It is also employed 
for metalling cast-iron bearing housings 
operating at high temperature. None of 
these three alloys is markedly affected by 
heating such as is likely to occur in normal 
operating ranges, aluminium-base materials 
being, in this respect, greatly superior to 
tin-base bearing metals.

La 21 follows the classical form, showing 
hard “ bearing ” particles (mainly silicon) in 
a moderately hard matrix. La 31, however, 
exhibits a soft, tin disperse phase in a 
moderately hard matrix, whilst La 11 shows 
the homogeneous structure of a solid solu­
tion. These physical differences influence 
“ bearing ” qualities and, according to the 
running conditions obtaining, 
account fo r occasional trouble 
due to overheating.

La 11 has little effect on a 
steel journal, whether this latter 
be of the alloy or plain carbon 
type. If, by any chance, seizing

stance, as a lining in a supporting bearing. 
La 11 can be supplied in the form of sheet 
or strip; the cold-worked surface, which pos­
sesses good " ru n n in g ” properties is, obvi­
ously, ideally suited for a bearing.

The aluminium-base bearing alloys which 
have been described, together with a number 
of bearing bronzes, tin-base white metals and 
special cast irons, have been examined with 
respect to their bearing qualities on a special 
testing machine,f17l using forced-oil lubrica­
tion and a shaft rotating against the speci­
men to be examined. With loadings up to 
800 kg./sq. cm. it was possible to run some 
journals at 2,000 r.p.m., corresponding to a 
surface speed of 1,520 ft./m in.. without 
trouble.

From the results obtained it was evident 
that the aluminium-base alloys could with-

should occur, a  thin layer of 
alum inium will be found 
adhering to the journal and 
can be easily removed. The 
hard, crystalline particles in 
La 21, however, may, in 
unfavourable conditions, score 
the journal. The tin inclusions in La 31 do, 
to a great extent, prevent seizing-up 
occurring with this alloy, particularly on 
machines of high capacity. Here, if over­
loading should occur, the bearing surface 
will remain usable for some time, the only 
alteration which occurs being an increase 
in clearance—a feature which may, in 
certain cases, be of great value.

These materials are mainly employed in 
the form  of solid o r split bushes. The mate­
rials are supplied in the form of wrought 
rod and tube and as sand and chill castings. 
La 11 and La 31 can also be produced in 
the form  of cold-drawn tubes in the usual 
manner. For example, a tube with an outer 
diameter of 2 ins. and about i  in. thick can 
be made to an accuracy of ±  0.007 in. on 
inside and outside diameters; hence, in the 
case of bearings with large clearances, 
assembly can be carried out without previous 
machining. F or special purposes, for in­

stand very high loads, equal, in fact, to those 
sustained by the best lead-tin bronzes. All 
other bearing materials broke down under­
loadings of a very much lower order. 
Despite the fine machining which was given 
to it, special cast iron KA 12 proved inferior 
to the rest of the materials, which demon­
strates that the inherent bearing qualities of 
the material are of importance even if the 
running surface be scrupulously lubricated 
and finished to the highest degree of perfec­
tion. The tests demonstrated, furtherm ore, 
that the aluminium-base alloys possess 
better running-in qualities than any of the 
bronzes or cast irons examined. In  this 
regard, however, tin-base bearing metals 
remained unsurpassed.

Rapid increase in load and careless run­
ning-in are sustained better by the a lu­
minium-base alloys than by any of the 
bronzes examined, this being due, probably, 
to the better cold-working properties of



the light-mctal compositions, their high 
capacity ,for oil adsorption and their good 
heat conductivity. Practical experience 
showed that the properties of these alu­
minium-base bearing alloys and particularly 
of alloy La 21 are, in general, sufficiently 
good fo r emergency running-in under con­
ditions of poor lubrication .'

Subjected to wear against the rough, 
hardened surface of a steel shaft under con­
ditions of dry friction in a special testing 
machine, wear values obtained for the 
aluminium-base alloys were at least as good 
as those for the best bronzes. Again, La 21 
proved to be superior, exhibiting greater 
wear-resistance than the bronzes.

A t the time this report was made public 
(1944), these alloys had been in use for 
various purposes for some years, with excel­
lent results. Deck!17* quotes numerous 
examples in support of this contention: 
bushes used on Swiss State Railway goods 
wagons with shafts of mild steel; Michcll 
bearings in steam turbines; textile machinery; 
lathes; roll mills; planing machines; electric 
m otors; machine tools lubricated with grease 
or oil and working against shafts in carbon 
and alloy steels (some merely in the hardened 
state, others case-hardened), and a flywheel 
bearing which when previously made of 
bronze gave rise to much trouble through 
corrosion.

He also quotes some examples from  au to­
m obile engine bearings. Thus, he states that 
the Adolf Saurer A.G. have, since 1941, 
employed an alloy corresponding to La 31 for 
main bearings and connecting-rod bearings 
in compression-ignition engines. This con­
cern observed that experience in practice was 
■Very good, and tha t aluminium-base alloys 
would undoubtedly continue to be employed 
now that the war is'over. On account of the 
high heat conductivity of aluminium-alloy 
bearings, these have proved suitable for sus­
taining the very high loads met with in the 
modern high-speed high-output engine, 
where the consequences of seizure in bearings 
might be very serious.

Junker and Ferber, in Zurich, have also 
developed aluminium-based bearings inde­
pendently of Saurer, and have used them in 
autom obile engines of all types. Besides La 
31 for main bearings and connecting-rod 
bearings, an alum inium piston alloy, similar 
to La 31 Novasil, has been used with great 
success for gudgeon-pin and camshaft 
bearings.

In  selecting which of these alloys to 
em ploy in a particular situation, Deck advises 
that La 21 is most suitable fo r vibratory 
loads. It has a thermal expansivity similar 
to that of bronze, runs well with minimum 
lubrication, and may in emergency continue 
in operation even when strongly heated up 
(although in this case the shaft may be 
damaged).

La 31 is easily run-in and resistant to edge
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pressure, and shows no undue tendency to 
seize, even with minimum lubrication. La 
11 is highly corrosion resistant, exhibits 
good adsorbing properties for an oil film, 
and is relatively low in first cost. It is gener- 
ally used in the heat-treated condition, 
whereas La 21 and La 31 are more frequently 
employed w ithout heat treatment.

The best results are achieved with bearings 
and shafts of highest surface quality. The 
bearings are fine-turned with diamond or 
sintered-carbide tools, employing very small 
feeds; the journals are fine-ground or lapped. 
I t is obvious that a  surface fine-turned with 
diamond can bear heavier loads than lioned 
or rough-turned surfaces, where a com para­
tively few raised points have to bear the 
whole load. In  machining these three 
bearings alloys Deck recommends that the 
wedge or cutting angle should be about 45 
degrees for high-speed steel, and 75 degrees 
for sintered-carbide tools. La II and La 31 
are readily machined, but La 21 requires 
some care; the tool material must be of good 
quality, as La 21 contains hard particles. 
Both La 21 and La 31 are free cutting. 
Bearings can be trimmed by scraping where 
the journal runs at a slight angle, but since 
the degree of smoothness obtained is inferior 
to that resulting from diamond turning, 
maximum permissible loading cannot be 
applied.

Any lubricating system is permissible 
with these bearings, but oil is preferable to 
grease. Pressure feed in conjunction with a 
reliable filter is to be recommended, but 
ring or drop lubrication is quite suitable. 
In the last case, it is suggested that the oil 
cup be provided with a felt wick. It is 
sometimes not appreciated that, by leading 
the oil ducts into grooves which expand in 
the direction of rotation, it is possible to 
obtain w hat might be described as autom atic 
pressure lubrication; even if the oil supply 
be situated below the bearing level, the lubri­
cation will be sucked up.

Lubrication with grease is suitable only 
fo r smaller loads, especially if the shaft be 
oscillating. In this case, contrary to oil 
lubrication, the load must not exceed 
280 Ib./sq. in. It is recommended that, for 
this type of lubrication, a device be designed 
which permits grease to be forced continu­
ously on to the bearing surface. The change­
over to aluminium bearings is not a  difficult 
matter. In fact, Deck recommends that bear­
ings of minor importance subjected to no 
very great loading can be replaced by alu­
minium-base alloys w ithout alteration of 
design, that is, provided that the operating 
tem perature does not exceed about 60 
degrees C. and, of course, that lubrication 
is always sufficient and that no chance of 
serious corrosion attack is likely to occur.

The good heat conductivity of these a lu ­
minium-base bearing alloys is o f consider­
able importance. The heat conductivity of



March, 1948 LIG H T  M ETALS

D 1 C T U R E D  im m ediate ly  a b o v e  is  th e  c o n n e c tin g  
* l in k  assem b ly  for th e  W ooler en g in e . I he four 
c o n n ec tin g  a rm s a n d  th e  m as te r  c o n n e c tin g  rod 
a re  ligh t alloy  fo rg ings a n d  o p e ra te  d irec tly  o n  to  
n itr id ed  steel su rfaces. T h e  b ea rin g s  th u s  
form ed h a v e  b een  in  use  for tw elve m onths, 
d u r in g  w h ich  tim e th e  m ac h in e  h a s  trav e lled  
10,000 m iles. T h e y  a re  s ta te d  to  b e  q u ite  s a tis ­
fac to ry  a n d  su p e rio r  to  b ro n ze  b e a rin g s . T h e  
m as te r  c o n n e c tin g  rod  a n d  flyw heel a ssem b ly  h a s  
be^n  specia lly  d e s ig n e d  to  give a  la rg e  b ea rin g  
su rface .

P \E P I C T E D  o n  th is  p ag e  a re  v a rio u s  view s 
of a n  e x p e rim en ta l e n g in e  fo r a  m otor 

cycle  d e v e lo p ed  b y  th e  W ooler S y n d ica te . 
121. C a n n o n  S tree t, L o n d o n , E.C .4. T h is  is 
a  500 c .c . '4 -cy l. h o rizo n ta lly  o p p o se d  e n g in e  
o p e ra tin g  o n  the  beam  princ ip le . T h e  cy lin ­
d e r  b lo ck  is ligh t a lloy  w ith steel liners a n d  
th e  m ajo rity  of o th e r  parts , su c h  a s  cy lin d er 
h e a d s, ro ck e r  boxes a n d  co v ers , c o n n ec tin g  
a rm s a n d  th e  m as te r  c o n n e c tin g  rod  a re  of 
ligh t a lloy . T h e  e n g in e  is a  rad ic a l d e p a rtu re  
from  tra d itio n a l d es ig n  a n d  in co rp o ra te s  
m an y  novel fea tu re s ; for exam ple , the  w hole 
m ach in e  in clu d in g  the  en g in e  c a n  be d is ­
m an tled  w ith  o n e  d o u b le -e n d e d  sp a n n e r .
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the light metals is approximately 0.4 cal./ 
cm./degrees C., as compared with a figure 
of 0.13 for bronze, 0.1 for tin-base bearing 
metal and 0.07 to 0.11 for cast iron. Thus 
frictional heat is conducted much more 
readily from  the rubbing surface of alu- 
minium-alloy bearings than from  those of 
other bearing materials, a point of some 
importance where heavy loads are con­
cerned. However, gaps, insulating shims or 
openings which interfere with heat flow or 
transference must be avoided; fo r example, 
heat flow may be hindered by an oil film 
between the two parts of a split bearing. 
Again, to avoid any difficulty with heat 
transfer, the outer faces, of the bushes should 
be in close contact with the matching faces 
of the bearing housing.

From  all this it would appear that the 
m ajor points in favour of aluminium-base 
bearing metals are four in number, namely, 
their high loading capacity, their reduced 
sensitivity to load variation, their light 
weight (im portant in the case of Diesel 
engine bearings) and their high heat con­
ductivity. The upper limit for the specific 
bearing pressures of La 11, La 21 and L 3 
are given as 750 to 800, 675 and 750 to 
800 kg. per sq. cm., respectively. From  the 
same source the corresponding figures for 
good quality cast bronzes, tin-base and cast- 
iron bearing metals are 450 to 800 (but 
mostly about 550). 400 and 250 kg. per sq. 
cm. respectively. The ability of aluminium 
alloy bearings in conjunction with hardened 
journals to take very heavy bearing pres­
sures has been recognized in the heavy 
engineering industry and they are used for 
the main bearings of heavy rolling mills for 
that reason. In the internal-combustion 
engine this property is of value in allowing 
a possible reduction in length of the unit 
where this is fixed by the allowable bearing 
pressures and not, as is more frequently the 
case, by the dimensions of the cylinder bores.

Connecting rod bearings are quite satis­
factory in aluminium alloy. In small engines 
using wrought aluminium alloy connecting 
rods the bearing may be machined directly 
in the rod. The cost of large connecting 
rods, however, such as those used in large 
Diesel engines, precludes the use of rods 
without renewable bearings for the small 
and big ends and this practice may be 
extended to the smaller rods as welt. Where 
the crankshaft pins are hardened, aluminium 
renewable bearings in connecting rods 
function very satisfactorily.

The high thermal expansion of aluminium 
alloys is no m ajor disadvantage in this 
application, although it means that careful 
design is required where exceptionally small 
clearances are called for. In  fact, in practice 
it is more often an advantage since, if they 
overheat fo r any reason, they often 
obligingly expand and relieve the situation.

Perhaps the greatest disadvantage asso­

ciated with the use of aluminium alloys as 
bearing metals is to be found in the hardness 
of the metal oxide. If particles trom  the 
oxide skin are broken off, scoring of the 
metal surface rapidly occurs.

The extreme hardness, and wear resistance 
of the anodic film has prom pted many inves­
tigations into the benefits, if any, which 
anodizing can confer on an aluminium bear­
ing surface. One feature which is immedi­
ately apparent is that successful operation 
of the anodizing process seriously limits the 
range of alloys which can be employed. 
However, one other factor tends to com pen­
sate for this, namely, the initial porosity of 
the anodic film which leads to the attractive 
possibility of impregnating the anodized alu­
minium surface with lubricants both non- 
metallic and metallic. The earliest trials 
were carried out with surfaces impregnated 
with ordinary lubricating oil, but they were 
rather disappointing. Whilst the results were 
excellent for a  time, the oil rapidly oxidized 
and became so gummy as to be wellnigh 
useless as impregnant.* Re-impregnation 
was not possible due to a change in charac­
ter of the anodic film which reduces its 
absorptive power. To be of value, therefore, 
a lubricant employed in this way m ust be 
permanent, and the suggestion has been 
made to try graphite and soft metals 
possessing exceptional lubricating properties 
(silver, lead, tin and even indium). W hether 
such impregnated surfaces would be useful 
rem ains to be seen. It is, however, possible 
that the combination of the high wear resist­
ance of the films themselves with the lubri­
cating impregnant in their pores will result 
in a Tow coefficient of friction, and in very 
little wear both of the anodized surface and 
of the steel component sliding in contact 
with it.

The good heat conductivity of aluminium 
alloys aided, no doubt, by the greater avail­
ability of light alloy than many other metals 
in Germany in 1938 has prompted the use 
in that country of an aluminium-copper- 
magnesium alloy housing employing a liner 
in another metal.18 Adhesion of the liner 
to the shell was prom oted by a thin layer of 
pure aluminium.

The low proof stress and. high elongation 
of the aluminium-silicon alloys has also 
prom pted the use o f this metal in autom obile 
bearings. In this case the alloy was used 
for the cage fo r tapered roller bearings, and 
it was roll-moulded to the exact contour 
required.

Bearing Caps
High strength aluminium alloys function 

quite satisfactorily in the construction of 
bearing caps. They seem to crack less fre-

* I t  is p o ssib le  th a t  an o d iz e d  a lu m in iu m  m ay  a c t os 
a  pow erfu l c a ta ly s t  in  th e  o x id atio n  of lu b ric a tin g  oil 
w h ich  in ev itab ly  ta b e s  p lac e  in  serv ice, th u s  
a c c e n tu a tin g  th e  difficulty.
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Fig. 51.— Reverse gear casings, 
cha in  cases, clu tch  housings 
an d  o ther alum inium  alloy 
castings, principally  for use on 
T hornycroft lorries. T hese  
are cast a t the W oolston works 
of John  1. T hornycroft and  

Co., L td.

quently than cast iron, and large caps, as 
used on the big Diesel engines, can be 
handled fairly readily, whereas those in cast 
iron are most tricky and difficult to manage 
on account of their weight. The high 
stresses to which these parts are subjected 
make it necessary to use a hish-strenglh 
alloy: RR 56 (D.T.D. 130A or 410),
duralumin E, or Ceralumin F, with U.T.S. 
around 26 tons per sq. in., 0.1 per cent, proof 
stress around 20 tons per sq. in. and elonga­
tion about 10 per cent., are frequently recom­
mended. A sound forging in one of these 
alloys is as strong as mild steel and a third 
the weight. The soundness of the

bronzes, cast irons and steels; this, at least, 
is true of aluminium when normal techniques 
are adopted, and magnesium, too, requires 
careful control of the sintering process. 
Because of this, and in consequence of the 
difficulties of handling oxide-free powders of 
these metals, it is reasonable to expect certain 
limitations in the strength values which may 
be attained in sintered masses.

Having said all that, it must also be said 
that there has been progress in applying light 
metal and-alloys to the autom obile industry 
by powder metallurgy, and that all the signs 

to a much more rapid development in 
few years than there has been so

desired and the lines of bearing caps sug­
gest the drop forging process right away, 
but they may also be cast; die casting is 
particularly appropriate.

In fitting, through bolts are to be recom­
mended in preference to studs.

Surprise has been expressed in various 
quarters that there has been comparatively 
little advance in the powder metalluragy of 
light metals and alloys, as applied to au to­
mobile construction, when the general 
application of powder metallurgy is con­
sidered. In a general sense, it is correct to 
say that many more advances have been 
made in applying powder metallurgy to the 
production of bi-metal porous bearings, 
bushes and thrust washers, clutch and brake 
friction plates, door snubbers, oil-pump 
gears in iron and steel, filters in bronze, 
nickel and stainless steel, and other com­
ponents. It is true that so far the light 
metals and alloys have not received as wide 
application in the production of metal 
powder parts as had been hoped, but there 
are cogent and im portant reasons for this. 
M odern autom obile engineering demands 
higher-duty material capable of standing up 
to heavy service over Iona periods with a 
minimum of attention. The light metals 
compact by sintering less readily than the

far. It is fair to remember that only now 
are we using light-metal alloys of outstand­
ing physical properties in general construc­
tion work; that the development of higher 
tensiles and elongation has had to be 
balanced with other properties and con­
ditions, and, as usual, the best results to-day 
represent a compromise. When the difficulties 
of reconciling the opposed characteristics in 
aluminium, aluminium-magnesium, duralu­
min and other alloys are considered it will be 
realized that the field is a difficult one. and 
the very characteristics which enhance the 
value of light-metal castings provide real 
problems in powder metallurgy, especially 
the precipitation-hardening properties o f  
many of the light alloys.

Atomized powders are the rule in the 
powder metallurgy of the light metals, yet 
the process of atomizing is a quenching. 
Hence the troubles that a partially, or even 
a wholly, precipitation-hardened powder can 
give rise to  are the first factor the powder 
metallurgist must consider. T hat does not 
mean the problems cannot be solved— it does 
mean that careful research is necessary, it 
probably means that pre-alloyed powders 
will not be the best material to use. Then 
there is also the ease with which aluminium, 
in particular, builds up or cold-welds to the
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British Industry needs more castings than ever. 
Renfrew Foundries, the largest and most highly 
mechanised light metal casting plant in Europe, 
can meet all demands. Output capacity and cost 
are such that they open new fields for the applica­
tion of these tough, durable and light alloys. 
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Renfrew service of vital interest to manufacturers 
pressed for delivery. Full co-operative service 
from drawing board to despatch.

RENFREW FOUNDRIES LTD
H I L L I N G T O N - G L A S G O W  - S W 2
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die walls w ith increasing pressure. H ere 
there a re  several possibilities o f am elio rating  
the trouble.

T here  is th e  prom ise  ly ing  in using a 
com paratively  low  initial p ressure  and 
follow ing sin tering  w ith cold o r  ho t forging. 
T h ere  is also  the recognition  th a t general 
lubrication  th ro u g h  the  pow der mass before  
pressing is no t necessary, th a t it is the 
pow der in direct con tact w ith  th e  d ie wall 
th a t requ ires lubrication , and  th a t the use 
o f  a selected lub rican t can provide very 
m uch m ore efficient lubrication  th an  the 
hap h azard  use o f the  first lubrican t that 
com es to hand . T h ere  are  possibilities of 
app ly ing  certain  m odern  plastics in a  layer 
on ly  a  m olecule o r  so thick w hich m ay  be 
o f service. F inally , there  is the choice o f 
m aterial fo r  the  die. o r a t  least fo r  the  die 
liner, and  here the  w etting  pow er o f m etal 
pow ders u n d e r varying pressures is of 
im portance. T he substitu tion  o f highly 
polished carb ide  liners is an  obvious possi­
bility , in view o f the superio r hardness o f 
the carb ides to co ru n d u m  o r a lum inium  
oxide, fo r it is fa irly  obvious th a t the first, 
stage in the build-up o f a lum in ium  on the 
die will be the  scoring of the die w all by 
the  oxide film on  the a lum in ium  grains.

T his m ay  a p p ea r a  long  apolog ia , bu t it is 
im portan t to understand  why the case o f the 
light m etals and  alloys is different fro m  that 
o f the  o th er m etals as regards their pow der 
m etallurgy. It is also  to  be rem em bered 
th a t fo r  low -strength  com ponents there a re  
a lte rna tive  econom ical m ethods o f p roduc­
tion , such as die casting an d  sim ilar 
processes. H ence there  m ust be ou tstand ing  
advan tages in com ponents p roduced  by 
pow er m etallurgy to justify  the  process 
being used. As a ru le these advantages are 
that the  particu la r p roperties o f the com ­
ponent can be ob tained  only by pow der 
m etallurgy, i.e., con tro lled  porosity  o r a 
com bination  o f m etals no t possib le by  o th er 
than  pow der-m etallurg ical technique. On 
the o th er hand , pow der m etallu rgy  m ay 
provide ou tstand ing  p roperties, as in the 
case o f  sin tered-m etal clutch linings, w hich 
gave long  life w ithou t increased d ru m  wear.

In  this connection  in teresting  experim ental 
w ork was carried  ou t in G erm an y  just 
b efore  the  w ar, when m ixtures o f  a lum in ium  
and m agnesium  pow ders respectively with 
k ieselguhr and a  phenolic  resin w ere pressed 
and sintered, and  provided resu lts which 
c learly  indicated th a t fu r th e r  w ork  was 
essential. D etails o f o th er w ork on sintered 
bearings in m any  v arian ts o f alum inium - 
iron, a lum in ium -copper. alum inium - 
cadm ium -lead eutectic, as well as m agnesium  
alloys and m ixtures, show  th a t in the early  
years o f the late w ar the G erm ans were 
pursu ing  inquiries in m any d irections into

the possibility o f u tilizing pow der-m etal­
lurgical m eth o d s w ith light - m etal 
com ponents.

A n ac tual achievem ent in this field is the 
p ro d u c tio n  o f a  se lf-lubricating  pow dered- 
a lum in ium  bearing  by the  A m plex division 
o f the C hrysle r C o rp o ra tio n , which they 
c la im  .to be equal in perfo rm ance  to  self- 
lubricating  bronze bearings. A n o th er field 
in w hich developm ents a re  looked  fo r  is in 
cylinder liners, p iston  rings and  sim ilar 
com ponents. As is well know n, the grooves 
o f light-alloy  p istons w ear badly  w ith cast- 
iron p iston  rings. T h is suggests their 
p ro d u c tio n  from  light a lloy  also, but so fa r  
no  practical and  com m ercially  successful 
com ponen t has appeared . T h a t is no reason 
fo r  n o t an tic ipating  one. In  G erm any 
paten ts have been taken  ou t fo r light-alloy 
piston rings con tain ing  apprec iab le  quan tities 
o f cobalt-a lum in ium  in term etallic  com ­
pound , together w ith sm aller quan tities of 
cobalt, m etal, m anganese, etc., bu t so fa r  as 
the latest in fo rm ation  goes, the  piston ring 
has no t yet em erged fro m  the experim ental 
stage. T he sam e w ould  ap p ear to app ly  to 
experim ental w ork  in this coun try  o n  the 
p roduction  o f pistons, cy linder heads and 
o th er com ponents.

Even m ore rem ote  from  production  
achievem ent w ould ap p ear to be useful 
sintered masses o f m agnesium -base alloys. 
T his m ay be explained partly  by reason of 
the  hazards entailed in the  free  hand ling  o f 
large quantities o f these m ateria ls in a  finely 
divided form , and p a rtly  because of the 
lethargy  w hich still characterizes the 
ap p ro ach  o f so m any  branches o f engineer­
ing tow ards the  w ider use o f the u ltra-ligh t 
alloys. T rue, the au tom obile  industry  has 
no t been slow in its apprecia tion  of the 
m erits o f m agnesium , and signs are  not 
w anting  o f a  v igorous o u tb u rst o f  renewed 
a ll-ro u n d  interest.

A ll this indicates p lenty  o f activity  and 
suggests th a t there  a re  still m any un d e­
veloped possibilities. A  hopefu l featu re  
to -day  is th a t progress is on a b ro ad  fron t, 
th a t m any o f the prob lem s w hich han d i­
capped w orkers before the  w ar have now 
been partia lly  o r w holly  solved, and  th a t 
there  have been m assive advances in fu n d a ­
m ental know ledge, w hich m ust alw ays be the 
basis up o n  w hich any satisfactory  investiga­
tion is based. T h ere  is a lso  a  grow ing 
recognition  am ong  au tom obile  engineers 
th a t 'th e y  can look to  pow der m etallurgy to 
Drovide m ateria ls the  o ld er c la ssx a l m eta l­
lurgical m ethods can  never supply. (M atte r 
fo r  this discussion on light-alloy  pow der 
m etallu rgy  was furn ished  bv courtesy  of 
Pow der "M etallu rgy , Ltd., C om m onw ealth  
H ouse. 1-19. New O xford  Street, W .C .l.)

( T o  be concluded .)
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CASE
De s p i t e  the

f a c t  t h a t  
p h y s i c a l  

m e t a l l u r g y  is 
tak ing  its p lace 
am o n g st the exact 
sciences, p ro d u c ­
tion  m etallu rgy , a t least o f  the light-alloy 
v arie ty , o ften  ap p ears  to  be com pounded  
o f in sp ired  guessw ork  an d  ju s t guessw ork. 
T he  n u m b er o f  variab les th a t m ay  opera te  
a re  know n to be g rea t, an d  w hen rea l diffi­
culties a re  encoun tered  in  th e  p ro d u c tio n  
o f  castings, leng thy  investigation  m ust 
o ften  be  m ade m erely  to e lim inate  som e 
o f the possib le adverse fac to rs. B ut jf  
such w ere the  no rm al p a tte rn  o f  p ro ­
cedure  this w ould  n o t b e  as bad  as the 
position  th a t too  frequen tly  arises; fo r 
exam ple, castings m ay  be m ade success­
fully fro m  p a tte rn  o r die on  fo u r  days 
o u t o f  five, b u t the  fifth  is hopelessly  p o o r 
in  p ro d u c tio n  because o f  excessive scrap . 
T h e  fo u n d ry m an , in these c ircum stances, 
m ay b lam e “ th e  m etal ” as all o th e r con ­
d itions ap p ea r to  be iden tica l; if  he  be 
m ore ch a ritab ly  d isposed to  th e  m eta l­
lurgist, o r , m ore  in telligent, h e  m ay, in all 
seriousness, b lam e the w eather. I f  the 
tru th  be to ld , the conscien tious m eta l­
lu rg ist w ill secretly  w onder if the  tro u b le  
really  is, a f te r  all, n o t w ith  the m etal, in 
sp ite  o f  his assu rances, d ic ta ted  by  shop  
psychology and  a chem ical analysis, th a t 
no th ing  is w rong.

T he  F rench  jo u rn a l “  F o n d erie ,” fo r 
F eb ru a ry , 1946, discusses th e  p rob lem , in 
a pap er by M . Jean  D u p o rt, entitled 
“  D ifficulties encoun te red  in th e  use o f 
secondary  alloys in  gravity  d iecasting .” 
T he  au th o r  states th a t he has visited 
m any  found ries to  investigate difficulties 
ap p aren tly  arising  fro m  the u tiliza tion  o f  
these m ateria ls . T w o exam ples a re  quo ted .

In the first fo u n d ry  the  com position  o f 
the secondary  alloy  used w as as follow s: 
iron , n o t m ore  th an  0.8 per cent.; silicon, 
5.5-8.0 per cent.; copper, 3.Ô-5.0 per 
cent.; zinc, no t m o re  than  2.0 per cent.; 
m agnesium , no t m ore than  0.5 per cent.;

m anganese, not 
m ore than  0.7 per 
cent.; n ickel, no t 
m ore th an  0.5 per 
cent.; ch rom ium , 
no t m ore  than  
0.4 p e r cent.; 

titan ium , no t m ore th an  0.3 per cent. 
T his a lloy  is designated  2 A -S5U , and  is 
standard ized  by a F rench  body dealing 
w ith secondary  light alloys.

Som e ten tons o f  this a lloy  had  been 
received, an d  its use had  un fo rtu n a te ly  
caused g rea t d isappo in tm en t. R espon ­
sible supervision  recoun ted  to  th e  au th o r 
som e o f  the  setbacks th a t been en co u n ­
tered.

T he  difficulties could  be classified in 
fo u r groups:

(1) W hen the m etal is m elted and  held 
a t casting  tem p era tu re  in  the  hold ing 
fu rnace , a  tenuous skin is observed to 
fo rm  on the su rface  o f  the m olten  alloy: 
th e  skin im m ediately  re-form s a fte r  the 
passage o f  a  sk im m ing-tool. I t  w as 
no ticeab le  th a t the film  w as m ore  viscous 
and  th icker th an  the film o f  a lum ina  
usually  associated  w ith  m olten  a lu m i­
n ium  alloys. Its presence signalized p o o r 
runn ing  p ropertie s giving freq u en t scrap  
p articu la rly  on  th in-sectioned  castings. 
T his was the least serious fac t observed.

(2) U n d er th e  sam e conditions, the 
fo rm atio n  o f  a  very th ick  su rface  film 
m ay  be seen, w hich can n o t be elim inated  
by  any  o f  th e  usual refining fluxes. W hen 
the d iecaster took  m etal fro m  th e  ba th , 
he could  n o t avoid  en tra in ing  fragm en ts 
o f  this th ick  viscous scum . T he m etal 
ran  sluggishly an d  m any  castings d id  no t 
m ake.

(3) In  th e  th ird  case, it w as observed  
th a t a  p o ro u s , bu lky  cover fo rm ed  on the 
su rface  o f  th e  m etal. W hatever p recau ­
tions w ere  taken , the m ass still developed, 
an d  in tim e, such  w as th e  progressive 
n a tu re  o f  the ac tion , all th e  m etal 
w as reduced  to  this d ro s s ,'a n d  w as th ere ­
fore rendered  unusable .

T his case w as the w o rst and  m ost

TEMPERAMENT
A  Renieir by F. A .  Allen, A .I.M .
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serious o f  the m etal troub les  experienced 
and  w as due, it w as fo und , to  an a b n o r­
m ally high m agnesium  con ten t.

(4) O ccasionally , proneness to  sh rin k ­
age defects in castings poured  fro m  
secondary  ingot w as so m arked  th a t only  
scrap  w as p roduced , a lthough  the sam e 
die p roduced  perfec t castings w ith o u t any  
difficulty w hen virg in  ingot w as used.

T he  10-ton ba tch  o f  m etal, m en tioned  
above, hav ing  show n difficulties o f  the 
type described in the second case, w as 
analysed w ith the  follow ing resu lt:— Iron , 
0.55 p e r cen t.; silicon, 6.70 p e r cent.; 
copper, 4.40 p e r cent.; zinc, 0.0S per cent.; 
m agnesium , 1.00 p e r cen t.; m anganese,
0.65 per cent.

C o m paring  the above w ith  th e  specifi­
cation  quo ted  o f a lloy  2A -S5U , it can  be 
seen th a t the m agnesium  co n ten t is high. 
It ap p eared  to confirm  the im pression tha t 
high m agnesium  w as th e  cause o f the 
trouble .

I t  w as though t, how ever, th a t it was 
p rem atu re  to  d raw  conclusions from  a 
single analysis; a second sam ple was 
taken  and  gave the fo llow ing analy tical 
resu lt:— Iro n , 0.57 p e r cen t.; silicon, 
6.09 per cen t.; copper, 4.40 p e r cent.; 
zinc, 1.02 p e r cen t.; m agnesium , 0.39 per 
cent.; m anganese, 0.54 p e r cen t.; nickel, 
trace; ch rom ium , nil; titan iu m , nil.

T his sam ple w as evidently  w ith in  speci­
fication standards.

T he  fo llow ing  conclusions w ere d raw n  
from  this exam ple: first, in  any  ba tch  o f  
m etal it is wise to envisage the possibility  
o f  serious varia tions o f com position . T his 
sta te  was exp lained  by the fact th a t few 
F rench  refiners a re  equipped  w ith  fu r­
naces o f  la rge  capacity ; secondly, second­
a ry  alloy  cou ld  be accepted  o h  the results 
o f a chem ical analysis, and  yet be p ra c ­
tically unusab le  in th e  g rav ity  die- 
foundry .

T he second fo u n d ry  visited specialized 
in th e  p ro d u c tio n  o f  sm all- an d  m ed ium ­
sized g rav ity  d ie  castings, w hich  could 
only  be  produced  a f te r  m an y  a ttem p ts. 
T he casting  w as o f sim ple fo rm , and  the 
unaltered  d ie  had  a lready  p rev iously  suc­
cessfully p roduced  m any castings. T he 
techn ique o f the die casters had  no t been

changed. T h e  au th o r  successively tried 
the fo llow ing  experim ents:—

1. V ary ing  the po u rin g  speed.
2. V ary ing  th e  height o f  the p o u r.
3. V ary ing  the die tem pera tu re .
4. V ary ing  the p o u ring  tem pera tu re .
5. V ib ra ting  th e  d ie table.
6. T ilting  the  d ie  d u ring  p o u ring  to  fill

the m ould  w ithou t tu rbu lence .
7. C hang ing  the die caste r’s ladles.
In  sp ite  o f all a ttem p ts , it was n o t poss­

ible to p ro d u ce  m ore  th an  5 per cent, 
good castings.

B ut the n ex t day 's  p roduc tion , under 
the sam e cond itions as fa r  as w as know n, 
w as good. C hem ical analysis o f  castings 
rep resen ta tive  o f  the two days gave the 
follow ing resu lts:—

A1 C u  S n Z n  Fc M n M g Si 
S c ra p  C a s t in g  . .  8 5 .4 7  3 .3 2  0 .0 5  0 .2 0  0 .7 5  0 .3 8  0 .5 3  9 .3 0  
G o o d  C a s t in g  . .  8 5 .4 5  3 .4 0  0 .0 4  0 .2 5  0 .8 0  0 .3 9  0 .5 3  9 .1 4

O ne w ould  say th a t there  w as no p ra c ­
tical difference in com position  from  one 
day  to  the nex t, a lthough  the resu lt, in 
term s o f  castings, w as very  d ifferent.

T h e  prob lem  was now  m ore defined, 
and  the au th o r  w as ab le  to p roceed  
fa rth e r. H e  considered  the sources o f  
m ateria l and  detailed  spo t chem ical tests 
fo r de te rm ina tion  o f a lloy  types, and  co n ­
cludes w ith a su m m ary  o f  essential 
found ry  p roperties.

T he  m ost im p o rtan t is w ithout d o u b t 
th a t o f  fluidity  to w hich shou ld  be added  
freedom  fro m  crack ing  and  shrinkage. In  
re la tion  to the first p ro p e rty , the au th o r 
found  th a t the su rface  trea tm en t o t the 
die face w as o f  g rea t im portance  and  
found  in general th a t the b e tte r a  heat 
in su la to r the co a t w as, the be tte r the 
a p p a re n t fluidity o f  the m etal.

In a subsequen t n u m b er o f  “ F o n d erie ,"  
de  K enny  notes the influence o f a lum ina  
in the m etal.

In conclusion , the p resen t rev iew er 
w ould  say  th a t th e  B ritish refining indus­
try  is in advance  o f  the F rench  co u n te r­
part. A lthough  the states described  by 
D u p o rt a re  n o t u n know n  in this co u n try , 
secondary  ingo t fro m  rep u tab le  m an u fac ­
tu re rs  gives little  tro u b le  p rov ided  m elt­
in g  techn ique is as efficient as th a t used 
in th e  trea tm en t o f virg in  m ateria l.
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C o r r o s i o n  o f  M et a l s  
w i t h  O x y g e n  D e p o l a r iz a t i o n

Continuing from  “ Light M e t a l s 19481 n  ¡1 12 , the 
N ext Section of Tomashoff’s Work Deals with Cathode 
Characteristics with Special Deference to Aluminium 

and its Alloys

'T ’H E  m ost com plete  gu idance o n  the 
-*• accelerating  co rrosive  ac tion  o f  any  

ca thode  m ateria l on  th e  co rrod ing  anod ic  
s tru c tu re  can be ob ta ined  only fro m  the 
exam ina tion  o f  experim entally  derived 
po la riza tion  curves, since these (as d is­
tinc t fro m  the theore tica lly  deduced 
curves) qu ite  accu ra te ly  charac te rize  the 
beh av io u r o f  a  rea l ca th o d e  w ith  regard  
to  an y  o th e r co rro sion  system .

It is know n th a t experim en ta l study  o f 
e lec trode  processes, pa rticu la rly  m easu re­
m ent o f  ca thode  po ten tia ls  u n d er co n d i­
tions o f  oxygen depo la riza tion , tend  to  
give results w hich a re  difficult to  re p ro ­
duce. T his is due, m ain ly , to the  follow ­
ing tw o causes:— (1) N o n -a tta in m en t o f 
equ ilib rium  betw een the process o f 
rem oving  the oxide film from  th e  elec­
trode  (on acco u n t o f  th e  ca thod ic  p o la r­
ization) and  film fo rm ation  (in conse­
quence o f  the oxid izing action  o f  the 
d epo la rizer up o n  the ca thode  surface);
(2) the difficulty o f  crea ting  and  m ain ­

tain ing  a un ifo rm  ra te  in the tran sfe r o f 
the depo larizer to the cathode.

In  o rd e r to d im inish  the effect arising 
from  the first cause, it is necessary to 
lengthen as m uch  as possib le the period  
o f tim e a t each increase o f cu rren t 
density , and  to  use the  co rrespond ing  
values o f  po ten tia ls fo r the p lo tting  of 
po lariza tion  curves.

T o  m itigate the effect due to the second 
cause, recourse has to  be m ade to 
energetic ag ita tion  o f the electro ly te and 
to precision  regu lation  o f  the speed o f 
ro ta tio n  o f  the stirrer.

I t follow s, there fo re , th a t the fac to r 
responsib le  fo r  th e  dev ia tion  o f  the real 
ca thode curve fro m  the analy tica l one, 
attaches to the a lte ra tio n  o f  th e  state  
(and, consequently , o f the elec tro ­
chem ical p roperties) o f  th e  actua l
ca thode su rface  during  ca thod ic  p o la r­
ization.

Chiefly to  be considered  in this regard  
a re  rem oval o f  the oxide film  fro m  the 

ca thode su rface  (w ith increase 
in ca th o d e -cu rren t density) 
an d  fo rm a tio n  o f  the oxide 
film (w hen the ca thode 
cu rren t decreases).

L et us consider th e  vary ing  
behav iou rs o f  c a t h o d e s

F ig . 2 9 .— C o m p a r a tiv e  c u r v e s  fo r  
c a th o d ic  p o l a r i z a t i o n :— 1, i r o n ;  
2 , n ic k e l :  3 . c h r o m iu m ;  4 , 18/8 
s ta in le s s  s te e l .  ( F ig u r e  29  in  

R u s s ia n  t e x t . )
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F ir . 3 0 .— C u r v e s  fo r  c a th o d ic  p o la r i ­
z a t io n  o f  R ra p h i tc  : I ,  d i r e c t  c o u r s e  : 
2, r e v e r s e  c o u r s e  ; 3 , s t a t i c  e le c t r o ­
ly te  ( f o r  in i t ia l  p o l a r iz a t io n  o f  th e  
e le c t r o d e )  ; 4 , s t a t i c  e le c t ro ly te  (fo r  
r e p e a t e d  p o la r iz a t io n  o f t h e  s a m e  
e le c t r o d e ) .  (F iR u re  30  in  R u s s ia n  

te x t .)

covered  w ith, an d  free  from , 
film  (or, to  be m ore  precise, 
o f  a  ca thode  hav ing  a  m ore  
o r  less con tinuous surface  
film , an d  o f one  bearing  a 
less con tinuous film). T he  
co rrespond ing  po lariza tion  
curves w ill also be  com pared .

D epending  on the  electro-chem ical 
characteristics o f  th e  oxide film , the  fo l­
low ing cases a re  possib le :— (a) T he  film  
possesses no  e lec tron ic  conductiv ity  and 
c a n n o t itself func tion  as a  ca thode . In 
th is even t th e  oxide layer acts as a dielec­
tric , w hich, su b jec t to its con tinu ity , 
insulates a g rea te r o r lesser p a rt o f  the 
ca thode  su rface . U n d e r these conditions 
th e  ca thode , covered  w ith  th e  ox ide film, 
is liable, fo r given cu rren t densities, to be 
po larized  m o re  strong ly  than  one free 
fro m  the oxide layer o r  covered w ith a 
m ore p o ro u s-film . In  this instance the 
po la riza tion  curve fo r  th e  ca thode  w ith  a 
m ore  con tinuous film  will be  definitely 
steeper, i.e., such a ca th o d e  shou ld  have 
a h igher a p p a re n t oxygen over-voltage. 
T he lim iting diffusion cu rren t m ight, 
here , rem ain  p rac tica lly  unchanged , as, 
w ith the frequen t and  un iform  d is trib u ­
tion o f  the  film -free a reas  (pores), the 
pow er o f  d iffusion w ill be determ ined  no t 
by the true  w ork ing  ca thode su rface  bu t 
by an  overall a rea  o f  the electrode.

(b) I f  th e  oxide film a t the ca thode  
exhibits elec tron ic  conductiv ity , and , co n ­
sequently , acts itself as a ca thode area , 
then the course o f  the po lariza tion  curve 
in the zone o f  the ion ization  o ver­
voltage o f oxygen, o r  in th e  zone o f  the 
over-vo ltage o f  hydrogen  evolu tion , will 
depend  on the value o f  the over-voltage 
a t th e  oxide film itself. I f  the over­
vo ltage a t th e  film be h igher th a n  th a t a t 
the pu re-m eta l su rface , th e  ca thod ic  curve 
fo r the film -covered e lec trode will rise

m ore  steeply; if the over-vo ltage a t the 
oxide film be  sm aller th an  th a t  a t a  pu re- 
m etal su rface , th e  cu rve will ru n  fla tter 
than  th a t fo r  the film -free electrode.

(c) I f  the su rface  oxide film functions 
as the ca thode , i.e., possesses e lec tron ic  
conductiv ity , b u t has, com pared  w ith 
m etal, a  m arked ly  g rea te r e lectrical resist­
ance, then  the m easured po ten tia l w ill be 
affected by the value o f th e  poten tia l 
d ro p  due  to  the film resistance V R =  R .i, 
w here R is the resistance o f  1 cm .2 o f the 
film, an d  is the density  o f  the po lariz ing  
cu rren t.

As a  result, th ere  will be som e sh ift in 
the cu rve fo r ca thod ic  po lariza tion  
tow ards m ore  negative po ten tia ls , the 
m ovem ent being p ro p o rtio n a l to the 
density  o f  po lariza tion  cu rren t. I f  the 
resistance o f the surface  oxide film be 
considerab le , th e  po la riza tio n  cu rve will 
be determ ined , in the m ain , by the above 
equation , i.e., it will tend  to  becom e a 
s tra ig h t line.

I t is know n th a t the po ten tia l o f  a 
m etal covered by its oxide film exhibits 
in itial values m ore positive th an  those fo r 
an oxide-free surface. C onsequently , it 
m ay  be assum ed tha t, in the absence o f 
ca thod ic  po la riza tion  and  w ith  low  
ca thode  - po lariz ing  - cu rren t densities 
(w hen the influence o f  fac to rs  (a), (b) 
an d  (c) is n o t g rea t), th en  the film -covered 
e lec trode  will exhibit a flatter initial 
course fo r the po la riza tio n  cu rve  than  
th e  film -free elec trode, i.e., the oxygen 
over-vo ltage will ap p ea r low er.
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(d) V aria tio n  o f  the true  a rea  o f  the 
e lec trode (fo r instance, in  consequence 
o f  difference in su rface  trea tm en t) will 
also exert an  influence on th e  course  o f 
the po lariza tion  curve. In the first
app ro x im atio n , increase in ca thodic
activ ity  o f a m ateria l in re la tionsh ip  to 
oxygen ion iza tion  o r  hydrogen  evolution  
m ay be  considered  as p ro p o rtio n a l to the 
increase o f  the true  su rface  o f the 
electrode.

(e) In exam ining th e  experim ental 
curves it is necessary , in add ition , to  take  
in to  accoun t the fa c t th a t som e processes 
— fo r exam ple, reduction  o f th e  oxide 
film (w ith co rrespond ing  increase in 
ca th o d e -cu rren t density) o r  fo rm atio n  o f 
the oxide film (w ith co rrespond ing  
d im inu tion  o f  the  ca thode  cu rren t)— tend  
to  be slow . E qu ilib rium  conditions, 
there fo re , m ay  n o t be reached , the dev ia­
tion  vary ing  fo r  d ifferen t regions o f  the 
po la riza tio n  curve. T he  result is th a t the 
d irec t and  reverse loci o f  the true  p o la r­
ization  curve m ay  n o t coincide, b u t m ay, 
a t various po in ts, d iffer to  a g rea te r o r 
lesser degree from  one ano ther.

A naly tical and  experim ental investiga­
tion  o f  ca thod ic  processes w ith oxygen 
d epo la riza tion  has revealed  th a t: (1) the 
efficiency o f  the ca thode  will, w ith  a 
sufficiently energetic tran sp o rt o f the 
depo la rize r (oxygen), depend on  the 
ca thode m ateria l; (2) the efficiency o f the 
ca th o d e  m a te ria l in th e  process o f  oxygen 
d ep o la riza tio n  m ay be  estim ated  by the 
m agn itude  o f  th e  ion iza tion  over-voltage 
o f oxygen; (3) the ion iza tion  o ver­
voltage o f oxygen, like the over-voltage 
o f hydrogen  evolu tion , bears a logarith ­
m ic re la tionsh ip  to the ca thode  cu rren t 
density .

T he  various ca thode  m ateria ls  exam ined 
fo rm , w hen a rran g ed  in the o rd e r o f 
increasing oxygen over-vo ltage, a  series 
d ifferent from  th a t fo r th e  s ta tionary  
po ten tia ls  o f  the ca thode m ateria ls o r  o f 
hydrogen  over-voltage.

T he ro le o f  oxygen and hydrogen co n ­
cen tra tions in the ca thod ic  process, as 
well as the influence o f roughness o f 
ca thode  su rface , speed o f  stirring  o f  elec­
tro ly te , and the effect o f  various additions

to the la tte r, w ere exam ined by 
T om ashoff in g rea t de tail fo r  d ifferen t 
co rrosion  system s.

F o r m any ca thode m ateria ls , a  very 
characteristic  value p roved  to  be th e  d if­
ference  betw een th e  d irec t and  reverse 
po lariza tion  curve in th e  zone o f  oxygen 
depo lariza tion . This deviation  perm its 
m etals to  be a rran g ed  in  o rd e r o f  increas­
ing hysteresis o f  po ten tia l fo r a  given 
stan d a rd  po la riz ing -cu rren t density.

O f all ca thode  m ateria ls investigated , 
tan ta lum  exhibits m axim um  dependence 
on  its surface  ox ide films; this is asso­
cia ted  w ith  J h e  relatively  h igh  im p er­
m eability  and  stab ility  o f  the oxide films 
form ed. P o la riza tion  curves fo r the 
d irect and  reverse course fo r tan ta lu m  
exhibit, fo r this reason , both  in the field 
o f  oxygen over-vo ltage and  in th a t o f 
hydrogen over-voltages, the m ost m arked  
hysteresis effects.

T he po lariza tion  curve fo r the d irect 
course show s tha t, in the p resence o f an 
undam aged  oxide film a t its surface, 
tan ta lu m  has a  high oxygen ionization  
over-voltage, i.e., it opera tes as a low- 
efficiency (or passive) ca thode during  
oxygen po lariza tion . In  th e  reverse 
course, w hen the p ro tective su rface  oxide 
coating , a fte r  a  p ro longed  po la riza tion  a t 
high cu rren t densities, is, to  a consider­
ab le  extent, im paired , the oxygen o ver­
vo ltage o f  the m etal is o f  in term ed ia te  
value. T he hydrogen  over-voltage fo r the 
tan ta lu m  elec trode rem ains sufficiently 
high, regardless o f the d u ra tio n  o f 
ca thod ic  po la riza tion , even a t the m ax i­
m um  cu rren t densities em ployed in these 
investigations.

It is o f  interest to  n o te  th a t the 
hysteresis in the ca thode  po la riza tio n  o f 
tan ta lum  is fa irly  stab le , as repeated  
po lariza tion  o f  th e  sam e e lec trode very 
closely follow s the loci o f  the d irec t and  
reverse curves derived fro m  the first 
po larization .

T he  in itia l po ten tia l o f  the tan ta lum  
elec trode  w as equal to — 0.05 vo lt, and  
the final to  ± 0.00 volt.

T he low est hysteresis w as d isplayed by 
gold; this is a ttr ib u tab le  to th e  ease o f 
reduction  o f  the exceedingly th in  oxide
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films on the su rface  o f 
the m etal even a t very 
low ca thode  - cu rren t 
density .

T he p la tinum  electrode 
exhibited  a  sm all bu t 
n o t i c e a b l e  hysteresis, 
associated  apparen tly  
w ith the sa tu ra tio n  o f 
the p la tin u m  w ith h y d ro ­
gen a t h igh cu rren t 
densities and  a  certain  
lag in its expulsion w ith 
d im inu tion  o f cu rren t 
density .

T h e  p r e s e n c e  o f  
po ten tia l ■ hysteresis is, 
essentially , an  ind ication  
o f  the lack o f  equ ilib rium  
cond itions f o r  e a c h  
density  o f  polarizing 
cu rren t, fo r it is obvious 
th a t, shou ld  equilib rium  
be reached , the curves 
fo r the d irec t and  reverse 
course w ould  be  co inci­
den t. A s stab ility  o f 
po ten tia l fo r different 
ca thode m ateria ls  was 
accom plished  by a  s tan ­
d ard ized  m ethod , it 
fo llow s th a t the observed 
hysteresis characterizes 
no t on ly  th e  ab ility  o f  a 
g iven ca thode  to  fo rm  an 
ox ide film  on  its surface, 
b u t also  the com para tive  
stab ility  o f  these films 
u nder th e  experim ental 
cond itions involved.

T he  m ain  resu lts o f 
T om ashofFs e x p e r i ­
m en ta l investigation  o f 
various ca thode  m ateria ls 
a re  given in T ab le  2.

A tten tio n  is d irected  
especially  to  the data  
respecting  a lum in ium  in 
its various fo rm s and  to  
m agnesium . R eference 
shou ld  also  be  m ade to 
the co rrespond ing  curves 
noted  in th e  text.
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A lu m in iu m  and A lu m in iu m -b ase  A llo y s
T he ca th o d e  behav iou r o f an  

aLuminium elec trode is illu stra ted  by the 
curves in Fig. 31. T he  a lum in ium  
em ployed co n ta in ed  no t less th an  99.99 
per cent. A l, and w as specially  p repared  
fo r th e  pu rp o se  by th e  Soviet A lum in ium  
R esearch  Institu te . E xperim en ts concern ­
ing the ca thode po lariza tion  o f  
alum in ium  w ere carried  o u t in 0.5N  
N aC l + 0.005M  N a ,C 0 3 + 0.005M  
N a H C 0 3 and  in 0.5N  N aC l w ithou t a 
buffer.

In a buffered so lu tion  o f sodium  
ch loride w ith pH  =  9.2 th e  initial
po ten tia l was m arked ly  negative (.— 0.83 
volt), th is being a consequence  o f in s ta ­
bility o f  the p ro tec tive  oxide films on 
a lum in ium  w ith respect to  a lkaline 
so lu tions and  the negative equ ilib rium  
po ten tia l o f  the m etal. In a neu tral 
so lu tion  o f  sod ium  ch lo ride  the po ten tia l 
was na tu ra lly  m ore positive, a b o u t — 0.48 
volt.

W ith regard  to  oxygen depo la riza tion , 
a lum in ium  has p roved  to  be one  o f  the 
least effective cathodes. T h e  cause o f  the 
low  efficiency o f  the a lum in ium  cathode 
is a ttrib u tab le , n o t to any  po o r ca ta ly ­
tic ac tiv ity  o f  a lum in ium  itself in respect 
to  the reaction  o f  oxygen ion ization , bu t 
to two o th e r indirect fac to rs, nam ely: 
(1) the strong ly  negative equ ilib rium  
po ten tia l o f  a lum in ium  an d  (2) the 
instab ility  o f  the p ro tective oxide 
films on a lum in ium  in re la tion  to  a lkaline 
solu tions. As soon  as the process o f 
ca thod ic  po la riza tio n  o f  the alum in ium

cathode com m ences, th e  su rface  oxide 
film begins to be etched off by the alkali 
developed in th e . neighbou rhood . T he 
poten tia l o f  a lum in ium  is sh ifted  in the 
negative d irection , no t so m uch on 
accoun t o f  po lariza tion  phenom ena , bu t, 
ra th er, as a resu lt o f  a d im inu tion  o f  the 
pro tective p roperties o f the passivating  
film. T his effect is particu la rly  p ro ­
nounced  in a non-buffered  so lu tion , in 
w hich initial po ten tia l o f  a lum in ium , by 
v irtue o f  n eu tra lity  o f the m edium , is 
reasonab ly  positive. F u rth e rm o re , in this 
case, change in the pH  value a t  the 
ca thode during  po lariza tion  is, due to  the 
absence o f a buffer, considerable. As is 
seen from  the curves in Fig. 31, the 
a lum in ium  cathode  becom es so polariz- 
ab le  in th is so lu tion  th a t even vigorous 
s tirring  o f  the so lu tion  p roduces p rac tic ­
ally  no effect: the e lec trode in  the ag ita ted  
elec tro ly te is po larized  a lm ost as strongly  
as in the sta tic  so lu tion .

In  a buffered so lu tion  w ith  ag ita tion , 
we m ay still, it is true, observe a  sm all 
inflection in the curve, ind icating  the com ­
m encem ent o f  concen tra tion  p o la riza ­
tion  (lim iting diffusion cu rren t), b u t the 
inflection is no t p ronounced , as the 
po ten tia ls reached a t these cu rren t 
densities a re  such as to  give rise to rap id  
h ydrogen  depo la riza tion , w hich  will thus 
determ ine  the w hole subsequent course 
o f the curve.

H ence it is to  be concluded th a t in a 
buffered so lu tion  o f  sod ium  ch loride 
(w ith ag ita tion), the locus o f the curve, 
p rio r to  the  energetic evo lu tion  o f  

hydrogen  (up to  ab o u t — 1.1 
volts), is determ ined  by a 
com plex process involving 
oxygen a n d  h y d r o g e n  
depo la riza tion , as well as by 
deg radation  o f  the usual

Fig. 31.—C u rv es  for c a th o d ic  p o lariza tio n  
of a lum in ium  : I. d ire c t co u rse  ( ion ization  
overv o ltag e  of o xygen , w ith  in creasin g  
d e n s ity  of p o lariz in g  c u rre n t) , w ith  a g ita te d  
a q u e o u s  0.5N  N aC l -{- 0.005M  N asC O n 
-f* 0.005M  NaHCO.-} ; 2, rev e rse  co u rse  
(d ec reased  d e n s ity  of p o la riz in g  cu rre n t) , 
w ith  e lec tro ly te  o s  before, a g ita te d  ; 3, 
e lec tro ly te  a s  before, b u t w ith o u t a g ita tio n  ; 
4 d irec t co u rse  in  0.5N N aC l. w ith  a g ita ­
tion  ; 5, rev erse  c o u rse  in  0 .5N  N aC l ; 6. 
w ith  s ta tic  0 .5N  N aC l. (F ig u re  31 in  

R u ss ian  tex t.)
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( 3 3 )

po ten tia l o f  the a lum in ium  electrode due  
to  the rap id  a lkaline  d isso lu tion  o f  the 
pro tective oxide film during  ca thode 
po larization .

In  a non-buffered  so lu tion  o f sodium  
ch loride, and  in a  buffered bu t sta tic  so lu ­
tion , th e  course  o f  th e  po la riza tion  curve 
is, in the m ain , de term ined , p rio r to  reach ­
ing po ten tia ls  m arked  by  energetic 
evolu tion  o f  hydrogen , only  by the  la tte r  
process o f  po ten tia l degradation .

W ith regard  to the process o f hydrogen  
p o lariza tion , a lum in ium  is also a 
ca thode o f low  efficiency, i.e., it has a 
sufficiently high hydrogen  overvoltage. 
H ow ever, in th is respect, th e  beh av io u r o f 
a lum in ium  is no t characteristic , fo r som e 
o th er ca thode  m ateria ls exam ined exhi­
bited even g rea te r hydrogen  o v e r­
voltages.

D u ralum in
T he ca thode po la riza tion  o f dura lum in  

w as conducted  in 0 .5N  N aC l in a tm o ­
spheric  air. D u ra lum in  used w as o f the

cs

a<

02

10

0.8

0.6

04

3 ^ . --- -

~ r
!

f

1 h u
f >

Ç 3"

0 0.5 t.0 U  20 2.5 3.0 3.5 4.0 m^/cm 2

F ig . 32.— C u rv es  fo r ca th o d ic  p o la riza tio n  of d u ra lu m in  :
I, d ire c t  co u rse , w ith  a g ita te d  elec tro ly te  ; 2, reverse  
c o u rse  w ith  a g ita te d  e lec tro ly te  ; 3, w ith  s ta tic  e lec tro ­
ly te  : 4, tech n ica l u n a llo y ed  a lu m in iu m  in  a g ita te d  

e lec tro ly te . (F ig . 32 in  R u ssian  tex t).

technical g rade, hav ing  the follow ing 
com position : 4.0 per cen t C u; 0.6 per cent. 
M n; 0.4 per cent. M g; 0.3 per cent. Si; 
0.5 per cent. Fe. E xperim en ta l results 
a re  p resen ted  in Fig. 32. F o r the pu rpose 
o f  com parison , the po la riza tio n  cu rve fo r 
h igh-purity  a lum in ium  ob ta ined  under 
th e  sam e experim en ta l cond itions is also 
given.

E xam ina tion  o f  the ca thode 
behav iou r o f  d u ra lu m in  has 
d em onstra ted  th a t th is alloy, 
like a lum in ium  itself, is o f  low  
ca th o d ic  efficiency, especially  
in respect to  oxygen d ep o la r i­
za tion . H ow ever, it is no tab ly  
m ore  effective than  a high- 
p u rity  a lum in ium . T h is po in t 
will be d em onstra ted  by a 
d irec t com parison  betw een the 
two elec trodes in th e  next 
section  o f  T om ashoff’s w ork .

( T o  be co n tin u ed .)

Fig . 33.— C u rv es  fo r  c a th o d ic  
p o la riza tio n  of z in c :  I. d irec t 
co u rse  ; 2, reverse  co u rse  : 3. 
w ith s ta tic  e lec tro ly te . (F igure  

34 in  R u ss ian  text).

Fig. 34.— C u rv es  for c a th o d ic  
p o lariza tio n  of cad m iu m  : I,
d irec t co u rse  ; 2. reverse  co u rse  ; 
3, w ith  _ s ta tic  e lec tro ly te . 
(F igure  35 in jL R ussian  tex t.)
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ARC WELDING

of Aluminium 
and its Alloys

By A. Schärer, 
Dipl.-Ing.-Chem. E.T.H.

The Author Concludes His Summary of 
Arc-welding Techniques and Passes On to 
a Consideration of the Specific Problems 
Involved in Welding Aluminium. Electrodes 
and Fluxes for Arc Welding are Examined.

C O N T I N U I N G  th e  discussion on the 
A rca tom  ” o r  a tom ic  hydrogen  p ro ­

cess, from  L ight M eta ls,” 1948/11/81, 
an  a lte rna ting  cu rren t fo r th e  a rc  is 
supplied  fro m  a special tran sfo rm er, D ue 
to the very high tem p era tu re  developed, 
the speed o f  w elding is considerab ly  
g rea te r th an  in  the case o f  gas w elding 
and  the heat-affected  zone 
n e x t to th e  w elding seam  
is consequen tly  narrow er.
T his an d  th e  very  in tense 
hea t m ake this process 
em inently  su itab le  fo r  the 
w elding o f  very th in  sheets 
w here d is to rtion  m ust be 
avo ided  a t  all costs. I t  is 
also very  su itab le  fo r the 
w elding o f A l-M g (P eralu- 
m an) alloys. A pp lica tion  
o f  flux and  filler rod  fo l­
lows the sam e princip les 
as in gas w elding. T h e  only  excep tion  is 
the w elding o f  sheets 1.5-2 m m . thick, 
w hich should  be w elded w ith up tu rn ed  
edges on  accoun t o f  the high w elding 
speed.

T h e  a tom ic  hydrogen  process is m ore 
expensive th an  o rd in a ry  gas w elding 
ow ing to the use o f  hydrogen .

The “ Arcogen ” Technique
T h e  “ A rcogen  ”  w elding process is a 

co m b in a tio n  o f  gas w elding an d  electric  
w elding; the o p e ra to r m an ipu la ting  in his 
right h an d  a w elding to rch , and  w ith his 
left h an d  the electrode. T he  to rch  flam e 
ionizes the path  o f  the a rc  betw een w ork 
piece and  e lec trode  to such an  extent th a t

F ig .6.— T h e “A rcogen" Process. 
I . T o rc h  : 2. E lectrode ; 3. F lam e ;

4 . W ork pic«

only the light cone o f  the oxygen-acety- 
lene flam e should  be held  in the 
im m ediate vicinity  o f the elec trode tip  in 
o rd e r to generate  an  arc . A dd ition  o f filler 
m etal can  be in terrup ted  by rem oving 
the elec trode from  the flam e. T h is is 
also a m eans o f  con tro lling  the tem p era­
tu re  o f the m olten  pool w ithin wide 

lim its. I f  cooling o f  this 
pool is desired, the elec­
trode  is d ipped  directly  
into th e  pool, thus ex tin ­
guishing the a rc  by sho rt 
c ircuiting. M elting takes 
place inside the protective 
shield  o f  the au togeneous 
flam e and  th e  d irection  o f 
the a rc  can  be  influenced
w idely by d irecting  the
flam e. T his con tribu tes 
g reatly  to' th e  ease o f 
m anipu la tion  o f the elec­

trode. (See Fig. 6.)
C oated  electrodes, such as used in 

electric a rc  w elding a re  p referred  fo r the 
w elding o f a lum in ium  arid a lum in ium  
alloys-. H ow ever, it is possible to  use 
filler rods w hich a re  coated  w ith  an 
au togeneous w elding flux. T he  welding 
speed o f  th e  “ A rcogen  "  process is o f  the 
sam e o rd e r as e lectric  a rc  w elding.

This process 'h a s  n o t fo u n d  m any
practica l uses as m uch skill is required
to m ake  a  hom ogeneous seam , p a rticu ­
larly  in a lum in ium  an d  its alloys. T he  
advan tages o f  th e  system  do  n o t m ake up 
fo r its low er econom y in w hich respect it 
stands beh ind  m ost o f  th e  better-know n 
and  m ore  w idely practised  m ethods.

5. W eld.
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T h e H eliarc P rocess
T his new w e l d i n g  process was 

developed by V. H . P avlecka , D irec to r o f  
R esearch  o f  the N o rth ro p  A irc ra ft C orp ., 
in co llab o ra tio n  w ith R u th  M eredith ; 
early  repo rts  ab o u t the techn ique w ere 
published in “ L ight M etals ” (N ovem ber, 
1942). It is sta ted  th a t the process is su it­
ab le  fo r w elding a lum in ium , alum in ium  
alloys and  particu la rly  m agnesium  alloys. 
T he  w elding tool consists o f  a p is to l­
shaped  ho lder w hich holds a t its fron t 
end a tungsten  e lec trode located  a t  an  
angle, clam ped  into a  nozzle system  
through  w hich helium  gas is supplied. 
B efore strik ing  an  a rc  betw een the 
tungsten  electrode and  the w ork  piece, the 
gas is d irected  against th e  weld a rea . T he 
arc  is then  in itia ted  by touch ing  th e  w ork  
piece w ith the electrode. T he  helium  
em erging from  the elec trode ionizes the 
arc  and , a t  the sam e tim e, fo rm s an  inert 
p ro tective gas envelope ro u n d  the m olten 
pool, p reven ting  access o f  oxygen and

O nly h igh -pu rity  helium  is used, as even 
traces o f  im purities affect th e  w elding 
process considerab ly , and  n itrogen , 
ca rb o n  d ioxide, hydrogen  and  oxygen 
m ust be  elim inated . T races o f  hydrogen  
cause porous w elds, w hilst oxygen 
oxidizes th e  su rface  o f  the m olten  pool, 
thus p reven ting  add ition  o f  the filler 
m etal. T he  use o f  helium  is tending, even 
in the U .S.A ., to be largely  superseded  by 
th a t o f h igh -purity  argon . O utside the 
U .S.A ., the cost o f helium  is p roh ib itive  
and  a rgon  is used exclusively. A rc  co n ­
d itions fo r  a rgon  ap p ea r to  differ slightly 
fro m  those giving' op tim u m  results w ith 
helium .

E lectric  R esistan ce  W eld ing
Spot, scam  and  b u tt w elding a re  

d ifferent fo rm s o f  resistance w elding 
which find increasing uses fo r the jo in t­
ing o f a lum in ium  and  its alloys. In 
con trad is tinc tion  to  so ldering  and  au to - 
geneous w elding energy in th e  case o f 
resistance w elding is n o t app lied  in  the

Fig. 7.— W elding T orch  
for the  H eliarc Process. 
I, Orifice ; 2. H e a t in su la tio n  ; 
3, C o l la r ; 4, S crew  c a p ; 5. 
T u n g s te n  e lec tro d e  ; 6, P lastic  
sleeve ; 7, A d ju stin g  valve ; 
8. H a n d le  : 9, R u b b e r  in su la ­
to r  ; 10, C a b le ;  11, In le t fo r 

helium .

n itrogen  from  the a tm osphere . A  filler 
w ire o f  th e  sam e com position  as the 
p a ren t m ateria l is fed into the m olten 
pool. In o rd e r to ob ta in  sim ultaneous and 
un ifo rm  m elting o f the filler w ire, it is 
recom m ended  to d irec t it tow ards the 
electrode. F luxes a re  no t requ ired .

A n o rd in a ry  D .C . w elding g enera to r 
w ith a  ra tin g  betw een 150 am ps, and  300 
am ps, can be used fo r w elding, and  the 
e lec trode shou ld  be connected  to the nega­
tive pole. I t is necessary  to renew  the 
tungsten  elec trode a f te r  a  lim ited tim e, 
as it ab so rbs m etal fro m  the pa ren t 
m ateria l. T races o f  tungsten  a re  tran s­
ferred  to  the m olten  pool, b u t have little 
influence on the m echan ica l o r  chem ical 
poperties o f the weld.

fo rm  o f heat bu t in the fo rm  o f an  elec­
tric cu rren t. T ran sfo rm a tio n  o f  cu rren t 
in to  heat takes p lace in th e  w eld area 
itself, w here a hom ogeneous weld is 
ob ta ined  by the sim ultaneous app lica tion  
o f  p ressure on  the con tac ting  surfaces 
w hich undergo  fusion.

B utt w elding is the sim plest fo rm  o f 
resistance w elding. W hen tw o m etal parts  
a re  clam ped  into vices a sh o rt d istance 
aw ay  fro m  their conducting  surfaces, the 
supply  o f  energy  by a  low -voltage cu rren t 
to  the p a rts  under p ressu re  results in th e  
genera tion  o f  heat a t the conducting  
surfaces ow ing to  the tran sfo rm atio n  
o f  electrical energy into heat, w hich m ay 
becom e so in tense th a t these su rfaces 
begin to m elt. A fter cu tting  off the cu r­
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ren t supply , fu r th e r p ressu re  is exerted 
on th e  w orkpieces w hich results in ex tru ­
sion o f  the viscous, p a rtly  oxidized m etal 
from  the co n tac t a rea  in the fo rm  o f a 
flash ro u n d  the weld area.

C u rren t and  vo ltage requ irem ents 
depend  on  th e  electrical resistance o f the 
m ateria l an d  th e  d im ensions o f  the w ork ­
piece. T he  vo ltage o f  resistance w elding 
m achines is usually  sm all, i.e., varies from  
1 to 20 volts, w hilst the cu rren t can  be as 
high as 100,000 am ps, o r  m ore, according 
to w eld a rea  an d  conductiv ity  o f the 
m aterial. T ran sfo rm ers  a re  requ ired  to 
reduce the m ains voltage.

T he  principal difference betw een b u tt 
w elding and  spo t w elding can be found 
in th e  shape  o f  the cu rren t-conducting  
electrodes, truncated  cone shapes being 
used fo r sp o t w elding. T he  sheets to be 
w elded a re  held in an  ho rizon ta l position  
betw een vertical e lectrodes w hich are  
squeezed to ge ther m echanically . A fter 
sw itching on , cu rren t flows from  one 
e lec trode tip  th ro u g h  the m ateria l to  the 
o th e r e lec trode; the m axim um  o f heating 
occurs a t the co n tac t su rface , due  to th e  
high resistance o f  this a rea , and  fusion 
takes place. P ressu re  exerted on to  the 
e lectrodes fo rm s the m olten m ateria l into 
the so-called weld nugget, the d iam eter 
o f  w hich roug h ly  co rresponds to  the co n ­
tact a rea  o f  the e lec trode tips.

C o n tinuous seam s can be ob ta ined  by 
using copper w heels as conducto rs instead 
o f  spo t e lectrodes; p ressu re  is exerted on 
the w heels w hile the w elding cu rren t 
flows. I t is necessary  to in te rru p t the cu r­
rent passing th rough  these rollers a t sho rt 
in tervals to  p reven t sticking o f the rollers 
to the m ateria l. T h e  nu m b er o f  in te rru p ­
tions is co rre la ted  to  the w elding speed 
so th a t the ind iv idual spo t welds over­
lap partly . (See, how ever, page 139 in this 
issue o f  “ L igh t M etals.")

S pot w elding, particu la rly  o f heat- 
trea tab le  a lloys, has g rea t advantages 
com pared  w ith au togcneous w elding, as 
very little  so ften ing  o f  the weld m etal 
occurs. S po t w elding is being used on  an 
increasing scale to replace riveting for 
hea t-trea tab le  alloys, as fo r thicknesses 
up to  2 m m . the sam e m echanical p ro ­

perties can  be ob ta ined . R epeated  heating  
o f  the co n tac t a rea  above the m elting 
tem pera tu re  o f th e  weld m etal follow ed 
by instan taneous cooling have very little  
influence on  the m ateria l su rro u n d in g  the 
weld nugget. T he  streng th  o f  a spo t 
welded jo in t depends on the fac t tha t 
the nugget has a  cast stru c tu re  w hich is 
less ductile  and  has less e longation  than  
th e  base m ateria l w ith  its ro lled  structu re .

T he stressing o f  a spo t weld a t right 
angles to the w elded sheets w ill yield 
m echanical values low er th an  those  o f a 
riveted jo in t, particu larly  w here dynam ic 
o r fatigue stresses a re  applied.

C u rren t requ irem ents fo r the spo t 
w elding o f  a lum in ium , accord ing  to  
P. Vögeli (" Schw eizer B auzeitung ,”
Vol. 121, N o. 1 ,2 .:1.43), a rc  as follow :-

Sheet M inim um
thickness w elding cu rren t

.5 mm . 15,000 am ps.
1 mm. 18,000 am ps.

1.5 mm . 22,000 am ps.
2 mm . 26,000 am ps.

2.5 mm . 28,000 am ps.
3 m m . 30,000 am ps.

T he  sp o t w elding o f a lum in ium , by all 
established m ethods, requires fo u r or 
fives tim es m ore energy th an  th a t o f  steel 
on accoun t o f its electrical and  .therm al 
conductiv ity . T he  w elding o f 1 m m . steel 
sheets, fo r instance, requires a p p ro x i­
m ately 10,000 am ps., the sam e weld in 
a lum in ium , 18,000 am ps. S po t w elding 
o f  a lum in ium  and  its alloys is m uch m ore 
diflicult than  w elding o f  steel. E lectrode 
pressure, w elding cu rren t, p ressu re  and 
cu rren t cycles have  to be co rre la ted  very 
accurately . S oundest welds a re  ob ta ined  
in pu re  a lum in ium  on acco u n t o f  its 
narrow  freezing range, w hilst a lum in ium  
alloys, w ith a w ider freezing  range, yield 
a  po ro u s cast s tru c tu re  o r  co n ta in  sh rin k ­
age cracks in large nuggets. It is also 
necessary  to take in to  accoun t the 
presence o f the oxide skin on the su rface  
o f  a lum in ium  w hich ac ts as an  in su la to r 
an d  offers h igher resistance to  the w eld­
ing cu rren t, thus causing  sticking o f  the 
e lec trode to  the sheets.

In o rd e r to  ob ta in  hom ogeneous spots,
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the  alum in ium  m ust be  fo r a sh o rt tim e 
above its m elting .po in t, and  if the cu rren t 
is too  h igh , th e  dan g er o f burn ing  
th rough  is very  p ronounced . T he elec­
trode  pressu re  shou ld , therefo re , be no t 
too high to  avoid  art excessive inden ta tion  
o f th e  w ork  piece. In  conclusion , it 
should  be sta ted  th a t the resistance w eld­
ing o f a lum in ium  requ ires very  accura te  
setting  o f  all w elding cond itions in o rd e r 
to be successful.

T he  W eibel Process
T h e  W eibel process is o f  co m p ara ­

tively recen t da te  and  is, in 
fact, a  resistance-w elding 
process in w hich pressure 
is n o t used. T he  w elding 
ou tfit consists o f  a tran s­
fo rm er fo r 220 to 380 
volts, th ree-phase  cu rren t, 
w ith a nom inal ra ting  of 
2 .2kV A . T he  tran sfo rm er 
is connected  by m eans of 
tw o flexible cables to the 
elec trode ho lder, w hich 
carries two ca rb o n  elec­
trodes. T he  hand le  o f  the 
e lec trode ho lder consists 
o f tw o parts , w hich m ay be 
pressed . together by 
springs. D uring  w elding, 
each e lec trode touches one 
o f  the up tu rn ed  edges 
w hilst bo th  electrodes are  
d raw n  a long  the in tended  
seam . T h e  h ea t p roduced  
betw een th e  e lec trode tips 
a n d  the  sheets causes 
m elting dow n o f  the up tu rned  edges. 
T hese edges m ust be coated  w ith  a  flux 
b efo re  w elding to  p reven t ox ide inclu­
sions. T he  m ost essential prem ise fo r  a 
faultless jo in t is p ro p e r shape  an d  p re ­
pa ra tio n  o f the electrode. A ccord ing  to 
H elb ing13, hardness, e lectrical con ­
ductiv ity , h ea t resistance and  shape o f  the 
elec trode a re  m ost im p o rtan t facto rs. 
Fig. 8 show s the shape  and  m ethod  of 
app lica tion  recom m ended  by  H elbing. 
(See “ L igh t M etals,” 1 9 3 9 /2 /1 0 0 .)

T h e  electrodes a re  bevelled on the ir

low er edges to increase the electrical 
resistance  o f the  tips. D u e  to  the co n ­
siderab ly  reduced  a rea , the genera tion  o f  
hea t in  the tips is very intense. H elb ing  
used carbon  electrodes w hich w ere 
co p p er p lated  all over except the tips. 
Such copper p la ting  increases the elec­
trical conductiv ity  on the su rface . T he 
electrodes a re  d raw n  a long  the up tu rned  
edges u n d er an ang le  o f 90 degrees. 
Irreg u la r fo rm  o r unsatisfac to ry  set-up 
causes ir regu la r heat tran sfe r and  fau lty  
welds. T he up tu rned  edges m ust be freed 
from  fa t o r d ir t by brush ing  o r pickling 

befo re  w elding; p ickling  is 
p re fe rred  as it leaves a 
c leaner su rface , thus re ­
ducing w ear on  th e  ca r­
bons an d  yields longer 
seam s. T he  elec trode tips 
should be cleaned carefu lly  
w ith a ca rb o ru n d u m  rod 
o r  an  em ery  w heel to  
rem ove th e  ox ide skin 
w hich h inders the  hea t 
tran sfe r betw een  th e  elec­
trodes and  th e  sheet 
m ateria l. A t th e  sam e 
tim e, this g rind ing  o p e ra ­
tion  m ay be used to  re ­
shape the electrodes so 
th a t they  m ain ta in  their 
p ro p er fo rm . Sheets vary ­
ing in  th ickness fro m  .3 to 
2 m m . have been success­
fully w elded by the W eibel 
process. T h e  heigh t o f  u p ­
tu rned  edges varies acco rd ­
ing to  th e  gauge o f  the 

m ateria l an d  should  be 2.5 m m . fo r th ick ­
nesses betw een .3 to  6 m m ., and  fro m  3 
to 4 m m . fo r sheets betw een .8 and  2 mm .

T he  m echanical p roperties o f W eibel 
welds a re  a lm ost as good as those 
o f  gas welds. T he  tensile streng th  o f p u re  
alum in ium  welds is the sam e as th a t o f 
annealed  sheets. T he  very n a rro w  heat- 
affected zone is a  special advan tage  o f  this 
process, as it extends only  to a p p ro x i­
m ately  .5 cm . on  each side o f the seam : 
in the  case o f  co ld-w orked  o r  h eat-trea ted  
alloys th ere  is on ly  a sm all so ftened  zone

20°

Fig. 8.— T h e  W eibel process
(modified by Junkers). 

(Above) Recom m ended elec­
trode forms.

I .  f r o n t  ; 2 . s id e  v ie w  ; 3 , d i r e c t io n  
o f  welding.

(Centre) T h e  p roper sheathed  
carbon  electrode. 

(Bottom) S pring-type welding 
torch.
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ad jacen t to the seam . C onsequently , 
W eibel welds show  g rea te r resistance 
against d e fo rm a tio n  th an  gas welds. D is­
to rtio n  is very low , w hich is a fu r th e r 
ad v an tag e  over gas w elding. T he  W eibel 
process is very su itab le  fo r the fab rica tion  
o f  th in  gauge in s trum en t cases and  very 
o ften  also used in a irc ra f t construction . 
F o r series p roduc tion , it is recom m ended 
to u p -tu rn  the edges by m eans o f a fo ld ­
ing m ach ine  and  to use specially  designed 
jigs fo r w elding.

E lectric A rc  W eld ing
A rc w elding o f  a lum in ium  and  its 

alloys is carried  o u t in the sam e w ay as 
a rc  w elding o f  steel, a  process orig inally  
invented by S lavianoff in 1892. A rc 
w elding is fundam en ta lly  a  fusion p ro ­
cess, using add itiona l m etal from  a filler 
rod  (see Figs. 9 and  10). A n a rc  sustained 
by an  electric cu rren t betw een electrode 
and  w ork  piece provides the source of 
heat. T his a rc  causes fusion  o f the pa ren t 
m etal and  m elting o f  th e  filler m etal a t 
the sam e tim e. T h e  w ork  piece is p re fe r­
ab ly  connected  to  th e  negative po le  and  
the e lec trode to the positive pole o f  a 
source o f  D .C. pow er. C oated  electrodes 
a re  used, th e  pu rp o se  o f  the coating  being 
the rem oval o f  the oxide layer adhering  
to the m olten  m etal. C ond itions p e rta in ­
ing to the gas and  a rc  w elding o f  steel

i. S lag  : 2. w eld d ep o sit : 3, co re  w ire  ; 4. co a tin g ; 
5, c ra te r;  6 liqu id  s lap ; 7, m olten  p o o l; 8, c a th o d e  

s p o t;  9. e lec tric  a rc :  10, f .u ld  »leg.

Fig. 10.— Electrode during welding. (M etal 
transfer.)

I, S lap ; 2, w eld d e p o s it;  3, co re  w ire; 4. c o a tin p :
5, c ra te r;  6, liqu id  m eta l b rid p e ; 7, fluid slag ;

8, m olten  pool.

canno t be applied to the w elding o f  light 
m etals w ithou t reservation .

T he physical and  chem ical p roperties 
o f a lum in ium  differ considerab ly  from  
those o f steel, and  this accounts fo r d if­
ferences in th e  w elding process. In the 
follow ing, the salien t features o f the arc- 
w elding process fo r a lum in ium  will be 
discussed.

T he W cldability  o f  A lum in iu m
A lum inium  is a very reactive elem ent 

w hich oxidizes easily. T he process o f  
ox idation  takes place accord ing  to the 
follow ing equation : 2 A1 +  3 O -  ALO-, 
+  380 kcal, from  w hich it can  be seen 
th a t a considerab le  am oun t o f heat is set 
free. It exhibits high co rrosion  resist­
ance, due to the  very th in , invisible su p er­
ficial oxide layer, w hich is very  tough  and 
adheren t, canno t be reduced to  the 
m etallic sta te  by th e  reducing atm osphere  
o f  the to rch , and  canno t be fused a t the 
tem p era tu re  o f  the w elding process. T he 
oxide skin can be rem oved m echanically , 
b u t a new  skin is p roduced  im m ediately  
w henever a ir  o r  oxygen a re  p resen t, the 
oxide layer preventing  p ro p er fusion 
betw een filler m ateria l and  paren t 
m etal. F u rth e rm o re , th e  com parative ly  
high specific g rav ity  (3.96 g /c m 3) of 
a lum in ium  oxide as com pared  w ith  tha t 
o f  a lum in ium  m etal (2.70 g /c m 3) causes
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the  oxide to  sink, into the m olten  a lu ­
m inium , and  thus increases th e  difficulties 
o f rem oval.

O ne o f th e  m ost im p o rtan t p roperties 
o f a lum in ium  is its high hea t co n d u c­
tivity, w hich is m ore  than  th ree  tim es 
g rea te r than  th a t o f  steel (0.5 c a l/cm . sec. 
“C ., against 0.1 to  0.17 ca l/cm . sec. °C. 
fo r steel). C onsequently , m uch m ore heat 
m ust be supplied  to the w elding po in t, as 
the hea t in p u t ough t to  be g rea te r than  
the heat d issipation , a p rob lem  w hich is 
also encoun tered  in the w elding of 
copper. T he  high heat conductiv ity  
causes rapid  freezing o f  the  w eld m etal, 
and  th is, in tu rn , has a g rea t influence 
on the s tru c tu re  o f the weld deposit.

T h e  high coefficient o f  linear expansion 
is also  o f  im portance  in the a rc  w elding 
o f a lum in ium . In the case o f m ild steel, 
the therm al expansion  betw een 0 and  
600° C. is 8.79 m m . per m etre  length; 
fo r a lum in ium  it is 17 m m . per m etre. 
T his high linear expansion , w hich is 
nearly  tw ice th a t o f steel, causes a g reat 
deal o f  troub le , especially  in gas w elding, 
as th e  su rfaces w hich  a re  p reheated  show' 
a tendency  to  w arp .

In  th e  case o f a rc  w elding, the -steep 
tem p era tu re  g rad ien t nex t to  the w eld is 
advan tageous, as, to a la rg e  extent, it 
prevents w arp ing  o f  the w ork  pieces.

T h e  su rface  tension  o f  m olten  a lu ­
m inium  is an o th e r im p o rtan t fac to r in 
welding. P o rtev in  and  Bastien (“  M etal 
Industry ,” 19, 1936) found  the su rface  
tension o f  an  a lum in ium  m elt fro m  w hich 
the oxide skin had been rem oved to be 
300 d y n ./cm , w hilst the value fo r  a m elt 
covered w ith an oxide layer w as found  to 
be 840 d y n ./cm . T his difference in su r­
face tension betw een ox ide-coated  and  
oxide-frce a lum in ium  m elts is rem ark ­
able, and  the values a re  in good ag ree­
m en t w ith the b ehav iou r o f  the m olten 
pool du ring  m elting. A ttem pts to gas 
weld a lum in ium  w ithou t em ploying  fluxes 
are  failu res, as the m olten  m etal d rops 
on the pa ren t m ateria l in the fo rm  of 
la rger o r  sm aller g lobules.

A ttem pts to  a rc  w eld  a lum in ium  w ith 
b a re  w ire resu lt in th e  sam e type o f  
globules, w hich a re  p ropelled  fro m  the

m olten  pool and  d ro p  on  the paren t 
m ateria l, bu t can  be rem oved easily on 
accoun t o f the su rro u n d in g  oxide layer, 
w hich prevents p roper adhesion  (Fig. 11 
— top).

It can  be assum ed th a t th e  m etal w hich 
bridges e lec trode  and  m olten  pool du ring  
w elding is su rro u n d ed  by flux, a fac t 
w hich prevents fo rm ation  o f an  oxide 
skin (Figs. 9 and  10). If a  pu re  alum in ium  
w ire be held alm ost ho rizon ta lly  into a 
Bunsen flam e, w 'arping o f  the heated  end 
due to  g rav ity  can be observed as soon  as 
the m etal becom es plastic. N um erous 
w 'rinklcs in  the tough oxide layer a re  an 
ind ica tion  tha t, in the in te rio r o f th e  w ire, 
the m etal is fluid, being con ta ined  by the 
oxide layer as in a  “ s a c k ” ; w hen this 
overheated  p a rt becom es too heavy it 
sim ply d rops off.

If, how ever, the end o f  th e  alum in ium  
w ire be pain ted  w ith a little  flux, fo rm a­
tion  o f g lobules is fac ilita ted  d u ring  the 
m elting  process because  th e  flux rem oves 
the ox ide lay e r and  th e  change in surface  
tension  p rom otes the fo rm ation  o f 
the g lo b u la r sh ap e  o f the m elting  tip. 
T he  m ore  reactive the coating  o f  an 
electrode, the h igher is its pow er to 
rem ove th e  oxide skin. F u th e rm o re , 
m ore  reactive fluxes effectively p reven t 
fo rm a tio n  o f  a new  skin, w ith the  resu lt 
th a t the su rface  tension o f th e  m olten 
pool is o f the sam e o rd e r as th a t o f an 
ox ide-free a lum in ium  melt.

R educed su rface  tension  o f  the m olten  
pool causes flattening o f  the bead  and 
facilita tes p ro p er flow o f  the filler 
m ateria l, w hich is o f special im portance  
fo r  lap and  fillet welds. T hus the 
principal tasks o f  a coating  are: O xide 
rem oval, p reven tion  o f th e  fo rm atio n  o f 
a n  ox ide layer, and  reduction  o f  the 
su rface  tension o f  filler m ateria l and 
m olten  pool.

T he  oxide o n  the su rface  o f a weld 
deposit varies in th ickness fro m  0.2 to 
0.5«, and  it can  be assum ed th a t it is 
partia lly  re-form ed d u ring  the course  o f 
m elting, and  certa in ly  w hilst solidification 
o f  th e  m eta l takes place. F ro m  this point 
o f view  it is o f  g rea t advan tage  if a  flux 
freezes a f te r  so lidification o f  the m olten
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alum in ium  has already  taken  place; in 
such cases the w eld m etal is still covered 
w ith liquid flux d u ring  the freezing 
period .

A ccura te  d a ta  w ith regard  to the 
viscosity o f  m olten  steel o r a lum in ium  
are  no t availab le , bu t com parative  
observations p resen t the follow ing pic­
ture. M olten  a lum in ium  is very fluid and 
has a  tendency  to  b u rn  th rough  the sheet 
m ateria l w henever p roper back ing  bars 
a re  no t prov ided . Even in the case o f

Fig. I I .— Com parison betw een two arc 
welds ; above, w ith bare  wire electrode ; 

below, w ith a  coated  electrode.

gas w elding, w here tem p era tu re  con tro l 
o f the m olten  pool is m uch easier, a 
m ore  o r  less p ronounced  fo rm atio n  o f 
d ro p s can be observed on  th e  back  o f a 
weld.

T he  su rface  tension o f the oxide layer 
covering th e  m etal globules is actually  
preven ting  the d ropp ing  aw ay  o f  these 
g lobules from  th e  ro o t o f  th e  weld.

A ccord ing  to  Portev in  and  B astien, the 
oxide skin on  the su rface  o f m olten  
a lum in ium  has a streng th  o f  2kgs/m m '2 
(a t the m elting -po in t o f  a lum in ium ).

W henever the oxide is rem oved by th e  
flux (w hich is ac tua lly , the  case in a rc  
w elding), the oxide-free m olten  poo l is 
very liquid  and tends to  flow aw ay w hen 
the w ork  piece is inclined.

T he viscosity  o f m olten steel is m uch 
higher and w elding in the vertical and  
overhead  positions is possible. F o rm a ­
tion o f d rops undernea th  a steel weld is 
hard ly  ever observed.

T he high viscosity o f  steel m elts can 
best be  show n w hen w elding vertically  
up by add ing  successive layers o f  weld 
m etal: the m olten m etal show s little 
inclination  to run  aw ay.

T ab le  7 show s th e  m ore im portan t 
physical p roperties o f  a lum in ium  w hich 
a re  o f influence fo r the w elding process. 
T he relative d a ta  fo r steel a re  also 
provided fo r com parison .

T h e E lectrode
T he coating  o f  an  elec trode fulfills a 

pu rpose  sim ilar to th a t o f  a flux in gas 
welding. Fig. II illustrates th e  difference 
in ap p ea ran ce  o f a weld carried  ou t with 
bare  w ire and w ith a coated  electrode; 
it show s qu ite  clearly  th a t w elding with 
b are  w ire  is no t a p roposition  in the case 
o f a lum in ium , although  sa tisfactory  
results can  be ob ta ined  in the case o f 
steel. W hen a b are  a lum in ium  w ire is 
used, the a rc  is very o ften  in terrup ted  
by copious oxide vapours and  can  only 
be m ain tained  a t very high tem pera tu res. 
T he  filler m aterial is im m ediately  covered 
w ith a tough  oxide skin and d rops on  to 
the p a ren t m ateria l in the fo rm  o f  large 
globules. O xide inclusions p reven t a 
hom ogeneous weld.

T he w elding p roperties o f an a lu ­
m in ium  electrode depend en tirely  o n  the 
com position  o f the coating ; it should  be 
m entioned tha t an elec trode coating  has 
to fulfil add itiona l requ irem en ts, a p a rt 
fro m  those  requ ired  from  a su itab le  gas 
w elding flux. T h e  la tte r should  have 
good oxide-dissolving pow er, easy flow 
and  a m elting  po in t slightly  low er than  
th a t of. th e  m ateria l to be  w elded. G as 
welding fluxes in pow der fo rm  a re  kep t 
in tins and  a re  m ixed w ith d istilled  w ater 
shortly  befo re  use. A  tendency  to ab so rb
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w ate r is, th erefo re , o f no d isadvantage. 
W henever a gas w elding flux is m ade up 
into a paste  in o rd e r to p rep are  a lu ­
m in ium  electrodes by the  d ipp ing  process, 
unsatisfac to ry  results can  be expected, 
no t on ly  because the m elting  p o in t is too 
low, b u t also  because o f th e  hygroscopic  
n a tu re  o f the flux. Such electrodes 
ab so rb  m o istu re  from  the a tm osphere  
an d , consequently , the coating  flows o il 
the co re  w ire. M o istu re  con ta in ing  co a t­
ing's cause reaction  o f  th e  m olten  m etal 
w ith steam  accord ing  to  the equation : 
(3 FLO + 2 A l— >A I. O., -  3H ,). T he 
hydrogen  developed is ab so rbed  by the

m olten  alum in ium  and  causes po rosity  o f 
the w eld. Fig. 12 show s typical frac tu res  
th rough  welds carried  o u t w ith wet 
e lectrodes; the ex trem e degree o f p o ros ity  
due to hydrogen  ab so rp tio n  is thus 
clearly  illustrated . E xperim en ts have 
show n th a t fluxes w hich a re  quite sa tis­
fac to ry  fo r gas w elding o f  a lum in ium , o r  
its alloys, a re  entirely  unsu itab le  as an 
e lec trode  coating , a p a rt from  their 
hygroscopic  p roperties. Excessive u nder­
cut, unstab le  a rc , h igh sp u tte r losses and 
irregu la r weld deposits a re  add itional 
reasons w hy gas w elding fluxes canno t 
be used fo r this purpose.

Table 7— Influence of some Physical Properties of Aluminium and Steel on the W eld ing Process.

Physical P ro p e r t ie s A lum in ium Steel In flu en ce  on  th e  W e ld in g  of 
A lu m in iu m

A v e ra g e  Spec, h e a t 0 .25  cal/g C 0.11 cal/g  C .
A lu m in iu m  re q u ir e s  la rg e  h e a t 
in p u t  (h igh  a rc  te m p e ra tu re  an 

a d v an tag e ).

T h e rm a l C o n d u c tiv ity 0 .5  ca l/cm .s. '’C .
0.1 - 0.17 

ca l/cm .s. C .

A lu m in iu m  re q u ir e s  in te n s iv e  h e a t 
in p u tf o r f o r m a t io n  and m ain ten an ce  
o f m o lte n  p o o l. Q u ic k  f re e z in g  of 

th e  w eld .

M elting  P o in t 658 C. 1,528 C .
Low m eltin g  p o in t  o f a lu m in iu m  r e ­
q u ire s  a m eltin g  flux  w hich  fre e z e s  

a t  an ev en  lo w e r  t e m p e ra tu re .

Specific G ra v ity  a t  
m eltin g  t e m p e ra tu re 2.3 g /cm 3 6.88  g /cm .3

Specific g rav ity  o f th e  flux  in th e  
m o lte n  c o n d itio n  sh o u ld  be lo w e r  
th an  2 .3  g /cm 3 to  p re v e n t  tra p p in g  

o f  slag.

M elting  p o in t  o f 
th e  o x id es A b O s :  2,050 C.

F e O : 1.377 
F e tO j : 1,565 
FesO* : 1,527

A lu m in iu m  O x id e  d o e s  n o t  m e lt  a t  
th e  w e ld in g  te m p e ra tu re  and has 
to  be rem o v e d  by m eans o f th e  flux.

Boiling p o in t 2,270 C. 2,500 C.
H igh a rc  te m p e ra tu re  causes m o re  
rap id  v o la tilisa tio n  of a lu m in iu m  
and  c o n s e q u e n tly  fo rm a tio n  of 

o x id es , e x tin g u ish in g  th e  a rc .

L in ear coeffic ien t of 
e x p a n sio n  b e tw e en  
0 and  600 C .. r e ­
fe r re d  to  1m  a t  0  C .

17.0 m m 8.79 m m

H igh th e rm a l e x p a n sio n  o f a lu m in ­
ium  re q u ir e s  am p le  gap b e tw e e n  
s h e e ts  to  be w e ld ed . S te ep  te m p ­
e ra tu re  g ra d ie n t  n e x t  to  th e  seam  

p re v e n ts  w a rp in g .

S urface te n s io n  
o f  m o lte n  pool

C o v e re d  w ith  o x id e  sk in  : 
840 d yn . cm . 

W ith o u t  o x id e  sk in  : 
300 - 420 d y n . cm .

-
Flux has to  rem o v e  th e  o x id e  sk in  
to  red u c e  su rface  te n s io n  o f th e  

m o lte n  poo l.

V iscosity  o f  th e  m e lt Low High
T hin  sh e e ts  r e q u i r e  backing  b a r  to  
p re v e n t  d ro p p in g  th ro u g h  o f th e  

w e ld .
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T he fo llow ing  eight fea tu res a re  re­
qu ired  to  p ro d u ce  an  e lec trode suitable 
fo r a rc  w elding: (1) T he  coating  should 
n o t con ta in  hygroscopic  salts to allow  
sa tisfac to ry  sto ring  (m oist coatings cause 
an unstab le  a rc  and  porosity); (2) the 
co a ting  should  have High oxide dissolving 
pow er; (3) it should  be hom ogeneous 
over the w hole electrode length  to ensure 
un ifo rm  burn ing ; (4) it should  be co n ­
cen tric  w ith respect to the core w ire  to 
a llow  un ifo rm  deposition  and  easy

Fig. 12.— T ypical fractures through  welds 
carried  out w ith moist electrodes coated  

with a  gas w elding flux.

m an ip u la tio n  o f  the  a rc ; (5) it should 
adh ere  p roperly  to  the co re  w ire, i.e., 
it should  be reasonab ly  robust, even a t 
high tem pera tu res; (6) the  specific gravity  
o f  the m olten  flux shou ld  be low er than  
th a t o f  the m olten  alum in ium  to avoid 
flux inclusions; (7) th e  slag should  easily 
detach  from  the w eld and  leave a light 
and  shiny  deposit; (8) th e  coating  should 
be  sufficiently thick to  allow  fo rm a tio n  
o f  a  c ra te r  a t  the elec trode tip . w hich 
helps in the m ain tenance  o f  th e  a rc  by 
ion ization . A  thick and  dense coating  
prevents overheating  o f the core  w ire tip.

T he coatings o f  com m ercial a lum in ium  
elec trodes con ta in , in m ost cases, fluorides

and  chlorides o f  a lkali m etals o r  a lkaline- 
earth  m etals. It is o f im portance  to n o te  
that the com position  o f these coatings 
differs considerab ly  fro m  th a t o f  gas- 
w elding fluxes. C arbona tes , su lphates, 
oxides and  silicates a re  rarely  used. T he 
com position  o f elec trode coatings is a 
m atte r o f  g rea t secrecy, and  th e  paten t 
lite ra tu re  o r any o th e r lite ra tu re  dealing  
w ith the m a tte r yield very little 
in fo rm ation .

An electrode coating  should  fulfil 
various functions. A part from  the 
fluxing agent p roper, w hich can be 
considered as the vehicle fo r the oxide- 
rem oving com ponen ts, w hich have no 
surface action  on the alum in ium  in the 
m olten  state , there a re  o th e r constituen ts 
w hich ac tua lly  rem ove the oxides. T o 
the fo rm er g roup  belong the follow ing: 
Sodium  ch loride, barium  chloride, 
potassium  brom ide, po tassium  chloride, 
sod ium  brom ide, w hich a re  com pounded  
in such  p ro p o rtio n s as to yield a m ix tu re  
o f  very  low m elting point.

O xide-rem oving salts a re  the fo llow ­
ing: C ryolite, chiolite, sod ium  fluoride, 
potassium  fluoride, s tro n tiu m  fluoride, 
lith ium  fluoride, m agnesium  fluoride.

A lkali ch loride and  a lkaline  - ea rth  
chlorides, w hen  applied  ind iv idually , do 
no t ac t as oxide rem overs. It is, how ­
ever, in teresting  to  no te  th a t lith ium  
chloride, in com bination  w ith  sm all 
am oun ts o f  alkali fluorides, h as  excellent 
ox ide-rem oving p roperties. T he  fac t tha t 
lith ium  ch loride and  lith ium  fluoride, 
m ixed w ith  a lkali fluorides, have a  g rea t 
dissolving pow er fo r a lum in ium  oxide is. 
a t the p resen t m om ent, no t p roperly  
understood ; gas-w elding fluxes o r  elec­
trode  coatings con ta in , in a lm ost every 
case, lith iu m  com pounds as th e  active 
com ponen t. Sodium  fluoride, cryolite 
and  chiolite , w hen  used w ith a lk a li o r  
a lka line  - ea rth  ch lorides, show  som e 
a ttack  on  the oxide layer in the m olten  
sta te , b u t th e ir activ ity  can  by  no  m ean s 
be com pared  w ith th a t o f  lith ium  
com pounds.

O pin ions ab o u t the ac tua l process o f  
oxide rem oval differ considerab ly . In
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the  early  stages it was generally  assum ed 
th a t this oxide rem oval is no th ing  else 
than  a  so lu tion  process, b u t recen t 
investigations on th is sub jec t show  the 
prob lem  in a  d ifferen t light (“ L ight 
M etals,” 1941/4 /166). I t has been found  
th a t th e  su rface  covered  by th e  alum in ium  
oxide is ra th e r resistan t to m olten  fluxes, 
and  the term  “ oxide-dissolving pow er ” 
is, th erefo re , unsatisfac to ry .

T o  determ ine the so lub ility  o f  a lu ­
m inium  oxide in a  flux, 30 gm s. o f flux 
w ere m elted in a p la tinum  crucib le  
by heating  up to  700 degrees C. 
u nder co n stan t stirring  w ith  a p la tinum  
spatu la ; th e  gas supply  o f the B unsen 
b u rn e r w as then cu t off and  the flux left

fo r 3 m ins. to cool dow n slightly, when 
h a lf o f  th e  m olten  flux w as p o u red  ou t. 
T he analysis o f  the solidified flux ind i­
cated  an alum in ium  co n ten t o f 22.35 per 
cent.

T he sam e p rocedu re  w as then  repeated , 
add ing  to  the flux l*per cent, o f  chem ic­
ally pu re  a lum in ium  oxide calc ined a t 
900 degrees C. A fte r cu tting  off the heat 
supply  and  allow ing fo r a  cooling  period 
o f 3 m ins., the  top  layer o f  the m elt 
w as carefu lly  rem oved by pouring  at 
630 degrees C. and  the rem ain ing  flux 
subsequen tly  analysed ; on ly  .4-.1 p e r cent, 
o f  the calcined alum in ium  oxide w as d is­
solved by the  flux.

( T o  be co n tin u ed .)
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Field ing  & P la tt  L td. — S ervais S ilen ce rs  L td . x x x ix
F o rd a th  E n g in eerin g  C o ., L td. — Shield  A lloys L td . x lii
G e n e ra l  E lec tr ic  C o ., L td . — S iem en s S c h u c k e rt  (G re a t  B rita in )  L td . . . . .  . x iii
G e n e ra l  R e fra c to rie s  Ltd viii S k le n a r  F u rn aces  L td. xxvii
G ib b o n s  B ros., L td. xi Slough M etals L td . . . xxx iii
G ilm an , F. (B .S.T.) L td .......................................... x xxi S te in , Jo h n  G .. & C o . L td. XXX
G riffin , C h a r le s . & C o ., L td. xliii S te rlin g  M etals L td. __
G ru n d y , B., & C o ., L td. x x x ix T echn ica l M etal T re a tm e n ts  L td. xli
H e a d -W rig h ts o n  M achine, T h e , C o ., L td. — T em p le  P ress L td.
H igh  D u ty  A lloys L td. xxiii
H in d , E. (S o u th  Bank) L t d . . . xxxviii U n ited  A nod ising  L td . ¡i
H u g h es, F. A ., & C o ., L td . XV W a rd , T . W .,  L td ................................................. xii
l lfa r  A lu m in iu m  C o ., L td. xli W a rw ic k  Rim & S e c tio n in g  C o . L td. __
im p e r ia l  C h em ica l In d u s tr ie s  L t d . . . xix W illso n  B ro th e rs  o f Epsom  L td . . . x xxvii
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Reynolds
A L U M I N I U M  A L L O Y S

EX TR U SIO N S, TUBES, SH EE T  AND ST R IP  T O  ALL A .I.D ., B.S./S.T.A ., 
AND B.S. SPEC IFIC A T IO N S

R E Y N O L D S  R O L L IN G  M IL L S  LT D  R E Y N O L D S  L IG H T  A L L O Y S  LT D

Hay Hall Works, Tyseley. Birmingham. Telephone: Acocks Green 3333

GO D  FO R G IV E  YO U  FO R  G A LLO PIN G  W H EN  T R O T T IN G ’S N O T  A SIN
(Scottish Proverb!

If that were the reaction to the industrial developments of the last 
decade or two there’d be very little sympathy for Reynolds. Light alloys 
have been known for quite a while but only in recent years have they really 
come into their own. Since the Reynolds Companies were founded, we 
have galloped (God forgive us) so fast that our extrusions, tubes, sheet 
and strip have become household words in many industries. They still 
provide numerous opportunities wherever lightness and strength are 

required to gallop in double harness.



t ' l H I K A

E x p o rt has becom e a science in  itself. 

W e possess a specialized  know ledge and  

w e keep ab reas t o f  rap id ly  chang ing  

cond itions by  day  to  day p rac tice . You 

m an u fac tu re  —  we e x p o r t : le t us

co -o p era te  in  th e  E x p o rt D rive .

O u r  custom ers abroad are w aiting to in ­
crease im ports from  th is country.

O u r  Agents overseas are keeping us well- 
inform ed about trade developm ents 
everywhere.

O u r  buying and' selling staff a t hom e are 
readily prepared to p u t th e ir knowledge and 
experience at your disposal.

O u r  services include, i f  desired , packing, 
w arehousing, forw arding, insuring  and 
shipping the  goods.

O u r  s u p p l ie r s  c a n  d e te r m in e  w h e th e r  th e y  
w is h  u s  to  a c t  as  p r in c ip a ls  o r  s e l l in g  a g e n ts  
o r  so le  d i s t r ib u to r s .

O u r  travelling representatives are con­
tinuously  engaged in  m aintain ing  personal 
contact with prospective buyers and official 
quarters.

O u r  term s o f paym ent arc cash when the 
goods are ready.

O u r  organisation is well equ ipped  to  carry 
ou t every task en trusted  to us.

From your factory to our 
customers all over the world

Wc invite your enquiries and our booklet “  Export 
Advice ”  will gladly be sent on request.
If  desired, one o f our Executives will be available for 
personal conversation at any time and anywhere in 
this country.

BRITISH TRADERS 6 SHIPPERS, LID .
155, FENCHURCH STREET, LONDON, E.C.5

T e le p h o n e  : T e le g r a m s  :
M a n s io n  H o u s e  16 03  (1 8  L in es) S h ip e x , F e n , L o n d o n

METALS March, 1943LIGHT

T H E  A I M E X  R E C O V E R Y  &  R E F IN IN G  C O . ,  L T D . 
S t o c k i s t *  o f  S H E E T  ■ S T R IP  ■ B A R  • T U B E  

in  n o n - fe r ro u s  m e ta ls  a n d  s t e e l  
A D E L P H I T E R R A C E  H O U S E , L O N D O N , W .C .2  

T e le p h o n e  : T E M p le  B a r  0 9 0 2  (1 0  l in e s )  
C A B L E S  : " A L R E C O , "  L O N D O N

W e know  that H am le ts  lighthearted 
com m ent h ad  no connection  w ith a lu ­
m inium , m ore’s the pity (we confess to a 
sneak ing  feeling th a t his ghostly prom pters 
m ay have influenced this far-seeing 
rem ark).
H ow  beautifully  true, nevertheless, is his 
sta tem ent ad ap ted  to the  m undane world 
of com m erce in  respect of the w ide stocks 
of alum inium  and  its alloys held by

ALUMINIUM SPECIALISTS 
Home Trade ‘ Export
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D / A L O Y  L I M I T E D  PlymputhVorks  ̂Ot/m6aj/s C A R D I F F

S T E I N

JOHN G.STEIN S -G n ttp a tu fim ité e !
B O N N Y  B R I D G E  - S C O T L A N D

r  If you require l. 
advice, let us give 

you the benefit o f our 
technical experience 
■ o f D/e and Sand i  

Li castings w-Y

HR Rain-water 
Gutter & Fittings

SOLE DISTRIBUTORS:
' Me u n  PERKINSt SE WARO Ltd S  
V  C A R D IF F  r 1

w e  CAN DESIGN OR MANUFACTURE D IES FOR GRAVITY DIF-CASTING 
ON F A T  TE R NS FOR SAND C A STJN O  SEN D  YOUR EN Q U IRIES  TO

T H E  i l lu s t r a t io n  s h o w s  
t h e  la rg e  n e w  T u n n e l  

K iln  a t  p r e s e n t  u n d e r  
c o n s t r u c t io n  a t  o u r  
M a n u e l W o r k s .  W h e n  
in  p r o d u c t i o n  th i s  k iln  
w ill g iv e  a s u b s t a n t i a l  
i n c r e a s e  in  t h e  o u t p u t  
o f  •* N e t t l e "  ( 4 2 /4 4 %  
A lu m in a )  F ir e b r ic k s .
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I95.HIGH STREET. SM ETHW ICK4I. STAFFS

MULTI FLEX Flexible Drive

MACHINES . . .
S P E L L  D E F E A T  T O  S P I V S  

^  -z A N D  D R O N E S !

i P  f l é h t

%Jł ) t h e  c r ', s i S

il/ with
As the export output Increases so w ill the 
chance of goods for the home market 
become increasingly brighter, and so will 
the significance of spivs and drones fade 
Into oblivion.
Make this export drive a Multiflex Flexible 
Drive achievement. Multiflex Flexible 
Drive Machines w ill save your organization 
days of top-pressure production because 
they can be taken easily and quickly to 
whatever operation Is required. They may 
save dismantling and re-erectlon of your 
most Important Installations.
There are Multiflex Models for either bench 
or floor mounting, and for every kind of 
metal-removing, filing, milling, grinding, 
sanding and polishing operation.
Multiflex Machines are at their best when 
used In conjunction with “ T lteg rip ”  
Rotary Milling Cutters.

1 P le a s e  w r i t e  f o r  fu ll p a r t i c u la r s ,  o r  s e n d  d e t a i l s  
; c f  a n y  p r o d u c t i o n  p r o b l e m  w h ic h  y o u  t h i n k  
|  c o u ld  b e  s o lv e d  b y  "  M u lti f le x  ”  M a c h in e s  .  .  .  
! G i lm a n s  e x p e r t  a d v ic e  is  y o u r s  t o  c o m m a n d .

Agantt' 'phone»
LONDON MMf 2UX NtWCAJTICN..WIH 3**00KANOaiTC* 

COVIN r» Y
F . G I I M A N  Í B .  S .  T. )  L I M I T E D

PIO N EERS IN INDUSTRIAL  
FLEXIBLE DRIVE EQUIPMENT «UMT Dm  !«)*-•

I PKqa< : Smathwkk I 2D2/S (4 l l w )  'C r tm t :  Skmto*k*l<K '» » M ,  Hn»l»ghni Issued by the National Seiriitçt Committee
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B I R M I N G H A M , 2 2 A

an
Large Stocks held in 
LONDON, MANCHESTER 
and BIRMINGHAM—
Sheets - Rods - Tubes - Wire 
Bars - Stair Treads, etc. 
ALUMINIUM ALLOY 
Screws - Nuts - Bolts - 
Washers - Wood Screws, etc.

CHAIR.

ROAD, THAMES DITTON, SURREY. Phone: Emberbrook 4485/9 
Showroom: I5/I7, Edgware Rd., W.2. Phone: Paddington 8780 & 25I9 

MANCHESTER - - 306, Deansgate - - Phone: Blackfriars 9022 & 9610 
BIRMINGHAM - - 16, Prospect Row - - Phone: Aston Cross 3574/5

Just turning it over in your mind ? 
Then talk it over with P.B.M. 
before you decide how you 
are going to make it. With our 
wide experience of the pro­
duction of light-alloy castings we 
can show you how to keep your 
costs [down and your production 
figures u

O S C O T T  W O R K S
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METAL CHEMICAL FINISHES 
(LIPHOOK) LIMITEDO-CRAWFORD PLACf-LONDON-Wl*lONCMOOR ROAD‘LIPHOOK 

T » l* p fio * » : A M B a s ta d o r  S S  2  /  Telephones: UPHOOK 22&S/4 Hint*

p ttceS

i ^ Ä S S ä

LIGHT METALS llX ° RcI
These comprehensive books, w ritten by recognised experts, 
are indispensable to both the qualified engineer and the student 
confronted by problems arising from the use of light metals.

“ LIGHT METALS IN 
STRUCTURAL ENGINEERING ”
By L. D u d le y ,  D .F .H . ,  A .M .I .E .E . ,  A . I .S t r u c t .E .

D e a ls  w i t h  t h e  a p p l ic a t io n  o f  b a s ic  e n g in e e r in g  
p r in c ip l e s  t o  l ig h t- m e ta l  a l lo y s  ; w i t h  p a r t i c u la r  
r e f e r e n c e  t o  t h e  s t r e n g t h  o f  m a te r ia l s  a n d  t h e  
t h e o r y  o f  s t r u c t u r e s .
I l l u s t r a t e d  t h r o u g h o u t  b y  g r a p h s  a n d  d ia g ra m s .

“ T h e  in f o r m a t io n  g iv e n  s h o u ld  h a v e  a  w id e  
a p p e a l  t o  b o th  t h e  e x p e r i e n c e d  a n d  in e x ­
p e r ie n c e d  s t r u c t u r a l  e n g in e e r ,  p a r t i c u la r ly  
w h e n  t h e  u s e  o f  l i g h t  m e ta l s  is  c o n t e m p l a t e d . ” 

— "  O v e r s e a s  E n g in e e r . "

“ A  v a lu a b le  g u id e  o n  t h e  s u b j e c t  . . . s h o u ld  
p r o v e  a w e lc o m e  a d d i t i o n  t o  t h e  e n g in e e r in g  
s t u d e n t s ’ b o o k s h e l f ."

— T h e  C o n t r a c t  J o u r n a l .

B y  p o s t  30s. 6 d .P rice 30s. ne t.

“ THIN FILMS AND SURFACES ”
B y  W i n i f r e d  L e w is ,  B .Sc .

P r e s e n t in g  in  a  c o h e r e n t  fo r m  a n  o u t l i n e  o f  t h e  
m a in  b o d y  o f  a v a i la b le  k n o w le d g e  o n  m e ta l l ic  
s u r f a c e s  a n d  t h in  m e ta l l i c  f ilm s .
I l l u s t r a t e d  by  m ic r o g r a p h s  a n d  d ia g r a m s  c o n ta in in g  
s e v e n te e n  ta b le s  o f  d a ta .

“ T h e r e  is  a g r e a t  d e a l  o f  i n f o r m a t io n  w i th  
r e g a r d  t o  t h e  f o r m a t io n ,  p r o p e r t i e s ,  u s e s  a n d  
m e a n s  o f  in v e s t i g a t io n  o f  t h i n  film s  a n d  
s u r f a c e s ,  p a r t i c u la r ly  w i th  r e f e r e n c e  t o  
a lu m in iu m  . . — “ M e ta l lu rg ic a l  A b s t r a c t s . "

“ T h e  s u b j e c t - m a t t e r  is  v e r y  i n s t r u c t i v e  a n d  
v a lu a b le  in  t h e  m a t t e r  o f  c o n s e r v in g  m e t a l s . . . "

— C .I .E . J o u r n a l ,  U .S .A .

P rice  15s. n e t. B y  p o s t  15s. 6d.

Published for Temple Press Limited by The English Universities Press 
Limited. Obtainable from all Booksellers and Bookstalls or by post from

T E M P L E  P R E S S  L I M I T E D
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A S P E C I A L I S E D  C O R E  B I N D E R  
F O R  A L U M I N I U M  C A S T I N G S

“ SUPINOL”  N SEMI-SOLID CORE OIL

Manufactured and distributed by A ls 0  S u p p lie r s  o f  H ig h  Q u a lit y

F. & M. S U P P L I E S  L T D .  powdY r*™^
4 ,  B R O A D  S T R E E T  P L A C E ,  L O N D O N ,  E . C . 2  ASK FOR LEAFLETS

Telephone-HOL. 8955 m „*s)

<=4-. Q . y p t .  ( 4  C o ..J i l l

^ ~ e * i¿ £ íá Z T b ? p .

BARS • ROD • SHEET 
TUBES — IN ALL NON- 
F E R R O U S  ME T A L S  

ALUMINIUM 
PURE AND ALLOY 

BRASS - COPPER • ETC.

IN REGULAR USE BY LEADING FOUNDRIES

IN THE GREEN STATE IT  HAS THE 
W ORKING PROPERTIES OF A SEMI-SOLID , 
A N D  D U R I N G  C A S T I N G  H A S  T H E  
ADVANTAGES OF A H IGH  - GRADE OIL
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S A M S O l \ l
A D H E S I V E S

IOO YEA RS EXPERIENCE

SAM UEL JO N E S  £ CD LTD
NEW BRIDGE STREET LONDON E.C.4 PHONE CENtral 6 50 0

Laboratory Controlled
CASTINGS in.. .  
Z inc  Base (M»x»k) 

GRAVITY in . . .
All Standard Non-Ferrous Alloys

S P f CIA L ISTS  IN  LIGHT A LLO Y  CASTINGS
H . J . M A Y B R E Y  &  C O . L T D . T e le p h o n e :
WOBSIEV BRIDGE RD, 10ND0N. S. E .26 BECKENHAM 0044
Sand Foundry .- Croydon Road. Elm ers End. Kent.

W I T H  C A N A D A

Enquiries regarding trade 
with Canada are warmly welcomed 

and should be addressed to :

R. P . Bower,
Commercial Secretary,

Office of the High Commissioner for Canada, 
Canada House,

Trafalgar Square, London, S .W .l.
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P R O D U C T S  IH A N O D I S E D  ALUMINIUM
Fittings 

g e r  N o t i c e s

Instrument

i n d s  t o i
nid  U tilitie s

PLATING OF METALS 
ANODISERS 

AND 
METAL FINISHERS 

TO THE TRADE
H o u s e

TH E R U S H T O N
O R G A N IZ A T IO N  L T D .
38- 41 ,  W O B U R N  P L A C E  

L O N D O N ,  W . C .  I

O L Y M P I A  4,  

E A R L S  C O U R T
MAY 3-14

Phone: MUSeum 3161 Grams: "Airush, London1

To all standard 
Specifications and 
to Special Requirements,

THE

A L U M I N I U M  W O R K S .  W I L L O W  L A N E ,  M I T C H A M .  S U R R E Y .  T e l .  : M IT c h a m  2 2 4 8

3791
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WOMEN’S
BO ILER  
SUITS
f ( * e O ^ ° NS

I8/6
W ere originally m ade for Royal 
O rdnance  Factory  personnel, 
of the finest quality  Cotton Drill 
Cloth, in either N avy Blue 
or Brown. Style as sketch .
Various sizes— SW, W, \VX 
an d  OS. Brand New. Ideal 
for Industria l use.
SAMPLE ON APPLICATION

T e r m s : N e t  m o n th ly  a /c .
C a r r i a g e :  P aid  o n  o r d e r s  o v e r  £ 1 0 .

D e l i v e r y : E x -s to c k .

WILLSON BROTHERS of Epsom LTD. 
EPSO M , S U R R E Y  

PHONE : EPSOM I293

RO-.CRICKLEWOOO. N.W.J.

T R O U S E R S
New R.A.F. blue serge 
trousers for young men. 
Ideal for those w ho need 
rea lly  h a rd  w e a rin g  
trousers for work. Well 
tailored to  the R.A.F. 
s t a n d a r d .  F l i g h e s t  
quality material to stand 
up to the hardest wear. 
In  the following sizes 
onlv :

Waist 2 9"/3 1 ''
Leg 2 8"/29i"

PER PAIR
(3  P a i r s  fo r  £ 3 /1 0 /0 )  P o s t  a n d  p a c k in g  f re e

MARSHALL’S ( s u r r e y ) LTD
NEW MALDEN, SURREY

A CO RN
A N O D I S I N G

DI E  C A S T I N G

COMPANY ^  LI MI T E D

ACKNOWLEDGED EXPERTS 
ON THE COLOURING OF 

ALUMINIUM

Licensed Operators 
of the

“ B R Y T A L "
( R e g d  T ra d e  M a r k )

PROCESS
for

ELECTRO-BRIGHTENING 
ALUMINIUM

O ff ic e s  :

C A R L ISLE  ROAD,
T H E

D ouble, do u b le  to il an d  t r o u b le ; 
F ire  b u rn , an d  c a u ld ro n  bubb le!

M a c b e t h .  A c t  IV ,  S cen e  I

W h e n  M a c b e t h Y ’b lac k  
a n d  m id n ig h t  h a g s ”  
w e r e  c a lle d  u p o n  to  
c a s t  a s p e l l  i t  w a s  a 
" c h a n c y ”  b u s in e s s .

W e  c a n  s o lv e  y o u r  D ie  
C a s t in g  p r o b le m s ,  n o t  
by  h i t  o r  m iss  h o c u s -  
p o c u s  b u t w i t h s c i e n t i f i c  
a c c u ra c y  e v o lv e d  d u r in g  
25  y e a r s ’ e x p e r i e n c e .  
W e  a r e  a b l e  t o  o f f e r  a 
s t e a d y  o u t p u t  o f  n o n -  
f e r r o u s  u n i t s  c a s t  w i th  
p r e c i s io n  a n d  c le a n l i ­
n e s s  w h ic h  d is t in g u is h e s  
o u r G r a v i t y  D ie  C a s t in g .

L et o n e  o f  o u r  te c h n ic a l  
r e p re s e n ta t iv e s  c a l l  u p o n  
you  a n d  d is c u s s  y o u r  
p r o b le m s .
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[ E. KIND ( SOUTH BANK)  LTD. ,  SOUTH BANK-ON-TEES ,  Y O R K S H I R E

REFINED IRON, GUN METAL, NON-FERROUS AND ALUMINIUM ALLOY INGOTS

A N O T H E R  A P PL IC A T IO N

o f  MAGNESIUM

T h e  u ltra  light weight of M agnesium  
(tw o-th irds th a t of alum inium ) has 
w ide range of a p p lica tio n s: its high
streng th  an d  variety  of attractive finishes 
com m ends it to the  dom estic user, whilst 
the m anufacturer is im pressed w ith its 
great formability.
T h e  rad io  ca b in e t sh o w n  is a n  exam ple  of 
M ag n esiu m  in  dom estics, b e in g  easily  form ed w ith 
p ress  tools co stin g  b u t a  frac tio n  of th e  usua l 
p las tic s  m ould . M ag n esiu m , u n lik e  p las tics , will 
n o t c ra c k  w h en  ro u g h ly  h a n d le d .
E n q u irie s  inv ited .

PRESSINGS * MACHININGS - WELDED FABRICATIONS

ESSEX AERO Ltd T he M agnesium  Specialists
G R A V ESEN D , K E N T

o f  Iro n , Steel o r
A lloy P roducts

M etal In g o ts  m ee t y o u r  needs fo r a n y th in g  an d  
ii m eta l. H in d  M etal is a lw ays up  to  s ta n d a rd  
and  in all eases w here Refined Iro n , G un  M etal, 
o r A lum in ium  A lloy In g o ts  a re  called for. H ind  

g rad e  a t  th e  r ig h t tim e—ju s t  w hen  yo u  
in  G rea t B r ita in  o r O verseas. I n  Y orksh ire , 

B irm ingham  or L oudon a reas  we d e liv er w ith in  
2-1 h o u rs. C onsu lt us on y o u r  p ro d u ctio n  p ro b lem s— 
we c a n  su p p ly  th e  an sw er fo r  hom e o r e x p o rt.

Q uality  and  Speedy

B oosts E xport Orders 

H asten s  H om e P roduction

Service—
H om e o r E xport
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M A N U F A C T U R E R S  OF P U R E  
METALS AND L I G H T  ALLOYS

ALUMINIUM alloyed with
MANGANESE.- TITAN IU M . CHROM IUM . 

' N IO BIU M .TA N TA LU M . TU N G ST E N . BO R O N . 
VAN AD IU M . ZIR CO N IU M . M O LYBDENUM . 
IR O N . SILICO N . M AGN ESIUM . N ICK EL. ETC.

BLACKWELLS METALLURGICAL WORKS LTD.
THERMETAL HOUSE. GARSTON, LIVERPOOL 19

W o r k s :  B t n k t  Road. Speke  Road and Church  R o a d . ,G a r t t o n

METAL FINISHES LTD.
N ew Spring S t., B irm ingham  18

P L A T E R S  O F  
A L U M I N I U M  

a n d  
S P E C I A L I S T S  

i n
C O L O U R  A N O D I S I N G  F O R

O V E R  1 5  Y E A R S  _____  /   __

à
Trefop.e T

■ p u r e  CHROMIUM METAL ■ TITANIUM BASED ALLOYS
■ PURE MANGANESE METAL ■ ALUMINIUM BASED ALLOYS
■ COPPER BASED ALLOYS ■ LIGHT ALLOYS T O  SPECIFICATIONS

M E T A L  A L L O Y S  ( S . W . )  L T D .
TREFOREST TRADING ESTATE, SOUTH WALES

Telephone: TAFFSWELL 203/4 •  Cables: ALOMET, CARDIFF

New Installations Need

SERVAIS
STRAIGHT-THROUGH

S I L E N C E R
B. G R U N D Y  & Co. Ltd. 

14, Devonshire Square 
London, E.C.2

’Phone : BIShopsgate 4547 (2 lines) 
’Gram s: “  Selective-Ave-London”

“ L IO N  B R A N D ”

'Ê K S  a n d  ALUMINIUM
MASTER ALLOYS'

T e le g ra m s

T e le p h o n e

B lackw ell, L iv e rp o o l. 
G arscon  980 (3 lines).

B rit. Patent 
N o . 447376

Emergency Power Plants can be quietened 
dow n to virtual inaudability w ithout 
loss o f pow er by the SERVAIS no-baffle 
ST R A IG H T -TH R O U G H  SILENCER. 
Very good delivery o f  all types. Full 

details on request.

SER V A IS  S IL EN C ER S  LTD.
(D ept. L .M .), A S H F O R D  R O A D , L O N D O N , N .W .2

T e le p h o n e : C L A d s to n e  6 7 8 9
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TAYLOR 1294

D U R C Ill U M (R eq d ) 
A L U M A G N  E S E

E asy to m achine . . . strong  . . . 
a ttrac tive  ap p earan ce  . . . an d  ch eap e r than  
o ther non-ferrous m etals. . . . T h ese  are 
some of the reasons w hy " K "  L ight Alloys 
are  chosen for m odern industry. No 
licences are  requ ired  an d  we can  offer 
q u ick  delivery of m any sizes an d  specifica­
tions. “ K ” L ight Alloys com bine extrem e 
lightness w ith high streng th  and  have an 
attractive finish.

W r i t e  fo r leafle t on A lu m in iu m  and W ro u g h t  
L ig h t A llo ys  in B A R S ,  T U B E S  A N D  S E C T IO N S

W e are  also m anufacturers of 
‘ K " C opper Wire an d  Strip  for 

Electrical and  O ther Purposes.

E & E K A Y E  LTD.
P O N D E R S  E N D  E N E I E L O  M I D D L E S E X
Telephone: Howard 1601 Telegrams: Cuwire. £ n f ,e !d

FO R  O N E  O R  T W O  40 w. 4 ft. LAMPS

T he “ Alness ”  shown above is one 
of a range of six new Philips 
Fluorescent Industrial Lighting 
Fittings suitable for a wide variety 
o f industrial applications.

F o r  f u l l  d e ta i ls  o f  Th is ra n g e ,
Dama

NOTE THESE SPECIAL FEATURES
•k S tu rd y  design an d  appearance.
★  H ig h  o vera ll efficiency a n d  econom ica l in  use.
★  S e lf-co n ta in ed  a p p ara tu s , read y  w ired . 
k  S im ple  insta lla tion .
k  Q uick-rc lease  re flec to rs  fo r easy  m a in ten an ce . 

w r ite  f o r  P h i l ip s  L ig h t in g  P u b lic a t io n  N o .  A .163

PHILIPS ELECTRICAL ltd
L IG H T IN G  DEPT.. C EN T U R Y  H O USE, SH A FTESBURY A V EN U E, LO N D O N . W .C .2

ESSEN T IA L  FO R FACTO RIES, D R A W IN G  OFFICES, ETC.

(LD3S5)



Jubilee Works.Chapel Road 
Hounslow. Middx.
Tefephont HOUnsIow2266

ANO AT \
CONDON
MANCHESTER

PAINT ADHESION

T.M.T
LTD.

o n  a lu m in iu m !
IS  ASSURED BY USING

C H R O M A T O X
(M B V ) POW DER

SEND US YOUR EN Q U IR IES

TECHNICAL METAL TREATMENTS LTD. 
O T FO R D K EN T :

T E L E P H O N E ' .  O T F O R D ( K t n t ) ! 6 9

T h e se  A .I .D . A p p ro v ed  L a b o ra to rie s  a rc  now  
u se d  exc lusive ly  b y  all lead in g  A ircralf 

P ro d u ce rs  fo r th e  X -R a y  E x am in a tio n  of 
C lass I a n d  C la ss  II  C as tin g s.

IN D U ST R IA L . AND 
M ET A LLU R G IC A L  

X-RAY S E R V IC E
H e a d  O f f i c e  a nd  M id la n d  L a b o r a t o r i e s :  

F o u n d r y  L a n e ,  S m e t h w i c k ,  B I R M I N G H A M

V A L U A T IO N S
OF

INDUSTRIAL & COMMERCIAL
P R O P E R T I E S
for all financial purposes 

is a SPECIALISED SERVICE offered by

C H A M B ER LA IN  & W IL L O W S
-------------------  S U R V E Y O R S  & V A L U E R S  --------------------

23, MOORGATE, LONDON, E.C.2
C ity  6 0 1 3

W e  specialise in

F L U O R I D E S
of all kinds for

F L U X E S
SEND US YOUR ENQUIRIES

R. CRUICKSHANK LTD., CAMDEN ST., 
BIRMINGHAM,!, t e l e p h o n e :  c e n .  8 5 5 3

LIG H T  M ETALS March, 1948

V MAC
J ' \  A v n i ,

; ALUMINIUM ALLOY 
TURNINGS & SOLID 

SCRAP  
• M A G N E S IU M  A L L O Y  S C R A P  
Available for Immediate Disposal

•ALUMINIUM  
CASTINGS
SAND & GRAVITY DIE CASTINGS ■ 

FOR ALL TRADES
( o n e

BRIDGE FOUNDRY ltd
W E D N E S B U R Y  • S T A FF S
P H O N E :  W E D N E S B U R Y  0 1 0 9   -------------------------
-------------------------- G R A M S : A L S P E L C O , W E D N E S B U R YCANLEY CO
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h u n ° * \ d \ y p e s  

- í r H l t t t  * o O L S

tooU  arc -  ^  foI * c r e a ¿

«  hclp. r ^ o u r ' nearest D .s P ° ¿  
p ro d u c tio n . T > th ,.y  can  " UL< ;

U l  t c d  v o »  , , . . v c  e n q u i r e d  '  .
‘ ... l f  vo n  n a ' c 1 maCW ncre q u irem en ts .  ̂ - atW ,uonaV .n a

o u - l v . t r v  - a ; n . b  w >  ; l V ; , iU U d e .  

too ls  frequen tly  (rom
,ir. ca, are °i>c

nc8 a v a ilab le  m ay  be »»-1 i r M iNGU AM  *¡-

B"ad,nf i ä s - t "  Bn,’V S rr «  V. > l l ^ l S T

U . I V I . A . L
ALUMINIUM AND 

LIGHT ALLOY SHEETS 
A L U M I N I U M  STR I P  
A L U M I N I U M  A N D  

L I G H T  A L L O Y  
W I R E  a n d  S E C T I O N S
N o w  o b t a i n a b l e  f r o m

U . M . A . L
U S I N E S  E T  M A N U F A C T U R E S  

D 'A L U M IN IU M  E T  D 'A L L IA G E S  LE'g e RS S .A

75, RU E  DU  T R Ô N E , BRUSSELS 

•
• U.K. Agents for Import and Re-export 

O H L E N S C H L A G E R  B R O S .  L T D  
7; /S, Railway Approach, London, S.E . I 

P H O N E :  H O P  2 7 1 3

T h e  ‘ B e lv e d e r e  W r in g e '

a super finish job
from non-rusting diecastings

notice. The castings are produced ready for 
enamelling, plating and assembly. Each com­
ponent is made from the alloy that best suits it.

DIECASTINGS BY Shield A l loys  
Shield Alloys Ltd, Brook St, Tring, Herts. 7e/ :Tring 3338-9
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CLASSIFIED ADVERTISEMENTS
R a te  4 d .  p e r  w o r d ,  m in im u m  4 / - .  B o x  N u m b e r  F e e  1 /- .
P re s s  d a t e  f o r  A p r i l  i s s u e  -  -  M a rc h  2 3 , 1 9 4 8 .

I n s iru t-u o M k s .io u tu  o e  a d d r e s s e d  t o  “ L IG H T  M E T A L S ,’’ B o w lin g  G r e e n  L a n e , L o n d o n ,  E .C .1 . ’P h o n e :  T E R  3 6 3 6

C A S T IN G S  (S A N D , G R A V IT Y  O R  P R E S S U R E  D IE )  
A lu m in iu m  castin g s, all a llo y s . 35 y e a rs ’ e x p e rie n ce  
y o u r  g u a ra n te e . SV. B a rn e t, C asso n  P la ce , E lla n d .

123-325
3 h e  A lu m in iu m  C astings C o .,  L td .,  In g le s to n  F o u n d ry , 
G re e n o c k . S o la r  w a re  a n d  m ed iu m  en g in ee rin g  sa n d  
o r  g rav ity  d ie  castings. z z z -4 12
A . L . D u n n  a n d  C o .,  L td .,  N ew  In n  B rid g e. F o lc sh ill , 
C o v e n try . E s tab lish e d  1924. P h o n e  88644. H ig h - 
g rad e  a lu m in iu m  g rav ity  d ie  a n d  sa n d  castings. E x p e r t 
tech n ical ad v ic e  g iven  o n  d esig n  a n d  sp ecifica tio n .

zzz-4 14
E d w ard s  H o lm e  a n d  C o . (1931), L td .,  M o ss  l .a n c , 
A ltr in c h am . C h e sh ire . P re ssu re  d ie  c astin g s  u p  to 
I 1! lb. in a lu m in iu m  silico n  a llo y , first-c lass a c cu ra c y  
a n d  fin ish . zzz-4 15
S a n d  a n d  g rav ity  q u a lity  castin g s  in  all a lu m in iu m  
a llo y s . O u r  tech n ica l ex p e rts  w ill b e  g lad  lo give 
ad v ice  o n  castin g  p ro b le m s!  H . J . M ay b rc y  a n d  C o ..  
L td ..  W o rs lc y  B ridge R o a d . L o n d o n . S  E 26 . z z z -4 16 
N o n -c o rro s iv e  h ig h -s tre n g th  cristings in a lu m in iu m
allo y s  fo r  m a rin e  a n d  g en e ra l e n g in ee rs. M oyle. 
K in g s to n -o n -T h a m e s . . zzz-4 17
S an d  c a s t’ngs in a lu m in iu m  o r  o th e r  n o n -fe rro u s  
m e ta ls . D av id  P ic k e tt  a n d  S o n s (E n g in ee rs) , L td ..
E lm  S tre e t, C a rd iff . zzz-4 19
T h e  N o r th e rn  D iecastiu g  C o ..  L td .,  N o rc a s ta l W o rk s . 
B urn ley , L an cs . P h o n e . B u rn ley  2236. Specialises in 
th e  p ro d u c tio n  o f  g rav ity  d ie  c astin g s  in a lu m in iu m  
a lloys. A ll t ra d e s . O n a p p ro v e d  lists. A ir  M in istry , 
M in is try  o f  S u p p ly , A d m ira lty . In q u ir ie s  in v ited .

zzz-420
F o r  a TI k in d s  o f s a n d  c a st w o rk . P a tte rn s  m ade .
W o rk  d c ’iv rrc d  rea d y  fo r  y o u r  m ach in es. E s tab lish ed  
Jan u a ry . 19° 1. G  F .  W h itm a rs h , 8a  G re a t  F ra n c is  
S tre e t. V au x h n ll. B irm in g h am . zzz-450
L a v e n d e r.  J .  H .  a n d  C o ..  L td ..  H a ll G re e n  W o rk s . 
C r^ n k h n ll L a n e . W e st B rom w ich . P h o n e . S 'o n c  C ross 
2273. S a n d  a n d  g rav ity  d ie  castings in a lu n v n iu m  
a llo y s . ztt-418
K Icen k ast. L td .,  a lu m in iu m  fo u n d ers . S p e c ia lis ts :  L e tte r  
m ak e rs . n » m c  p la te s  r o a d  s 'g r s .  n u m b e r  p la te s . S heen  
L a n e , S .W .1 4  P h o n e . P ro sp ec t 4444. zzz-466

 ---------- -----------------  C E L L U L O S E  — -------------------------
C e l 'u to 'e  n-S’its  :»»»d s y n th e se s . a ll c o lo u rs  a n d  g rad es , 
f o r  im m e d ia te  de liv ery . H ire -p u rc h ase  a v a ila b le  fo r  
sp ray jn »  p la n t .  S am p les . Is . 3 d . “  P a in t S p ra y irg  ”
b o o k , c o p y rig h t. 3s. 6d . C a 's  . T ra d e  C oun»cr 10-4 p .m . 
L e o n a rd  B ro o k s . H a ro ld  W o o d , E ssex . P h o n e . In g T -  
b o u rn e  2560. zzz-464

S IT U A T IO N S  V A C A N T
E le c tro p la tin g . O p p o r tu n ity  in e s ta b lish e d  w o rk s  fo r  
live  m an a g e r  w ith  fu ll k n o w led g e  o f  the  tra d e . D irec ­
to rs h ip  ofTcrcd o n  sm all in v es tm e n t, w h ich  c o u ld  be 
p ro g ress iv e ly  in c re a se d . M a n ch e s te r  a re a . W ri te ,  w ith  
fuli d e ta ils  o f  ex p e rie n ce , to  B ox  2719, c a re  o f  “  L ig h t 
M e ta ls .”  122-1
R e q u ire d , fo re m an  fo r  d ie  s h o p  p ro d u c in g  g rav ity  a n d  
p res su re  c astin g s, ligh t a llo y  m ain ly  a lu m in iu m . M an 
w ith  g o o d  g en e ra l e x p e rie n ce  o f  p ro d u c tiv e  m e th o d s  
re q u ire d  a n d  g o o d  d isc ip lin a ria n . S o u th  E a s te rn  a re a . 
Box 2718, c a re  o f  “  L ig h t M e ta ls .”  122-2

— S IT U A T IO N S  W A N T E D
G ra - iu a te  E n g in e e r o f  M ech an ica l F a c u lty , w ith  w ide 
ex p e rie n ce , sp ec ia lis t in  m ass p ro d u c tio n  m eta l-  
cu ttin g  o p e ra t io n s , c o ld -p resse d  a n d  h o t-fo rg e d  artic le s , 
tim e  a n d  m o tio n  s tu d ies , to o ls  a n d  m ach in e  fix tures 
desig n in g , th o ro u g h  k n o w led g e  o f  lim its a n d  p rec is io n  
fittings fo r  c n r n c e r in g .  e tc . .  n ow  seek s  a p p o in tm e n t 
in L o n d o n . B ox 2238. c a re  o f  “  L ig h t M e ta ls .”

123-5180
  M IS C E L L A N E O U S

P u lv e riz in g  a n d  g rad in g  o f  raw  m ate ria ls . D o h m , L td ..  
167 V ic to ria  S tre e t. L o n d o n . S .W .l .  zzz-432
Body fo r  ce ram ics , f lo o rin g s , m o d ellin g , re fra c to r ie s , 
e tc . S u p o ’ c -s :  D o h m , L td ..  167 V ic to ria  S t-c~ t.
L o n d o n , S .W .l .  125-4808

M A C H IN E R Y , T O O L S  A N D  P L A N T
280-ton  h y d rau lic  sh ee t s tre tc h in g  o r  fo rm in g  p re s s  by 
F ie ld in g  a n d  P la tt .  L td . to  ta k e  sh e e ts  u p  to  8 f t. 
w id e , w ith  se lf -c o n ta in e d  h y d rau lic  p u m p s , d riv en  by 
tw o  12 h .p . A .C . m o to rs  a n d  c o n tro l  gear.
R eed  B ro th ers  (E n g in ee rin g ). L td .,  Bcvis M a rk s  H o u se . 
L o n d o n . E .C .3 . P h o n e , A vc  1677-8. 123-5600

—  P R O D U C T IO N  C A P A C IT Y  A V A IL A B L E  A N D  —  
W A N T E D

M eta l p o w d ers  a n d  o x iaes . Q u o ta tio n s  a n d  sam p les  
o n  a p p lic a tio n . D o h m , L td ..  167 V ic to ria  S tre e t. 
L o n d o n . S .W .l  zzz-433
S h ee t m eta l fa b r ic a te d  c o m p o n e n t p a r ts  in all ty p es  o f  
sh e e t m eta l to  y o u r  sp ecifica tio n s . A u to m o b ile  M cta l-  
c ra f t  C o ..  D e p o t R o a d . E p so m . P h o n e  3368. 130-459

R A W  M A T E R IA L S  A V A IL A B L E  A N D  W A N T E D  
A sb esto s . B e n to n ite , F e ld sp a r .  K y a n itc , Q u a r tz ,  a ll 
m in e ra ls . D o h m , L td . . .1 6 7  V ic to ria  S tre e t, S .W .l .

zzz-4 5 1
A lu m in iu m  ro d s  a n d  tu b es  in s ta n d a rd  gauges a n d  
s iz e s  fo r  im m ed ia te  d e liv e ry , ex s to ck , a t  co m p e titiv e  
p rices . A lso  a lu m in iu m  a llo y  sh e e ts , A lrcco . T h e  
A lm cx  R e c o v e ry  a n d  R efin e ry  C o ..  L td .,  A dcJphi 
T e r ra c e  H o u se , L o n d o n , W .C .2. T e m p le  B ar 0902 
( ten  lines). 122-461

C U P R E X . L T D .,
120 M O O R G A T E , E .C .2 .

P h o n e . M e tro p o li ta n  9641.
H a v e  fo r  d isp o sa l re a so n a b le  to n n ag e s  o f  the  fo llow ing  

n o n -fe rro u s  m a te r ia l:—
N E W  A L U M IN IU M  S H E E T S . 6 f t.  b y  3 f t. a n d  
so m e  8 ft. by 4  ft.: L .17  in 16. 18. 20 a n d  2 4 G , L .16  
in  16-24G . D T D . 213 Vl-H a n d  >/,H in 16, 18. 20 a n d  
22G . A L U M IN IU M  A L L O Y  T U B E S . V* in . by  22G , 

in . by  12G a n d  22G . 1 Vi in .,  \%  in ., V/i in .. 1% in .. 
1 J 4 in . a n d  2Vi in s. in  v a rio u s  g au g es. A L U M IN IU M  
A L L O Y  R O D  a n d  S O F T  A L U M IN IU M  W IR E . 
B R A S S  R O D S , B .S .S .249 , in Vi in .. 5 - lo  in .,  % in ., 
7 -16  in ., 10 m m .. '/2 in .  d ia . a n d  u p w a rd s . B R A SS 
S T R IP ,  v a rio u s  w id th s  15-25G . W e  can  o ffer q u ick  
d e liv e ry  o f  C O P P E R  S T R IP  b e tw een  22 a n d  3 0 G , an y  
tem p e r. In q u ir ie s  w elco m ed  fo r o th e r  m a te ria l,  
in c lu d in g  B R A S S  A N D  C O P P E R  S H E E T S . O ffers 

m ad e  fo r  s u rp lu s  m a te ria l a n d  sc ra p .
 :  123-5599

L arg e  q u a n ti t ie s  n ew  a lu m in iu m  a n d  a lu m in iu m -a llo y  
sh ee ts  fo r  s a le , a ll specific:»lions, s ize s  a n d  gauges. 
A lso  co ils  12 in s., 14 in s., 16 ins. w id e , g au g es  16/24. 
M in im um  h a lf - to n  lo ts . F . W . H a rr is  (B irm in g h am ). 
L td ..  132-8 H u r s t  S tre e t. B irm in g h am . 5. 123-5181

C H A R L E S  G R I'F F IN  & C O *, LT D .

M E T A L  S P R A Y I N G  
A N D  SPR A YED  M ETAL
By W .  E. BA LLA R D , F.R.I.C., F.I.M.

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

T H IR D  E D I T IO N . R e w r i t t e n .  6 " x 9 " .  3 6 0  p a g e s . .  
P R I C E  3 2 s .  N E T .  P o s ta g e  9 d .  O v e r s e a s  1s.

42, D R U R Y  LA N E , LO N D O N , W .C .2 .

Printed in England and Published Monthly by the Proprietors, TEMPLE PRESS LTD., BOWLING GREEN LANE, LONDON, E.C.l
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2 EQUIP IT W IT H  GAS FIRING . . .

USE IT IN THE FORM OF A .  AND YOU GET THE SIM PLE
EXTENSIBLE UNITS 4  INFRA-RED TUNNEL

The gas-fired infra-red drying tunnel is 
robust, compact, inexpensive . . . easily 
constructed in different shapes and sizes 
without complicated auxiliary apparatus 
. . .  giving even distribution of radiation 
and wide range of flux density at the turn 
of a tap ... no material difference in drying 
time due to colour . . . low capital and fuel 
costs. Technical literature free on request.

FOR SIMPLICITY AN D  

CO N TRO L 

THE CHO ICE W IL L  BE

B R I T I S H  G A S  C O U N C I L  • I G R O S V E N O R  P L A C E .  L O N D O N .  S W I
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New Building Equipment

COM PANY LIMITKf) • BANBURY • OXON

— 7 /¡ /J

U se Noral alloys to make new building equipment. 
They are light, strong and can’t rust— three of many 
advantages. Our Technical Developm ent Division will 
help you with specific problems.

N orthe rn  Al umi ni um


