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p a te n t  JPJH 1E  -  (Q O W B m O N E B  PENDING

The new Metalastik Ultra-duty bush marks the highest development in annular- 
rubber bushes for, by a special process of pre-conditioning, the load capacity 
in every direction is considerably increased. Further, both with synthetic and 
natural rubber, the life under active load Is far beyond that of any other type 
of resilient bush.

The Metalastik annular-rubber resilient bush controls movements of three kinds, 
angular, axial and radial. "

V ^ h  its Metalastik rubber-to-metal weld, the rubber in the bush resists the load 
in three ways : in shear, In compression and In tension.

Although the superiority of the ordinary Metalastik bush has been well proved in 
relation to types carrying load by simple compression on one side only, this new bush 
marks a still greater advance.

Engineers interested in applications of this bush are offered the accumulated experience 
of our .expert staff of anti-vibration engineers.

Metalastik Ltd., Leicester

M E T A L A S T l k
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I n s t a l l a t i o n s  f o r  t h e  P r o d u c t i o n

of

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

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

P r o d u c e r  G a s

S p e c i a l  G a s  

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

H y d r o g e n

A n c i l l a r y  P l a n t
for

W a s t e  H e a t  S t e a m  P r o d u c t i o n ;  G a s  C o o l i n g  &  C l e a n i n g ;  

F u e l  H a n d l i n g  &  C h a r g i n g ;

A s h  &  D u s t  D i s p o s a l  ; e t c .

London Address :
H um glas House, 
Carlisle Place, 
London, S .W .l

Temporary Address :
W inkfield Manor, 
zlscot . . Berks.
Phone: Winkfield Row 2107

Established 1892
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b y

HEAD 
WRIGHTSON

This machine is designed fcr the 

cold shearing of rounds and 

square mild steel bars up to 2” 

square, and is arranged for con

tinuous or intermittent cutting. 

Note the compact appearance.

Designs of shears of this type 

for cutting up to 5" square 

alloy steel billets are available.

M a y  we have your enquiries

HEAD. W RIGHTSON sC?l T°
Consultants, D esigners and B uilders to the Steel and Non-Ferrous Industries

T H O R N A B Y - O N - T E E S
It I .a 90-L.7

E N G I N E E R S  T O  T H E  E M P I R E



August, 1945 LIGHT METALS Advts. üi

Clinton-Wall
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R E D U C E D  P R I C E S

L A M P S

F r o m  J U L Y  16*!* 1 9 4 5  

G E N E R A L  L I G H T I N G  S E R V I C E  L A M P S

C O I L E D - C O I L  p e a r l

Standard Voltages (200-260)
s. d.

40 watt ................  1 6
*60 watt ................  1 6
*75 watt ................  1 8

*100 watt ................  1 1 0
* Available shortly

S I N G L E  C O I L  P E A R L  &  C L E A R

Standard Voltages ( 100-130  &  200-260)
s. d.

15 and 25 w a t t ...........  1 3
40 and 60 w a t t ...........  1 3
75 watt ................  1 7

i to watt ................  1 9
150 watt ................  2 9

C L E A R

202 watt ................  4 6
300 watt ................  8 0
500 watt ................  1 0 6

Prices do not include Purchase Tax,

W r i te  f o r  P r ic e  L i s t  O S  9 7 5 9  w h i c h  g i v e s  f u l l  p a r t i c u l a r s  
o f  a l l  p r i c e  r e d u c t i o n s .

Announcement of The General Electric Co., Ltd., Magnet House, Kingszvay. London, W.C.2
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iSIERMft:

W EIG HT in ELEKTRON 43 ibs 
Aluminium 65 Ibs 
Case Iron 172 Ibs

OUR ENGINEERS ARE READILY AVAILABLE FOR CONSULTATION ON NEW PRODUCTS 

S AND & DI E C A S T I N G S  I N

E l e k t r o N - A l u m i n i u m
MAG.WVSIUM ALLOTS NORHAl ft HIATTWATIO 

4 ELEKTRON ’ FORGING*

Gravity Die Casting of Casing 
for Epicylic Fluid Transmission. 
As supplied to the Associated 

Equipment Co. Ltd.
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I L F D R D

X - R A Y

F I L M S

F O R

I N D U S T R I A L

RADIOGRAPHY

I L F O R D  I N D U S T R I A L  X - R A Y  F I L M  A

An exceptionally fast screen film which can also be used without screens or with 
metal screens—a  truly “ general purposes ” film, suitable for the radiography of all 
structures from the lightest to the heaviest, whether with X-rays or gamma rays.

I L F O R D  I N D U S T R I A L  X - R A Y  F I L M  B

A fast, non-screen film, insensitive to the fluorescence o f salt screens, but usable 
with metal screens—an improvement on the general purposes film A  for all expo-- 
sures which either must be made without salt screens for the sake of definition, or 
which can economically, and for preference, be made without salt screens.

I L F O R D  I N D U S T R I A L  X - R A Y  F I L M  C

A slow, fine grain, high contrast film for the detection o f the finest detail in light 
structures, or in thin sections of heavier materials, which can be easily penetrated. 
Ilford Industrial X-ray Film C is invaluable f o r :

(a) The detection of micro-porosity in light alloy castings ;
(b) All cases, whether in radiography or in crystallography, where it is necessary 

to make accurate photometric measurements on the film.

F o r  f u l l  d e s c r i p t i o n s  o f  t h e s e  a n d  o t h e r  I l f o r d  X - r a y  m a t e r i a l s  w r i t e  f o r  b o o k l e t  

“  I l f o r d  P r o d u c t s  f o r  I n d u s t r i a l  A p p l i c a t i o n  o f  X - r a y s  a n d  g a m m a  r a y s . "

I L F O R D  L I M I T E D  .  I L F O R D  .  L O N D O N
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A SOUND ANSWER to practically every problem of fuel 
economy is quickly found in these Fuel Efficiency Bulletins. 
Keep a list of their titles handy; then you can turn up at 
once the particular Bulletin you need. The Bulletins are free 
from your Regional Office of the Ministry of Fuel and Power.

ISSUED BY THE M INISTRY OF FUEL AN D  PO W ER

K e e p  y o u r  e y e  

o n  t h e

E x p e r t  a d v i c e  f o r  u s e r s

Pumping and conveying water to where you want it take a lot of 
power (and much fuel and money). Water is even more precious 
if it has been heated or purified in your works. 

How to make the best use possible of your water supply is told 
in these handy booklets:
FUEL ECONOMY BY WATER SAVING
(Bulletin No. 31)

This is a survey o f the economies 
(many of them substantial) that 
are possible in water supply for 
boiler feed, drinking and washing, 
process and cooling. It tells you, 
too, how to clean water mains and 
plant, and how to keep them clean.

WATER TREATMENT (Bulletin No. 39)

The correct treatment o f water, 
whether for boiler feed, cooling or 
process is a matter for the specialist. 
This Bulletin surveys the whole 
field and describes briefly the 
methods available for overcoming 
your difficulties.

BLOW-DOWN (Bulletin No. 35)
Too often the blowing down of 
boilers is merely a m atter of 
routine, bearing no relation to 
need. Excessive or insufficient 
blow-down are both serious fuel 
wasters. This Bulletin tells you 
why, when and how much to blow 
down.

THE UNORTHODOX USE OF
ECONOMISERS (Bulletin No. 30)

This Bulletin shows how to obtain 
the maximum results from your 
feed-water economiser. Some of 
the suggestions may be new to 
you, e.g., the use o f a condemned 
plant for process water heating or 
as an air heater.
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G H T  

G E S

V E R N I E R

C A L I P E R S

C^SuiLT to B.S.S. accuracy: 
graduated in 40ths of an inch, 
vernier readings in lOOOths, 
or in i- mm. vernier readings 
in SOths. Height Gauges : 
10 and 18" (English) ; 25 and 
45 cm. (Metric) ; 10"/25 cm. 
and 18" -45 cm. (Duplex) ; 
Vernier Calipers : *6, 9 and 
12" (English) ; 15, 25 and
30 cm. (Metric) ; 6"/l5 cm., 
9"/25 cm. and l2"/30 cm. 
(Duplex).
*6" size also supplied with knife edge jaws, measuring both inside and outside dimensions.

S T O C K E D  B Y  A L L  L E A D I N G  T O O L  D E A L E R S

B R I T I S H  N . S . F .  C O .  L T D .

K E IG H L E Y , Y O R K S .
London Office: 25 Manchester Sq., W . I

Agents: Stedall Machine Tool Co.,
147-155 St. John Street, London, E.C.I 

Phone: Clerkenwell 1010(10 lines)

W e  d o n ' t  s l e e p  

o n  t h e  j o b . .

BAY & N IG W T 'y v  
§ E i ? ¥ l € E  / / <
w m

m m i m
of Aluminium and its alloys in N A T U R A L  

O R  C0L0URED;FINISHES ; Chromating of 

Magnesium: Zinc; Cadmium; El-Tin ; and 

Silver Plating and 

other processes.

A.I.D. approved.

T e l e p h o n e
R A D C L I F F E

2 6 3  7  a

A N O D IS IN G  &  P L A T I N G S  L I M I T E D
HOLLAND STREET, RADCLIFFE. LANCS.'

dm 1284

E T  A H E A D  

O F  P O S T - W A R  

“ C O N G E S T I O N

Let us, as pioneers of Brass Gravity '
Die Casting, place more than 25 years’ 
experience at your disposal. Our 
technical experts will at all times be 
happy to give unbiased advice on 
any and every Die Casting problem 
involving the use of ALUMINIUM- 
BRONZE, ALUMINIUM ALLOYS.
BRASS and  W H IT E M E T A L .

•TH E

I S I  o  n - F e  r r o u s  

D I E  C A S T I N G  C O  L T D
Nonferdica Works, North Circular Road, 

Cricklewood, London, N.W.2
____________ ’Phone: GLAdstone 6377
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I t -  <1

m m .

W i n d o w s — t h e n  a n d  n o w
1 he earliest windows w#»»v» inef  :_ _ . i ,The earliest windows were Just openinsrs 
to admit the wind into dwellings. Then 
came the earliest glass windows, but 
they only admitted light. The dual 
purpose °f the window—admission of 
air and light—was still unknown.
Evidence shows that glass windows 
were already used in Pompeii, but it was 
not until the 12th century that they be
came popular in England. In 1695 a
window tax- was imposed. As late as 

abolished  ̂1851. AiwftwasrealS

J O H N  H A L E  L T D .
LONDON COLNEY • HERTFORDSHIRE

Telephone: London Colney 3141

that the tax limited the number of win
dows and the entry of air and sunshine.

W'ndOW frames underwent great changes. Heavy cast-iron frames 
gave way to lighter materials until
John Dale " w ife  «st
t u hic\ r hîstrength, weather resistance with ease
war ^tages which postwar builders and dwellers 
Will be quick to 
appreciate.
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A t  the m om ent only half 
the sto ry  can b e  told. 
Not until the peace  has 
b e e n  w on can w e tell you 
of the w ar developm ents 
w hich will b e  incorpora ted  
in  the post-w ar design  
and  m anufacture of our 
O p t i c a l - M e c h a n i c a l -  
E l e c t r i c a l  I n s t r u m e n t s  
and  Aircraft Equipm ent.

A V IM O  L T D ., TA U N TO N  
S o m e r s e t  ( E n g l a n d )

Approved u n d e r  A i r  N a v i g a t i o n  R u l e s  

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

P R O G R E S S  b y  Q U A L I T Y

*  L I G H T  A L L O Y S  *

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

B eh in d  e v e ry  l ig h t m e ta l sec tio n  p ro 

d u c e d  b y  th e  M eta ls D iv is io n  of I.C .I. is 

a  w e a lth  of sp e c ia lise d  m an u fac tu rin g  

e x p e r ie n c e  a n d  a  te c h n ic a l re sea rch  se r

v ic e  w h ic h  en su res th e  h ig h e s t s ta n d a rd  

of q u a li ty . E n q u irie s  w ill  b e  w e lco m e d  

a n d  th e  se rv ice s  of ou r te c h n ic a l d e 

p a rtm e n t a re  a v a ila b le  a t a n y  tim e to 

assist in  th e  so lu tion  of sp ec ia l p rob lem s.

M .48
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A ll  m a n n e r  o f  w a r  p r o b l e m s  h a v e  b e e n  s o l v e d  b y  

a l u m i n i u m  a n d  i t s  a l l o y s .  N e w  i d e a s  h a v e  b e e n  

t e s t e d ,  h a v e  t a k e n  s h a p e , a n d  h a v e  s u r p r i s e d  t h e  

e n e m y .  A l l  t h e s e  n e w  i d e a s  a r e  a v a i l a b l e  n o w  

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

s u p p l i e s — i n  v a s t  q u a n t i t i e s .  A l u m i n i u m  a n d  

i t s  a l l o y s  a r e  f u l l y  e q u ip p e d  t o  t a c k l e  t h e  

p r o b l e m s  o f  p e a c e .

A L U M I N I U M  U N I O N  L I M I T E D
A fully-owned subsidiary o f Aluminium Limited, Montreal. Canada

G R O S V E N O R  H O U S E , P A R K  L A N E , L O N D O N , W J

R E S E A R C H  LEADS PRODUCTION



W . H . A. R O B E R T S O N  i  C R  LT-°  B E D F O R D  • E N G L A N D

D I E C A S T I N G S

P R E S S U R E
A N D

G R A V I T Y  

D I E - C A S T I N G

I N

A L U M I N I U M  

ZIN C  &  B R A S S  

A L L O Y S

MOORE'S (Bournemouth) Ltd. 
285, HOLDENHURST ROAD, 

BOURNEMOUTH
Phone : BOSCOMBE 2400-1

A N O D I C  T R E A T M E N T
of Aluminium and its Alloys

C H R O M A T I N G
of Magnesium Alloys

T E C H N I C A L  

P L A T I N G S  L T D .
CRAIGS W O R K S, LU T H ER  ROAD,

T E D D I N G T O N

T ELEPH O N E  - M O LESEY  240

TRAD E * * G I L T E C ”  M ARK
A PPR O V ED  A .I.D . A IR  M IN ISTRY  

REF. N O . 138521/3 I

“ T . P . ”
FOR

A N O D I S I N G
NATURAL & COLOURED FINISHES

R O B E R T S D N  s t r i p  f l a t t e n i n g  

M A C H I N E

xii Advts. L IC H T  M E T A LS  August, 1945

N - t y p e  9 - r o l l  

G e n e r a l - p u r p o s e  

M a c h i n e  w i t h  

m o t o r  d r i v e  a n d  

t o t a l l y  e n c l o s e d  

g e a r i n g .  F o r  

N a r r o w  S t r i p s  i n  

a l l  M e t a l s .

dm 953
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B O R R O W E D

N O T  T O  B E

there is no need to lend or borrow
documents — to hold up discussion while they are 
“ passed round.” Charts, graphs, sketches, records, 
instructions and reports can all be quickly copied 
by the ‘Photostat’ machine. In this way, every 
executive and technical expert engaged on the job is 
provided with his own complete set of documentary 
material.

‘ Photostat’ copies are exact photographic fac
similes of the originals. They stand up to the wear and 
tear of working conditions. The ‘ Photostat ’ machine 
is simple to use, and thorough training is provided for 
all operators, without charge. For full particulars, or 
to arrange for a demonstration, you are invited to 
write to Photostat Limited at the address below.

P H O T O S T A T  L i m i t e d
DEPT. 66, AD ELA ID E HO USE, K IN G  W ILL IA M  ST.. LO N D O N , E.C.4. PHONE: M A N SIO N  HO U SE 8226
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C R E O S O T E -  

P 1 T C H  F I R I N G

A  number of firms adopting 
this fuel have encountered 
new Refractory Problems 
caused by corrosion and 
Vitrification Spalling.

If a suitable design of burner is used, the 
trouble can usually be overcome by using 
a High Alumina Firebrick such as NETTLE 
(42/44% Alumina)—a point proved by the 
practical experience of several customers. 
An additional protection to the brickwork 
by washcoating with Maksiccar II. or Stein 
Sillimanite Cement will often be found 
economic. Further information will be 
gladly supplied on request.

I D
LONDON * IlftMINGHAH

These A.I.D. Approved Laboratories are now 
used exclusively by all leading Aircraft 
Producers for the X-Ray Examination of 
Class I and Class II Castings.

I N D U S T R I A L  A N D  

M E T A L L U R G I C A L  

X - R A Y  S E R V I C E

LONDON LABORATORIES: 
ACTON. London. W  3.

Head
53,

-e Works. Grove Place
Office and Midland Laboratoriei:
Wentworth Road, Harborne. BIRMINGHAM. 1̂7

F L U X E S

Sodium  Fluoride Calcium Fluoride
Am m onium Barium Fluoride

Bifluoride

Magnesium Lithium Fluoride

Fluoride Cryolith ionite

R. CRUICKSHANK, LTD., Camden Street,
BIRMINGHAM, 1. ■Phone : Cen. 72I3.

T o  S M E L T E R S  &  U S E R S  o f  A L U M IN IU M
L A R G E  Q U A N T IT IE S  o f  S E G R E G A T E D

c ^ m m iu m ^ l̂ M t n in g s  £>f
A V A IL A B L E  f o r  IM M E D IA T E  D IS P O S A L

R . J . COLEYs’ S O N ^ ^ lIP
JUBILEE WORKS, CHAPEL ROAD. HOUNSLOW. MIDDLESEX MANCHESTER
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Typical product of our special alloy
foundry a hearth plate weighing
256 lbs., for an electric furnace.

/ / e a t  r e s is t in g

e a s t in a s

From our special alloy foundry, we can offer corrosion and 
heat resistant alloy steel castings to meet most industrial
applications these nickel chromium alloys have been
proved over a wide range of operating conditions and possess 
strength and long life coupled with easy machineability.

O ur metallurgical chemists have applied their knowledge to the problem 
of casting alloy steels and in combination with highly skilled foundrymen 
ensure the highest possible quality of finished product.

I n c a n d e s c e n t  a ?/
C O R N W A L L  R O A D  ‘ S M E T H W I C K  • STAFFS. Telephone : SMETHWICK0875
LONDON OFFICE : 16 G R O SV EN O R  PLACE, LO N D O N , S .W .I.  Telephone : SLO AN E 7803 & 9318



G I B B O N S

Gibbons Bros. L td ., Dibdale Works, Dudley. Phone: Dudley 3141 (  P .A .B .X .). Grams :li Gibbons, Lower GornaV 9.  

London Office : 151-4 Palace Chambers, Westminster, S. W .l .  Telephones : Whitehall 641J -S  and S359.
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G a s  P r o d u c e r  P l a n t

General view o f operating platform o f Producer Plant.

Installation  of five m e
chanical self-vapourising 
Gas Producers each gasi- 
fyinghalfaton ofCokeand 
m an u fac tu rin g  7 5 , 0 0 0  

cub. ft. of 1 3 0 B.T.U. Gas 
per hour. W e design, 
manufacture and erect 
Gas Producer Plant to 
individual requirem ents.

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

L i m i t e d

I N V I T E  

E N Q U I R I E S  

F O R  

C I V I L  U S E S

Temporary Head Office :

Dolgarrog, Conway, Caernarvonshire
T e le p h o n e :  D o lg a rro g  211 T e le g ra m s : F lu x o d e , D o lg a rro g



COPPER • IRON • NICKEL • COBALT • MOLYBDENUM - TUNGSTEN 
L E A D -T IN  - AND ALLOY POWDERS OF ALL DESCRIPTIONS

Spectrograph«c Analysis G uarantees High Purity

August, 1945 LIGHT METALS Advts. xvii

THE STORY C A N  N O W  BE TO LD

During the war years, we at Powdertoys did not 
advertise. But the output of our factories |>oured 
into the war machine in an ever increasing stream. 
Our output grew as the war effort of Britain and her 
Allies continually mounted. And our never-ending 
research into all aspects ol Powder Metallurgy put us 
in the forefront of metal powder producers.

To»day we are equipped and ready to assist all Industry. 
Our powders arc rigorously quality-controlled for 
purity. We can supply almost any metal or alloy 
powder with specific qualities required for most 
Powder Metallurgy applications.

O n /i/ / / /a /  P u r /h / P o u /e/er fu / 
ć /c /e  a  ///a /¡  Û u a / / / t f  P ra e /t/c /.

O U R  P R O D U C T S  I N C L U D E

• Alloy Powders for Sintered Permanent Magnets
• Powders for Sintered Metallic Friction Material*
• Metallic Lead Powder for Pigment# & Lead

A ccum ulators

O u r / tro d u e f/ o t)  
ó ćtc k ó ć/ û y  o a r f i/ f ie r ó

u /O /ćk a r e  /O e //# & £/ y
o f fhe/r /n  fhe Br/ffch Em/i/ng /\C>

T O R R iN G T O N  A V ENU E. C O V E N T R Y . 
■PH O N EaC RA M S; C O V E N T R Y  6 6 6 6 1



Fill HfilllSH ALUMINIUM CO. 110. SALISBURY HOUSE LONDON WALL LONDON EC?
Telephone : CLErkcnwell 3494 L U 1 U U I1  L . U . L

—  Telegrams : Cryolite. Ave. London

K I T C H E N T R A N S F O R M A T I O N
kltc en of fifty years ago spelt romance to the young but 

untold toil to the cook. There might be a cricket on the hearth, 
but there would be beetles in the wainscot, dust and heat every
where. unnecessary waste of fuel and of human labour. The 
modern counterpart is an amazing contrast in light and space 
handiness and hygiene. The old sleepily singing cast iron kettle 
and the massive saucepan have given way to the beautifully clean, 
featherweight aluminium equipment, good to look at and easy 
to cook with, pleasantest of pictures in a modern frame all within the lifetime of the British Aluminium Company Ltd.
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E D I T O R I A L  O P I N I O N

L i v e  W i r e s

A S an heroic gesture we blame ourselves for our deep ignorance concerning 
so many vital developments in the field of light-alloy application, and, 
imbued with this spirit of martyrdom, approach the broad territories 

embracing that vast and complex group of interests referred to as the electrical 
industries.

Part of the difficulty, of course, arises by reason of the fact that, not one, but 
a whole mass of industries is tied up under this general title, and, whether the 
product be a minute filament lamp for use in surgery, or a giant turbogenerator, 
each in its own field is of vital importance and, ultimately, of equal interest to 
suppliers of raw material. And here aluminium comes into the picture.

Undoubtedly the war has had much to do with that general incoherence 
which characterizes the technical literature and files of technical data covering 
the use of light metal in electrical engineering, but some responsibility must 
be laid at the doors of officials in the appropriate concerns, who, for reasons 
best known to themselves, have pursued a policy of “ hush-hush ” so extreme 
that even the Ministry of Information might be constrained to blush. Finally, 
as we have said before in these pages, even the aluminium industry itself has 
erred all too frequently by “ sitting” on news of technical interest for so 
long that the egg became addled. The fault is not confined to any one 
country, nor, indeed, to any one group of interests; in this instance it happens 
to be rather more pronounced than usual.

It is quite certain that, during the past 10 or 15 years, masses of work must 
have been done in the use of aluminium windings for electrical machinery, 
the insulation of such windings consisting not of the ordinary organic media, 
or of the inorganic glasses which, we believe, made their appearance just 
prior to the war, but rather of anodic films. We are quite frankly unaware 
of the extent to which investigations were pushed in this country. Bollino, 
of Magneti Marelli, speaking at the Milan Conference in 1939, indicated quite 
clearly that, in Italy, at all events, the. use of aluminium windings had been

D
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examined very fully on a production basis. Somewhat tantalizingly he 
glossed airily over his personal dislike for anodic insulation, complaining 
that on fast automatic winding machinery the film tended to crack and 
exfoliate somewhat more readily than stoved lacquer.

From that point onwards the subject seemed virtually dead until, from 
Russia, comes the next item of news. Now the interest here is twofold: first, 
various Russian workers appear to have set out, not only with the avowed 
intention of producing an anodic film suitable for insulating purposes, but, 
having done so, to have tried the thing out on a generous scale. We are left 
in some doubt as to how far successful large-scale laboratory prototypes have 
been adopted for commercial exploitation.

Upon the exuberance of some of the more recefit Russian work we will 
not comment here, excepting to point out that, in its general make-up, it 
bears a strange resemblance to the systems in vogue in England in the middle 
of the 19th century and in U.S.A. towards the close of that epoch, periods 
in both countries coinciding with the dawn of an age of great commercial 
and scientific expansion. Rather more to the point in our present argument, 
is the odd reference to the use of specific aluminium alloys in an attempt to 
obtain an anodic film of superior elastic properties.

Now in this country we certainly know all about attempts made 
elsewhere to employ aluminium alloys in place of the pure metal
for electrical conductor systems, within which term we include not
only transmission lines, but machine windings as well; as to what work 
has been done here in the domestic utilization of such knowledge, however, we 
are quite ignorant. Fairly exhaustive and long-continued questioning of many 
electrical engineers of diverse standings in the profession, too, has revealed, 
by and large, an extraordinary ignorance of aluminium other than in its 
more banal aspects.

It is hoped that for the purpose of clearing up this position (and other
muddles, too, of a like nature), A.D.A. will, at the earliest possible moment,
institute effectual liaison between its own research organization and those of the 
electrical industries. We hope, too, that the live wires of this new association 
will, by pushing out information as fast as it comes to hand, discourage 
brooding.
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BEFO R E passing on once again to the 
story of the development of the alu
minium bicycle, it might not be out of 
place to expand slightly upon the comments 
presented in the last paragraph of the open

ing section of this account ( "  E ight M etals,” 
Ju ly , page 862).

From w hat has been said already, and 
from w hat is to follow, it. becomes abun
dantly  clear th a t the problems involved are 
no t merely technical, nor do they concern 
only variations in production methods. 
They are m ostly concerned with the rider's 
reaction to the different "  feel ”  of machines 
respectively in aluminium and in steel.

This statem ent is made in the full realiza
tion th a t we lay ourselves open to attack  
from those outside the bicycle industry. 
Professional cyclists, however, and m anu

facturers, are well aware of the somewhat 
cautious a ttitude which their colleagues 
generally adopt towards a bicycle which in 
any way departs from tradition. Now this 
a ttitude, whilst it may be condemned, 
cannot be ignored, and i t  is suggested th a t 
as the all-light-alloy bicycle is, now, all bu t 
a popular reality, lesser problems concern
ing production and assembly might, with 
advantage, be pushed a little into the back
ground, whilst attention  is given to the 
vague, bu t obviously urgent, “  psycho
logical ” requirem ents of the user.

In following ou t the history,, therefore, of 
the development of the light-alloy bicycle 
as we present it here, sight should no t be 
lost of the interplay of the various factors 
involved, more especially as, even now, 
finality has no t been reached.

D*

Fig. 5 (above).— Duralumin 
bicycle frame.

Fig. 6 (left).— The Fonteyn 
brazed duralumin frame. 
Shown in the inset is a 
close-up view of the fork 

crown.

L I G H T - A L L O Y  B I C Y C L E S

Concluding from  
“  Ligh t M etals,”
T94JI $ 13t>2> an 
Account o f the 
Development and 
Present Status o f 
the A lu m in iu m  

Picy cle
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Fig.

T h e  g re a t  d ifficu lty  
w h ich  h a s  a lw a y s  
c o n fro n te d  th e  l ig h t
w e ig h t ibicycle m a n u 
fa c tu re r ,  a n d  o n e  
w h ich  is n o t  y e t  c o m 
p le te ly  so lv e d , is t h a t  
o f  p ro d u c in g  a  s a t is 
f a c t o r y  lig h t-a llo y  
f ra m e , a n d  th e  su b se 
q u e n t  h is to ry  o f th e  
lig h t-a llo y  b icy c le  is 
la rg e ly  a n  a c c o u n t o f  
th e  e v o lu tio n  o f  a lu -  
m in iu m -a llo y  b icy c le  . 
f r a m e s ,  su ccessfu l 
fro m  th e  te c h n ic a l 
p o in t  o f v iew  b u t  n o t  
o f te n  fro m  th e  an g le  
o f  c o m m e rc ia liz a tio n .
N a tu ra l ly , th e  h igh - 
s t r e n g th  l ig h t  a llo y s 
m u s t  be  se lec ted ; 
a llo y s  o f  th e  d u ra lu 
m in  ty p e  h a v e  m e c h 
a n ic a l p ro p e r t ie s  a f te r  h e a t  t r e a tm e n t  o f th e  
sa m e  o rd e r  a s  th o se  o f s te e l, a n d  n u m e ro u s  
a t t e m p ts  h a v e  b een  m a d e  in th e  p a s t  to  
b u ild  b icy c le  fra m e s  fro m  d u ra lu m in  tu b e  
w h ich  is a v a ila b le  c o m m e rc ia lly . M a n y  of 
th e se  h a v e , h o w ev er, been  u n su c cess fu l, d u e  
to  th e  d if fic u lty  o f m a k in g  s a t is f a c to ry  
jo in ts  w i th o u t  re d u c in g  th e  s tr e n g th  o f  th e  
a llo y  a t  these  p o in ts . T h is  r e q u ire m e n t of 
a v o id in g  g r e a t ly  e le v a te d  te m p e ra tu re s  
a u to m a tic a l ly  e lim in a te s  su c h  p rocesses as 
w e ld in g , w h ich  n u llify  th e  effec ts o f  th e  p re 
v io u s  h e a t  t r e a tm e n t ,  w h ils t  lo w -te m p e ra -  
tu r e  so ld e rin g  is a  h ig h ly  sk illed  p ro cess , a n d  
o n e  w h ich , u n t i l  v e ry  re c e n tly , d id  n o t  a lw a y s  
g iv e  s a t is fa c to ry  re su lts . M o st lig h t-a llo y  
f a b r ic a to r s  s til l  c o n s id e r  t h a t  low  te m p e ra 
tu r e  o r  so f t  so ld e rin g  is b e s t  le f t a lo n e  w h ere  
re s is ta n c e  to  h ig h  s tre sses  a j id  re l ia b ili ty  a re  
im p o r ta n t  c r i te r ia .  C a s tin g  h a s  been  n o  
so lu tio n  to  th e  p ro b lem , p a r t ly  b e cau se  of 
th e  lo w er m e c h a n ic a l p ro p e r t ie s  ac h ie v e d  
a n d  p a r t ly  b e c a u se  o f  th e  d a n g e r  o f  fine 
c ra c k in g  a t  th e  b e n d s . T h e  in tro d u c tio n  o f 
c e r ta in  a lu m in iu m  c a s tin g  a llo y s  of

7.—-Illustrated here is a  set 
duralum in m udguards.

ol

e x t r e m e l y  h i g h  
s t r e n g th  ju s t  befo re  
th e  w ar, a n d  th e  
e x p e rien ce  w h ich  h as 
been  g a in e d  in  th e  
sa n d  a n d  d ie  c a s tin g  
o f  th ese  a llo y s  in to  
a i r c r a f t  p a r ts  of 
s im ila r ly  a w k w a rd  
se c tio n , used  in c o n 
ju n c t io n  w ith  th e  
ra d io g ra p h ic  a n d  
f lu o ro sco p ic  m e th o d s  
o f  in sp e c tio n  fo r p o ro 
s i ty , c ra c k s  a n d  o th e r  
d e fe c ts  w h ich  h av e  
b een  d ev e lo p ed  d u r in g  
th e  w a r  to  e n a b le  th e  
s t r in g e n t  r e q u i r e 
m e n ts  o f o u r  a rm e d  
fo rces to  be  m e t, lead  
o n e  to  c o n je c tu re  
w h e th e r  th e  sa n d - 
c a s t in g  p ro cess m ig h t 
n o t  now  be  w o r th y  of 

fre sh  s tu d y  a n d  e x p e r im e n t as a  m e th o d  of 
p ro d u c in g  lig h t-a llo y  b icy c le  f ram es .

T h a t  th e  id e a  o f  a  su ccessfu l f o u n d ry  te c h 
n iq u e  h a s  n o t  b e e n  e n tir e ly  a b a n d o n e d , is 
d e m o n s tra te d  b y  a n  i l lu s tr a t io n  g iv en  in  th e  
firs t p a r t  o f  th is  a c c o u n t.  T h e  f ro n t  fo rk  
sh o w n  th e re  is p ro b a b ly  a  g ra v i ty  d ie -c a s t
in g , b u t ,  u n fo r tu n a te ly ,  n o  f u r th e r  s t r u c 
tu r a l  d e ta i ls  a re  a v a ila b le .

H o w e v e r , t o  r e tu rn  to  o u r  h is to r ic a l d is 
cu ss io n , th e  n e x t  d e v e lo p m e n t ca m e  in 1930, 
w h en  th e  D elage  co n ce rn  in P a r is  c o m m e r
c ia lized  a n  a lu m in iu m -a llo y  f ram e  m ad e  
f ro m  tu b in g  assem b led  in  lu g s  b y  a  p lu g - 
e x p a n d e r  m e th o d . I t  w a s  rea lly  of c o m 
p o s ite  c o n s tru c t io n . T h e  tu b e s  "them selves 
w ere  o f a lu m in iu m  a llo y  a n d  th ese  w ere 
e x p a n d e d  in to  lu g s  m a d e  o f c a s t  iro n  b y  
m e a n s  o f  in te r io r  e x p a n d e rs . T h e  f ro n t  
fo rk s , s e a t  tu b e , re a r  (p ill io n )  s e a t  and_th.e 
v a r io u s  s ta y s  w ere  a lso  m a d e  o f a lu m in iu m  
a llo y . T h is  f ra m e  so ld  fo r a b o u t  £ 5  10s. in  
E n g lis h  m o n ey .

B e tw e e n  1930 a n d  1939, a  n u m b e r  o f d if 
fe re n t d es ig n s  o f a lu m in iu m  fram e  w as

Fig. 8.— Designed for heavy duty, these Fig. 9.— Duralumin handlebars with forged
racing handlebars are in duralumin. duralumin joint to give high strength.
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Description Track-
racing

Road-
racing Roadster Touring Current models 

in steel

Half-equipped frame with forks, head and 
bottom bracket bearings, cranks and chain
wheel 2,950 gm. 

(6J lb.)
3,600 gm. 

(8 lb.)
3,800 gm. 

(81 lb.)
3,900 gm. 

(8J Ib.;
5,000-6.000 gm. 

(11-13 lb.)

Fully equipped bicycle .. 6,900 gm. 
(15 1b.)

7,900 gm. 
(17 1b.)

8,850 gm. 
(191 lb.)

10,400 gm. 
(23 lb.)

11,000-17.000 gm. 
(24-37 lb.)

Detailed weights of the different types of bicycle in steel are not shown, as they vary according to the 
equipment fitted— number of brakes, mudguarding, lighting— but the usual range of weights is indicated 
showing the above-mentioned weight reduction of 4 to 6 kg. (9-13 lb.).

e v o lv e d , each  w ith  i t s  ow n  m e a su re  o f su c 
cess. M a g ri a n d  G a lm o zz i in  M ilan  b u i l t  u p  
a  f ra m e  f ro m  a lu m in iu m -a llo y  tu b in g  in  
w h ich  jo in t in g  w as effec ted  b y  m e a n s  of 
e x p a n d e rs  fo r  th e  m a in  fram e  a n d  b y  
w e ld in g  in  th e  case  o f  th e  f ro n t  a n d  re a r  
fo rk s  a n d  th e  c h a in  s ta y .  T h e  m o d e l so ld  
fo r  £ 1 1 . B a c k  in  P a r is ,  O sc a r  E g g  p ro d u c e d  
a  c o m p le te ly  w e ld ed  f ram e  in d u ra lu m in  
tu b in g  w h ich  re ta ile d  a t  £ 1 0  1 0 s.

The Delage B icycle
In  1933 cam e  a n  im p o r ta n t  s ta g e  in  th e  

d e v e lo p m e n t o f th e  lig h t-a l lo y  b icy c le  f ra m e  
w h en  M. G . P y  in v e n te d  a  su ccessfu l new  
m e th o d  of c o n s tru c t io n , in c o rp o ra t in g  
jo in t in g  b y  p u re ly  m e c h a n ic a l m ean s . 
D u ra lu m in  fram es b u i l t  on  th is  sy s te m  w ere  
p ro d u c e d  b y  th e  A n c ie n s  E ta b lis s e m e n ts  
D e lag e , o f  12, R u e  H o n n e t ,  C lich y , P a r is . 
S uch  p a r ts  a s  rim s, h a n d le b a rs ,  s e a t  p in s , 
p ed a ls , c h a in  w heels , m u d g u a rd s  a n d  o th e r  
f i t t in g s  w ere  a lr e a d y  a v a ila b le  in  l ig h t  
a llo y  a n d , b y  m a k in g  use  o f  th e se , i t  w a s  
p o ss ib le  to  p la c e  u l t r a - l ig h t  m a c h in e s  o f 
v a r io u s  ty p e s  on  th e  F re n c h  m a rk e t .  T hese  
h a v e  been  w ell p ro v e d  in  use  a n d  th e y  
a t ta in e d  c o n s id e ra b le  p o p u la r i ty .  A D elag e  
d u ra lu m in  b icy c le , c o m p le te ly  s tre a m lin e d  
b y  a n  a lu m in iu m  sh e ll, w as u se d  b y  M . 
B e r th e t  o n  S e p te m b e r  9, 1933, w h en , on  a  
P a r is  tr a c k , he c o v e re d  th e  re c o rd  d is ta n c e  
(u n p a c e d )  o f 48 k m . 604 m . (30 .2  m iles) 
in  th e  h o u r.

T h e  e s se n tia l fe a tu re  o f  th e  D elag e  (or. P y ) 
f ra m e  w as th e  u se  o f  d u ra lu m in  tu b e s  f i t t in g  
in to  in u lti-d ire c tio n a ]  sleeve  jo in ts  o r  lu g s  
in w eld less s te e l tu b in g ;  lu g s  f a b r ic a te d  from  
fo rm ed  a n d  w eld ed  sh e e t w ere  n o t  s tro n g  
e n o u g h  to  w ith s ta n d  th e  s tre s se s  o f  f itt in g  
a n d  fa s te n in g . T h e  d u ra lu m in  tu b e s  m a k 
in g  u p  th e  f ra m e  w ere  in se r te d  b y  fo rce  in to  
th e ir  lu g s, m a k in g  a  re a lly  t i g h t  f it. B y  
m e a n s  o f  a  c h u c k , th e  e n d s  o f  th e  v a r io u s  
d u ra lu m in  tu b e s  w ere  th e n  e x p a n d e d  a n d  
fixed so a s  to  re s is t  a n y  fo rce  te n d in g  to  pu ll 
th e m  o u t .  T o  a llo w  th e  e n t r y  o f  th e  c h u c k , 
th e  lu g s  w ere  p ie rced  o p p o s ite  th e  b ra n c h e s , 
th e  a p e r tu re  b e in g  a f te rw a rd s  fd led  in  t.y  
m e a n s  o f  a n  a u to g e n o u s ly  w elded  p iece  of 
sh e e t u n d e r  c o n d it io n s  in  w h ich  th e  te m p e ra 
tu r e  d id  n o t  exceed  150 to  180 d eg rees  C . A

p a r t ia l ly  s l i t  ta p e re d  a n d  sh a p e d  sleeve  of 
d u ra lu m in  tu b in g  se rv e d  a s  a n  in te rn a l  re in 
fo rc e m e n t to  th e  w h o le  a s se m b ly , w h ich  w as 
a lso  p in n e d  d ia m e tr ic a l ly  fo r  a d d i t io n a l  
se c u r i ty . T h e  m e th o d  o f  jo in t in g  w ill be  
c le a r  fro m  th e  d ra w in g s  in  F ig . I ( "  L ig h t  
M e ta ls ,”  1 9 4 5 /S /3 6 0 ) . O n e  o f  th e  c o n d i
t io n s  in d isp e n s a b le  to  a  su ccessfu l jo b  c o n 
s is te d  in  th e  v e ry  a c c u ra te  m a c h in in g  o f  th e  
lu g s a n d  tu b e s , w h ich  h a d  to  b e  c a r r ie d  o u t  
to  w ith in  a  h u n d re d th  o f a  m illim e tre  
(0 .0 0 0 4  in . ) .

T h e  r ig id i ty  o f  th e  s t r u c tu r e  w as e n su re d  
b y  a  m e th o d  o f  f ix in g  a c c o rd in g  to  w h ich  th e  
sa d d le  a n d  h e a d  lu g s  w ere  r iv e te d  to  th e  
l ig h t-a llo y  tu b e s , th e  h e a d  lu g s  b e in g  he ld  
a lso  b y  tw o  sh o u ld e r  p ieces a g a in s t  th e  
in te rn a l  re in fo rc in g  sleeve . T h e  d ia m e te rs  
a n d  g a u g e s  o f  th e  d u ra lu m in  tu b e s  w ere  c a l 
c u la te d  so t h a t  R I  a n d  E l  w o u ld  be  g re a te r  
th a n  in  th e  case  o f tu b e s  in  th e  u su a l ty p e  o f 
s tee l fra m e , I  b e in g  th e  m o m e n t o f in e r t ia ,  
R  th e  u l t im a te  te n s ile  s t r e n g th ,  a n d  E  tl.e  
m o d u lu s  o f e la s t ic ity . T h ese  a re  th e  c o m 
p o n e n ts  w h ich  d e te rm in e  re s is ta n c e  to  ten s ile  
a n d  to rs io n a l  s tre sses  a n d  th e  a m o u n t  o f 
d e flec tio n .

I n  p ra c tic e , a  h a lf -e q u ip p e d  f ra m e  w a s 
f irs t  a s se m b le d , c o n s is tin g  o f th e  d u ra lu m in  
f ra m e  f i tte d  w ith  f ro n t  fo rk s , b a ll-b e a rin g  
c u p s  in  c h ro m iu m  ste e l fo r th e  s te e rin g , 
b o t to m  b ra c k e t  sp in d le  a n d  b e a r in g  sh e lls  in 
n ic k e l-c h ro m iu m  s te e l, a n d  th e  ch a in w h ee l 
a n d  c ra n k s , th e se  la s t  th re e  p a r t s  b e in g  in 
d u ra lu m in . T h e  c r a n k s  w ere  in c re a se d  in 
s e c tio n , p a r t ic u la r ly  a t  th e  b ase , to  m a k e  
u p  fo r  th e  lo w er m o d u lu s  o f e la s t ic ity  o f 
t h e  l ig h t  a llo y . I t  w as fo u n d  t h a t  th e  
D e lag e  h a lf -e q u ip p e d  fram e  w eig h ed  a t  le a s t  
2 k ilo g . (41 lb .)  less th a n  its  c o u n te rp a r t  in 
a ll fe rro u s  m e ta ls .

T o 'p ro d u c e  th e  c o m p le te  D e la g e  m ac h in e , 
u se  w as m a d e  of d u ra lu m in  f i t t in g s  w h e re v e r  
p o ss ib le . T h u s , h a n d le b a rs  w ere  m ach in e - 
fo rm ed , u s in g  jig s  a n d  c h u c k s , fro m  d u ra lu 
m in  t u b i n g . h e a t- t r e a te d  b u t  n o t  a g e -h a rd 
e n e d . T h e y  w ere  f itte d  w ith  jo in ts  in  fo rged  
o r  m a c h in e d  d u ra lu m in , a n d  s te m s  in  d u r a lu 
m in  tu b in g . M u d g u a rd s  a n d  m u d g u a rd  
s ta y s , r a c in g  a n d  ro a d s te r  p e d a ls , s ing le- a n d  
d o u b le - th re a d e d  h u b s , s e a t  p in s , a n d  sa d d le



368 LIG H T M ETALS August, 1945

fram es w ere a ll  in  m a c h in e d  d u ra lu m in . 
W in g  n u ts  fo r fa s te n in g  th e  w h ee ls , b ra k e  
lev e rs , c ra n k s , a n d  c h a in w h e e ls  w ere  in 
fo rged  d u ra lu m in . A ccesso ries  su c h  a s  th e  
lu g g a g e  c a r r ie r  w e re  m a d e  w i th o u t  d iffi
c u l ty  in  th e  sa m e  m a te r ia l .  W h ee l rim s 
w ere  m a d e  e i th e r  in d u ra lu m in  o r  in m a g 
n es iu m  a llo y , th e se  m a te r ia ls  sh o w in g  g re a t, 
a d v a n ta g e s  o v e r  stee l n o t  o n ly  in th e ir  l ig h t
ness b u t  a lso  b y  re a so n  o f  th e i r  f le x ib ility , 
w h ich  w as c o m p a ra b le  to  t h a t  o f w ood .

T h e  n e t  re su lt  o f  th is  in te n s iv e  a lu m in iz a -  
t io n  w as a  c o n s id e ra b le  re d u c tio n  in w e ig h t, 
o f th e  o rd e r  o f  9 to  13 lb .,  a c c o rd in g  to  th e  
ty p e  o f b icy c le . T h e  ta b le  o n  th e  p re c e d in g  
p ag e  g iv es d e ta i le d  figu res.

T h u s , fu lly  e q u ip p e d  to u r in g  m a c h in e s  in  
d u ra lu m in  w ith  th re e -sp e e d  g e a r  a n d  lu g 
g ag e  c a r r ie r  w eighed  10.5 k ilo g s . (23 lb .) , 
c o m p a re d  w ith  16 to  18 k ilo g s . (35 to  40 lb .)  
fo r  c o r re sp o n d in g  m a c h in e s  in  stee l. T h e  
w e ig h t  re d u c tio n  w as p a r t ic u la r ly  n o tic e a b le  
a s  re g a rd s  th e  r im s , h a n d le b a rs , h u b s , c h a in 
w heels a n d  c ra n k s , ra n g in g  fro m  400 to  
(KM) g m . (0 .9  to  1 .3  lb .)  fo r e a c h  o f  th ese  
c o m p o n e n ts . I n  g en e ra l, th e  r e d u c tio n  in  
w e ig h t o b ta in e d  w as  25 p e r  c e n t .

D ue to  th is  re d u c tio n  in  w e ig h t, use rs 
w ere  a b le  to  r e p o r t  t h a t  a n  im p o r ta n t  s ta g e  
h a d  been  re a c h e d  in  th e  d ire c t io n  o f  e ffo r t
less r id in g . F o r  e x a m p le , a  t r ip  m a d e  p re 
v io u s ly  a t  a n  a v e ra g e  o f  104 m .p .h .  co u ld  
be  c o v e re d  a t  1 3 | m .p .h .  w i th o u t  e x tr a  
e ffo rt; in  a n o th e r  ca se , th e  le n g th  o f th e  
d a ily  ru n  w as in c rease d  w ith o u t  e ffo rt fro m  
93 to  137 m iles; w h ils t  in  a  th ird  ca se  an  
e x t r a  13 to  15 lb . o f  u se fu l w e ig h t co u ld  be 
c a r r ie d , w h ich  w as g re a tly  a p p re c ia te d  in  
th is  in s ta n c e , a s  th e  r id e r  w a s  a  cycle- 
c a m p e r .

A c c o m p a n y in g  i l lu s tr a t io n s  sh o w  so m e  of 
th e  D elag e  m o d e ls  a n d  th e ir  d u ra lu m in  f it

tings. Experim ents are stated to have been 
carried out by Delage on the use of mag- 
nesium-alloy tubing for the construction of 
the frame, by which means it was hoped to 
achieve an even greater reduction in weight; 
Details and results are, however, lacking.
S tren g th  o f llw  Delage Frame

A sy s te m a tic  s tu d y  of th e  b e h a v io u r  of 
D e lag e  b icy c le s  o v e r  a  p e r io d  o f se v e ra l 
y e a r s  co n firm ed  t h a t  th e  s t r e n g th  o f  th e  
m a c h in e s  w as a c tu a l ly  g re a te r  th a n  t h a t  of 
s im ila r  a lee l m o d e ls . In  a d d i t io n ,  s ta t ic  
te s ts  w ere  c a r r ie d  o u t  b o th  u n d e r  th e  c o n 
d i t io n s  specified  fo r  A rm y  b icy c les a n d  a lso  
u n d e r  c o n d it io n s  c o r re sp o n d in g  m o re  to  
a c tu a l  u sage . W ith  s u p p o r ts  u n d e r  th e  f ro n t  
a n d  re a r  fo rk  t ip s , in  th e  f ir s t  in s ta n c e , th e  
lo a d s  w ere  d is t r ib u te d  o v e r  th e  c e n tre  p o r 
t io n  o f th e  to]) tu b e  b y  m ean s  o f  s te e l sleeves 
15 c m . (5 .9  in s.)  lo n g , a n d  in th e  seco n d  
th e y  w ere b o rn e  b y  th e  se a t tu b e . T h e  
te s ts  w ere  m a d e  o n  a  d u ra lu m in  f ra m e  b u i l t  
o f 2 5 /2 8  m m . ( 0 .9 8 / 1 .1 -in .)  tu b in g , a n d  a  
steel f ram e  o f 2 6 /2 8  m m . ( 1 .0 2 /  1 . 1 0 -in .)  
tu b in g ,  th e se  b e in g  th e  s t a n d a rd  d im en sio n s  
used  in  b u i ld in g  ste e l a n d  d u ra lu m in  
b icy c le s  o f th e  sa m e ty p e .  R e su lts  o b ta in e d  
a re  t a b u la te d  below .

D y n a m ic  te s ts  o n  th e  ro a d  g av e  fu ll s a t is 
fa c tio n  a n d  th e i r  r e su lts  h a v e  b een  co n firm ed  
b y  h u n d re d s  o f  u se rs  a n d  b y  h ig h ly  q u a lif ie d  
t e s t  r id e rs  w o rk in g  o v e r  b a d  su rfaces  a n d  
u n d e r  th e  m o s t  e x a c tin g  c o n d itio n s .

The flexibility of the duralumin frame was 
found to  act as a very efficient shock 
absorber for the effects of road jolts and 
vibrations. The frame tubes and other 
duralum in parts were supplied in the 
polished state, which, ensured considerable 
resistance to corrosion and an extremely 
pleasing appearance.

D uralum in Steel

Load H eight Deflection Load H eight Deflection

First Scries of Tests
kg. (lb.) mm. (in.) mm. (in.) kg. (lb.) mm. (in.) mm. (in.)
c°  < r L 572 (22.52) 0 ( - ) 0 ( - ) 572 (22.52) 0 ( - )
50 (110) 570 (22.44) 2 (0.079) 50 (110) 571 (22.48) 1 (0.039)
90 (198) 568 (22.36) 4 (0.157) 90 (198) 568 (22.36) 4 (0.157)

100 (220) 567 (22.36) 5 (0.197) 100 (220) 567 (22.32) 5 (0.197)
160 (353) 565 (22.24) 7 (0.276) 160 (353) 564.5(22.22) 7.5(0.295)
170 (375) 564 (22.20) 8 (0.315) 170 (375) 563 (22.16) 9 (0.354)

Second Seri es of Tests

0 ( - ) 572 (22.52) 0  ( - ) 0 ( ~ ) 572 . (22.52) 0 ( - )
50 (110) 570 (22.44) 2 (0.079) 50 (110) 571 (22.48) 1 (0.039)
90 (198) 568 (22.36) 4 (0.157) 90 (198) 568 (22.36) 4 (0.157)

160 (353) 565 (22.24) 7 (0.276) 160 (353) 564.5(22.22) 7.5(0.295)
200 (441) 563 (22.16) 9 (0.354) 220 (485) 560 (22.04) 12 (0.472)
225 (496) 561.5(22.10) 10.5 (0.413) Dermanent
252 (551) 560 (22.04) 12 (0.472) deform ation

no perm anen t
deform ation
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F ig . 10.— W ith  th e  
e x c e p t i o n  o f  
c ra n k s , p e d a ls  a n d  
b ra k e s , th e  fro n t 
f o r k  a n d  f r a m e  
a s s e m b l y  s h o w n  
h e re  is e n tire ly  in  

lig h t a lloys.
(Courtesy High Duty 

Alloys, Ltd.)

Fig . 12 ( r ig h t ) .—
C h a in  w h eel, c ra n k s  
a n d  p e d a l s  in  

d u ra lu m in .

The Caminargent Bicycle 
Somewhat similar in principle, b u t making 

use of octagonal, instead of round, duralu
min tubing, was the Carm inargent frame 
produced in France a  year or two after the 
Delage model by the E tablissem ents Camin- 
ade, Paris. Like the Delage, no welding 
was employed, and the frame was bu ilt up 
from (octagonal) tubes held in multi-direc
tional lugs, bu t, in this case, the fixture was 
by means of bolts, the bolting arrangem ents 
being carefully designed to avoid any pos
sible weakening a t  the joints. The head 
tube and top and bottom  lugs were pressure 
die-cast in aluminium alloy, w hilst the bolts 
were made in hard aluminium alloy. The

duralum in tubes were plugged w ith vaseline- 
covered corks to  absorb vibration, and, 
therefore, to  reduce the danger of failure by 
fatigue. In addition, this served to  prevent 
the ingress of moisture. A good grip and 
accurate alignm ent were obtained by the use 
of split lugs and, if necessary, the frame 
could be dismantled and reassembled w ith
ou t difficulty, whilst the replacement of 
damaged tubes was a simple m atter.

The steel employed in ordinary good-class 
bicycle tubing is tested for a shear strength 
of 60 kg. per sq. mm ., bu t the duralum in 
used by Carm inargent would support only 42 
kg. per sq. mm. The specific gravity  of the 
light metal was, however, only 2.7 as com-

F ig . II (left). -  B rak e  
lever, p u m p  a n d  lu g g ag e  

c a rr ie r  in  d u ra lu m in .

E
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p a re d  w ith  7 .8  fo r  s te e l, w h ich  m a d e  i t  p o s
s ib le  to  in c re a s e  th e  tu b e  se c tio n  w h en  
e m p lo y in g  a lu m in iu m  a llo y  a n d  y e t  o b ta in  a  
p ro d u c t  w ith  a  lo w er w e ig h t fo r  h ig h e r  to t a l  
re s is ta n c e .

The construction of the Caminargent fork 
head is interesting. The lower end of the 
steel tube (one of the few steel items in the 
machine) had a flange pierced w ith a num ber 
of holes, the aluminium lug taking the forks 
being cast on to  this. The fork blades were 
in Almasilium, an alloy of exceptional 
toughness and flexibility, although no t so 
suitable as duralum in for the frame tubing. 
Almasilium was also used for the tubing of 
the rear forks.

S o  fa r  a s  p o ss ib le , a ll  f i tt in g s  w ere  in  
l ig h t  a llo y , a n d  th e  re su lt  w as a 'c o n s id e r 
a b le  sa v in g  in  w e ig h t; in  f a c t ,  th e  C a m in 
a rg e n t  ro a d -ra c in g  m o d e l w eig h ed  less th a n  
13J lb . T h is  m a c h in e  so ld  fo r  1 ,750 fran c s , 
w h ich  c o m p a re s  v e ry  fa v o u ra b ly  w ith  1,450- 
1 ,650 f ra n c s  fo r  a  f irs t-c lass  s te e l-f ra m e  
m o d e l o f  a n y  w e ll-k n o w n  F re n c h  m a k e  o n  
th e  m a rk e t  a t  t h a t  t im e . A  C a m in a rg e n t 
t r a c k - ra c in g  m a c h in e  w as m a rk e te d  fo r 
1,550 fra n c s . T w o  e x am p les  o f  th e  C a m in 
a r g e n t  b icy c le  a n d  o f  th e  lu g s  a n d  o th e r  
c o m p o n e n t p a r ts  a re  i l lu s t r a te d .

The F on teyn  D uralum in Frame  
S h o r t ly  b e fo re  th e  w a r  i t  w a s  a n n o u n c e d  

th a t  a n  a ll-d u ra lu m in  f ram e  w as t o  be  
h a n d le d  b y  F o n te y n  a n d  C o ., L td . ,  o f 19, 
P e rc y  S tre e t, L o n d o n , W . l .  M a n u fa c tu re d  
b y  P ie r re  C olin , a  w e ll-k n o w n  c o n tin e n ta l  
l ig h tw e ig h t sp e c ia lis t , th e  f ra m e  w as to  he  
c o m p o sed  of d u ra lu m in  tu b e s  c o m p le te ly  
b ra z e d  u p  b y  a  p a te n te d  m e th o d  k n o w n  a s  
th e  C a v a p ru d  p ro cess . I t  w as c la im e d  to  
h a v e  b e e n  th o ro u g h ly  ro a d - te s te d  fo r  six

F ig . 13 (r ig h t) .— S h o w 
in g  h o w  a  d u ra lu m in  
tu b e  fits in to  th e  b o tto m  

b ra k e  (see  Fig . 5).

F ig . 14 ( b e l o w ) .  —
W h ee l w ith  rim , h u b  
a n d  w i n g  n u t s  i n  

d u ra lu m in .

F ig . 1 5 ( a b o v e ) .  — 
F o rg ed  d u ra lu m in  h u b s . 
T h e s e  c o m p o n e n ts  a re  
h ig h ly  s tre ss e d  ; s tro n g  
w ro u g h t lig h t a lloys 
h a v e  sh o w n  th em selv e s  
a d e q u a te  to  m e e t th e  
d e m a n d s  of S e rv ice  

re q u irem en ts .

m o n th s , w ith  c o m p le te ly  s a t is fa c to ry  re su lts . 
F u l ly  g u a ra n te e d , th e  f ra m e  w as to  c o s t 
£ 9  15s., o r  a  c o m p le te  m a c h in e  co u ld  be 
o b ta in e d  fo r  £ 2 1  10s. I n  a p p e a ra n c e , th e  
f ram e  w as s im ila r  to  a  h ra z e d -u p  ste e l m odel, 
b u t ,  in  w e ig h t, i t  w as c o n s id e ra b ly  l ig h te r .

H id u tn in iu m  B icycles and Accessories 
I n  th e  b icy c le  fie ld , E n g lis h  l ig h t-a llo y  

m a n u fa c tu re rs  a n d  f a b r ic a to r s  h a v e  m a d e  
c o n s id e ra b le  h e a d w a y , a n d ,  b efo re  th e  w ar, 
a  c o n s id e ra b le  q u a n t i ty  o f h o m e -p ro d u c e d  
cy c le  acce sso rie s  in  ‘l ig h t  a llo y  w ere  b e in g  
so ld  in  th is  c o u n try .  T h e  m o s t  p o p u la r  
i te m s  w ere  h a n d le b a rs , h a n d le b a r  s te m s , se a t  
p illa rs , la m p  b ra c k e ts ,  a n d  b u t te r f ly - p a t te rn  
w in g  n u ts .  T h e  R e y n o ld s  T u b e  C o ., fo r  
in s ta n c e , m a n u fa c tu re d  a  v e ry  p o p u la r  ra n g e  
o f  th e s e  accesso ries  in  H id u m in iu m  R R 5 6  a t  
c o m p e ti t iv e  p rices . T h e  w in g  n u ts  w ere
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Fig. 17.—The Caminargent sports model, a description of which will be found in the text. 
This assembly is virtually 100 per cent, light metal.

f i t te d  w ith  a  h a rd e n e d  se rra te d  s te e l w ash e r 
to  a ffo rd  th e  g r ip , a n d  w ere  su p p lie d  in  a  
h ig h ly  p o lish e d  fin ish . T h e  re m a in in g  ite m s  
w ere  s u p p lie d  e i th e r  p o lish ed  in  n a tu r a l  
c o lo u r  o r  a n o d iz e d  a n d  d y e d , w h ils t  th e  
h a n d le b a rs  co u ld  a lso  b e  o b ta in e d  w ith  a  
b la c k  ,o r iv o ry  ce llu lo id  c o v e r in g . T h e  
w e ig h ts  o f  th e se  c o m p o n e n ts  w ere  a s  
fo l lo w : —
H a n d le b a rs  F ro m  9 oz . u p w a rd s , a c c o rd 

in g  to  size 
L a m p  b r a c k e t  ;] oz.
W in g  n u t s  . . .  1J oz. p e r  p a i r  
S e a t  p i l la rs  . . .  F ro m  4 oz, u p w a rd s , a c c o rd 

in g  to  size
T h ese  acce sso ries  w ere  e x h ib ite d  a t  th e  
B icy c le  a n d  M o to r  C yc le  S h o w  in  1935, a n d  
q u i te  d e f in ite ly  to o k  th e  p u b lic  eye .

R e y n o ld s  a lso  e x h ib ite d  a n  e x p e r im e n ta l 
ty p e  o f  a lu m in iu m -a llo y  s p o r ts  b icy c le , 
w h ich  c re a te d  g r e a t  in te re s t .  W ith  th e  
e x c e p tio n  o f th e  sp o k e s , c ra n k s  a n d  b e a r 
in g s , w h ich  w ere  in stee l, th e  e n tir e  m e ta l 
p a r t  o f  th is  b icy c le  w as c o n s tru c te d  in 
H id u m in iu m  R R otJ. T h e  f ram e  tu b e s  w ere 
jo in e d  b y  a  n e w  m e th o d , in v o lv in g  sw e a tin g  
a n d  so ld e rin g  in to  lu g s , th e  A luso l lo w -tem - 
p e ra tu re  so ld e rin g  p ro cess b e in g  em p lo y e d . 
T h e  s t r e n g th  o f  th e  H id u m in iu m  a llo y  is n o t  
d im in ish e d  b y  h e a t in g  to  200 d eg rees  C. o r  
so , w h ich  w as o n e  reaso n  fo r  its  ch o ice  in 
th is  p a r t ic u la r  in s ta n c e . T h e  g a u g e  o f m e ta l 
em p lo y e d  w as  v a r ie d  to  s u i t  th e  d iffe r in g  
r e q u ire m e n ts  o f  c o m p o n e n ts .  G a u g e  18-20 
w as u se d  f o r  th e  tu b e s ; 16-20 fo r th e  fo rk s ; 
18 fo r  th e  c h a in  s ta y s ;  a n d  19 fo r  th e  se a t  
s ta y s .

T h e  w e ig h t  o f  th is  m a c h in e  w as 18J  lb ., 
b u t  i t  w as  em p h a s iz e d  t h a t  th is  w as th e

Fig. 16.—The “ Superleggera ” model 
bicycle of the Italian “ Gloria " concern. 
Note in particular the double frame con
struction. This assembly weighs about 

8 kilos.

first test m achine and th a t it was no t bu ilt 
w ith a view to  reducing weight to  the lowest 
possible limit. The strength and shock- 
absorbing characteristics of the frame and 
the general feel of the machine were claimed 
to be excellent. I t  was stated th a t experi
ments were in hand for the m anufacture of 
alum inium-alloy cranks, bu t th a t these 
would be of much stou ter section .than 
norm ally Ibecause of the whip of the metal.
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Fig. 18.— All-aluminium tandem ; weight 19 kilos. 
(Courtesy Revue de VAluminium arid Aluminium Union Limited).

T h e  fo llo w in g  w e ig h t c o m p a riso n s  w ere 
d ra w n  b e tw e e n  th e se  b icy c le s  a n d  th o se  of 
s te e l c o n s tru c tio n :—

L ig h t-a l lo y  ra c in g  m o d e l . . .  16 lb .
S te e l f ra m e  ra c in g  m o d el . . .  22 lb .
L ig h t-a l lo y  to u r in g  m o d e l. . .  20 lb .
S te e l f ra m e  to u r in g  m o d e l. . .  30-35 lb .
K n o w n  as th e  S h o r tla n d  sy s te m  o f c o n 

s t ru c t io n ,  i t  is  u n d e rs to o d  t h a t  th e  m e th o d  
o f jo in t in g  th e  f ra m e  c o n s is te d  o f  sw e a tin g  
o r  b r a z in g  tu b e s  o f H id u m in iu m  R S  56 in to  
lu g s  c a s t  in to  th e  sa m e  a llo y . T h e  f ram e  
w a s c la im ed  to  b e  im m u n e  f ro m  d is to r t io n  
a n d  w h ip  in  u se , a n d  i t  w as p r ic e d  a t  £ 5 .

T h re e  o th e r  e x h ib its  o f in te r e s t  w ere  
sh o w n  a t  th e  1935 B ic y c le  a n d  M o to r  C ycle  
S h o w . T w o  c o n s is te d  o f  a lu m in iu m  b icy c le  
f ra m e s  c o m p le te ly  f itte d  u p  w ith  d u ra lu m in  
p a r ts .  T h e y  b o th  w eig h ed  12 lb . O ne, 
m a n u fa c tu re d  b y  A rm s tro n g  C ycles, L td . ,  
w a s  p r ic e d  a t  15 g u in e a s , w h ile  th e  o th e r , 
sh o w n  b y  th e  W earw e ll C ycle  C o ., L td . ,  
c o s t 16 g u in e a s . "_______ _. _

T h e  th i rd  e x h ib i t  w as  a  se ries  o f  lig h t-  
a llo y  b icy c le  c o m p o n e n ts  a n d  acce sso ries  
sh o w n  b y  th e  C o n s tr ic to r  T y re  C o. W heel 
r im s  fo r  tu b u la r  a n d  w ire d -o n  ty re s , w heel 
h u b s , w in g  n u ts ,  s e a t  p illa rs , p e d a ls , to e -  
c lip s , c h a in  w hee ls  a n d  c o m p o n e n ts  of 
c a llip e r  b ra k e s  a n d  o f  th e  "  O sg e a r  ”  d era il-  
le u r  u n i ts  w ere  e x h ib ite d  in  th e  "  C o n lo y  ”  
a lu m in iu m  a llo y .

A t  th e  L ig h tw e ig h t  C y c lin g  E x h ib i t io n  
he ld  in  th e  sa m e  y e a r  (1 9 3 5 ), th e  T a b u c c h i 
T y re  C o ., L td . ,  e x h ib ite d  a  n u m b e r  o f  l ig h t-  
a llo y  rim s o f th e  p a te n te d  F ia m m e  d esig n  
m a d e  in  E n g la n d  in  th e  H id u m in iu m  R R  56, 
d u ra lu m in  b icy c le  fra m e s  w ith  a  jo in t in g  
m echanism ^ re m in is c e n t o f  th e  P y  sy s tem , 
to g e th e r  w ith  a  r a n g e  o f d u ra lu m in  p e d a ls , 
c h a in  w heels , c a llip e r  b r a k e s ,  h a n d le b a rs  
a n d  s te m s , a n d  w h ee l h u b s  f i t te d  w ith  
d u ra lu m in  sp o k e  f langes.

O n th e  D e ra ille u r  s ta n d  w ere  to  b e  seen

T h e  "  B irm in g h a m  M ail ”  o f  A u g u s t  22, 
1935, p u b lish e d  in fo rm a tio n  to  th e  effect 
th a t  l ig h t-a l lo y  b icy c le s  w ere  b e in g  m a n u 
fa c tu re d  o n  a n  e x p e r im e n ta l sca le  in  
C o v e n try , a n d  t h a t  m a n u fa c tu re  w as t o  b e  
u n d e r ta k e n  o n  a  m u ch  la rg e r  sca le . T h e  
a llo y s  u sed  w ere  o f th e  H id u m in iu m  ty p e  
a n d , a l th o u g h  n o  d e ta i ls  o f  th e  m e th o d  of 
jo in in g  th e  f ra m e  w ere  d isc lo sed , i t  w as 
s ta te d  t h a t  th e  m e th o d  e m p lo y e d  w as new .

Fig. 19.— A  Caminargent bicycle. The 
touring model shown here weighs, when 

fully equipped, 22.9 lb.
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Fig. 20 (above).—Caminargent all-light- 
raetal bicycle ; touring model, with balloon 

tyres.

C y c lo  m o d e ls  w h ich  co u ld  b e  su p p lie d  w ith  
d u ra lu m in  p a r ts  a s  a n  e x t r a  a n d  S im p lex  
m o d els  w ith  d u ra lu m in  sp ro c k e ts .

A  re fe ren ce  to  th e  u se  o f m a g n e s iu m  a llo y s  
in  b ic y c le  f ra m e  c o n s tru c t io n  o c c u rs  in  
B e c k 's  b o o k  o n  th e  T e c h n o lo g y  o f  M agne- 
n esiu rn  a n d  i ts  A llo y s, w h e re  th e re  is 
i l lu s t r a te d  th e  lo w e r  b r a c k e t  o f a  b icy c le  
f ra m e , q u i te  c o n v e n tio n a l  in  a p p e a ra n c e , 
b u t  b u il t-u p  fro m  m a g n e s iu m -a llo y  tu b e s  
a n d  a  m a g n e s iu m -a llo y  c a s t in g . I t  is  s ta te d  
t h a t  th e  re s u lts  o b ta in e d  ju s t i f y  th e  e x p e c ta 
t io n  t h a t  th is  f ra m e  c o u ld  b e  p la c e d  o n  th e  
m a rk e t  a t  a n  eco n o m ica l p rice .

T h e  v a lu e  o f l ig h t  m e ta ls  is , o f  co u rse , n o t  
l im ite d  to  th e  m a n u fa c tu re  o f s ta n d a rd  
acce sso rie s . I l lu s t r a te d  is a  g a s f i t te r ’s  b icy c le  
in  w h ich  th e  sp e c ia lly  d e s ig n e d  f r o n t  a n d  
r e a r  c a r r ie rs  w ere  b u i l t -u p  o f  a lu m in iu m - 
a llo y  tu b in g  a n d  sh e e t w ith  a  c o n s e q u e n tly  
f a r  sm a lle r  a d d i t io n  to  th e  w e ig h t  o f th e  
m a c h in e  th a n  w o u ld  h a v e  b e e n  th e  ca se  h a d  
s te e l been  e m p lo y e d . N o r  is th e  use  of 
a lu m in iu m  lim ite d  to  s in g le -s e a te r  b icy c le s . 
I l lu s t r a te d  is  a  l ig h t-a l lo y  ta n d e m  m a c h in e  
o f  F re n c h  o r ig in  w e ig h in g  o n ly  19 kg .

T o  su m m a riz e , i t  w o u ld  a p p e a r  t h a t  l ig h t  
a llo y s  h a v e  a lr e a d y  fo u n d  r e a d y  a p p lic a t io n

Fig. 22.—The Caminargent all-light-metal 
bicycle ; Roadster model.

Fig. 21 (below).—Caminargent̂  bicycle;
ladies’ model, with semi-balloon tyres.

in  su c h  c o m p o n e n ts  a s  h a n d le b a rs ,  h a n d le 
b a r  s te m s , c h a in  w heels , la m p  b ra c k e ts ,  s e a t  
p illa rs , w in g  n u ts ,  s ta y s , m u d g u a rd s  a n d  
b ra k e  le v e rs . L ess u n iv e rs a l  a p p lic a tio n  h a s  
b een  m a d e  o f  l ig h t-a l lo y  r im s  a n d  h u b s , 
c ra n k s , p e d a l p a r ts  a n d  sa d d le  c o m p o n e n ts . 
T h e  fo llo w in g  l is t  g iv es a  ro u g h  id e a  o f th e  
d iffe ren ce  in  w e ig h t to  ibe e x p e c te d  b e tw e e n  
s im ila r  c o m p o n e n ts  in  s te e l a n d  in  l ig h t  
a llo y . T h e  a c tu a l  w e ig h t  sa v in g  w ill, of 
co u rse , d iffe r f ro m  o n e  f a b r ic a to r  to  a n -
o th e r , b u t  th is  l is t  m ay serv e a s  a  ro u
g u id e ;—

Weight saved.OZ. Per.
H a n d le b a rs 4 each .
S a d d le 8 each .
B ra k e s  (c a llip e r  o r

h u b ) 14 p a ir .
C h a in  w heel . . . e* e a c h .
S p ro c k e ts  o r  d é ra il le u r 2 se t.
P e d a ls  . . . 4} p a ir .
T o e -c lip s
W in g  n u ts  ..................

2 Í p a ir .
H s e t  o f 4

S e a t p illa rs 2 each .
W heel h u b s  . . . S i p a ir .
W h ee l r im s .................. 14 p a ir .
L a m p  b ra c k e t I ł each .

Fig. 23.—Caminargent all-light-metal bicycle ; 
road-racing model weighing 17 lb.
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Fig. 25.—Front and 
rear carriers on this 
fitter's bicycle are built 
up of aluminium tube 

and sheet.

The forms in which light alloys are em
ployed may be summarized as follow:—

Tube,:—Fram e, handles, carrier, pump, 
rims.

Sheet.—Chain wheels, lamp brackets, 
saddle and pedal parts.

Sections.—Brake levers, mudguards, 
saddle frames, stays.

S trip .—Mudguards.
Castings.—Fram e lugs, bottom  bracket 

lugs.
Forgings and stam pings.—Cranks, wing 

nuts.
R ivets.— Saddles.

The greatest problem which besets the 
designer of the all-light metal bicycle lies in 
the construction of the frame. Small num 
bers of aluminium frames have been pro
duced which have been tried by the acid 
tes t of reliability and performance on the 
road, and which have given every satisfac
tion. The price, moreover, has no t always 
been prohibitive, although it must be 
adm itted th a t a  satisfactory method of 
fabrication suitable for mass production a t 
a  low price has yet to  be evolved. Progress 
which has been made during the w ar years

in the low-temperature soldering of alu
minium and in the casting of the light 
alloys offers two possibilities for trial and 
experiment.

A question which naturally  arises is to 
w hat extent the mass production of light- 
alloy bicycles would appeal to the cycling 
public and w hat sales of such ultra-light 
machines could one reasonably expect to be 
reached. In  answer, one can only offer 
conjectures, b u t the popularity  of the light 
roadster bicycle leads one to conclude th a t 
the public is already cognizant of the 
advantages of light machines. Before the 
war, some 1,200,000-1,500,000 bicycles 
were being sold each year in the British 
Isles alone. Of these, perhaps 50 per cent, 
were light roadsters and 10 per cent, were 
machines in a still lighter category. The 
sales of ultra-lightweight machines, in w hich’ 
every a ttem p t was made to  reduce weight 
irrespective of comfort and cost and, indeed, 
sometimes of serviceability, am ounted to 
something like 15,000 or perhaps 1 per cent, 
of the to tal sales. Successful adapta tion  of 
light-m etal construction to  this 1 per cent, 
m ight rapidly lead to the alum inization of 
the 10 per cent, pseudo lightweight 
machines, after which an extension of alu
minization to a big percentage of the

Fig. 24.—Group of duralumin bicycles by Delage.
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F ig . 26 .— B icycle  b y  J. A . P h illip s  a n d  Co.- 
L td . T h e  fram e  in  th is  in s ta n c e  is of steel, 
b u t  m u d g u a rd s ,  p e d a ls , h u b s , fro n t a n d  
re a r  c ab le  b ra k e s  (ca lip e rs  a n d  levers), 
a d ju s ta b le  s tem , h a n d le b a r  b e n d  a n d  w in g  

n u ts  a re  all in  lig h t alloy .

r e m a in in g  m a c h in e s  in  th e  p o p u la r  class 
w o u ld  b e  o n ly  a  m a t te r  o f tim e .

T h e  "  A llg em e in e  A u to m o b il Z e itu n g  ”  
fo r  1 9 4 2 /4 3 /5  re fe rs  to  th e  f a c t  t h a t  th e  
n eed  fo r  e c o n o m y  in  p e tro l  in  th e  A x is  
c o u n tr ie s  a t  th e  t im e  h a d  la rg e ly  in h ib ite d  
th e  d e v e lo p m e n t o f  th e  p r iv a te ly  o w ned  
m o to rc a r ,  b u t  h a d ,  s im u lta n e o u s ly , e m p h a 
sized  th e  n e e d  fo r  r e d u c t io n  to  th e  g r e a te s t  
p o ss ib le  e x te n t  of d e a d w e ig h t. T h e se  a r g u 
m e n ts  led  to  th e  a p p e a ra n c e  o f  m a n y  m o re  
b ic y c le s  o n  th e  ro a d s .

T h e  G a r r ib a ld in a - ty p e  b icy c le  o f th e  
I t a l ia n  G lo r ia  c o n c e rn  w as  p ro v id e d  w ith  a  
c o n v e n tio n a l  s te e l f ra m e , b u t  w ith  fo rk s , 
m u d g u a rd s , h a n d le b a rs  a n d  h u b s  in  l ig h t  
m e ta l .  T h is  b icy c le  w eig h ed  a b o u t  10 k ilo s. 
I n  th e  case  o f  th e  O rix  a n d  T a u ru s  ty p e s , 
p ro d u c e d  b y  th is  c o n c e rn , th e  w h o le  c o n 
s tru c t io n  w as in  l ig h t  m e ta l ,  p a r t ic u la r ly  th e  
fram es . I n  th is  in s ta n c e , th e  w e ig h t o f  th e  
m a c h in e  w as  re d u ced  to  S k ilo s. I n  th e  
“  S u p e r le g g e ra  ”  m o d e l, c e r ta in  a s se m b ly  
d ifficu ltie s  a s so c ia te d  w ith  th e  re p la c e m e n t 
o f  s te e l b y  l ig h t  m e ta l  w ere  o v e rc o m e  b y  
th e  u se  o f  a  d o u b le  f ra m e .

I n  "  A  t i r e  d ’a i le s ,”  b y  G eo rg es I-Iouard  
(S o c ié té  d ’E d it io n s  A é ro n a u tiq u e s , P a r is , 
c irc a  1 944), is i l lu s t r a te d  a  f ro n t  fo rk  in
A .P .M . a llo y , w e ig h t 430  gm s. T h e  a llo y  
in  q u e s tio n , w h ich  in  th e  h e a t - t r e a te d  s t a te  
h a s  a  te n s ile  s t r e n g th  in  ex cess o f  
40 k g . /m m .2, c o n ta in s  4 .5  p e r  c e n t , co p p e r ,
0 .4 5  p e r c e n t , t i ta n iu m  a n d  0 .2  p e r  c e n t ,  
m a g n e s iu m ; w ith  iro n  a n d  silicon  a s  im p u r i
tie s . T h e  fo rk  i l lu s t r a te d  in  F ig . 2 in  th e  
f irs t  p a r t  o f th is  a c c o u n t  ( "  L ig h t  M e ta ls ,”  
1 9 4 5 /8 /3 6 0 )  is p ro b a b ly  a  g r a v i ty  d ie -c a s t
in g , in  w h ich  case  th e  te n s ile  s t r e n g th  is 
35-42  k g . /m m .2, p ro o f  s tre s s  22-25 k g . /  
m m .2, e lo n g a tio n  10-18 p e r  c e n t , a n d  
B rin e ll  h a rd n e s s  100-115.

O n e  p o in t  o f in te r e s t  in  th e  d e v e lo p m e n t 
o f th e  l ig h t-m e ta l  b ic y c le  is  w o r th  n o tin g . 
M o st l ig h t-a l lo y  d e v e lo p m e n ts  a p p e a r  to  
re v o lv e  a ro u n d  th e  a c h ie v e m e n ts  o f  G e rm a n  
a n d  A m e ric a n  in v e n to rs ,  w ith  F re n c h , 
I ta l ia n  a n d  S w iss n a m e s  a lso  in  th e  r u n 
n in g . E n g lis h  n a m e s  a re  g e n e ra lly  w ell 
o u tp a c e d , a l th o u g h  o n e  w o u ld  su g g e s t th a t ,  
in  m o s t  cases, p u b lish e d  a c c o u n ts  u n d e r ra te  
th e  E n g lis h -c o n tr ib u te d  n u c le u s  a n d  o v e r 
r a te  th e  G e rm a n  a n d  A m e ric a n  p a d d in g . 
H o w e v e r , in  th is  case , th e  p o s itio n  is  v e ry  
m u c h  re v e rse d . T h e  d e v e lo p m e n t o f  th e  
l ig h t-a l lo y  b icy c le  do es n o t  a p p e a r  to  h a v e  
g iv e n  rise  to  a n y  su rg e  o f h ig h -sp e e d , o v e r-  
e n th u s ia s t ic  in v e n tio n , b u t  to  h a v e  lim ite d  
i tse lf  to  sa b e r  s tr a ig h tfo rw a rd  d e v e lo p m e n t. 
F re n c h  n a m e s  a p p e a r  h ig h e s t o n  th e  l i s t  of 
c o n tr ib u to r s ,  a s  o n e  m ig h t e x p e c t ,  a s  
b icy c le  ra c in g  is  o n e  o f  th e  p r in c ip a l  n a tio n a l  
s p o r ts  o f  F ra n c e , c o m p a ra b le  in  p o p u la r  
in te re s t  to , sa y , b o x in g  in  th is  c o u n try .  
I ta l ia n  a n d  Sw iss in v e n to r s  h a v e  w o rk ed  on 
th e  p ro b le m s, b u t  so u n d  d e v e lo p m e n t, p a r 
t ic u la r ly  in  th e  m ass p ro d u c tio n  of b icy c le  
c o m p o n e n ts  a n d  in  th e  c o m m e rc ia liz a tio n  o f 
a t t r a c t iv e  an o d iz e d  a n d  d y e d  m e ta i ,  is 
m a in ly  th e  r e s u l t  o f  E n g lis h  c o n c e rn s . I t  is 
t o  b e  h o p e d  t h a t  th e  e a s in g  o f  r e s tr ic t io n s  o n  
m en  a n d  m a te r ia ls  w ill e n a b le  E n g lis h  
m a n u fa c tu re rs  t o  go a h e a d  in  th is  sm a ll 
c o m e r  o f in d u s try  in  w h ich  th e y  h a v e  
a lre a d y  a c h ie v e d  so  im p o r ta n t  a  p o s it io n .

F ig . 27.— In  th is  la te r  
m o d e l of th e  P h illip s  b i 
cycle. w h ic h  w as  e x h ib ite d  
a t  th e  E x h ib itio n  “  A lu 
m in ium — F rom  W ar to  
P e a c e  "  a t  S e lfridges, n o t 
o n ly  a re  th e  co m p o n e n ts  
l is te d  in  F ig . 26  (ab o v e ) 
in  lig h t a lloy , b u t,  in  
a d d it io n , th e  c h a in  w h ee l 

is a lso  in  lig h t m eta l.
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F u t u r e  of the

L i g h t - a l l o y  F o u n d r y  I n d u s t r y

The war years, which have seen grow to maturity the aluminium and magnesium 
foundry industry in this country, have left as a legacy many severe economic 
problems which must be resolved at an early date. In the Eighth Edward 
Williams Lecture, presented at the Annual General Meeting of the Institute of 
British Foundrymen, on June 1 6 ,  W. C. Devereux, F.R.Ae.S., M.I.A.E. 
(Chairman and Managing Director, High Duty Alloys, Ltd.; Managing 
Director, Magnesium Castings and Products, Ltd.), discussed the nature of 
these problems and means of approach to their solution. A synopsis of and

commentary upon his

TH E  I n s t i t u t e  o f  B r i t is h  F o u n d ry m e n  is 
to  b e  c o n g ra tu la te d  u p o n  i t s  ch o ice  o f 
1945 E d w a rd  W illiam s le c tu re r ,  fo r  C olonel 

D e v e re u x , o f  H ig h  D u ty  A llo y s, L td . ,  a n d  
a s so c ia te d  co m p an ies , is n o t  o n ly  n o ta b le  
a m o n g  lig h t-m e ta l  p io n e e rs  a s  su c h , b u t ,  as 
h is  p ro n o u n c e m e n ts  a lw a y s  show , is  a lso  a  
p u b lic is t  o f  c o m m a n d in g  v iew s. H is  s u b je c t  
— th e  fu tu re  o f  th e  l ig h t-a llo y  fo u n d ry  
in d u s try — is to p ic a l . T h e  in d u s t r y ,  h a v in g  
e n e rg e tic a lly  ta c k le d  w a r  p ro d u c tio n  o n  a n  
im m en se  sca le  w ith  u n q u e s tio n e d  success, 
no w  a sk s  itse lf— W h a t  o f th e  F u tu re ?  I t  
m ay  be  su g g e s te d  t h a t  C o lonel D e v e re u x 's  
to p ic a l i ty  is, in d e e d , e n h a n c e d  b y  th e  
re c e n t e x h ib it io n — “  A lu m in iu m — W a r  to  
P e a c e  — p re s e n te d  b y  M essrs . S elfrid g e  
u n d e r  th e  segis o f  th e  A lu m in iu m  D e v e lo p 
m e n t  A sso c ia tio n .

D e v e re u x  is in i t ia l ly  c o n c e rn e d  w ith  
p u t t in g  fo rw a rd  th e  id ea  o f  in te g ra t io n  of 
th e  in d u s t r y  w ith  n a t io n a l  a n d  in d u s tr ia l  
e c o n o m y , fo r  as h e  sa y s , "  T h e  lig h t-a l lo y  
fo u n d ry  in d u s t r y  h a s  n o  s e p a ra te  fu tu re , n o r  
h a s  th e  fo u n d ry  in d u s try ,  n o r  ev en  th e  m e ta l 
in d u s try .  A ll a re  p a r t  o f  th e  g lo b a l to ta l  
o f B r i t is h  in d u s try  a n d , m o re o v e r, a re  
s tro n g ly  in flu e n ced  b y  in d u s t r y  a n d  tr a d e  
th ro u g h o u t  th e  w o r ld .”

B r it ish  in d u s try  a s  a  w ho le  is faced  w ith  
u n u su a l p ro b le m s a r is in g  o u t  o f  th e  iro n ic  
p o s itio n , t h a t ,  h a v in g  c o n q u e re d  th e  N az i 
m en ace , we h a v e  b eco m e fo r  th e  f irs t  tim e  
in  h is to ry  a  d e b to r  n a t io n .  In  a d d i t io n  w e 
h a v e  h e a v y  d o m e s tic  c o m m itm e n ts  a s  a 
co n se q u e n c e  o f  e n lig h te n e d  re fo rm s in  soc ial 
se rv ices , le a d in g  to  h ig h e r  s ta n d a rd s  o f  
l iv in g , fu ll e m p lo y m e n t a n d  b e t te r  e d u c a 
t io n a l  fa c ili tie s . T h ese  o b lig a tio n s  c a n  o n ly  
be  m e t  b y  c o n tin u in g  tre m e n d o u s  in d u s tr ia l

paper is presented here

e ffo rt to  in c re a se  p r o d u c t iv ity  fro m  lim ite d  
m a n -p o w e r  a n d  c a p ita l .  T o  m a k e  th e  
p ro b le m  ev en  m o re  d ifficu lt f o r  B r it ish  
in d u s try ,  th e  a v e ra g e  A m erican  w o rk e r 
p ro d u c e s  tw ic e  th e  w e a lth  p e r  h o u r  a s  th e  
B r i t ish  w o rk e r. I t  w ill b e  seen , th e re fo re , 
t h a t  th e  p ro b le m  is f o r  bosses a n d  w o rk e rs  
a lik e  to  so lve .

D e v e re u x  g iv e s  c r e d i t  to  th e  te a m s  of 
m a n a g e m e n ts , te c h n ic ia n s  a n d  w o rk e rs  w ho 
h a v e  m a n n e d  th e  newr effic ien t w a r  fo u n 
d rie s , w h ic h , w h ils t  sh o w in g  a s  g r e a t  a n  
e ffic iency  a s  th o se  o f  th e  U n ite d  S ta te s , 
h a v e  a  d o u b tfu l  c h a n c e  o f  m a in ta in in g  th a t  
e ffic iency , d e p e n d in g , a s  th e y  d o , o n  o rd e rs  
fo r  su ffic ien tly  la rg e  n u m b e rs  o f c a s t in g s . 
T h is  is  th e  c ru x  o f th e  p ro b le m : if h e  h a d  
sa id  n o  m o re , th e  le c tu r e r  w o u ld  h a v e  p e r
fo rm e d  a  u se fu l se rv ic e  in  so f a r  a s  he  re la te s  
th e  in d u s try  to  n a t io n a l ,  a n d  w o rld , 
eco n o m ics . F o r  a n y  y o u n g  in d u s try  te n d s  
to  th in k  o f  itse lf  a s  s o m e th in g  a p a r t  a n d  
e a s ily  beco m es e i th e r  se lf-co n sc io u s ly  
su p e r io r  o r  in fe rio r; b o th  a t t i tu d e s ,  i t  m a y  
b e  su g g e s te d , a re  u n h e a l th y .

T h e  le c tu re r  th e n  d e sc rib e d  th e  g ro w th  
o f  th e  in d u s t r y  n e c e s s i ta te d  b y  th e  w ar, 
g iv in g , in c id e n ta l ly , a n  in te r e s t in g  e s t im a te  
o f th e  a lu m in iu m  fo u n d ry  in d u s try  s t r u c 
tu re :  th re e  firm s e ach  w ith  a n  o u tp u t  in 
e x cess  o f  5 ,0 0 0  to n s  a  y e a r  p ro d u c e d  25 ,000  
to n s  in  th e  p e a k  o u tp u t  s ta g e , sev en  o r  
e ig h t  f irm s p ro d u c in g  b e tw e e n  1 , 0 0 0  a n d
5 .000  to n s  a  y e a r  g a v e  a b o u t  16,000 to n s , 
w h ile  2 0 , 0 0 0  to n s  w ere  th e  r e s u lt  o f  th e  
a c tiv i t ie s  o f 600 h u n d re d  f irm s o f  less th a n
1 . 0 0 0  to n s  p e a k  y e a r  c a p a c ity .

In  som e re sp e c ts  th e  m a g n e s iu m  fo u n d ry  
e x p a n s io n  w as  ev en  m o re  s p e c ta c u la r . D ie- 
c a s t  in c e n d ia ry  b o m b s  w ere  p ro d u c e d  a t  th e
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p e a k  r a te  o í  4 ,327 ,000  p e r  m o n th , w hile  
th e  w e ig h t o f o th e r  m a g n e s iu m  c a s tin g s  w as 
a b o u t  700 to n s  m o n th ly . A s D e v e re u x  
p o in ts  o u t ,  h o w ev er, th e  l ig h t-a llo y  fo u n d ry  
in d u s try  h a s  b een  p ro d u c in g  c o m p a ra tiv e ly  
la rg e  c a s tin g s  in  b o th  a lu m in iu m  a n d  m a g 
n es iu m  a llo y s , b u t  in d ic a te s  t h a t  th e re in  
does n o t  lie th e  fu tu re  "  b re a d  a n d  b u t te r  
o f th e  in d u s try . T h e  in d u s try  is a lso  well 
e q u ip p e d  w ith  p la n t  d es ig n ed  fo r  sm a ll a n d  
m e d iu m -s ized  a i r c ra f t  c a s t in g s , n ice ly  su ite d  
fo r  th e  p ro d u c tio n  o f  c o m p o n e n ts  fo r  th e  
re h o u s in g  p ro g ra m m e  a n d  a u to m o b ile  c o n 
s tru c t io n . P ro d u c tio n  u n i t s  d e a lin g  w ith  
la rg e r  c a s t in g s  sh o u ld  be “  an  a s s e t  fo r th e  
sh ip b u ild in g , r a i lw a y  a n d  m e c h a n ic a l e n g i
n e e r in g  f ie ld s ."

T h e  in d u s t r y  is a  c o m p lic a te d  s t ru c tu r e  
o f co n c e rn s  o f  w id e ly  v a ry in g  size a n d  ty p e s  
o f p ro d u c tio n . T h e  s t r u c tu r e  is so co m p lex , 
in d eed , t h a t  D e v e re u x  fo u n d  i t  n ecessa ry  to  
b ase  m o s t  o f  h is re m a rk s  o n  th e  c o n d itio n s  
o b ta in in g  in  th e  la rg e r  fo u n d rie s ; th e  R o lls- 
R o y c e  C o m p a n y ’s fo u n d rie s  a re  d escrib ed  
a s  a n  e x a m p le  in  w h ich  m e c h a n iz a tio n  a n d  
in g e n u ity  w ere a p p lie d  to  a c h ie v e  e x tre m e ly  
h ig h  o u tp u ts .

T h e  R o lls -R o y c e  M erlin  c ra n k c a se  is 
g iv e n  a s  a n  o u ts ta n d in g  e x a m p le  o f th e  s o r t  
o f h ig h ly  s tre s se d  c o m p lic a te d  c a s t in g  
tu rn e d  o u t  in  q u a n t i ty ,  a n d  p ro d u c e d , be 
i t  n o te d , v e ry  la rg e ly  b y  g ir ls . A t  th e  
p re s e n t  c o n tro lle d  p r ic e  o f  v irg in  a lu m in iu m  
th e  c a s t in g  is b e in g  m a d e  fo r  be low  2 s. 3d . 
p e r  lb .

B u t ,  C o lo n e l D e v e re u x  p o in ts  o u t ,  u s in g  
s e c o n d a ry  a llo y  o f  h ig h  q u a l i ty ,  th e  c a s tin g  
co u ld  b e  m a d e  fo r  less th a n  I s .  7 d . p e r  lb . 
T h e  c o m m e rc ia l im p lic a tio n s  o f th is  p ric e  
d if fe re n tia l a re  n o t  c o m m e n te d  u p o n , b u t  
a s  u se rs  o f l ig h t-a l lo y  c a s tin g s  w ill w a n t  to  
b u y  a t  th e  lo w e s t p r ic e , p ro d u c in g  fo u n d rie s  
w ill be  c o m p e lled  to  fo u n d  th e s e  c h e a p e r  
m a te r ia ls , a d m i t te d ly  a d e q u a te  fo r  m a n y  
a p p lic a tio n s . S e c o n d a ry  in g o t  p ro d u c tio n  
d e p e n d s , o f co u rse , o n  a v a i la b i l i ty  o f s u i t 
a b le  s c ra p  a r is in g  in  m a n y  cases fro m  
f a b r ic a tin g  p ro cesses  in  w h ich  v irg in  m e ta l 
is e s se n tia l, o r  is  th o u g h t  to  be  e s se n tia l 
a t  p re se n t .  I t  seem s t h a t  a  cu r io u s  s i tu a 
tio n  m a y  a r ise  in  w h ich  p r im a ry  a lu m in iu m , 
la rg e ly  re p la c e d  b y  se c o n d a ry , w ill h a v e  a  
l im ite d  u se  in  m e re ly  re p la c in g  a c tu a l  losses 
o f m e ta l  in  c ir c u la t io n . P e rh a p s  th e  m e ta l 
s ta t is t ic s  o f th e  in d u s try ' w o u ld  sh o w  th e  
a b o v e  c o n s id e ra tio n  to  b e  a b s u rd , b u t  
n e v e r th e le s s  i t  su re ly  is c e r ta in  t h a t  p rice  
c o m p lic a tio n s  a re  b o u n d  to  be  e n c o u n te re d . 
T h e re  is, o n e  fee ls, a n  u n re so lv e d  p ro b le m  
h e re .

T h e  q u e s tio n  o f p rice  is  fu n d a m e n ta l  in 
a n y  c o n s id e ra tio n s  o f th e  in d u s t r y ’s fu tu re , 
a n d  D e v e re u x  re i te ra te s  h is  p re v io u s  p lea  
t h a t  n o  ta r if f  b a r r ie r  a g a in s t  o v e rse a  
su p p lie rs  o f  c h e a p  l ig h t  m e ta ls  sh a ll th r e a te n  
th e  e x is te n c e  o f  a  la rg e  a n d  real in d u s try .

I t  is n o t  a b s o lu te ly  c le a r  if  b y  th e  w o rd s  
“  l ig h t  m e ta l ”  in th e  s ta te m e n t  th e  sp e a k e r  
in te n d e d  to  in c lu d e  m a g n e s iu m  w ith in  th e  
te rm s  of h is  d isc u ss io n . O n e  co u ld  h a v e  
w ished  t h a t  he  h a d  been  m o re  e x p lic i t  in  
th is  re sp e c t, fo r  c h e a p  m a g n e s iu m  is o f  l i t t le  
in te r e s t  to  a n  e x p a n d in g  in d u s try  if th e  use 
of f a b r ic a t in g  “  k n o w -h o w  ’’ is c o n d itio n e d  
b y  th e  supp ly ' o f  m e ta l  u n d e r  r e s tr ic t iv e  
licen s in g  a g re e m e n ts . D ev e reu x  m a k e s  th e  
ta n ta l iz in g  s ta te m e n t  t h a t  a l th o u g h  th e  
c o n tro lle d  p ric e  o f  m a g n e s iu m  in g o t is, a t  
p re se n t . Is . 6 d . p e r  lb .,  h ig h -p u r i ty  
C a n a d ia n  in g o t co u ld  n o w  b e  so ld  in th is  
c o u n tr y  fo r  is .  2 d . p e r  lb . S o m e o f  C o lo n e l 
D e v e re u x ’s a u d ie n c e  p ro b a b ly  q u e s tio n e d  
(silen tly ')  a s  to  w ho  w o u ld  sell i t  a n d  o n  
w h a t te rm s!

B u t  th is  is  a  d iv e rs io n ; D e v e re u x 's  m a in  
th e m e  is c lin ch ed  b y  h is  s ta te m e n t  t h a t  th is  
c o u n t r y  c a n n o t  a ffo rd  not to  ta k e  th e  fu lle s t 
a d v a n ta g e  o f  th e  g re a t  a s se t  o f  th e  lig h t-  
a llo y  fo u n d ry  in d u s t r y .  M e c h a n iz a tio n  
a lo n e  d id  n o t  p ro v id e  th e  a n sw e r, fo r  i t  
m u s t  be re m e m b e re d  t h a t  m e ta llu rg is ts  d id  
a  goo d  jo b  n o t  only ' in  d e v e lo p in g  n e w  h ig h - 
s t r e n g th  alloy 's b u t  in  u t i l iz a t io n  in  th e  
so -ca lled  se c o n d a ry  a llo y s .

I n  re v ie w in g  th e  field  o f m a g n e s iu m  c a s t 
in g  alloy 's, D e v e re u x  pay 's t r ib u te  to  
A m erican  re sea rch  on  th e  effec t o f  v e ry  sm a ll 
im p u rit ie s  o n  th e  co rro s io n  re s is ta n c e  o f 
m a g n e s iu m . H e  s ta te s  t h a t  th e  w o rk  of 
D r. H a n a w a lt  le a d s  to  a n  u n d e rs ta n d in g  of 
th e  co rro s io n  b e h a v io u r  o f  th e  u l t ra - l ig h t  
a llo y s , a n d  w ith  th e  n ecessa ry  h ig h -p u r i ty  
m a g n e s iu m  n o w  a v a ila b le  in  co m m erc ia l 
q u a n t i t ie s ,  g r e a t  o p p o r tu n it ie s  a re  p re se n te d  
fo r  th e  use o f m a g n e s iu m  a llo y s  in m a n y  
h i th e r to  u n su ita b le  a p p lic a tio n s .

T h e  lig h t-a llo y  fo u n d ry ' in d u s try ' is 
d e p e n d e n t  u p o n  re se a rc h — new  a llo y s , new  
c a s t in g  p ro cesses, n e w  m e th o d s  o f  m o u ld  
a n d  d ie -m a k in g , to g e th e r  w ith  m a rk e t  
s tu d y ,  h u m a n  re la t io n s  a n d  w elfa re  m u s t  
a ll  b e  e n e rg e tic a lly  s tu d ie d . T e c h n ic a lly , 
h o w e v e r, j t  is m o s t im p o r ta n t  n o t  t o  lose 
th e  sp ir i t  o f in i t ia t iv e  a n d  e x p lo i ta t io n  o f  
d isc o v e rie s  a n d  in v e n tio n s  t h a t  w as a  f e a tu re  
d u r in g  th e  w a r  y e a rs .

I n  c o n c lu s io n , C o lo n e l D e v e re u x ’s fina l 
w o rd s  m a y  b e  q u o te d  in  fu ll: "  H ig h  a m o n g  
o u r  p la n s  m u s t  r a n k  th e  m e a n s  o f  a t t r a c t i n g  
to  o u r  in d u s try ' y o u n g  m en  a n d  w om en of 
a b i l i ty  to  e n su re  a  c o n tin u o u s  s u p p ly  o f  
new  b lo o d  a t  a ll levels . C o n d itio n s  o f w o rk  
a n d  p a y  m u s t  b e a r  co m p a riso n  w ith  th o se  
o f  o th e r  in d u s tr ie s . I f  we c a n  fulfil th ese  
o b je c tiv e s , a n d  I d o  n o t  b e liev e  th e re  is any ' 
d o u b t  t h a t  we c a n  do  so b y  h a rd  w ork , 
in i t ia t iv e  a n d  im a g in a tio n , th e n , p ro v id e d  
B r itish  in d u s t r y  a s  a  whole, goes fo rw a rd  
w ith  v ig o u r  a n d  effic iency , th e  lig h t-a llo y  
fo u n d ry  in d u s try  w ill p la y  i t s  p a r t  c r e d i t 
ab ly ' a n d  th o se  in i t  w ill b e  p ro u d  to  b e  
fo u n d ry m e n . . . . ”
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A  C A R  F O R  B E T T E R  D A Y S

W riting  in “ Autom obilia,”  June, 194 . J ,  

A drien  Pau l Indicates the P a rt to he Played  
by Ligh t A lloys in the C ar o f the Future

IT is an axiom, although one no t always 
followed, th a t the car should be made for 
the passengers. I t  certainly should be 
built around their safety and comfort, and 
be able to pu t up a  good cross-country 

average speed. Under the head of safety 
we include a good view for the driver, first- 
class brakes and road holding: the last is 
a function of the centre of gravity, 
rigidity of the chassis and body, as well 
as steering, suspension (preferably indepen-

and driving. In  the interests of low frontal 
area and low build" a horizontally placed 
12-cylinder engine is located a t  the back, 
driving the rear wheels, thus eliminating the 
propeller-shaft tunnel of the former car and 
giving an unobstructed floor.

The mechanical details of the car need 
no t be touched upon here, b u t the general 
arrangem ent of th e  body, and particularly 
the seating and ventilation, are of consider
able interest. Paul originally hoped to  con-

illustrated above are side 
and rear views of the 
post-war car as visualized 
by Paul; a plan is shown 

at the left.

dent for each w heel), and the size and 
pressure of the tyres.

A part from the basic requirem ents of 
safety, the comfort of the occupants 
depends upon several things. Seats m ust 
support the body properly, passengers and 
driver should no t be cramped, and the car 
m ust be a t  once weatherproof and well 
ventilated— but the passengers are to  be 
insulated from noise, fumes and  draughts. 
W ith all these points in mind A. Paul has 
sketched ou t a specification to  yield m ost 
of the features desired.

In his view the body is, in  essence, no 
more than a  hull to  accom modate the 
passengers and their luggage, house the 
engine and transmission, and provide the 
necessary wheel a t  each corner for steering

stru c t his body shell and chassis in one 
piece by casting it  in light alloy, b u t has 
reluctantly  abandoned the idea of using 
some m aterial such as Alpax gamm a because 
bulky castings m ay be expensive when used 
for anything bu t very large production runs, 
and  repair costs in the event of a  crash 
are likely to  be prohibitive. Accordingly, 
he has chosen Duralum in as a  m aterial for 
the " s k in  ” of the body exclusively, except 
for a  pair of S-1S stainless steel bars, spring- 
mounted a t  the front of the car, to ac t as 
bumpers. Duralum in is chosen because it 
is available in all the forms required.—in 
sheet, in strip, and in a large variety of 
rolled and extruded sections. F or the 's ide  
panels and doors, however, Duralinox m ay 
be employed as it  is slightly lighter than
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D u ra lu m in , a n d , a c c o rd in g  to  th e  a u th o r ,  
m o re  e as ily  w o rk e d .

P o ss ib ly , to o , th is  c o n s tru c tio n  m ig h t 
p ro v e  in th e  en d  to  be  l ig h te r  th a n  m a k in g  
th e  w ho le  th in g  a s  a  c a s t in g , s in c e  a l th o u g h  
A lp a x  g a m m a  h a s  a  d e n s i ty  5 p e r  c e n t , 
lo w e r  th a n  t h a t  o f  D u ra lu m in , th e  g a in  b y  
i t s  u se  is re a l ly  il lu so ry  a s  i t s  s t r e n g th  is 
a b o u t  tw o - th ird s  o f  t h a t  o f  th e  la t te r .  I t  
is p ro b a b le , th e re fo re , t h a t  fo r  a  g iv en  
s t r e n g th  D u ra lu m in  w o u ld  tu r n  o u t  l ig h te r  
in  th e  e n d . P e rh a p s  fo r  t h e  m a ss-p ro d u c -  
t io n  b o d y  of th e  fu tu re  w e m a y  b e  a b le  
to  lo o k  to  th e  p la s tic  m a te r ia ls  re in fo rc e d  
w ith  p a p e r  la m in a te , w o o d  v en ee r, o r  e v e n 
tu a l ly , p e rh a p s , m e ta llic  b o n d in g s .

Seat design for the car as described in 
this account. The two small inset 
sketches show the arrangement adopted 
for adjusting the position of the seat to 
the driver’s convenience. Although not 
specified as such in the article, it is 
clear that this assembly oilers an excel
lent chance for the utilization of light- 

alloy tube and extruded section.

A p ro p e r ly  s tre a m lin e d  b o d y  is a  v e ry  
ro o m y  a ffa ir , a n d  P a u l 's  c a r  ta k e s  fu ll 
a d v a n ta g e  o f th e  a e ro d y n a m ic  sh a p e  in 
e lim in a tin g  th e  ru n n in g  b o a rd  a n d  b u ild in g  
th e  b o d y  o u t  to  th e  fu ll  w id th . S ix  p a s se n 
g ers  a re  a c c o m m o d a te d , each  h a v in g  a  
s e p a ra te  b u c k e t  s e a t  a r ra n g e d  en  ech e lo n  
in  tw o  ro w s o f  th re e . T h e  d isp o s itio n  o f  
th e  “  s ta g g e re d  ”  s e a ts  a n d  th e  r e a r  m o u n t
in g  o f th e  e n g in e  h a v e  p e rm itte d  a  b o d y  
p ro file  c o n fo rm in g  to  th e  re q u ire m e n ts  o f 
a  p ro p e r  a e ro d y n a m ic  fo rm . T h e  b r a c k e t  
h a s  been  k e p t  n a rro w , th e  floo r lo w , a n d  
b y  re a so n  o f  th e  sp e c ia l v e n t i la t io n  a r ra n g e 
m e n ts ,  i t  h a s  b een  p o ss ib le  to  k e e p  th e  b o d y  
e x tre m e ly  sm a ll fo r  th e  a c c o m m o d a tio n  
p ro v id e d , a n d  th u s  k eep  d o w n  sk in  f r ic tio n . 
T h is  c a n  b eco m e q u i te  im p o r ta n t  a t  th e

h ig h e r  sp e ed s . U n lik e  m a n y  d es ig n e rs  of 
so -ca lled  s tr e a m lin e d  c a rs , th e  w r i te r  rea lize s 1 
t h a t  a  go o d  "  e n try  ”  a n d  c le a n  f r o n t  a re  
m o re  im p o r ta n t  th a n  a  lo n g  ta i l . H e  
e m p h as izes , to o , t h a t  th e  u n d e rs id e  o f th e  
c a r  m u s t  be f la t ,  u n b ro k e n  a n d  p a ra lle l w ith  
th e  g ro u n d , a n d  a s  n e a r  to  th e  ro a d  a s  
p o ss ib le . B y  a b a n d o n in g  a  c o n v e n tio n a l  
h o n e y c o m b  r a d ia to r  h e  h a s  k e p t  th e  a i r 
flow  u n b ro k e n  o v e r  th e  u p p e r  p a r t  o f  th e  
c a r  a n d , b y  k e e p in g  th e  f lo o r lin e  lo w , h a s  
re d u c e d  to  a  m in im u m  th e  a ir  s tre a m  
p a s s in g  b e n e a th  th e  c a r  a n d  so  a v o id e d  a n  
a re a  o f  tu rb u le n c e  b elow  th e  v eh ic le  w h ich  
ca n  h a v e  a  c o n s id e ra b le  s lo w in g  effect.

S om e c a rs  in  th e  p a s t  h a v e  been  u n p o p u 
la r  b y  re a so n  o f  th e ir  low ness; p assen g e rs  
h a v e  h a d  to  b e n d  d o w n  w h en  g e t t in g  in  a n d  
o u t.  T o  a v o id  th is  th e  d e s ig n e r  h a s  g o n e  
to  c o n s id e ra b le  le n g th s . In  th e  o rd in a ry  
w ay  th is  d is a d v a n ta g e , w o u ld  h a v e  been  
m o re  p ro n o u n c e d  in  th e  P a u l  m o to rc a r  
th a n  in  a  n o rm a l s p o r ts  sa lo o n  b y  re a so n  
o f  th e  p ro n o u n c e d  "  tu m b le  h o m e  ”  o f th e  
u p p e r  h a lf  o f th e  b o d y . H o w e v e r , in  th e  
c a r  u n d e r  d isc u ss io n , th e  d o o rs  n o t  o n ly  
c o n fo rm  to  th e  b o d y  sid es a ll th e  w a y  u p , 
b u t  fo llow  th e  c u rv e  ro u n d , th u s  m e rg in g  
in to  th e  ro o f. In  th is  w a y  p e rso n s  can  
g e t  in  a n d  o u t  q u i te  eas ily  w ith o u t  b u m p in g  
th e ir  h e a d s . B u t  P a u l h a s  g o n e  ev en  
fa r th e r .  E a c h  o f  th e  o u te r  s e a ts  n o t  o n ly
s lid es in  th e  n o rm a l w ay , b u t  is  p iv o te d
to  tu r n  re a rw a rd s  a n d  in w a rd s  on  ru n n e rs .  
T h ese  s e a ts ,  m o re o v e r, a re  c o n n e c te d  to  th e  
d o o r  m e c h a n ism  b y  a  r a c k -a n d -p in io n  
d ev ice . A c c o rd in g ly , o n ce  th e  la tc h  is
u n d o n e , th e  p a s se n g e r  h a s  o n ly  to  p re ss
b a c k  in h is s e a t  to  be  a u to m a tic a l ly  
sw iv e lled  ro u n d  to w a rd s  th e  a lr e a d y  o p en  
d o o r . H e  h a s  th e n  o n ly  t o  s ta n d  u p  a n d  
h e  is in  th e  s tr e e t .  A lth o u g h  in g e n io u s , i t  
w o u ld  seem  th is  a r ra n g e m e n t  is "  to o  c lev e r  
b y  h a l f ,”  fo r sh o u ld  a  p a s se n g e r  d ro p , sa y , 
a  c ig a r e t te  en d  in to  th e  g u id e  r a i l ,  h e  m ig h t 
fin d  t h a t  n o t  o n ly  w ou ld  h is s e a t  n o t  go 
b a c k , b u t  th e  d o o r  w o u ld  s tic k . W illin g  
h e lp e rs  fro m  w ith o u t w o u ld  w ren ch  th e  
ra c k  a n d  p in io n  m e c h a n ism  a n d  th e  d o o r  
h in g e , a n d  c o s tly  r e p a irs  w ou ld  ensue . 
O n e  m ig h t  e x p e c t ,  to o , t h a t ,  a s  in  c e r ta in  
p illa rle ss  sa lo o n s  in  th e  p a s t ,  to  w h ich  
o w n ers  h a v e  f i t te d  su n s h in e  roo fs , th e  w hole  
b o d y  w o u ld  be  u n d u ly  w e a k e n e d  o w in g  to  
th e  e n c ro a c h m e n t o f  t h e  d o o rs  in to  t h e  ro o f. 
T h is  d is a d v a n ta g e  w o u ld  n o t  o c c u r  in  fa c t ,  
b ecau se  th e  c e n tre  p o r t io n  o f th e  ro o f  c o n 
s is ts  o f  a  s to u t  b o x -se c tio n  m e m b e r  o r  
c h a n n e l r u n n in g  th e  e n t i r e  le n g th  o f th e  
ca r , f ro m  a  p o in t  a b o v e  th e  w in d sc ree n  
d o w n  to  th e  re a r  w in d o w . T h is  m e m b e r  
h a s  a  tw o fo ld  fu n c t io n . P r im a r i ly  a  
s tif fe n e r, i t  a lso  a r ra n g e s  a n  in g e n io u s  
m e a n s  o f  a i r  c o n d it io n in g .

V e n ti la t io n  is o n e  o f  th e  th in g s  w h ich  
d es ig n e rs  h a v e , in  th e  p a s t ,  r a th e r  n e g le c te d .
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A ll to o  m a n y  p ro v id e  w in d in g  w in d o w s in  
t h e  d o o rs  a n d  p o ss ib ly  a n  o p e n in g  sc ree n , 
a n d  d ec id e  t h a t  th e ir  jo b  is d o n e . E x c e p t  
fo r  s ig n a llin g  a n d  a s k in g  th e  w a y , th e  w in 
d o w s o f th e  a v e ra g e  c a r  a re  se ld o m  o p e n e d ; 
c e r ta in ly  th e y  d o  n o t  p ro v id e  v e n ti la t io n  
in  th e  t ru e  sen se  o f th e  w o rd .

S tr ic t ly , th is  c o n s is ts  o f  a llo w in g  f re sh  a ir  
in  a n d  ta k in g  s ta le  a i r  o u t ,  in  a c c o rd a n c e  
w ith  th e  p a s se n g e r ’s  c o m m a n d . I n  th e  
n o rm a l w ay , o p e n in g  tw o  w in d o w s a t  o p p o 
s ite  sid es o f  th e  c a r  c o n tr ib u te s  l i t t le  to  
v e n t i la t io n  b u t  cau ses a  p a r t ic u la r ly  
u n p le a s a n t  d r a u g h t .  C lea rly  th e  tro u b le  is 
o n e  o f to o  m u ch  p re ssu re  a n d  to o  l i t t le  
d ire c tio n . A n o th e r  d iffic u lty , p a r t ic u la r ly  
w ith  th e  s tre a m lin e  b o d y , is  to  a r ra n g e  a ir  
in ta k e  a n d  o u t le t  p o in ts  in  su c h  a  w ay  th a t  
th e  sm o o th  a ir  flow  o v e r  th e  b o d y  is n o t  
d is tu rb e d .

In  th is  in s ta n c e  th e  d e s ig n e r  u tiliz e s  th e  
b o x  se c tio n  s t r e n g th e n in g  m e m b e r  m e n 
tio n e d  a b o v e . A ir e n te rs  th is  c o n d u i t  a t  
a  p o in t  a b o v e  th e  w in d sc ree n  w ith  c o n 
s id e ra b le  fo rce  (s in ce  t h a t  a r e a  is a  zone 
o f  h ig h  p re ssu re  w h e n  th e  c a r  is  in  m o t io n ) . 
T h e  a m o u n t  is  c o n tro lle d  b y  th e  d r iv e r  b y  
m ean s  o f a  s h u t te r .  T h e  a i r  so e n te r in g  
h a s  tw o  fu n c tio n s . * T h e  f irs t  o f  th e se  is 
v e n t i la t io n . S i tu a te d  in  th e  sid es o f th e  
v e n t i la t io n  c h a n n e l, o n e  a b o v e  e ach  of th e

fo u r  o u te r  se a ts , a re  fo u r  l i t t le  a ir  scoops 
c o n tro lle d  b y  th e  p assen g e rs . B e in g  
p iv o te d  in  th e  c e n tre  lik e  b u tte r f ly  v a lv e s , 
th e se  sco o p s m a y  be  tu rn e d  b y  re m o te  
c o n tro l ,  e i th e r  to  g iv e  a n  e x t r a c to r  effect 
o r  to  in je c t  a  s t r e a m  o f fre sh  a ir  fro m  o u t 
s id e . I n  a n y  e v e n t  1 1 0  d r a u g h t  is  c au sed , 
b e cau se  th e  a i r  s t r e a m  fo llow s th e  lin e  o f 
th e  b o d y  sid es a n d  is th u s  p re v e n te d  f ro m  
b lo w in g  u p o n  th e  p a sse n g e rs  d ire c t .

O n e  m a y  c r itic iz e  th is  U to p ia n  v eh ic le  on 
a  n u m b e r  o f a c c o u n ts ; a  r e a r  e n g in e  c a r  h a s  
m o re  d is a d v a n ta g e s  th a n  P a u l  w o u ld  a d m it .  
H e  su g g e sts , fo r e x a m p le , t h a t  lu g g ag e , 
sp a re  w heel, a n d  a c c u m u la to r s  co u ld  
a ll  b e  p la c e d  u n d e rn e a th  th e  "  b o n n e t  ”  
a t  th e  f r o n t .  B u t  d o in g  so w o u ld  e n ta i l  
e i th e r  re m o v in g  th e  c e n tr a l  s te e r in g  c o lu m n  
e n t ir e ly  o r  n e v e r  tu r n in g  a  c o rn e r  a t  a ll. 
I t  is  "h a rd  to  see ho w  m a n y  of th e se  
th in g s  co u ld  be  p laced  th u s  in  f ro n t  o f  th e  
c a r ,  b ecau se  th e  c e n tra l  s te e r in g  c o lu m n  can  
m a k e  q u i te  in access ib le  th e  sm a ll sp a ce  le f t  
w h en  th e  w heels a re  on  fu ll lo ck . T h e  
d o o rs  w e h a v e  a lr e a d y  m e n tio n e d  as p o ss ib ly  
u n p ra c t ic a l ,  b u t  th e  v e n t i la t io n  sy s te m  cer
t a in ly  h a s  p o ss ib ilitie s . L ig h t  a llo y s  a n d  
p la s tic s  w ill u n d o u b te d ly  p la y  a  p a r t  in  th e  
c a r  o f  th e  fu tu re ,  a l th o u g h  to  w h a t  e x te n t  
a n d  b y  w h a t  te c h n iq u e s  s t i l l  re m a in s  to  
be  seen .

W e l d in g  F l u x e s  fo r  M a g n es iu m
A  B rie f Note is Presented on Some Recently Patented 
F lu x  Compositions Designed to Overcome Special 
Difficulties Encountered in W elding Certain o f the 

Newer Ultra-light A llo ys

FL U X E S  fo r  th e  w e ld in g  o f  m ag n es iu m  
a n d  m a g n e s iu m -b a se  a llo y s  a re  co v e red  
in  B r i t is h  P a t e n t  N o . 567 ,7 2 5 , F e b ru a ry ,  

1945, b y  M a g n esiu m  E le k tro n ,  L td . ;  i t  
c ro ss  re fe rs  to  th e  sa m e  c o m p a n y ’s p a t e n t  
N o . 511 ,137 , w h ich  co v e rs  m a g n e s iu m -b a se  
a l lo y s  c o n ta in in g  z irc o n iu m . I t  w a s  fo u n d  
th a t  th e  w e ld in g  of su ch  a llo y s  in  sh e e t 
fo rm  is d ifficu lt b ecau se , w ith  m a n y  fluxes, 
th e re  is a n  a c c u m u la tio n  o f  so lid  p a r t ic le s  
o f som e fo re ig n  su b s ta n c e , p re su m a b ly  
z irco n iu m  o x id e , o n  th e  su rface  o f  th e  
m o lte n  m e ta l .  C o n s e q u e n tly , th e  c o m p a n y  
e x p e r im e n te d  w ith  a d d it io n  a g e n ts  in  th e  
flu x , w ith  a  v iew  to  c o n v e r t in g  th e  fo re ig n  
s u b s ta n c e  in to  a  fu s ib le  s la g , b u t  th e se  
e x p e r im e n ts  w ere  n o t  e n t ir e ly  su c cess fu l. 
H o w e v e r , a t  th e  sa m e  tim e , c e r ta in  f luxes 
h a v in g  low  m e lt in g  p o in t  e n a b le d  s a tis fa c 

to ry  c lean  w elds to  be  o b ta in e d . I t  is 
su g g e s te d  t h a t  th ese  fluxes m e lt a n d ,  th e r e 
fo re , sh ie ld  th e  m e ta l a t  a  su ff ic ien tly  low  
te m p e ra tu re  b e fo re  a n y  a p p re c ia b le  q u a n t i 
t ie s  o f  z irc o n iu m  o x id e  a re  fo rm e d . T h e  
fluxes h a v e  b e e n  d es ig n ed  to  p ro v id e  suffi
c ie n t  f lu id ity  a t  th e  w e ld in g  te m p e ra tu re  to  
e n su re  m a x im u m  c o v e r in g  o f  th e  m e ta l to  
p r e v e n t  o x id a tio n , so t h a t  th e  flux  w ill n o t  
h a v e  to  d e a l w ith  o x id a t io n  p ro d u c ts .

T h e  p a te n t  s ta te s  t h a t  s a t is fa c to ry  w e ld 
in g  o f th e se  z i r c o n iu m -c o n ta in in g  a llo y s  c a n  
b e  a c h ie v e d  w ith  th e  fo llo w in g  f lu x e s :—

L ith iu m  c h lo rid e  
P o ta s s iu m  fluo ride  
P o ta s s iu m  ch lo rid e  
S o d iu m  c h lo rid e  '

F lu x  A . 
P .c .

25
10
35
30

F lu x  B . 
P .c .  

25 
10 
20 
45
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S om e v a r ia t io n  in  th e  p e rc e n ta g e s  o f th e  
c o n s t i tu e n ts  is  p e rm iss ib le , b u t  th e  flu x  
sh o u ld  be  s u b s ta n t ia l ly  fluid a b o v e  a b o u t  
550 d eg rees  C ., a l th o u g h  i t  m a y  n o t  be 
c o m p le te ly  liq u id  u n t i l  i t  is a b o v e  600 
d eg rees  C.

T h e  p a te n t  co v e rs  f lu x es fa llin g  w ith in  th e  
fo llo w in g  lim its  o f  c o m p o s itio n :—

P e r  c e n t.
L ith iu m  c h lo r id e .. .  B e tw e e n  21 a n d  40
P o ta s s iu m  flu o rid e  ,, 5 a n d  15
P o ta s s iu m  c h lo r id e  ,, 15 a n d  40
S o d iu m  ch lo rid e  . . .  ,,  26 a n d  50

C e rta in  o f  th e se  c o n s t i tu e n ts  can  be 
fo rm ed  d u r in g  th e  w e ld in g . F o r  e.xam ple, 
li th iu m  llu o rid e  a n d  p o ta s s iu m  c h lo rid e  
to g e th e r  c a n  re p la c e  li th iu m  c h lo r id e  a n d  
p o ta s s iu m  flu o rid e  to g e th e r ,  w h ils t  th e  flux  
s ti l l  c o n ta in s  th e  sa m e  a m o u n t  o f  th e  
ch em ica l e le m e n ts  c o n c e rn e d . A c c o rd in g ly , 
th e  in v e n t io n  e m b ra c e s  in  i ts  sco p e  fluxes 
t h a t  fa ll w ith in  th e  fo llo w in g  ra n g e , in  
w h ich  th e  e le m e n ts  th e m se lv e s  a re  ex p ressed  
in  p e rc e n ta g e  l im its :—

L ith iu m  ...  . . .  ... 3 .5  to  7
P o ta s s iu m  ... . . .  1 1  to  31
S o d iu m  . . .  . . .  ... 10.2 to  20
C h lo rin e  . . .  . . .  . . .  38 to  SI
F lu o r in e  . . .  . . .  . . .  1.6 to  5

E x p re s s in g  f luxes A  a n d  B  in  th is  m a n n e r , 
th e y  b eco m e jis fo llo w s:—

F lu x  A . F lu x  B .
P .c . P .c .  

L ith iu m  ...  ... 5 5
P o ta s s iu m  ...  25 17
S o d iu m  . . .  . . .  12 18
C h lo rin e  . ..  . . .  55 57
F lu o r in e  . . .  . . .  3 3

T h e se  c o m p o s itio n s  n a tu r a l ly  ex c lu d e  
m in o r  q u a n t i t ie s  o f o x id es , o th e r  im p u ritie s , 
w a te r  o r  c a rb o n  d io x id e  t h a t  th e  flux  m ay  
a b s o rb  fro m  th e  a tm o sp h e re .

T h e  w ho le  o f th e  flux  p r e fe ra b ly  sh o u ld  
be co m p o sed  of th e  c o m p o u n d s  o r  e le m e n ts  
specified . H o w ev er, sm a ll a m o u n ts  o f 
in te n tio n a l  a d d i t io n s  a re  p e rm iss ib le  o f  
c e r ta in  n o n -d e le te rio u s  su b s ta n c e s , su c h  as 
b a r iu m  c h lo r id e . T h e  in v e n tio n , th e re fo re , 
c o v e rs  a  flux  c o n ta in in g  a t  le a s t 95 p er 
c e n t , o f  th e  c o m p o u n d  specified . T h e  field 
to  w h ich  a p p lic a b le , n a m e ly , w e ld in g , 
in c lu d e s  th e  fu s io n  jo in in g  o f  m e ta l b y  a ll 
fo rm s  o f  gas o r  e le c tr ic  w e ld in g .

F lu x e s  a re  a  c o m m o d ity  u p o n  w h ich  th e  
effic iency  o f  w e ld in g  is la rg e ly  d e p e n d e n t. 
N o  e x is tin g  co m p o s itio n  e n tire ly  sa tis fie s  a ll 
re q u ire m e n ts , th e re fo re  n ew  p ro d u c ts  a re  
n o t  m e re ly  w elco m ed , b u t  th e  c o n tin u e d  
re sea rch  b e h in d  th e ir  d e v e lo p m e n t, a s  in d i
c a te d  b y  th e  fo re g o in g  p a te n t  e x t r a c t ,  is 
m u c h  to  b e  c o m m e n d e d .

In  o rd e r  to  c a te r  fo r  th o se  w hose  in te re s ts  
in  m a g n e s iu m  a llo y s  a n d  m a g n e s iu m -a llo y  
fa b r ic a tio n  a re  new , a  w o rd  m a y  b e  addecl 
on  th e  te c h n iq u e  o f  w e ld in g  "m agnesium

jo in ts .  A s is  im p lied  in th e  fo re g o in g  n o te s , 
th e  use o f c o rre c t f lu x es is e s se n tia l, b u t  i t  
sh o u ld  be p o in te d  o u t  t h a t  th is  is  o n ly  one 
fa c to r  in th e  successfu l p ro d u c tio n  o f w elds. 
A re c e n t  p u b lic a tio n  o f th e  A m e ric a n  M a g 
n es iu m  C o rp o ra tio n  g iv es  a  su m m a ry  of 
w e ld in g  o p e ra t io n s  in th e  fo llo w in g  te rm s :—  

(1) C lean a n d  b r ig h te n  edg es o f seam  
to  be  w elded . B evel o r  n o tc h  ed g es o f 
h e a v y  se c tio n s . (2 ) P re h e a t  w o rk  w here  
th e  b e a d  is to  b e  s ta r te d .  P re h e a t  w e ld 
in g  ro d . (3 ) A p p ly  flux  to  w eld in g  rod  
a n d  to  u n d e rs id e  o f  se am . (4 ) H a c k  
w eld . (5 ) S tra ig h te n  o u t  b u c k le s . ( 6 ) 
C over ta c k s  w ith  flux . (7 ) W eld  seam . 
( 8 ) S tra ig h te n  o u t  b u ck le s . (9) R e m o v e  
flux  b y  c itr ic -a c id  t r e a tm e n t .
I t  is, h o w ev er, in th e  re m o v a l o f  flux  

re s id u es  fro m  th e  w eld  t h a t  th e  p e rm a n e n t  
su ccess o f  th e  w elded  jo in t  lies, fo r i t  w ill 
h a v e  b e e n  n o te d  t h a t  th e  f luxes a re  m ix tu re s  
o f  ch lo rid es . I t  is v i ta l  t h a t  ex cess flux  be 
rem o v ed  fro m  th e  w eld a n d  t h a t  flu x  c o n 
ta in e d  w ith in  th e  su rfa c e  o f  th e  w eld  m e ta l 
be  rem o v ed  a lso . I n  t h e  p re sen c e  o f  
m o is tu re , c h lo r id e s  h a v e  a  s t r o n g  co rro s iv e  
a c tio n  w ith  m a g n e s iu m  a llo y s  to  su c h  a n  
e x te n t  t h a t  d e s tru c t io n  o f  a  sh e e t c o m 
p o n e n t  m a y  easily' ta k e  p lace  if  su c h  sa lts  
a re  n o t  re m o v e d .

W h en  th e  w elded  c o m p o n e n t h a s  coo led , 
th e re fo re , i t  sh o u ld  be  l ig h tly  sc ru b b e d  w ith  
a  s o f t  b ru sh  a n d  th e n  c o m p le te ly  im m ersed  
in h o t  w a te r  a n d  a llo w ed  to  so a k  so t h a t  
flux  p a r tic le s  in  h id d e n  p o r t io n s  m a y  be 
d isso lv ed . T h is  h o t  b a th  sh o u ld  c o n s is t  o f 
ru n n in g  w a te r  to  p r e v e n t  c o n c e n tra t io n  o f 
c h lo r id e s  in th e  w a s h in g  b a th .  T h e  
A m e ric a n  M ag n esiu m  C o rp o ra tio n  su g g e s ts , 
as a  se co n d  c le a n in g  o p e ra tio n , th e  im m e r
sio n  in a  1  p e r  c e n t ,  s o lu tio n  o f  c i tr ic  ac id ; 
w ith  a n  o rg a n ic  ac id  so lu tio n  o f th is  s t r e n g th  
th e re  is c o n s id e ra b le  e v o lu tio n  o f h y 'd rogen  
w h ich  a s s is ts  in  lo o se n in g  fo re ign  p a r tic le s  
fro m  th e  w eld m e ta l. A lth o u g h  th e  re a c tio n  
a p p e a rs  to  be  a  v ig o ro u s  o n e , in  a c tu a l  f a c t  
a  1 0 -m in u te  im m ers io n  in  th e  s o lu tio n  re su lts  
in a  m e ta l lo ss e q u a l to  o n ly  a b o u t  on e- 
th o u s a n d th  o f  an  in c h . T o  a s s is t  th e  
sc ru b b in g  a c tio n  o f  th e  gas , i t  is  a d v is a b le  
to  ro ck  th e  c o m p o n e n t in o rd e r  t h a t  a ll 
p a r ts  o f  th e  jo in t  a re  a c te d  u p o n . T h e  co m 
p o n e n t  is th e n  rem o v ed  a n d  w ash ed  
th o ro u g h ly  in  co ld  w a te r ; t r im m in g  of th e  
w eld  jo in t ,  w h ich  is th e  n e x t  p ro cess  s ta g e , 
sh o u ld  th e n  b e  in sp e c te d  fo r  f u r th e r  flu x  
in c lu s io n s , w h ich , if  p re se n t , m u s t  be  
re m o v e d  b y  l ig h t ly  sc ru b b in g  a g a in , A d ip  
in co ld  2  p e r  cent." c a u s tic  so d a  so lu tio n  w ill 
n e u tra l iz e  a n y  h y d ro c h lo ric  a c id  t h a t  m a y  
h a v e  b een  fo rm ed  d u e  to  h y 'd ro ly sis  o f 
c h lo r id e s . A ca re fu l w a te r  rin se  m u s t  a g a in  
ta k e  p lace .

I f  th e  c o m p o n e n t is  to  be  s to re d  to  a w a i t  
su b -a sse m b ly , i t  is s tro n g ly ' re c o m m en d ed  
th a t ,  a s  a  w ho le , i t  b e  g iv e n  a  p ro te c tiv e  
t r e a tm e n t ,  su c h  a s  th e  ac id  d ic h ro m a te  d ip .
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A L U M I N I U M ---------

f r o m  W A R  T O  P E A C E

As a supplement to the review of the exhibition “Aluminium—from War to 
Peace,'' published in the July issue of “  Light Metals,’’ pages 3 2 1 - 3 4 1 ,  we 
present here a list of exhibitors, together with a short note of the Various items 
exhibited by each. The list is arranged alphabetically and, whilst it is thought 
to be reasonably complete, no responsibility can be accepted for omissions. 
Concluding the list will be found a number of exhibits, the suppliers of which 

have not, to date, been ascertained with certainty :

C. A, Abrey, L td .—Nursery furniture, com
prising cot, chairs, table and tea 
trolley.

Acorn Products, L td .— Anodized table 
lamps and shades.

Air Control Installation, L td .—Two castings 
and propellers.

Allen and H anburys, L td . — Operating 
table, surgical instrum ents.

Alumax, L td .—Hollow ware of various 
types.

Alumilite and Alzak, L td .— Anodized bowls, 
decorative "  Diana ”  panel in five- 
colour anodizing.

Aluminium P lan t and Vessel Co., Ltd.-—• 
Juice presses.

Aluminium Window Co., L td .—Casement 
windows.

A notints, L td .— Anodized vases.
Arnac Refinements, L td .—Sanitary toilet 

cabinet.
Arc M anufacturing Co., L td .—Cots.
Ascot Gas W ater H eaters, L td .—Ascot 

water heater.
Benjamin Electric, L td .—General lighting 

throughout the exhibition, including 
fluorescent lighting, electric ceiling 
fittings and reflectors for industrial and 
domestic use.

J . Beresford and Son, L td .— Tip-up hand- 
basins.

Birm etals, L td .—Aluminium alloy dinghy.
Fredk. Braby and Co., L td .—Milk churn.
Bristol Aeroplane Co., L td .— "  Hercules ” 

aircraft engine.

British Aluminium Co., L td .—Anodizing— 
quality  sheet, etc., employed in Exhibi
tion features.

British Pressed Panels, L td .—Window.
B .T .il. E lectric Co., L td .—Vacuum cleaner.
B u lp itt and Sons, L td .—Hollow ware of 

various types.
Burnley Aircraft, L td .— "  Burnley ”  engine 

units, square gas-heated household 
copper.

H. Burns and Co., L td .—Vase-type table 
lamp and shade.

R. C artw right and Co., L td .— Door fittings.
Cellon, L td .—Special lacquers to  m atch 

anodic finishes. P ain ts for alum inium 
house.

Centrup, L td .—Aluminium package kitchen 
unit (gas), bookshelves, cupboard, 
alum inium kitchen and bathroom  unit.

Clarke-Chapman and Co., L td .—Searchlight 
reflector and bathroom  mirror, bath  in 
alum inium w ith specially anodized 
surface.

Collapsible Tube Mnfrs. Assn.—Collapsible 
tubes.

John Dale, L td .— Hollow ware of various 
types. Wall plaques, decorative fire
screen.

De Havilland, L td .— "  Gipsy Queen I I ."
Desoutter Bros., L td .— Artificial limbs and 

various electric tools.
M. C. Dizer, L td .—Vacuum cleaner.
E .D .P . Production, L td .—Film strip  pro

jector.
E w art and Sons, L td .—The E w art New 

Empire w ater heater.
Ferranti, L td .— Electric fire.
Foil Rollers Assn.—Foils for insulating, 

wrapping, embossing, etc.
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J .  S ta rk ie  G a rd n e r , L td .— Seal b e a te n  fro m  
sh e e t, m u ra l s tu d y — th e  A lu m in iu m  
S to ry  to  d es ig n  b y  R a lp h  L a v e rs , 
S tu d y  c o m p ris in g  c u rv e d  b a y  w indow  
w ith  a n o d iz e d  a lu m in iu m  w all p an e ls , 
w r i t in g  d esk , re v o lv in g  c h a ir , lam p ; 
w ro u g h t  d e c o ra tiv e  p a n e l d o o r  m a c h in e d  
f ro m  w a lled  a lu m in iu m  slaib w ith  s u r 
ro u n d . B a th ro o m  co m p ris in g  a lu 
m in iu m  a n o d iz e d  w all p a n e ls , b a th ro o m  
f itt in g s , w all p a n e ls  i l lu s t r a t in g  fa b r ic a 
t io n  a n d  p ro c e ss in g  o f  a lu m in iu m .

G en era l G as A p p lian ces , L td .— N ew  co n 
n e c to r  r a d ia n t .

G ra n th a m  B o ile r  C o ., L td .— D ry in g  c u p 
b o a rd s .

G y p ro c  P ro d u c ts ,  L td .— I n s u la t in g  p la s te r  
b o a rd  faced  w ith  a lu m in iu m .

Hague and McKenzie, Ltd.-—Hollow ware 
of various types.

H a rb o ro u g h  C o n s tru c tio n , L td .— D o m e s tic  
w rin g e r  a n d  h o u se h o ld  s te p s .

H a r la n d  E n g in e e r in g  C o. —  E x p a n d in g  
p e lm e t.

H ig h  D u ty  A llo y s, L td .-— G a rd e n  fu rn itu re  
a n d  w h ee lb a rro w , c o m p a n io n  se t, 
g a rd e n  c h a ir .

H o o v e r , L td .— V a c u u m  c lean e r.
H o sk in s  S on s, L td .— H o u se h o ld  tro lle y .
I .C .I .  M e ta ls , L td .— L a m p  s ta n d a rd .
E . a n d  E . K a y e , L td .— G a rd e n  c h a ir , h o te l 

h a t  a n d  c o a t  s ta n d ,  tu b u la r  s to o l a n d  
g lass  to p  ro u n d  ta b le  ( tu b u la r ) .

L ea  B r id g e  In d u s tr ie s ,  L td .— U p h o ls te re d  
ch a ir .

L in e s  B ro s .— T o y  m o to rc a r , o th e r  to y s , 
in c lu d in g  ra i lw a y  en g in e , sm a ll m o to r 
ca rs  a n d  a e ro p la n e . P e ra m b u la to r  a n d  
d o ll’s  p ra m .

L o n d o n  A lu m in iu m  C o ., L td .— H o llo w  w are  
o f  v a r io u s  ty p e s . T w o  a lu m in iu m  
rep o u ssé  v ases, c o c k ta il  sh a k e rs .

J .  M a n d leb e rg  a n d  C o ., L td .— A lu m in iu m  
p r in te d  c lo th .

M e ta l B o x  C o ., L td .— V e g e ta b le  ra c k , linen  
b a s k e t .

M e ta l P ro d u c ts ,  L td .— C ig a re tte  lig h te rs .
D. N apier and Sons, L td .— "  Sabre ” 

engine.
N ew  G ey se r, L td .— T h e  "  V illa  ”  c irc u la to r .
N ew  W e lb e c k , L td .— V a c u u m  c lean e r.
N e w to n , S h a k e sp e a re  a n d  C o ., L t d .—  

H o llo w  w are  o f  v a r io u s  ty p e s .
N o r th e rn  A lu m in iu m  C o ., L td .— C o c k ta il 

s to o l, t y p i s t ’s  c h a ir , tw o  a rm c h a irs  w ith  
fixed  a rm s , w as te  p a p e r  b a s k e t ,  "  S un- 
r a y  ”  c lo ck , e x te n d in g  la d d e r , sh o w 
cases.

P e rk in so n  S to v e  C o ., L td .— "  R e n o w n  ”  
c o o k e r  ( a n o d iz e d ) .

P e r ry  B a r r  M e ta l C o ., L td .— F o ld in g  w all 
ta b le  fo r  use o n  sh ip b o a rd .

J .  A . P h illip s  a n d  C o ., L td .— -B icycle.
P is to n  M nfrs. A ssn .— C o m p o site  e x h ib i t  o f 

p is to n s .
T h e  P le s se y  C o .— C a r a n d  w ire less c o m 

p o n e n ts .
E x o rs . o f  P .  P r i tc h a rd ,  E s q .— R a c in g  

h y d ro p la n e .
R a d ia tio n ,  L td .— T h e  R a d ia t io n  w a te r  

h e a te r ,  h e a l th  r a y  h e a te r ,  "  N o c tu rn e  ”  
p o r ta b le  h e a te r .

R a w lp lu g  C o ., L td .— E le c tr ic  h a m m e r  a n d  
m e c h a n ic a l h a m m e r.

R e d w in g , L td .— A lu m in iu m  e le c tr ic  k itc h e n  
to  d es ig n  o f E . R . G ilb e r t.

E . S. a n d  A . R o b in s o n , L td .— S p ec ia l p r i n t 
in g  fo r  .tex t o f m u ra ls , e tc .

R e y n o ld s  T u b e  C o ., L td .— C ycle f i t t in g s ,
R o lls -R o y c e , L td .— " M e r l in  6 1 ”  a ir c ra f t  

en g in e .
R o w n tre e  a n d  C o .— F o il w ra p p e d  confec 

tio n e ry .
J .  V . R u s h to n , L td .— A n o d ized  vase. 

E le c tr ic  fire in a n o d iz e d  a lu m in iu m , 
a n o d iz e d  d e sk  la m p  w ith  u n iv e rsa l 
a d ju s tm e n t ,  la m p  s ta n d a rd  a n d  sh a d e , 
c a b in e t  a s h t r a y .

S a lo p ia n  E n g in e e rs , L td .  —  A lu m in iu m  
tu b u la r  sca ffo ld in g .

S a n k e y -S h e ld o n , L t d .— S h ip ’s fu rn itu re , 
co m p ris in g  w r it in g  d e sk  a n d  w all 
c a b in e t ,  w a sh -s ta n d , c h e s t  o f  d ra w e rs .

S tile s  E n g in e e r in g  C o .— Ju ic e  p re sse r.
U n iv e rsa l B o ile r  a n d  E n g in e e r in g  C o ., L td .  

— "  V erseo  ”  e lec tr ic  w a sh  b o ile r  a n d  
w rin g e r.

W a rd le  A lloys, L td .— T o y  c o n s tru c t io n a l  
se t.

E . R . W a t t s  a n d  S ons, L td .— S cien tific  
in s tru m e n ts .

W ig g in s-S a n k e y , L td .— C a se m e n t w in d o w .
W illia m s a n d  W illia m s, L td .— C a se m e n t 

w indow .

W ilso n  a n d  M a th ie so n .— C a st h e a te d  d o m es
tic  co p p e r.

S. W o lf  a n d  C o ., L td .— E le c tr ic  d rijls .
J .  W r ig h t  a n d  C o ., L td .— T h e  “  L u m a  ”  

h e a te r .
U n c la ss if ie d .— C u rta in  ra ils  a n d  f i t t in g s , 

v a lv es , c o u p lin g s , p ro p e lle rs , w all c a b in e t ,  
g a rd e n  ra k e , s h o o tin g  s t ic k , fig u red  t r a y ,  
ch ased  t r a v s , la rg e  b ow ls, a s h tra y s , ta b le  
lam p , c a n is te rs , sm a ll an o d iz e d  p a ils , 
ta n k a r d ,  co a l to n g s , n u tc ra c k e rs ,  k n i t t in g  
need les , h o rsesh o es ,, r a c in g  p la te s , v a se , 
coffee p e rc o la to r  a n d  t r a y ,  p en  a n d  in k  
s ta n d , n o te p a p e r  ra c k , c ig a r  case.
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Continuing his Account f ro m  “ L ig h t  M e ta ls  
ipj-jI 2 % 7 , B. J .  Brajn ikoff Passes to a Consideration 
of the Theory and Practice o f the Use o f Alum inium  
Insulated by Anodic Treatment fo r  E lectrica l Whidings

A L U M I N I U M  A N D  M A G N E S I U M  I N  

T H E  E L E C T R I C A L  I N D U S T R I E S

o p e ra t in g  lo n g  tra n sm iss io n  lines. T h e  
l a t t e r  c irc u m s ta n c e , n a tu r a l ly ,  n e c e ss ita te s  
new  a n d  s til l  m o re  e x a c tin g  fo rm u la tio n s  o f  
e le c tr ic a l-c o n s tru c tio n  m a te r ia ls ,  b o th  in th e  
d o m a in  o f c o n d u c to r s  a n d  t h a t  o f in su la to rs . 
C o n v e rse ly , ev e ry  n o ta b le  d isc o v e ry  o r  
a d v a n c e  a c h ie v e d  in  th e  te c h n o lo g y  o f  e lec
tr ic a l  m a te r ia ls  se rv es a s  a  fre sh  s tim u lu s  fo r  
f u r th e r  im p ro v e m e n ts  in  d es ig n  a n d  c o n 
s tru c t io n  o f  p la n t .
Inorganic Versus Organic D ielectrics

T h e  v a r io u s  e lec tr ic  in s u la t in g  su b s ta n c e s  
w id e ly  u se d  n o w a d a y s , su ch  a s  p a p e rs , te x 
t i le  fab ric s , n a tu r a l  a n d  s y n th e tic  ru b b e rs ,

F ig . 4 ta b o v e ) .— T h r e e -p h a s e  c o re -ty p e  
p o w e r tra n s fo rm e r (p a rtia lly  a ssem b led ) 
w ith  a lu m in iu m  w in d in g s  a n o d iz e d  b y  th e  

“ O x a l”  m e th o d , a s  p ra c tis e d  in  Ita ly .

F ig . 1 (ab o v e ).— L o ca l d e fec ts  in  a n o d ic  film d u e  to  n o n -u n ifo rm ity  of th e  
e lec tr ic  fie ld  w h e n  o p e ra tin g  th e  b a th  a t  h ig h  c u r re n t d en sity . F ig . 2 
(r ig h t).— V iew  o f th e  e x p erim en ta l s w itc h b o a rd  fo r c o n tro l o f a n o d ic  b a th s . 

(R u ss ia n  E le c tro te c h n ic a l In s titu te .)

F ig . 3 (r ig h t) .— T h r e e -p h a s e  p o w e r 
tra n s fo rm e r ( tra n s fo rm a tio n  c o 
efficient 6 ,6 0 0 /3 8  vo lts, 2 .0  kVA)
w ith  an o d iz ed  a lu m in iu m  w in d in g .

F ig . 5 (ab o v e ).—A sy n c h ro n o u s  m o to r (220  
v o lts , 2 .5  kw .) w ith  s ta ta  w in d in g  of 

a n o d iz e d  a lum in ium .

re s in o id s , o ils  a n d  n u m e ro u s  o th e r  c o m 
p o u n d s , n o tw i th s ta n d in g  v e ry  c o n s id e ra b le  
a c h ie v e m e n ts  in in su la t io n  te c h n iq u e  fo r  th e  
p a s t  d e c a d e s  a re , a s  y e t ,  s ti l l  n o t  free  f ro m  
a  n u m b e r  o f in h e re n t  d ra w b a c k s .

T o  b e g in  w ith , th e  c o s t  o f th e se  m a te r ia ls  
th e m se lv e s , a s  w ell a s  th e  e x p e n se  c o n n e c te d  
w ith  th e  o p e ra tio n  o f th e  te c h n o lo g ic a l p ro 
cesses fo r in s u la t in g  c u r re n t-c a r ry in g  co m 
p o n e n ts  is, g en era lly ' sp e a k in g , r a th e r  a p p re 
c iab le ; m o re o v e r, m a n y  o f th e se  su b s ta n c e s  
a re , a t  th e  m o m e n t, in sh o r t  su p p ly . A 
re la t iv e ly  low  d ie le c tr ic  s t r e n g th  a n d  n o n 
u n ifo rm ity ' o f s t r u c tu r e  in h e re n t  in  th e se  
su b s ta n c e s  co m p e l th e  d e s ig n e r  to  m a k e  
a llo w a n c e  fo r a  c o n s id e ra b le  th ic k n e s s  o f 
in su la t io n , w h ich  le a d s  to  a n  in c re a se  o f

EL E C T R IC A L  m a te r ia ls  h av e  
p la y e d  a  v i ta l  ro le  in  th e  p ro g re ss  

of m o d e rn  en g in e e r in g . T h e ir  c h a r 
a c te r is t ic  p ro p e r t ie s , in th e  final 
analy 's is , d e te rm in e  th e  se n d e e  q u a l i 
tie s  o f e le c tr ic a l m a c h in e ry  a p p a ra tu s ,  
a n d  tra n sm iss io n  a n d  d is t r ib u t io n  
e q u ip m e n t,  b o th  f ro m  th e  s t a n d p o in t  
of d e s ig n  a n d  c o n s tru c t io n , a n d  in  
re g a rd  to  e c o n o m y  a n d  re liab ility ' o f 
p e r fo rm a n c e  u n d e r  se rv ice  c o n d itio n s .
O n  th e  n a tu r e  o f su c h  m a te r ia ls  d e 
p e n d s  th e  d im e n s io n s  o f e lec tr ica l 
m a c h in e s  a n d  in s ta l la t io n  c o m 
p o n e n ts ,  a s  w ell a s  th e  m a x im u m  
o u tp u t  w h ich  i t  is p o ss ib le  to  o b ta in  
fro m  a  sin g le  u n i t .

T h e  n e v e r-c e a s in g  p ro cess o f d e v e lo p in g  
n o v e l a p p lic a tio n s  o f  e le c tr ic a l e q u ip m e n t to  
th e  d iv e rse  b ra n c h e s  o f in d u s try ',  c o m m u n i
c a tio n s , t r a n s p o r t ,  h o u se h o ld , a g r ic u ltu re , 
a n d  o th e r  fie lds, h a s  t r a n s fo rm e d  th e  m o d e rn  
g e n e ra t in g  s ta t io n s  a n d  th e ir  w o rk in g  a g g re 
g a te s , in to  co lo ssa l s t r u c tu r e s ,  c o m p a re d  to

w h ich  th e  “  c y c lo p ia n  ”  s te a m  e n g in e s  o f  a  
s h o r t  w h ile  a g o , a p p e a r  a s  to y s .

T h e  v a s t  te r r i to r ie s  e m b ra c e d  by' th e  se r
v ice  o f  e le c tr ic a l e n e rg y  d e r iv e d  fro m  one o r  
se v e ra l p o w e r  s ta tio n s , in te r lin k e d  w ith  each  
o th e r , m a k e  i t  im p e ra tiv e  to  ra ise  th e  e lec
t ro m o tiv e  fo rce  to  a  v e ry  h ig h  level fo r
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overall dimensions and weights of the 
resu ltan t products. The therm al stab ility  
of most organic materials is relatively low, 
a factor which usually restricts the perm is
sible current-load of the insulated conduc
tors, ap a rt from the fact th a t their heat 
conductivity  is extrem ely small, which 
impedes the release and dissipation of the 
heat evolved by the flow of current in the 
circuit. In addition, these m aterials are 
subject to  ageing, are often hygroscopic, 
and sometimes not too resistant to  the 
action of chemical reagents occurring in the 
atm ospheres of urban districts and in the 
neighbourhood of electrical machinery.

In  the light of these considerations, it  is 
no t difficult to  deduce th a t increased 
interest displayed of late in dielectric sub
stances of inorganic nature is fully justified. 
Of mineral dielectrics in use for the construc
tion of electrical apparatus, mica and 
asbestos have secured the widest sphere of 
application as materials offering distinct 
advantages owing to  their high stability  to 
heat. In a large num ber of types of elec
trical m achinery (turbo-alternators, high- 
voltage motors and generators, special 
machines) a  prim ary requirem ent is abso
lute dependability of the insulation and its 
therm al stability . In  these instances, it is 
usual to employ mica due to  its high dielec
tric coefficient (from 4 to 8) and excep
tionally great resistance to  rupture bv 
electric discharge (about 2,000 kilovolts/ 
cm.)

Mica is used in the form of numerous 
composite dielectric m aterials, known under 
the various trade names, such a Micanite, 
Micapholium, etc. However, world

Fig . 6.— F o rm a tio n  c u rre n t cu rv e s  fo r a n o d ic  
b a th s  w ith  a lk a lin e  e le c tro ly te s : a , N a s B rO r ; 

b , (N H rJaC O s; c , N aH C O a.

r / VCilue E,

■

c
r a '

0     ---------
0 4 8 IZ 16 rnns

F ig . 7 .—C u rv es  fo r fo rm atio n  v o ltag e  for 
a n o d ic  b a th s  o p e ra tin g  o n  d irec t c u rre n t 
(cu rv e s  a , b  a n d  c), a n d  for a lte rn a tin g  
c u rre n t (c u rv e s  a' a n d  o '). C u rv e s  a  a n d  a 
re fe r  to  N asB rO r b a th s ,  c u rv e  b  to  (N H  iLCO:;, 

a n d  cu rv e s  c  a n d  c to  N aHC O :! b a th s .

reserves of suitable grades of mica are 
limited and, moreover, this substance is 
rather costly on account of difficulties asso
ciated w ith its geological occurrence and 
winning. Further, micas of various origins 
exhibit different physical and dielectric p ro
perties, varying in dielectric strength, per
m ittiv ity , dielectric losses, mechanical 
characteristics of breaking strength , hard
ness, flexibility, cleavability, as well as 
chemical and therm al stability . Again, the 
tangential properties of mica (i.e., along the 
cleavage plane) differ appreciably from 
those in a direction perpendicular to  the 
cleavage plane, an aspect which, in a 
num ber of cases, has to be considered in 
problems of design. Thus, it may be seen 
tha t mica is costly, in comparatively short 
supply and, owing to  its peculiar crystalline 
structure, its application is much hindered. 
The bonding of m ica composite dielectrics, 
as, for instance, Micanite, is a labour-con
suming process, and such composites repre
sen t the materials deprived of a num ber of 
advantages inherent jto natural mica in spite 
of any increased uniformity obtained.

Compared w ith the latter, they show a 
lower stability  to  heat and spark action, are 
more compressible, and are subject to  
ionization and ageing. Asbestos is hygro
scopic, frequently contains semi-conducting 
adm ixtures, and forms a loose, voluminous
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in su la t io n , w h ich  is v e ry  im p e rfe c t  f ro m  th e  
d ie le c tr ic  p o in t  o f view .

F ilm  of A lu m in iu m  O xide as D ielectric
In  th e  se a rc h  fo r  in s u la t in g  su b s ta n c e s  

free  fro m  th e  sh o r tc o m in g s  e n u m e ra te d , w e 
fin d  a n  e n t ir e ly  new  p r in c ip le  in  th e  u t i l iz a 
t io n  o f film s fo rm e d  o n , a n d  b y , th e  c o n 
d u c to r  itse lf . I n  a d d i t io n  to  d ie le c tr ic  film s 
o f  t h e  o x id e  ty p e , c e r ta in  m e ta ls  c a n  a lso  
b e  in su la te d  b y  film s o f  su lp h id e s  a n d  b y  
m e a n s  o f s a lts  o f  o rg a n ic  ac id s . S uch  d ie lec 
t r ic  film s p ro d u c e d  o n  th e  su rfaces  o f m e ta ls  
a re  d is tin g u ish e d  b y  th e  p ossession  of 
e x tre m e ly  in te re s t in g  in s u la t in g  an d  
p h y s ic o -c h e m ic a l p ro p e r t ie s .

A m o n g s t th e  o x id e s  o f th e  m e ta ls  a n d  
se m i-m e ta ls , a re  re p re se n te d  b o th  p e r fe c t

Fig. 8 (above).—Formation voltage curves 
for acid electrolytes: a, H->SOr and direct 
current; b, (C()OH)-; c, HaCrOr and 
alternating current. Fig. 9 (right).—Formation 
and current curves for acid electrolytes: 
a, (COOH>2 and direct current; b, H2SO4 
and direct current; c, 1 LCrO); d, (COOH)s 

and alternating current.

in s u la to r s  a s  w ell a s  se m i-c o n d u c to rs , p o sses
s in g  a  c o m p le x  m e c h a n ism  o f  c o n d u c t iv i ty . 
T h e  sp ec ia l b e h a v io u r  d isp la y e d  b y  th e se  
o x id es  is a d v a n ta g e o u s ly  u tiliz e d  in  e le c tr ic a l 
te c h n o lo g y , w h ere , fo r  e x a m p le , p e c u lia r it ie s  
in  th e  c o n d u c t iv i ty  o f c o p p e r  o x id e  is tu rn e d  
t o  g o o d  a c c o u n t in  re c t ify in g  a l te rn a t in g  
c u r r e n t .  T h e  b re a k d o w n  of le a d  p e ro x id e  is 
u t i l iz e d  in  th e  lead  in te r ru p te r ,  w h ils t 
c o a tin g s  o f  iro n  o x id e  se rv e  to  in su la te  th e  
lam inae c o m p o s in g  th e  co res o f  t ra n s fo rm e rs  
a n d  ro to rs . S ilico n  o x id e  in  i t s  v a r io u s  
fo rm s , n o ta b ly  a s  q u a r tz ,  is  o n e  o f th e  m o s t  
v a lu a b le  d ie le c tr ic  m a te r ia ls  a n d  possesses 
c e r ta in ly  o th e r  e le c tr ic a l c h a ra c te r is t ic s  of 
v i ta l  im p o rta n c e  to  t h e  in d u s try .

M ag n esiu m  o x id e , a g a in , p e c u lia r  fo r  i ts  
h ig h  m e lt in g  p o in t  a n d  th e rm a l s ta b il i ty ,  is 
w id e ly  used  a s  a n  in s u la t in g  m a te r ia l  in  
e le c tr ic a l  fu rn a c e s , b o th  o f  th e  re s is ta n c e  
a n d  in d u c tio n  ty p e s . O th e r  o x id e s  o r  m ix 
tu r e s  o f o x id es , p a r t ic u la r ly  of th e  r a re  
e a r th  m e ta ls , h a v e , in  th e  p a s t ,  fo u n d  use

b o th  a s  in su la to r s  a t  n o rm a l te m p e ra tu re s  
a n d  a s  c o n d u c to r s  a t  v e ry  h ig h  te m p e ra 
tu re s . A t  th e  m o m e n t, h o w e v e r , a lu m in iu m  
o x id e  fro m  th e  s t r u c tu r a l  s ta n d p o in t  
a t t r a c t s  th e  g re a te s t  in te re s t .

In  so fa r  a s  w e a re  co n c e rn e d  w ith  th e  
s tu d y  o f th e  re la t iv e  m e r i ts  o f a lu m in iu m  
a n d  c o p p e r  in  e le c tro -te c h n o lo g y , i t  is 
a p p ro p r ia te ,  in  th e  f irs t  in s ta n c e , to  su m 
m arize  th e  fu n d a m e n ta l  p ro p e r t ie s  o f  b o th  
m e ta ls . T h is  h a s  b e e n  d o n e  in  sy n o p s is  
fo rm  in  T a b le  1, th e  v a lu e s  in w h ich  re fe r  to  
th e  m a te r ia ls  in  th e  fo rm  o f  h a rd -d ra w n  
(u n a n n e a le d )  w ire .

A n a ly s in g  v a lu e s , w e a r r iv e  a t  th e  fo llo w 
in g  co n c lu s io n s: (1 ) In  a ll cases w h ere  th e  
d e s ig n e r  is re s tr ic te d  b y  o v e ra ll  d im e n s io n s  
o f th e  p ro je c te d  e q u ip m e n t,  th e  u se  of 
c o p p e r  o ffers g r e a t  a d v a n ta g e ,  a s  f o r  id e n t i 
ca l c ro ss -s e c tio n a l a re a s  o f  b o th  m e ta ls  a n  
a lu m in iu m  c o n d u c to r  w ill o ffe r a  re s is ta n c e  
to  th e  flow  of e le c tr ic  c u r r e n t  a b o u t  1.65 
tim e s  g r e a te r  th a n  t h a t  o f a  c o p p e r  c o n 
d u c to r .  T h is  c o n s id e ra tio n  is  f re q u e n tly  
to  b e  re c k o n e d  w ith  in  th e  d e s ig n in g  o f

m a c h in e s  a n d  a p p a r a tu s  fo r  h e a v y  c u r re n t  
lo a d s . O n  th e  o th e r  h a n d ,  if it  b e  p o s 
sib le  to  co p e  w ith  a  s l ig h t  re d u c tio n  of 
e le c tro -c o n d u c tiv ity , th e n  th e  re p la c e m e n t of 
c o p p e r  b y  a lu m in iu m  t o  th e  sa m e  cross- 
se c tio n a l a r e a  w ill g iv e  a  w e ig h t re d u c tio n  
o f so m e 6 6  p e r  c e n t . (2 ) T o  s u b s t i tu te  fo r 
th e  c o p p e r  c o n d u c to r  a n  a lu m in iu m  c o n 
d u c to r  o f  e q u iv a le n t  e le c tro -c o n d u c tiv ity , w e 
h a v e  to  p ro v id e  a n  a lu m in iu m  c ro ss -se c tio n  
1 .6  tim e s  la rg e r. I n  th is  e v e n t,  th e  -weight 
o f  th e  a lu m in iu m  c o n d u c to r  w ill be  h a lf  
t h a t  o f th e  c o p p e r  c o n d u c to r .

T h u s  i t  fo llow s th a t ,  i f  w e be  re s tr ic te d  to  
o n ly  a  sm a ll d eg ree  in  re g a rd  to  cross- 
se c tio n , a s  in  th e  case  o f o v e rh e a d  t r a n s 
m iss io n  lines, w e a re  in  a  p o s it io n  to  o b ta in  
a  c o n d u c to r  th e  w e ig h t  o f w h ich  is h a lv e d , 
a n d  w h ich  m a k e s  p o ss ib le  l ig h te r  c o n s tru e -
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t io n  o i lin e  s u p p o r ts  a n d  in s u la to r s  a n d  
f a c il i ta te s  e re c tio n  a n d  re p a ir  w o rk .

W ith  re sp e c t to  th e  c o m p a ra t iv e  c o s t o f 
in su la t io n  a s  n o rm a lly  e m p lo y e d  in  p ra c tic e , 
th i s  w ill b e  s l ig h tly  h ig h e r  fo r  a n  a lu 
m in iu m  c o n d u c to r  o f e q u iv a le n t  e le c tro 
c o n d u c t iv i ty ,  a s  th e  p e r ip h e ry  o f th e  
a lu m in iu m  "w ire w ill b e  1.2S tim e s  g re a te r  
th a n  t h a t  o f th e  c o p p e r  w ire . N e v e r th e le s s , 
th is  l im ita t io n  m a y  re a d ily  b e  o ffse t b y  th e  
fo llo w in g  c o n s id e ra tio n . A  se rie s  o f re c e n t 
in v e s tig a t io n s  h a v e  sh o w n  th a t ,  ta k in g  in to  
a c c o u n t  th e  b e t t e r  h e a t  d is s ip a tio n  o f th e  
a lu m in iu m  c o n d u c to r  (a sso c ia te d  w ith  
in c re a se  o f d ia m e te r ) , th e  a c c e p te d  r a te s  of 
1.67 b e tw e e n  c o p p e r  a n d  a lu m in iu m  in 
te r m s  o f th e ir  re sp e c tiv e  c o n d u c tiv i t ie s  c a n  
b e  re d u c e d  b y  a t  le a s t 1 0  p e r  c e n t . ,  w i th  a 
c o r re sp o n d in g  sa v in g  in  in s u la t io n  c o s t.

H en ce , in  a ll  th e  cases w h ere  th e re  a re  
n o  o b je c tio n s  fro m  th e  s ta n d p o in t  o f  c o m 
p a c tn e s s  o f th e  m a c h in e  s t ru c tu r e ,  th e re

Table 1.

Characteristic
properties

Units of 
measure

ment
Alumi
nium Copper

Specific gravity grams/cm. 3 2.7 8.9
Specific resistivity .. fi{¡ cm. 2.9 1.75
Resistance to rupture kg./mm.2 From From

20 to 22 A0 to A4

c a n  b e  n o  o b s ta c le s  to  th e  u se  o f  a lu m in iu m  
in  p la c e  o f  c o p p e r . I n  m a n y  in s ta n c e s , 
a lu m in iu m  possesses sp e c ia l a d v a n ta g e s . 
T h u s , fo r e x a m p le , a s  a  c o n se q u e n c e  o f th e  
in c rease  o f  c a b le  d ia m e te r  in  o v e rh e a d  t r a n s 
m iss io n  lin e s  o p e ra t in g  a t  v e ry  h ig h  
v o lta g e s , th e re  is a n  im p o r ta n t  g a in  o n  
a c c o u n t  o f  th e  d e c re a se  o f  e n e rg y  lo sses d u e  
to  d im in ish e d  c o ro n a  d isc h a rg e ; a lu m in iu m  
b u s -b a rs  a re  fo u n d  t o  p o ssess g re a te r  
r e s is ta n c e  t o  a r c in g  th a n  c o p p e r  b a r s ; th is  
m a y  be  a t t r ib u t e d  t o  th e  p ro te c t iv e  a c tio n  
o f th e  film  o f  a lu m in iu m  o x id e , a s  w ell a s  
t o  th e  g r e a te r  h e a t  c a p a c ity  o f  th e  l ig h t  
m e ta l  (0 .2  C a lo r ie /k g . p e r  d e g re e  C . fo r  AT 
a s  a g a in s t  0 . 1  C a l . /k g .  p e r  d eg ree  C . fo r  
C u ) ,  a n d  i t s  g re a te r  h e a t  o f  fu s io n  (77 C a l . /  
k g . fo r  A1 c o m p a re d  w ith  43 .3  C a l. /k g .  
fo r C u ) .

E v e n  w ith o u t  th e  o x id e  in su la t io n , a lu 
m in iu m  c a n  be  a d v a n ta g e o u s ly  e m p lo y e d  in  
p la c e  o f c o p p e r  fo r th e  w in d in g  o f  r o to rs  o f  
h ig h -sp e e d  e le c tr ic a l m a c h in e s  w ith  th e  
o b je c t  o f  re d u c in g  w e ig h t a n d  so  d e c re a s in g  
m e c h a n ic a l s tre s se s  in  th e  b o d y  a n d  te e th  
o f  th e  ro to r .  T h e  w in d in g s  a re  h e ld  in  
p o s it io n  b y  m e a n s  o f s u ita b le  b in d in g s , 
u s u a lly  o f iro n  w ire , w h ic h , a g a in , m a y  be  
re p la c e d  b y  a n  a p p ro p r ia te  a lu m in iu m -b a se  
a llo y , su c h , fo r in s ta n c e , a s  a ld re y . U se  o f 
a lu m in iu m  is  a lso  o f  v a lu e  fo r  t h e  w in d in g

Table 2.

y—Series a—Series

Hydrargilite .. A I(O H )3 -

Bauxite AIO oH Diasporę

y—Aluminium oxide A I2O 3 Corundum

o f lo a d -m o v in g  e q u ip m e n t o f v a r io u s  ty p e s  
( fo r  e x a m p le , l i f t in g  m a g n e ts ,  e t c . ) ,  a n d  
fo r  .the w ir in g  a n d  w in d in g  o f e le c tr ic a l 
a p p a r a tu s  fo r  a i r c ra f t .

I n  p a r t ic u la r ,  w in d in g s  o f  r o to rs  fo r  h ig h 
speed  tu rb o -g e n e ra to r s  o ffer e sp e c ia lly  w id e  
p o ss ib ilitie s  fo r th e  u t i l iz a t io n  o f l ig h t  
m e ta l .  S u b s t i tu t io n  o f c o p p e r  b y  a lu 
m in iu m  f a c il i ta te s  th e  b u i ld in g  o f  ihigfli- 
o u tp u t  g e n e ra to rs  d e s ig n e d  to  o p e ra te  a t  a  
speed  of 3 ,000  r .p .rn . ,  a s  a g a in s t  th e  c u s 
to m a ry  1 ,500 r .p .m .  T h is , in  tu r n ,  is  b o u n d  
u p  w ith  a  v e ry  s u b s ta n t ia l  d ec rease  in  w e ig h t  
a n d  c o s t  a s  w ell a s  d im in u tio n  in  o v e ra ll 
d im e n s io n s .

F ro m  th e  m e c h a n ic a l v ie w p o in t , th e  m o s t  
s tre s se d  p a r t  o f th e  r o to r  is i t s  p e r ip h e ry , 
a n d  s tre s s in g  m a y  re a d i ly  b e  h a lv e d  b y  
u s in g  a lu m in iu m  in  p lace  o f c o p p e r  fo r  th e  
w in d in g s . S u ch  re p la c e m e n t, h o w ev er, 
o ffers, in  g e n e ra l, n o  a d v a n ta g e s  in  th e  case  
o f  sm a ll-d ia m e te r  ro to rs , fo r, a s s u m in g  th e  
w ire  b e  in s u la te d  in  th e  u su a l m a n n e r  ( i .e ., 
n o t  b y  m e a n s  o f  a n  a n o d ic  f i lm ) , th e  
in c re a se d  s lo t  d ia m e te r  re q u ire d  to  a c c o m 
m o d a te  lig h t-m e ta l  w in d in g s  o f  e q u iv a le n t  
c o n d u c t iv i ty  le a d s  to  se rio u s  r e d u c tio n  in  
th e  s t r e n g th  o f  th e  r o to r  te e th .  I n  th e  case  
o f la rg e -d ia m e te r  ro to rs , th e  effec ts o f 
in c re a se d  s lo t  w id th  need  n o t  b e  so 
s ig n if ic a n t.

T u rb o -g e n e ra to rs  w ith  o u tp u t s  fro m  
50 M VA to  7 ,500  M V A , ru n n in g  a t  3 ,000  
r .p .m . ,  w i th  s ta n d a rd  in su la te d  a lu m in iu m

Table 3.

Additions Breakdown
potential

Ed,
volts

Breakdown potential 
Ed during bending 

around loop 10 mm. 
diameter, voltsMetal Per

cent.

Lead 3 280 Appearance of a crack
Tin .. 5 50 Appearance of a crack
Manganese .. 3 280 Appearance of a crack
Copper 2 200 200
Copper 5 260 200
CopDer 6.5 220 200
Magnesium .. 3.5 A00 Appearance of a crack
Iron .. 3 300 Appearance of a crack
Cadmium .. 3 280 Appearance of a crack
Aluminium,

cast — 300 Appearance of a crack
Aluminium,

rolled — 370 Appearance of a crack
Silicon, copper 20.3 — Appearance of a crack
Ternary

system 3 280 Appearance of a crack
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w in d in g s , h a v e  d e m o n s tra te d  th e  a d v a n ta g e s  
o l  l ig h t  m e ta l  in  th is  r e g a rd  a n d  e n c o u ra g e d  
d e s ig n e rs  to  e x te n d  s till f u r th e r  th e  ra n g e  
o f  i t s  a p p lic a t io n .

O n e  of th e  m o s t  im p o r ta n t  a d v a n ta g e s  
o f a lu m in iu m  is i ts  a b i l i ty  to  be  e a s ily  c o a te d  
w ith  a  re lia b le  in s u la t in g  film  of i ts  o x id e . 
S u ch  a  film , w h ich  is q u ic k ly  fo rm e d  o n  th e  
su rfa c e  o f f re sh ly  c u t  a lu m in iu m  w ith in  a  
sm a ll f ra c tio n  o f 'a  se co n d , p re v e n ts  f u r th e r  
p e n e tra t io n  o f  o x y g e n  in to  th e  b o d y  o f th e  
m e ta l  a n d  g u a rd s  a g a in s t  th e  o n se t of 
c o r ro s io n . A t th e  sa m e  t im e , i t  sh o u ld  be  
b o rn e  in  m in d  t h a t  th is  v e ry  la y e r  of

T able 4.

Nature of 
treatment

Breakdown 
potential 
prior to 

corrosion, 
volts

Breakdown 
potential 

after onset 
of corro

sion, volts

Loss in 
weight, 
per cent.

Unanodized _ __ 75.09
Unanodized — — 44.9
Unanodized — — 52.25
Anodized by

means of A.C. 250 240 8.67
Anodized b>

means of A.C. 200 180 10.03
Anodized by

means of D.C. 660 340 9.52
A n o d i z e d  by 

superimposed
A.C. on D.C. .. 730 600 3.13

a lu m in iu m  o x id e  c re a te s  w e ll-k n o w n  d iffi
c u ltie s  in  th e  so ld e rin g  o f a lu m in iu m  a n d  
is th e  cau se  o f  th e  u n re l ia b i li ty  o f  e le c tr ic a l 
c o n ta c t  b e tw e e n  a lu m in iu m  c o m p o n e n ts .

T h e  in s u la t in g  p ro p e r t ie s  o f th is  o x id e  
film  h a v e  b e e n  k n o w n  fo r  a  lo n g  tim e . T h u s , 
a s  f a r  b a c k  a s  1903, H o p fe lt  p u t  fo rw a rd  
th e  su g g e s tio n  t h a t  th e  n a tu r a l  film  be  
u se d  a s  a  d ie le c tr ic  to  in s u la te  a lu m in iu m  
c o n d u c to rs  in  c o n ta c t  w ith  each  o th e r  
w h ere  p o te n t ia l  d iffe ren ces n o t  e x c e e d in g  a  
few  te n th s  of a  v o l t  w ere  in v o lv e d . W h ere , 
h o w e v e r, d iffe ren ces o f p o te n t ia ls  a p p ro a c h  
a n  o rd e r  o f  p ra c tic a l  im p o rta n c e , i t  is  n eces
s a ry  to  a u g m e n t  th e  th ic k n e s s  a n d  
m e c h a n ic a l s t r e n g th  o f th e  film  a n d  to  
im p ro v e  i t s  d ie le c tr ic  p ro p e rtie s .

D e sp ite  a  good  d ea l o f  w o rk  d e v o te d  to  
th e  su b je c t ,  a n d  n u m e ro u s  p a te n ts ,  th e  w id e  
use of a lu m in iu m -o x id e  in su la t io n  h a s  b een  
h in d e re d  o w in g  to  th e  tw o  fo llo w in g  
re a so n s :  (1) I t s  in a d e q u a te ly  h ig h  d ie lec 
t r ic  s t r e n g th  a n d  p r a c tic a l  d ifficu ltie s  in  
in c re a s in g  th is  b y  m e re ly  in c re a s in g  th e  
th ic k n e s s  o f  th e  o x id e  la y e r ; (2 ) d ifficu lty  
in  p ro d u c in g  a  film  o f a lu m in iu m  o x id e  o f  
su ff ic ien t e la s t ic i ty  to  e n s u re  r e a d y  w in d in g .

I n  a  g r e a t  m e a s u re  th e s e  d ifficu ltie s  h a v e  
b e e n  su rm o u n te d  b y  th e  sy s te m a tic  
re se a rc h e s  c o n d u c te d  sin c e  1930 a t  th e  
R u s s i a n  E le c tro te c h n ic a l  I n s t i tu te .

Im p ro v e d  d ie le c tr ic  s t r e n g th  c o m b in e d  w ith  
h ig h e r  e la s t ic ity  a s  a c h ie v e d  h e re  o p e n  u p  
e x te n s iv e  p o ss ib ilitie s  fo r  th e  u t i l iz a t io n  of 
th e  o x id e  in s u la t io n  in  th e  c o n s tru c t io n  o f  a  
la rg e  n u m b e r  o f e le c tr ic a l m a c h in e s  a n d  
a p p a ra tu s .

I t  h a s  been  e s ta b lish e d  t h a t  i t  is  p e rfe c tly  
p o ss ib le  to  o b ta in  (as a  m in im u m ) th e  
e q u iv a le n t  re p la c e m e n t o f  c o p p e r  b y  
a lu m in iu m , t h a t  is, w ith  a  m a c h in e  of th e  
sam e o v e ra ll d im e n s io n s  w ith o u t  a l te r a t io n  
o f d e s ig n . I t  is  a lso  fea s ib le  to  d e r iv e  fro m  
th e  m a c h in e  id e n tic a l p b w er a n d  o th e r  
e le c tr ic a l c h a ra c te r is t ic s ,  w ith  s im u lta n e o u s  
r e d u c tio n  in  w e ig h t. F u r th e r ,  if we a re  
p re p a re d  to  m a k e  c e r ta in  a llo w a n c e  fo r  a 
s l ig h t  d ec rease  o f  effic iency  (if a  m a c h in e  be 
red esig n ed  th is  d ec re a se  m ig h t p o ss ib ly  b e  
q u i te  n eg lig ib le ), a n d  p e rm it  w o rk in g  a t  
h ig h e r  te m p e ra tu re ,  th e n  i t  is  possible_ to  
g e t, w i th  th e  sa m e  o v e ra ll  size  o f m ac h in e , 
p o w e r  o u tp u ts  50 p e r  c e n t ,  to  75 p e r  c e n t, 
g re a te r  th a n  w ith  c o p p e r  w in d in g  a n d  
o rd in a ry  in s u la t io n .

P a r t ic u la r ly  im p o r ta n t  p ro p e r t ie s  o f  th e  
o x id e  in s u la t io n  a re  in  a p p lic a tio n  to  
m a c h in e s  d es ig n ed  to  m e e t v a r ie d  c o n d i
t io n s  o f se rv ice  u n d e r  h e a v y  lo a d  re q u ir in g

T ab le  5.

Nature of treat
ment of the tcst- 

pieces

Change 
in weight 

gm.

Breakdown 
potential 
prior to 

corrosion, 
volts

Breakdown 
potential 
after 128 

days of cor
rosion, volts

Unanodized 0.1116 0 0
Unanodized 0.1256 0 0
Unanodized 0.1051 0 0
Anodized by 

means of D.C. 0.0313 1,000-1,200 1,000
Anodized by

means of D.C. 0.0006 340 550
Anodized by

means of A.C. 0.0056 240 330
Anodized by 

means of A.C. 0.0094 180 270
A n o d i z e d  by 

superimposed 
D.C. on A.C. 0.0348 600 650

a  h ig h  s ta r t in g  to rq u e  (m o to rs  fo r  coa l- 
c u t t in g  m a c h in e , c r a n e  motors,^ a n d  th e  
lik e ) , w h ere  effic iency  c h a ra c te r is t ic s  p la y  n o  
e s se n tia l ro le , w h e re a s  m o m e n ta ry  o v e rh e a t
in g  re p re se n ts  th e  m a in  c a u se  o f  d a m a g e .

I t  is  o f sp e c ia l im p o rta n c e  to  p o in t  o u t  
t h a t ,  in  th e  sam e m a n n e r , o x id e  in su la t io n  
can  b e  o b ta in e d  o n  a  su i ta b ly  c o n s tru c te d  
b i-m e ta l, su c h  a s  c o p p e r -a lu m in iu m . T h is  
c irc u m s ta n c e  is o f o b v io u s  a d v a n ta g e , a s  th e  
p ro d u c tio n  o f a  b i-m e ta llic  c o n d u c to r  
(c o p p e r w ith  a n  a lu m in iu m  c la d d in g ) , d u ly  
a n o d iz e d , a ffo rd s  a  p o s s ib il i ty  o f  c o m b in in g  
th e  h ig h  e le c tro c o n d u c tiv ity  o f  c o p p e r  w ith  
th e  v a lu a b le  q u a l i t ie s  o f  a lu m in iu m  o x id e
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in su la t io n , n a m e ly , v a n is h in g ly  sm a ll th ic k 
ness, th e rm a l s ta b il i ty ,  h ig h  h e a t  c o n 
d u c t iv i ty ,  a n d  g o o d  m e c h a n ic a l s t r e n g th .

T h e  v a r io u s  m e th o d s  d es ig n ed  to  p ro d u c e  
a  h ig h  q u a l i ty  film  o i  a lu m in iu m  o x id e  fall 
in to  th re e  p r in c ip a l  g ro u p s :  (1) T h e rm a l 
t r e a tm e n t ,  i .e . ,  b y  h e a t in g  a lu m in iu m  to  
in c a n d e sc e n c e  in  a i r  o r  o x y g e n , ( 2 ) p u re ly  
c h e m ic a l m e th o d s , • (3) e lec tro -c h em ica l 
m e th o d s  b a se d  o n  th e  a n o d ic  p o la r iz a tio n  o f 
th e  m e ta l. P u re ly  c h e m ic a l t r e a tm e n ts  a re  
less e ffe c tiv e  th a n  th e se  la s t ,  a n d  th e rm a l 
m e th o d s  o f  t r e a tm e n t ,  a s  d e m o n s tra te d  b y  
T a re e ff’s  e x p e r im e n ts  in  th e  R u ss ia n  
E le c tro te c h n ic a l  I n s t i tu te ,  a re  u n s u ita b le  fo r  
p ra c tic a l  p u rp o se s .

B e fo re  d isc u ss in g  th e  o x id e  in s u la t io n  o f 
a lu m in iu m , i ts  specific a d v a n ta g e s  a n d  
lim ita t io n s , i t  is e s se n tia l t o  c o n s id e r  th e  
fu n d a m e n ta l  p ro p e r t ie s  o f  A 1 ,,0 ,, w h ich  h av e  
a  v i ta l  b e a r in g  o n  i ts  e le c tr ic a l u t i l iz a t io n , 
a n d  to  d ra w  a  co m p a riso n  w ith  th e  
p o te n t ia l i t ie s  o f o th e r  m e ta llic  o x id e s  a s  
d ie le c tr ic  m a te r ia ls .

In  ch em ica l c o n s t i tu t io n  th e  o x id e  o f 
a lu m in iu m  is id e n tic a l  w ith  c o ru n d u m  a n d  
th e  p re c io u s  s to n e s , ru b y  a n d  sa p p h ire , 
b e in g  d is tin g u ish e d  b y  g re a t  h a rd n e ss , 
th e rm a l s ta b i l i ty  ( its  fu s io n  te m p e ra tu re  is 
2 ,050  d eg rees  C .), ch e m ic a l s ta b il i ty ,  
m e c h a n ic a l s t r e n g th  (co m p ressio n  s tr e n g th
6 , 0 0 0  k g . / c m . 2), h ig h  d ie le c tr ic  coeffic ien t 
(a b o u t 1 2 ), a n d  h ig h  h e a t  c o n d u c t iv i ty  (of 
th e  o rd e r  o f  0 .05  c a lo r ie /c m .,  p e r  se co n d , 
p e r  d eg ree  C .); fo r  th e  sa k e  o f c o m p a riso n  
it  m a y  b e  p o in te d  o u t  th a t ,  fo r  in s ta n c e , 
fo r  m ic a  th e  h e a t  c o n d u c t iv i ty  is  eq u a l 
m ere ly  to  0 .0008  c a l . / c m . ,  p e r  se co n d , p e r  
d e g re e  C.

M ag n esiu m  h a s  so m e th in g  in  co m m o n  
w ith  a lu m in iu m  w ith  re g a rd  to  o x id a tio n : 
th u s ,  i t  m a y  b e  a n o d iz e d . O f sp ec ia l 
in te r e s t  is th e  p o ss ib il i ty  o f  o x id iz in g  c a s t  
u l t r a - l ig h t  a llo y s  to  a n y  d e s ire d  th ic k n e ss  
b y  t r e a t in g  fo r  a  s u i ta b le  p e rio d  in  su p e r 
h e a te d  s te a m . B y  th is  m e a n s  w e a re  
e n a b le d  to  o b ta in  v e ry  l ig h t  in su la te d  
m e ta l  c o m p o n e n ts  o f  h ig h ly  in t r ic a te  
sh a p e s . T h e  o x id e  of m a g n e s iu m , M gO , is 
a  d ie le c tr ic  m a te r ia l  o f g r e a t  th e rm a l 
s ta b il i ty ,  p o sse ss in g  a t  th e  sa m e  t im e  a  h ig h  
th e rm a l  c o n d u c t iv i ty .  I t  m a y  a lso  b e  m a d e  
t o  se rv e  a s  a n  in s u la to r  in  th e  fo rm  of c o m 
p ressed  m asses . I n  th is  re g a rd , e x p e r im e n ts  
a t  th e  R u s s ia n  E le c tro te c h n ic a l  I n s t i tu te  
a re  il lu m in a tin g . T h ese  co n c e rn e d  tu b u la r  
h e a t in g  u n i ts  c o n s is t in g  o f m e ta l  tu b e s  w ith  
c o a x ia l n ic h ro m e  e le m e n ts  e m b e d d e d  in  
p o w d e re d  M gO .

In v e s t ig a t io n  o f th e  p ro p e r t ie s  o f  c o m 
p ressed  m a g n e s iu m  o x id e  h a s  re v e a le d  t h a t  
specific g r a v i ty  a n d  d ie le c tr ic  s t r e n g th  
in c re a se , a n d  th e  specific  v o lu m e  a n d  su rfa c e  
re s is t iv i ty  d ec rease  a s  th e  p re ssu re  is 
in c re a se d  d u r in g  th e  co m p ress io n  p ro cess . 
I t  h a s  b e e n  fo u n d  t h a t  th e  r e la t io n sh ip

b e tw e e n  specific  r e s is t iv i ty  p  a n d  specific 
g r a v i ty  d  o f th e  co m p ressed  o x id e  is 
g o v e rn e d  b y  th e  fo rm u la :—  

a  — b d
p  =  e

W h e re : e is  th e  b ase  o f  th e  n a tu r a l  sy s te m  
of lo g a r i th m s , a n d  a  a n d  b  a re  c o n s ta n ts .

C a lc in e d  m a g n e s ite  m a y  b e  used  a s  a  
c h e a p  in s u la t in g  m a te r ia l .  T h e  p e c u lia r  
d ie le c tr ic  p ro p e r t ie s  o f m a g n e s iu m  o x id e  
d ese rv e  th e  c lo se s t a t t e n t io n  o f  th e  re sea rch  
w o rk e r  in  o rd e r  to  b r in g  fu lly  to  l ig h t  i ts  
p o te n t ia l  u t i l i ty  in  e le c tr ic a l e n g in e e r in g .

O n  h e a tin g , th e  o x id e s  o f  lead  a l te r  in  
co m p o s itio n  a c c o rd in g  to  th e  sc h e m e :—
P b O ,  > P b , 0 ,  > P b , 0 ,  > P b O ,
th e se  t r a n s fo rm a tio n s  b e in g  a c c o m p a n ie d  b y  
co n s id e ra b le  in c re a se  in  specific r e s is t iv i ty . 
T h is  fa c t  is  u til iz e d  in  th e  c o n s tru c tio n  o f  
le a d  in te r ru p to r s ,  in  w h ich  e le c tr ic a l p u n c 
tu r e  o f  a  la y e r  o f  lead  p e ro x id e  P b O , 
in v o lv e s  lo ca l o v e rh e a tin g , a n d  th e  fo rm a 
t io n  o f th e  m o n o x id e  P b O  p o ssess in g  h ig h  
r e s is t iv i ty , th u s  a r re s t in g  th e  p a s sa g e  o f  th e

Table 6.

Aluminium conductor, 1 metre long 1 mm. 
diameter. 

Thickness of the 
film, microns

Electrical resist
ance (>, Drior to 

corrosion

Electrical resist
ance p i, after 

corrosion

Unanodized specimen 0.0336 0.034611.8,i 0.0345 0.0344
19.9/x 0.0413 0.041311.8/* 0.0358 0.0356

e le c tr ic  c u r r e n t  a t  a  g iv en  p o in t .  A  c o m 
p o s it io n  fo rm ed  of lead  p e ro x id e  a n d  g ly 
c e r in e  h a s  a  specific  v o lu m e  re s is t iv i ty  o f  
t h e  o rd e r  o f 1 0 10 o h m s, to  1 0 1 1  o h m s, p e r  
c m 5, a n d  a  specific  su rface  re s is t iv i ty  
o f  1 0 1 0  o h m s, to  1 0 1 1  o h m s ., w ith  a 
d ie le c tr ic  s t r e n g th  u p  to  4 ,000 v o l ts /m m .

M e n tio n  sh o u ld  a lso  b e  m a d e  o f  iro n  
o x id e , w h ich , in  th e  fo rm  of a  n a tu r a l  film ,
c a n  so m e tim e s  b e  u sed  to  in su la te  th in
sh e e t- iro n  la m in a tio n s  in  b u ild in g  u p  a rm a 
tu r e  a n d  tr a n s fo rm e r  co res, w i th  th e  o b je c t 
o f  c h e a p e n in g  a n d  s im p lify in g  p ro d u c tio n  
w h e n  th e  p o w e r  c a p a c ity  o f  th e  m a c h in e s  is 
sm a ll. In  th is  c o n n e c tio n  th e  P a rk e r  
p ro cess  fo r  th e  t r e a tm e n t  o f iro n  is in te r e s t 
in g . B y  th is  m e a n s  th e re  is  o b ta in e d  a  
b la c k , s t ro n g ly  a d h e r in g  la y e r , a  few  
h u n d re d th s  o f a  m m . th ic k , c a p a b le  o f  p ro 
te c t in g  iro n  fro m  c o rro s io n  e v e n  a t  h ig h  
te m p e ra tu re s , a n d  fu rn is h in g  a n  in su la t io n , 
th e  d ie le c tr ic  s tr e n g th  o f  w h ich , d e p e n d in g  
o n  th e  d u ra t io n  o f  t r e a tm e n t ,  ra n g e s  fro m
50 v o l ts  u p  to  400 v o l t s  a n d  o v e r . T h is
su g g e s ts  th e  a p p lic a tio n  o f  p a rk e r iz e d  iro n  
w ire s a n d  s t r ip s  a s  in e x p e n s iv e  re a so n a b ly  
h ig h - te m p e ra tu re  re s is ta n c e  e le m e n ts .
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A dva n ta g es oj A lu m in iu m  O xide  
In su la tio n

In v e s t ig a t io n  o f - a lu m in iu m  c o n d u c to r s ,  
o x id iz e d  b y  th e  a p p ro p r ia te  m e th o d , re v e a ls  
th e  fo llo w in g  im p o r ta n t  a d v a n ta g e s :—

(1) L o w  c o s t a n d  s im p lic i ty  o l th e  in s u 
la t in g  p ro cess , re q u ir in g  n o  ex p e n s iv e  
in su la to r s  o r  p ro d u c ts  w h ich  a re  o f te n  in  
sh o r t  su p p ly . (2) T h in n e ss  o f  th e  in s u la 
t io n  la y e r  fo r  w in d in g s . T h e  film  of a lu 
m in iu m  o x id e  a m o u n ts  to  a  few  h u n d re d th s  
o r  ev en  th o u s a n d th s  o f a  m m ., a s  a g a in s t  
th e  w ho le  m illim e tre s  o r, less f re q u e n tly , 
te n th s  o f  m m . in  th e  case  o f o rd in a ry  in su 
la t io n . T h is  c irc u m s ta n c e  im p lie s  t h a t  
s lo ts  o r  g ro o v e s  m a y  .be filled  w ith  m in im u m  
w a s te  o f sp a ce , th u s  e n su r in g  m a x im u m  
c o m p a c tn e s s  o f  w in d in g  a n d  a  goo d  coeffi
c ie n t  o f s lo t  f illin g  in  th e  c o n s tru c tio n  
o f e le c tr ic a l m a c h in e s . F o r  e x a m p le , b y  
re p la c in g  c o p p e r  b y  a n o d iz e d  a lu m in iu m  in  
th e  s t a to r  o f a n  e x p e r im e n ta l  a s y n c h ro n o u s  
m o to r  a t  th e  R u ss ia n  E le c tro te c h n ic a l  
I n s t i tu te ,  th e  f illin g  coeffic ien t w as ra ised  
f ro m  0 .35  to  0 .5 7 , t h a t  is , i t s  v a lu e  ro se  
b y  63 p e r  c e n t . ,  th e re b y  c o m p e n sa tin g  th e  
d ec rease  o f  th e  specific  e le c tro -c o n d u c tiv ity  
o f  th e  a lu m in iu m  co ils . (3 ) T h e  te m p e ra 
tu r e  ra n g e , w h ich  th e  o x id e  in su la t io n  can  
w ith s ta n d  u n d e r  se rv ice  c o n d itio n s , is  
l im ite d  o n ly  b y  th e  m e lt in g  p o in t  o f  th e  
a lu m in iu m  itse lf; in  a n y  case, th is  sa fe  
t e m p e ra tu re  level is  n o t  b e lo w  400 d eg rees C.
(4) T h e  th e rm a l  c o n d u c t iv i ty  o f  a lu 
m in iu m  o x id e  is v e ry  c o n s id e ra b le ; th in  
la y e rs  o ffer q u i te  a  n e g lig ib le  re s is ta n c e  to  
th e  p a s sa g e  o f h e a t .  T h is  c irc u m 
s ta n c e , c o m b in e d  w ith  th e  p o s s ib il i ty  of 
o b ta in in g  w in d in g s  o f e x tre m e  c o m p a c tn e s s  
(e a s ily  a t ta in e d  b v  a r ra n g in g  an o d iz e d  
b u s -b a rs  o f r e c ta n g la r  c ro ss -se c tio n  to  fit 
c lo se ly  w ith  o n e  a n o th e r ) ,  en su re s  ex c e lle n t 
c o n d it io n s  fo r  h e a t  tr a n s f e r  fro m  th e  in te r io r  
o f th e  co ils  t o  th e  p e r ip h e ry  a n d  i t s  e ffec tiv e  
d is s ip a tio n  b y  ra d ia t io n  a n d  c o n v e c tio n .
(5 ) T h e  co effic ien t o f th e rm a l r a d ia t io n  fo r 
th e  o x id e  film  is h ig h e r  t h a n  t h a t  o f  
a lu m in iu m  m e ta l .

T h e  fa c to rs  e n u m e ra te d  u n d e r  (3 ) ,  (4) 
a n d  (5 ) a ffo rd  th e  p o s s ib ility  o f  a p p ly in g  
c o n s id e ra b ly  g r e a te r  c u r re n t  d e n s itie s  to  
c o n d u c to r s  a n d  w in d in g s  m a d e  o f  a n o d iz e d  
a lu m in iu m . T h u s  w e m a y  o b ta in  e i th e r  
in c rease  in  th e  p o w e r  o u tp u t  o f a  m a c h in e  
w ith o u t  a l te r in g  i t s  o v e ra ll d im e n s io n s , o r, 
fo r  th e  sa m e  p o w e r, a  r e d u c tio n  in  c o s t, size 
a n d  w e ig h t. ( 6 ) S a tis fa c to ry  p h y s ic a l p ro 
p e r tie s , in c lu d in g  th e  m e c h a n ic a l s tr e n g th  
a n d  h a rd n e s s . (7 ) T h e  ch e m ic a l s ta b il i ty  
o f a lu m in iu m  o x id e  a lso  offers s u b s ta n t ia l  
p ra c tic a l  a d v a n ta g e s . I t  m a y  b e  n o te d  th a t  
th e  an o d iz e d  a lu m in iu m  w in d in g s  c a n  su c 
cessfu lly  w o rk  in  an  a tm o sp h e re  la d e n  w ith  
w a te r  v a p o u r ;  a t  th e  sa m e  t im e , th e  film  
g ives to  th e  m e ta l  e ffe c tiv e  a n ti-c o rro s iv e  
p ro te c t io n .

A s to  th e  sh o r tc o m in g s  o f a lu m in iu m  
o x id e  in su la t io n , th e y  c o m p rise :—

(1) L im ite d  e la s t ic ity  a n d  f le x ib ility ,
( 2 ) d ifficu lty  o f o b ta in in g  a  la y e r  o f o x id e  
w h ich  possesses a  d ie le c tr ic  s t r e n g th  h ig h e r  
th a n  a  few  h u n d re d  v o lts .

Photocells, Rectifiers and Condensers
T h e  use  o f a lu m in iu m  m e ta l a n d  a llo y s , 

m a g n es iu m  m e ta l a n d  a llo y s  a n d  c o m p o u n d ^  
(p a r t ic u la r ly  o x ides) o f th e se  m e ta ls  in  
p n o to c e lls , rec tifie rs  a n d  co n d e n se rs , h a s , in  
p a r t ,  a lre a d y  b een  d e a l t  w ith  in  p a s t  issues 
o f "  L ig h t . i ie ta ls .”

T he u ti l iz a t io n  of a n o d iz e d  a lu m in iu m  
offers specia l a d v a n ta g e s  in  th e  fo llo w in g  
w id e  sp h e re  o f  a p p l ic a t io n s :  —

(i) .W in d in g  o f  e le c tr ic a l m a c h in e s , 
a p p a r a tu s  a n d  tra n s fo rm e rs , p a r t ic u la r ly  
th o se  re q u ir in g  m in im u m  d e a d w e ig h t  a n d  
des ig n ed  to  m e e t la rg e  o v e r lo a d s  o f b rief 
d u ra t io n .  A ir-co o led  tra n s fo rm e rs  fo r w eld 
in g  a n d  w in d in g s  fo r  h ig h -sp eed  ro to rs  in  
e lec tr ic  lo c o m o tiv e s , e tc . ,  a re  goo d  e x am p les .

( ii)  W in d in g s  fo r  m a g n e tic  c ran es , 
te lp h e rs , a n d  s im ila r  e q u ip m e n t.

(iii) S e p a ra to rs  a n d  sc reens fo r  m in in g .
(iv) C o a l-c u tt in g  m a c h in e s .
(v) C o n d u c to rs  a n d  b u s -b a rs  in  o v e rh e a d  

tra n sm iss io n  sy s te m s , a ffo rd in g  g o o d  
co rro s io n  re s is ta n c e , in c re a se d  h e a t  d iss ip a 
t io n  a n d  re d u c e d  c o ro n a  losses.

(vi) W in d in g s  fo r m e a su rin g , c o n tro llin g  
a n d  r e g u la tin g  in s tru m e n ts  a n d  d ev ices 
des ig n ed  to  w o rk  in  h u m id  a tm o sp h e re s .

(vii) L e a d s  a n d  w in d in g s  fo r  e lec tr ic  
fu rn ac es .

(viii) W ir in g  a n d  w in d in g  fo r a p p a ra tu s  
used  in a i r c ra f t .

( ix )  S p ace rs  (in  th e  sh a p e  o f a n o d iz e d  
a lu m in iu m  p la te s  a n d  s tr ip s )  f o r  in s u la t in g  
e l e m e n t s  o f  co llec to rs , c o m m u ta to rs ,  
s e p a ra te  p a r t s  o f  se c tio n a liz e d  b u s -b a rs  o f 
la rg e  c ro ss -sec tio n a l a re a ;  sp a rk  p lu g s .

(x) C o n d u c to rs  fo r low  v o lta g e  n e tw o rk s , 
w h ere  a n o d iz e d  a lu m in iu m  o r  i t s  e le c tr ic a lly  
s u ita b le  a llo y s , a n d  m o re  esp ec ia lly , A ld rey , 
h a v e  a lr e a d y  p ro v e d  th e i r  m e r its .

(xi) C o n d u c to rs  fo r  e q u ip m e n t em p lo y ed  
fo r  th e  h e a t in g  o f so ils in  a g r ic u ltu re .

(xii) R e p la c e m e n t o f  lead  s h e a th in g  b y  
a lu m in iu m  fo r  e le c tr ic a l p o w e r  cab le s , w ith  
th e  o b je c t  o f  re d u c tio n  in  d e a d w e ig h t.

(xiii) W in d in g s  fo r  e le c tr ic a l r e s is ta n c e  
e le m e n ts  fo r  h e a v y  c u r re n t  lo ad s .

(x iv) C o n d u c to rs  fo r  in d o o r  a n d  o u td o o r  
w ir in g  ex p o sed  to  th e  a c t io n  o f fu m es, 
v a p o u rs , a n d  o th e r  c o r ro d in g  a g e n ts .

(xv) C o n d e n se rs , in c lu d in g  ty p e s  d es ig n e d  
fo r  p o w e r-fa c to r  c o r re c tio n .

T h e  in su la t in g  film  p ro d u c e d  o n  a lu 
m in iu m  b y  a n o d iz in g  c a n  be  m a d e  to  p o ssess 
a  v a r ie ty  o f q u a l i t i e s : i t  m a y  h a v e  a  g re a te r  
o r  sm a lle r  th ic k n e s s , c o lo u r  d is t in c tio n , 
v a r io u s  a b s o rp tio n  p ro p e r t ie s , a n d  d iffe re n t 
v a lu e s  o f  d ie le c tr ic  s t r e n g th  fo r  th e  id e n tic a l
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th ic k n e s s  o i  th e  o x id e  la y e r , o r  a l t e r n a 
t iv e ly , th e  sa m e  b re a k d o w n  p o te n t ia l  fo r 
v a r io u s  th ic k n e sse s . H o w e v e r , th e  b a s is  of 
a ll  th e se  m o d ific a tio n s  is  th e  o x id e  of 
a lu m in iu m  h a v in g  a  d e f in ite  ch e m ic a l c o n 
s t i tu t io n  a n d  c ry s ta l l in e  s t r u c tu r e .

N ow  it  is  f irm ly  e s ta b lish e d  t h a t  th e re  
e x is t  tw o  p r in c ip a l se ries  o f  m o d ific a tio n s  
o f a lu m in iu m  o x id e , in  w h ich  w a te r  is  
fo u n d  n o t  in th e  a b so rb e d  s ta te ,  b u t  in  
c h e m ic a l c o m b in a tio n , n a m e ly , th e  y -series 
a n d  th e  «-series, a s  p re se n te d  in  T a b le  2. 
O n h e a t in g  u p  to  a b o u t  200 d eg rees  C ., 
h y d ra rg il i te  p a sse s  in to  b a u x ite ,  a n d  as 
a  re su lt  o f c a lc in in g  b a u x i te  u p  to  300 
deg rees  C ., th e re  is o b ta in e d  th e  y -o x id e .

S tu d y  o f  th e  y-series h a s  been  c o n s id e r 
a b ly  a d v a n c e d  b y  th e  re c e n t  d e r iv a tio n  o f 
b o h m ite  (w h ich  is a  c o n s t i tu e n t  o f  b a u x ite ) , 
a n d  of b a y e r i te , w h ich  is th e  a n a lo g u e  of 
h y d ra rg i l i te .  T o  th is  y -series a lso  b e lo n g s  
th e  e le c tro ly tic a lly  fo rm e d  o x id e  o f  a lu 
m in iu m , w h ich  c o n s t i tu te s  i ts  n o n -h y d ra  te d  
m o d ific a tio n . E v id e n c e  fo r  th is  is fu rn ish e d  
b y  c o m p a riso n  of th e  ro n tg e n o g ra m s  of th e  
a n o d ic  film  a n d  th e  y -m o d ifica tio n  o b ta in e d  
b y  c a lc in in g  o f b o h m ite  a n d  b a y e r i te .

T h e  e a r lie r  c o n c e p tio n  o f th e  film  a s  
h a v in g  th e  c o m p o s itio n  A 12 0 3 .H „ 0  o r  
A1s0 3 .2 H 20 ,  sh o u ld  be  e n tir e ly  a b a n d o n e d , 
fo r  su c h  h y d ro x id e s , on  h e a t in g  ev en  a t  300 
d e g re e s  C ., w o u ld  h a v e  lo s t  th e i r  w a te r  c o n 
te n t ,  w h ich  is n o t  ' th e  case  d u r in g  th e  
c a lc in a tio n  o f th e  a n o d ic  la y e r . T h e  
s t r u c tu r e  o f  th e  film  is c h a ra c te r iz e d  b y  
a n  ex c e e d in g ly  sm a ll g ra in  size. O n ly  a t  
a  v e ry  h ig h  te m p e ra tu re  lev e l, n a m e ly , 
w ith in  th e  ra n g e  from  900 d eg rees  to  1,000 
d e g re e s  C ., d o es th e  o x id e  y ie ld  a  c le a r ly  
d efined  D e b y e -S c h e re r  d ia g ra m  g iv in g  a 
c lu e  to  th e  in te r p r e ta t io n  o f  i ts  s t r u c tu r e .  
I n v e s t ig a t io n  o f a n o d ic  film s b y  A lex an d ro ff  
a n d  h is  c o l la b o ra to rs  b y  g ra v im e tr ic  
m e th o d s  h a v e  d e m o n s tra te d  th e  fo rm a tio n  
o f  th e  a n h y d ro u s  m o d ific a tio n , a n d  X - ra y  
d ia g ra m s  o b ta in e d  b y  th e  sa m e  w o rk e rs  h a v e  
in d ic a te d  a  m ic ro c ry s ta llin e  s t r u c tu r e  
a p p ro a c h in g  t h a t  o f  th e  a m o rp h o u s  s ta te .

T h e  d a ta  g iv en  h e re  re fe r  t o  film s p ro 
d u c e d  in  o x a lic  a c id  b a th s ;  film s fro m  
c h ro m ic  a c id , su lp h u r ic  a c id , o r  o th e r  e lec 
tro ly te s , te n d  to  in c lu d e  in - th e ir  c o m p o s itio n  
fo re ign  m a t te r  fro m  th e  b a th .

A p a r t  fro m  th e  sp e c ia lized  film s re q u ire d  
fo r e le c tro ly te  re c tifie rs  a n d  co n d e n se rs , th e  
film s o f a lu m in iu m  o x id e  d e s ig n e d  fo r  
g en e ra l in s u la t in g  p u rp o se s  d e m a n d  th e  
se lec tio n  o f  s o m e w h a t sp e c ia lized  e le c tro 
ly te s  a n d  te c h n iq u e s  fo r  th e ir  fo rm a tio n . 
G re a t  r a p id i ty  o f film  fo rm a tio n  m a y  p re 
c lu d e  th e  p o s s ib il i ty  o f o b ta in in g  film s o f 
a p p re c ia b le  th ic k n e s s  a n d  d ie le c trc  s t r e n g th  
in  v iew  o f th e  f a c t  t h a t  w ith in  a  few  seco n d s  
o r  m in u te s  th e  re s is ta n c e  o f th e  b a th  
b e c o m e s excessiv e . T h u s , fo r  e x a m p le , th e

film  of a lu m in iu m  o x id e  fo rm ed  a t  500 v o lts  
d u r in g  th re e  m in u te s  in  a  s o lu tio n  of 
a m m o n iu m  c a rb o n a te  g iv es in  th e  d ry  s ta te  
a  d ie le c tr ic  s t r e n g th  fro m  230 to  250 v o lts , 
th e  film  fo rm ed  b y  t r e a tm e n t  in  so d iu m  
b ic a rb o n a te  a t  500 v o lts  fo r  o n e  m in u te  d is 
p la y s  a  b re a k d o w n  p o te n tia l  o f  150 v o lts . 
B u t  th e se  film s a re  p o ro u s , lack  s tro n g  
ad h e s io n  to  th e  m e ta l a n d  sh o w  p o o r  specific 
v o lu m e  re s is t iv i ty . T h e se  d is a d v a n ta g e s  a re  
a lso  a g g ra v a te d  b y  th e  n e c e s s ity  o f  u s in g  
d ir e c t  c u r r e n t  a t  th e  h ig h  p o te n tia l  o f 500 
v o lts , w h ich  re n d e rs  th is  m o d e  o f  fo rm a tio n  
u n e c o n o m ic a l. S till lo w er v a lu e  o f  d ie lec tr ic  
s t r e n g th  a re  e x h ib ite d  b y  film s d e r iv e d  fro m  
a  2  p e r  c e n t ,  so lu tio n  o f b o ra x ; su ch  film s 
fo rm ed  b y  d ire c t  c u r re n t  a t  3A . a n d  150 
v o lts  fo r  a  p e rio d  o f 8  m in u te s , o r  a t  3A. 
a n d  165 v o l ts  g iv e  a  b re a k d o w n  p o te n t ia l  
o f  O  v o lts .

E le c tro ly te s  w h ich  a re  c a p a b le  o f y ie ld in g  
g o o d  q u a l i ty  film s o f  a lu m in iu m  o x id e  d is 
p la y  fo rm a tio n  v o lta g e  a n d  c u r re n t  of 
fo rm a tio n  o f  q u i te  d if fe re n t c h a ra c te r is t ic s  
a n d  b e lo n g  to  th e  ac id  c lass , a s  m a y  be  
o b se rv e d  from  F ig s . 8  a n d  9 re sp e c tiv e ly . 
B y  in sp e c tio n  o f F ig . 8  i t  is seen , f irs t, t h a t  
th e  v o lta g e  o f fo rm a tio n  r a re ly  ex cee d s 2 0 0  

v o lts  a n d ,  se c o n d ly , t h a t  th e  c o u rse  o f th e  
fo rm a tio n  c u rv e  a llo y  is d is t in g u is h e d  b y  a 
slow  a n d  m o re  o r  less u n ifo rm  g ro w th . T h e  
b e h a v io u r  of th e  fo rm a tio n  v o lta g e  in 
su lp h u ric  a c id  is  in d ic a te d  b y  th e  c u rv e  a 
(d .c .) , t h a t  in o x a lic  a c id  b y  th e  c u rv e  b, 
a n d  in c h ro m ic  a c id  b y  th e  c u rv e  c  (a .c .) .

C o m p re h e n s iv e  s tu d ie s  o f  th e  d ie le c tr ic  
p o ss ib ilitie s  o f th e  a lu m in iu m -o x id e  film , 
c o n d u c te d  a t  th e  R u ss ia n  E le c tro te c h n ic a l  
I n s t i tu te  u n d e r  th e  d ire c tio n  o f  A lex an d ro ff, 
in  c o n ju n c t io n  w ith  se v e ra l o th e r  sc ien tific  
re se a rc h  in s t i tu t io n s ,  h a v e  b een  m a rk e d  b y  
c o n s id e ra b le  a c h ie v e m e n ts  b o th  in  th e  
te c h n iq u e  o f  th e  e le c tro ly tic  p ro d u c tio n  o f 
th e  film  a n d  in  im p ro v in g  i ts  e le c tr ic a l p ro 
p e r tie s , th u s  e n a b lin g  i t  to  se rv e  a s  a  
th e rm a lly  s ta b le  a n d  e le c tr ic a lly  re liab le  
in s u la to r .  In  th ese  s tu d ie s , s id e  b y  side  
w ith  th e  e x a m in a tio n  o f  th e  p ro p e r t ie s  o f 
a lu m in iu m  o x id e  a n d  o f  th e  fu n d a m e n ta ls  
o f  th e  m e c h a n ism  o f  i t s  fo rm a tio n , a t t e n 
tio n  h a s  a lso  b een  focused  o n  th e  d e v e lo p 
m e n t o f  m e th o d s  to  ra ise  th e  e la s t ic ity  a s  
w ell a s  th e  r e s is ta n c e  to  a b ra s io n  o f  th e  
d e r iv e d  film s, a n  a s p e c t  w h ich  h a s  a  v ita l  
b e a r in g  o n  th e i r  p r a c tic a l  u t i l i ty  in  e le c tr ic a l 
e n g in e e r in g .

In  so  f a r  a s  th e  m a in  o b je c t  o f  th e se  
re sea rch es  w as  to  o b ta in  a  d e p e n d a b le  in su 
la t io n  fo r  e le c tr ic a l w in d in g s , a n d  as 
in fo rm a tio n  o n  th e  re la t io n sh ip  b e tw e e n  th e  
m e th o d s  fo r  p ro d u c in g  th e  o x id e  film s a n d  
th e ir  d ie le c tr ic  s t r e n g th  is e x tre m e ly  s c a n ty , 
i t  h a s  b e e n  d e c id e d  t h a t  in  in v e s tig a t in g  
th e  p ro b le m  o f th e  v a r io u s  c o n d it io n s  o f  th e  
o x id e  film  fo rm a tio n , sp ec ia l a t t e n t io n
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should be paid to  the characteristic property 
of breakdown potential.

I t  is to  be noted th a t the measure
m ent of this value, is no t free from certain 
difficulties. Sometimes, as a  consequence 
of the interplay of different factors, the 
oxidized aluminium surface gives, a t  various 
points, different values for E j. N on
uniform ity of the oxide coating m ay occur 
on one and the same specimen, for 
example, as a  result of uneven distribution 
of the lines of the electric current, or 
increase of current density owing to local 
overheating of the electrolyte, due to 
m ethod of purification, non-uniform agita
tion, and other details, which often elude 
the atten tion  of the operator.

In  the case of m inor fluctuations of Ed, 
an average value of the measurements a t

1150)1 r
ALTERNATING CURRENT

-AWWk-j

F ilm s  f ro m  o x a lic  a c id  b a th s  a re  fo rm e d  
v e ry  ra p id ly  a n d  u n ifo rm ly , th e  b e s t  o p e ra t
in g  te m p e ra tu re  b e in g  40 d eg rees  C .; th e  
c o a tin g s  p ro d u c e d  p o ssess go o d  e le c tr ic a l 
q u a li t ie s  a n d  m e c h a n ic a l s t r e n g th .  T h e  
fu m es fro m  th e  o x a lic  a c id  b a th  a re  n o t  to o  
excessiv e , a l th o u g h , in  la rg e -sca le  o p e ra 
t io n ,  th e  p ro v is io n  o f p ro p e r  v e n t i la t io n  is 
a d v is a b le . F ilm s  o f a lu m in iu m  o x id e  
d e r iv e d  fro m  o x a lic  a c id  e x h ib i t  a  b e a u tifu l  
y e llo w -g o ld  t i n t ,  w h ich  b eco m es d a rk e r  as 
th e  th ic k n e s s  o f  th e  film  in c rease s , p a s s in g  
fro m  th e  l ig h t-g o ld  to  y e llo w -b ro w n . E v e n  
to  a  less-ex p e rie n ced  ey e , th e  th ic k n e s s  of 
t h e  d ie le c tr ic  film  o n  a  g iv en  sp e c im en  m a y , 
a t  a  g lan ce , b e  c le a r ly  d is tin g u ish e d  
w h ic h , to g e th e r  w ith  th e  q u i te  o r ig in a l 
c o lo u r  o f th e  o x id e  la y e r  o b ta in e d  from  
o x a lic  a c id , r e p re se n ts  a  d e f in ite  te c h n ic a l  
a d v a n ta g e .

The In fluence o f Current 
T h e  e x p e r im e n ts  o n  th e  p ro d u c tio n  o f th e  

film s a t  th e  R u s s ia n  E le c tro te c h n ic a l  I n s t i 
tu t e  w ere  c a r r ie d  o u t  w ith  th e  a p p lic a t io n

U m a m a w v n J

Fig. 10 (above).—W iring schem e for 
superposition  of direct curren t and  
a lternating  cu rren t by m eans of con

densers an d  chokes.

Fig. 11 (left).—W iring 
d iagram  for superposi
tion of direct curren t on 
alternating  current by  
m eans of transform er.

ALUMINIUM

se v e ra l p o in ts  w as ta k e n .  I n  c e r ta in  
in s ta n c e s , fo r  e x a m p le , a t  h ig h  c u r re n t  
d e n s itie s  a n d  w ith  a  le n g th y  p e r io d  o f th e  
fo rm a tio n , th e re  m a y  o c c u r  a t  th e  a re a s  of 
g re a te s t  n o n -u n ifo rm ity  o f th e  field  local 
in ju r ie s  to  th e  o x id e  film , a s  i l lu s tr a te d  in  
F ig . 1 .

In c re a se  o f b re a k d o w n  p o te n t ia l  w ith  
d ir e c t  c u r r e n t  co n fo rm s , g e n e ra lly , u p  to  a  
c e r ta in  l im it,  to  a n  a p p ro x im a te ly  l in e a r  
fu n c tio n  o f th e  fo rm a tio n  tim e , o n  re a c h 
in g  w h ic h  s u b s e q u e n t in c re a se  o f  E d  slow s 
d o w n . W ith  a  h ig h e r  c u r re n t  d e n s ity  th e re  
is a n  in c rease  i n . th e  effic iency  o f  th e  film 
fo rm a tio n  p ro c e ss  w h ic h  is a c c e le ra te d . A t 
lo w  c u r re n t  d e n s itie s , film  fo rm a tio n  a lm o s t 
ceases , fo r  th e  v e lo c ity  o f th e  so lu b il i ty  of 
a lu m in iu m  ex cee d s th e  sp e ed  o f  film  
fo rm a tio n .

T h e  p ro d u c tio n  o f  o x id e  film s h a v in g  a  
m o re  o r  less a p p re c ia b le  th ic k n e s s  fro m  
c h ro m ic  a c id  is  r a th e r  d if fe re n t a n d  re q u ire s  
lo n g  t r e a tm e n t .  T h e  c h ro m ic  film s n o rm 
a lly  d isp la y  n o  sp e c ia lly  d is t in g u is h in g  
q u a li t ie s  w ith  re g a rd  to  f le x ib ility  o r  
d ie le c tr ic  s t r e n g th .

o f ( 1 ) d i r e c t  c u r re n t  a t  v a r io u s  p o te n tia ls ,
( 2 ) a l te rn a t in g  c u r re n t  a t  d if fe re n t f re 
q u e n c ie s  a n d  p re ssu re s , a n d  (3 ) su p e r 
im p o sed  a l te r n a t in g  c u r re n t  o n  d ire c t  
c u r r e n t  (so -ca lled  “ r i p p le "  c u r r e n t) .  F o r  
th e  p u rp o se  o f  th e se  re se a rc h e s  th e  fo llo w in g  
ty p e s  o f  in s ta l la t io n s  w ere  u se d :—

1. D ire c t  c u r re n t:  (a )  120 v o lts  r e g u 
la te d  b y  m e a n s  o f a  r h e o s t a t ; ( b )  d y n a m o , 
d ire c t  c u r re n t ,  750 V o lts ,. 25 k W , w ith  re g u 
la t io n  o f  e x c ita t io n .

2. A lte rn a t in g  c u r re n t:  (c ) T ra n s fo rm e r  
120 /500  v o lts , 8  k V A , w ith  re g u la tio n  of 
p o te n t ia l  b y  m e a n s  o f r h e o s ta t  o n  th e  low - 
v o lta g e  side; (d )  h ig h - fre q u e n c y  g e n e ra to r  
a t  1,000 c y c le s /se c o n d , 250 V o lts , 5 k W .,  
w ith  re g u la tio n  o f  e x c ita t io n ;  (e) h ig h -  
fre q u e n c y  g e n e ra to r  a t  500 c y c le s /se c o n d , 
120 V o lts , 2 k \V ., w ith  re g u la tio n  o f 
e x c ita t io n .

F ro m  a ll  th e se  so u rces , c u r re n t  w a s  led  
in  a n d  c o n n e c te d  t o  in d e p e n d e n t te rm in a ls  
o n  th e  g en era l d is t r ib u t io n  s w itc h b o a rd , 
u p o n  w h ich  w ere  m o u n te d  a ll  m e a s u r in g  a n d  
in d ic a t in g  d ev ices , in c lu d in g  rh e o s ta ts  fo r  
r e g u la tio n  o f  c u r re n t  a n d  r h e o s ta ts  c o n 
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t ro ll in g  th e  e x c i ta t io n  o f  th e  d ir e c t  c u r re n t  
m a c h in e s  a s  w ell a s  th o se  o f  th e  h ig h -  
f re q u e n c y  g e n e ra to rs .

F o r  th e  su p e rp o s itio n  o f d ir e c t  c u r r e n t  on 
a l te r n a t in g  c u r re n t ,  u se  w as m a d e  o f  th e  tw o  
fo llo w in g  sc h em es. T h e  d ia g ra m  in  F ig . 10 
sh o w s th e  a r ra n g e m e n t  w ith  th e  a p p lic a t io n  
o f c o n d e n se rs  a n d  ch o k es . T h is  sc h em e  is

th e  s e c o n d a ry  c i r c u i t  c o n s is tin g  o f  1 1 0  tu rn s , 
f ro m  w h ich , b e g in n in g  f ro m  th e  f if tie th  
tu r n ,  th e re  w ere ta k e n  30 ta p s ,  each  of 
w h ich  w as b ro u g h t  o u t  o v e r  o n e  a l te r n a te  
tu r n  o f th e  w in d in g . S u ch  a  tr a n s fo rm e r  
a ffo rd s re g u la tio n  o f  p re ssu re  f ro m  1 0 0  v o lts  
a n d  o v e r. T h e  l im ita t io n s  of th e  schem e 
w ith  th e  a p p lic a tio n  o f a  s in g le  t ra n s fo rm e r , 
d isp e n s in g  w ith  th e  p o te n t ia l - r e g u la to r ,  a re , 
f irs t , th e  ra is in g  o f th e  v o lta g e  b y  ju m p s , 
a n d ,  se c o n d ly , th e  b re a k  o f  th e  c i r c u i t  a t  
th e  m o m e n t o f sw itc h in g  o v e r.

Fig. 12 (left).— Wiring 
diagram for super
position of direct 
current on alternating 
current with voltage 
regulation by means 
of potentiometer.

Fig. 13 (right).—
Relationship between 
voltage and resist
ance of anodic films 
with different forma

tion periods.

a p p lic a b le  o n ly  f o r .s m a l l  v a lu e s  o f  c u r re n t;  
w ith  la rg e  c u r re n ts  th e  c a p a c ity  o f  th e  c o n 
d e n se rs  h a s  to  be  m a d e  v e ry  g r e a t .  I t  
sh o u ld  b e  p o in te d  o u t  t h a t  th e  c a p a c it iv e  
c u r re n t ,  h a v in g  a  p h a se  lead  o f  90 d eg rees 
r e la t iv e  to  p re ssu re , do es n o t  a ffe c t th e  
p ro cess . F o r  p a r t  o f th e  la b o ra to ry  e x p e r i
m e n ts  a n d  fo r  w o rk  o n  a  s e m i- in d u s tr ia l 
sca le , th e  a r ra n g e m e n t a s  sh o w n  in  F ig . 11 
w as u se d . In  th is  case  th e  a n o d e  is led  
in  to  th e  m id  p o in t  o f th e  t ra n s fo rm e r , 
a llo w in g  fo r th e  s im u lta n e o u s  a n o d iz in g  of 
o n ly  tw o  a lu m in iu m  p la te s .

T h e  sc h em e  as  p re s e n te d  in  F ig . 12 sh o u ld  
Ire co n s id e re d  a s  th e  m o s t p e r fe c t a r ra n g e 
m e n t, a s  i t  p e rm its  o f s m o o th  a n d  easy  
r e g u la t io n  a n d  su p e rp o s it io n  o f  th e  d ire c t  
c u r re n t  o n  th e  a l te r n a t in g  c u r re n t.

In  a n  a r ra n g e m e n t  o f  th is  k in d , p re ssu re  
re g u la t io n  is re a d ily  e ffec ted  b y  th e  p o te n 
tia l - r e g u la to r ,  a n d  th e  t r a n s fo rm e r , th e  t r a n s 
fo rm a tio n  coeffic ien t o f w h ich  e q u a ls  u n i ty ,  
p e rm its  th e  c a r ry in g  o u t  o f  th e  su p e r 
p o s itio n  o f th e  re sp e c tiv e  c u r re n ts .  T h is  
sc h em e  is c a p a b le  o f  m o d ific a tio n : if  th e  
se c o n d a ry  w in d in g  o f th e  tr a n s fo rm e r  be  
p ro v id e d  w ith  a  s u ita b le  n u m b e r  o f  ta p s ;  
th e n  th e  a p p lic a tio n  o f  th e  p o te n t ia l -  
re g u la to r  c a n  b e  o b v ia te d . F o r  th e  p i lo t  
p la n t  e x p e r im e n ts  a t  th e  R u ss ia n  E le c tro 
te c h n ic a l  I n s t i tu te  th e  tr a n s fo rm e r  w as 
m a d e  to  th e  fo llo w in g  sp ec ifica tio n s : 
2 2 0 /2 2 0  V o lts , 30 k .V .A ., th e  w in d in g  of

S t i r r in g  o f  th e  e le c tro ly te  w as effec ted  b y  
b lo w in g  a i r  th ro u g h  a  ru b b e r  tu b e  p ierced  
w ith  sm a ll ho les , p la c e d  a t  th e  b o t to m  of 
th e  b a th .  A s c a th o d e  m a te r ia l ,  a lu m in iu m , 
le a d , iro n , c a rb o n  a n d  g ra p h i te  e le c tro d e s  
w ere  te s te d . W ith  h ig h  c u r re n t  d e n s itie s  
th e re  is o b se rv e d  a  p a r t ia l  d e s tru c tio n  of 
th e  e le c tro d e , th e  o c c u rre n c e  o f w h ich  is 
e sp ec ia lly  p ro n o u n c e d  in  c h ro m ic  ac id  
b a th s . T h e  m o s t  s a t is fa c to ry  c a th o d e  
m a te r ia l  p ro v e d  to  b e  g ra p h ite , th e  n e x t  
su i ta b le  s u b s ta n c e  b e in g  c a rb o n  w ith  a  h ig h  
c o n te n t  o f g ra p h ite .

A lth o u g h  th e  a v a ila b le  l i te ra tu r e  c o n ta in s  
in d ic a tio n s  o f th e  a p p lic a tio n  o f  d iffe re n t 
c u r re n ts  to  th e  o x id a tio n  p ro cess , th e se  d a ta  
a re  s c a t te re d  a n d  f ra g m e n ta ry . I n  th e  
p la n n in g  o f th e s e  re se a rc h e s  i t  w as , th e r e 
fo re , c o n s id e re d  t h a t  o n e  o f  th e  p r im a ry  
ta s k s  sh o u ld  be  th e  c o r re la tio n  a n d  s if t in g  
o f  th e  w h o le  e x is tin g  in fo rm a tio n  a n d  th e  
e x p e r im e n ta l ch e c k in g  u p  o f  th e  in flu en ce
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o f th e  v a r io u s  k in d s  o f  c u r re n ts  a n d  th e ir  
c o m b in a tio n s  o n  th e  p ro cess o f  a n o d iz in g .

T h e  w o rk  a t  th e  R u ss ia n  E le c tro te c h n ic a l 
I n s t i tu te  h a s  been  g u id e d  b y  th e  fo llo w in g  
p r in c ip a l  r e q u ire m e n ts :— ( 1 ) Speed of film  
fo rm a tio n ;  (2 ) th e  lo w e s t p o ss ib le  o p e ra t in g  
v o lta g e  a s  th e  sa fe s t a n d  m o s t re a d ily  a v a i l 
ab le ; (3 ) p o s s ib ility  o f  c a r ry in g  o u t  th e  
a n o d iz in g  o f  se v e ra l c o n d u c to rs  s im u l
ta n e o u s ly ; (4) p ro d u c tio n  o f  film s p ossessing  
th e  m a x im u m  fle x ib ility ; (5 ) m o s t  u n ifo rm

Fig. 14 (above).— Relationship between 
resistivity of anodic film and its period 
of formation. Fig. 15 (right).— Resistivity 
— temperature curve for anodic film.

c o a tin g  o f th e  e n tir e  su rfa c e  o f  th e  o b je c t 
u n d e rg o in g  t r e a tm e n t ;  (6 ) m in im u m  
e x p e n d itu re  o f e le c tr ic a l e n e rg y .

T h e  d if fic u lty  o f  th e  ta s k  w as con fined  
n o t  o n ly  to  th e  d iv e r s i ty  o f p o ss ib le  ty p e s  
of c u r re n ts  a n d  th e i r  c o m b in a tio n s , b u t  w as 
a lso  c o m p lic a te d  b y  th e  c ir c u m s ta n c e  th a t  
th e  p ro cess o f  film  fo rm a tio n  p ro ceed s  in 
d if fe re n t w ay s  in  v a r io u s  e le c tro ly te s . T h e  
re la t io n sh ip  b e tw e e n  th e  d ie le c tr ic  s t r e n g th  
of th e  film  p ro d u c e d  a n d  th e  tim e  o f its  
fo rm a tio n  is n o t  c le a rly  d isc e rn ib le , a n d  
ev en  th e  m e a s u re m e n t o f  th e  v a lu e  E d 
itse lf  is b o u n d  u p  w ith  in e v i ta b le  e rro rs .

In  o rd e r  to  r e n d e r  th e  e x p e r im e n ta l 
re su lts  m o re  e as ily  c o m p a ra b le , a l l  ty p e s  o f  
c u r re n t  w ere , f irs t  o f  a ll, su b je c te d  t o  te s ts  
in  c o n n e c tio n  w ith  film s d e r iv e d  f ro m  th e  
o x a lic  a c id  b a th ,  w h ich , a f te r  a  se rie s  of 
in v e s tig a tio n s , w as fo u n d  to  o c c u p y  firs t

p la c e  w ith  re sp e c t to  th e  h ig h  q u a litie s  o f  
th e  .ox ide  film s o b ta in e d  fro m  it.

O f specia l in te r e s t  a re  th e  fo llo w in g  
c h a ra c te r is t ic  o b se rv a tio n s . T h e  s u p e r 
p o s itio n  o f  d ir e c t  c u r re n t  on  a l t e r n a t in g  
c u r re n t  re su lts  in  a n  a c c e le ra t in g  e ffe c t on 
th e  p ro cess  o f th e  film  fo rm a tio n . T h e  
v a r io u s  e le c tr ic a l p re ssu re s  in  th e  c o m b in a 
tio n  d ire c t c u r r e n t / a l t e r n a t in g  c u r re n t  d is 
p la y  a  q u a n t i ta t iv e ly  c h a ra c te r is t ic  a c t io n , 
w h ich  is specific fo r  a  g iv en  in d iv id u a l 
c u r re n t.

T h e  su p e rp o s itio n  o f  a l te r n a t in g  c u r re n t  
on  d ir e c t  c u r re n t  is p a r t ic u la r ly  u se fu l f o r  
p ro d u c in g  film s in th e  ty p ic a l  v a lv e  e le c tro 
ly te s  w ith  a  h ig h  fo rm a tio n  v o lta g e .

F o r  th e  p u rp o se  o f  o b ta in in g  a n  o x id e  
film  w ith  a  d ie le c tr ic  s t r e n g th  o f 300 v o lts  
i t  is  p o ss ib le  to  u se  ( in  th e  o x a lic  a c id  b a th )  
a l te r n a t in g  c u r re n t  a t  o rd in a ry  p o w er f re 
q u e n c y  (50  c y c le s /s e c o n d ) . A lte rn a t in g  
c u r re n t  a ffo rd s th e  p o ss ib ility  o f a  s im u l
ta n e o u s  a n o d iz in g  o f tw o  o r  m o re  a lu m in iu m  
w ires, a n d  re q u ire s  th e  in tro d u c tio n  o f no  
sp ec ia l c a th o d e s .

Anodizing A lum in ium -base  A lloys
O f th e  a lu m in iu m -b a s e  a llo y s  th e re  w as 

ex a m in e d  th e  film  fo rm ed  o n  d u ra lu m in  
h a v in g  th e  c o m p o s it io n :  4.1 p e r  c e n t .  Cu, 
0 . 2 2  p e r  c e n t .  Si, 0 .8 3  p e r  c e n t .  F e , o r  w ith  
a  s l ig h tly  lo w er c o p p e r  c o n te n t ,  f ro m  3 .79  
p e r  c e n t ,  to  3 .7 6  p e r  c e n t , o f C u.

T h e  v e lo c ity  o f  o x id a tio n  o f  d u ra lu m in  in 
th e  o x a lic  ac id  b a th  is  s lo w e r th a n  t h a t  f o r  
u n a llo y e d  a lu m in iu m , a n d  th e  o x id e  l a y e r  
h a s  a  g rey ish -b lu e  c o lo u r , b u t  a  v e ry  su b 
s ta n tia l  a d v a n ta g e  o f  th e  film  so p ro d u c e d

o n  d u ra lu m in  is i ts  f le x ib ility . The- 
d u ra lu m in  film  a lso  possesses h ig h  d ie le c tr ic  
s tr e n g th  (w h ich  is  se cu re d  w ith  b e t t e r  re s u lts  
b y  th e  a p p lic a tio n  o f  d ir e c t  c u r re n t) ,  a n d  
sh o w s n o  c ra c k s  on  b e n d in g .

N e x t w ere  in v e s tig a te d  th e  specific  effects 
o f th e  v a r i o u s  a l lo y in g  e le m e n ts  in  
d u ra lu m in , n a m e ly , m a g n e s iu m , c o p p e r , 
m a n g a n e se  a n d  iro n . T h e  effec ts o f  t in  a n d  
lead  w ere a lso  e x a m in e d . A lloys w ere  p re 
p a re d  in  a  firec lay  c ru c ib le  w ith  a  flux  
c o n ta in in g  15 p e r  c e n t .  L iC l, 45 p e r  c e n t .
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KC1, 30 p e r  c e n t .  N aC I, 7 p e r  c e n t .  K F , 
3  p e r  c e n t .  N a I I S 0 4. A ll th e  a llo y s  w ere  
ro lle d  to  1  m m . th ic k n e s s  a n d  a n n e a le d . 
T h e  re su lts  o f a n o d iz in g  b y  th e  a p p lic a tio n  
o f  a l t e r n a t in g  c u r r e n t  a re  g iv en  in  T a b le  3.

T h e  e x p e r im e n t sh o w ed  t h a t  th e  f lex ib ili ty  
o f  th e  o x id e  film  o n  d u ra lu m in  is c o n d it io n e d  
b y  th e  p re sen c e  o f th e  c o p p e r  c o n s t i tu e n t .

Fig. 16 (above).—Relationship between 
resistivity of anodic film and atmospheric 

humidity.
Fig. 17 (right).—Relationship between 
breakdown pressure of anodic film and 

current density for 500 cycle supply.

H o w e v e r , th e  c o p p e r  c o n te n t  sh o u ld  n o t  be  
less  th a n  2 p e r  c e n t ,  a n d  n o t  m o re  th a n  5 p e r  
c e n t .

E x c e ss iv e  b r i t t le n e s s  in  th e  m e ta l  is  lik e ly  
t o  a r ise  if th is  l a t t e r  f ig u re  b e  ex cee d ed .
Thickness of Film

T h e  p ro d u c tio n  o f u n s u p p o r te d  film s of 
a lu m in iu m  o x id e  p re s e n ts  v e ry  g r e a t  diffi
c u l t ie s .  I t  is  im p o ss ib le  t o  d e ta c h  th e  la y e r
o f a lu m in iu m  o x id e  f ro m  th e  m e ta l  w ith o u t  
d e s tro y in g  tHe film . T h e  a p p lic a tio n  o f 
m e th o d s  b a se d  o n  th e  s o lu b il i ty  o f  a lu 
m in iu m  in  v a r io u s  a c id s  y ie ld s  u n re lia b le
re su lts , in  v iew  o f th e  p o s s ib ility  th a t ,
s im u lta n e o u s ly  w ith  th e  d is so lv in g  o f 
a lu m in iu m , th e re  m a y  a lso  o c c u r  a  s lig h t 
s o lu t io n  o f th e  o x id e  film  itse lf . T h e  m o s t 
d e p e n d a b le  re su lts  in  d e te rm in in g  th e  th ic k 
n e s s  o f film s a re  g iv en  b y  m e a n s  o f  m e a s u re 
m e n t  o n  p ro p e r ly  e tc h e d  sp e c im en s.

T h e  th ic k n e s s  o f  o x id e  film s p ro d u c e d  on  
a lu m in iu m  m a y  f lu c tu a te  f ro m  1 « u p  to  
■0.5 m m ., d e p e n d in g  o n  th e  m e th o d  a n d  th e  
d u r a t io n  o f  t r e a tm e n t .  F ilm s  o f  a lu m in iu m  
o x id e  a re  d is t in g u is h e d  b y  th e i r  v e ry  c o n 

s id e ra b le  h a rd n e ss . A c c o rd in g  to  m a n y  
w o rk e rs , y— A 1 „0 3  a p p ro a c h e s  c o ru n d u m  
in  h a rd n e ss .

F ro m  th e  e le c tro te c h n ic a l s t a n d p o in t  a  
v e ry  se rio u s  sh o r tc o m in g  o f a n o d iz e d  film s 
is th e i r  b r i tt le n e s s , e v id e n c e d  b y  th e  fa c t  
t h a t  a n  a n o d iz e d  a lu m in iu m  c o n d u c to r  can  
b e  b e n t  sa fe ly  a ro u n d  a  r a d iu s  n o t  less th a n  
a b o u t  30 tim e s  i ts  o w n  d ia m e te r .  S h a rp e r  
b e n d s  r e s u lt  in  c ra c k in g  o f  th e  film .

F ro m  th e  v ie w p o in t  o f  e le c tr ic a l 
te c h n o lo g y  a  m o s t  in te r e s t in g  a s p e c t  is  th e  
in flu e n ce  o f c o rro s io n  on  d ie le c tr ic  p ro p e r t ie s  
o f a lu m in iu m  o x id e  film s, p a r t ic u la r ly  i ts  
effec t o n  th e  v a lu e  o f th e i r  b re a k d o w n
p o te n t ia l .  I n  T a b le  4 a re  p re se n te d  t e s t
r e su lts  sh o w in g  th e  e le c tr ic a l p e rfo rm a n c e  
of a n o d iz e d  a lu m in iu m  p la te s  u n d e r  th e  
a c t io n  o f  5 p e r  c e n t ,  h y d ro c h lo r ic  a c id  fo r
19 h o u rs . A s is seen , th e  b e s t  p ro te c tiv e
p ro p e r t ie s  a re  e x h ib ite d  b y  film s p ro d u c e d  
b y  th e  su p e rp o s itio n  o f a l te r n a t in g  c u r re n t  
o n  d ir e c t  c u r re n t .  T h e  sa m e  re su lts  h a v e

V

b e e n  o b ta in e d  b y  se v e ra l o th e r  w o rk e rs , 
in c lu d in g  S e to h  a n d  M iy a ta , w h o  re c o m 
m e n d , in  a d d i t io n  to  a n o d iz in g , su p p le 
m e n ta ry  t r e a tm e n t  b y  s te a m  a t  e le v a te d  
p re ssu re . U n d o u b te d ly , in  c e r ta in  in s ta n c e s , 
th e  p ro te c tiv e  p o w e r  o f  th e  o x id e  film s c a n  
be  e n h a n c e d  b y  th e  s u b s e q u e n t a p p lic a tio n  
o f su ita b le  c o a tin g  m e d ia , su c h  a s  la n o lin ę , 
d r y in g  o ils, v a rn ish e s , en a m e ls , p a ra ffin , 
a n d  o th e r  o rg a n ic  c o m p o s itio n s , w h ich  a re  
c a p a b le  o f  e ffe c tiv e ly  se a lin g  th e  p o re s  o f  th e  
film , a n d  th u s  fo rm  a  to u g h , te n a c io u s  
en v e lo p e  t h a t  c o m p le te ly  b a r s  th e  in g re ss  of 
c o rro s iv e  a g e n ts .

I n  T a b le  5 a re  ta b u la te d  th e  re su lts  o f 
t e s ts  o n  th e  b e h a v io u r  o f a lu m in iu m  p r io r  
to  a n d  a f te r  a n o d iz in g , w ith  v a r io u s  c o m 
b in a t io n s  o f c u r re n t ,  b e fo re  a n d  a f te r  th e  
o n s e t  o f  c o rro s io n  cau se d  b y  a  5 p e r  c e n t ,  
s o lu tio n  o f so d iu m  c h lo r id e . T h e  a re a  o f 
th e  im m e rse d  p o r t io n  o f  th e  a lu m in iu m  
p la te s  w as e q u a l to  60 c m . 2 C o n tro l 
m e a su re m e n ts  o f  th e  te s t-p ie c e s  w ere  m a d e  
p e r io d ic a lly , th e  v a lu e s  g iv en  in  T a b le  5 
a re  th e  re su lts  o b ta in e d  a f te r  c o n tin u o u s
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im m e rs io n  in  th e  c o r ro d in g  m e d iu m  fo r 
f o u r  m o n th s  a n d  e ig h t  d a y s .

A le x a n d ro ff  a n d  h is  a s so c ia te s  h a v e , so 
f a r ,  b e e n  u n a b le  t o  a s c e r ta in  th e  re a so n s  fo r  
th e  in c re a se  o f th e  b re a k d o w n  p o te n t ia l  in  
e x p e r im e n ts  N o s . 5, 6  a n d  7. T h e  o th e r  
m e th o d  of te s t in g  a lu m in iu m  c o n d u c to rs  
c o n s is te d  o f s u b je c tin g  sp ec im en s 1  m e tre  
lo n g  a n d  1  m m . d ia m e te r  t o  a n  in te r m i t te n t  
s p ra y  o f  10 p e r  c e n t .  N aC l a t  SO d eg rees C. 
T h e  s p ra y  o p e ra te d  fo r  a  p e rio d  o f 30 m in s ., 
w ith  a  b re a k  in te rv a l  o f 2  h o u rs , g iv in g  
a n  a g g re g a te  s p ra y in g  t im e  of 1 2 0  m in u te s  
d u r in g  24 h o u rs ; th e  to ta l  d u ra t io n  o f  te s t 
in g  w as 15 d a y s . D e te rm in a tio n s  o f  th e  
e le c tr ic a l r e s is ta n c e  o f  th e  te s t-p ie c e s  w ere 
m a d e  p r io r  t o  a n d  a f te r  th e  te s t.

F ro m  T a b le  6  i t  is  seen  t h a t  th e  e lec trica l 
r e s is ta n c e  o f  th e  a n o d iz e d  a lu m in iu m  c o n 
d u c to r s  w as n o t  in c re a se d . T h e  d ie lec tr ic  
s t r e n g th  o f th e se  sp e c im en s as w ell as t h a t  
o f th e  o x id e - in su la te d  c o n d u c to rs  su b je c te d  
to  t e s t in g  in  th e  h u m id i ty  c h a m b e r , w ith  
1 p e r  c e n t .  SO., +  5 p e r  c e n t . C 0 2, a t  50 
d eg rees  C. f o r  a  p e r io d  o f  15 d a y s , re m a in e d  
u n c h a n g e d  a n d  d isp la y e d  b re a k d o w n - 
p o te n t ia l  v a lu e s  o f  a  s a t is fa c to ry  o rd e r. 
T h ese  re su lts  sh o w  t h a t  th e  co rro s io n  
re s is t in g  q u a li t ie s  o f th e  a n o d ic  film s a re  
q u ite  go o d  a n d  a d e q u a te  fo r  th e  p ro te c tio n  
o f a lu m in iu m  c o n d u c to r s . T h is  p e rfo rm 
a n c e  m a y  b e  re g a rd e d  a s  p a r t ic u la r ly  g r a t i 
fy in g  in  v iew  o f th e  f a c t  t h a t  a ll  th e  
sp e c im en s w ere  n o t  g iv e n  su p p le m e n ta ry  
t r e a tm e n t  w ith  o rg a n ic  c o a t in g  m e d ia  a f te r  
a n o d iz in g .
C o n d u c tiv ity  of A nodic  F ilm s

M e a su re m e n t o f th e  e le c tr ic a l c o n d u c tiv i ty  
o f  th e  film s w a s  p e rfo rm e d  b y  th e  a p p lic a 
t io n  o f  th e  m e th o d  o f  re la t iv e  d eflec tio n s 
w ith  a  S iem en s-H a lsk e  g a lv a n o m e te r  h a v in g  
a  s e n s i t iv i ty  o f  4 .5  X 10- 9 V .

T h e  re la t io n sh ip  b e tw e e n  e le c tro -c o n 
d u c t iv i ty  a n d  th e  v o lta g e  im p re ssed  o n  th e  
o x id e  film , a n d  th e  d e p e n d e n c e  o f  th e  
e le c tro -c o n d u c tiv it} 1, o f  th e  film  o n  te m p e ra 
tu r e  w ere  d e te rm in e d  w ith  S a la d in 's  
a p p a r a tu s  w ith  p h o to g ra p h ic  re c o rd in g . 
A lu m in iu m , w ith  th e  film  o f  o x id e  fo rm ed  
o n  i t ,  se rv ed  a s  o n e  e le c tro d e , th e  o th e r  
c o n s is t in g  o f m e rc u ry , p o w d e re d  g ra p h ite , 
o r  a lu m in iu m  fo il. T h e  re s is ta n c e  o f  th e  
film  w as re la te d  to  1  c m .9 o f th e  su rface  a rea  
a n d  a  g iv en  th ic k n e s s  o f th e  o x id e  lay e r, 
b u t  n o t  to  th e  u n i t  o f th ic k n e ss . A s c u r re n t  
s t r e n g th  fa lls  w ith  tim e , i t s  v a lu e  w as d e te r 
m in e d  tw ic e : f irs t  a f te r  30 se co n d s, a n d  th e n  
a g a in  a f te r  a  lap se  o f  3 m in u te s .

R e s is ta n c e  a s  m e a su re d  b y  m e a n s  o f  th e  
m e rc u ry  e le c tro d e  sh o w ed  a  g r e a te r  v a lu e  
th a n  t h a t  m easu red  b y  th e  g ra p h ite  e lec
tr o d e , th e  d iffe ren ce  b e in g  p a r t ic u la r ly  g re a t  
a t  lo w  p o te n t ia ls  a n d  b e c o m in g  sm o o th e d  
o u t  a t  h ig h e r  p re ssu re s . T h is  m a y  p ro b a b ly  
b e 'e x p la in e d  a s  b e in g  d u e  to  e a s ie r  p e n e 
t r a t io n  o f  g ra p h i te  in to  th e  p o re s  o f th e

film . S o m etim es, h o w ev er, th e  p o s itio n  
w as re v e rse d , a n d  th e  re s is ta n c e  d e te rm in e d  
b y  th e  g ra p h ite  e le c tro d e  w as h ig h e r  th a n  
t h a t  re c k o n e d  w ith  th e  m e rc u ry  e le c tro d e .

T h e  n a tu r e  o f  th e  a p p lie d  e le c tro d e  h a s  n o  
in flu e n ce  on  th e  c h a ra c te r  o f  th e  p e r fo rm 
a n c e  c u rv e s . T h e  e le c tr ic a l r e s is ta n c e  o f th e  
a n o d ic  film  v a r ie s  w ith  th e  c h a n g e  o f  th e  
v o lta g e  in  a  v e ry  p e c u lia r  fa sh io n . F ilm s  
p ro d u c e d  w ith  v a r io u s  fo rm a tio n  p e r io d s  
a n d ,  c o n se q u e n tly , h a v in g  d if fe re n t  th ic k 
nesses, d isp la y  a n a lo g o u s , b u t  n o t  p a ra lle l , 
c u rv e s , w h ich  te n d  to  a p p ro a c h  o n e  
a n o th e r  in  th e  re g io n  o f  1 0 0  v o lts  a n d  o v e r. 
A t a  p o te n t ia l  o f  80 v o l ts  th e  c u rv e s  e x h ib it  
a  c h a ra c te r is t ic  p o in t  o f in f le c tio n , a s  is 
e v id e n t  f ro m  F ig .  13. I n s p e c tio n  o f  th e  
cu rv e s  re v e a ls  th a t ,  in  th e  case  o f  th e  film 
fo rm ed  in  30 m in u te s , th e  p o in t  o f  in fle c tio n  
w as sh if te d  to w a rd s  1 0 0  v o lts ;  th is  m ean s , 
th e re fo re , t h a t  th e  g r e a te r  th e  th ic k n e s s  of 
th e  o x id e  film , th e  f a r th e r  th e  c h a ra c te r is t ic  
p o in t  o f in f le c tio n  is lo c a te d  in  th e  c u rv e  
p lo t te d  a lo n g  th e  a x is  o f  e le c tr ic  p re ssu re s . 
T h e  s im p le s t e x p la n a tio n  fo r  th e  e x is te n c e  
o f th e  in fle c tio n  p o in t  w o u ld  be  t h a t  a t  
p o te n t ia ls  u p  to  60 v o lts ,  th e  c o n d u c tio n  
c u r re n t  is  c o n d itio n e d , m a in ly , b y  th e  
m ig ra tio n  o f io n s  o f th e  e le c tro ly te  r e m a in 
in g  in  th e  p o re s  o f th e  o x id e . I n  th e  
h ig h e r  re g io n , w ith in  th e  p re ssu re  ra n g e  
from  60 v o lts  to  80 v o lts ,  w h e n  a ll th e  free 
io n s  o f th e  e le c tro ly te  a re  a lr e a d y  used  u p , 
re s is t iv i ty  b eco m es in d e p e n d e n t  o f v o lta g e . 
A t  a  p o te n t ia l  a b o v e  80 v o lts ,  th e r e  b e g in s  to  
em erg e  th e  t r u e  c o n d u c t iv i ty  o f th e  o x ide  
film  itse lf , a n d , c o n s e q u e n tly , th e  r e s is ta n c e  
a g a in  fa lls.

W a s h in g  of th e  film  fo r  24 h o u rs  in  w a te r  
a t  ro o m  te m p e ra tu re , o r  in  b o ilin g  w a te r  
fo r  tw o  h o u rs , w ith  th e  su b s e q u e n t d ry in g  
fo r 24 h o u rs  a t  130 d eg rees  C ., m a d e  w ith  
th e  o b je c t  o f re m o v in g  th e  a d s o rb e d  e le c tro 
ly te ,  d id  n o t  a l te r  th e  c h a ra c te r is t ic  n a tu r e  
o f  th e  p e rfo rm a n c e  c u rv e s . T h is  p ro v e s  
t h a t  th e  e le c tro ly tic  c o n d u c ta n c e  o f th e  
o x id e  film  is c o n d itio n e d  b y  th e  e le c tro ly te  
c o n ta in e d  n o t  in  c o a rse  in te rs t ic e s  o r  po res 
o f i ts  s t r u c tu r e ,  b u t  w ith in  th e  fin e  c a p il la ry  
ch a n n e ls , w ith  re sp e c t to  w h ich  th e  o p e ra 
t io n s  o f  w a sh in g  a n d  d ry in g  a re  q u ite  
in a d e q u a te .

A p o ss ib le  a l te rn a t iv e  e x p la n a tio n  fo r  th e  
o c c u rre n c e  o f  th e  p o in t  o f in f le c tio n  in  th e  
c u rv e  m a y  b e  b a se d  o n  th e  fa c t  o f th e  
p e n e tr a t io n  o f g ra p h ite  o r  m e rc u ry  in to  th e  
o x id e  film . H o w e v e r , o n  th is  a s su m p tio n , 
th e  r e s is ta n c e  d ro p , e sp ec ia lly  w ith  th e  
a p p lic a t io n  o f  th e  g ra p h ite  e le c tro d e s , 
sh o u ld  h a v e  b e e n  ir re v e rs ib le . Y e t ,  in  
r e a li ty , th is  is n o t  th e  case , a n d , th e re fo re , 
su c h  a  h y p o th e s is  h a s  to  b e  d isc a rd e d .

O n th e  o th e r  h a n d , e v e n  b y  re p la c in g  th e  
g ra p h ite  b y  a lu m in iu m  fo il o n  th e  w ire  
s e rv in g  a s  th e  c a th o d e , th e  in f le c tio n  o f  th e  
c u rv e  s till re m a in s; c o n s e q u e n tly , i t  is  n o t
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d u o  to  th e  p e n e tr a t io n  o f  g ra p h ite  in to  th e  
film , b u t  m u s t  be  a t t r ib u t e d  to  som e 
d if fe re n t f a c to r .

T h e  id e a  t h a t  a t  p re ssu re s  o v e r  80 v o lts  
th e r e  ta k e s  place~a p a r t ia l  d ie le c tr ic  p u n c tu re  
o f  th e  o x id e  film  (n a m e ly , t h a t  o f i t s  o u te r  
p o ro u s  la y e r ) ,  le a d in g  to  th e  r e s is ta n c e  fa ll, 
is  a lso  n o t  co n firm ed , a s , a f t e r  su c h  b r e a k 
d o w n , c h a n g e  o f  c o n d u c t iv i ty  sh o u ld  be  
ir re v e rs ib le , w h ereas  a c tu a l ly  i t  is  n o t  
o b se rv e d .

N o te  sh o u ld  be  m a d e  o f  th e  fa c t  t h a t  th e  
re s is ta n c e  o f th e  o x id e  la y e r  does n o t 
in c rease  w ith  t im e  of f o rm a tio n , i .e . ,  w ith  
th e  th ic k n e s s  o f  th e  film . T h e  re la t io n sh ip  
b e tw e e n  re s is ta n c e  a n d  fo rm a tio n  p e rio d , 
d e te rm in e d  a t  v a r io u s  p o te n t ia ls ,  sh o w  th e  
m a x im u m  re s is ta n c e  fo r  a  fo rm in g  t im e  o f
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cases is id e n tic a l , b u t ,  a t  th e  sa m e  tim e , 
c le a r ly  in d ic a te s  t h a t ,  f irs t , a s  th e  re la t iv e  
h u m id i ty  in c re a se s , th e  c o n d u c t iv i ty  o f th e  
o x id e  film s c o r re sp o n d in g ly  sh ow s a  rise , 
a n d , se c o n d ly , t h a t  a s  th e  re la t iv e  h u m id i ty  
rises , a  p o in t  o f  in f le c tio n  o f  th e  c u rv es  
m o v es  in  th e  d ire c tio n  o f th e  sm a lle r  v a lu e s  
o f v o lta g e . W ith  51 p e r c e n t , r e la t iv e  
h u m id i ty  th e  p o in t  o f  in f le c tio n  is lo c a te d  
a t  100 v o lts , w ith  65 p e r  c e n t , h u m id i ty  
i t  s ta n d s  a t  80 v o lts , a n d  w ith  a  re la t iv e  
h u m id i ty  o f 80 p e r  c e n t , th e  in f le c tio n  p o in t  
is fo u n d  sh if te d  to w a rd s  a  s ti l l  lo w er p re s 
su re  a t  60 v o lts . T h e  d e p e n d e n c e  o f  th e

Fig. 18 (left).— Effect of raising potential 
difference at terminals of anodic bath upon 
the breakdown strength of anodic films, 
formed with 500 cycle A.C.: Curve f, values 
for low current densities; curve II, values 
for high current densities. Fig. 19 (below).
—  Wiring diagram for anodizing bath 
supplied with high frequency : A, ammeter ;
B, bath; C, condenser ; Vi and Vi, volt 

meters ; L, inductance.
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15 n iin s .,  as is  in d ic a te d  in  F ig . 14. A t 
2 0  v o lts  th is  m a x im u m  is m o s t  p ro n o u n c e d , 
b u t  w ith  in c re a se  o f  p re ssu re  th e  d iffe ren ce  
in  re s is ta n c e  v a lu e s  is f la t te n e d  o u t ,  a n d  
th e  c u rv e  a s su m e s  m e re ly  a  s l ig h t  c o n c a v ity . 
A t  80 v o lts ,  th e  re s is ta n c e  o f th e  1 5 -m in u te  
film  is  n o t  o n ly  n o t  h ig h e r , b u t  is  ev en  
lo w er th a n  th e  re s is ta n c e  o f 1 0 - a n d  2 0 - 
m in u te  film s.

T h e  m a x im u m  o f th e  p e r fo rm a n c e  c u rv e s  
is a t t r ib u te d  to  specific  c o n d it io n s  o f film  
p ro d u c tio n . U p  to  th e  15 m in s . fo rm a tio n  
p e r io d , th ic k n e s s  o f  th e  film  co n fo rm s to  
th e  lin e a r  law  o f in c rease  w ith  tim e , w h ils t  
d e n s ity  re m a in s  c o n s ta n t ,  a f t e r  w h ich  th e  
o x id e  la y e r , a l th o u g h  s t i l l  g ro w in g  in  th ic k 
ness, b eco m es p o ro u s , a n d , in  c o n se q u e n c e  
o f  d ie le c tr ic  p u n c tu re  a n d  sp a rk in g , becom es 
m o re  e le c tro -c o n d u c tiv e .

T e s tin g  o f th e  h e a t  s t a b i l i ty  o f th e  film s 
o f  a lu m in iu m  o x id e  h a s  d e m o n s tr a te d  t h a t  
fro m  400 d eg rees  to  500 d eg rees  C. e lec tro -  
c o n d u c t iv i tv  is  p ra c tic a lly  u n c h a n g e d . 
T h is  s ta b i l i ty  is a ffe c ted  o n ly  b y  a p p ro a c h 
in g  th e  re g io n  f ro m  515 d eg rees  to  575 
d eg rees  C ., w h e n , a s  seen  in  F ig . 15, c o n 
d u c t iv i ty  o f  th e  film s b eg in s to  r ise  r a p id ly .

A n a ly s is  o f th e se  v a lu es  re v e a ls  t h a t  th e  
c h a ra c te r  o f th e  p e r fo rm a n c e  c u rv e s  in  a ll

lo cu s  o f th e  p o in t  o f  in f le c tio n  o n  th e  re la 
t iv e  h u m id i ty  in d ire c t ly  c o r ro b o ra te s  th e  
f a c t  t h a t ,  g e n e ra lly , th e  n a tu r e  o f  th e  p e r 
fo rm a n c e  c u rv e  is c o n d it io n e d  b y  th e  c o n 
d u c t iv i ty  o f  th e  e le c tro ly te  a d s o rb e d  in  th e  
p o re s  o f  th e  o x id e  film .

A n o d iz in g  by  H igh-frequency  A ltern a tin g  
Currents

N o rm a lly  th e  p ro cess o f  e lec tro ly s is  
e m p lo y s  d ir e c t  c u r re n t .  H o w e v e r , in  th e  
case  o f  th e  a n o d ic  o x id a tio n  o f  a lu m in iu m , 
i t  h a s  b een  sh o w n  th a t  b e t te r  r e su lts  m a y  
c o n c e iv a b ly  be  o b ta in e d  b y  su p e rim p o s itio n  
o f  a l te r n a t in g  c u r re n t  o n  d ir e c t  c u r re n t ,  o r 
by  th e  use  o f  a l te r n a t in g  c u r r e n t  a lo n e . T h e  
film  of a lu m in iu m  o x id e  p ro d u c e d  in  th is  
w a y  is d is tin g u is h e d  b y  h ig h e r  e la s t ic ity , 
w h ich  p r o p e r ty  is o f  sp e c ia l im p o r ta n c e  fo r  
th e  in s u la t io n  o f w in d in g s .

T h e  e le c tr ic a l a n d  th e rm a l c o n d it io n s  of 
a n o d iz in g  b y  h ig h - fre q u e n c y  c u r re n t  a re  
ra d ic a lly  d if fe re n t f ro m  th e  re sp e c tiv e  c o n 
d i t io n s  o f  th e  u su a l e le c tro ly tic  p rocess. 
F u n d a m e n ta l ly ,  th e s e  o p e ra t in g  c o n d itio n s  
a re  b o u n d  to  e x e r t  a  m a rk e d  in f lu e n c e  on  
th e  s t r u c tu r e  o f  th e  o x id e , a n d  i t  c o u ld  be  
e x p e c te d  th a t ,  u n d e r  c o n d it io n s  o f o x id a 
t io n  b y  h ig h - fre q u e n c y  c u r re n t ,  th e
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o x id e  film  sh o u ld  be m o re  d en se  a n d  o f 
sm a lle r  g ra in  size; in  co n seq u en ce , th e  
r e s u l ta n t  film s sh o u ld  possess d is t in c tly  
su p e r io r  c h a ra c te r is t ic s  o f  e le c tr ic a l a n d  
m e c h a n ic a l s t r e n g th  a s  c o m p a re d  to  th e  
o rd in a ry  film s.

A  n o ta b le  c o n tr ib u tio n  in  th is  field  h as 
re c e n t ly  b een  m a d e  b y  th e  re se a rc h e s  o f 
W a lte r  a n d  h is  c o lla b o ra to rs , w hose  
ex p ressed  o b je c t  w as  to  a s c e r ta in  th e  poss i
b i l i ty  o f c o n d u c tin g  th e  a n o d iz in g  p rocess 
b y  m e a n s  o f  th e  h ig h -fre q u e n c y  a l te r n a t in g  
c u r re n ts .  T h e  e x p e r im e n ts , a s  c a rr ie d  o u t  
b y  th e se  in v e s tig a to r s ,  em p lo y e d  freq u e n c ie s  
o f  500, 13,000 a n d  10° cycles p e r  se co n d . 
A s th e  w o rk in g  e le c tro ly te s , a q u e o u s ' so lu 
t io n s  o f su lp h u r ic  a c id , a n d  o f  o x a lic  ac id , 
w e re  u se d .

A n o d iz in g  ¡by c u r re n t  a t  a  f re q u e n c y  of 
500 c y c le s /se c o n d  do es n o t  d iffe r  m a rk e d ly  
f ro m  th e  sa m e  p ro cess  w ith  c u r re n t  a t  co m 
m erc ia l f re q u e n c y  (50  c y c le s / se c o n d ) .  I t  
is  w o r th  p o in t in g  o u t  tw o  p e c u lia r it ie s  
o b se rv e d  in  th e s e  e x p e r im e n ts : ( 1 ) d e p e n 
d e n c e  o f  th e  p ro p e r t ie s  o f  th e  o x id e  film  
o n  c u r re n t  d e n s ity , a n d  ( 2 ) d e p e n d e n c e  of 
th e  c h a ra c te r is t ic s  o f th e  film  o n  th e  v o lta g e  
a t  th e  te rm in a ls  o f  th e  b a th .

A t  low  c u r re n t  d e n s itie s , f ro m  0 .005 
A . / c m . 2 to  0 .05  A . /c m .2, a n d  a t  a b o u t  
0 .5  A . /c m .2, w ith  th e  p a ssa g e  o f  th e  sam e 
q u a n t i ty  o f  e le c tr ic i ty  th ro u g h  u n i t  a re a  of 
th e  su rface , t h e  r e s u l ta n t  o x id e  film  is o f 
u n ifo rm  th ic k n e s s , h a v in g  a  d ie le c tr ic  
s t r e n g th  fro m  350 v o l ts  to  450 v o lts . A t 
c u r re n t  d e n s itie s  b e tw e e n  th e  r a n g e  0 .005—  
0 .0 5  A . / c m .2  a n d  0 .5  A . / c m .2, u n ifo rm ity  o f 
th e  film  is u n a t ta in a b le  a n d  i ts  b re a k d o w n  
p o te n t ia l  in  th is  c a se  is  lo w ered , a s  m a y  be  
o b se rv e d  fro m  F ig . 17.

I n  th e  fo rm a tio n  o f  th e  a n o d ic  film  w ith  
a  p o te n t ia l  d iffe ren ce  a t  th e  te rm in a ls  of 
th e  b a th  w ith in  th e  lim its  o f  50 v o lts  to  
2 0 0  v o lts , th e  ra is in g  o f th is  p re ssu re  h a d  
n o  d ra s t ic  in flu e n ce  o n  th e  q u a li t ie s  o f th e  
c o a tin g . N e v e r th e le s s , i t  sh o u ld  b e  m e n 
t io n e d  th a t ,  in  th e  e v e n t  o f  e le v a tin g  th e  
p o te n t ia l ,  b u t  k e e p in g  th e  d e n s ity  o f  th e  
fo rm a tio n  c u r r e n t  a n d  th e  q u a n t i ty  o f  
e le c tr ic i ty  p e r  c m . 2 o f th e  e le c tro d e  su rface  
c o n s ta n t ,  th e re  o c c u rs  a  s l ig h t  d e te r io ra tio n  
in  d ie le c tr ic  s t r e n g th ,  a s  sh o w n  in  F ig . 18.

N o re g u la r  re la t io n sh ip  h a s  been  d e te c te d  
b e tw een  th e  d ie le c tr ic  s t r e n g th  o f th e  film  
a n d  th e  q u a n t i t y  o f  e le c tr ic i ty  p a sse d  
th ro u g h  a  u n i t  a re a  o f th e  a lu m in iu m  s u r 
face  w ith in  t h e  in te rv a l  1  a m p .-m in u te  p er 
1 c m . 2 to  IS a m p .-m in u te  p e r  1 c m . 2 I t  is 

le g i t im a te  to  su p p o se  t h a t  a lr e a d y , p r io r  to  
t h e  p a s sa g e  o f  1  a m p .-m in u te  p e r  1  c m . 2 

th e re  is  e s ta b lis h e d  som e d y n a m ic  e q u i
l ib riu m  in  th e  fo rm a tio n  o f  th e  film , w h e re a s  
fu r th e r  in c re a se  in  i t s  th ic k n e s s  a n d  e le v a 
t io n  o f i t s  b re a k d o w n  p o te n t ia l  cease . 
M oreo v er, w ith  su c h  la rg e  q u a n t i t ie s  o f  e lec
t r ic i ty ,  th e  r e s u lt in g  o x id e  film  in  its

e x te rn a l  a sp e c ts  d isp la y s  a  n o n -u n ifo rm  a n d  
p it te d  a p p e a ra n c e .

As re g a rd s  th e  m e c h a n ic a l s t r e n g th  o f 
th e  film  fo rm ed  a t  a  fre q u e n c y  of 500 c y c le s / 
se co n d , p a r t ic u la r ly  i ts  f le x ib ility , i t  w as 
po ss ib le  to  o b ta in  o n ly  th e  re su lts  o f  q u a l i 
ta t iv e  te s ts , w h ich  in d ic a te  t h a t  i ts  
e la s t ic ity  is s o m e w h a t h ig h e r  th a n  t h a t  o f 
th e  film  p ro d u c e d  u n d e r  th e  sa m e  o p e ra tin g  
c o n d it io n s  w ith  c u r re n t  a t  50 c y c le s /sę c o n d , 
a n d  c o n s id e ra b ly  h ig h e r  th a n  t h a t  o f film s 
p ro d u c e d  b y  d ire c t  c u r re n t.  Q u a n t i ta t iv e  
d a ta  co u ld  be d e riv ed  o n ly  b y  a  specia l 
te s t in g  m e th o d , th e  d e v e lo p m e n t o f w hich  
h as r e c e n tly  e n g ag ed  th e  close a t t e n t io n  of 
v a r io u s  in v e s tig a to r s ,  in c lu d in g  th o se  
a t ta c h e d  to  th e  R u ss ia n  A c a d e m y  of 
Sciences.

I n  c a r ry in g  o u t  a n o d iz in g  b y  c u r re n t  a t  
a  fre q u e n c y  o f 13,000 cy c les  p e r  se co n d , a  
h ig h -fre q u e n c y  g e n e ra to r  w ith  a  f req u e n cy  
ra n g e  fro m  13,000 to  20 ,000  c y c le s /se c o n d  
w as u se d .

W ith  a  te rm in a l  p re ssu re  a t  th e  h ig h - 
f re q u e n c y  g e n e ra to r  o f 160 v o lts  a n d  w ith  
c u r re n t  s t r e n g th  in  th e  c ir c u it  a t  5-6 a m p . 
d iffe ren ce  o f p o te n t ia ls  a t  th e  b a th  t e r 
m in a ls  re m a in e d  n e g lib ly  sm a ll; th u s  
r e n d e r in g  th e  p ro cess  in o p e ra tiv e . T h is  
m a y  p ro b a b ly  be  a t t r ib u te d  to  th e  f a c t  th a t ,  
c o m p a re d  to  th e  to ta l  r e s is ta n c e  o f th e  
g e n e ra to r , th e  r e s is ta n c e  o f th e  b a th  w as  so  
lo w  t h a t  th e  v o lta g e  a t  i ts  te rm in a ls  w as 
in a d e q u a te . A n  a t t e m p t  to  a p p ly  a  h ig h e r  
p o te n t ia l  w ith  th e  a id  o f a n  o sc illa to ry  c ir 
c u i t  c o n n e c te d  in  se ries to  th e  h ig h -fre 
q u e n c y  g e n e ra to r  g av e  n o  p o s it iv e  re su lts .

T h e  c ir c u it  fo r  a n  a n o d iz in g  b a th  
o p e ra te d  a t  13,000 cy c les p e r  se co n d  is 
i l lu s tr a te d  in  F ig . 19. T h e  d ifficu lty  
e n ta ile d  m a y  be  ju d g e d  fro m  th e  f a c t  t h a t  
a t  m o m e n ts  o f re so n a n c e  th e  c u r re n t  
s t r e n g th  in  th e  o sc illa to ry  c ir c u it  reach ed  
3 a m p s ., th e  d iffe ren ce  o f  p o te n t ia ls  a t  th e  
c o n d e n se r  p la te s  C  a t t a in in g  p e a k  v a lu e s  o f 
1,500 to  2 ,000 V ., a n d  y e t  th e  v o lta g e  a c ro ss  
th e  b a th  w as s til l  e x tre m e ly  low . O n ly  b y  
m e a n s  o f  a  p re l im in a ry  b r ie f  t r e a tm e n t  b y  
c u r re n t  a t  50 c y c le s /se c o n d  w as i t  fo u n d  
p o ss ib le  to  a n o d iz e  th e  sam e a lu m in iu m  
p la te  b y  c u r re n t  a t  13,000 c y c le s /se c o n d  
su p p lie d  s t r a ig h t  fro m  th e  h ig h - fre q u e n c y  
g e n e ra to r .

A s a  re s u lt  o f su c h  p r e - t r e a tm e n t  b y  c u r 
r e n t  a t  50 cyc les  f re q u e n c y , th e re  w as 
fo rm ed  on  th e  a lu m in iu m  e le c tro d e  a  la y e r  
o f o x id e  w ith  a  re s is ta n c e  su ff ic ien t to  
o b ta in  a t  th e  b a th  te rm in a ls  th e  p re ssu re  
re q u ire d  fo r  c o n t in u in g  th e  p ro cess  b y  
h ig h -fre q u e n c y  c u r re n t .  T h e re  w a s  th e n  
o b se rv ed  a n  in te n se  l ib e ra t io n  o f g a s  a t  th e  
a n o d e  w h ich  flow ed b r ig h tly . T h e  p re s 
su re  in  th e  b a th  so o n  a f te r  th e  s t a r t  re a c h e d  
70 v o lts ,  r is in g  in  c e r ta in  in s ta n c e s  to  
1 1 0  v o lts  (w ith  a  p o te n t ia l  a t  th e  g e n e ra to r  
o f  160 v o l t s ) ,  b u t ,  in  th e  c o u rse  o f  th e
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p ro c e ss , q u ic k ly  fa llin g  to  25 v o lts .  P r o 
v id e d  t h a t  th e  p ro c e ss  w a s  c a rr ie d  o n  fo r 
a  su ff ic ien tly  lo n g  t im e , th e  v o lta g e  d ro p  
c o n tin u e d , th o u g h  slo w ly , r ig h t  d o w n  
t o  10 v o lts . T h ro u g h o u t  th e  p ro c e ss  th e  
c u r re n t  s t r e n g th  w as k e p t  a t  a  c o n s ta n t  
v a lu e . T h e  p re ss u re  d ro p  in  th e  b a th
r e p e a te d ly  o c c u rre d  in  a ll th e  h ig h -fre q u e n c y  
e x p e r im e n ts .  I n  b a th s  o p e ra t in g  a t  a
fre q u e n c y  o f  50 c y c le s /s e c o n d , o r  w ith  
d i r e c t 'c u r r e n t ,  th e n , a s  th e  th ic k n e s s  o f  th e  
o x id e  la y e r  g ro w s, t h e  p o te n t ia l  d iffe ren ce  
a c ro ss  th e  b a th  te rm in a ls  in c rease s .

I t  w as a lso  fo u n d  t h a t  d is t r ib u t io n  o f th e  
h ig h -fre q u e n c y  c u r r e n t  o n  th e  a n o d e  su rfa c e  
w as e x tre m e ly  u n e v e n , re g io n s  o f  g r e a te s t  
c u r r e n t  d e n s i ty  ly in g  a lo n g  th e  edges 
a n d  b e in g  so g ra d u a te d  a s  to  s ta in  th e
a n o d e  su rfa c e  w ith  a  m o re  o r  less  d a rk
sem i-e llip se , th e  c o n v e x i ty  o f  w h ic h  w a s  
d ire c te d  d o w n w a rd s . T h e  c o lo u r  in  th e  
m id d le  o f  th e  a n o d e  d iffe red  o n ly  s lig h tly  
f ro m  t h a t  o b se rv e d  d ir e c t ly  a f te r  p r e 
l im in a ry  t r e a tm e n t  w ith  50 cy c le  c u r re n t,  
a n d ,  fu r th e rm o re , th e  l ig h te r  a r e a  e x h ib ite d  
o n ly  th e  sa m e  d ie le c tr ic  s t r e n g th  a s  i t  h a d  
sh o w n  d ir e c tly  a f te r  th e  p re l im in a ry  t r e a t 
m e n t .  T h e  b re a k d o w n  v o lta g e  o f  th e  d a rk e r  
e llip tic a l a re a , h o w ev er, w as c o n s id e ra b ly  
h ig h e r . A lte r a t io n  o f  th e  in te rv a l  b e tw een  
c a th o d e  a n d  a n o d e  d u r in g  th e  c o u rse  o f  
t r e a tm e n t  d id  n o t  r e s u l t  in  a n y  im p ro v e 
m e n t  in  th e  u n ifo rm ity  o f  c u r re n t  d is t r ib u 
t io n ,  th e  c a u se  o f w h ich  is  p ro b a b ly  d u e  
t o  sk in  effec t. T h e  d a rk  se m i-e llip se  d is 
a p p e a re d  o n ly  w ith  th e  a p p lic a t io n  o f 
e le c tro d e s  in  th e  sh a p e  o f  n a r ro w  s t r ip s  fro m  
0 .25  cm . to  0 .5  cm . w ide, in  w h ich  case , 
e v id e n tly , c u r r e n t  lin es, c ro w d e d  a t  th e  
edges , m e rg e  in to  a  s in g le  w h o le . W ith  
c a th o d e s  1  cm . w id e  th e r e  co u ld  b e  c le a r ly  
d isc e rn e d  (p a r t ic u la r ly  a t  th e  u p p e r  
b o u n d a ry  line) th e  c h a ra c te r is t ic  c o lo u r  d is 
t r ib u t io n  o f  th e  o x id e  film , w h ils t  w ith  
c a th o d e s  1.5 c m . w id e  th is  d is t in c t io n  
b e c a m e  q u i te  sh a rp .

B y  e m p lo y in g  n a rro w  a lu m in iu m  s tr ip s  
as c a th o d e s  a n d  c u r r e n t  d e n s itie s  o f
2 .5  A . / c m . 2 t o  8  A . /c m .2, i t  w a s  p o ss ib le  to  
a n o d iz e  su c c e ss fu lly  w ith  c u r re n t  a t  13,000 
c y c le s /se c o n d , w ith o u t  re c o u rse  t o  th e  p re 
l im in a ry  t r e a tm e n t  a t  50 c y c le s /s e c o n d . A 
g o o d  q u a l i ty  film , o f  g r e y  c o lo u r  a n d  
u n ifo rm  te x tu r e ,  h a v in g  a  d ie le c tr ic  s t r e n g th  
o f  300 to  350 v o lts ,  w as o b ta in e d . Such  
film s a p p e a r  to  b e  m u c h  m o re  flex ib le  th a n  
th o se  o b ta in e d  w ith  50 cyc le  c u r re n t.

A n o th e r  n o te w o r th y  ’fe a tu re  a s so c ia te d  
w ith  th e  u se  o f  c u r re n t  a t  13 ,000 c y c le s / 
se c o n d  is  th e  fo llo w in g  in te r e s t in g  p h e n o 
m e n o n : w ith  a  c u r re n t  d e n s i ty  o f  3 A /c m .2  
th e  p ro cess s t a r t s  b y  th e  a p p e a ra n c e  o f  a  
s te a d y  b r ig h t  g lo w  a t  th e  a n o d e ; a f te r  a  
m in u te  o r  tw o  th is  p asses in to  a n  in te n se  
s p a rk in g  a t  i t s  e n tir e  su rface . I f  th e  c u r re n t  
d e n s ity  b e  g ra d u a lly  d ec re a se d , i t  w ill be

o b se rv e d  t h a t  th e  s p a rk in g  a t  th e  a n o d e  
q u ic k ly  ceases, g iv in g  w a y  to  a  s i le n t  g low , 
u n t i l ,  in  a  few  se c o n d s , s p a rk in g  is re su m e d  
a g a in . T h is  p e r io d ic i ty  p e rs is ts  r ig h t  u p  to  
th e  en d  o f  th e  t r e a tm e n t .  T h e  p e r io d  o f 
s i le n t  g low  b ecom es lo n g e r  as c u r re n t  d e n 
s i ty  d ecreases, s a y  f ro m  2 0  se co n d s  o f g low  
w ith  5 se c o n d s  o f  s p a rk in g  fo r  a  d e n s ity  
o f  1 A . / c m .2 u p  to  1 m in u te  o f g low  w ith  
1 se co n d  o f  s p a rk in g  a t  0 .8  A . /c m .2 JJo  

s p a rk in g  a t  th e  a n o d e  o c c u rs  w ith  a  d e n s ity  
o f 0 .5  A ./c m .2  D u r in g  th e  in te rv a ls  of 
sp a rk in g , c u r re n t  s t r e n g th  r ise s  a  few  te n th s  
o f a n  a m p e re , w h e re a s  th e  v o lta g e  fa lls .

E x p e r im e n ts  o n  th e  a n o d ic  o x id a tio n  o f 
a lu m in iu m  by  th e  a p p lic a t io n  o f  c u r re n t  a t  
a  f re q u e n c y  o f  106 c y c le s  p e r  se c o n d  y ie ld e d  
n o  p o s it iv e  re s u lts .  A lth o u g h  th e  d iffe ren ce  
o f  p o te n t ia l  a t  c e r ta in  p o in ts  o f  th e  o sc illa 
to r y  c i r c u i t  re a c h e d  a  p e a k  v a lu e  o f  1,500 
v o lts , a n d  a  c u r re n t  s t r e n g th  o f  1 . 5  a m p s , 
w as  a t ta in e d ,  n o  film  w as fo rm ed .

A s th e  fo rm  of a n  a l te r n a t in g  c u r re n t  
is  a  m a t te r  o f  g r e a t  co n seq u en ce , sp e c ia l c a re  
w as ta k e n  th r o u g h o u t  th is  e x p e r im e n ta l 
w o rk  to  a d h e re  to  c u r re n ts  o f p u re  s in e  fo rm  
a t  a ll  th e  h ig h -fre q u e n c ie s  e m p lo y e d . T h e  
la c k  o f  p o s it iv e  re s u lts  in  t h e  a p p lic a tio n  
o f a l te r n a t in g  c u r re n t  a t  o n e  m illio n  cycles 
p e r  se c o n d  sh o u ld  be  a t t r ib u te d ,  f ir s t  o f a ll, 
to  th e  f a c t  t h a t ,  ju d g in g  b y  th e  e x p e r im e n ts  
w ith  th e  c u r r e n t  a t  13 ,000 cy c les , in  th is  
in s ta n c e , a lso , th e  v o lta g e  a t  th e  b a th  t e r 
m in a ls  w as v a n is h in g ly  sm a ll a n d ,  co n se 
q u e n t ly ,  in c a p a b le  o f e ffe c tin g  a n y  e le c tro 
ly t ic  a c t io n . M o reo v er, ev en  a s su m in g  
t h a t  th e  c o n d it io n s  f o r  o b ta in in g  th e  n eces
sa ry  p re s su re  a c ro ss  th e  b a th  w e re  re a liz e d , 
i t  is  q u i te  p o ss ib le  t h a t  th e  in te rv a l  o f 
se m i-p e rio d , d u r in g  w h ich  th e  a lu m in iu m  
e le c tro d e  a c ts  a s  th e  a n o d e , m ig h t  be  
s h o r te r  th a n  th e  t im e  o f th e  e le c tro c h e m ic a l 
r e a c tio n  o f  fo rm in g  o f  th e  o x id e , so  t h a t  
a n o d ic  o x id a tio n  fa ils  to  ta k e  p lace .

Practical A pplica tions
T h e  d ie le c tr ic  s t r e n g th  o f  th e  a n o d ic  film  

is u n a ffe c te d  b y  te m p e ra tu re s  u p  to  500 
d eg rees  C . A t  n o rm a l te m p e ra tu re ,  th e  
b re a k d o w n  p o te n t ia l  a t  v a r io u s  p o in ts  on  
th e  o x id e  film  h as , g e n e ra lly  sp e a k in g , 
d if fe re n t  v a lu e s , th e  m e a n  v a lu e  o f  t h e  d is
ru p t iv e  p o te n t ia l  a t  19 d eg rees  C. b e in g  
a b o u t  394 v o lts ,  th e  m a x im u m  p lu s  o r  m in u s  
d e v ia t io n  fro m  th is  a v e ra g e  v a lu e  b e in g  
150 v o lts .  F o r  each  te m p e ra tu re  level 
b re a k d o w n  ta k e s  p la c e  a t  a  n ew  p o in t  on 
th e  film  a re a , a n d  te s ts  h a v e  d e m o n s tra te d  
t h a t  th e  a v e ra g e  b re a k d o w n  p o te n t ia l  fo r  
t h e  te m p e ra tu re  r a n g e  140 d eg rees to  500 
d eg rees  C. is  a b o u t  372 v o lts  w ith  th e  sa m e 
m a x im u m  p lu s  o r  m in u s  d e v ia t io n  o f  150 
v o lts .  F u r th e r ,  i t  w a s  fo u n d  t h a t ,  u n d e r  
t h e  s ta n d a rd iz e d  c o n d it io n s  in  e x p e r im e n ta l  
p ro d u c tio n  o n  a  . s e m i- in d u s tr ia l  sc a le , 
f lu c tu a t io n  o f  th e  b re a k d o w n  p o te n t ia l  fo r
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film s of a lu m in iu m  o x id e  can  be re s tr ic te d  
w ith in  q u i te  n a r ro w  lim its .

T h e  o r ig in a l p i lo t  p la n t  fo r  th e  a n o d ic  
t r e a tm e n t  o f  a lu m in iu m  c o n d u c to rs , w h ich  
w as d e v e lo p ed  a t  th e  R u ss ia n  E le c tro 
te c h n ic a l I n s t i tu te  o n  th e  bas is  o f th e  
la b o ra to ry  d a ta ,  co n s is te d , in  th e  m a in , of 
w in d e r  a n d  ree l w ith  in te rp o se d  m e a s u rin g  
m a c h in e , a n d  a n  a n o d ic  b a th  h a v in g  
in i t ia l ly  a  c a p a c ity  o f  40 litre s . C oo ling  of 
th e  e le c tro ly te  w as effec ted  b y  m e a n s  o f 
lu m in iu m  tu b e s  th ro u g h  w h ich  co ld  w a te r  
w as c irc u la te d . T h e  sp e ed  of th e  a lu m in iu m  
w ire  th ro u g h  th e  b a th  w as  2 .5  m e tre s  p er 
m in u te , w ith  th e  a p p lic a tio n  o f  a l te rn a t in g  
c u r re n t  a t  2 0 0  v o lts .

A s a  r e s u lt  o f te c h n ic a l im p ro v e m e n ts  
su g g e s te d  b y  ex p e rien ce , th is  e q u ip m e n t 
w as su p p le m e n te d  b y  a  m o re  p e r fe c t in s ta l la 
tio n , w h ich , w h ils t r e ta in in g  i ts  o rig in a l 
fe a tu re  o f c o m p a c tn e s s , h a d  a  b a th  of 
500 li tre s  c a p a c ity , o p e ra tin g  on  a .c .  w ith  
su p e rim p o se d  d ir e c t  c u r re n t.  T h is  led  to  
a  c o n s id e ra b le  a c c e le ra tio n  o f  th e  a n o d ic  
t r e a tm e n t .  F ro m  th e  s to c k  of a lu m in iu m  
c o n d u c to r s ,  a n o d iz e d  in  th is  p la n t ,  th e
fo llo w in g  e x p e r im e n ta l  m a c h in e s  w ere 
b u i l t :—

A s y n c h ro n o u s  m o to r  o f 1.5 k W „  w o u n d  
w ith  a n o d iz e d  a lu m in iu m  in d u c to r s  a n d  
c o m p le te ly  free  fro m  c o p p e r . A ll-a lu m in iu m  
a sy n c h ro n o u s  sh o r t- c irc u ite d  m o to r  of
2 .5  k W ., a t  220 v o lts , a s  i l lu s tr a te d  in 
F ig . 5. L ig h tin g  t r a n s fo rm e r  fo r 1 0  k .V .A . 
W e ld in g  t r a n s fo rm e r  fo r 15 k .V .A . a t
2 2 0 /6 5  v o lts .  E x p e r im e n ta l  p o w er t r a n s 
fo rm e r  w ith  t r a n s fo rm a tio n  r a t io  of
0 ,G 00/iiS0  v o lts ,  fo r  20 k .V .A ., w h ich  is 
sh o w n  in  F ig . 3. V a r io u s  ty p e s  o f e le c tro 
m a g n e t  w in d in g s  a n d  o th e r  d ev ices , a ll p ro 
v id ed  e x c lu s iv e ly  w ith  a n o d iz e d  a lu m in iu m  
coils.

F ig . 4 d e p ic ts  a  p o w e r  tr a n s fo rm e r  for 
th re e -p h a se  a l te r n a t in g  c u r re n t  w ith  a n o d ic  
in su la t io n  o f th e  a lu m in iu m  w in d in g s , a s  
p ro d u c e d  b y  th e  I ta l ia n  a lu m in iu m  co n ce rn  
“  Q x a l .”  T ra n s fo rm e rs  to  v a r io u s  p o w er 
c a p a c itie s  h a v e  a lso  b een  b u i l t  b y  S iem ens- 
S c h u c k e r t in  G e rm a n y  w ith  th e  a p p lic a tio n  
o f  th e  “  E lo x a i ”  a n o d iz in g  p ro cess , a n d  
b y  o th e r  m ak ers .

A s h a s  been  a b u n d a n t ly  d e m o n s tra te d  
d u r in g  th e  la s t  d e c a d e  o r  so , e lec tr ic  t r a c 
t io n  m o to rs  fu rn is h e d  w ith  e x c it in g  w in d 
in g s  o f an o d iz e d  a lu m in iu m , h a v e  a m p ly  
ju s tif ie d  th e  e x p e c ta t io n s  b o th  o f  th e  
d es ig n e r a n d  th e  u se r  a lik e , a n d  a re  now  
b e in g  b u i l t  b y  v a r io u s  co n c e rn s  on an  
in c re a s in g  sca le .

T h e  p r in c ip a l fe a tu re s  o f e le c tr ic a l c o n 
s tru c t io n  w ith  a n o d ic  in su la t io n  a re : ( 1 ) 
h ig h  co effic ien t o f  filling  o f th e  s lo ts  o f  th e  
m ac h in e s , (2 ) g r e a t  th e rm a l s t a b i l i ty  a llo w 
in g  fo r  th e  p o ss ib ili ty  o f  a p p re c ia b le  o v e r 
h e a tin g , (3 ) r e d u c tio n  o f  w e ig h t. A ll th e  
fo re g o in g  ty p e s  o f  a lu m in iu m -b u il t  m ach in es

a n d  a p p a ra tu s  h a v e  d isp la y e d  a  c o n s id e r
a b ly  g re a te r  p o w er c a p a c ity  a s  c o m p a re d  to  
the" o rd in a ry  u n its  based  on  co p p e r.

T h u s  th e  s im p lic ity  o l  th e  p ro d u c tio n  o f 
th e  film  of a lu m in iu m  o x id e , i ts  h ig h  h e a t 
c o n d u c t iv i ty , re d u c tio n  o l  th e  overa ll 
d im en sio n s  o f th e  e le c tr ic a l m a c h in e s  (a s  
th e  th ic k n e ss  o f th e  in su la t in g  a n o d e  film  
is o f  th e  o rd e r  o f  a  few  th o u s a n d th s  o f  a  
m m . ) ,  re n d e rs  its  f u r th e r  d e v e lo p m e n t an d  
u ti l iz a t io n  o f e x c e p tio n a l im p o rta n c e  to  
e le c tr ic a l e n g in ee rin g .

(To be continued.)
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N E W S
A lu m in iu m  F o u n d r y  A l lo y s

TN “  .L igh t M e ta ls  ”  fo r  M a rch , 1945 (p ag e  
1  1 0 3 ), a p p e a re d  an  a c c o u n t  b y
E . C a rr in g to n , M .S c., e n t i t le d  "  S elec tio n  
a n d  P re p a ra t io n  o f A lu m in iu m  F o u n d ry  
A llo y s  th is  w as th e  su b je c t  o f  a  le t te r  
b y  F . N . S m ith , rep ro d u c e d  on  p a g e  170 o f 
th e  A p ril issue o f "  T ig h t M e ta ls .”  T o  
th is  la s t  le t te r  C a rr in g to n  re p lie d  in th e  
le t te r  g iv en  o n  p a g e  2 1 2  o f  ”  L ig h t  
M e ta ls  ' '  fo r M ay. T h e  fo llo w in g  fu r th e r  
c o rre sp o n d e n c e  h a s  no w  b een  rece iv ed  fro m
F. N. Sm ith:—

“  I w o u ld  re fe r  to  M r. C a r r in g to n ’s le t te r  
(“  L ig h t  M e ta ls ,”  M a y , 1945, p p . 2 1 2 -3 1 .

"  I a m  in  c o m p le te  a g re e m e n t w ith  M r. 
C a rr in g to n  in  h is  e m p h a s is  o f  th e  n eed  fo r  
th e  s t r ic te s t  la b o ra to ry  c o n tro l  in  b o th  
fo u n d ry  a n d  h e a t - t r e a tm e n t  o f  D T D  29S—  
304 a llo y . I  w o u ld , h o w ev er, s tre s s  t h a t  I 
c o n s id e r  such  c o n tro l  to  b e  essen tia !  in  th e  
fo u n d in g  o f  a ll a lu m in iu m  a n d  m a g n e s iu m  
a llo y s  if  th e  m a x im u m  a d v a n ta g e  is to  be 
ta k e n  o f th e  m e c h a n ic a l a n d  p h y s ic a l p ro 
p e r t ie s  o b ta in a b le  in  l ig h t-a l lo y  c a s tin g s .

M y re fe ren ce  to  th e  use o f  a lu m in iu m  
d ie s  h as , u n fo r tu n a te ly ,  b een  m isu n d e rs to o d  
b y  C a rr in g to n . V iew ed  s t r ic t ly  fro m  a  c o n 
s id e ra tio n  o f  q u a l i ty  o n ly — i.e . ,  m e c h a n ic a l 
p ro p e rtie s , so u n d n e ss , f in ish , e tc .— c a s tin g s  
p ro d u c e d  in  a lu m in iu m -a llo y  d ies a re  in  no  
w ay  s u p e r io r  t o  th o se  o b ta in e d  f ro m , s a y , 
M e e h a n ite  c a s t- iro n  m o u ld s . F ro m  a  th e o 
re tic a l bas is  n o  a p p re c ia b le  im p ro v e m e n t in 
p ro p e r t ie s  sh o u ld  be  e x p e c te d  to  r e su lt  
m e re ly  fro m  th e  e m p lo y m e n t o f a  d ie  w ith  
h ig h e r  th e rm a l  c o n d u c t iv i ty  (Iv 0 .45  a n d  
0 . 1 2  c a ls  /  cm  /  c m - / s e o /° C  fo r  a lu m in iu m  
a llo y  (D T D  304) a n d  M e e h a n ite  c a s t- iro n  
re sp e c tiv e ly )  s in c e  th e  r e s is ta n c e  to  h e a t  flow 
is sm a ll in  e i th e r  case  w h en  c o m p a re d  w ith  
t h a t  o f  th e  m e ta l  to  d ie  in te r fa c e  w h ich  
in c lu d e s  th e  o x id e  film  o f  th e  l iq u id  m e ta l, 
th e  d ie  d re ss in g , th e  a ir-f ilm  b e tw e e n  th e  
liq u id  m e ta l a n d  th e  d ie  su rfa c e , a n d  th e  
o x id e  film  on  th e  d ie . I t  w as, in  f a c t ,  fo u n d  
in  a  sc ries  o f  e x p e r im e n ts  c a rr ie d  o u t  in  th ese  
la b o ra to r ie s  t h a t  n o  p ra c tic a l  d iffe ren ce  
e x is te d  b e tw e e n  th e  m e c h a n ic a l p ro p e rtie s  o f 
te s t  p ieces p ro d u c e d  in  e a c h  o f fo u r  id e n t i 
c a lly  sh a p e d  d ie s  m a d e  o f  p u re  c o p p e r , 
a lu m in iu m  b ro n z e , a lu m in iu m  a lio v  D T D  
304 a n d  M e e h a n ite  c a s t- iro n , a ll p ro te c te d  
on  th e  d ie  face  b y  a  p ro p r ie ta ry  c o a tin g . 
W h en  n o  c o a tin g  w as u se d , th e  in d iv id u a l  
re su lts  sh o w ed  c o n s id e ra b le  s c a t te r ,  th e  
m ean  v a lu e s  b e in g  h ig h e r  in  th e  te s t  p ieces 
from  th e  M e e h a n ite  a n d  b ro n z e  d ies th a n  in

General, Technical 
and C o m m e r c i a l

th o se  o b ta in e d  fro m  th e  c o p p e r  a n d  a lu 
m in iu m  d ies . I t  is a lso  o f  in te r e s t  to  n o te  
th a t ,  a l th o u g h  in  each  case sp e c im en s w ere  
p o u re d  w ith  a  d ie  te m p e ra tu re  r a n g e  of 
25°C . to  3 7 0 °C ., th e re  w as n o  a p p a r e n t  r e la 
t io n  b e tw e e n  th e  te m p e ra tu re  o f th e  d ie  a n d  
th e  m e c h a n ic a l p ro p e r t ie s  o f  th e  c a s t in g .

”  C a rr in g to n  w ishes to  k n o w  w h y  th e  
coeffic ien t o f  th e rm a l e x p a n s io n  of a  d ie  
m a te r ia l  is n o t  a n  im p o r ta n t  f a c to r  in  d e te r 
m in in g  th e  c o n s t ra in t  o f a  c a s t in g  c o o lin g  in  
th e  d ie . T h e  e x p la n a tio n  is, I  th in k ,  fa ir ly  
s im p le . A s th e  f irs t  a n d  th e n  su ccess iv e  c a s t 
in g s  a re  p o u re d , th e  te m p e ra tu re  o f  th e  d ie  
w ill r ise  u n t i l  i t  a s su m e s  a  te m p e ra tu re  a l te r 
n a t in g  b e tw e e n  tw o  fa ir ly  n a r ro w  l im its . 
T h is  ra n g e  a n d  th e  m e a n  te m p e ra tu re  w ill 
d e p e n d  u p o n  m a n y  fa c to rs , in c lu d in g  th e  
size a n d  sh a p e  o f  b o th  c a s t in g  a n d  d ie  a n d  
th e  in te rv a l  b e tw e e n  successive  c a s t in g s . 
T h is  m a x im u m  d ie  te m p e ra tu re  is, o f  c o u rse , 
t h a t  a t ta in e d  w h e n  th e  lo ss o f h e a t  fro m  a ll 
th e  d ie  su rfa c e s  is  e q u a l to  th e  h e a t  in p u t  
to  th e  d ie  fro m  th e  c a s tin g s  in  e ach  cyc le . 
I t  m a y  h av e  a n y  v a lu e  b e tw e e n  200°C . a n d  
4(Kt°C. I t  fo llow s, th e n ,  t h a t ,  sin ce  th e  
te m p e ra tu re  o f d ie  a s su m e s  a  c o n s ta n t  v a lu e  
(w ith  a  f lu c tu a t in g  ra n g e  of, sa y , ±  1 0 ° C .) ,  
tire  coeffic ien t o f th e rm a l e x p a n s io n  c a n n o t  
b e  a n  o p e ra t in g  f a c to r  a n d  t h a t  w h a te v e r  
m e ta l  is u sed  fo r  th e  d ie , th e  c a s t in g  m u s t  
co o l to  th e  d ie  te m p e ra tu re  u n d e r  th e  sam e 
d eg ree  o f  c o n s t r a in t  fo r  s im ila r  d ie  te m 
p e ra tu re s .

B y  m e a n s  o f a n  e x te rn a l ly  a p p lie d  
c o o la n t ,  a s  su g g e s te d  b y  C a rr in g to n , th e  r a te  
o f  h e a t  t r a n s fe r  th ro u g h  th e  d ie  c o u ld , of 
co u rse , b e  in c re a se d . A d v a n ta g e  co u ld  o n ly  
b e  ta k e n  o f th is  in c re a se d  c o n d u c t iv i ty , 
h o w ev er, if, d e s p ite  th e  h ig h  th e rm a l  re s is t
a n c e  o f  th e  c a s t in g  t o  d ie  in te rfa c e , th e  flow  
o f h e a t  a c ro ss  th i s  in te r fa c e  w ere  su ffic ien tly  
r a p id . A s p re v io u s ly  s ta te d ,  w h en  a  d ie  
d re ss in g  is u sed , th is  beco m es th e  c o n tro llin g  
fa c to r  a n d  a n y  m e ta l  d ie  (of p r a c tic a l  use) 
c o u ld  p o te n t ia l ly  c o n d u c t  a w a y  th e  h e a t  
m o re  r a p id ly  th a n  i t  co u ld  b e  tra n s fe r re d  
f ro m  th e  c a s t in g  to  th e  d ie . T o  r e tu rn  to  
th e  use o f  a n  e x te rn a l  c o o la n t ,  th is  w o u ld  
r e su lt  o b v io u s ly  in  a  lo w e r  d ie  te m p e ra tu re  
a n d  c o u ld , th e re fo re , be  e x p e c te d  to  in c re a se  
th e  c o n s t r a in t  U nder w h ich  th e  c a s t in g  
w o u ld  co o l, sin ce  th e  c o o lin g  ra n g e  w o u ld  be  
g re a te r .  F a r  fro m  b e in g  e l im in a te d , c r a c k 
in g  w o u ld  be  e x p e c te d  to  in c re a se . T h is  
a p p lie s , o f  c o u rse , o n ly  to  c ra c k s  o c c u rr in g  
f ro m  c o n s t r a in t  in  c o o lin g  a n d  n o t  to  
s tre sses  a r is in g  fro m  o th e r  cau ses.
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“  T o  re fe r  to  th e  la s t  p o in t  in  C a r r in g to n ’s 
le t te r ,  i t  is n o t  n ecessa rily  t ru e , n e ith e r  is 
i t  m y  ex p e rien ce , t h a t  ' th e  h ig h e r  c o n 
d u c t iv i ty  p e rm its  a lu m in iu m  d ie s  to  b e  used  
a t  a  m u ch  lo w er a v e ra g e  te m p e ra tu re  th a n  
w ith  iro n  d ie s .’ A s he  h a s  a lr e a d y  p o in te d  
o u t ,  th e  te m p e ra tu re  o f  th e  d ie  d e p e n d s  
u p o n  th e  r a te  a t  w h ich  h e a t  ca n  b e  e x tra c te d  
fro m  i t .  I n  g e n e ra l p r a c tic e  i t  is u su a l to  
re ly  u p o n  r a d ia t io n ,  a n d  a i r  co o lin g  b y  c o n 
v e c tio n  a n d  c o n d u c tio n  in c re a se d , if n eces
sa ry , b y  u ti l iz in g  a  la rg e r  su rface  a re a , i .e . ,  
f in n in g . O f th e s e  fa c to rs , r a d ia t io n  d e p e n d s  
d ir e c t ly  u p o n  th e  n a tu r e  o f  th e  d ie  su rface , 
a n d  i t  sh o u ld  b e  s tre s se d  t h a t  th e  e m iss iv ity  
o f th e  d u ll , s l ig h tly  o x id iz e d  su rface  o f c a s t-  
iro n  is c o n s id e ra b ly  h ig h e r  th a n  t h a t  o f  
a lu m in iu m , e v e n  w h en , in  th e  l a t t e r  ca se , i t  
is  in c re a se d  b y  a n o d iz in g . C o n s id ered  in  
r e la t io n  to  th e  p re v io u s  p o in ts , i t  w ould  
fo llow  t h a t  fo r id e n tic a l  d ies th e  o p e ra t in g  
d ie  te m p e ra tu re  w o u ld  b e  lo w er fo r  a n  iro n  
d ie  th a n  fo r  a n  a lu m in iu m  d ie , a n d  th is ,  in  
f a c t ,  w as o u r  e x p e r ie n c e , a l th o u g h  th e  d if 
fe re n ce  w as sm a ll.

"  I n  c o n c lu s io n , I  w o u ld  lik e  to  s tre ss  t h a t  
a  h ig h , a n d  n o t  a  low , d ie  te m p e ra tu re  is 
p re fe ra b le  ( a p a r t  fro m  th e  d if fic u lty  o f 
o p e ra tin g )  a n d  a l th o u g h  m o re  ra p id  co o lin g  
c a n  b e  o b ta in e d  b y  a v o id in g  d ie  d ress in g s 
a n d  b y  e x te r n a l  co o lin g  o f th e  d ie , th is  m u s t  
in e v i ta b ly , a n d  d o es , in  fa c t ,  re su lt  in  lo ss 
o f  d e ta i l  a n d  s h a rp  edg es in  th e  r e su lt in g  
c a s t in g . T o o  ra p id  co o lin g  a lso  in crease s 
th e  p o s s ib ility  o f co ld  sh u ts ,  a n d  m a y , a s  
h a s  been  sh o w n , p r e v e n t  a d e q u a te  feed in g  
of th e  c a s t in g  d u r in g  so lid if ic a tio n .” — F o r  
K e n t  A llo y s, L td . ,  F . N . S m ith , C hief 
M e ta llu rg is t .

Light-alloy Bicycles

TH E  le t te r  from  E . V . P a n n e ll, re p ro 
d u c e d  b e lo w , re fe rs  to  th e  d isc u ss io n  on  

l ig h t-a l lo y  b icy c le s , th e  f irs t  p a r t  o f  w hich  
w as p re se n te d  in  th e  J u ly  issue  o f  ”  L ig h t  
M eta ls  ”  a n d  w h ic h  is co n c lu d e d  in  th is  
p re se n t  issue.

“  T h e  a r t ic le  on  L ig h t-a l lo y  B icy c le s 
is v e ry  tim e ly , a n d  1 lo o k  fo rw a rd  to  re a d in g  
th e  la te r  in s ta lm e n t .  A s y o u  m a y  h a v e  
n o te d . F ig . 1, d e sc rib e d  a s  i l lu s t r a t in g  th e  
C a m in a rg e n t,  a c tu a l ly  sh o w s th e  D elage  
p r in c ip le , w h ils t  in  F ig . I! j u s t  th e  c o n tr a ry  
is  th e  case .

”  I  h a v e  o w n e d  a n d  r id d e n  se v e ra l lig h t-  
a llo y  m a c h in e s , o n e  o f w h ich  w as  a  D e lag e  
w e ig h in g  17 lb . T h is  d es ig n  g a in e d  .for i ts  
p ro m o te r  a  p riz e  g iv en  b y  th e  B u re a u  
I n te rn a t io n a le .  I t  w as  a  c o m p o s ite  r a th e r  
th a n  a n  a ll- lig h t-a llo y  f ra m e , h o w ev er, as 
th e  use  o f a  m a g n e t  show ed  th e  f r o n t  fo rk s  
a n d  s te e r in g  c o lu m n  a s  w ell a s  th e  r e a r  fo rk s  
a n d  s ta y s  to  b e  o f  s te e l. M o reo v er, th e  p r in 
c ip le  o f e x p a n d e d  fe rru le  jo in ts ,  a l th o u g h

p a te n te d  b y  G a e ta n  P y ,  o f th e  D e lag e  C o ., 
w as a n t ic ip a te d  a s  lo n g  ag o  a s  1896 in  a  
B r i t is h  p a te n t  g r a n te d  to  J e n se n .

”  A  la te r  b icy c le  w h ich  I o w n ed  a n d  ro d e  
w as b u i l t  in  E n g la n d  of RR5(5 tu b e  a n d  
w eighed  o n ly  16 lb . T h e  jo in ts  w ere  m ad e  
b y  lo w - te m p e ra tu re  b ra z in g  w ith o u t  a p p a 
r e n t ly  im p a ir in g  th e  m e c h a n ic a l s t r e n g th . 
I t  - seem s h a rd ly  n e c e ssa ry  to  go to  such  
e x p e d ie n ts  a s  th e  D elag e  e x p a n d e d  fe r
ru le s  o r  th e  C a m in a rg e n t b o lte d  lu g  d es ig n , 
if a  sw e a te d  c o n n e c tio n  c a n  be  m ad e  in  so f t 
m e ta l o r  p la s tic  c o m p o u n d .

”  D e v e lo p m e n t w o rk  is n o w  in p ro g ress  
b y  som e of th e  m o s t  im p o r ta n t  m a n u fa c 
tu re rs ,  a n d  th e  l ig h t-a llo y  f ra m e  p ro b le m  is 
p ra c tic a lly  so lv e d . I t  m u s t  be  a d m it te d ,  
n e v e r th e le ss , t h a t  th e  f ra m e  fo rm s  o n ly  20 
p e r  c e n t , o f  th e  w e ig h t o f  th e  c o m p le te  cycle  
a n d  l ig h t  a llo y  can  h a rd ly  sa v e  m o re  th a n  
1 lb . to  l i  l6 . d e a d w e ig h t. T h e  o th e r  80 
p e r  c e n t ,  is  m a d e  u p  o f su c h  c o m p o n e n ts  a s  
w heel r im s  a n d  h u b s , h a n d le b a r  a n d  b ra k e  
f itt in g s , c h a in  w heel, p e d a ls  a n d  th e  lik e , all 
o f w h ich  h a v e  b een  c o m m e rc ia lly  p ro d u c e d  
in  a lu m in iu m  (n o  few er th a n  30 m a n u fa c 
tu r e rs  w ere e n g a g e d  in  su c h  p ro d u c tio n  in  
F ra n c e  p r io r  to  1939 a s  a g a in s t  th re e  o r  fo u r  
in th is  c o u n t r y ) .  A ll th e se  c o m p o n e n ts  
c o m m a n d e d  a  h ig h e r p rice  in lig h t  a llo y  
th a n  in  stee l b y  re a so n  o f  th e i r  a v e ra g e  
w e ig h t eco n o m y  of 40 to  50 p e r  c e n t .  In  
p ass in g , i t  is in te re s t in g  to  n o te  a  re c e n t 
s ta te m e n t  b y  S ir  H a ro ld  B o w d e n  to  th e  
effect t h a t  in  n o rm a l tim e s  th e  t r a d e  t u r n 
o v e r  o f cy c le  accesso ries  a n d  c o m p o n e n ts  is 
e q u a l to  th e  tr a d e  in  c o m p le te  cycles .

“  R e c e n t co rre sp o n d e n c e  in  th e  c y c lin g  
P re ss  in d ic a te s  th a t  c y c lis ts  a re  sh a rp ly  
c r itic a l o f th e  w ay  in  w h ich  B r it ish  m a n u 
fa c tu re rs  h a v e  n e g le c te d  l ig h t  a llo y s . S om e 
of th e  w r ite rs  a re  lo o k in g  fo rw a rd  to  th e  
tim e  w h e n  th e y  c a n  o n ce  a g a in  a c q u ire  
l ig h tw e ig h t c o m p o n e n ts  o f  C o n tin e n ta l  
o r ig in .— E rn e s t  V . P a n n e d .”

I t  sh o u ld  be  p o in te d  o u t,  in c id e n ta lly , 
th a t  th e  s ta te m e n t  t h a t  “ i t  is d o u b tfu l 
w h e th e r  a  d e ta ile d  a n a ly s is  o f  a ll  th e  
fa c to rs , p a r t ic u la r ly  p e rfo rm a n c e  a n d  
re sp o n se  in te rm s  o f  s tresses , s tra in s , 
m o d u li o f  e la s t ic ity  a n d  so  o n  h a s  e v e r  
been w o rk ed  o u t  ”  m a d e  in th e  o p e n in g  
p a ra g ra p h  o f  th e  f irs t p a r t  o f th e  a c c o u n t 
is  n o t  s t r ic t ly  c o r re c t .  A rc h ib a ld  S h a rp  in  
"  B icy c le s  a n d  T ric y c le s ,”  L o n g m a n s , 
G reen  a n d  Co. (1 8 9 6 ), d e a ls  v e ry  fu lly  w ith  
ev e ry  a s p e c t  o f th e  m e c h a n ic s  o f th e  b icy c le , 
n o t  o n ly  a s  a  c o m p le te  a s se m b ly , b u t  a lso  
w ith  re sp e c t to  each  c o m p o n e n t p a r t .  W e 
a re  in d e b te d  to  th e  E d ito r  o f ”  C y c lin g  ”  
fo r  th is  o b se rv a tio n .

P a n n e l l ’s  re fe ren ce  to  th e  su ccessfu l use 
o f  a lo w - te m p e ra tu re -b ra z in g  te c h n iq u e  fo r 
b icy c le -fram e  a sse m b ly , c o u p le d  w ith  th e  
a lleg ed  use  o f  ( sp e c ia l)  so f t-so ld e re d  jo in ts  
in  c e r ta in  lig h t-m e ta l  k i tc h e n  u te n s ils ,
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points .to the need for a re-orientation of the 
(usually adverse) publicity accorded to  
these methods of construction in aluminium. 
Prospective users of “ solders ”  for light 
alloys frequently complain th a t inquiries 
directed to  nominally official bodies appear 
to elicit discouraging negative answers, or, 
a t least, half tru th s  in reply.

Light A lloy Foundry Industry

IN connection with the paper, “ The 
Future of the L ight Alloy Foundry Indus
try ,"  read recently by Col. W. C. Devereux 
before the In s titu te  of British Foundrym en, 
and reviewed on page 1176 of this issue of 
L ight M etals,” we have received the fol

lowing letter:—
We have read with interest the recently 

published paper by Col. W. C. Devereux oh 
' The Future of the Light Alloy Foundry 
Industry ,' and, no doubt in common with 
other readers, have found in it much food 
for thought.

In  one respect, however, we are 
puzzled, viz., by  the reference to prices of 
aluminium alloys. Col. Devereux quotes 
the example of a casting made in Hidu- 
minium HR 50 (DTD 133c) a t  2s. lid. 
per lb., and implies th a t the casting could 
be made from an alloy to  the same DTD 
specification for Is. 7d. per lb.

On the face of it, only one logical con
clusion can be drawn from this. Since it  is 
feasible to assume th a t the user of castings 
wishes to buy in the most economical m ar
ket, the founder seeking his business surely 
has no choice. This seems too easy a solu
tion of the problem, however, and, as users 
of aluminium castings, we would be 
interested to learn w hat difference exists 
between R R  50 and DTD 133c, and w hat 
guide the user of castings has concerning 
the incidence of this wide price variation on 
his purchase.

"  The issue is complicated by the fact 
tha t, in general, foundries vary  very little 
in their quotations for castings to 
DTD 133c, and, since the price variation 
quoted above is far too great to be covered 
by relative efficiency, we are left with a 
problem to which we cannot find the 
answ er.” —J.B .T .

New s Flashes from U.S.A.

ALUMINIUM lightning rods, which are 
now available in America, are produced 
under specifications of the U nderwriters' 
Laboratories, Inc. These rods have d istinct 
advantages in respect of high electrical con

ductivity, light weight, and freedom from 
maintenance due to  high corrosion resistance.

The use of aluminium for the connecting 
cables permits the provision of larger 
radiating surfaces w ithout undue increase 
in weight.

Designed by engineers of America Car and 
Foundry Company, Louisville and  Nashville 
Railroad Company, and the Aluminum Co. 
of America, the 20 aluminium coaches and 
four alum inium dining cars are planned for 
early construction for the Louisville and 
Nashville Railroad. The effectiveness of 
the ultra-modern design is enhanced by the 
finish, which consists of fluted panels of 
alum inium against a background of royal 
blue.

Economics of Die-casting

IN the letter given below are presented cer
tain  aspects of the economics of die-casting 
production as seen from the consum er's 
standpoint.

W ith the enormous increase in the 
coun try 's  ou tpu t of aluminium, I tru s t tha t 
we may expect a considerable reduction in 
basic cost.

In order th a t manufacturers m ay be 
encouraged to use i t  in their products, 1 
hope tha t the British die-casting industry 
will modify' its ideas of economic quantities.

I t  always made me envious when I 
w ent to  the Leipzig Fair before the war to 
see die-cast components th a t  from their 
nature were obviously' needed in small quan
tities. The same applied to  bakelite 
mouldings.

“  A t home, when 1 investigated die- 
casting, I found th a t the brain of the aver
age die-caster could no t comprehend any 
quan tity  less than 10,000, with dies to 
match, yet a business such as mine, pro
ducing a very large variety  of m otors and 
specializing in adaptations of our standard 
products for individual applications, often 
wants a few dozen or a few hundred simple 
alum inium castings, to m eet special require
m ents. These have to be sand-cast, a t the 
expense of appearance and  m achining time, 
because the die-casters do no t w ant small 
quantities. The to ta l cost of the m oulder's 
time in m oulding each article would surely 
more than  pay for the setting-up time of a 
die-casting machine, and the die required, if 
modern die-making m achinery were used.

“  Even w ithout the latter, a little 
co-operation between the die-caster and the 
designer would usually reduce the compo
nen t to  a form which could be cast in a 
simple die, made by ordinary turning or 
milling. F o r heaven’s sake, le t us forget the 
magic word ‘ Toolroom ,' with its tradition 
of slow and loving craftsm anship, and make 
dies in an ordinary machine shop.

Expensive dies and large quantities 
freeze ' a design in  a w ay th a t  is bad for 

progress. Perhaps the war has taugh t 
quicker and cheaper methods of die making 
and casting. Com petition, when i t  returns, 
may do the rest, b u t in the meantime much 
precious time will- have been lost — 
Electric M otor M anufacturer.”
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A L U M I N I U M  K I T C H E N  “ Q U I Z ”

TH E  “ Kitchen Quiz,”  organized by the 
Aluminium Development Association as 

a feature of the Aluminium Exhibition a t 
Selfridges, was designed to  determine 
w hether users had any special requirements 

or preferences as to  the .types of alum inium 
kitchen equipm ent the holloware manufac
turers are about to m anufacture. The com
petition proved amazingly popular, and 
hundreds of forms were returned w ith m ost 
practical and original suggestions for sauce
pans, frying-pans and kettles. Some 30 per
cent. of the entries came from men.

The youngest com petitor was a boy aged 
nine years, who asked A.D.A. for: " A  
good pan th a t does not wear ou t and does 
no t burn the hands.”  A nother entry came 
from a 16-year-old boy a t  school a t 
Charterhouse. He has received a  consola
tion prize for a paper and sketches which 
show his kitchen awareness is already well 
developed. Many other competitors are in 
the Services, and the th ird  prize goes to  a 
corporal in the R .A .F . The entries prove 
convincingly th a t certain changes and 
adaptations of many current models of pots, 
pans and kettles would be welcomed by the 
public.

Analysis of Results
A lu m in iu m  Saucepans

H and les: 85 per cent, ask for plastic 
handles, 15 per cent, for metal handles. 
There is a marked preference for much 
shorter handles, and comfortable, non-slip 
grips.

Lids: 56 per cent, prefer lids w ith plastic 
handles, 44 per cent, ask for knobs.

Pouring lips on each side are popular on 
all types of pans provided lids are designed 
to cover the lips when close cooking is 
required.

A lu m in iu m  F ry ing-pan s

Competitors condemn very light- 
bottom ed frying-pans th a t buckle with the 
heat after short w ea r: also those w ith use
lessly long handles (relics of open-fire 
cookery) th a t unbalance and tip  an empty 
or lightly filled pans.

U ninsulated handles are universally con
demned, so are handles fixed to  the pan a t 
an angle from which it  is difficult to  clean 
accum ulated grease and d irt.

Com petitors' preferences are as follow:—
Shape : Round, 48 per c e n t . ; oval, 44 per 

c e n t.; square, 7 per cent.
D ep th : 1 in. to  11 ins., 17 per cen t.:

2  ins., 44 per cent. ; 24 ins., 22 per cent. :
3 ins., 11 per c en t.; 4 ins., 2 per cen t.: 
5 ins., 2 per cent.

Pouring Lips: DO per cent, of the com peti
tors ask for a pouring lip on their aluminium 
frying-pan—m any w ant one each side; 70 
per cent, w ant a lid also, and 70 per cent, 
ask for a flat, insulated handle. The remain
ing 30 per cent, w ant a rounded handle. 
Five ins. to 0 ins. is a popular length.

A lu m in iu m  K e ttie s
Our com petitors have strong feelings 

about their kettles ! There is universal com
plain t about fingers first burned in grasping 
uninsulated, too-small knobs on ho t lids, 
and then scalded by the rising steam from 
central filling apertures placed directly 
below the kettle handle.

Hinged lids placed to  one side, or a t the 
back of the alum inium are asked for by 
many en trants. This they offer as a solu
tion to  the scalding problem and also for 
easier filling from the tap .

W histles are extremely popular. So are 
kettles with wide bottom s for quick boil
ing.

Spouts: 74 per cent, prefer a wide, curved 
spout to a narrow or straight one.

Handles : There are m any requests for 
kettle handles to  be brought down farther 
to  the back of the kettle for easier balance 
when pouring.

Capacity : 3 to 4 pints is the m ost popu
lar size.

Designs based on suggestions and sketches 
from the principal winners will be found 
reproduced in accompanying illustrations.

First prize was awarded to Mrs. W. K. 
Beck, 18, Upstall Street, M yatts Park, 
S.E.5.

Mrs. M. A. French, 39, Laurel Crescent, 
Rush Green, Romford, Essex, was awarded 
second prize.

Mr. A rthur Middleton, of Musters Street, 
Bui well. N otts, was awarded third prize, 
whilst the fourth went to  Mrs. Wheeler, of 
58, Onslow Gardens, Muswell Hill, N.10.

Constructive suggestions were also pu t 
forward by a large num ber of entrants to 
the com petition; of these 50 were awarded 
consolation prizes.

Entries were judged by Miss G arbutt, of 
"  Good Housekeeping,”  and Mrs, W hitlow, 
of "  Homes and G ardens.” Mr. Freddy 
Grisewood, of the B .B .C ., presented the 
prizes which, appropriately enough, took 
the form of aluminium cooking utensils of 
various types. In  a short address, Mr. 
Grisewood pointed ou t the opportunities 
for new design still presented not only by 
cooking utensils, bu t by the average kitchen 
as a whole. Various exhibits in the 
alum inium exhibition lent obvious force to 
the speaker’s remarks.
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R E Y N O L D S

j u s t  a s  a  c o n t o r t i o n i s t  s t a r t s  h e r  t r a i n i n g  a t  
a n  e a r l y  a g e — s o  d o e s  s u c c e s s f u l  m e t a l  
m a n i p u l a t i o n  n e e d  y e a r s  o f  e x p e r i e n c e .  

R E Y N O L D S  h a v e  s u c h  l e n g t h y  e x p e r i e n c e ;  
a s  a l s o  a  s p e c i a l  D e p a r t m e n t  e x t e n s i v e l y  
e q u i p p e d  to  p r o d u c e  t h e  w i d e s t  v a r i e t y  o f  
m a n i p u l a t i o n s  in  A lu m in iu m  A l lo y  T u b e s  a n d  
S e c t i o n s  —  p r e 
c i s e l y  s h a p e d  
to  F IT  y o u r  p a r 
t i c u l a r  j o b .

S e n d  u s  y o u r  e n 
q u i r y  a n d  s e e  
h o w  w e  c a  n  

s e r v e  y o u .

R E Y N O L D S  T U B E  C O .  L T D .  ( L i g h t  A l l o y  D i v i s i o n )
R E Y N O L D S  R O L L I N G  M I L L S  L T  P . ,  B I R M I N G H A M ,  I I
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F O R  I N T E R N A L  AND E X T E R N A L  P R E C I S I O N  G R I N D I N G

5.WOLF £- CO. LTD.. PIONEER WORKS. HANGER LANE. LONDON. W.5. PERivole 56ÎI-3
3420



F U R TH ER group  of alum inium  utensils evolved for th e  Aluminium D evelopm ent A ssociation by J. S tark ie  G ard n er L td . from 
suggestions received in response to th e  k itchen  “ qu iz .” All a re  show n about one-quarte r n a tu ra l size. The h and le  of the  kettle 

is of swivel type, covered with p lastic for heat insulation  ; th e  kettle knob  is also in p lastic  an d  a  w histle is a ttach ed  to th e  lid. T h e  
fry ing-pan is prov ided  w ith a  lid a n d  th e  handle, again , like those of th e  saucepans, is insu lated  with plastic.

A .D .A . K ITCH EN  *• Q U IZ  concluded .
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B rush E lectrical E n g in ee rin g  C o.

IN a recent note referring to the appoint
ment of Mr. Mitman to the Board of 

Directors of the Brush Electrical Engi
neering Co., Ltd., this company was 
wrongly referred to as the British Electrical 
Engineering Co., Ltd. We apologize for the 
error and any inconvenience it may have 
caused.

R iveting  o f  A lum in ium  A lloys

P UBLISHED by the Wrought Light 
Alloys Development Association, Union 
Chambers, 63, Temple Row, Birmingham, 2, 

there has just appeared Information Bulletin 
No. 8 of the Association entitled, " Riveting 
of Wrought Aluminium Alloys.”

Within the scope of 48 pages is presented 
an authoritative monograph on every 
aspect of this technique, its application, and 
tools required for its practice.

Prospective users of wrought light alloys 
are strongly recommended to add this pub
lication to their libraries and, should they 
not already have done so, to make applica
tion for the previous seven Bulletins.

Z in c  D e v e lo p m e n t A ssocia tion

WE would draw the attention of interested 
readers to the fact that abstracts pre

viously published by the Zinc Development 
Association in duplicated form are inow 
available as printed brochures. These may 
be obtained on application to the Associa
tion, Lincoln House, Turl Street, Oxford.

N atio n a l C e rtif ic a te s  in M eta llu rgy

FROM the secretary of the Committee for 
National Certificates in Metallurgy, 4, 

Grosvenor Gardens, London, S.W.l (tele
phone, Sloane 0061), has been received a 
circular outlining a scheme for the granting 
of National Certificates in Metallurgy under 
the joint authority of the Councils of the 
Iron and Steel Institute, the Institution of 
Mining and Metallurgy and the Institute of 
Metals with the co-operation of the Ministry 
of Education. The scheme outlined is to be 
operated under Ministry of Education 
Rules III, and represents a notable advance 
towards the broader official distinction 
between the chemist, engineer and metal
lurgist.

A lum in ium  as A r tis ts ' M ateria l

WRITING in the December, 1944, issue 
of “ American Artist,” Paul Trebilcock, 

one of America’s best-known portrait 
painters, summarizes his experience in using 
aluminium as a foundation for oil paintings. 
Trebilcock employs aluminium sheet, 
approximately } in. thick, for this purpose, 
and claims the following advantages 
accruing from the use of this material in 
preference to stretched canvas:—

1. Increased strength, which dispenses 
with the necessity for relining and 
restoring.

2. Permanency of the aluminium 
panel, and the attributes of the oxide 
skin (close bond, hardness, chemical 
neutrality and minute porosity) which 
render it particularly suitable* lor the 
application of the oil-ground.

3. The aluminium panel is unaffected 
by atmospheric conditions, water, or 
cleaning agents. Expansion and contrac
tion, due to temperature changes, are 
negligible in comparison with suitably 
prepared canvas,

4. The texture of the surface finish 
may be varied to suit the individual pre
ference of the painter.

5. Seven or eight completed paintings 
can be stored in the space occupied by 
one canvas on a stretcher.

6. Large sheets can be primed and 
stored, ready for cutting to exact size, 
before or after painting.

7. Although the initial cost is greater 
than canvas, the saving effected by dis
pensing with the necessity for expensive 
restorations, turns the balance in favour 
of the light metal.

It is hoped to deal more fully with 
Trebilcock's work in a future issue of 
“ Light Metals.”

C u r r e n t  L ight-alloy  S pecifica tions

IN an amendment published in a previous 
issue of "  Light Metals,” it should be 

noted that the magnesium content of 
DTD 18Mb should now read 0.50-0.20 per 
cent. The modification was wrongly 
referred to silicon.

“ L i g h t  M e t a l s ”  L u n c h  C l u b  ■
As many of our friends know, it has, for the past seven years or more, been our custom to hold, once 

every month, if possible, a small and informal luncheon, to which have been invited friends directly attached 
to the hght-metal industry, together with others interested either in the possible use of aluminium, or in 
other materials complementary to light alloys in the foundry trades and plastic working groups. It is now 
felt that a need has arisen for broadening the basis of these meetings, and for their institution on a more 
formal basis. In order that some definite scheme may be drawn up, we should be grateful if readers 
interested in this project would write in to us at this office, outlining their reactions to the suggestion.
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L ig h t  A l lo y s  in  

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

C o n t i n u e d  f r o m  ‘ ‘L i g h t  M e t a l s , ”  i ^ j / 8 / ^ j ß .  I n  O r d e r  

to  P r e s e n t  a s  C o m p l e t e  a  P i c t u r e  a s  P o s s i b l e  o f  P r o b l e m s  

I n v o l v e d  i n  C o n d e n s e r  M a n u f a c t u r e ,  t h i s  P a r t  o f  t h e  

A c c o u n t  S u m m a r i s e s  P r a c t i c a l  R e q u i r e m e n t s  f o r  

I n t e r l e a v i n g  P a p e r s

F O L L O W I N G  the publication of Roman’s 
study of the porosity of condenser tissues, 

considerable attention has been given to the 
matter in this country as well as in America, 
Nevertheless, outside America a porosity 
clause does not appear to be included in 
industrial purchasing specifications for this 
material. This does not reflect upon 
Roman’s conclusions, for his investigation 
work was very convincing, and his conclu-

T able  54.— P oro sity  V alues (c.c. A ir Passed 
in 30 secs.) fo r  C o n d e n se r  Papers C ove red  
by C h a rac te ris tic s  in T ables 44 to  49.

{“  L ight M etals,”  July, pp. 349-353.)

Sample No. Origin Porosity

1 American 2.72 American 3.0
4 French 3.5
5 F rench 3.66 German 5.0
7 German 3.98 German 4.5
9 British 5.710 British 5.611 British 9.212 British 10.5

sions in relation to the influence of porosity, 
and of uniformity in this respect upon the 
breakdown values of condensers, were sound 
and should be accepted. Howevyr, initial 
breakdown values on test shortly after 
manufacture were the criteria of his evalua
tion. Thus stability and shelf life were not 
included in the survey. In this country, 
insulation resistance values are apparently 
more widely specified than they are in 
America, and they are more difficult to 
satisfy than are breakdown voltage minima. 
Further, it is considered certain that a good, 
stable condynser must start life with a high 
insulation value and show very little falling 
off in this characteristic with the lapse of 
time. The higher the initial insulation 
value, the greater confidence there is in the

condenser maintaining this value, presum
ably because it indicates a trend towards 
maximum purity of raw materials, minimum 
contamination in processing, and maximum 
efficiency of drying, impregnating and 
sealing. These qualities of high insulation, 
and of retention of high insulation in storage 
or during service, have no relation to the 
porosity of the paper, or at least there is no 
direct bearing between them; this can be 
stated with a high degree of certainty. 
This possibly explains why the porosity 
feature has not been given the prominence 
that it deserves.

Porosity naturally varies widely in a 
paper unless low values are specifically' 
requested. This can be illustrated by test 
values, expressed in terms of c.c. of air 
passed in 30 secs, on the range of papers 
for which general test results have already

T able  55.—A verage  T est R esu lts Show ing 
Influence of V arying D eg ree  o f C a le n d e r

ing on Same T ype of Paper.

Sample No.................. 1 2 3

Degree of Calendering
Normal

(comparatively
heavy)

None Light

Porosity (cc. air passed 
in 30 secs.) 12.0 18.0 16.5

Insulation resistance, 
megohms per M.F... 7,000 15,000 11,000

Breakdown, volts A.C. 1,200 1,000 1,200
Thickness (inches) 0.00030 0.00045 0.00035

pH value 8.2 8.1 8.0
Water soluble 

matter % 0.78 0.85 0.80
Alcohol soluble 

matter % 0.45 0.55 0.52

Substance, gms./sq. in. 9.0 8.9 8.9

Density gms./cc. 1.18 0.78 1.00
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been given. These values are given in 
Table 54.

The manner in which porosity can ¡be 
controlled and brought below a specified 
limit is obviously a problem for the experts 
in paper manufacture. Users of the paper 
are concerned with the methods employed 
in so far as they influence the quality of 
the dielectric material they require. I t can 
be conjectured that the logical process is to 
select the right grade of fibre, reduce it to 
the optimum size, or range of size, including 
the optimum degree of heating, felt it 
correctly on the paper machine, and finally 
impose the optimum extent of calendering. 
Excessive heating is suspected of promoting 
excessive hydration and added difficulty in 
drying-out during the processing of con
densers, and excessive calendering is also 
thought to give poorer insulation values. 
Hence the need for caution and control to 
the optimum extents to which these 
mechanical processes are applied. This 
stresses the trickiness entailed in the manu
facture of low porosity papers that still have 
regard to electrical qualities other than 
electric strength. Again, porosity can be 
improved by “ filling " the pores of the 
paper by means of appropriate additions to 
the suspension fed to the paper-making 
machine, additions such as starches or resin 
size. These too are liable to influence the 
paper adversely with respect to electrical 
properties such as iiisulation resistance and 
power loss. These features can be demon
strated, at least in some considerable 
measure, by testing specially treated batches 
of paper made with variations only in the 
mechanical or chemical respects mentioned. 
Everything indicates that the paper manu
facturer has little latitude in which to work 
if a consistent quality of raw material of 
all-round good electrical quality is to toe 
maintained.

Average test results on papers calendered 
to varying degrees and on condensers pro
duced from these papers are shown in 
Table 55. The paper concerned was a linen 
stock material, normally calendered to a 
thickness of 0.0003 in. Uncalendered, it 
was 50 per cent, thicker, and lightly 
calendered about 16 per cent, thicker. 
Porosity was high even in the normal con
dition and 50 per cent, worse without 
calendering. Eight calendering did not 
improve the porosity very perceptibly. The 
average insulation resistance (measured at 
6S F. at 400 volts d.c. after one minute’s 
electrification) was twice as good in the 
uncalendered condition and 50 per cent, 
better in the lightly calendered state. 
Average breakdown voltage was undoubt
edly lowest in the uncalendered (most 
porous) condition, but only- 20 per cent, 
better in the other two forms. The 
chemical purity of the paper as shown by

pH value and soluble matters was reason
able without being exceptionally good. 
Even though the paper was not a low- 
porosity material, and therefore could not 
be expected to illustrate Roman's conclu
sions, the breakdown results do fall in line 
with the latter, and the highest insulation 
in the absence of calendering and with the 
lowest density is significant.

On the whole, the conclusion arrived at 
in this country seems to be towards regard
ing porosity as a very useful control test 
to check those undeterminable factors of 
degree of beating and degree of calendering. 
In this way it can be used for routine con
trol of the uniformity for a particular grade 
of paper of specific source and process -of 
manufacture, and initially established as 
satisfactory on trial.

Table 56 deals with low-porosity linen 
base condenser tissues purchased specifically' 
as low-porosity papers. Material to sample 
No. 4 gave concordant test results over an 
extended period of consignments. Insula
tion resistance values on condensers were 
good, and the range between minimum and 
maximum was narrow. The average break
down voltage was good, but some low 
values were obtained. Sample No. 3 was a 
substitute for it, a reasonable substitute, 
except that on the average breakdown 
values were lower. Samples Nos. 1 and 2 
from subsequent makings of this were very 
poor because of the wide variation in 
insulation resistance values which ranged 
down to a very low level indeed. The 
chemical quality of Sample No. 1 could 
explain this, particularly on account of the 
high soluble contents, but the recorded 
laboratory results give no indication for the 
inferiority of No. 2. The results again 
stress that factors other than porosity 
require consideration.

Table 57 deals with thin linen tissues, 
purchased as 0.0003-in. thickness material. 
Chemically all are reasonable. Regarding 
condenser characteristics, on insulation, the 
best is from the paper having highest 
porosity, and the second best from that 
having second highest porosity. The best 
breakdown is shown toy condensers from the 
paper of lowest porosity, and the worst 
breakdown from that of highest porosity. 
However, all the breakdown values are of 
low order.

Table 58 analyses some wood stock papers; 
all are of 0.0004 to 0.0005-in. thickness. 
Chemically they are reasonably good, No. 1 
being the poorest. Nos. 1. to 3 are low- 
porosity types and No. 4 a high-porosity 
paper. All produced condensers of high 
insulation value, but Nos. 3 and 4 (the 
latter being high porosity) gave condensers 
of very low breakdown voltage values.

The wood-base papers are less expensive 
than linen stock materials, and therefore 
they are likely to be exploited as far as
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The first aerial post in Great Britain from Hendon to Windsor. A  ‘rehearsal* 
to make sure that it 'will be all right on the day> Sept. 9, jg n .

W H E N  

W E  W E R E  Y O U N G

From such beginnings grew the aircraft industry. 

It has been Cellon’s privilege to march in step with 

this phenomenal development and, in some respects, 

help to speed it. Cellon was founded in 191 1  and 

has found the succeeding years pregnant with 

opportunity; it has flourished during the days of 

the greatest industrial and scientific advance in 

history. That Cellon now holds a position in the 

van of the production of industrial finishes is proof 

of the progress made since 1911 .

C E L L O N  L T D .  K I N G S T O N - O N - T H A M E S .  T E L . :  K I N G S T O N  1234 ( 5  l i n e s )  

Thorp-Hambrock Co., Ltd., Montreal. Cellon Corporation Pty., Ltd., Sydney.

C E L L O N

C E L L O N
CERRIC CERRUX

■:d. HUmf-i'/TTT1
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T H E
:  ■ i f u t u r

O F  B R I T I S H  I N D U S T R Y

FOR LIGHT W O R K .  For the
routine inspection of light metal 
and alloy castings, and for general 
crystallography, use Ensign Mettaray 
Industrial X-Ray Film. This is a 
fast non-screen X-Ray film of very 
fine definition and well-balanced 
contrast designed to produce radio
graphs of maximum detail with 
minimum exposures.
FOR H E A V Y  W O R K .  For the
radiographic inspection of heavier 
types of metals use Ensign Metta- 
screen Industrial X-Ray Film with 
intensifying screens. Mettascreen 
is particularly well suited for this 
purpose because its high speed per
mits theexposuretimetobe reduced 
to a minimum, and, si nee it maintains 
its well-balanced contrast through
out the whole exposure-range, flaw 
detection is greatly facilitated. 
Mettascreen used without screens is 
recommended for the radiography 
of all subjects having a wide range 
of thickness.

X - R A Y  I T

T will be essential to  ta k e  advan tage  o f every  m o d e rn  

technolog ical re so u rc e  in o r d e r  to  rebu ild  and firm ly 

estab lish  B rita in ’s tra d e . It is recognised  to -day  th a t  

rad io g rap h ic  inspection  is an indispensab le  aid in m o d e rn  

in d u stry . Ensign, w h o  have specialised in th e  m an u fac tu re  

of X-Ray Film fo r  nearly  30 years, supply  films specially 

su ited  to  indu stria l re q u ire m e n ts , and th e  finest re su lts  

shou ld  be o b ta in ed  if Ensign films a re  used as ind ica ted .

A N  INVITATION. Theservicesof the 
Ensign Technical Department are available 
for any information or advice regarding 
Ensign Industrial X-Ray Films. Enquiries 
to be addressed to Austin Edwards Ltd., 

Ensign Film Works, Warwick.

F i L M
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T able  56.—V ariab le  E lectrical R esults on C o n d en sers  m ade w ith  Low Porosity  
L inen-base C o n d e n se r  T issues.

Sample No. 1 2 3 4

Composition Linen stock Linen stock Linen stock Linen stock
Ash on incineration % ................................. 0.50 0.30 0.15 0.44
Alcohol soluble matter % 3.75 0.65 0.44 0.40
Water soluble matter% 1.25 0.45 0.92 0.72
pH Value 7.1 7.2 7.9 7.0
Porosity (cc. air passed in 30 secs.)...................... 4.0 4.0 5.0 4.3

10.4 10.3 10.0 10.0
Thickness, average inches 0.00041 0.00042 0.00045 0.00043
Density grams/cc. 0.98 0.96 0.87 0.91
Insulation resistance megohms MF at 68° F.:— 1,000 1,100 8,300 10,800

Max. 11,000 15,600 12,100 12,300
Mean. 8,000 9,300 10,500 11,350

Breakdown voltage, volts A.C.:—
1,750 600 1,250 1,000
3,500 2,000 2,000 3,500

Mean 2,600 1,430 1,450 2,400

possible. Their dielectric constant seeing 
to be a little higher because condensers 
made from them are about 20 per cent, 
higher in capacity than those from linen 
paper of exactly the same thickness.

The apparently higher specific inductive 
capacity of wood stock paper, as compared 
with that of linen-base paper, can be shown 
by the higher capacity values obtained on 
condensers made with the two types of 
paper, everything else being equal, of 
course. The” same paper thickness, number 
of papers and foils, winding information 
with respect to mandrel size and number of 
turns (or length of paper), identical process 
conditions and the same impregnating 
medium; all these are essential. Some 
results of this kind are given in Table 59, 
and they clearly demonstrate the advantages 
of the wood stock paper in this particular 
quality. The figures do not, of course, give 
the true ratio of the S.I.C.’s of the two 
papers, because the dominating influence 
upon the overall S.I.C. of the condenser 
dielectric, and upon the capacity of the 
condenser itself, is the impregnating 
medium. The actual difference between the 
papers is, therefore, probably very much 
higher than that indicated.

Returning to the chemical aspects of 
paper quality it must be admitted that the 
characteristics so far mentioned are insuffi
cient in themselves to provide a full assess
ment, and the values obtained in test are 
often difficult to interpret. It will be 
helpful to explain this briefly.

The permissible magnitude of the ash 
value must depend upon the nature of this 
ash or, more correctly, upon the nature of 
the chemicals from which it is formed. It 
is usually alkaline in nature, consisting of 
calcium compounds, silicates and perhaps 
a little phosphate, chloride and sulphate; 
some alkali, sodium or potassium may be 
inevitably present. Inert calcium com

pounds can be tolerated more than the 
alkali-metal compounds.

A reaction test gives a good guide to 
neutrality, while the pH value test gives a 
more minute assessment of this. In general, 
this can be taken as a very sound assess
ment of the paper, but it is always possible 
that an organic buffering agent, particularly 
as cellulosic products are available, may be 
present to suppress true acidity or alkalinity, 
and cause a better picture to be revealed 
than is truly the case.

The extraction tests, although giving con
sistent values on the same paper, yield 
widely varying results as will have been seen 
from the tabulated data. The extracted 
matter is foreign matter and generally con
sists of starchy or gummy product, includ
ing traces of’ soluble salts. The values 
obtained are not directly related to the 
effects produced upon the resultant con
densers, although it has to be assumed that 
high soluble matter must contribute to lack 
of homogeneity of the condenser and, 
therefore, if not to poor initial character
istics, to instability.

Some users of condenser tissues have gone 
a long way towards satisfying the lack of 
conciseness’ in these chemical tests by intro
ducing a test for the electrical conductivity 
of a water extract of the paper. The same 
type of test is included in the British 
Standard Specification for Unvarnished 
Papers for Electrical Purposes (No. 698- 
1936). This test, in conjunction with a 
pH value determination, should go a long 
way towards providing a solution to all the 
problems associated with a quick assessment 
of the chemical quality of the paper. I t is 
true that the more injurious impurities that 
are likely to influence insulation resistance 
and stability are those retained chemical 
comoounds that are water soluble and more 
readily ionized. These will yield relatively 
high-conductivity aqueous extracts.
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The conductivity of the extract can be 
determined using apparatus comprising a 
conductivity cell which is, in effect, a 
U-capillary tube with platinum electrodes in 
each limb of the U just above the termina
tion of the capillary. The cell can be kept 
at constant temperature during the measure
ment ‘by means of a bath which surrounds 
it, this being provided with a thermometer 
and stirrer. The two limbs of the 
U-capillary tube are extended through 
double right-angled bends, one to a receiver 
into which the paper extract is filtered, the 
other into an aspirator bottle. By means 
of these accessories, and with the aid of a 
stop-cock in the aspirator line, it is prac
ticable to fill the cell with the extract for 
test, or with distilled water used as a blank, 
or again with a standard solution of known 
conductivity value for establishing the cell 
constant.

The electrodes are extended by means of 
platinum wires through the glass tubing for 
connection to the electrical measuring 
apparatus. A 500-volt d.c. megger is 
usually used, and the dimensions of the cell 
are chosen so that the resistivity of the 
column of any liquid in the cell is at 
least 1 megohm (conductivity maximum 
of 1 micromho). This minimizes the possi
bility of polarization effects at the electrode 
surfaces.

To determine the cell constant (which, of 
course, only has to be done once for any 
particular cell), a solution of known con
ductivity is used. The cell is first flushed 
through with distilled water, and then two 
or three times with the solution that is to 
be used. Finally the cock is closed, 
leaving the cell full of this liquid; about 
15 mins. is allowed for the solution to attain 
the temperatures of the bath, and the con
ductivity or resistivity value is read on the 
megger.'

For this standard solution a chemically

pure salt is used in aqueous solution, one 
of which the specific conductivity value is 
known. Potassium chloride is usual, and 
for this the following are the specific con
ductivities in micromhos at 25 degrees C. 
for various concentrations:—

Normal solution ... ... 111,800
Deci normal solution ... 12,800
Centi normal solution ... 1,413

The ceil constant is the product of the 
measured resistance in megohms and the 
specific conductivity of the solution in 
micromhos.

For the actual test on the extract from 
the paper the procedure is similar. The 
cell is flushed through with distilled water 
and a check reading taken on it. The cell 
is then flushed with the test solution-and 
finally its value measured.

The specific conductivity of the test 
extract is the cell constant divided by the 
test reading in megohms. If not measured 
at 25 degrees C., the value can be corrected 
to 25 degrees C., provided the temperature 
does not deviate from the temperature by 
more than plus or minus 10 degrees C. For 
this purpose the value is divided by 
(1 ± 0.02T), in which T is the deviation, 
the “ plus ” or "  minus ” indicating above 
or below 25 degrees C.

With this commercial form of test, the 
total experimental error will not exceed 5 
per cent, either way, provided, of course, all 
precautions are taken to avoid contamina
tion and to ensure scrupulous cleanliness. 
The required quality of water gives the 
greatest difficulty, and failure to obtain this 
is shown by the blank test, so that no mis
leading results are obtained from this source. 
The same extract can, of course, be used for 
the pH value test.

The aqueous extract test for conductivity 
and for pH value is strongly advocated as 
the two combined are considered to cover

T able  57.— C h a rac te ris tic s  o f C o n d e n se r  T issues o f N om inal 0.0003 In. Thickness.

Sample No. 1 2 3 4 5 6
Supplier G H H E H G

Composition Linen stock Linen stock Linen Linen Linen
Ash % .................................................................
Alcohol soluble matter % ..

0.38 0.-48 0.35 0.10 0.42 0.40
0.50 0.55 0.62 0.85 0.55 0.62

Water soluble matter °0 .. 0.65 0.80 0.89 1.03 1.30 0.70pH value 6.8 8.2 7.7 6.6 7.2 6.6
Thickness, average, inches.. 0.00030 0.00030 0.00030 0.00036 0.00034 0.00035
Substance, grams sq. metre 9.2 9.0 10.5 11.3 9.6 8.3
Density, grams per cc. 1.15 1.18 1.38 1.24 1.09 0.90
Porosity ccs. air passed in 30 secs. 7.1 12.0 5.0 4.8 5.5 6.9
Insulation resistance megohms/MF at 60°F.:—

Min. 9,000 4,500 4,000 1,000 3,000 6,000
Max. 15,000 9,500 10,000 3,500 8,000 11,500
Mean 12,000 7,500 7,500 2,500 6,000 9,000Breakdown voltage, volts A.C.:—
Min. 500 750 750 500 750 750
Max. 1,250 1,500 2,000 1,500 1,750 2,000
Mean 900 1,200 1,400 1,200 1,200 1,200
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the chemical side of the problem very fully. 
The remaining chemical tests are useful and 
are considered essential if conductivity 
measurements are not made.

The salient features from some commercial 
specifications are deemed of interest to show 
the extent to which users go, and the 
variance in the degree of severity of these 
specifications. An American specification 
includes the following points to cover paper 
for radio condensers:-—

(a) The fibre stock to be 95 per cent, 
minimum of flax, or 95 per cent, wood 
cellulose as called for on the purchase 
order.

(b) Ash to be maximum 0.60 per cent.
(c) Moisture content to be max.

7.0 per cent.

searching in its scope and requirements, 
viz.:—

(a) The material required defined as a 
thin paper having good dielectric proper
ties, suitable for the production of con
densers.

(b) The paper to be free from dirt 
inclusions, electrically conducting par
ticles, wrinkles, holes, cuts or other 
imperfections.

(c) Fibres to be distributed uniformly 
in the paper to form a well-closed homo
geneous paper of uniform thickness and 
having a smooth surface.

The fibre to be all linen rag stock, 
bleached or unbleached, and the paper 
to be natural white in colour.

T able 58.—C haracteristics o f W oo d -S to ck  C o n d e n se r  T issue.

Sample No. 1 2 3 4

Comoosition Wood stock Wood stock Wood stock Wood stock
0.40 0.30 0.19 0.72

Alcohol soluble matter % 1.43 0.32 0.10 0.14
Water soluble matter % 0.85 0.57 0.93 0.73

7.4 7.2 7.2 8.2
Thickness, average, inches 0.00046 0.00046 0.00043 0.00046
Substance, grams sq. metre .. 12.6 12.3 12.1 11.9
Density, grams/cc. 1.08 1.05 1.11 1.02
Porosity, ccs. air passed in 30 secs.
Insulation resistance, megohms, MF at 60°C.:—

Min....................

4.9 4.1 4.4 19.8

9,500 13,250 15,000 10,500
14,000 17,000 17,500 16.000

Mean 12,000 15,000 16,000 13,500
Breakdown voltage, volts A.C.:—.

Min. 750 1,250 500 700
Max.................... 3,000 2,500 1,500 1,600
Mean 1,750 1,750 1,150 1,200

(d) Acidity to be equivalent of max. 
0.10 tngm. of NaOH/grm. oi paper.

Alkalinity to be equivalent of max. 
0.110 mgm. of H.SOj/grm. of paper.

(e) Thickness for nominal 0.0004 and 
0.0005-in. papers to be within plus and 
minus 0.00003-in.

(f) The width to be within + 1 /64th 
in. of the specified width for widths up 
to 4 ins.

(g) Conducting particles to be maxi
mum 30 per sq. ft.

(h) Covering capacity in sq. ins./lb. 
on a dry basis to be 63,000 min., 73,000 
max. for 0.0004-in. paper and 50,000 
min., 57,000 max. for 0.0005-in. paper.

(i) To be in rolls, free from wrinkles 
and creases, or burred ends. Ends not 
to be smoothed by means of abrasive 
paper. Core tube to be of adequate 
strength, and its inner wall to -be con
centric with the paper windings. Rolls 
to unwind freely without sticking or 
tearing.
Another American specification for general 

purposes condenser tissue is somewhat more

(d) Water soluble matter (10 hours 
extraction) to be max. 2.0 per cent.

(e) Alcohol soluble matter (8 hours 
extraction following the water extract) 
to be max. 2.0 per cent.

(f) Deviation from neutrality not to 
exceed 0.02 per cent, of either acidity or 
alkalinity.

(g) Thickness tolerances in accordance 
with nominal thickness, viz.:—

Nominal. Tolerance.
Thickness, in. Plus. Minus.

0.00030 0.00005 0.00003
0.00040 0.00003 0.00005
0.00050 0.00002 0.00005

(h) Tolerance of plus ard minus T's in. 
on widths greater than S ins., and plus 
and minus 1/32 in. on lower widths.

(i) Covering capacity, sq. ins./lb. to 
satisfy the following minimum values:—

Nominal Thickness, in. Min. sq. ins./lb. 
0.0003 75,000
0.0004 69,000
0.0005 55,000

(j) Density to be 0.890 grms./c.c. min.
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(k) Porority ccs, air passed in 15 secs,, 
to be max. average of 3.0 and 6.0 for 
high voltage and ordinary grades re
spectively, and maximum individual 
porosity values of 5.0 and S.O respectively.

(1) Conducting paths to be max. 
30 sq. ft.

It will be noted that this specification 
is quite generous with respect to chemical 
properties, but rigorous with regard to 
porosity.
A British specification for wood or linen 

stock tissue covers the following clauses:—
(a) To be free from conducting par

ticles, pin-holes and slime spots.
(to) Reaction to toe neutral and pH

value of water extract to be 6.0 min.,
S.5 max.

(c) Ash to be 0.40 per cent. max.

(d) Water soluble matter to be 1.0 per 
cent. max.

(e) Alcohol soluble matter to be 0.75 
per cent. max.

(f) Moisture content to be 7.0 per
cent. max.

(g) Substance, in grms./sq. m., to be 
within the following limits:—
Nominal Thickness. Substance.

in. Min. Max.
0.00030 3.5 9.5
0.00040 • 9.5 10.5
0.00050 11.0 13.0

(h) Tensile strength to be 12.0 lb./
mil/in. min. and to be unaffected by dry 
heat test of 24 hrs. at 100 to 110
degrees C.

T able 59. —  A p p a re n t H igher S.I.C . of 
W o o d  Paper, co m p ared  w ith  Linen Paper, 
show n by C apacity  T ests on C o n d e n sers .

Wood-stock paper No. 1 No. 2

Thickness of paper, average inches 
Capacity in microfarads of con

denser units..

0.00040 0.00046

1.21 1.01
Capacity in microfarads of units 

wound with linen paper of same 
length, width and thickness 1.10 0.90

Ratio of S.I.C. of wood paper to 
S.I.C. of linen paper 1.10 1.11

(i) Tolerance on thickness to toe within 
the following limits:—

Nominal Thickness. Tolerance—in.
in. Plus. Minus.

0.00030 0.00003 0.00003
0.00040 0,00003 0.00004
0.00050 0.00003 0.00005

(j) Tolerance on width to be plus and 
minus 1/64 in.

(k) Rolls to be uniformly wound with

even tension, free from creases and 
wrinkles. Paper to be in continuous 
lengths. Core to be cardboard of length 
exactly the same as the width of the 
paper. Inside diameter of core to be
2.5 ins., and overall diameter of roll not 
to exceed 6 ins.
British Standard Specification No. 698 

(1936) includes rag condenser tissue paper 
under Class 5 material, defining it as that 
made from flax and/or hemp only, and 
covering thicknesses from 7 to 22 microns 
(approx. 0.00028 to 0.00088 ins.). Limits 
are laid down as under:—

(a) Thickness, plus and minus 5 per 
cent, from specified thickness.

(to) Substance, plus and minus 5 per 
cent, from agreed weight/sq. m.

(c) Electric strength at 90 degrees C., 
min. 600 volts, A.C./mil.

(d) Tensile strength on nominal thick
ness of 0.4 mils to be 3.5 to 5.0 lb./in. 
of width in machine direction, and 1.5 to
3.0 lb./in. of width in cross direction.

(e) Tearing resistance (Marx-Elemen- 
dorf) to be 4 to 8 grms. in machine 
direction and 6 to 10 grms. in cross 
direction on 0.0004 in. nominal thickness.

(f) Bursting strength. Decrease after 
4S hours at 150 degrees C. shall not 
exceed 10 per cent.

(g) Oil. absorption. Rise in height of 
transformer oil in 2 hours at 95 to 100 
degrees C. to be -J to 11 ins.

(h) Air permeability. Measured on 
10 sq. cm. of paper under 10 cm. of 
water pressure at 25 degrees C. To be 
5 to 10 for lightly calendered paper, and 
max. 6.0 for heavily calendered paper, 
these values being millilitres of air per 
min. passed through the paper.

(i) Ash to be max. 0.50 per cent.
(j) pH value to be 0.4 min., S.5 max.

(k) Conductivity of aqueous extract to 
be 20 micromhos per cm. cube max.

(1) Conducting paths to be max. 10 per 
sq. ft. max.
No additional comments on the specifica

tion aspects are required. Provided close 
specification limits can be maintained, the 
wood papers seem to be as good as linen 
stocks. Thicknesses down to 0.0003 in. are 
satisfactory, but close tolerance on thickness 
is essential for maintenance of capacity 
limits and for safeguarding minimum break
down strength. Chemically, pH value and 
conductivity of extracts at least should be 
covered. Physically, substance or density 
and porosity need to be stipulated to control 
uniformity. Origin, /of, fibre, degree of 
beating and calendering are critical factors, 
controllable ■oafy'', ,by cooperation with 
supplier.

( "iMi. b ig  r o n  t i  n u e a i  J
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W o u l d  y o u  l i k e  t o  s e e  s a m p l e s  o f  o u r  m e t a l s ?  T h i s  w e  
w e l c o m e ,  f o r  t h e n  y o u  c a n  c o m p a r e  t h e m  s i d e  b y  s i d e  
w i t h  p r o d u c t s  o f  o t h e r  m a k e r s ,  a n d  p u t  t h e m  t o  a n y  t e s t  
y o u  c h o o s e .  B u l k  d e l i v e r i e s  w i l l  b e  f u l l y  u p  t o  t h i s  s t a n d a r d ,  
a n d  m o s t  l i k e l y  t h e  s p e e d i e s t  y o u  h a v e  e v e r  e x p e r i e n c e d .

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

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

24 hour delivery in  London, B irm ingham, Yorksh ire  
and Lancashire areas.

» L T D .
T h e  le a d in g  F e r ro u s ,  N o n - F e r r o u s  a n d  
L ig h t  A llo y  S m e lte rs  a n d  R e f in e r s .

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

L o n d o n  O f f ic e :  2  C a x to n  S tre e t ,  W e s tm in s te r ,  S . W . l .  Phone: Whitehall 6310 
B ir m in g h a m  O f f ic e :  3 1 9  C h a m b e r s ,  M a r t in e a u  S t., B i r m in g h a m , 2 .  Phone : Central 1075

E H I N P
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METALECTRIC FURNACES LTD., SMETHWICK, STAFFS.Telephone: S M E. 156 1-2 
London Office: 16 GROSVENOR PLACE. LONDON. S.W. I Telephone: SLOANE 7803 end 9818

1 Because gas is sim ple.

2 Because gas gives even d istr ib u tio n  of
rad iation  w ith o u t e lab o ra te  appara tu s.

3 Because gas is econom ical.

4 Because gas gives a very  w ide range
of flux density  a t  th e  tu rn  of a tap .

5 Because gas Is re liab le.

6  Because gas elim inates any m aterial 
d ifference in d rying  tim e  due  to  co lour.

7 Because gas ap p a ra tu s  Is “ flex ib le .”

g  Because com pact gas-fired tu n n e ls  a re
easily co n s tru c ted  In d iffe ren t shapes 
and sizes.

9 Because gas app ara tu s is ro b u st.

I O  Because capital and m ain tenance costs
a re  low  and th e re  a re  no com plicated
“ e x tra s .”

NOTE: In some cases existing conveyor 
ovens can be adapted to, or combined with, 
radiant heating. The Gas Industry offers 
free technical advice on special problems 
arising out of particular installations.

FURTHER INFORMATION can be found 
in a technical paper cf INFRA - RED 
DRYING” by F. L. Atkin, M.I.Mcch.E., 
M.Inst. Gas E., s<3nt free on request.

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  PLACE, L O N D O N ,  S.W.I



PHILIPS

i V / i / f ' c O N  D E N S E R  
. #  S P O T  W E L D E R S

2 x 8  S . U J . G .  in

T H E  sp o t w e ld in g  o f 2  x  8 s.w .g . in ligh t 

a lloys is an o u ts ta n d in g  ach ie v em en t in 

re s is tan ce  w e ld in g , w h ich  has been  m ade 

possib le  by th e  d e v e lo p m e n t o f  th e  new  

Philips c o n d e n se r  d ischarge  ‘ s to re d  e n e r g y ’ 

w e ld e r  —  th e  E .I5 0 I.

^  Overall rigid construction and special elec
trode  support by means of locating guides.
^  Electrodes are re tractab le  by means of 
4 H i-lift ’ mechanisms to  facilitate welding of deep 
sections.
'jAr Bronze casting for lower p art of upper arm  
reduces eddy cu rren t losses.
^  Maximum th ro a t depth of 32v accom modates 
wide sections and special shapes.

PHILIPS INDUSTRIAL (PHILPS LAMPS LTD.). 
CENTURY HOUSE. SHAFTESttURr A«/.. W.C.2

'S7E)
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P A L M E R
I N D U S T R I A L  X - R A Y  S E R V I C E

( A I D  approved)

S afeguard  th e  q u a lity  o f y o u r  p ro d u c ts  and a v o id  
w a s t e d  w o r k  o n  f a u l ty  m a t e r i a l s  by send ing  
sam ples fo r X -ray  e x am in a tio n  by P alm er.
P a lm er m e th o d s  e n su re  d isc lo su re  o f h id d en  flaws 
w ith o u t  d is sec tio n , en ab le  m an u fac tu rin g  defects 
t o  be e lim in a ted  o r  avo ided  in fu tu re  and p e rm it 
(in  so m e  cases) su sp ec ted  p a rts  to  be  salvaged. 
Q u ic k  re tu rn  o f w o rk  and e x p e r t  s tan d a rd ised  
r e p o r ts  a re  n o ta b le  fe a tu re s  o f th e  P a lm er S erv ice, 
w h ich  inc ludes c rack  d e te c tio n  by ap p ro v ed  
m ag n e tic  m e th o d s .

T H E  P A L M E R  T Y R E  L I M I T E D
Industrial X - R a y  Department 

PENFOLD ST., EDGWARE RD., LONDON, N.W.8
Phone: Paddington 8822 

Birmingham Office: 110 RylandSt., 16. Phone: Edgbaston 1612

This illustrated brochure—free on re
quest—explains the Palmer Service, be
hind which are many years of experience 
in X-ray examination and the facilities 
of a modern, fully-equipped test house.



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

A P P R O V E D  L I S T S

Ü P

Sections supplied to the A ircraft, 
Automobile, Textile, Coachbuilding. 
Railway, Shipbuilding, Architectural 
Industries, etc., etc.

W A R W I C K  R I M  &  S E C T I O N I N G  C O .  L T D .
GOLDS GREEN, WEST BROMWICH, ENGLAND
London Agents:—
Murwood Ltd., 24 Grosvenor Gardens, LONDON, S.W.l 

Let ‘ WARICRIM ’ Sections take the strain

A lum inium  Alloy Ingots to  Specification
C A N L E Y  C O V E N T R Y  Phone 3673

• A L U M I N I U M  

C A S T I N G S
SAND & GRAVITY DIE CASTINGS 

^ FOR ALL TRADES

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

W E D N E S B U R Y

LTD.
S T A F F S

'PHONE: WEDNESBURY 0109-
-'GRAMS: AISPELCO, WEDNESBURY
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C - D  C - D  C—D C - D  C - D  C - D  C -D

¿ P /A p 'A  Q ) u /y

S E C T I O N S

X - R A Y
Y our o b so le te  X -ray films and 
ex h au sted  hypo fix e r  con tain  
SILVER. W e  shall be pleased to  
purchase  th e se  w astes from  you.

C O L L I N G R I D G E  &  C O . ,  I I ?
RIVERSIDE WORKS, WATFORD, HERTS.
’PHONE : WATFORD 5963. KSTD. 1800

r  P I T M A N  ^
P R A C T IC A L  S H E E T  A N D

P L A T E  M E T A L  W O R K
By ft- Arthur Atkins, M.Sc., M.I.Mech.E. Revised by W. A. 
Atkins, M.Inst.Met. A comprehensive manual covering 
a variety of trades, for the use of boiler workers, braziers, 
coppersmiths, ironworkers, plumbers, metal and zinc 
workers, smiths, etc. 10s. 6 d .  net.

m a g n e s i u m  : Its Production and Use
By Ernest V. Pannell, M.I.E.E., M.I.A.E. Describes the 
various treatments of magnesium from an industrial 
viewpoint.  ̂Industrial chemists, aircraft manufacturers. 
F hotographic trades, etc., will value this book. 12s. 6d. net.
X PITMAN HOUSE, PARKER STREET, yj 

KINGSWAY - LONDON, W.C.2.

M-W.49S



C lose co-opera tion  betw een  Research w o rk e rs  
and th e  steel m aker have long endow ed cer
tain F irth  Brown stee ls w ith  unusually high 
fatigue resistance. R ecent scientific w ork , 
how ever, has resu lted  in fu rth e r  Im prove
m ents no t only  In resistance to  fatigue in th e  
longitudinal d irec tion  bu t, rem arkably , in th e  
transverse ' d irec tion  also. Engineers will know  
how  valuable such an advance in s tee l-c ra ft this 
Is and will be able to  m ake use of It a t once.

Full particulars upon application.
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A L L O Y  S T E E L S  

W I T H  I M P R O V E D  

F A T I G U E  R E S I S T A N C E

m m m

T H O S  F IR T H  t  J O H N  B R O W N  LTD SHEFFIELD

c k a n t j i n y  t o  

S h a n n o q r a p l i  /

IMPERIAL HOUSE (Dept. E.2) 15-19 KINGSWAY, LONDON W.C.2
And at Birmingham, Bristol, Liverpool, Manchester, Newcastle, Glasgow (Arent)

—  and i t ’s g oodbye to  th e  old untidy , tim e-w asting  files 
and to  frayed te m p e rs  o v e r  m isplaced papers. S hannograph 
full-vision flat to p  fo lders suspended  on a stee l fram e 
solve all filing tro u b le s , speed up filing and finding, and 
give in stan t location of any p aper. Fram es fit s tandard  
filing cab inets , o r  deep  desk  d raw ers.
Send Id . stam p  fo r  leaflet (P aper C o n tro l O rd e r  48).

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



ALUMINIUM alloyed with
MANGANESE. TITANIUM. CHROMIUM. 
NIOBIUM. TANTALUM. TUNGSTEN. BORON. 
VANADIUM. ZIRCONIUM. MOLYBDENUM. 
IRON. SILICON. MAGNESIUM. NICKEL. ETC.
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“ L I O N  B R A N D ”

E S T A B L IS H E D  I8 & S
Telegrams - Blackwell, Liverpool. I
Telephone - Garston 980 (3 lines), j

a l u m i n i u m

M A S T E R  A L L O Y 'S

BLACKWELLS METALLURGICAL W O R K S LTD.
THERMETAL HOUSE, GARSTON. LIVERPOOL 19

W o rk s : B a n k s  Road . Speke Road and C h u rch  R oad . G a rsto n

Laboratory Controlled 
P R E S S U R E  C A S T IN G S  i n . . .  
A lum in ium , Z in c  Base (M aiak) 
G R A V IT Y  in  . . .
All S tan d ard  N o n -F e rro u s  Alloys

  A G E N C IE S -  W A N T E D -------------------
AGENT with excellent connections with the Chemical and Pharmaceutical industries in Palestine would like to contact British firms producing wrapping materials (paper or other material) for such industries, especially manufacturers of tubes of light metals. 'Write Box Z.441, WILLING3, 362, Gray's Inn 
Road, London, W.C.l. 91/1
PROGRESSIVE TECHNICAL SALES ORGANISATION, with excellent connections throughout the North of England, requires sole representation In the area for a first-class firm manufacturing light alloys and castings. Have their own outside 
resident representatives and well-appointed offices. Box No. 5746,0/0 “ LIGHT METALS." 91/4448
----------------- M I S C E L L A N E O U S ------------------------
A ' SIMPLE ADHESIVE PROCESS for metals available from plastics technologist. Provides quick, low tensile (order of 800 p.s.i.) Joints between similar and dissimilar alloys and other materials. Box No. 5839, c/o “ LIGHT METALS." 91/x7550 
MONOMARKS. Permanent London Address. Letters redirected. 
5/- p.a. Write Monomark BM/MON092, W.C.l. 96/4277
SIR WILLIAM CRAWFORD & PARTNERS. LTD., Industrial Designers, undertake design and styling of new products or machines. Workiug prototypes made if required. 233, High 
llolborn, W.C.l. Tel. Hoi. 4381. zzz/49

--------------------S IT U A T IO N S  V A C A N T ------------------
None of the vacancies under this heading relates to a man between the ages of 18 and 50 Inclusive ora woman between 18 and 40 Inclusive unless he or she Is excepted from the provisions of the Control of Engagement Order, 1945, or the vacancy is for employment excepted from the provisions of that Order.

FOUNDRY MANAGER required, sound experience of gravity and pressure die casting methods, and production organisation 
essential. Reply, Box No. 6533, c/o “LIGHT METALS."92/X9461

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

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

Phospho! B ron;e  < H M H | G un Meta) Ingots
-Tantiem*W hiteM etalAiloys Ł ł  B  H L E  Bearings for ail purposes

C Y n c
- ty re*  Aluminium and Chill Cast Phosphor

Aluminium Alloys k  ■  I l k  Bronze Rods

S M E L T I N G  C O M P A N Y  L I M I T E D
TANDEM WORKS.  MERTON ABBEY. S.W .19

Telephone : MITCHAM 2031 (4 lines)

Printed iu England and Published Monthly by the Proprietors,TEMPLE PRESS LTD..BOWLING GREEN LANE .LONDON, E.C.l



August, 1 945 LICHT METALS Advts

MORREX b rushes a re  p roduced  in a  ran g e  of 
ty p es  and sizes fo r  all k inds o f  in te rn a l and 
e x te rn a l w o rk . T h e  range ex ten d s  from  
splayed b ru sh es (as above) fo r heavy cleaning, 
to  fine tu b e  b rushes fo r  in terna! cleaning.

Complete Lists sent ón request.

_  f
. B IR M IN G H A M



T h e re  a re  p l e n t y  o f  M o r g a n  carbon  bear

in g s  r u n n in g  to -d a y  th a t a re  lu b r ic a ted  

s o le ly  b y  th e  s tro n g  a c id s  in  u h ic h  th ey  

are  s u b m e rg ed , a n d  m a n y ' carbon  p a r ts  

a re  u s e d  in  con tac t w i th  o ther p o w e r fu l  

ch em ic a ls  a n d  corrosive  g a ses .

T h e  r e s is ta n c e  to co rro sio n  o f  carbon  is 

o n ly  one  o f  its  va lu a b le  a ttr ib u te s  : it h a s  

a  h ig h  o x id is in g  te m p e r a tu r e , it ca n  be 

s u p p l ie d  in  in tr ic a te  s h a p e s , i t  res is ts  

w ea r , a n d  in  fa c t  its  v a r ie ty  o f  q u a litie s  

is  u n iq u e  a n d  a lm o s t b e w ild e r in g .

Those who have problem s where the m echanical, electrical or chem ical properties  
o f  carbon m a y  be u se fu l,  a r e  therefore in v ited  to d iscuss them w ith  our engineers, 

whose extensive  experience is available fo r  that purpose .

A  f f i  D R  D A N

p r o d u c t

T H E  MORGAN CRUCIBLE COM PANY, LTD., LONDON, S.W.U
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