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A perfect Casting

In“AMATIER OFLIFE
AND DEATH?” airman
Peter Carter (david niven)
is washed ashore with con-
cussion. Dr. Reeves (ROGER
ijjy3s8&"rxtsJyeter an inject-

himself on
grial *"*"e rylier World.
When rvim /,is

lifeuJ**M nsel tdins his case.
fE$$rchersthi (G.F.D.
W ittributionAffif chosen for
thefovyyM fofrtrformance,
[ ] casting.

A metal casting too can be “ A

M atter of Life and Death A tiny
crack—ifundetected mayhave grave
consequences. Recently we cast this
aircraft rod in high strength aluminium
alloy. We X-Rayed it eleven times Irom
eleven different angles. Every casting of that
assignment was X-Rayed by us eleven times.

pvvivvt 4 as/inf/

JOHN DALE Ltd

LONDON COLNEY HERTFORDSHIRE

Telephone: London Colney 3*41

\



BUILT-IN TIMER
An automatic welding-time
control unitis embodied in
the equipment — within
easy reach of the operator.

LIGHT METALS

UNIVERSAL ARM ADJUSTMENT
Arm movement is botli vertical
and horizontal — a big advantage
with many welding jobs.

FULL RANGE OF TOOLINGS

A comprehensive range of toolings
is provided. Above is illustrated
a typical example.

Designed for small production runs and mild
steel assemblies of all kinds. Will give out-
standing welding service in any industrial

general shop.

Sendfor (a) brochure LD .937 giving afull descrip-
tion ofthe type E.1504 and its uses? and (b) an
illustrated catalogue of all standard toolings.

RESISTANCE WELDING EQUIPMENT FROM
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AH>HE world volume of aluminium
production today ranks second
amongst metals. This is the measure
by which aluminium now serves
mankind. Industrial history has, in
fact, few parallels to the leap of the
aluminium industry into its present
position. Large-scale production
has made possible a lowering of
basic prices—a further incentive to
the more abundant use of the metal.
Here, essentially,
is a story of drive

Aerial view rf Arvida town
site and plant of Aluminum
Company of Canada, Ltd.

Arvida teasfounded by the Company in 1926 and
has been developed along planned lines. It is a
modern city with all municipal services. The
population is now approximately 10.000.

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

and imagination  [TINIMIM MM

—with Canada as
the centre of the
largest aluminium

Its Alloys

The largest distributors of Aluminium and

In the British Commonwealth

producing organi- THE ADELPHI, STRAND, LONDON, W.C.2

sation in the An ALUMINIUM LIMITED Company
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As  pioneers in the
anodic and chemical
oxidation, electrolytic
and chemical bright-
ening, we will be
happy to advise on
“TECHNIQUE—PLANT
INSTALLATIONS - etc.

Our technical staff and combined

resources of our American and

Continental associates are at
your disposal.

UNITED ANODISING LTD.

London Sales Office: 40, Brook Street, W .| Mayfair 4541
Birmingham Sales Office: Holborn Chambers, 321, Broad St., 1.  Midland 2348
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HOT AND COLD ROLLING MILLS For STEEL AND NON FERROUS METALS

WITH ALL AUXILIARY EQUIPMENT
HYDRAULIC PRESSES FrorR THE: STEEL. NON FERROUS, PLASTIC AMD

F>OWDER INDUSTRIES

ENGINEERING COMPANY LTD.
376 STRAND LONDON W.C.2.
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Industry requires Industrial Gases as never before if vital targets are
to be achieved.

Gases are in ample supply but there isan acute shortage of cylinders—
many hundreds may well be lying idle in all parts of the country, and if these
fare not being put to good use, they should be returned to the nearest B.O.C,
works immediately.

Please help us to help others—by giving instructions that all cylinders
arc turned round promptly.

.Even one day saved on each cylinder’s turn-round period would make
availablethousands more cubic feetofcompressed gases to Industry

Remember cylinders are vital to production for both [
home and export. Keep them circulating.

THE BRITISH OXYGEN CO LTD
London and Branches
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How to keep the conveyors of furnaces, ovens and other equipment,
freely lubricated at temperatures at which oils burn off is a problem
solved by ‘dag ’ colloidal graphite. Available in a %ariety of liquids,
it is easy to apply and stays on the job, unaffected by high temper-
atures. Maybe you don’t operate a mechanical furnace, but you do
have your own particular problems of high temperature lubrication.
Send off the coupon below to Acheson Colloids Ltd., 9 Gayfere
Street, Westminster, London, S.W.i and learn how they can be
solved by ‘dag’ colloidal graphite.

The problem is solved by

C/T/li/18ze a i
CUT OUT and MAIL TODAY
One Of the To: ACHESON COLLOIDS LIMITED, 9 Gayare Street, Westminster, London, S.W.I.

Pleas? send Leaflet 63 and o her informaron on High Temperature
Lubrication wi.h “tl2g’ Colloidal Graphite.

Name ..o Position in Firm
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Uftbooa built bf
M tiW . N. V. fonInklljkt MaotKhjppy * DE SCHEIDE."

-OF-BIRmaBH ICHT

‘BIRMABRIGHT * SAVES so much
—in top - weight of boat decks.

SAVES so much
— over previous costs of repainting.

SAVES so much

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

Lifeboats are designed to save lives —

‘Birmabright * saves the lives of Lifeboats.

IF IT'S A QUESTION OF“SAVING”
MUSTHAND /T r0JJs
(REGISTEREanTRADg MARK)

BIRMETAIS LIMLITED 1 - -
BIRMABRIGHT LI MITED) WOODGATE WORKS QUINTON BIRMINGHAM 32
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WILLIAM MILLS LIMITED

FRIAR PARK ROAD « WEDNESBURY STAFFS-
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IN FURNACE ECO

Good, sound refractories properly applied are essential
to industries operating at record production levels.
General Refractories take the greatest care in every stage
of manufacture of their extensive range of products and
their technicians are available to assist in the solution of
difficult problems of selection and application.

THE G.R. RANGE INCLUDES: FIREBRICKS + BASIC BRICKS - ACID-RESISTING MATERIALS

SANDS ' SILLIMANITe AND HIGH ALUMINA BRICKS * REFRACTORY CEMENTS
SILICA BRICKS +« INSULATION - PATCHINGA ND RAM MIN G MATE RIALS

GERERRL REFRACTORIES

LIMITED

March, 1948

GENEFAX HOUSE +« SHEFFIELD 10 ¢ TELEPHONE SHEFFIELD 31113

198
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WE ARE THE
MAKERS OF

FACTORY CENTRE-KiriGS nORTOfl«BIRIffIfIGHANI30
Telephone: KIN 1162/5
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by Enyineers and IPesiynvrs

NUMBER
TWO

on the PHYSICAL properties of
~ Aluminium
Casting Alloys

These are some more of What are their densities?

the questions answered by Which has the hit/hest

this Technical Association. electrical conductivitn ?

If you have any problems .Ire then flood conductors of
involving aluminium casting heat?

alloys, free and confidential What are the values for the
advice may be obtained coefficients of thermal

i ?
upon request to ... expansion:

At u'hat temperatures do the
allot/s hef/in to melt?

etc. etc.
LSSOCIATION
Member Companies :
B.K.L. Alloys Ltd. Enfield Rolling Mills (Aluminium) Ltd.
The Eyre Smelting Co.. Ltd. International Alloys Ltd.
A lloy T. J. Priestman Ltd. The Wolverhampton Metal Co., Ltd.

R efiners ALAR, P New Broad Street, London, E.C.2
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INSTALLATIONS

USSR

\aFRiCA

N almost every corner of the world
Gibbons are adding new names to
their already long list of customers
j across the seas.

Our special technical staff will be only
too pleased to advise you should your
} problem come within the spheres of the

| Gibbons organisation.

, * FURNACES AND HANDLING PLANT,

| GAS PRODUCERS, COKE OVENS, GAS
WORKS PLANT AND DRESSLER
FUNNEL KILNS.

G‘BBONS Lead the field

and SERVE THE WORLD

GIBBONS BROS. LTD. DIBDALE WORKS. DUDLEY. WORCS. Phone DUDLEY 3141

JT.L.15
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For the annealing and heat treatment

ferrous and non-ferrous metals and alloys
modern equipment can materially reduce
costs by providing speedier production for
minimum expenditure of fuel. Get WARDS
technicians to investigate your heat treat-
ment problems and cutyour production costs.

*jc  The illustration above shows
a Rotary Drying Machine for sand
and similar substances, these
machines are heated by means of
gas, oil or solid fuel.

March, 1948

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

No matter what you may require in

the way of plant and equipment,

machinery, or tools it is good policy

to bear
have

in mind that Wards might

it—and write WARDS first.

THO? W. WARD LTD

‘Ao ALBION WORKS « SHEFFIELD  ‘Gars

7t |(|»| ()

The Symbol of
TAOCMEM »HtCt "

- —aTr-rai

ruIVU)IKlIﬁCLD -
Derendabili\yv 11 «MUtM It
Ima— ¢— —B-m CAN
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A MEW DESIGN

by Siemens-Schuckert

MARINE PATTERN
INDUSTRIAL X-RAY EQUIPMENT

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

Transportable Type, for the radiological examination of castings.

SIEMENS-SCHUCKERT (@ear srany LTD.

GREAT WEST ROAD BRENTFORD MIDDLESEX

Tel.: EALING 1171-5 Grams: Siemensdyn, Brentford

Offices in London, Birmingham, Cardiff, Glasgow, Manchester, Newcastle, and Sheffield
Represented in Australia, New Zealand, India, and South Africa
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AMY SECTION
STRAIGHT OR MITRED JOINTS

Another Sciaky Development

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

Model FBA 200 SLOUGH 22342/3

SCIAKY ELECTRIC WELDING MACHINES LIMITED

FARNHAM ROAD. SLOUGH. BUCKS, ALSO AT LONDON, BIRMINGHAM, PARIS, CHICAGO & SYDNEY
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CAST AwAy
DEAD WEIGHT

Castings usually account formost of the
dead weight in a design, ELEKTRON
Magnesium Alloy Castings are 40% to
75% lighter than those in other metals
and are finding new applications every
day in post-war products from buses to
binoculars, from typewriters to toys.
Sand, gravity die and pressure die cast-
ings can be supplied. Apart from their
lightness, ELEKTRON castings possess
exceptional machmability, resistance to
fatigue and freedom from '*.pin-holing "
and other defects. They are easier to
design, too, because cored holes and
pockets can be eliminated without
appreciable addition to weight. ELEK-
TRON offers no particular machine shop
problems if certain elementary rules
are observed.

Next time you are thinking in terms of
castings, remember that F. A. Hughes &
Co. Ltd., who have over 20 years' ex-
perience in Magnesium Alloys, freely
offer you advice both on design and
production aspects of ELEKTRON.

Write to the METALS DEPARTMENT,

F. A. Hughes & Co. Ltd., Abbey House, N.W.I.

XV
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A 24 x 36"HOT BRASS

STRIP MILL

design
This Two-High Reversing Hot Strip Mill is designed

lor the hot rolling of slab ingots 15" wide x 1A" x 29~

long, weighing about 216 Ibs. into {" strip. 17" wide
and up to 12' 9" long.

drive

The main mill drive is provided by a 200-h.p. motor,
running at 415 r.p.m. through double reduction
gear. Weight balanced bearings arc fitted to the
top spindle while the balance gear for the bottom
spindle is of the spring loaded type.

Electric screwdown for the top roll is provided by a
10-h.p. motor, a magnetic clutch allowing for
independent operation of each screw. Top roll
balance gear is of the underneath weight type.

performance

This mill takes up to 30 slabs an hour from the
furnace Tine and its output tonnage regularly
exceeds 2A tons per hour.

designed and built by

March, 1948

DAVY and UNITED

ENGINEERING COMPANY LIMITED SHEFFIELD

Proprietor o f: Davy and United Roll Foundry Limited, Blllingham.
Duncan Stewart & Company Limited, Glasgow.

Associated with : United Engineering and Foundry Company, Pittsburgh. U.S.A.
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Application of

POWER

BRAWN FOR BOXERS—but electricity for
Industry.

Full production depends upon an uninterrupted
supply of electricity.

The only way to ensure that you will never be
without electricity regardless of power cuts or
failures—is to install your own self-contained
generating set.

Whether you employ 5 or 5,000 workers, Power
Application Ltd. will advise, supply, and if necessary
install the “ POWAP 7 plant most suited to your
needs.

Don’t take risks with production ; consult Power

POWER APPLICATION LTD

36, DORSET STREET, LONDON, W.I

Telephone : WELDbetk 1287 - 7651
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The application of &IPLEC furnaces to the light alloy industry

embraces every phase of manufacture and fabrication.

MELTING e BILLET HEATING <« FORGING
ANNEALING < SOLUTION & PRECIPITATION TREATMENT

figff«a

BIRLEC LIMITED, TYBURN ROAD, ERDINGTON, BIRMINGHAM, 24

In Australia : BIRLEC LTD., SYDNEY, N.S.W. In Sweden: BIRLEC ELEKTROUGNAR AB STOCKHOLM, C
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Beadle's Ohassisless BuUs

The Chassisiess Bus designed and constructed by J. C. Beadle Ltd., and
built with “Kynal” light alloys manufactured by the Metals Division of
1.C.l1. Ltd., is 21 tons lighter than the normal coach of the same seating
capacity. This remarkable reduction—equivalent to the weight of a
commercial truck—is the result of close collaboration between designer and'
supplier of raw materials. It means lower construction costs, double the
"normal tyre life, and, above all, doubled mileage per gallon of fuel.

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

M.120
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mn EAT CAN BE KEPT

Heat’s natural instinct is to go out to play
from all surfaces which store or convey it.
Few people realise that ifa i" steam pipe
with a surface temperature of 200’ C is
unlagged for 20 ft., the heat lost by radi-
ation and convection may waste nearly
half a hundredweightof coal in the course
of a working week.

Most likely your heated surfaces are
lagged. Butare they all lagged efficiently ?
Are regular checks carried out to ensure
that insulating material is in good condi-
tion everywhere — including that dark
corner where the pipes can’t be reached
without a ladder ? Is the thickness of the
material sufficient for the temperature

March, 1948

IN TOO j

of the surface it covers? Are you sure
that flanges and valve bodies have not
been left naked to make maintenance
easy? The heat loss from a bare flange
may be as much as that from a foot or
more of bare pipe.

Proper lagging of boilers, cylinders,
steam pipes and other heated surfaces pays
the highest dividends in fuel efficiency
for very little capital expenditure. Fuel
Efficiency Bulletin No. 2 published by
the Ministry of Fuel and Power is a little
mine of inrormation concerning this.
The Ministry’s Regional Office will
gladly send you a copy if yours has gone
astray.

YOUR REGIONAL FUEL OFFICE

REGION

Northern
North-Eastern
North-Midland

Eastern Shaftesh.ury Road, Brooklands Avenue, Cambridge
London Mill House, 87/89 Shaftesbury Avenue, W .i
South-Eastern 95, High Street, Rochester

Southern W hiteknights, Earley, Reading

Wales 27, Newport Road, Cardiff

South-Western 12/14, Apsley Road, Clifton, Bristol, 8
Midland

North-Western Burton Road, West Didsbury, Manchester, 20
Scotland 145, St. Vincent Street, Glasgow, C.2
Scotland 51, Cockburn Street, Edinburgh, 1

Scotland r, Overgate, Dundee

ISSUED BV THE

Government Buildings, Ponteland Road, Newcastlc-on-Tyne, 5
Century House, South Parade, Leeds, 1
Castle Gate House, Castle Gate, Nottingham

Temporary Office Buildings, Hagley Road West, Birmingham, 17

MINISTRY

TELEPHONE

Newcastle 28131
Leeds 30611
Nottingham 46216
Cambridge 56268
Gerrard 9700
Chatham 3487
Reading 61491
Cardiff 9234
Bristol 38223
Bearwood 3071
Didsbury 5180-4
Glasgow City 7636
Edinburgh 44881
Dundee 2179

OF FUEL

AND POWER
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TRADE TERMS TRAVESTIED - NUMBER

U SERS of TIP aluminium alloys
don’t have to rely upon the ,p I . fi

weather for supplies of coolth for

They can create the n L

< fST / It

It has even been known i y

chill casting.
necessary chilly atmosphere at any
season.
to permeate buyers’ offices on rare ?
occasions, but we have found that
of Priestman

the charms repre- w . 'M

sentatives soon warm up the ioT Os

welcomes ! Seriously, though, we vy fc)

do want to draw your attention to the fact

that there are several TJP aluminium alloys

that produce sounder castings in a chill mould than in sand. Our
advice on the selection of these is yours for the asking. They are
absolutely reliable and true to specification ; a confident assurance
made possible by the good work of the TIJP chemical and physical
checking at all

laboratory staff, stages of

Profit by the QUALITY guaranteed by TIP !

in strict testing and

production.

LIMITED

ALUMINIUM ALLOYS -BIRMINGHAM-12 Vic:2581*5

TEN
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Aluminium Alloys combine strength and durability with a lightness of great
advantage in the design, construction and operation of many engineering
structures © Aluminium Alloy plate is being used increasingly for bridges,
ships, transport and other specialised equipment for the heavier engineer-
ing industries ¢ In step with development The British Aluminium Company
has expanded fabricating capacity for plate up to 18 x 6' in the full range

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

THE BRITISH ALUMINIUM CO LTD SALISBURY HOUSE LONDON EC2

38-204A
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EDITORIAL OPINION

Red Sea to Tyneside and the'Clyde

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

until the dawn of this present troubled phase in world history, shipwrights pursued

their craft with but few fundamental changes in a technique limited oy the
one suitable material of construction they had at their disposal. Teak, greenheart,
oak and the mahoganies, these and less familiar timbers obtained from the forests of
the Eastern and Western Hemispheres formed the one and well-nigh inexhaustible
resource upon which our Navies depended, until the coming of the iron ship some-
what above a century ago. With this, many of the old limitations of design and
circumstance were gradually and successfully overcome; others came to light, however,
as demands and duties changed, and for these, no immediate solution could at first be
ofi‘ered.

The merits of light metal for shipbuilding were first discerned and tested out in
practice 50 years since, but the cost of aluminium, lack of suitable alloys, and absence
of essential structural and design data together conspired to hold up development, and
real progress has been made only during the past 20 years. Now the fruits of the
work done during that time have come to maturity.

“ Tentative Requirements for the Quality and Testing of Aluminium Alloys for
Shipbuilding Performance,"” comprised within pages 43 to 45 of Lloyd's Register of
Shipping, Notice No. 1879, marks an historic event. In the place of the customary
steel, approval has been given for the use of plates in certain types of aluminium
allov, not only for superstructures but also for the main hull assembly of large
ships. The schedule presented is admirable in its scope and flexibility; sufficient
guidance is given to enable "intelligent use to be made of existing materials and
fabricating facilities, but ample opportunity is left for further development, either
directly as a result of informed experimental enterprise, or, in consequence, generally
of major advances in aluminium-alloy technology.

On an historical note we began, and on one such shall we end:-"-the triumph of

FROM the tumultuous days of Solomon and his friend, Hiram, King of Tyre,
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De Lesseps at Suez eclipsed Ezion Geber, so long familiar to the wooden vessels of
Hiram and his successors in these waters. But History is temperamental and has a
habit of reversing her judgments. It may yet be that, in the future, the glories of
Acelana may be revived and, off the shores of Edom, above the worm-eaten ribs of the
ships of Tyre, light-metal hulls will ride, as they break their long journey from the
West to Ophir and beyond.

it's Good—it's Canned—in Aluminium

“On an empty stomach the mind is peculiarly open to morbid imaginations™
(Turton, * There mas Once a City,”” Methuen, London, 1927, p. 68).

LTHOUGH we pay full tribute to Turton's axiom quoted above, we cannot
Abelieve that stringent rationing in these islands is, alone, responsible for a most

unfortunate circular recently issued by the Ministry of Food. In this is indicated
Ministerial disapproval of imported foods canned in other than tinplate containers.
From what source did the inspiration come which led to the promulgation of this
unhappy document? Whence its studied vagueness, and why, in fact, is it not made at
once apparent that, specifically, the Ministry has developed an acute allergy to fish
canned in aluminium?

Disquiet amongst light-metal can makers, and in the ranks of those who produce,
market and consume foodstuffs packed in this material, is one immediate result.
Norwegian enterprise is especially affected and, in that country, those interests which
have suffered from the impliedlprohibition feel justifiably aggrieved.

The ill-defined nature of the charges which, we must presume, have been preferred
against aluminium, give rise to the gravest suspicion concerning their origin and
purpose; their misinterpretation by a technically and scientifically uninformed public
may occasion harm to many thriving branches of industry, both at home and abroad.

It is inconceivable that aluminium producers should be expected to rush forward
to the defence of their metal as regards suitability from the standpoint of hygiene.
This was made clear during a recent minor outbreak of trouble in the U.S.A., arising
as a result of mechanical damage to cans, the contents of which were, in themselves,
above suspicion. Is it possible that the Ministry of Food, like a frightened horse,
has shied at the echo of a whistle blown across the other side of the Atlantic, or is there,
in reality, some trivial remedial point which the pundits who supervise the quality
of our imported canned fish would like to see adjusted but are too modest to announce
openly? Most likely, it would seem, some slight modification in boxing of the cans
for transport would overcome the difficulty.

Contents
Page Pagc
SPECIAL FEATURES Corrosion of Metals with
Aluminium Cans— A Clean Bill ! 115 Oxygen Depolarization 155
Welding the Light Alloys . 120 Arc Welding of Aluminium and
Light Alloy Bodybuilding its Alloys RIS 181
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An Examination of the Implications Contained in
Circular Cj26jjf66 of M.O.F., More Especiallyfrom
the Standpoint, of the Norwegian Canning Industry

OME few months ago there was
Sissued by the Ministry of Food in
London a circular C/26/J/66, in
which it is stated “ Applications (for
Import Licences) for goods packed in
other than tinplate will not be supported.”
This has given rise to very serious
misunderstandings and, in particular, has
inflicted considerable hardship on the
Norwegian canning industry in sb far as
not only does Norway export a large
volume of her canned products to this
country, but, furthermore, relies to a
major extent on the use of aluminium
as a packing medium. Somewhat natur-
ally the viewpoint has been taken that
the prohibition referred to here applies
solely to goods packed in aluminium cans.
The implication is justified, although it
should be noted that no specific reference
has been made to aluminium.
The case to be considered resolves itself

under two main headings; first, that of
the inherent suitability of aluminium as a
canning material for many types of food-
stuff and, secondly, the nature and
properties of an aluminium (or a suitable
aluminium alloy) can, as contrasted with
those of a similar tinplate can.

The use of light metal for can-making,
the technique of can production, and the
hygienic aspects of aluminium for food,
canning have all been dealt with very
fully in past issues of “ Light Metals.”*
It is, therefore, proposed in this memoran-
dum to refer merely to the causes respons-
ible for the present temporary difficulty.

Information regarding this matter
reached the Norwegian aluminium indus-
try early in December, 1947, a copy of
the Ministry of Food’s circular being for-
warded to Norway by an English
importer of Norwegian canned products.

*See select bibliography on page 119,
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In a covering letter he wrote as follows:—
“ We ourselves hope that you, together
with your canning associations, alu-
minium manufacturers and possibly your
Government Departments, will take this
matter up with the British Government
as our own personal opinion is that for
certain goods aluminium is perfectly
satisfactory.”

The main product, the import into this
country of which is now prohibited, is
cod roe and liver paste. Considerable
quantities of this were sent to the United
Kingdom from Norway in 1946 and 1947.
It was well received by the public, and
rightly so, for it is a wholesome food-
stuff, containing much fat, protein and a
number of valuable vitamins. It was
packed in aluminium cans, which are
claimed by the packers to be ideal for
the purpose, in so far as, unlike tinplate,
light metal does not blacken under the
influence of the contents, nor are these
themselves blackened or stained.

Recently, it appears, some details were
given concerning a mishap with this
product. A case of food poisoning
occurred after the cod roe and liver paste
had been consumed, and at the retailer's
shop from which it had been purchased,
were found a number of aluminium cans
which were blown and partly damaged
as a result of perforation by the accom-
panying key. It is not surprising that, as
a result of exposure to external con-
tamination arising from this damage,
pathological bacteria were found in large
numbers in the paste. Full appreciation
of this point is of great importance:—
Infection occurred as a result of damage
to the tin; at no time was any suggestion
made that the aluminium itself uy/vin any
way responsible for the harmful effects.

Close investigation which, off and on,
has been pursued now for'nearly half a
century, has demonstrated quite conclu-
sively that aluminium is probably the
least toxic of all metals.* Now the inci-

* See. for example, " Aluminium and Food. A
Symposium of Research by Independent Experts.”
Issued in folder form jointly by the British Aluminium
Co. Ltd. and others. See also “ Aluminium Vessels
nnd Food Contamination." Dunbar Mitchell. Published
by John Bale Sons and Danielsson. Ltd., London, 1933,
"Aluminium in Food," Monier Williams, 1935.
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dent referred to here happened some time
after the issue of the Ministry of Food’s
statement, and -it seems that, prior to the
appearance of that directive, no com-
plaints had reached Norway from Great
Britain. It must not be inferred that no
instances had occurred of defective cans
being found; cans themselves are manu-
factured on mass-production lines, and
packing itself is also practised in a similar
way. Both operations are subjected to the
most stringent safeguards and exhaustive
tests, but it is inevitable that, occasionally,
defective packs will be made. This applies
no matter what the packaging materials
may be—tinplate, glass or aluminium.
Rejections at sight are few in number in
any case, but are probably equal for tin-
plate and light metal.

Although canned goods were intro-
duced during the closing years of the 18th
century, and, therefore, have a century
and aehalf of tradition behind them, it
is not to be denied that a lingering pre-
judice still exists. This arose in the first
place, probably, due to accidents or
ignorance in earlier days, but these
mishaps in the light of adequate scien-
tific control are no longer possible. If,
however, trouble does arise, it is
commonly experienced that the old pre-
judice itself suffers a recrudescence. Alu-
minium as a canning material is com-
paratively new; where faults arise, many
place the blame at once on the metal with-
out considering fabrication methods or
can design.

Obviously, however, it is not to these
very elementary details that the issue of
the Ministry of Food’s circular can be
imputed. We have already indicated that
the non-toxicity of aluminium has been
amply demonstrated. Furthermore, the
metal can in no way be considered as
exerting an inhibitory effect on the
destruction of bacteria during processing.
As a reason then for the issue of the state-
ment, some other factors must be found.

It has been suggested that, because a
trial import of Norwegian brisling in oil.
packed in aluminium cans, were found
to be unsatisfactory in 1933, this prece-
dent was called upon to substantiate the
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present attitude. At that time hydrogen
swell was common, due to slight attack
on the metal which was used without the
application of a surface finish. Chemical
attack responsible for hydrogen evolution
had been virtually eliminated by 1939
when all cans were produced by
stamping from pre-anodized aluminium
strip. Late in 1946 a minor outbreak
of food poisoning occurred in U.S.A.,
as a result of which an embargo was
laid by the New York City Health
Department on sardines packed in alu-
minium cans. About one per cent, of a
total import to the United States of nearly
300,000 ounces of aluminium cans showed
a certain percentage exhibiting hydrogen
swell. These cans were carefully inves-
tigated by experts, both from the United
States and Norway. It is possible that
officials of the Ministry of Food in
London may have attached undue import-
ance to this incident, but examination of
the official statement which was issued
will indicate quite clearly that the trouble
was fortuitous and in no way attributable
either to aluminium cans or to the goods
packed in them.

The Norwegian Government agreed to
withdraw some 1,000 cases of the sar-
dines, the sale of which had been pro-
hibited from the New York City market
by the New York City Health Depart-
ment. Health Commissioner Israel
Weinstein announced that this action was
wholly voluntary and the offer of the
Norwegian Government was conveyed to
the New York City Health Department
by the Royal Norwegian Consulate-
General in New York. Dr. Weinstein
said that both the New York City Health
Department and Norwegian Government
Agencies had conducted extensive investi-
gations into the matter. Jerome Tricter
and Edwin Ludewig, respectively director
and assistant director of the Health
Department Bureau of Food and Drugs,
went to Norway at the expense of the
Norwegian Government and worked with
Government and canning industry experts
on the problem. Furthermore, Miss
Valberg Aschehoug, bacteriologist in
charge of the bacteriological section of
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the Research Division of the Norwegian
canning industry, and Sigurd Buschniann,
chemical engineer of the Norwegian Alu-
minium Company, came to New York

and worked with Health Department
experts on the investigation.
Results indicated, said Dr. Weinstein,

that a very small number of cans had
sprung leaks; this allowed the entry of
bacteria, which might have caused, the
outbreak of illness; this, however, could
not be proved by the subsequent investi-
gation. A small percentage of aluminium
cans exhibited defective seams, which
resulted in leakers and swells. Jerome
Tricter reported to Dr. Weinstein that the
Norwegian canning industry, the hygienic
aspects of which are under close super-
vision of the Government, had instituted
rigid control over seaming equipment and
seaming practice, in order to prevent
recurrence of this trouble. It was empha-
sized that no criticism of the use of alu-
minium as a container was involved in
the findings of the Norwegian and the
U.S.A. investigators. Dr. Weinstein
pointed out that aluminium had been
used as a metal for food containers with-
out ill-effects for many years. Norwegian
sardines, whether packed in aluminium
or tinplate, he said, are a safe and whole-
some product, and the Health Depart-
ment has no restrictions against their sale
in U.S.A., where investigations of the
Norwegian canning industry indicated
that canned sardines were produced under
sanitary conditions with every effort made
to ensure high quality and a safe
product.

Any consideration of the relevant merits
of aluminium (or a suitable aluminium
alloy) and tinplate as packing media is
bound to involve comparison between the
respective mechanical properties of these
two materials. It has been stated that
aluminium cans, as at present produced,
lack the rigidity of tinplate cans and
hence tend, under adverse conditions, to
be damaged during transport. Only test

results obtained in actual service can
decide this issue, and it is a fact that
although, prior to 1939, about half a

million cases of aluminium cans were
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exported to U.S.A., no complaints in this
regard were made; indeed, one large con-
cern importing Norwegian sardines into
the United States, demanded specifically,
that they be packed in aluminium cans.
Of the three rigid packing media
commonly employed for foodstuffs,
namely, tinplate, glass and aluminium,
each possesses well-known properties
which define not only Ilimits of use-
fulness but also details of design, pro-
cessing technique and even, to some
extent, packing and transport systems.
Thus the fact that aluminium is “softer”
than tinplate is not to be considered
necessarily a drawback. Aluminium cans
must be handled with more caution than
tinplate during fabrication, production
and transport. The outer packaging must
be adequate and so designed as to pro-

vide maximum protection against
mechanical damage. In order to avoid
perforation, opening keys, if these be

used, must be of correct diameter and
flattened at the end. The seaming of
aluminium cans must, in every way, be
as perfect as that required for tinplate
cans, a soluble rubber compound being
employed as a sealing medium. With cor-
rectly designed’ and operated seaming
machines and proper control, safe and
satisfactory seaming of the cans is assured
beyond doubt.

Bearing these points in mind, there can
be no .question that the light-metal can
offers itself as very suitable for a large
number of food products. Aluminium
imparts no metallic taste to the contents
of the can, gives rise to no blackening
and, as we have said before, is devoid of
toxicity and of any destructive action
upon vitamins. From the retailers’ stand-
point, light-metal cans possess a definite
shelf appeal by reason of their clean
silvery colour. They are light in weight
and are easy to open.

As regards the present use of light-
metal cans in Norway, material for these

in the form of coiled sheet is being
supplied to the canning industry at the
rate of about 1,800 tons a year. Delivery

is limited to this figure at the moment,
on account of shortage of rolling capa-
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city. In Denmark the canning industry
is showing increasing interest in these

cans, and the consumption of aluminium
strip is now at the rate of about 700 tons
a year.

From Norway, the principal export
products are sild and brisling sardines in
oil—these being packed in anodized alu-
minium cans—and Kkippered herring,
packed in cans fabricated from the alloy
3S containing 1.25 per cent. Mn. Cod roe
and liver paste in anodized cans isa com-

paratively recent product, but is now
being packed in increasing quantities.
Fish balls, cod-roe. fish cakes, shrimps

and crab and a number of vegetables are
also at the moment packed in aluminium
cans and are showing satisfactory results.

Tabulated in this account will be found
a survey of the present situation. It
should be emphasized, however, that
certain of the new synthetics may quite
likely improve the storage capacity for a
number of products packed in lacquered
aluminium cans. An article in the Danish
monthly publication *“ Konserves” for
December, 1947, contains a report from
the Official, Laboratory for Food Con-
servation entitled “ The Use of Alu-
minium Cans for Conserves.” The article
presents the results of numerous canning
trials with unprotected, anodized and lac-
quered aluminium cans respectively.
From these it was concluded that as a
container material for food products, alu-
minium is just as good as tinplate, and,
in some cases, even to be preferred.
Slightly acid products may readily impart
a metallic taste to foodstuffs packed in
tinplate; this is not the case with the
aluminium can.

No especially new developments are to
be recorded in connection with the use of

aluminium cans in Norway. The neces-
sary “over-pressure ” autoclaves are
installed in all the principal canneries,

and the experience of the industry with
the metal and its treatment is growing.
Previously, rubber rings alone were used
as a sealing device, but now a “soluble”
rubber compound is finding increasing
favour; it is applied to the can lids by
means of Dewey and Almy machines.
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Storage Capacity of Food Products in Aluminium Containers.

Product

Brisling in oil .

Masse (Sild) in oil
Unsmokcd sardines

Fresh fish fillets

Fish balls

Fish cakes

Codroe

Codliver

Mijsscls, stewed or natural
Crab, stewed or natural
Shrimps
Peas
Mushrooms

Blood pudding

Liverpaste

Unsweetened condensed milk
Sweetened condensed mflk
Brisling in tomato

Masse (Sild) in tomato
Kippered herring

Carrots
Cajliflower
Parsnip
Beans
String peas
Meat cakes
Beef
Anchovies

“ Gaffelbiter 7 ..

Asparagus

Kale

Caraway (with evtl. addition of CaCla)
Spinach (with evtl. addition of CaCla)
Parsley (dependent on bleaching agents)
Celery (dependent on bleaching agents)
Mutton .

Fruit, berries and jam :
Fruit, berries and jam :

Packed

in spray-lacquered, anodized 2S.
Packed in roll-lacquered, anodized 2S.

Can material Storage time

Anodized 2S Several years
Anodized 2S Several years
Anodized 2S Several years
Anodized 2S Several years
Anodized 28 Several years
Anodized 28 Several years
Anodized 2S Several years
Anodized 28 Several years
Anodized 28 Several years
Anodized 2S Several years

Anodized 28
Anodized 2S5

Several years
Several years

Anodized 2S Several years
Anodized 2S Several years
Anodized 2S Several years
Anodized 28 Up to 2 years

Unprotected 2S
Roll-lacquered, anodized 2S
Roll-lacquered, anodized 2S

Unprotected 3S

Several years
Approx. 2 years
Approx. 2 years

2 to 3 years

Anodized 2S )
Anodized 25 | A_re packed on an indus-
Anodized 2S trial scale. Must prg—
Anodized 25 ) sumably be packed in
Anodized 25 roll-lacquered anodized
Anodized 2S | 2S to obtain quite satis-
Anodized 25 | factory results

Roll-lacquered, anodized 2S >

Roll-lacquered, anodized 2S ! Industrial trials

Roll-lacquered, anodized 2S | promising
Roll-lacquered, anodized 2S

Roll-lacquered, anodized 2S"| .
Roll-lacquered, anodized 2S ’I\AUSI bg p[aclfeld Thm
Roll-lacquered, anodized 2S acquerec material. e

length of storage time

Roll-lacquered, anodized 2S A
somewhat variable

Roll-lacquered, anodized 2S

Usually very good results.
Special kinds promising.
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W elding «n. Light Alloys

Part |l

In this, the Second of
a Series of Your
Articles, is Presented
tin Account of the Oxy-
acetylene W elding
Process us Applied to
Sheet and Castings in
Aluminium and Mag-
nesium Alloys

OPERATORS welding sheet aluminium by the double

operator vertical technique.

This method is recom-

mended for materials of d-in. section and over.

XY-ACETYLENE fusion welding
Ois at the present time the technique

most widely used for the welding of
During the past 50 years a
great deal of experimental work and
research has been devoted to the
development of suitable equipment and
procedures for the fusion welding of
aluminium and later magnesium, and
a vast fund of technical knowledge
and practical experience is at the dis-
posal of those manufacturers who
decide to turn to welding light alloys
in preference to other methods of join-
ing. A welder who takes up work
in the light-alloys field after welding
mild steel will find that his previous
experience is not sufficient in this new
work owing to the particular charac-
teristics of these metals, and if he
has had no training in this type of
welding he will soon be in difficulties.
The pitfalls which will beset him are
however easily avoided, for efficient
welding techniques have been evolved

light alloys.

to overcome them, and with experience
and practice the average welder will

find that light metals are welded as
readily as steel.
Apart from the fact that welding

allows greater freedom to the designer,
afiords greater speed and economy in

production, and considerable saving in
materials and weight, fusion welding
produces a joint which is stronger

than the parent metal itself, and which,

having the same characteristics as the
parent metal presents a smooth incon-
spicuous joint of even contour. This

is due to the fact that in fusion welding
the two edges to be jointed are heated to
such a temperature by the blowpipe-
flame that they coalesce, and so form a
homogeneous joint, becoming in effect a
single piece of metal. If further metal
is added to the joint, in the shape of a
filler rod, as in practice it is to all but
the thinnest sections, this is normally
either of the same composition as the
parent metal or so designed as to give
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superior
joint.

metallurgical properties to the

Equipment for Fusion Welding.

The high temperature (3,120 degrees
C.) produced by the oxy-acetylene
flame, provides a very highly concen-
trated heat source, which makes possible
higher welding speeds and a narrower
heat-affected zone than are obtained with
other gases. Consequently acetylene is
the gas most commonly used for welding.
The oxy-hydrogen flame is also some-
times used but is not recommended as

the temperature of this flame is 820
degrees C. below that of the oxy-
acetylene.

The type of welding equipment used
for fusion welding depends upon whether
dissolved or generated acetylene is used
as the fuel gas. High-pressure equip-
ment must be used for dissolved acety-
lene, whilst low-pressure equipment must
be used with generated gas.

The apparatus for use with dissolved
acetylene is too well known to need
lengthy description.  For mobility the
cylinders may be mounted on a trolley
and the whole apparatus then becomes
portable. Alternatively where repetition
work is to be carried out by a number
of operators, and the welding points can
be fixed, it is often advantageous to con-
nect the cylinders to manifolds from
which a pipeline can be run. The advan-
tages of using dissolved acetylene and
high-pressure equipment are numerous,
among them being the fact that the acety-
lene is thoroughly purified and dried
before being compressed into cylinders,
thus ensuring that no harmful impurities
are present which might otherwise affect
the reliability of the weld.

It is particularly important when
welding the light alloys to ensure that the
right welding rods and fluxes are used.
Various ranges of welding rods have been
developed by the welding industry, each
rod being designed for a specific purpose
or a particular alloy. These rods should
never be used except on the range of
alloys for which they were designed. In
some cases strips cut from the parent
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RECOMMENDED NOT RECOMMENDED

HE importance o( correct design of

joint for fusion welding cannot be
overstressed. These diagrams indicate
how to avoid the inclusion of dux in
welded joints.

metal may be used as filler rods, and in
case of doubt the supplier of the alloy
should invariably be consiltéd.

A flux should always be wused for
welding both aluminium and magnesium
to break down the oxide and allow
smooth and free melting of the metal.
Satisfactory results will never beachievcu
on aluminium or magnesium alloys
unless the correct flux be used for the job.

The correct adjustment of the oxy-
acetylene flame is also a matter of great

importance. Excess of oxygen in the
flame will produce oxidizing conditions
which will make satisfactory welding

impossible, while too much acetylene will
cause porosity. The most satisfactory
setting is a neutral flame with a slight
haze or mistiness of acetylene to ensure
non-oxidizing conditions.

With these general remarks on the
fusion welding of the light alloys we may

., — . F
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now pasc to a closed consideration of the
welding techniques for aluminium and
magnesium respectively.

Aluminium

Five characteristics of aluminium must
be kept in mind by all those concerned
with the welding of this metal:—

1 It has a low melting point (approxi-
mately 650 degrees C.).

2. It does not give any warning that it
is approaching its melting point; there is
no noticeable change in colour and the
metal tends to collapse suddenly.

3. In spite of its low melting point it
requires almost as great a heat input as
steel to bring it to welding temperature,
owing to its high thermal conductivity.

4. 1t is hot-short, i.e., it is weak when
hot, and consequently all areas of which
the temperature is raised should be
adequately supported during welding.
This hot-shortness also causes stresses to
occur during welding, with resulting
cracks on cooling unless proper pre-
cautions are taken.
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5. The corrosion resistance of alu-
minium is derived from an oxide of

aluminium which forms on all surfaces,
and which must be removed if a
successful weld is to be made. This
oxide has a much higher melting point
than that of the metal itself and so the
heat of the blowpipe flame alone will not
remove it. Therefore a suitable flux
must be used which attacks the oxide
forming a fusible slag; this slag rises to
the surface of the weld-puddle and is
thus removed.

It is upon these basic facts that the
whole technique of aluminium welding
has been built up, and it is for these
reasons that some of the more complex
aluminium alloys are not recommended
for fusion welding. They are more liable
to crack where free contraction is not
possible, and the properties of the weld
cannot achieve those of the unwelded
parent metal, which may be due to heat
treatment or cold working.

Design plays an especially important

part in aluminium welding.
The flux which must be used
to remove the oxide and thus

permit successful welding is
also highly corrosive, and
therefore all traces must be

removed after welding. All
joints should be so located
that there is easy access to
each side of the weld, and,
where possible, butt joints
only should be used. If
lapped joints cannot be
avoided the ends must be
welded up to prevent
moisture entering, ‘which
might set up corrosion with

the entrapped flux. Where
welds are carried out at
corners, these corners should
be radiused. so that the flux

SHATTERED aluminium
A alloy casting before and
after repair by oxy-acetylene
fusion welding.
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is not held at an acute angle. Cup-and-
cone-type joints should never be made in
tubes, and some means must always be
devised of washing tubular assemblies
after jointing. The types of joint which
should be avoided are illustrated.

Edge Preparation of Aluminium
Sheet

For thicknesses up to &in. no bevelling
is required, but the edges should be
smooth and uniform and should be
cleaned prior to welding with a wire
brush or file. For thicker sections, up to
i in, a bevel to an included angle of
80-90 degrees is recommended, leaving a
small nose at the bottom approximately
Ts in. thick to prevent over-rapid melting
of the lower edge. For material over
i in. thick, a double bevel (80-90 degrees)
and nose (Vs-J in. in width, according to
metal thickness) is necessary.

All oil or grease must be removed from
the weld area before starting work.

The workpiece, wherever possible,

ITRIC acid storage tank in aluminium
with welded seams. Such tanks have
been in general use for many years, and
ably demonstrate the reliability of this
method of joining. (Courtesy A. P. V. Ltd.)
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should be set up with a tapered gap
between the edges to be welded to
prevent the adjoining edges overlapping
as a result of expansion during welding
and so causing cracking due to the setting
up of stresses. If jigs cannot be used,
the two pieces should always be tacked
together at regular intervals.

Owing to the high rate of conductivity
of aluminium it is advisable to preheat
the whole job to be welded with the blow-
pipe before starting the weld, except
where the article is very small. The
speed of welding increases noticeably as
the weld proceeds owing to the rapid rise
in temperature of the surrounding metal
caused by this high rate of conductivity,
but this can be partially overcome by
such preheating, and with practice the
difficulties which this acceleration may at
first produce will be entirely mastered.

Method of Welding Aluminium
Sheet

On thin-gauge aluminium, welding is
normally carried out in the horizontal or
underhand position, using the so-called
“ leftward ” technique. In this method
the welder works from right to left and
the flame preheats the edges to be melted
in front of the wcld-puddle. It is usually
advisable to start the weld a short
distance from the end of the edges to be
joined in order to reduce the risk of
cracking due to contraction stresses. The
weld is carried on to the farther end and
then the workpiece is turned round for
the shorter weld to be completed. A
procedure on these lines should also be
evolved for complicated assemblies. The
flux is applied by dipping the hot end of
the filler rod into the flux powder and
thereafter melting both rod and flux
together.

On thicker sections of ! in. or over the
“ double - operator vertical technique ”
should be used wherever possible. This
procedure offers several advantages in
work on thicker material, among which
are:—

l. The avoidance of any special edge

preparation, apart from cleaning and
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aligning, on thicknesses up to 0 in.
Above this thickness a double bevel of
80 degrees included angle is recom-
mended.

2. Increased speed of operation.

3. Economy in gas and welding-rod
consumption.

4. It is easier to achieve soundness of
weld, metal throughout the weld.

5. Perfect penetration, with building
up on both sides of the metal, is assured.

6. Reduced fatigue for welders.

This method of welding derives its
advantages from the fact that with two
operators at work, welding together as a
team, much smaller blowpipes can be
used than for a similar thickness with one
operator working in the underhand posi-
tion. This results in savings of gas con-
sumption of up to 50 per cent., whilst the
fact that no edge preparation is necessary
on thicknesses up to | in.and that reduced
angles of bevel are required above that
gauge results in appreciable savings in
welding-rod consumption and increased
welding speed.

It is important that the two operators
should work together at the same speed,
and using the same flame settings and
gas pressures. The close co-operation
required is, however, easily achieved after
a little practice.

It has been shown, by a long period of
observation in welding shops, that welders
are able to produce more consistent welds
when using the vertical technique.
Among the reasons for this is the fact
that fatigue is reduced because the opera-
tor works in a natural and comfortable
position and can use a smaller blowpipe.

Finishing the Weld

The finishing of the weld is as import-
ant as the welding operation itself, and
there are three separate stages to be con-
sidered, namely, flux removal, cold work-
ing and heat treatment.

It has been pointed out already that the
fluxes used for welding aluminium are of
a corrosive nature, and must, therefore,
be removed completely after the weld is
finished. The flux residues dissolve readily
in hot water, and small articles should be
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LUMINIUM liner for nitric acid
plant welded by the double operator
technique. (Courtesy A.P.V. Ltd.)

immersed in boiling water for 15-20
minutes. Large welded assemblies, which
cannot be totally immersed, should be
washed with a stream of hot water,
accompanied by vigorous scrubbing
(inside as well as out). If flux is likely
to be entrapped, the object should also
be bathed in a 5 per cent, solution of
nitric acid at a temperature of 60-80
degrees C. for some 10 minutes. After
this chemical treatment the metal should
again be washed in warm running water
in order to avoid staining. After washing,
the article must be drained and dried as
quickly as possible.

Unless provision is made to drain off
the surface water of the washing bath,
there is a danger of contamination from
flux residues floating on the surface. The
usual practice is to have two tanks at
slightly different levels, connected by a
tube at the water surface level of the
higher tank. Articles are immersed in the
lower tank first for the main flux removal
operation, and in the top tank for the
final washing. A slow feed of running
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water is supplied to the top tank, and a
drain pipe from the lower tank carries
away the residue.

The metal which has been deposited
during welding is of a cast structure and
is rather coaise grained. In order to refine
this  structure, remove any surface
porosity, and to consolidate the surface
of the weld it is usually advisable to cold-
work the weld metal after removal of the
flux. This also helps to relieve any
stresses which may be present.

The extent of working depends partly
on the alloy involved and partly on the
amount of spreading of the metal due to
reduction in thickness. Generally speak-
ing, the heat-treated alloys work-harden
to a greater extent than those which are
not, but with a greater risk of cracking.
For this type of alloy careful hammering
of welds at a temperature of 350-450
degrees C. is sometimes possible, but the
job must be heat-treated again after ham-
mering to restore the mechanical pro'per-
ties as far as possible

Cold-working is wusually carried out
with the flat face of a hammer or mallet,
and the article must be rigidly supported
during hammering, but wheeling or jenny-
rolling is sometimes used instead for sheet
assemblies.

After hammering, non heat-treated
alloys are often annealed in order to
increase ductility. This is normally done
with the blowpipe flame, but in the case
of large assemblies it may be preferable
to carry out the operation in a furnace.

Heat-treated alloys cannot be annealed,
but should be reheated to the appropriate
temperature after hammering. But whilst
this will improve their strength, it will not
restore the full strength of the unwelded
parent metal.

Welding of Aluminium Castings

Aluminium castings usually contain
proportions of other metals, and it is,
therefore, necessary to use a welding rod
of the appropriate composition for each
particular class of casting. The ordinary
cast aluminium rod has the widest appli-
cation, but 5 per cent, silicon aluminium,
10 per cent, silicon aluminium, and 5 per
cent, copper aluminium rods, and certain
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other proprietary brands, are also avail-
able for specific purposes.

Most welding jobs of this type are on
castings that have already been in use, and
which consequently will probably be
heavily contaminated with oil or grease.
Complete removal of all oil and grease is
essential, and should be carried out either
in a proper bath or by washing in petrol,
followed by dipping in a 10 per cent,
nitric acid solution and rinsing in hot
water. If such elaborate cleaning pre-
cautions are not possible for any reason,
the edges to be welded should be made as

clean and bright as possible by wire
brushing.

The edges to be welded should be
bevelled to an included angle of

90 degrees. Adequate arrangements for
preheating the casting must be made, and
this should normally be carried out in a
suitable furnace of the type illustrated,
which shows a cast-iron casting being pre-
heated. Special carc must be taken to
support the casting so that it does not
collapse on approaching the melting
point. The casting should also be pro-
tected from direct contact with the pre-
heating fire or flames by a shield of sheet
metal. As aluminium gives no indication
of temperature by colour change, other
tests are required to ascertain when the
casting has reached its proper preheating
temperature. The most practical tests are
either rubbing the casting with a stick of
50/50 solder which melts when the correct
temperature is reached, or sprinkling saw-
dust on the casting.

A flux must be used on castings, just
as for aluminium sheet, and, generally
speaking, the welding procedure is similar
to that required for sheet-metal work.
The filler rod must be melted into the
weld vee with the flame, since the heat of
molten aluminium is not of itself enough
to melt the rod. The molten metal should
be worked with the end of the rod to
bring the oxide to the surface and to
ensure complete penetration.

After the weld has been completed it
is most important to allow the casting to
cool slowly, away from all draughts, as
cast aluminium is very susceptible tg.
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sudden changes of temperature. After
cooling, but preferably while the weld is

still hand hot, all traces of'flux should
be removed in the manner already
described, but in no circumstances
should cast - aluminium welds be
hammered.

Welding of Magnesium Alloys

The magnesium alloys most widely
used in fabrication contain 90 per cent.

or more of magnesium alloyed with
aluminium, manganese, zinc, silicon, and,
more recently, zirconium. Most of these
alloys can be joined successfully by
oxy-acetylene welding.

In many respects the welding qualities
of the magnesium alloys are similar to
those of aluminium, in so far as they
share some of their most important
characteristics, namely, low melting
points, lack of colour change on
approaching melting point, high heat
conductivity and high thermal expan-
sion. Consequently, broadly speaking,
the welding technique used for the two
metals is very similar. But the risks of
corrosion from entrapped flux residues
are greater with magnesium than
aluminium, and therefore greater atten-
tion must be paid to the avoidance of
joints liable to cause this entrapment.
Fillet welds are permissible provided the
flux can be completely driven out, but
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otherwise oxy -acetylene welding is

virtually restricted to butt joints. The

development of Argonarc welding to

overcome this and other problems con-

nected with the welding of magnesium
will be discussed in a later article.

Generally, magnesium alloys should be

joined with welding rods of the same

composition as the parent metal, and it

is only in certain specific cases that satis-

factory results can be achieved by

welding metals of differ-

ent compositions together.

Special rods are prepared

for the principal sheet, tube

and cast alloys, and when-

YPICAL furnace for heating
Tcastings prior to welding. In
this instance a cast iron cylin-
der block is in the furnace ; the
same arrangement is used for
aluminium alloy castings.

ever there is any doubt as
to the correct rod to be used
the suppliers should be
consulted without hesita-
tion.

To prepare magnesium alloys for
welding, first clean away all oil, grease
and dirt; the corrosion-resisting covering
of sodium dichromate being then
removed with wire wool from both sides
of the edges to be welded to a width
of about 1 in. The welding rod should

also be thoroughly cleaned by this
method.
Magnesium is very susceptible to

oxidation, and for this reason a flux must
always be used for welding. Fluxes are
supplied as a dry powder, but should be
mixed with distilled water or commercial
alcohol to form a paste before use. The
paste can be painted on to the edges to
be joined and on to the welding rod, or
it may be applied from the heated end of
the rod. It is especially important to
paint the under side of the edges, as the
under side of the weld is particularly
liable to oxidation. Fresh paste should
be mixed each day.
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The edge preparation recommended
for magnesium is similar to that already
discussed for aluminium. Care should
be taken in setting up the workpiece for
welding, because magnesium is liable to
warp severely at high temperatures and
cracks may be caused. When jigs are
used tight clamping should be avoided,
so that the expansion and contraction of
the metal is not unduly restricted. When
seams are tacked prior to welding it will
be found that a greater number of tacks
will be required than for aluminium. On
thin sections considerable warping may
take place during tack-welding, which
can be straightened out again with a
wooden mallet. Tacks should be re-
covered with flux paste before the main
welding operation is started.

The technique recommended for
depositing the weld metal is the same as
for aluminium. If possible, everything
should be so arranged that the weld can
be carried out without interruption, for
refluxing the rod, for instance, and great
care must be taken at the beginning of
the weld to see that the metal does not
start to burn or oxidize. If the angle of
the blow-pipe is not allowed to rise above
some 30 degrees this will be avoided, but
if the metal does start to burn the weld
must be stopped and the burned area
should be cleaned out carefully.

Welded magnesium assemblies are
often left in the *“ as-welded ” condition,
but if the excess of weld metal has to be
removed, this should be done by chipping
or milling followed, perhaps, by hammer-
ing, but under no circumstances should
the weld be dressed down by hammering
alone.

The flux must be completely removed
immediately after welding by scrubbing
the weld area with a wire brush and hot
water. If some parts arc not accessible
to the wire brush they can be cleaned by
boiling in a solution of 0.5 per cent,
sodium dichromate for 2 hrs. After
cleaning, the work must be thoroughly

dried and should then be given the
normal sodium dichromate treatment
which gives magnesium alloys their
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yellow appearance and provides protec-
tion against corrosion.

Welding of Magnesium Castings

The welding of magnesium-alloy cast-
ings also follows very closely the
procedure adopted in the case of
aluminium, and again rather more vigi-
lance is required to ensure success. The
recommended preheat temperature is
slightly lower (350-375 degrees C.) and
the danger of the casting collapsing

IN petrol tank for a Shetland aircraft,
fabricated in magnesium by oxy-acety-
lene welding. (Courtesy, Essex Aero Ltd.)

through overheating is more apparent.
This is avoided by ensuring that the
casting is adequately supported, that heat
is evenly distributed throughout, and that
the metal is not allowed to come into
direct contact with the preheating flames.
As a guide to the heat of the casting, it
has been found that it will be hot enough
when white paper rubbed on the surface
shows signs of discoloration, or when
soap marks turn a light shade of
chocolate brown.

After the weld has been completed a
further period of heating is required for
aluminium castings, and the precautions
required for magnesium sheet are also
necessary. After-treatment of the weld
is the same as for the sheet metal and the
final requirement is once again a coating
of sodium-dischromate solution.
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A — short for GRAVITY — is costing this country millions of pounds

a year. Everywhere energy is being wasted in overcoming (lie power of
We think in terms of heaviness. We shift tons and tons and tons of useless
weight every minute. Why don’t we think in terms of lightness by using
the wonderful new light alloys that have been developed by H.D.A. We need
not surrender strength for H.D.A. have produced alloys tbat combine great

strength with extreme lightness. When next you have a production problem . ..

HIGH
...make light work of it with DUTY

ALLOYS

1SCOTS, BILLETS, FORGINGS. CASTINGS AND EXTRUSIONS IN *HIDUMINIUM * ALUMINIUM ALLOYS
(Kegd. trade mark)

HIGH DUTY ALLOYS LIMITED, SLOUGH, BUCKS.
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Recent Intelligence

HE following announcements have been
T received:—

Northern Aluminium Co., Ltd. Two sales
offices of this concern have moved to new
addresses. The Birmingham sales office is
now located at 14, Temple Street, Birming-
ham, 2. Telephone, Midland 5236. Tele-
grams, Noralumin Birmingham. The South-
Western Area sales office is now at 18, St.

Augustine Parade, City Centre, Bristol, 1
Telephone, Bristol 20351.
Wild-Barfield Electric Furnaces, Ltd.

J. P. D. Coleman who joined the concern in
1919 and who since 1933 has been works
director, has retired from the board and also
from that 'of the associated company.
G. W. B. Electric Furnaces, Ltd.

Sciaky Electric Welding Machines, Ltd.,
Farnham Road, Slough, Bucks. C. A.
Burton, M.Inst.W., has been appointed sales
manager. He joined the company in 1934
as chief test and research engineer, and,
during the last war, was attached to the
Directorate of Industrial Equipment as
resistance welding advisor.

THE gardening tool illustrated on this page is the

sower.
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Sow-tze seed

Made entirely from aluminium, the too! makes a drill, sows

and covers the seed in one operation, thereby saving time and energy
and ensuring a more uniform and economical distribution of seed.
The chairman of the Hampton Allotment Holders’ Association, shown

above, praises the

“Sow-Eze,"
excessive trampling of the ground.

and observes that it eliminates
(Courtesy, Steddall and Company,

Ltd., 164, High Holborn, London, W.C.1.)

APPSOXIXIATE w/
to gsouno UVA W/

Henry Ford and Aluminium
OLLOWING a recent Press reception
held by Henry Ford in London, our

associated journal “The Motor” addressed
to him a series of questions concerning the
Ford organization. We quote the following:

” Will the use of light alloys be much
extended in motorcar production during the
next few years? ”

"We will use light alloys if steel is so
scarce we cannot get it, but also use the
lighter alloys if they come down to the point
where they are economically feasible."”

The Aluminium Courier

HE third issue of the Aluminium Courier

has now been published. Each number of
the Courier is devoted to one main topic
which, this time, is small boats, and is an
excellent summary of the considerable pro-
gress which has been made in this sphere of
application.

Ideal Home Exhibition, 194S

NE of the main features of this year’s

exhibition is the two-storey aluminium
house, shown in public for the first time.
Last year the standard aluminium house
roused great interest and, in spite of criti-
cisms, has proved very popular.

Vcnesta, Ltd.

riyELEBRATING their Golden Jubilee,

Venesta, Ltd., Vintry House. Queen
Street Place, London, E.C.4, have published
a booklet under the title “ Our First 50
Years.” This history of the concern is pre-
sented most attractively, giving the reader an
insight into the development of the plywood
industry.

Readers of this journal may recall on page

H
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636 of the December issue an announcement
about “ Vendura.” This material is com-
posed of aluminium sheet, with a wood
veneer cemented on one or both sides. One
interesting story that is recorded in the
booklet is of the introduction of “ Plymax,”
a metal-coated plywood. On one occasion
in 1922, when loading a press, a face veneer
was inadvertently omitted, causing the glue-
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“ Twenty Questions ™

WARE of the popularity of the Radio

Programme “ Twenty Questions,” Lon-
don Metal Warehouses, Ltd., have prepared
a new leaflet containing twenty questions on
aluminium alloys, with, of course, the correct
answers. Copies can be obtained on appli-
cation to the company at 15-17, Edgware
Road, Marble Arch, London. W.2.

PICTURED here is the “Champion"” equipment for shredding, dicing, grating, chipping, scallop slicing and

L allied operations in the catering trades.

The body of the machine consists of a single polished aluminium
casting (shown here to a scale ot i linear) with numerous cast aluminium fittings.

Cutter plates (not shown to

scale) are in the form of heavy-gauge stainless-steel-sheet pressings attached to polished cast-aluminiuin-alloy

spiders.

covered centre ply to adhere to the steel
platen. This mistake was soon turned to
good account and repeated intentionally. A
modification of the adhesives then made it
possible to sticCk most metals to plywood.
Also recorded in (he booklet is how during
the recent war the company were called
upon to make a considerable tonnage of
aluminium foil for a mysterious purpose.
Later, this foil was to be found spread over
a large area of Europe in the wake of our

bombers, having effectively confused the
enemy’s radar instruments.
Altogether the booklet is a very fine

blending of history and technology, and the
company are to be congratulated on its
presentation.

This npparntus is manufactured by Mcdcenlf and Co.. Ltd., 141, Saffron Hill, London, E.C.1.

Gauge and Tool Exhibition
HE 1948 Gauge and Tool Exhibition was
held at the New Hall, Vincent Square,
London, from January 26 to February 6.
Amongst the stands of 82 exhibitors were to
be found gauges, measuring instruments and
equipment, jigs and fixtures, press tools,
moulds and dies, pneumatic and electrica*
portable tools, diamond tools and a wide
range of engineers’ cutting tools. In this
excellent range of equipment were many
items of particular interest to the light metals
industry and some interesting developments
were noted.
As in previous exhibitions dealing with
engineering subjects, it was interesting to
note a considerable usage of aluminium in
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HOWN on this page are some
Sof the items exhibited by
Warco Products, Ltd., Saltisford.
Warwick, at the recent Hotel.
Restaurant, and Catering Exhibi-
tion. Immediately above is a
litter basket designed for use in
lounges and bars, with bowl and
pillar in polished aluminium.
Above (left) the Warco unit
furniture, including a table giving
complete freedom of movement
to the diner. The centre column
is of aluminium. supporting a
lightweight top, with the whole
counterbalanced by a heavy cast-
iron base. The table top is of
plastic in an aluminium frame
and is reversible, one side being
covered with green baize. The
aluminium nesting chair (centre,
left) is exceptionally light and
occupies an absolute minimum of
space, whether in use or stacked.
Other interesting exhibits shown
on the stand (bottom, left) were a
range of aluminium utensils for
catering purposes, including large
stewpans and some attractive
teapots, enamelled and decorated
with floral designs.
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ihe machines. Again, aver 20 per cent, of
the exhibitors were using aluminium in the
cast or wrought form in their products. Of

particular interest to those who are con-
cerned with the machining of light alloys
were the many diamond cutting tools
displayed.

The exhibition was organized by the

Gauge and Tool Makers’ Association in
conjunction with the National Federation of
Engineers’ Tool Manufacturers.

HE Health and Holidays Exhibition
February 23, and closes on March 27.
is the central feature.
below.

Rubber in Textile Factories

E have received a small booklet issued

by The British Rubber Development
Board entitled “ Rubber in Textile Fac-
tories,” by Colin Macbeth, M.l.LA.E., F.l.R.I.
It covers the many applications of rubber in
this industry and indicates in several ways
how aluminium and indeed magnesium are
to be found alongside rubber. It is particu-
larly interesting from this view-polnt, in that
not only does it adequately present the
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importance of rubber, but also gives a
detailed account of an industry in which
many aluminium and magnesium fabricators
are interested at the present time.

“Foundry Practice ”

URING a recent fire caused by an elec-
trical short, certain of the technical and
sales offices of Foundry Services, Ltd., 285.
Long Acre, Nechells, Birmingham, 7, were
destroyed. Part of the company’s addresso-

was opened at Earls Court, London, on
Shown here in the final stage of preparation

Spectacular dives are made from the 74 ft. tower into a pool
The scaffolding is of tubular steel and aluminium.

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

“ Foundry Practice” is written for the
practical man in the foundry to help him
overcome his difficulties. It is sent free of
charge to all interested.
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INISHED pantechnicon body

being mounted on a chassis
at the Enfield works of Hays
Wharf Cartage Co., Ltd.

Light
Alloy

LIGHT METALS 135

Body-building Progress

uantity production of aii-iight-

alloy industrial-vehicle bodies on

an ingenious constructional system
is now in full operation at the Enfield
engineering works of Hays Wharf
Cartage Co., Ltd. In the method of
frame - construction employed by this
concern, and known as the *“ Fairal”
system, frame members are made from
square-section aluminium-alloy tubing,
reinforced from within by round-section
tubes. Under hydraulic pressure of
400 Ib. per sg. in., the box-form tube is
expanded by a maximum of 0.005 in. to
allow the insertion of the round member.
Expanded is, perhaps, not quite the right
term. What happens is that the square
tube tends to assume a round form, but
becomes square again when pressure is
released. The square tube then contracts
and grips the core tube tightly, forming a
unit of quite exceptional strength for its
light weight.

As the tube is not suited for hot bend-
ing it is heat treated and then bent cold.
Body-frame components are built up by
the wuse of highly ingenious junction
pieces, which are split along their longi-
tudinal axes. With these, the most
complicated angle joints can be made
easily and rapidly. These special joints
consist of square central bosses from
which extend what might be termed split
spigots (our American friends would

probably call them junction-location
members). These are inserted into the
tubular frame members and the halves
of each spigot are then forced apart by
duralumin taper pins, the tubes being
thus firmly gripped from within.

Should a pillar become damaged, the
affected part is cut out and a split spigot,
similar to a junction piece but without
the boss, is inserted. The spigot is first
driven into the upper part of the pillar
and then drawn downwards into the
lower one, thus joining the two. Taper
pins are inserted and an efficient joint is
made in a few minutes.

The “ Fairal ” method has proved
admirably adaptable to quantity produc-
tion, as it makes for speed and simplicity
in the erection of body-frame skeletons.
As in other systems of light-alloy body
construction which we have dealt with in
recent months,* frames are made up
from partial assemblies. The roof, for

instance, is constructed as a single unit
and panelled before mounting. The
centre section of the body, including
wheel-arch framework and rear body

sections, are other prefabricated units.
Corrugated Birmabright slats are
riveted to the inner sides of body pillars
to protect the outer panelling, whilst a
Birmabright panel, also corrugated, of
U shape forms the sides and ends of the

* See, for example. “Light Metals,” 1947/10/629; 1948/11/84
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BOVE, building the wheel-
Aarch component of the
“ Fairal” body in corrugated
Birmabright. Right, the first
stage on the assembly line.
The frame skeleton is erected
in square-section tube, with a
round core. The method
employed for ioining these
sections is illustrated below.
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wheel-arch enclosure. Break-stem rivets
are used throughout in attaching panels.
So adaptable is this particular system of
tubular construction that elaborate body
designs can be produced, when necessary,
with little greater difficulty than those of
most orthodox form. Body floors are of
wood, screwed to timber inserted into a
specially extruded bearer.

In a concern such as the Hays Wharf
Cartage Co., Ltd., with all its varied
departments, a very great variety of
commercial bodies must be turned out.
Commencing with the first prototype
“ Fairal ” body in April, 1946, 740 bodies
of all types, built on this system, were
produced by the end of 1947. Out of
this  total, departmental allocations
included 138 Bedford pantechnicons,
each of 1,020-cubic-ft. capacity; 33
articulated trailer pantechnicons, each of
1,500 cubic ft.; 418 general-scrvice bodies
(2-ton, 3-ton and 5-ton); and in addition

to these, 62 articulated trailer bodies.

The balance of the 740 represents a
host of bodies for contract vehicles, all
of which were constructed to special
design. Material used in building these
bodies presents some interesting figures.
Amongst major requirements were
89 miles of square alloy tubing and
89 miles of round, 14 miles of alloy
extrusions, 331,000 sq. ft. of aluminium
sheet and 2,620,600 rivets.
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During 1947 production of “ Fairal”
bodies averaged 51.09 per month, but
this has now been greatly stepped up and
on a recent visit to the Enfield works we
saw bodies coming off the assembly line
really fast. While there we were shown
a special van body for Parnell-Yate, Ltd.
Arranged to carry heaters and electric
washing machines on two floors within
the body, this van is provided with a neat
little hoist on the rear end of the roof,
for ease in off-loading. The upper floor
in the van is made up of sliding sections

in
these are continued on the i
the rear doors so that the end
can be slid out under the hoist.
This van body, arranged on
a 3-4-ton Bedford chassis,
has a capacity of 770 cubic
ft., is designed for a mixed
load of 34 stoves and wash-
ing machines. The cooker
weighs 2 cwt. and the wash-
ing machine about |i cwt.
Thanks to the special hoist,
these can be off-loaded by the
van driver. The complete
light-metal body weighs
approximately 1 ton, a
remarkably low figure for an
assembly designed on such
generous and roomy lines.
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HE roof of the “ Fairal”
body, as illustrated above,
is made as a single component
and panelled before mounting.
This work is done by women.

T the left, the second
Astage on the assembly line,
when the roof and Birmabright
side slats are mounted.

ELOW, the third stage in
assembly. Here the sides
the body arc panelled and
interior fittings completed.
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EW people will disagree with the

statement that the uses of aluminium
foil are legion and it is hardly necessary
to recall that for many years manufac-
turers have used this so-called “ silver
paper ” to preserve a variety of
products, such as chocolate and cigar-
ettes. More recently it was shown
(“ Light Metals," 1947/10 278) that
aluminium foil could be used to great
advantage in storing apples and pears
and this is now being practised
commercially.

It is surprising that this product has
not hitherto been made available to
the general public to perform a multi-
tude of domestic duties for which it is
eminently suitable. Aluminium foil is
now available to the Canadian house-
wife and depicted here are some of the
many uses for which itis recommended,

as lining cooking utensils to elim-
inate washing-up (the used foil being
discarded), packing picnic baskets,
preserving paint tbrushes and lining
larder shelves.
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RESISTANCE WELDING
of Light Alloys

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

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

evelopment of aluminium has,
D in the past, been severely hindered

by two important factors, first, its
prime cost, which, for many civilian
applications, tended to limit its use to
specific fields, and secondly, the fact that
it could not, for general purposes, be
satisfactorily soldered, or resistance-
welded without special equipment.

The economic situation brought about
by the second World War, however, gave
a much-needed impetus to
the development of our
light-metal resources, and,
as a result, supplies have
become more abundant
and the cost of the metal

has been reduced. It was
not until quite recently,
however, that serious

attention was given to the
resistance-welding prob-
lem, for with other weld-
able materials readily available, there was
little advantage to be gained in utilizing
what was known to be a more hazardous
process than that required for ferrous

materials,
The acute shortage of steel at the
present time has placed an entirely

different light on the subject, and atten-
tion is now being focused on aluminium
as a likely substitute for steel in many
diverse applications. The metal has, in

* Research Department, British Insulated Callender's
Cables, Ltd.
f Weldinff Consultant to B.I1.C.C., Ltd.

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

fact, become a vital part of our national
economy and it is clear that the welding
problem must be considered as a matter
of the highest importance. The authors
believe that a solution has been found
and are confident that the method of
welding describedt will have widespread
industrial application.

Resistance-welding Technique

In order to understand more fully the
problem of welding alu-
minium, it is first neces-
sary to consider the
fundamental principle of
resistance-welding.

When it is desired to
join together two or more
pieces of metal by a spot
or seam weld, the metal is
held between two elec-
trodes which conduct a
current of high amperage
through the pieces, the heat generated
being directly proportional to the electrical
resistance offered by the metal between
the electrodes. With the current main-
tained until the metal reaches welding
temperature, the electrodes are forced
together and a unified weld is obtained.
The pressure is maintained until after the
current has been switched ofT.

The heat generated in this way can be
expressed by the formula: —

H=12RTxK.

, inoucc enun-Tt

1 Patent Applications No. 30,330/46. 2,071/48.
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Fig. 2.—Macrograph of grain structure.

W here | is the current passing between
electrodes, R is the total resistance offered
by the metal (this is made up in the
manner illustrated in Fig. 1), T is the
time the current is maintained, and K is
a constant for the particular application,
depending on losses due to radiation and
conduction and hence varying with the
time and the material to be welded.

It will be seen that when aluminium
is the metal to be welded, the constant K
and the resistance R are low (assuming
that there is no oxide present on the
surfaces of the metal), so that for a given
amount of heat the welding current must
be increased to a very much higher value
than that for steel, and thus when
attempts are made to spot- or seam-weld
aluminium by normal methods, machines
of very much larger output than those
required to weld steel of equal thickness
must be used (see Table 1).

There are also other difficulties. For
example, it is obvious that in view of the
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relatively low melting point of aluminium
and most of its alloys, the useful plastic
range will, in contrast to that of steel,
be limited and, consequently, exceedingly
accurate control is necessary. In addi-
tion, the surface of aluminium tends to
oxidize rapidly in air, the surface resist-
ance increasing in proportion, so that
this high resistance film must be removed
from all surfaces if satisfactorily con-
sistent and uniform welds are to be made.

Fig. 4.—Sample of spot welding.

Another difficulty is the marked tendency
for aluminium to alloy with copper, which
causes “ sticking,” so that frequent
changes of electrodes are necessary
In spite of the above difficulties, how-
ever, progress has been made with spot
welding in recent years
and, provided that accu-
rate control is exercised
and machines of high
power output are used,
good spot welds can be
obtained by normal weld-

ing methods.

When seam welding is
attempted, however, it is
found that even when the
on-ofT periods are reduced
to the region of one cycle,
the weld is not always
continuous. This can be

Fig. 6.—Spot welder in action.
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explained quite simply by
a series of diagrams. Fig. 8
(a) shows the normal path
of current for the first shot
when two sheets of alu-
minium are being welded
between electrodes. The
sheets are then moved
very slightly forward for
the second cycle. The
resistance  built up by
oxidation on the surfaces
of the aluminium now
causes most of the current
to deviate from the direct

Fig. 5—Weld being

path and follow the path of least resist-
ance through the previous weld, as shown
in Fig. 8 (b). This by-passing of current
persists until the distance becomes too
great, when a fresh weld is made.
Fig. 8 (c).

The “seam ” weld thus produced is in
reality a series of separate spot welds at
close intervals, and it is obviously useless
for pressure vessels or liquid containers.
Even when attempts are made to over-
come this by using wider electrodes, high
current density and relatively low speeds,
with the centre of the spots well spaced
but having sufficient spread to link up

Fig. 7—Typical weld obtained with new
process.

Fig. 3.—Seam welder in operation.

and overlap in the form of a *“ stitch”
weld, it is difficult to obtain a satisfac-
torily gas-tight seam. Experiments have
shown that in this method, with speeds of
the order of 3 ft. per minute, machines
of more than 200 kVA have been neces-
sary. Fortunately, by the adoption of an
entirely new technique in welding, this
trouble can now be overcome.
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Fig. 8
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(left). — Three

sketches (A), (B), and (C),
showing how intermittent
weld is formed.

Fig. 9 (right).— Sketch of

steel strip method.

After considerable experiment it was
found that when aluminium was pre-
heated to a certain extent and the current
applied, a highly efficient weld was pos-
sible. A method was, therefore, evolved
in which steel strips of definite thickness
were interposed between the electrodes
and the aluminium; the thickness of the
steel strips being determined by the thick-
ness of aluminium to be welded. The
principle is illustrated in Fig. 9.

Applying the previous formula to this
method, we find that although K will
have a different value, the total resistance
between electrodes (R), will be consider-
ably increased; hence, for a given amount
of heat the welding current will be pro-
portionately reduced.

The passage of current through the
higher resistance offered by the steel
generates approximately four times more
heat in the steel than in the aluminium.
The aluminium is thus heated by conduc-
tion just before reaching a position
between the electrodes where the weld is
made, so that when the shot is finally
applied, the temperature need only be
raised a few degrees to reach exact weld-
ing heat. (Whether this additional heat
for welding is actually obtained by the
passage of current through the aluminium
or by the increased heat of the steel, has
not yet been ascertained; it is probable
that the additional heat from the steel
plays the more important part.)

That a perfectly uniform and continu-
ous weld of high efficiency is possible by
this method, has been amply demon-

strated by convincing tests
in  which perfectly gas-
tight seam welds with
tensile strengths up to 92
per cent, of the parent
metal have been recorded. Provided that
correct welding pressures are used and
fine adjustment of the current can be

made, the steel does not stick to the
aluminium.
In Fig. 7 may be seen a typical seam

weld obtained in 20 S.W.G. aluminium.
The sample shown has been anodized and
dyed in order to illustrate the cleanliness
of the seam weld obtained. This feature
will be of particular interest to those con-
cerned in the manufacture of fancy goods
in aluminium. The strength of the weld
is illustrated in Fig. 5. Here, the metal of
the same sample has been opened out and
an attempt is being made to separate the
weld by chisel. It will be seen that the
tear actually occurs in the parent metal.

The alteration in grain structure of the
weld may be seen in Fig. 2, and in Fig. 10

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

Electrode Pressure 10,000 Ib.’sq. in.
Tip Size 5/32 in. dia. 120° included angle
Time 5 cycles

Short Circuit Current
(amperes)
Sheet Thickness
(ins.)
BA 60

Steel e
Aluminium

0.016 7,500 17,000
0.028 9,000 17,600
0.036 9,760 19,700

* Figures published by permission of the British
W elding Research Association.
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the variation in hardness across the weld
is shown plotted.

Undoubtedly, the most important
advantage obtained by the new method
is that it is no longer necessary to use
machines of large output for aluminium
welding. The welds illustrated were, in
fact, made on a convcntional-pattern
30-kVA machine with the usual ignitron
time control and running at a welding
speed of 13 ft./min. when welding
20-s.w.g. aluminium alloy. Fig. 3 shows
the seam welder in operation.

Spot Welding

When aluminium is spot-welded many
of the dilliculties hitherto experienced

with seam welding do not, of course,
arise, for the spots are spaced at
sufficiently wide intervals to neutralize

the effect of “ by-pass” current. High-
power machines of the order of 200 kVA
output have, nevertheless, been required,
and as the majority of the spot-welders
are of comparatively low capacity for
steel welding they have proved unsuit-
able for use on aluminium jobbing as
well as their normal production work.
Application of the new method to
spot-welding, however, will immediately
increase the range of a large number of
existing machines. How far their field
of usefulness will be increased may be
judged from Fig. 6, which shows a

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

Electrode Pressure
Tip S 1Z € i

10,000 Ib./sa- in.
w5132 0. dia. 120°
included angle
Time 5 cycles
Steel Strip Thickness 0.016 in.

Short Circuit Current (amperes)

Sheet Thickness

(in) BA 60 Aluminium with 0.016-in.
steel.
0.016 8.700f
0.028 9,000
0.036 9,760

* Figures published by permission of the British

Welding Research Association.
7 This value may even be less with thinner steel strip.
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Fig. 10.—Graph of hardness.

conventional - pattern 30 - kVA welder
being used for spot-welding three pieces
of .080-in. aluminium alloy (1.25 per
cent, manganese) to a total added thick-
ness of £ in. The electrode pressure for
this weld was 7,000 Ib./sq. in. The
strength of the weld so obtained is illus-
trated in Fig. 4, the top piece of
aluminium having been torn away
leaving a solid nugget of weld. Further
welding data for this sample are:—

Short circuit current 9,000 amperes

Welding time .. 5 cycles

Electrode tip S i J* dia. flat.

In general, the tensile strength of a
weld joining two pieces of 14 s.w.g.
aluminium is 6.4 tons per sq. in. (over

90 per cent, parent metal).

In Table 2 the currents obtained with
the new method of welding on aluminium
of identical grade and thickness as that
quoted in Table 1 are shown for
comparison.

Present Work

Experiments with resistance welding
are continuing, with an investigation into
the maximum current required for weld-
ing various grades of aluminium, and it
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is hoped to include results of this work,
together with other relative information,
such as the mechanical-weld strengths
obtained, variation in grade structure,
etc., in a later article.

At the same time, it is hoped to publish
details of research into the resistance
welding of magnesium-base alloys. Up
to the present time experiments with this
metal have proved disappointing, the
mechanical-weld strengths obtained being
only about 48 per cent, of the parent
metal. The new process, however, shows

Letters to

the

March, 1948

considerable promise with magnesium
and successful welds will undoubtedly be
achieved when the appropriate welding
factors for pressure, speed and time are
finally determined for the metal.

The author’s acknowledgments are due
to Mr. P. V. Hunter, C.B.E., Engineer-in-

Chief,  British Insulated  Callender’s
Cables, Ltd., for permission to publish
this article; to the British Welding

Research Association for their collabora-
tion, and to various colleagues for their
assistance in the work.

Editor

Correspondents are reminded that a stamped and addressed envelope should be enclosed In all

cases where a personal answer is desired. It

Is understood that any letter received may be

published at the discretion of the Editor.

Anodizing Plant

“1 very much appreciate your kind
assistance in helping me to obtain 17ST
square tubes 45 by 45 by 2 mm. and alu-
minium-alioy cycle components, although |
was unable to trace the translation of your
article from “Light Metals > which was pub-
lished in a Norwegian paper.

“May | now ask for further assistance.
I wish to contact a maker of plant for
anodizing and dyeing aluminium alloys in
silver and a range of colours. A description
of plant, process instructions and a quota-

tion will be greatly appreciated.”—o01e
Hensen, Norway.
We  would recommend that
inquiries be addressed to William

Canning and Co., Ltd., 133-7, Great

Hampton Street, Birmingham, 18,
England, and to R. Cruickshank.
Ltd., 123, Gray’s Inn Road, London.
W.C.l. It will be advisable when
ordering such plant to state very
completely the purpose for which it
is required, more especially as re-
gards estimated metal area loading.
An alternative to obtaining appar-
atus direct from this country would
be to have it constructed in Norway
to a detailed specification provided
by a competent authority. We sug-
gest in this connection that inquiries
be directed to Mr. Peter Smith, of
30, Cova.l Gardens, East Sheen.
London. S.W. 14.

Decorated Metal Boxes

" On page 565 of the November issue of
‘Light Metals’ is a selection of decorated
metal boxes for export markets, fabricated in
aluminium and coloured by a printing pro-

cess, which | have admired with great
interest.
“As 1 am greatly interested in the

importation of these boxes for the Spanish
market, | should be very much obliged if
you would put me in touch with the Metal
Box Co., Ltd. Being well connected with a
branch of the grocery and confectionery

«trade, | believe firmly that there is good busi-

ness to be done with these articles.”—

V. L. de Ceballos, Barcelona.

We agree with Senor Ceballos as
to the superb artistic merit of these
decorated metal boxes, and would
point out that those illustrated form
but a section of a much wider range
produced by the Metal Box Co., Ltd..
the address of which is The Lang-
ham, Portland Place, London, W .I.
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Light -Alloys in

T he

Internal-Combustion Engine

Continuedfrom “ Light M etals1948j11j76, this Section

of the Account Develops the Discussion on Light-Alloy

hearings and Concludes with the Possible Application of
Light Alloys to Crankshafts and Camshafts

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

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

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

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

ashaft deflection and changes in load.
Both surfaces shouldproperties are, of course, in general opposed

sufficiently low modulus of elasticity and
yield point to accommodate itself easily to
These

to high fatigue strength. Bearings are not
without their corrosion troubles and espe-
cially when using certain of the newer refined
oils it is essential that the bearing metal
should possess an adequate chemical resist-
ance. Good thermal conductivity is important
to keep the bearing cool, and this means not
so much taking heat from the shaft and oil
as of dissipating the heat of the momentary
seizures and melting into the body of the
bearing metal.

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

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

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

“ Quarzal,” a continental alloy, contains
5-15 per cent, of copper. 2-3 per cent, of
lead and/or bismuth, and works best at a
pressure of half a ton per sg. in., but will
take a ton. Another alloy of this class
consists of 20-22 per cent, of silicon, 1.25 per
cent, cobalt, 1.5 per cent, copper, 0.6 per
cent, manganese, 125 per cent, nickel,
0.5 per cent, magnesium, the balance alu-
minium. The object of this intricate selec-
tion is to imitate white metal-hard particles
embedded in a soft matrix. The alloy has
ajtlzéow expansion and a Brinell hardness of

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

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

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

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

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

In Automotive Industries, October, 1939,
L. Kempf, research engineer, and F. Jardine,
chief automotive engineer of the Aluminum
Company of America, describe the properties
of an aluminium-base bearing metal recently
developed. The fatigue strength of the
alloy 1s claimed to be many times that of
conventional by-metal bearings, whilst its
resistance to corrosion by the breakdown
products of lubricating oils is also of a high
order. Fabrication of the bearing is not
difficult, and the customary methods of
finishing can be employed. For main and
big-end bearings permanent mould castings
are employed, but for camshaft bearings use
is made of rolled sheet. It is pointed out
that, whilst aluminium-alloy main bearings
are but a recent innovation, the metal has
been used as a material for aircraft camshaft
bearings for a quarter of a century. Also,
as is, of course, well known, aluminium has
long been used .for valve-tappet guides and
as gudgeon-pin bearings in aluminium-alloy
pistons.

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

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

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

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

The medium-hard alloys, La 11 and La 31,
are similar to each other in possessing good
running qualities and good resistance to
edge pressure. Alloy La 31 is preferred to
La 11 when it is impossible to give the bear-
ing surface a high finish and when it is not
expedient to run the bearing in gradually
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under load. Alloy La 21 has approximately
the same coefficient of expansion as bronze
and is used mainly for bearings subjected to
shock and high loads. It is also employed
for metalling cast-iron bearing housings
operating at high temperature. None of
these three alloys is markedly affected by
heating such as is likely to occur in normal
operating ranges, aluminium-base materials
being, in this respect, greatly superior to
tin-base bearing metals.

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

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

Fig. 51.—Piston, in DTD

424, for the scavenge
pump of a C.l. engine
built by John I. Thorny-
croft and Co., Ltd.,
Woolston, Southampton.
should occur, a thin layer of
aluminium  will be found

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

These materials are mainly employed in
the form of solid or split bushes. The mate-
rials are supplied in the form of wrought
rod and tube and as sand and chill castings.
La 11 and La 31 can also be produced in
the form of cold-drawn tubes in the usual
manner. For example, a tube with an outer
diameter of 2 ins. and about i in. thick can
be made to an accuracy of * 0.007 in. on
inside and outside diameters; hence, in the
case of bearings with large clearances,
assembly can be carried out without previous
machining. For special purposes, for in-
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stance, as a lining in a supporting bearing.
La 11 can be supplied in the form of sheet
or strip; the cold-worked surface, which pos-
sesses good "running” properties is, obvi-
ously, ideally suited for a bearing.

The aluminium-base bearing alloys which
have been described, together with a number
of bearing bronzes, tin-base white metals and
special cast irons, have been examined with
respect to their bearing qualities on a special
testing machine,fI1 using forced-oil lubrica-
tion and a shaft rotating against the speci-
men to be examined. With loadings up to
800 kg./sq. cm. it was possible to run some
journals at 2,000 r.p.m., corresponding to a
surface speed of 1,520 ft./min.. without
trouble.

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

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

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



148 LIGHT

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

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

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

He also quotes some examples from auto-
mobile engine bearings. Thus, he states that
the Adolf Saurer A.G. have, since 1941,
employed an alloy corresponding to La 31 for
main bearings and connecting-rod bearings
in compression-ignition engines. This con-
cern observed that experience in practice was
m\&ry good, and that aluminium-base alloys
would undoubtedly continue to be employed
now that the war iIs'over. On account of the
high heat conductivity of aluminium-alloy
bearings, these have proved suitable for sus-
taining the very high loads met with in the
modern high-speed high-output engine,
where the consequences of seizure in bearings
might be very serious.

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

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

La 31 is easily run-in and resistant to edge
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pressure, and shows no undue tendency to
seize, even with minimum lubrication. La
11 is highly corrosion resistant, exhibits
good adsorbing properties for an oil film,
and is relatively low in first cost. It is gener-
ally used in the heat-treated condition,
whereas La 21 and La 31 are more frequently
employed without heat treatment.

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

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

Lubrication with grease is suitable only
for smaller loads, especially if the shaft be

oscillating.  In this case, contrary to oil
lubrication, the load must not exceed
280 Ib./sq. in. It is recommended that, for

this type of lubrication, a device be designed
which permits grease to be forced continu-
ously on to the bearing surface. The change-
over to aluminium bearings is not a difficult
matter. In fact, Deck recommends that bear-
ings of minor importance subjected to no
very great loading can be replaced by alu-
minium-base alloys without alteration of
design, that is, provided that the operating
temperature does not exceed about 60
degrees C. and, of course, that lubrication
is always sufficient and that no chance of
serious corrosion attack is likely to occur.
The good heat conductivity of these alu-
minium-base bearing alloys is of consider-
able importance. The heat conductivity of
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P\EPICTED on this page are various views

of an experimental engine for a motor
cycle developed by the Wooler Syndicate.
121. Cannon Street, London, E.C.4. This is
a 500 c.c.'4-cyl. horizontally opposed engine
operating on the beam principle. The cylin-
der block is light alloy with steel liners and
the majority of other parts, such as cylinder
heads, rocker boxes and covers, connecting
arms and the master connecting rod are of
light alloy. The engine isa radical departure
from traditional design and incorporates
many novel features; for example, the whole
machine including the engine can be dis-
mantled with one double-ended spanner.

DICTURED immediately above isthe connecting
* link assembly for the Wooler engine. |he four
connecting arms and the master connecting rod
are light alloy forgings and operate directly on to
nitrided steel surfaces. The bearings thus
formed have been in use for twelve months,
during which time the machine has travelled
10,000 miles. They are stated to be quite satis-
factory and superior to bronze bearings. The
master connecting rod and flywheel assembly has
be”n specially designed to give a large bearing
surface.
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the light metals is approximately 0.4 cal./
cm./degrees C., as compared with a figure
of 0.13 for bronze, 0.1 for tin-base bearing
metal and 0.07 to 0.11 for cast iron. Thus
frictional heat is conducted much more
readily from the rubbing surface of alu-
minium-alloy bearings than from those of
other bearing materials, a point of some
importance where heavy loads are con-
cerned. However, gaps, insulating shims or
openings which interfere with heat flow or
transference must be avoided; for example,
heat flow may be hindered by an oil film
between the two parts of a split bearing.
Again, to avoid any difficulty with heat
transfer, the outer faces, of the bushes should
be in close contact with the matching faces
of the bearing housing.

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

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

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

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

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

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

The low proof stress and. high elongation
of the aluminium-silicon alloys has also
prompted the use of this metal in automobile
bearings. In this case the alloy was used
for the cage for tapered roller bearings, and
it was roll-moulded to the exact contour
required.

Bearing Caps

High strength aluminium alloys function
quite satisfactorily in the construction of
bearing caps. They seem to crack less fre-

* It is possible that anodized aluminium may act os
a powerful catalyst in the oxidation of lubricating oil
which inevitably tabes place in service, thus
accentuating the difficulty.
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quently than cast iron, and large caps, as
used on the big Diesel engines, can be
handled fairly readily, whereas those in cast
iron are most tricky and difficult to manage
on account of their weight. The high
stresses to which these parts are subjected
make it necessary to use a hish-strenglh
alloy: RR 56 (D.T.D. 130A or 410),
duralumin E, or Ceralumin F, with U.T.S.
around 26 tons per sqg. in., 0.1 per cent, proof
stress around 20 tons per sg. in. and elonga-
tion about 10 per cent., are frequently recom-
mended. A sound forging in one of these
alloys is as strong as mild steel and a third
the weight. The soundness of the

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

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

Surprise has been expressed in various
quarters that there has been comparatively
little advance in the powder metalluragy of
light metals and alloys, as applied to auto-
mobile construction, when the general
application of powder metallurgy is con-
sidered. In a general sense, it is correct to
say that many more advances have been
made in applying powder metallurgy to the
production of bi-metal porous bearings,
bushes and thrust washers, clutch and brake

friction plates, door snubbers, oil-pump
gears in iron and steel, filters in bronze,
nickel and stainless steel, and other com-

ponents. It is true that so far the light
metals and alloys have not received as wide
application in the production of metal
powder parts as had been hoped, but there
are cogent and important reasons for this.
Modern automobile engineering demands
higher-duty material capable of standing up
to heavy service over lona periods with a
minimum of attention. The light metals
compact by sintering less readily than the
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bronzes, cast irons and steels; this, at least,
is true of aluminium when normal techniques
are adopted, and magnesium, too, requires
careful control of the sintering process.
Because of this, and in consequence of the
difficulties of handling oxide-free powders of
these metals, it is reasonable to expect certain
limitations in the strength values which may
be attained in sintered masses.

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

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

Fig. 51.—Reverse gear casings,
chain cases, clutch housings
and other aluminium alloy
castings, principally for use on
Thornycroft lorries. These
are cast at the Woolston works
of John 1 Thornycroft and
Co., Ltd.

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

Atomized powders are the rule in the
powder metallurgy of the light metals, yet
the process of atomizing is a quenching.
Hence the troubles that a partially, or even
a wholly, precipitation-hardened powder can
give rise to are the first factor the powder
metallurgist must consider. That does not
mean the problems cannot be solved—it does
mean that careful research is necessary, it
probably means that pre-alloyed powders
will not be the best material to use. Then
there is also the ease with which aluminium,
in particular, builds up or cold-welds to the
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die walls with increasing pressure. Here
there are several possibilities of ameliorating
the trouble.

There is the promise lying in using a
comparatively low initial pressure and
following sintering with cold or hot forging.
There is also the recognition that general
lubrication through the powder mass before
pressing is not necessary, that it is the
powder in direct contact with the die wall
that requires lubrication, and that the use
of a selected lubricant can provide very
much more efficient lubrication than the
haphazard use of the first lubricant that
comes to hand. There are possibilities of
applying certain modern plastics in a layer
only a molecule or so thick which may be
of service. Finally, there is the choice of
material for the die. or at least for the die
liner, and here the wetting power of metal
powders under varying pressures is of
importance. The substitution of highly
polished carbide liners is an obvious possi-
bility, in view of the superior hardness of
the carbides to corundum or aluminium
oxide, for it is fairly obvious that the first,
stage in the build-up of aluminium on the
die will be the scoring of the die wall by
the oxide film on the aluminium grains.

This may appear a long apologia, but it is
important to understand why the case of the
light metals and alloys is different from that
of the other metals as regards their powder
metallurgy. It is also to be remembered
that for low-strength components there are
alternative economical methods of produc-
tion, such as die casting and similar
processes. Hence there must be outstanding
advantages in components produced by
power metallurgy to justify the process
being used. As a rule these advantages are
that the particular properties of the com-
ponent can be obtained only by powder
metallurgy, i.e., controlled porosity or a
combination of metals not possible by other
than powder-metallurgical technique. On
the other hand, powder metallurgy may
provide outstanding properties, as in the
case of sintered-metal clutch linings, which
gave long life without increased drum wear.

In this connection interesting experimental
work was carried out in Germany just
before the war, when mixtures of aluminium
and magnesium powders respectively with
kieselguhr and a phenolic resin were pressed
and sintered, and provided results which

clearly indicated that further work was
essential. Details of other work on sintered
bearings in many variants of aluminium-
iron, aluminium-copper. aluminium-

cadmium-lead eutectic, as well as magnesium
alloys and mixtures, show that in the early
years of the late war the Germans were
pursuing inquiries in many directions into
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the possibility of
lurgical methods
components.

An actual achievement in this field is the
production of a self-lubricating powdered-
aluminium bearing by the Amplex division
of the Chrysler Corporation, which they
claim .to be equal in performance to self-
lubricating bronze bearings. Another field
in which developments are looked for is in
cylinder liners, piston rings and similar
components. As is well known, the grooves
of light-alloy pistons wear badly with cast-
iron piston rings. This suggests their
production from light alloy also, but so far

utilizing powder-metal-
with light - metal

no practical and commercially successful
component has appeared. That is no reason
for not anticipating one. In Germany

patents have been taken out for light-alloy
piston rings containing appreciable quantities
of cobalt-aluminium intermetallic com-
pound, together with smaller quantities of
cobalt, metal, manganese, etc., but so far as
the latest information goes, the piston ring
has not yet emerged from the experimental
stage. The same would appear to apply to
experimental work in this country on the
production of pistons, cylinder heads and
other components.

Even more remote from production
achievement would appear to be useful
sintered masses of magnesium-base alloys.
This may be explained partly by reason of
the hazards entailed in the free handling of
large quantities of these materials in a finely
divided form, and partly because of the
lethargy  which  still characterizes the
approach of so many branches of engineer-
ing towards the wider use of the ultra-light
alloys. True, the automobile industry has
not been slow in its appreciation of the
merits of magnesium, and signs are not
wanting of a vigorous outburst of renewed
all-round interest.

All this indicates plenty of activity and
suggests that there are still many unde-
veloped possibilities. A hopeful feature
to-day is that progress is on a broad front,
that many of the problems which handi-
capped workers before the war have now
been partially or wholly solved, and that
there have been massive advances in funda-
mental knowledge, which must always be the
basis upon which any satisfactory investiga-
tion is based. There is also a growing
recognition among automobile engineers
that'they can look to powder metallurgy to
Drovide materials the older classxal metal-
lurgical methods can never supply. (Matter
for this discussion on light-alloy powder
metallurgy was furnished bv courtesy of
Powder "Metallurgy, Ltd., Commonwealth
House. 1-19. New Oxford Street, W.C.l.)

(To be concluded.)
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CASE

espite the
Dact that
physical

manganese,  not
more than 0.7 per

A cent.; nickel, not
metallurgy s TEMPER MENT more than 0.5 per
taking its place .. cent.; chromium,
amongst the exact A Renieir by F.A. A“en’ A.lLM. not more than
sciences, produc- 0.4 per cent;

tion metallurgy, at least of the light-alloy
variety, often appears to be compounded
of inspired guesswork and just guesswork.
The number of variables that may operate
are known to be great, and when real diffi-
culties are encountered in the production
of castings, lengthy investigation must
often be made merely to eliminate some
of the possible adverse factors. But jf
such were the normal pattern of pro-
cedure this would not be as bad as the
position that too frequently arises; for
example, castings may be made success-
fully from pattern or die on four days
out of five, but the fifth is hopelessly poor
in production because of excessive scrap.
The foundryman, in these circumstances,
may blame “ the metal ” as all other con-
ditions appear to be identical; if he be
more charitably disposed to the metal-
lurgist, or, more intelligent, he may, in all
seriousness, blame the weather. If the
truth be told, the conscientious metal-
lurgist will secretly wonder if the trouble
really is, after all, not with the metal, in
spite of his assurances, dictated by shop
psychology and a chemical analysis, that
nothing is wrong.

The French journal “ Fonderie,” for
February, 1946, discusses the problem, in
a paper by M. Jean Duport, entitled
“ Difficulties encountered in the use of
secondary alloys in gravity diecasting.”
The author states that he has visited
many foundries to investigate difficulties
apparently arising from the utilization of
these materials. Two examples are quoted.

In the first foundry the composition of
the secondary alloy used was as follows:
iron, not more than 0.8 per cent.; silicon,
5.5-8.0 per cent.; copper, 3.0-50 per
cent.; zinc, not more than 2.0 per cent,;
magnesium, not more than 0.5 per cent.;

titanium, not more than 0.3 per cent.
This alloy is designated 2 A-S5U, and is
standardized by a French body dealing
with secondary light alloys.

Some ten tons of this alloy had been
received, and its use had unfortunately
caused great disappointment. Respon-
sible supervision recounted to the author
some of the setbacks that been encoun-
tered.

The difficulties could be classified in
four groups:

(1) When the metal is melted and held
at casting temperature in the holding
furnace, a tenuous skin is observed to
form on the surface of the molten alloy:
the skin immediately re-forms after the
passage of a skimming-tool. It was
noticeable that the film was more viscous
and thicker than the film of alumina
usually associated with molten alumi-
nium alloys. Its presence signalized poor
running properties giving frequent scrap
particularly on thin-sectioned castings.
This was the least serious fact observed.

(2) Under the same conditions, the
formation of a very thick surface film
may be seen, which cannot be eliminated
by any of the usual refining fluxes. When
the diecaster took metal from the bath,
he could not avoid entraining fragments
of this thick viscous scum. The metal
ran sluggishly and many castings did not
make.

(3) In the third case, it was observed
that a porous, bulky cover formed on the
surface of the metal. Whatever precau-
tions were taken, the mass still developed,
and in time, such was the progressive
nature of the action, all the metal
was reduced to this dross,'and was there-
fore rendered unusable.

This case was the worst and most
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serious of the metal troubles experienced
and was due, it was found, to an abnor-
mally high magnesium content.

(4) Occasionally, proneness to shrink-

age defects in castings poured from
secondary ingot was so marked that only
scrap was produced, although the same
die produced perfect castings without any
difficulty when virgin ingot was used.

The 10-ton batch of metal, mentioned
above, having shown difficulties of the
type described in the second case, was
analysed with the following result:—Iron,
0.55 per cent.; silicon, 6.70 per cent.;
copper, 4.40 per cent.; zinc, 0.0S per cent.;
magnesium, 1.00 per cent.; manganese,
0.65 per cent.

Comparing the above with the specifi-
cation quoted of alloy 2A-S5U, it can be
seen that the magnesium content is high.
It appeared to confirm the impression that
high magnesium was the cause of the
trouble.

It was thought, however, that it was
premature to draw conclusions from a
single analysis; a second sample was
taken and gave the following analytical
result:—Iron, 0.57 per cent.; silicon,
6.09 per cent.; copper, 4.40 per cent;
zinc, 1.02 per cent.; magnesium, 0.39 per
cent.; manganese, 0.54 per cent.; nickel,
trace; chromium, nil; titanium, nil.

This sample was evidently within speci-
fication standards.

The following conclusions were drawn
from this example: first, in any batch of
metal it is wise to envisage the possibility
of serious variations of composition. This
state was explained by the fact that few
French refiners are equipped with fur-
naces of large capacity; secondly, second-
ary alloy could be accepted oh the results
of a chemical analysis, and yet be prac-
tically wunusable in the gravity die-
foundry.

The second foundry visited specialized
in the production of small- and medium-
sized gravity die castings, which could
only be produced after many attempts.
The casting was of simple form, and the
unaltered die had already previously suc-
cessfully produced many castings. The
technique of the die casters had not been
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changed. The author successively tried

the following experiments:—

Varying the pouring speed.

Varying the height of the pour.

Varying the die temperature.

Varying the pouring temperature.

Vibrating the die table.

Tilting the die during pouring to fill
the mould without turbulence.

7. Changing the die caster’s ladles.

In spite of all attempts, it was not poss-
ible to produce more than 5 per cent,
good castings.

But the next day's production, under
the same conditions as far as was known,
was good. Chemical analysis of castings
representative of the two days gave the
following results:—

Al Cu Sn Zn Fc Mn Mg Si
85.47 3.32 0.05 0.20 0.75 0.38 0.53 9.30
85.45 3.40 0.04 0.25 0.80 0.39 0.53 9.14

ok wN

Scrap Casting ..
Good Casting

One would say that there was no prac-
tical difference in composition from one
day to the next, although the result, in
terms of castings, was very different.

The problem was now more defined,
and the author was able to proceed
farther. He considered the sources of
material and detailed spot chemical tests
for determination of alloy types, and con-
cludes with a summary of essential
foundry properties.

The most important is without doubt
that of fluidity to which should be added
freedom from cracking and shrinkage. In
relation to the first property, the author
found that the surface treatment ot the
die face was of great importance and
found in general that the better a heat
insulator the coat was, the better the
apparent fluidity of the metal.

In a subsequent number of “ Fonderie,"
de Kenny notes the influence of alumina
in the metal.

In conclusion, the present reviewer
would say that the British refining indus-
try is in advance of the French counter-
part. Although the states described by
Duport are not unknown in this country,
secondary ingot from reputable manufac-
turers gives little trouble provided melt-
ing technique is as efficient as that used
in the treatment of virgin material.



March, 1948

LIGHT METALS

155

Corrosion of Metals

with Oxygen D epolarization

Continuing from * Light NIetaI5194811H12, the
Next Section of Tomashoff's Work Deals with Cathode
Characteristics with Special Deference to Aluminium

and its

'T'HE most complete guidance on the
* accelerating corrosive action of any
cathode material on the corroding anodic
structure can be obtained only from the
examination of experimentally derived
polarization curves, since these (as dis-
tinct from the theoretically deduced
curves) quite accurately characterize the
behaviour of a real cathode with regard
to any other corrosion system.

It is known that experimental study of
electrode processes, particularly measure-
ment of cathode potentials under condi-
tions of oxygen depolarization, tend to
give results which are difficult to repro-
duce. This is due, mainly, to the follow-
ing two causes:— (1) Non-attainment of
equilibrium  between the process of
removing the oxide film from the elec-
trode (on account of the cathodic polar-
ization) and film formation (in conse-
quence of the oxidizing action of the
depolarizer upon the cathode surface);
(2) the difficulty of creating and main-

Alloys

taining a uniform rate in the transfer of
the depolarizer to the cathode.

In order to diminish the effect arising
from the first cause, it is necessary to
lengthen as much as possible the period
of time at each increase of current
density, and to use the corresponding
values of potentials for the plotting of
polarization curves.

To mitigate the effect due to the second
cause, recourse has to be made to
energetic agitation of the electrolyte and
to precision regulation of the speed of
rotation of the stirrer.

It follows, therefore, that the factor
responsible for the deviation of the real
cathode curve from the analytical one,
attaches to the alteration of the state
(and,consequently, of the electro-
chemical properties) of the actual
cathode surface during cathodic polar-
ization.

Chiefly to be considered in this regard
are removal of the oxide film from the

cathode surface (with increase
in cathode-current density)
and formation of the oxide
film  (when the cathode
current decreases).

Let us consider the varying
behaviours of cathodes

Fig. 29.—Comparative curves for

cathodic polarization:— 1, iron;

2, nickel: 3. chromium; 4, 18/8

stainless steel. (Figure 29 in
Russian text.)
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Fir.30.—Curves for cathodic polari-
zation of Rraphitc : I, direct course :
2, reverse course ; 3, static electro-
lyte (for initial polarization of the
electrode) ; 4, static electrolyte (for
repeated polarization of the same
electrode). (FiRure 30 in Russian
text.)

covered with, and free from,
film (or, to be more precise,
of a cathode having a more
or less continuous surface
film, and of one bearing a
less continuous film). The
corresponding polarization
curves will also be compared.

Depending on the electro-chemical
characteristics of the oxide film, the fol-
lowing cases are possible:—(a) The film
possesses no electronic conductivity and
cannot itself function as a cathode. In
this event the oxide layer acts as a dielec-
tric, which, subject to its continuity,
insulates a greater or lesser part of the
cathode surface. Under these conditions
the cathode, covered with the oxide film,
is liable, for given current densities, to be
polarized more strongly than one free
from the oxide layer or covered with a
more porous-film. In this instance the
polarization curve for the cathode with a
more continuous film will be definitely
steeper, i.e., such a cathode should have
a higher apparent oxygen over-voltage.
The limiting diffusion current might,
here, remain practically unchanged, as,
with the frequent and uniform distribu-
tion of the film-free areas (pores), the
power of diffusion will be determined not
by the true working cathode surface but
by an overall area of the electrode.

(b) If the oxide film at the cathode

exhibits electronic conductivity, and, con-
sequently, acts itself as a cathode area,
then the course of the polarization curve
in the zone of the ionization over-
voltage of oxygen, or in the zone of the
over-voltage of hydrogen evolution, will
depend on the value of the over-voltage
at the oxide film itself. If the over-
voltage at the film be higher than that at
the pure-metal surface, the cathodic curve
for the film-covered electrode will rise
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more steeply; if the over-voltage at the
oxide film be smaller than that at a pure-
metal surface, the curve will run flatter
than that for the film-free electrode.

(c) If the surface oxide film functions

as the cathode, i.e., possesses electronic
conductivity, but has, compared with
metal, a markedly greater electrical resist-
ance, then the measured potential will be
affected by the value of the potential
drop due to the film resistance VR = R.i,
where R is the resistance of 1 cm.2of the
film, and is the density of the polarizing
current.

As a result, there will be some shift in
the curve for cathodic polarization
towards more negative potentials, the
movement being proportional to the
density of polarization current. If the
resistance of the surface oxide film be
considerable, the polarization curve will
be determined, in the main, by the above
equation, i.e., it will tend to become a
straight line.

It is known that the potential of a
metal covered by its oxide film exhibits
initial values more positive than those for
an oxide-free surface. Consequently, it
may be assumed that, in the absence of
cathodic polarization and with low
cathode - polarizing - current  densities
(when the influence of factors (a), (b)
and (c) is not great), then the film-covered
electrode will exhibit a flatter initial
course for the polarization curve than
the film-free electrode, i.e.,, the oxygen
over-voltage will appear lower.
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(d) Variation of the true area of the
electrode (for instance, in consequence
of difference in surface treatment) will
also exert an influence on the course of
the polarization curve. In the first
approximation, increase in cathodic
activity of a material in relationship to
oxygen ionization or hydrogen evolution
may be considered as proportional to the

increase of the true surface of the
electrode.
() In examining the experimental

curves it is necessary, in addition, to take
into account the fact that some processes
—for example, reduction of the oxide
film (with corresponding increase in
cathode-current density) or formation of
the oxide film (with corresponding
diminution of the cathode current)—tend
to be slow. Equilibrium conditions,
therefore, may not be reached, the devia-
tion varying for different regions of the
polarization curve. The result is that the
direct and reverse loci of the true polar-
ization curve may not coincide, but may,
at various points, differ to a greater or
lesser degree from one another.

Analytical and experimental investiga-
tion of cathodic processes with oxygen
depolarization has revealed that: (1) the
efficiency of the cathode will, with a
sufficiently energetic transport of the
depolarizer (oxygen), depend on the
cathode material; (2) the efficiency of the
cathode material in the process of oxygen
depolarization may be estimated by the
magnitude of the ionization over-voltage
of oxygen; (3) the ionization over-
voltage of oxygen, like the over-voltage
of hydrogen evolution, bears a logarith-
mic relationship to the cathode current
density.

The various cathode materials examined
form, when arranged in the order of
increasing oxygen over-voltage, a series
different from that for the stationary
potentials of the cathode materials or of
hydrogen over-voltage.

The role of oxygen and hydrogen con-
centrations in the cathodic process, as
well as the influence of roughness of
cathode surface, speed of stirring of elec-
trolyte, and the effect of various additions
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to the latter, were examined by
Tomashoff in great detail for different
corrosion systems.

For many cathode materials, a very
characteristic value proved to be the dif-
ference between the direct and reverse
polarization curve in the zone of oxygen
depolarization. This deviation permits
metals to be arranged in order of increas-
ing hysteresis of potential for a given
standard polarizing-current density.

Of all cathode materials investigated,
tantalum exhibits maximum dependence
on its surface oxide films; this is asso-
ciated with Jhe relatively high imper-
meability and stability of the oxide films
formed. Polarization curves for the
direct and reverse course for tantalum
exhibit, for this reason, both in the field
of oxygen over-voltage and in that of
hydrogen over-voltages, the most marked
hysteresis effects.

The polarization curve for the direct
course shows that, in the presence of an
undamaged oxide film at its surface,
tantalum has a high oxygen ionization
over-voltage, i.e., it operates as a low-
efficiency (or passive) cathode during
oxygen polarization. In the reverse
course, when the protective surface oxide
coating, after a prolonged polarization at
high current densities, is, to a consider-
able extent, impaired, the oxygen over-
voltage of the metal is of intermediate

value. The hydrogen over-voltage for the
tantalum electrode remains sufficiently
high, regardless of the duration of

cathodic polarization, even at the maxi-
mum current densities employed in these
investigations.

It is of interest to note that the
hysteresis in the cathode polarization of
tantalum is fairly stable, as repeated

polarization of the same electrode very
closely follows the loci of the direct and

reverse curves derived from the first
polarization.
The initial potential of the tantalum

electrode was equal to — 0.05 volt, and
the final to = 0.00 volt.

The lowest hysteresis was displayed by
gold; this is attributable to the ease of
reduction of the exceedingly thin oxide
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Densities (Table 8 h Russian text)

Potentials and Over-voltages for Various Cathode-current

2.— Electrode
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Aluminium and Aluminium-base Alloys

The cathode behaviour of an
aLuminium electrode is illustrated by the
curves in Fig. 31. The aluminium
employed contained not less than 99.99
per cent. Al, and was specially prepared
for the purpose by the Soviet Aluminium
Research Institute. Experiments concern-

ing  the cathode polarization of
aluminium were carried out in 0.5N
NaCl + 0.006M Na,C03 + 0.005M
NaHCO03 and in 0.5N NaCl without a
buffer.

In a buffered solution of sodium
chloride with pH = 9.2 the initial

potential was markedly negative (— 0.83
volt), this being a consequence of insta-
bility of the protective oxide films on
aluminium with respect to alkaline
solutions and the negative equilibrium
potential of the metal. In a neutral
solution of sodium chloride the potential
was naturally more positive, about —0.48
volt.

With regard to oxygen depolarization,
aluminium has proved to be one of the
least effective cathodes. The cause of the
low efficiency of the aluminium cathode
is attributable, not to any poor cataly-
tic activity of aluminium itself in respect
to the reaction of oxygen ionization, but
to two other indirect factors, namely:
(1) the strongly negative equilibrium
potential of aluminium and (2) the
instability of the protective oxide
films on aluminium in relation to alkaline
solutions. As soon as the process of
cathodic polarization of the aluminium
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cathode commences, the surface oxide
film begins to be etched off by the alkali

developed in the. neighbourhood. The
potential of aluminium is shifted in the
negative direction, not so much on

account of polarization phenomena, but,
rather, as a result of a diminution of the
protective properties of the passivating
film.  This effect is particularly pro-
nounced in a non-buffered solution, in
which initial potential of aluminium, by
virtue of neutrality of the medium, is
reasonably positive. Furthermore, in this
case, change in the pH value at the
cathode during polarization is, due to the
absence of a buffer, considerable. As is
seen from the curves in Fig. 31, the
aluminium cathode becomes so polariz-
able in this solution that even vigorous
stirring of the solution produces practic-
ally no effect: the electrode in the agitated
electrolyte is polarized almost as strongly
as in the static solution.

In a buffered solution with agitation,
we may still, it is true, observe a small
inflection in the curve, indicating the com-

mencement of concentration polariza-
tion (limiting diffusion current), but the
inflection is not pronounced, as the
potentials reached at these current

densities are such as to give rise to rapid
hydrogen depolarization, which will thus
determine the whole subsequent course
of the curve.

Hence it is to be concluded that in a
buffered solution of sodium chloride
(with agitation), the locus of the curve,
prior to the energetic evolution of

hydrogen (up to about — 11

volts), is determined by a
complex process involving
oxygen and hydrogen

depolarization, as well as by
degradation of the usual

Fig. 31.—Curves for cathodic polarization
of aluminium : I. direct course (ionization
overvoltage of oxygen, with increasing
density of polarizing current), with agitated
a_gyeous 0.5N NaCl - 0.006M NasCOn

0.006M NaHCO.-} ; 2, reverse course
(decreased density of polarizing current),
with electrolyte os before, agitated ; 3,
electrolyte as before, but without agitation ;
4 direct course in 0.5N NaCl. with agita-
tion ; 5, reverse course in 0.5N NaCl ; 6.
with static 0.5N NaCl. (Figure 31 in

Russian text.)



(33)

160

potential of the aluminium electrode due
to the rapid alkaline dissolution of the
protective oxide film during cathode
polarization.

In a non-buffered solution of sodium
chloride, and in a buffered but static solu-
tion, the course of the polarization curve
is, in the main, determined, prior to reach-
ing potentials marked by energetic
evolution of hydrogen, only by the latter
process of potential degradation.

With regard to the process of hydrogen
polarization, aluminium is also a
cathode of low efficiency, i.e., it has a
sufficiently high hydrogen overvoltage.
However, in this respect, the behaviour of
aluminium is not characteristic, for some
other cathode materials examined exhi-

bited even greater hydrogen over-
voltages.
Duralumin
The cathode polarization of duralumin
was conducted in 0.5N NaCl in atmo-

spheric air. Duralumin used was of the
cs A
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Fig. 33.—Curves for cathodic
polarization of zinc: |I. direct
course ; 2, reverse course : 3. 14
with static electrolyte. (Figure
34 in Russian text).
) 2 /11
Fig. 34.—Curves for cathodic 10 ‘t'
polarization of cadmium : I, ”1
direct course ; 2. reverse course ; cg """
3, with _ static  electrolyte.
Figure 35 injLRussian text.
(Fig i ) a6
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Fig. 32.—Curves for cathodic polarization of duralumin :
I, direct course, with agitated electrolyte ; 2, reverse
course with agitated electrolyte ; 3, with static electro-

lyte : 4, technical unalloyed aluminium in agitated
electrolyte. (Fig. 32 in Russian text).
technical grade, having the following

composition: 4.0 per cent Cu; 0.6 per cent.
Mn; 0.4 per cent. Mg; 0.3 per cent. Si;
0.5 per cent. Fe. Experimental results
are presented in Fig. 32. For the purpose
of comparison, the polarization curve for
high-purity aluminium obtained under
the same experimental conditions is also
given.

Examination of the cathode
behaviour of duralumin has
demonstrated that this alloy,
like aluminium itself, is of low
cathodic efficiency, especially
in respect to oxygen depolari-
zation. However, it is notably

more effective than a high-
purity aluminium. This point
will be demonstrated by a

direct comparison between the
two electrodes in the next

section of Tomashoff’s work.
N\
4.0 m*/em2 (To be continued.)

i3
!

/
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ARC WELDING

of Aluminium
and its Alloys

CONTINUING the discussion on the
Arcatom ” or atomic hydrogen pro-

cess, from Light Metals,” 1948/11/81,

an alternating current for the arc is

supplied from a special transformer, Due

to the very high temperature developed,

the speed of welding is considerably

greater than in the case of gas welding

and the heat-affected zone

next to the welding seam

is consequently narrower.

This and the very intense

heat make this process

eminently suitable for the

welding of very thin sheets

where distortion must be

avoided at all costs. It is

LIGHT METALS 161

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

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

only the light cone of the oxygen-acety-
lene flame should be held in the
immediate vicinity of the electrode tip in
order to generate an arc. Addition of filler
metal can be interrupted by removing
the electrode from the flame. This is
also a means of controlling the tempera-
ture of the molten pool within wide
limits. If cooling of this
pool is desired, the elec-
trode is dipped directly
into the pool, thus extin-
guishing the arc by short
circuiting. Melting takes
place inside the protective
shield of the autogeneous
flame and the direction of

also very suitable for the the arccan be influenced
welding of Al-Mg (F.’era.IU— Fig.6.—The“Arcogen™ Process. widely by _dlrectlng the
man) aIons. Appllcatlon I. Torch : 2. Electrode ; 3. Flame ; flame. This ~contributes
of flux and filler rod fol- 4. Work pic 5. Weld. " greatly to' the ease of
lows the same principles manipulation of the elec-
as in gas welding. The only exception is trode. (See Fig. 6.)

the welding of sheets 1.5-2 mm. thick, Coated electrodes, such as used in

which should be welded with upturned
edges on account of the high welding
speed.

The atomic hydrogen process is more
expensive than ordinary gas welding
owing to the use of hydrogen.

The “ Arcogen ” Technique

The “ Arcogen ” welding process is a
combination of gas welding and electric
welding; the operator manipulating in his
right hand a welding torch, and with his
left hand the electrode. The torch flame
ionizes the path of the arc between work
piece and electrode to such an extent that

electric arc welding are preferred for the
welding of aluminium arid aluminium
alloys-. However, it is possible to use
filler rods which are coated with an
autogeneous welding flux. The welding
speed of the “ Arcogen " process is of the
same order as electric arc welding.

Thisprocess ‘'has not found many
practical uses as much skill is required
to make a homogeneous seam, particu-
larly in aluminium and its alloys. The
advantages of the system do not make up
for its lower economy in which respect it
stands behind most of the better-known
and more widely practised methods.
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The Heliarc Process

This new welding process was
developed by V. H. Pavlecka, Director of
Research of the Northrop Aircraft Corp.,
in collaboration with Ruth Meredith;
early reports about the technique were
published in “ Light Metals ” (November,
1942). It is stated that the process is suit-
able for welding aluminium, aluminium
alloys and particularly magnesium alloys.
The welding tool consists of a pistol-
shaped holder which holds at its front
end a tungsten electrode located at an

angle, clamped into a nozzle system
through which helium gas is supplied.
Before striking an arc between the

tungsten electrode and the work piece, the
gas is directed against the weld area. The
arc is then initiated by touching the work
piece with the electrode. The helium
emerging from the electrode ionizes the
arc and, at the same time, forms an inert
protective gas envelope round the molten
pool, preventing access of oxygen and

Fig. 7.—Welding Torch
for the Heliarc Process.

I, Orifice ; 2. Heat insulation ;

3, Collar; 4, Screw cap; 5.

Tungsten electrode ; 6, Plastic

sleeve ; 7, Adjusting valve ;

8. Handle : 9, Rubber insula-

tor; 10, Cable; 11, Inlet for
helium.

nitrogen from the atmosphere. A filler
wire of the same composition as the
parent material is fed into the molten
pool. In order to obtain simultaneous and
uniform melting of the filler wire, it is
recommended to direct it towards the
electrode. Fluxes are not required.

An ordinary D.C. welding generator
with a rating between 150 amps, and 300
amps, can be used for welding, and the
electrode should be connected to the nega-
tive pole. It is necessary to renew the
tungsten electrode after a limited time,
as it absorbs metal from the parent
material. Traces of tungsten are trans-
ferred to the molten pool, but have little
influence on the mechanical or chemical
poperties of the weld.
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Only high-purity helium is used, as even
traces of impurities affect the welding
process considerably, and nitrogen,
carbon dioxide, hydrogen and oxygen
must be eliminated. Traces of hydrogen
cause porous welds, whilst oxygen

oxidizes the surface of the molten pool,
thus preventing addition of the filler
metal. The use of helium is tending, even
in the U.S.A., to be largely superseded by
that of high-purity argon. Outside the
U.S.A., the cost of helium is prohibitive
and argon is used exclusively. Arc con-
ditions for argon appear to differ slightly
from those giving' optimum results with
helium.
Electric Resistance Welding

Spot, scam and butt welding are
different forms of resistance welding
which find increasing uses for the joint-
ing of aluminium and its alloys. In
contradistinction to soldering and auto-
geneous welding energy in the case of
resistance welding is not applied in the

form of heat but in the form of an elec-
tric current. Transformation of current
into heat takes place in the weld area
itself, where a homogeneous weld is
obtained by the simultaneous application
of pressure on the contacting surfaces
which undergo fusion.

Butt welding is the simplest form of
resistance welding. When two metal parts
are clamped into vices a short distance
away from their conducting surfaces, the
supply of energy by a low-voltage current
to the parts under pressure results in the
generation of heat at the conducting
surfaces owing to the transformation
of electrical energy into heat, which may
become so intense that these surfaces
begin to melt. After cutting off the cur-
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rent supply, further pressure is exerted
on the workpieces which results in extru-
sion of the viscous, partly oxidized metal
from the contact area in the form of a
flash round the weld area.

Current and voltage requirements
depend on the electrical resistance of the
material and the dimensions of the work-
piece. The voltage of resistance welding
machines is usually small, i.e., varies from
1to 20 volts, whilst the current can be as
high as 100,000 amps, or more, according
to weld area and conductivity of the
material. Transformers are required to
reduce the mains voltage.

The principal difference between butt
welding and spot welding can be found
in the shape of the current-conducting
electrodes, truncated cone shapes being
used for spot welding. The sheets to be
welded are held in an horizontal position

between vertical electrodes which are
squeezed together mechanically. After
switching on, current flows from one

electrode tip through the material to the
other electrode; the maximum of heating
occurs at the contact surface, due to the
high resistance of this area, and fusion
takes place. Pressure exerted on to the
electrodes forms the molten material into
the so-called weld nugget, the diameter
of which roughly corresponds to the con-
tact area of the electrode tips.

Continuous seams can be obtained by
using copper wheels as conductors instead
of spot electrodes; pressure is exerted on
the wheels while the welding current
flows. It is necessary to interrupt the cur-
rent passing through these rollers at short
intervals to prevent sticking of the rollers
to the material. The number of interrup-
tions is correlated to the welding speed
so that the individual spot welds over-
lap partly. (See, however, page 139 in this
issue of “ Light Metals.")

Spot welding, particularly of heat-
treatable alloys, has great advantages
compared with autogcneous welding, as
very little softening of the weld metal
occurs. Spot welding is being used on an
increasing scale to replace riveting for
heat-treatable alloys, as for thicknesses
up to 2 mm. the same mechanical pro-
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perties can be obtained. Repeated heating
of the contact area above the melting
temperature of the weld metal followed
by instantaneous cooling have very little
influence on the material surrounding the
weld nugget. The strength of a spot
welded joint depends on the fact that
the nugget has a cast structure which is
less ductile and has less elongation than
the base material with its rolled structure.

The stressing of a spot weld at right
angles to the welded sheets will vyield
mechanical values lower than those of a
riveted joint, particularly where dynamic
or fatigue stresses are applied.

Current requirements for the spot
welding of aluminium, according to
P.  Vdgeli (" Schweizer Bauzeitung,”
Vol. 121, No. 1,2.:1.43), arc as follow:-

Sheet Minimum
thickness welding current
5 mm. 15,000 amps.
1mm. 18,000 amps.
1.5 mm. 22,000 amps.
2 mm. 26,000 amps.
2.5 mm. 28,000 amps.
3mm. 30,000 amps.

The spot welding of aluminium, by all
established methods, requires four or
fives times more energy than that of steel
on account of its electrical and .thermal
conductivity. The welding of 1 mm. steel

sheets, for instance, requires approxi-
mately 10,000 amps., the same weld in
aluminium, 18,000 amps. Spot welding

of aluminium and its alloys is much more
diflicult than welding of steel. Electrode
pressure, welding current, pressure and
current cycles have to be correlated very
accurately. Soundest welds are obtained
in pure aluminium on account of its
narrow freezing range, whilst aluminium
alloys, with a wider freezing range, yield
a porous cast structure or contain shrink-
age cracks in large nuggets. It is also
necessary to take into account the
presence of the oxide skin on the surface
of aluminium which acts as an insulator
and offers higher resistance to the weld-
ing current, thus causing sticking of the
electrode to the sheets.

In order to obtain homogeneous spots,
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the aluminium must be for a short time
above its melting.point, and if the current
is too high, the danger of burning
through is very pronounced. The elec-
trode pressure should, therefore, be not
too high to avoid art excessive indentation
of the work piece. In conclusion, it
should be stated that the resistance weld-
ing of aluminium requires very accurate
setting of all welding conditions in order
to be successful.

The Weibel Process
The Weibel process is of compara-
tively recent date and is, in
fact, a resistance-welding
process in which pressure

20°

is not used. The welding
outfit consists of a trans-
former for 220 to 380

volts, three-phase current,
with a nominal rating of
2.2kVA. The transformer
is connected by means of
two flexible cables to the
electrode holder, which
carries two carbon elec-
trodes. The handle of the
electrode holder consists
of two parts, which may be
pressed . together by
springs. During welding,

Fig. 8.—The Weibel
(modified by Junkers).

METALS March, 1948

lower edges to increase the electrical
resistance of the tips. Due to the con-
siderably reduced area, the generation of
heat in the tips is very intense. Helbing
used carbon electrodes which were
copper plated all over except the tips.
Such copper plating increases the elec-
trical conductivity on the surface. The
electrodes are drawn along the upturned
edges under an angle of 90 degrees.
Irregular form or unsatisfactory set-up
causes irregular heat transfer and faulty
welds. The upturned edges must be freed
from fat or dirt by brushing or pickling
before welding; pickling is
preferred as it leaves a
cleaner surface, thus re-
ducing wear on the car-
bons and yields longer
seams. The electrode tips
should be cleaned carefully
with a carborundum rod
or an emery wheel to
remove the oxide skin
which hinders the heat
transfer between the elec-
trodes and the sheet
material. At the same
time, this grinding opera-
tion may be used to re-
shape the electrodes so
that they maintain their

process

each electrode touches one
of the upturned edges
whilst both electrodes are
drawn along the intended
seam. The heat produced

(Above) Recommended elec-
trode forms.
2. side view ;
of welding.
(Centre) The proper sheathed
carbon electrode.

(Bottom) Spring-type welding

I. front ; 3, direction

proper form. Sheets vary-
ing in thickness from .3 to
2 mm. have been success-
fully welded by the Weibel
process. The height of up-

between the electrode tips torch. turned edges varies accord-
and the sheets causes ing to the gauge of the
melting down of the upturned edges. material and should be 2.5 mm. for thick-

These edges must be coated with a flux
before welding to prevent oxide inclu-
sions. The most essential premise for a
faultless joint is proper shape and pre-
paration of the electrode. According to
Helbing13  hardness, electrical con-
ductivity, heat resistance and shape of the
electrode are most important factors.
Fig. 8 shows the shape and method of
application recommended by Helbing.
(See “ Light Metals,” 1939/2/100.)

The electrodes are bevelled on their

nesses between .3 to 6 mm., and from 3
to 4 mm. for sheets between .8 and 2 mm.

The mechanical properties of Weibel
welds are almost as good as those
of gas welds. The tensile strength of pure
aluminium welds is the same as that of
annealed sheets. The very narrow heat-
affected zone is a special advantage of this
process, as it extends only to approxi-
mately .5 cm. on each side of the seam:
in the case of cold-worked or heat-treated
alloys there is only a small softened zone
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adjacent to the seam. Consequently,

Weibel welds show greater resistance
against deformation than gas welds. Dis-
tortion is very low, which is a further

advantage over gas welding. The Weibel
process is very suitable for the fabrication
of thin gauge instrument cases and very
often also used in aircraft construction.
For series production, it is recommended
to up-turn the edges by means of a fold-
ing machine and to use specially designed
jigs for welding.

Electric Arc Welding

Arc welding of aluminium and its
alloys is carried out in the same way as
arc welding of steel, a process originally
invented by Slavianoff in 1892. Arc
welding is fundamentally a fusion pro-
cess, using additional metal from a filler
rod (see Figs. 9 and 10). An arc sustained
by an electric current between electrode
and work piece provides the source of
heat. This arc causes fusion of the parent
metal and melting of the filler metal at
the same time. The work piece is prefer-
ably connected to the negative pole and
the electrode to the positive pole of a
source of D.C. power. Coated electrodes
are used, the purpose of the coating being
the removal of the oxide layer adhering
to the molten metal. Conditions pertain-
ing to the gas and arc welding of steel

i. Slag : 2. weld deposit : 3, core wire ; 4. coating;
5, crater; 6 liquid slap; 7, molten pool; 8, cathode
spot; 9. electric arc: 10, f.uld »leg.
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Fig. 10—Electrode during welding. (Metal
transfer.)

I, Slap; 2, weld deposit; 3, core wire; 4. coatinp:
5, crater; 6, liguid metal bridpe; 7, fluid slag;
8, molten pool.

cannot be applied to the welding of light
metals without reservation.

The physical and chemical properties
of aluminium differ considerably from
those of steel, and this accounts for dif-
ferences in the welding process. In the
following, the salient features of the arc-
welding process for aluminium will be
discussed.

The Wcldability of Aluminium

Aluminium is a very reactive element
which oxidizes easily. The process of
oxidation takes place according to the
following equation: 2 A1 + 30 - ALO-,
+ 380 kcal, from which it can be seen
that a considerable amount of heat is set
free. It exhibits high corrosion resist-
ance, due to the very thin, invisible super-
ficial oxide layer, which is very tough and
adherent, cannot be reduced to the
metallic state by the reducing atmosphere
of the torch, and cannot be fused at the
temperature of the welding process. The
oxide skin can be removed mechanically,
but a new skin is produced immediately
whenever air or oxygen are present, the
oxide layer preventing proper fusion
between filler material and parent
metal. Furthermore, the comparatively
high specific gravity (3.96 g/cm3 of
aluminium oxide as compared with that
of aluminium metal (2.70 g/cm3 causes
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the oxide to sink, into the molten alu-
minium, and thus increases the difficulties
of removal.

One of the most important properties
of aluminium is its high heat conduc-
tivity, which is more than three times
greater than that of steel (0.5 cal/cm. sec.
“C., against 0.1 to 0.17 cal/cm. sec. °C.
for steel). Consequently, much more heat
must be supplied to the welding point, as
the heat input ought to be greater than
the heat dissipation, a problem which is
also encountered in the welding of
copper. The high heat conductivity
causes rapid freezing of the weld metal,
and this, in turn, has a great influence
on the structure of the weld deposit.

The high coefficient of linear expansion
is also of importance in the arc welding
of aluminium. In the case of mild steel,
the thermal expansion between 0 and
600° C. is 8.79 mm. per metre length;
for aluminium it is 17 mm. per metre.
This high Ilinear expansion, which is
nearly twice that of steel, causes a great
deal of trouble, especially in gas welding,
as the surfaces which are preheated show'
a tendency to warp.

In the case of arc welding, the -steep
temperature gradient next to the weld is
advantageous, as, to a large extent, it
prevents warping of the work pieces.

The surface tension of molten alu-

minium is another important factor in
welding.  Portevin and Bastien (“ Metal
Industry,” 19, 1936) found the surface

tension of an aluminium melt from which
the oxide skin had been removed to be
300 dyn./cm, whilst the value for a melt
covered with an oxide layer was found to
be 840 dyn./cm. This difference in sur-
face tension between oxide-coated and
oxide-frce aluminium melts is remark-
able, and the values are in good agree-
ment with the behaviour of the molten
pool during melting. Attempts to gas
weld aluminium without employing fluxes
are failures, as the molten metal drops
on the parent material in the form of
larger or smaller globules.

Attempts to arc weld aluminium with
bare wire result in the same type of
globules, which are propelled from the
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molten pool and drop on the parent
material, but can be removed easily on
account of the surrounding oxide layer,
which prevents proper adhesion (Fig. 11
—top).

It can be assumed that the metal which
bridges electrode and molten pool during
welding is surrounded by flux, a fact
which prevents formation of an oxide
skin (Figs. 9 and 10). Ifa pure aluminium
wire be held almost horizontally into a
Bunsen flame, w'arping of the heated end
due to gravity can be observed as soon as
the metal becomes plastic. Numerous
w'rinklcs in the tough oxide layer are an
indication that, in the interior of the wire,
the metal is fluid, being contained by the
oxide layer as in a “sack”; when this
overheated part becomes too heavy it
simply drops off.

If, however, the end of the aluminium
wire be painted with a little flux, forma-
tion of globules is facilitated during the
melting process because the flux removes
the oxide layer and the change in surface
tension promotes the formation of
the globular shape of the melting tip.
The more reactive the coating of an
electrode, the higher is its power to
remove the oxide skin. Futhermore,
more reactive fluxes effectively prevent
formation of a new skin, with the result
that the surface tension of the molten
pool is of the same order as that of an
oxide-free aluminium melt.

Reduced surface tension of the molten
pool causes flattening of the bead and
facilitates proper flow of the filler
material, which is of special importance
for lap and fillet welds. Thus the
principal tasks of a coating are: Oxide
removal, prevention of the formation of

an oxide layer, and reduction of the
surface tension of filler material and
molten pool.

The oxide on the surface of a weld
deposit varies in thickness from 0.2 to
0.5«, and it can be assumed that it is
partially re-formed during the course of
melting, and certainly whilst solidification
of the metal takes place. From this point
of view it is of great advantage if a flux
freezes after solidification of the molten
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SHOWING How Z fn M M  HeLps

In this portable compressor (Hymatic
Engineering Co., Redditch) there are
nine sand and die castings five
magnesium and four aluminium. You
see below what Hymatic say about
"BIRMAL” quality The opportunity
for such co-operation is always welcomed
and we recommend, for your con-
sideration, the manifold advantages of
obtaining castings “ en suite”.

Extract from a letter from Hymatic.
" We consider that the high quality of
your products has contributed materially to
our success . . . in this country and in
overseas markets "

THE BIRMINGHAM ALUMINIUM CASTING (1903) CO. LTD.
BIRMID WORKS « SMETHWICK 40 + BIRMINGHAM

RP 2099 It
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BALE-OUT

FURNACE

(PATENT APPLIED FOR)

IT PRE-HEATS - AS IT MELTS - AS IT MAINTAINS

N\b Basins Required
Gas or Oil-fired

SKLEilflR FURFIICES LTD EAST mOORS ROAD - CARDIFF  PHORE- I1812-3
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aluminium has already taken place; in
such cases the weld metal is still covered

with liquid flux during the freezing
period.
Accurate data with regard to the

viscosity of molten steel or aluminium
are not available, but comparative
observations present the following pic-
ture. Molten aluminium is very fluid and
has a tendency to burn through the sheet
material whenever proper backing bars

are not provided. Even in the case of
Fig. Il.—Comparison between two arc
welds ; above, with bare wire electrode ;

below, with a coated electrode.

gas welding, where temperature control
of the molten pool is much easier, a
more or less pronounced formation of
drops can be observed on the back of a
weld.

The surface tension of the oxide layer
covering the metal globules is actually
preventing the dropping away of these
globules from the root of the weld.

According to Portevin and Bastien, the
oxide skin on the surface of molten
aluminium has a strength of 2kgs/mm'2
(at the melting-point of aluminium).
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Whenever the oxide is removed by the
flux (which is actually, the case in arc
welding), the oxide-free molten pool is
very liquid and tends to flow away when
the work piece is inclined.

The viscosity of molten steel is much
higher and welding in the vertical and
overhead positions is possible. Forma-
tion of drops underneath a steel weld is
hardly ever observed.

The high viscosity of steel melts can
best be shown when welding vertically
up by adding successive layers of weld

metal: the molten metal shows little
inclination to run away.
Table 7 shows the more important

physical properties of aluminium which
are of influence for the welding process.
The relative data for steel are also
provided for comparison.

The Electrode

The coating of an electrode fulfills a
purpose similar to that of a flux in gas
welding. Fig. Il illustrates the difference
in appearance of a weld carried out with
bare wire and with a coated electrode;
it shows quite clearly that welding with
bare wire is not a proposition in the case
of aluminium, although satisfactory
results can be obtained in the case of
steel.  When a bare aluminium wire is
used, the arc is very often interrupted
by copious oxide vapours and can only
be maintained at very high temperatures.
The filler material is immediately covered
with a tough oxide skin and drops on to
the parent material in the form of large

globules. Oxide inclusions prevent a
homogeneous weld.
The welding properties of an alu-

minium electrode depend entirely on the
composition of the coating; it should be
mentioned that an electrode coating has
to fulfil additional requirements, apart
from those required from a suitable gas
welding flux. The latter should have
good oxide-dissolving power, easy flow
and a melting point slightly lower than
that of. the material to be welded. Gas
welding fluxes in powder form are kept
in tins and are mixed with distilled water
shortly before use. A tendency to absorb
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water is, therefore, of no disadvantage.
Whenever a gas welding flux is made up
into a paste in order to prepare alu-
minium electrodes by the dipping process,
unsatisfactory results can be expected,
not only because the melting point is too
low, but also because of the hygroscopic
nature of the flux. Such electrodes
absorb moisture from the atmosphere
and, consequently, the coating flows oil
the core wire. Moisture containing coat-
ing's cause reaction of the molten metal
with steam according to the equation:
(3 FLO + 2 AI—>Al.0, - 3H,). The
hydrogen developed is absorbed by the
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molten aluminium and causes porosity of
the weld. Fig. 12 shows typical fractures
through welds carried out with wet
electrodes; the extreme degree of porosity
due to hydrogen absorption is thus
clearly illustrated. Experiments have
shown that fluxes which are quite satis-
factory for gas welding of aluminium, or
its alloys, are entirely unsuitable as an
electrode coating, apart from their
hygroscopic properties. Excessive under-
cut, unstable arc, high sputter losses and
irregular weld deposits are additional
reasons why gas welding fluxes cannot
be used for this purpose.

Table 7— Influence of some Physical Properties of Aluminium and Steel on the Welding Process.

Physical Properties Aluminium

Average Spec, heat 0.25 cal/lg C

Thermal Conductivity 0.5 cal/cm.s. "C.

Melting Point 658 C.

Specific Gravity at

melting temperature 2.3 g/lcm3

Melting point of

the oxides AbOs: 2,050 C.

Boiling point 2,270 C.
Linear coefficient of
expansion between 17.0 mm

0 and 600 C.. re-
ferred to Im at 0 C.

Covered with oxide skin :
840 dyn. cm.
W ithout oxide skin :
300 - 420 dyn. cm.

Surface tension
of molten pool

Viscosity of the melt

Influence on the Welding of

Steel Aluminium
Aluminium requires large heat
0.11 callg C. input (high arc temperature an
advantage).
Aluminium requires intensive heat
0.1 - 0.17 inputforformation and maintenance

cal/cm.s. C. of molten pool. Quick freezing of

the weld.

Low melting point of aluminium re-
quires a melting flux which freezes
at an even lower temperature.

1,528 C.

Specific gravity of the flux in the

molten condition should be lower

than 2.3 g/cm3to prevent trapping
of slag.

6.88 g/cm.3

FeO: 1.377
FetOj : 1,565
FesO* : 1,527

Aluminium Oxide does not melt at
the welding temperature and has
to be removed by means of the flux.

High arc temperature causes more

rapid volatilisation of aluminium

and consequently formation of
oxides, extinguishing the arc.

2,500 C.

High thermal expansion of alumin-
ium requires ample gap between
sheets to be welded. Steep temp-
erature gradient next to the seam
prevents warping.

8.79 mm

Flux has to remove the oxide skin
- to reduce surface tension of the
molten pool.

Thin sheets require backing bar to

High prevent dropping through of the
weld.
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The following eight features are re-
quired to produce an electrode suitable
for arc welding: (1) The coating should
not contain hygroscopic salts to allow
satisfactory storing (moist coatings cause
an unstable arc and porosity); (2) the
coating should have High oxide dissolving
power; (3) it should be homogeneous
over the whole electrode length to ensure
uniform burning; (4) it should be con-
centric with respect to the core wire to
allow uniform deposition and easy

Fig. 12—Typical fractures through welds
carried out with moist electrodes coated
with a gas welding flux.

manipulation of the arc; (5) it should
adhere properly to the core wire, i.e.,
it should be reasonably robust, even at
high temperatures; (6) the specific gravity
of the molten flux should be lower than
that of the molten aluminium to avoid
flux inclusions; (7) the slag should easily
detach from the weld and leave a light
and shiny deposit; (8) the coating should
be sufficiently thick to allow formation
of a crater at the electrode tip. which
helps in the maintenance of the arc by
ionization. A thick and dense coating
prevents overheating of the core wire tip.

The coatings of commercial aluminium
electrodes contain, in most cases, fluorides
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and chlorides of alkali metals or alkaline-
earth metals. It is of importance to note
that the composition of these coatings
differs considerably from that of gas-
welding fluxes. Carbonates, sulphates,
oxides and silicates are rarely used. The
composition of electrode coatings is a
matter of great secrecy, and the patent
literature or any other literature dealing
with  the matter yield very little
information.

An electrode coating should fulfil
various  functions. Apart from the
fluxing agent proper, which can be
considered as the vehicle for the oxide-
removing components, which have no
surface action on the aluminium in the
molten state, there are other constituents
which actually remove the oxides. To
the former group belong the following:
Sodium chloride,  barium chloride,
potassium bromide, potassium chloride,
sodium bromide, which are compounded
in such proportions as to yield a mixture
of very low melting point.

Oxide-removing salts are the follow-
ing: Cryolite, chiolite, sodium fluoride,
potassium fluoride, strontium fluoride,
lithium fluoride, magnesium fluoride.

Alkali chloride and alkaline - earth
chlorides, when applied individually, do

not act as oxide removers. It is, how-
ever, interesting to note that lithium
chloride, in combination with small

amounts of alkali fluorides, has excellent
oxide-removing properties. The fact that
lithium chloride and lithium fluoride,
mixed with alkali fluorides, have a great
dissolving power for aluminium oxide is.
at the present moment, not properly
understood; gas-welding fluxes or elec-
trode coatings contain, in almost every
case, lithium compounds as the active
component. Sodium fluoride, cryolite
and chiolite, when used with alkali or
alkaline - earth chlorides, show some
attack on the oxide layer in the molten
state, but their activity can by no means

be compared with that of lithium
compounds.

Opinions about the actual process of
oxide removal differ considerably. In
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the early stages it was generally assumed
that this oxide removal is nothing else
than a solution process, but recent
investigations on this subject show the
problem in a different light (“ Light
Metals,” 1941/4/166). It has been found
that the surface covered by the aluminium
oxide is rather resistant to molten fluxes,
and the term “ oxide-dissolving power”
is, therefore, unsatisfactory.

To determine the solubility of alu-
minium oxide in a flux, 30 gms. of flux
were melted in a platinum crucible
by heating up to 700 degrees C.
under constant stirring with a platinum
spatula; the gas supply of the Bunsen
burner was then cut off and the flux left
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for 3 mins. to cool down slightly, when
half of the molten flux was poured out.
The analysis of the solidified flux indi-
cated an aluminium content of 22.35 per
cent.

The same procedure was then repeated,
adding to the flux I*per cent, of chemic-
ally pure aluminium oxide calcined at
900 degrees C. After cutting off the heat
supply and allowing for a cooling period
of 3 mins., the top layer of the melt
was carefully removed by pouring at
630 degrees C. and the remaining flux
subsequently analysed; only .4-.1 per cent,
of the calcined aluminium oxide was dis-
solved by the flux.

(To be continued.)
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GOD FORGIVE YOU FOR GALLOPING WHEN TROTTING’S NOT A SIN
(Scottish Proverb!

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

Reynolds

ALUMINIUM ALLOYS

EXTRUSIONS, TUBES, SHEET AND STRIP TO ALL A.lLD.,, B.S./STA,
AND B.S. SPECIFICATIONS

REYNOLDS ROLLING MILLS LTD REYNOLDS LIGHT ALLOYS LTD

Hay Hall Works, Tyseley. Birmingham. Telephone: Acocks Green 3333
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We know that Hamlets lighthearted
comment had no connection with alu-
minium, more’s the pity (we confess to a
sneaking feeling that his ghostly prompters
may have influenced this far-seeing
remark).

How beautifully true, nevertheless, is his
statement adapted to the mundane world
of commerce in respect of the wide stocks
of aluminium and its alloys held by

ALUMINIUM  SPECIALISTS
Home Trade ‘ Export

THE AIMEX RECOVERY & REFINING CO., LTD.

Stockist* of SHEET mSTRIP mBAR « TUBE
in non-ferrous metals and steel

ADELPHI TERRACE HOUSE, LONDON, W.C.2
Telephone : TEMple Bar 0902 (10 lines)
CABLES "ALRECO," LONDON

March, 1943

t'IHIKA

Export has become a science in itself.
W e possess a specialized knowledge and
we keep abreast of rapidly changing
conditions by day to day practice. You
manufacture — we export: let us

co-operate in the Export Drive.

Our customers abroad are waiting to in-
crease imports from this country.

Our Agents overseas are keeping us well-
informed about trade  developments
everywhere.

Our buying and' selling staff at home are
readily prepared to put their knowledge and
experience at your disposal.

Our services include, if desired, packing,
warehousing, forwarding, insuring and
shipping the goods.

Our suppliers can determine whether they
wish us to act as principals or selling agents
or sole distributors.

Our travelling representatives are con-
tinuously engaged in maintaining personal
contact with prospective buyers and official
quarters.

Our terms of payment arc cash when the
goods are ready.

Our organisation is well equipped to carry
out every task entrusted to us.

From your factory to our
customers all over the world

Wec invite your enquiries and our booklet “ Export
Advice ” will gladly be sent on request.

If desired, one of our Executives will be available for
personal conversation at any time and anywhere in
this country.

BRITISH TRADERS 6 SHIPPERS, LID.

155, FENCHURCH STREET, LONDON, E.C.5

Telephone :
Mansion House 1603 (18 Lines)

Telegrams :
Shipex, Fen, London
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HR Rain-water
Gutter &Fittings

SOLE DISTRIBUTORS:
Meun PERKINStSEWAROLtd S
\% CARDIFF ril
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JOHN GSTE'N S-G nttpatufim itée!

SCOTLAND
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we CAN DESIGN OR MANUFACTURE DIES FOR GRAVITY DIF-CASTING
ONFATTERNS FOR SAND CASTINO SEND YOUR ENQUIRIES TO

D/ALOY LIMITED Ppymputhvorks*Ovimajls

XXX

r If you require 1.
advice, let us give
you the benefito four
technical experience
m ofD/e and Sand i

Ll castings wY

CARDIFF

HE illustration shows

the large new Tunnel
Kiln at present under
construction at our
Manuel W orks. W hen
in production this kiln
will give a substantial
increase in the output
of “*Nettle" (42/44%
Alumina) Firebricks.
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MULTl FLEX Flexible Drive
MACHINES . . .

SPELL DEFEAT TO SPIVS
n - AND DRONES!

i P flé ht

As the export output Increases so will the /O\J I) th e cr'sis

chance of goods for the home market -
become increasingly brighter, and so will Wlth
the significance of spivs and drones fade

Into oblivion.

Make this export drive a Multiflex Flexible

Drive achievement. Multiflex Flexible

Drive Machines will save your organization

days of top-pressure production because

they can be taken easily and quickly to

whatever operation Is required. They may

save dismantling and re-erectlon of your

most Important Installations.

There are Multiflex Models for either bench

or floor mounting, and for every kind of

metal-removing, filing, milling, grinding,

sanding and polishing operation.

Multiflex Machines are at their best when

used In conjunction with *“ Tltegrip”

Rotary Milling Cutters.

1 Please write for full particulars, or send details
; cf any production problem which you think
| could be solved by " Multiflex ” Machines . . .
I Gilmans expert advice is yours to command.

Agantt' 'phone»
(]

F.GIIMAN iB.S. T.) LIMITED
PIONEERS IN INDUSTRIAL
FLEXIBLE DRIVE EQUIPMENT dME__

O
I195.HIGH STREET. SMETHWICK4I. STAFFS

I PKga<: Smathwkk 1202/ (4 llw ‘Crtmt: Skmto*k*I<K '» » M , Hn»I»ghni . - .
“ ¢ ) rm me > P9 Issued by the National Seiriitct Committee
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CHAIR

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

OSCOTT WORKS BIRMINGHAM, 22A

an

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

ROAD, THAMES DITTON, SURREY. Phone: Emberbrook 4485/9
Showroom: 15/17, Edgware Rd., W.2. Phone: Paddington 8780 & 25I9
MANCHESTER - - 306, Deansgate - - Phone: Blackfriars 9022 & 9610
BIRMINGHAM - - 16 Prospect Row - - Phone: Aston Cross 3574/5
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LIGHT METALS lIX °Hd

These comprehensive books, written by recognised experts,
are indispensable to both the qualified engineer and the student
confronted by problems arising from the use of light metals.

“LIGHT METALS IN “THIN FILMS AND SURFACES”

STRUCTURAL ENGINEERING o :
By Winifred Lewis, B.Sc.

By L. Dudley, D.F.H., AM.ILE.E., A.l.Struct.E.

i o . . . Presenting in a coherent form an outline of the
Deals with the application of basic engineering main body of available knowledge on metallic
principles to light-metal alloys ; with particular surfaces and thin metallic films.
reference to the strength of materials and the Ilustrated by micrographs and diagrams containing
theory of structures. seventeen tables of data.

Illustrated throughout by graphs and diagrams.
“There is a great deal of information with
appeal to both the experienced and inex- regard to the formation, properties, uses and

perienced structural engineer, particularly means of investigation of thin films and
surfaces, particularly with reference to

“The information given should have a wide

when the use of light metals is contemplated.”
—" Overseas Engineer." aluminium . . —*“ Metallurgical Abstracts.”
“A valuable guide on the subject . . . should “The subject-matter is very instructive and
prove a welcome addition to the engineering valuable in the matter of conserving metals
students’ bookshelf.”
—The Contract Journal. —C.L.E. Journal, U.S.A.
Price 30s. net. By post 30s. 6d. Price 15s. net. By post 15s. 6d.

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

TEMPLE PRESS LIMITED

p ttceS

i~ A S S a

METAL CHEMICAL FINISHES

T»I*pfio*»:AMBastador SS 2 / Telephones: UPHOOK 22&8/4 Hint*
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Telephone-HOL. 8955 m,,*s)

<=4-. Q .ypt. (4 Co.Jill

BARS <« ROD -« SHEET
TUBES —IN ALL NON-
FERROUS METALS
ALUMINIUM
PURE AND ALLOY
BRASS - COPPER < ETC.

A SPECIALISED CORE BINDER
FOR ALUMINIUM CASTINGS

“SUPINOL” N SEMI-SOLID CORE OIL

IN REGULAR USE BY LEADING FOUNDRIES

IN THE GREEN STATE IT  HAS THE
WORKING PROPERTIES OF A SEMI-SOLID,
AND DURING CASTING HAS THE
ADVANTAGES OF A HIGH - GRADE OIL

N~e*ip £EAZTb?p.

Manufactured and distributed by AlsO Suppliers of High Quality

F. & M. SUPPLIES LTD. poadf#™~

4, BROAD STREET PLACE, LONDON, E.C.2 ASK FOR LEAFLETS
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SAMSOI\I
ADHESIVES

IOO YEARS EXPERIENCE

SAMUEL JONES £CD LTD

NEW BRIDGE STREET LONDON E.C.4 PHONE CENtral 6500

WITH CANADA

Enquiries regarding trade
with Canada are warmly welcomed
and should be addressed to :

R. P. Bower,
Commercial Secretary,
Office of the High Commissioner for Canada,

SPfCIALISTS IN LIGHT ALLOY CASTINGS Canada House,
Trafalgar Square, London, S.W.I.

H.J . MAYBREY & CO. LTD. Telephone

WOBSIEV BRIDGE RD, 10NDON. S.E.26 BECKENHAM 0044
Sand Foundry .- Croydon Road. Elmers End. Kent.

Laboratory Controlled
CASTINGS in...
Zinc Base (M»x»k)
GRAVITY in . ..
All Standard Non-Ferrous Alloys
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Fittings
ger N otices
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nid U tilities
House

OLYMPIA 4,
EARLS COURT

MAY 3-14
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Spedifications ad
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THE
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IH ANODISED ALUMINIUM

PLATING OF METALS
ANODISERS
AND
METAL FINISHERS
TO THE TRADE

THE RUSHTON

ORGANIZATION LTD.

38-41, WOBURN PLACE
LONDON, W.C. |

Phone: MUSeum 3161 Grams: "Airush, Londonl

ALUMINIUM WORKS. WILLOW LANE, MITCHAM. SURREY. Tel.: MITcham 2248

3791
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ANODISING

COMPANY ~ LI MITED

ACKNOWLEDGED EXPERTS
ON THE COLOURING OF
ALUMINIUM

Licensed Operators
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WOMEN'S
BOILER
SUITS
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18/6

Were originally made for Royal
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of the Ordnance Factory personnel,
« " of the finest quality Cotton Drill
BR F\Z T ;l' ﬁ‘ I; Cloth, in either Navy Blue
( eliR(SaCiESg ) or Brown. Style as sketch.
Various sizes—SW, W, \VX
for and OS. Brand New. Ideal
ELECTRO-BRIGHTENING for Industrial use.
ALUMINIUM SAMPLE ON APPLICATION
Terms: Net monthly a/c.
Offices: Carriage: Paid on orders over £10.
CARLISLE ROAD, Delivery: Ex-stock

THE

WILLSON BROTHERS of Epsom LTD.
EPSOM, SURREY
PHONE : EPSOM 1293

Double, double toil and trouble;
Fire burn, and cauldron bubble!

Macbeth. Act IV, Scene |

TROUSERS

New R.A.F. blue serge
trousers for young men.
Ideal for those who need

W hen MacbethY ’black
and midnight hags”
were called upon to
cast a spell it was a

"chancy” business

W e can solve your Die
Casting problems, not
by hit or miss hocus-
pocus butwithscientific
accuracy evolvedduring
25 years’experience.
W e are able to offer a
steady output of non-
ferrous units cast with
precision and cleanli-
nesswhich distinguishes
ourGravity Die Casting

Letone of our technical
representatives call upon

you and discuss your
problems

DIE CASTING

RO-.CRICKLEWOOO. N.W.J.

really hard wearing
trousers for work. Well
tailored to the R.A.F.
standard. Flighest
quality material to stand
up to the hardest wear.
In the following sizes
onlv :

Waist 29"/31"

Leg 28"/29i"

PER PAIR

(3 Pairs for £3/10/0) Post and packing free

MARSHALL’S (surrey) LTD
NEW MALDEN, SURREY
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Quality and Speedy Service—
Home or Export
Boosts Export Orders

Hastens Home Production

of Iron, Steel or
Alloy Products

Metal Ingots meet your needs for anything and
ii metal. Hind Metal is always up to standard
and in all eases where Refined Iron, Gun Metal,
or Aluminium Alloy Ingots are called for. Hind

grade at the right time—just when you

in Great Britain or Overseas. In Yorkshire,

Birmingham or Loudon areas we deliver within

21 hours. Consult us on your production problems—
we can supply the answer for home or export.

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

KIND (SOUTH BANK) LTD., SOUTH BANK-ON-TEES, YORKSHIRE

ANOTHER APPLICATION

.« MAGNESIUM

The ultra light weight of Magnesium
(two-thirds that of aluminium) has

wide range of applications: its high
strength and variety of attractive finishes
commends it to the domestic user, whilst
the manufacturer is impressed with its

great formability.

The radio cabinet shown is an example of
Magnesium in domestics, being easily formed with
press tools costing but a fraction of the usual
plastics mould. Magnesium, unlike plastics, will
not crack when roughly handled.

Enquiries invited.

PRESSINGS * MACHININGS - WELDED FABRICATIONS

ESSEX AERO Ltd The Magnesium Specialists

GRAVESEND, KENT
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MANUFACTURERS OF PURE
METALS AND LIGHT ALLOYS

m pure CHROMIUM METAL m TITANIUM BASED ALLOYS
m PURE MANGANESE METAL m ALUMINIUM BASED ALLOYS
m COPPER BASED ALLOYS m | IGHT ALLOYS 10 SPECIFICATIONS

METAL ALLOYS (S.W.) LTD.

TREFOREST TRADING ESTATE, SOUTH WALES
Telephone: TAFFSWELL 203/4 . Cables: ALOMET, CARDIFF

\

Trefope T

New Installations Need

SERVAIS

STRAIGHT-THROUGH B. GRUNDY & Co. Ltd.
S I L E N C E R 14, Devonshire Square
London, E.C.2
’Phone : BIShopsgate 4547 (2 lines)
’Grams: “ Selective-Ave-London”

St METAL FINISHES LTD.

Emergency Power Plants can be quietened New Spring St., Birmingham 18
down to virtual inaudability without
loss of power by the SERVAIS no-baffle PLATERS OF
STRAIGHT-THROUGH SILENCER. ALUMINIUM
Very good delivery of all types. Full and
details on request. SPECIALISTS

SERVAIS SILENCERS LTD. ‘n

(Dept. L.M.), ASHFORD ROAD, LONDON, N.W.2 COLOUR ANODISING FOR

Telephone: CLAdstone 6789 OVER / 15 YEARS

“LION BRAND”

EK S and ALUMINIUM

ALUMINIUM alloyed with 1
MANGANESE.- TITANIUM CHROMIUM MASTE R AL LOYS
"NIOBIUM.TANTALUM.TUNGSTEN. BORON.

VANADIUM. ZIRCONIUM. MOLYBDENUM
IRON. SILICON. MAGNESIUM. NICKEL. ETC

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

Works: Btnkt Road. Speke Road and Church Road.,Gartton
Telegrams Blackwell, Liverpool.

Telephone Garscon 980 (3 lines).
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DURCIII UM (Reqd)
ALUMAGN ESE

Easy to machine
attractive appearance . ..

other non-ferrous metals.

strong

and cheaper than
These are

some of the reasons why "K " Light Alloys

No

required and we can offer

are chosen for modern industry.

licences are
quick delivery of many sizes and specifica-
tions. “ K ” Light Alloys combine extreme
lightness with high strength and have an

attractive finish.

ESSENTIAL FOR FACTORIES,

LIGHT METALS

Write for leaflet on Aluminium and Wrought
Light Alloys in BARS, TUBES AND SECTIONS

We are also manufacturers of
‘K" Copper Wire and Strip for
Electrical and Other Purposes.

E&EKAYELTD.

PONDERS END ENEIELO MIDDLESEX
Telephone: Howard 1601 Telegrams: Cuwire. £nf,e!d

TAYLOR 1294

DRAWING OFFICES, ETC.

FOR ONE OR TWO 40 W. 4 ft. LAMPS

The * Alness ” shown above is one
of a range of six new Philips
Fluorescent  Industrial Lighting
Fittings suitable for a wide variety
of industrial applications.

NOTE THESE SPECIAL FEATURES
<k Sturdy design and appearance.
High overall efficiency and economical in use.
Self-contained apparatus, ready wired.
k Simple installation.
k Quick-rclease reflectors for easy maintenance.

For full details of This range, write for Philips Lighting Publication No. A 163

PHILIPS ELECTRICAL nd

LIGHTING DEPT.. CENTURY

HOUSE, SHAFTESBURY AVENUE, LONDON. Ww.C.2

(LD3S5)
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Jubilee Works.Chapel Road

Hounslow. Middx.
Tefephont HOUnslow2266

ANO AT \
CONDON
MANCHESTER

VALUATIONS

OF
INDUSTRIAL & COMMERCIAL

PROPERTIES

for all financial purposes
is a SPECIALISED SERVICE offered by

CHAMBERLAIN & WILLOWS
- -- SURVEYORS & VALUERS --mememmmmmmeeeee
23, MOORGATE, LONDON, E.C2

City 6013

CANLEY CO

These A.l.D. Approved Laboratories arc now

used exclusively by all leading Aircralf

Producers for the X-Ray Examination of
Class | and Class Il Castings.

INDUSTRIAL. AND
METALLURGICAL
X-RAY SERVICE

Head Office and Midland Laboratories:
Foundry Lane, Smethwick, BIRMINGHAM

March, 1948

;ALUMINIUM ALLOY
TURNINGS & SOLID
SCRAP

V*NMAGNESIUM ALLOY SCRAP
3\ Awailable for Immediate Disposal

W e specialise in

FLUORIDES

of all kinds for

FLUXES
SEND US YOUR ENQUIRIES

R. CRUICKSHANK LTD., CAMDEN ST.,
BlRMlNGHAM,I, telephone: cen. 8553

ALUMINIUM
CASTINGS

SAND & GRAVITY DIE CASTINGS =
FOR ALL TRADES

(one
BRIDGE FOUNDRY d
WEDNESBURY e STAFFS

PHONE: WEDNESBURY 0109
GRAMS: ALSPELCO, WEDNESBURY

PAINTADHESION

TMT onaluminium!
] IS ASSURED BY USING

CHROMATOX

(M BV) POWDER
SEND US YOUR ENQUIRIES

TH]—NOGLI\/EI'N_'IH_:A'I'I\/E\I[SLTD
OTFORD%EN

TELEPHONE'. OTF D (Kt nI)‘GQ

LTD.
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B"ad,nfids-t" Bn’VS

U.IVI.A.L

ALUMINIUM AND
LIGHT ALLOY SHEETS

ALUMINIUM STRIP

ALUMINIUM AND
LIGHT ALLOY

WIRE and SECTIONS

Now obtainable from

u. M. A.L

USINES ET MANUFACTURES
D'ALUMINIUM ET D'ALLIAGES LEgeRS S.A

75, RUE DU TRONE, BRUSSELS

«U.K. Agents for Import and Re-export
OHLENSCHLAGER BROS. LTD
7, /S, Railway Approach, London, S.E.|

PHONE: HOP 2713

production. T >

LIGHT METALS xIa

hun°®*\Xd\ ypes

frHIlIttt *oOLS

tooU arc - ~ fol *creay

help. r~ o u r'nearest D .sP°;
th,y can "UL<;

»
rquIu:::mveunts A I von %tweagr:%ua'\f; rﬂaélCWnc
ou-lv.trv -a;n .b w> ;lV;iUUde.
tools frequently (rom

jr.ca, are °ix
nc8 available may be »»-1 irM iINGUAM *j-

m« V. >1INIST

The ‘Belvedere Wringe'

a super finish job
from non-rusting diecastings

notice. The castings are produced ready for
enamelling, plating and assembly. Each com-
ponent is made from the alloy that best suits it.

piecasTings By Shield AlloyS

Shield Alloys Ltd, Brook St, Tring, Herts. 7e/:Tring 3338-9
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Rate 4d. per word,

n n m I r Press date for April

Insirut-uoMks.ioutu oe addressed to “

CASTINGS (SAND, GRAVITY OR PRESSURE DIE)

Aluminium castings, all alloys. 35 years’ experience
your guarantee. SV. Barnet, Casson Place, Elland.
123-325
3 he Aluminium Castings Co., Ltd., Ingleston Foundry,
Greenock. Solar ware and medium engineering sand
or gravity die castings. 222-412
A. L. Dunn and Co., Ltd., New Inn Bridge. Folcshill,
Coventre/. Established 1924. Phone 88644. High-
grade aluminium gravity die and sand castings. Expert
technical advice given on design and specification.
z22-414
Edwards Holme and Co. (1931), Ltd., Moss l.anc,
Altrincham. Cheshire. Pressure die castings up to
11! Ib. in aluminium silicon alloy, first-class accuracy
and finish. 22z-415
Sand and gravity quality castings in all aluminium
alloys. Our technical experts will be glad lo give
advice on casting problems! H. J. Maybrcy and Co..
Ltd.. Worslcy Bridge Road. London. S E 26. 222-416
Non-corrosive high-strength cristings in aluminium
alloys for marine and general engineers. Moyle.
Kingston-on-Thames. . 222-417
San cast'ngs in aluminium or other non-ferrous
metals. David Pickett and Sons (Engineers), Ltd..
Elm Street, Cardiff. z2z-419
The Northern Diecastiug Co.. Ltd., Norcastal Works.
Burnley, Lancs. Phone. Burnley 2236. Specialises in
the production of gravity die castings in aluminium
alloys. All trades. On approved lists. Air Ministry,
Ministry of Supply, Admiralty. Inquiries invited.
222-420
For aT kinds of sandcast work. Patterns made.
Work dc’ivrred ready for your machines. Established
January. 19°1. G F. Whitmarsh, 8a Great Francis
Street. Vauxhnll. Birmingham. 227-450
Lavender. J. H. and Co.. Ltd.. Hall Green Works.
Cronkhnll Lane. West Bromwich. Phone. S'onc Cross
2273. Sand and gravity die castings in alunvnium
alloys. ztt-418
Klicenkast. Ltd., aluminium founders. Specialists: Letter
makers. n»mc plates road s'grs. number plates. Sheen
Lane, S.W.14 Phone. Prospect 4444. 222-466
- CELLULOSE — -
Cel'uto'e n-S’its »»»d syntheses. all colours and grades,
for immediate deliverY Hire- purchase available for
sprayjn» plant. Samples. Is. . “ Paint Sprayirg ’
book, copyright. 3s. 6d. Ca's . Trade Coun»cr 10-4 p.m.
Leonard Brooks. Harold Wood, Essex. Phone. IngT-
bourne 2560. 727-464

SITUATIONS VACANT

Electroplating. Opportunity in established works for

live manager with full knowledge of the trade. Direc-
torship ofTcrcd on small investment, which could be
progressively increased. Manchester area. Write, with
fuli details of experience, to Box 2719, care of “ Light
Metals.” 122-1
Required, foreman for die shop producing gravity and
pressure castings, light alloy mainly aluminium. Man
with good general experience of productive methods

required and good disciplinarian. South Eastern area.

Box 2718, care of “ Light Metals.” 122-2
— SITUATIONS WANTED

Gra-iuate Engineer of Mechanical Faculty, with wide

experience, specialist in mass production metal-

cutting operations, cold-pressed and hot-forged articles,
time and motion studies, tools and machine fixtures
designing, thorough knowledge of limits and precision

fittings for cnrncering. etc.. now seeks appointment
in London. Box 2238. care of “ Light Metals.”
123-5180
MISCELLANEOUS
Pulverizing and grading of raw materials. Dohm, Ltd..
167 Victoria Street. London. S.W .l 222-432
Body for ceramics, floorings, modelling, refractories,
etc. Supo’c-s: Dohm, Ltd.. 167 Victoria St-c~t.
London, S.W .I. 125-4808

LIGHT METALS,”

METALS March, 1948

CLASSIFIED ADVERTISEMENTS

Box Number Fee 1/-.
March 23, 1948.

minimum 4/-.

issue - -

Bowling Green Lane, London, E.C.1. 'Phone: TER 3636

MACHINERY, TOOLS AND PLANT
280-ton hydraulic sheet stretching or forming press by
Fielding and Platt. Ltd. to take sheets up to 8 ft.
wide, with self-contained hydraulic pumps, driven by
two 12 h.p. A.C. motors and control gear.

Reed Brothers (Engineering). Ltd., Bcvis Marks House.
London. E.C.3. Phone, Avc 1677-8. 123-5600

— PRODUCTION CAPACITY AVAILABLE AND —

WANTED
Metal powders and oxiaes. Quotations and samples
on application. Dohm, Ltd.. 167 Victoria Street.
London. S.W. 272-433

Sheet metal fabricated component parts in all types of
sheet metal to your specifications. Automobile Mctal-

craft Co.. Depot Road. Epsom. Phone 3368. 130-459

RAW MATERIALS AVAILABLE AND WANTED

Asbestos. Bentonite, Feldspar. Kyanitc, Quartz, all
minerals. Dohm, Ltd...167 Victoria Street, S.W .I.
222-451
Aluminium rods and tubes in standard gauges and
sizes for immediate delivery, ex stock, at competitive
prices. Also aluminium alloy sheets, Alrcco. The
Almcx Recovery and Refinery Co.. Ltd., Adclphi
Terrace House, London, W.C.2. Temple Bar 0902
(ten lines). 122-461
CUPREX. LTD,,
120 MOORGATE, E.C.2.
Phone. Metropolitan 9641.

Have for disposal reasonable tonnages of the following
non-ferrous material:—

NEW ALUMINIUM SHEETS. 6 ft. by 3 ft. and

some 8 ft. by 4 ft.: L.17 in 16. 18. 20 and 24G, L.16

in 16-24G. DTD. 213 VI-H and >/H in 16, 18. 20 and

22G. ALUMINIUM ALLOY TUBES. V* in. by 22G,

in. by 12G and 22G. 1Vi in., \% in., V/i in.. 1% in..
134 in. and 2Vi ins. in various gauges ALUMINIUM
ALLOY ROD and SOFT ALUMINIUM WIRE.
BRASS RODS, B.S.5.249, in Vi in.. 5-lo in., % in.,
7-16 in., 10 mm.. /2 in. dia. and upwards ' BRASS
STRIP, various widths 15-25G. We can offer quick

delivery of COPPER STRIP between 22 and 30G, an

temper. Inquiries welcomed for other material,

including BRASS AND COPPER SHEETS. Offers
made for surplus material and scrap.

: 123-5599

and aluminium-alloy

Large quantities new aluminium |
sizes and gauges.

sheets for sale, all specific:»lions,
Also coils 12 ins., 14 ins., 16 ins. wide, gauges 16/24.
Minimum half-ton lots. F. W. Harris (Blrmlngham)
Ltd.. 132-8 Hurst Street. Birmingham. 5. 123-518

CHARLES GRI'FFIN & CO*,

METAL SPRAYING
AND SPRAYED METAL

By W. E. BALLARD, F.R..C., F.LM.

This book presents the whole field of
metal spraying to engineer and metallur-
gist. For corrosion-resistant coatings,
and for bonded, built-up layers useful in
both reclamation and first construction,
this process is of first importance.

THIRD EDITION. Rewritten. 6"x9". 360 pages..
PRICE 32s. NET. Postage 9d. Overseas 1s.

LTD.

42, DRURY LANE, LONDON, W.C.2.

Printed in England and Published Monthly by the Proprietors, TEMPLE PRESS LTD., BOWLING GREEN LANE, LONDON, E.C.I
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M 1 C K DRK/MGSBkY-IHfRHID

2 EQUIP IT WITH GAS FIRING . ..
USE IT IN THE FORM OF A AND YOU GET THE SIMPLE
EXTENSIBLE UNITS 4 INFRA-RED TUNNEL

The gas-fired mfra_—red dry_lng tunnel _|s FOR SIMPLICITY AND
robust, compact, inexpensive . . . easily

constructed in different shapes and sizes CONTROL
without complicated auxiliary apparatus

... giving even distribution of radiation THE CHOICE WILL BE
and wide range of flux density at the tum

ofatap ... no material difference in drying

time due to colour . . . low capital and fuel

costs. Technical literature free on request.

BRITISH GAS COUNCIL « Il GROSVENOR PLACE. LONDON. SWI
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New Building Equipment

Use Noral alloys to make new building equipment.
They are light, strong and can’t rust—three of many
advantages. Our Technical Development Division will
help you with specific problems.

Northern Aluminium

COMPANY LIMITKf) « BANBURY ¢« OXON

7 Al



