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INTRODUCTION

The unique combination of light weight and relatively

high strength makes Aluminium the second most popular

metal that is welded.

Aluminium is not difficult to join but welding of

Aluminium is different from welding of steels
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WHAT MAKES ALUMINIUM DIFFERENT?

Oxide formation at the surface

High thermal conductivity

High solidification shrinkage

High thermal expansion

High solubility of hydrogen when in the molten state

Absence of color change
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OXIDE FORMATION

Aluminium is an active metal and it reacts with oxygen in

the air to produce a thin hard film of Aluminium oxide on

the surface

Aluminium oxide melts at about 2050oC, which is almost

three times the melting point of pure Aluminium, 660oC

If the oxide is not removed or displaced, it will results in

incomplete fusion

This Aluminium oxide film, particularly as it becomes

thicker, will absorb moisture from the air
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THERMAL CONDUCTIVITY

Thermal conductivity of

Aluminium : 222 W / m oC

Steel : 46 W / m oC
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contd.

The thermal conductivity of Aluminium is about five timesthat of
steel

Higher heat inputs are required to weld Aluminium even

though the melting temperature of Aluminium is less than

steel

If the temperature is too high or the period of time is too

long it affects the weld strength in heat-treatable alloys
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SOLIDIFICATION SHRINKAGE &

THERMAL EXPANSION

Aluminium welds decrease about 6% in volume whensolidifying from
the molten state

The thermal expansion co-efficient of

Aluminium : 23.6 x 10-6 oC-1

Steel : 12.6 x 10-6 oC-1

The thermal expansion co-efficient of Aluminium is twice

that of steel

This changes in dimensions or attempt to change in

dimension may cause distortion and cracking
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SOLUBILITY OF HYDROGEN

Solubility of hydrogen is

more in molten Aluminium

compared to solid

Aluminium solidifies it will

retain much less hydrogen

and the free hydrogen is

rejected during

solidification.
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contd

With a rapid cooling rate free hydrogen is retained withinthe
weld and will cause porosity

Hydrogen may be come from

moisture absorbed by oxide film

oil, paint, or dirt in the weld area

oxide or foreign materials on the electrode or filler

wire
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ABSENCE OF COLOR CHANGE

Aluminium is different from steels it does not exhibit

color as it approaches its melting temperature

It requires good skilled and experienced operator to weld

aluminium by fusion welding process
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PROCESSES SUITED FOR ALUMINIUM

WELDING

Friction stir welding (FSW)

Gas Metal Arc Welding (GMAW)

Gas Tungsten Arc Welding (GTAW)

Oxyfuel gas welding (OFW)

Electron beam welding (EBW)

Laser beam welding (LBW)
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Low residual stresses

No consumables (filler material, shielding gases)

Improved safety

absence of toxic fumes

absence of spatter of molten material

Easily automated on simple milling machines - lower set-

up costs and less training
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FRICTION STIR WELDING

(FSW)
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PROCESS

Friction Stir Welding

transforms the metals from

a solid state into a "plastic-

like" state, and then

mechanically stirs the

materials together under

pressure to form a welded

joint.

Instead of a conventional welding torch, FSW uses a

rotating, non-consumable tool that is moved along the

length of the joint
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OPERATION

Tool is pushed into the

materials to be welded and

is brought into contact with

the two parts to be joined

The rotation of the tool

heats up and plasticizes the

materials in contact with

tool

Movement of tool forces the plasticized material to back

of the tool whilst applying a substantial forging force to

consolidate the weld metal
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APPLICATIONS

FSW used for welding long length materials in

Aerospace

Shipbuilding

Some of the parts are

Fuel tanks for space launch vehicles

Roofing for railway carriages

Bodies and floors for coaches, buses

Wings and fuselage panels of aircraft

Wheel assemblies

Connectors

Railway industries

Automobiles
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DISADVANTAGES

Heavy duty clampings are necessary to hold the plates

together

Exit hole left when tool is withdrawn

Less flexible than arc welding processes

difficulties with thickness variations

non-linear welds
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CONCLUSION & FUTURE SCOPE

FSW is the best process to welding Aluminium for long

lengths with an excellent quality

Considerable effort is being made to weld higher

temperature materials such as titanium and steels by

using FSW

Take the process beyond its current use of mainly simple

butt and lap joint configurations and make it a much

more flexible fabrication process
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