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In 1998, the consumption of aluminium totalled 28.7
million tonnes. Consumption focuses on the countries
with a high level of development and the dominant
markets are therefore Asia, North America and West-
ern Europe, Fig. 1. Expressed in terms of consumption
per capita, Japan, the USA, Sweden and the Nether-
lands are the leaders.

The distribution of applications differs between
countries, but in overall terms the transport, construc-
tion and packaging industries are the most important
markets for aluminium products. The remainder is used
in applications within the electrical and engineering in-
dustries, office equipment, home furnishings, lighting,
chemicals and the pharmaceutical industries, as shown
in Figure 2.

The general improvement in the standard of living
in many countries, developments within China’s con-
struction industry, the global automotive industry and
the packaging industry are examples of areas that are
driving the use of this metal internationally. New appli-
cations and the lack of natural replacement materials
also indicate that the consumption trends will remain at
the same high level.

Time passes – its properties are unchanged
Aluminium is probably best known for its low weight,
but the metal has a large number of other valuable
properties which have helped, either individually or in
combination, to give it its wide range of applications.

One clear area of development is the work that is
being done to optimise the properties of different alloys
for specific applications. More in-depth material know-
how, improved production processes and new methods
for forming and joining, for example, are creating the
conditions for a continuing increase in the use of alu-
minium in the future.

Some examples of sectors in which the continued
development of material properties and effective ma-
chining techniques will play an important part in in-
creasing the applications of this material now follow.

Transport
Modern, fast transport systems are generally synony-
mous with lightweight structures, frequently made of al-
uminium. Weight savings result in reduced fuel con-
sumption, higher speeds, higher payloads and a reduced
environmental impact, but an effective structural
system also imposes heavy demands when it comes to
the strength of the material and its formability, ease of
joining, surface treatment, energy absorption in the
event of impact, corrosion resistance and so on.

A century of aluminium— 
a product of the future
by Anders Norlin,  Sapa, Sweden

Aluminium is a young metal with an outstanding history as far
as the technical metals are concerned. The first aluminium
items made their appearance on the market in or around
1890 and this heralded the start of a unique market trend
which has made aluminium the second most frequently used
metal after steel.
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Figure 1. Aluminium consumption in 1998 in different parts
of the world. Source: Alunet.

Figure 2. Aluminium consumption for different applications
(western world). Source: Mozal.
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FSW – joining method of the future
Friction Stir Welding (FSW) is a new friction welding
method which in just a short time has revolutionised
the opportunity for joining aluminium rationally and
with superior quality. This process makes it possible to
join aluminium in a solid state – in other words, without
the material melting. The joint surfaces are forced to-
gether under the influence of heat and powerful defor-
mation and form a homogeneous joint.

During conventional friction welding, the heat that
is needed for the process is created by the workpieces
moving in relation to one another. In FSW, the work-
pieces are fixed in place and the frictional heat is pro-
duced by a rotating tool which is moved along the joint,
Fig 3.

A weld joint produced using FSW generally has
higher strength than the corresponding fusion weld and
the low residual stress means that the finished part is
virtually free from deformation. In addition, the joint is
far less prone to welding defects, even though the re-
quirements for the pre-treatment of the welding surfac-
es in connection with FSW are far less rigorous than
those for fusion. When it comes to fatigue characteris-
tics, FSW also comes off well in comparisons with other
joining methods.

The method is extremely eco friendly. Weld flash,
fumes and ozone formation are totally eliminated, to-
gether with the need for special safety equipment. The
weld joint has an even, smooth surface with a character-
istic appearance and in most cases it requires no finish-
ing, Fig 4.

In just a short time, FSW has developed into a
straightforward, reliable welding method. Once the
welding parameters and joint design have been select-
ed, the process is very stable. It is therefore ideal for au-
tomation, Fig 5.

In combination with the virtually unlimited poten-
tial for joint design which can be obtained with extrud-
ed aluminium profiles, FSW has revolutionised the op-
portunity for new design solutions using aluminium.

Heat exchangers
The high conductive capacity of aluminium when it
comes to electricity and heat is being used on an in-
creasing scale for the effective transfer of electrical
power and for cooling power electronics. Develop-
ments are moving towards more effective, smaller and
lighter cooling systems with thinner metals, higher cool-
ing flanges and complicated profile tools. Higher work-
ing temperatures and greater surface pressure between
components and coolers make improved heat resis-
tance and creep strength essential. It must also be pos-
sible to apply surface treatment in the form of nickel-
plating and silver-plating, for example, to certain struc-
tures, in order to prevent oxidation and ensure electri-
cal and thermal contact.

Forming and joining
From a physical point of view, many of the desirable prop-
erties clash with one another and in many cases develop-
ment work must aim to find the optimal compromises.

As a result, material development is hardly likely to
solve all the designer’s problems, but, by working in
parallel with the development of techniques for pro-
cessing the material, the applications for aluminium can
be steadily extended.

As has already been mentioned, joining and form-
ing are two very topical areas of technology in which
new or developed technology will produce important
future development potential for aluminium structures
and where Friction Stir Welding and hydroforming in
particular are extremely interesting methods.

Long and wide
The method makes it possible to join two or more pro-
files in an rational manner and produce one profile that
is wider and thinner than any single profile that can be
produced by extrusion. This means that wide, long pan-
els for roofs or the sides of trains, the decks of boats and
so on can be made both thinner and lighter.

Figure 3. The principle of the Friction Stir Welding operation.

Figure 5. Fully automated line for FSW of components for
the automotive industry at Sapa Manufaktur in Finspång.

Figure 4. An FSW joint is characterised by an even, smooth
surface with a characteristic pattern.
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Sapa’s FSW equipment for long-length welding is
able to weld panels which are as much as 14.5 metres
long and three metres wide. This unique unit is
equipped with three separate welding heads for optimal
production economy, Fig. 6.

Short and complicated
It is not just long, linear joints that are suitable for FSW.
In many cases, the method has shown itself to be super-
ior to conventional fusion welding when producing
small components with rigorous strength and leak
proof requirements, in addition to which the low resid-
ual voltage enables stringent smoothness requirements
to be met.

Very successful examples of such products are
liquid- or gas-filled coolers for the electrical and elec-
tronic industries in which the combination of advanced
design and FSW has presented new opportunities for
producing effective components.

In 1995, Sapa was the first company in the world to
introduce production on an industrial scale using Fric-
tion Stir Welding (FSW) as a joining method. Since
then, these operations have increased at an almost ex-
plosive rate and Sapa is currently doing its utmost to
meet the increasing demand. At the present time, the
company has three FSW systems in operation.

Forming
Forming, or plastic processing, means that a workpiece
is exposed to forces that cause a plastic, permanent de-
formation.

Bending is a very common forming process. There
are different bending methods such as rotary draw, roll,
compression and ram bending. In combination with hy-
droforming, bending offers new opportunities for creat-
ing the desired shapes and functions in extruded hollow
profiles.
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Hydroforming is used to change the cross-sectional
shape along a profile. A virgin or bent hollow profile is
put into a tool, which has a shape corresponding to that
of a product. High internal pressure is created by water
inside the profile that deforms and the surface of the
profile will be pressed against the tool. The maximum
internal pressure required to hydroform the component
varies normally between 1300 and 2000 bar. The
required pressure depends on the tube material, tube
wall thickness and tool radii. Large forces are needed to
keep the tool closed and hydroforming therefore re-
quires a large mechanical or hydraulic press.

This technique makes it possible to create large-
scale variations in cross-sections, thereby reducing the
number of parts and joints in a complicated compo-
nent. The product volume should be around 20,000 per
item to make the method profitable.There is hardly any
doubt that hydroforming will result in new and exciting
applications for aluminium in the automotive industry,
for example, and Sapa is therefore naturally investing
substantial resources in a number of forming projects in
order to continue these developments.

Hydroforming is dealt with in more detail in the ar-
ticle by Nader Asnafi, Sapa Technology.

Figure 6. Equipment for FSW of profiles in lengths of up to 14.5 metres and panel widths of 3 m. Sapa Profil in Finspång.


