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THE TASK

In vehicle electric engineering copper is the established

material for electronic components. Despite the fact that 

the price for copper is three times that of aluminum, most 

of the connectors in cars are made from copper or copper

alloys. This nonferrous metal contributes substantially to 

the overall weight of the vehicles.

In recent years the requirements to reduce CO2 emissions 

have led to steadily reducing vehicle weights. This trend

affects electrical components as well. With respect to 

weight, aluminum is the better conductor and it is also 

less costly. A future trend will be to replace copper wiring 

with aluminum in car electrics.

Connecting an electrical component with copper to an

aluminum wire requires low contact resistances as well as

some way to prevent the creeping of aluminum. This can 

be accomplished by welding the connections. However,

welding copper and aluminum using melt-based processes

forms brittle phases in the material joint, which reduce the

strength of the connection.

This situation requires a better solution to connect aluminum

with copper. 

ROLL PLATED AL-CU JOINTS – DUCTILE AND
HIGH STRENGTH

OUR SOLUTION

Our solution is to use semi-finished Al/Cu parts. They can

directly connect the Al/Cu bimetal or they can be inserted 

as a coupling transition joint.  

Engineers at the Fraunhofer IWS Dresden collaborated with 

an industrial partner to develop a roll plating process, which

enables the joining of hard-to-weld material combinations

including aluminum and copper. Laser radiation is applied 

to heat the facing surfaces to the temperature required for

joining. This heat occurs directly in front of the roll gap. 

Thus the heat deformation is limited to the surface region 

near the joining zone.

Aluminum and copper behave differently under deformation.

This leads to a different material flow at the transition

between the metals. These differences in material flow

suppress the local stoichiometry required to form brittle

phases. Subsequently there are no or only minor brittle 

phases developing near the joint. These occur close to the

interface of the aluminum side in the mixed crystal. Roll

plating fabricates high-strength material compounds 

capable of being cold formed. 
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1 Laser roll-plating machine, 

region in front of the rolling

groove

2 Semi-finished products

RESULTS

Fraunhofer IWS’ laser roll-plating machine is designed to 

join material strips. Fig. 1 shows the principle of the plating

process and the arrangement of typical machine components.

The two metal strips to be joined are fed at angles of 45°

toward the gap where they meet up to be roll plated together.

When passing the laser focus line, the surfaces of both strips

are heated to the necessary temperature just prior to running

into the roll-plating gap. 

The machine also integrates high frequency generators, 

which heat both strips to affect the forming behavior and 

to accelerate the plating process. During the process the

heated strip sections and the roll plating gap are flushed 

with protective gas to suppress oxidation.  

Additional system components include the strip reels, fixtures

and brushes to clean the surfaces prior to joining. The system

integrates an 8 kW disk laser. It is also possible to use other 

or multiple lasers. The width of the line focus is adjusted via

special optical components.

Typical for this process is a very localized energy deposition

and deformation. Therefore the overall distortions are minimal

and yet the process yields a high strength material compound.

The process is suitable for near net shape plating and also

allows for a wider range of strip thickness combinations

compared to conventional roll-plating processes.
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The possible width of the strips to be joined depends on the

available laser power. Fig. 2 shows some typical semi-finished

products coming out of this process. The joints are of very

high strength and can be cold formed up to 90° off the

original orientation of the plating plane. This way it is 

possible to fabricate very thin butt joints for example for

transition joints.
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