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Abstract

In the present dissertation “Arc welding of dissimilar material joints made of steel,
aluminium and magnesium alloys”, the fundamental research in the field of thermal and
firmly-bonded joining of hybrid joints is considered. The used energy source is the arc
(GMA and TIG).

The problems in the thermal and firmly bonded joining of these metals lie in the low or not
existing reciprocal solid solubility of the metals, in the formation of brittle intermetallic

phases and in the different mechanical and technological properties of the joining partners.

For this purpose, the melting of at least one joining partner shall be reduced to a minimum.
Further, the development of the undesired intermetallic phases shall be reduced insofar as
it is possible to produce braze welds between steel and aluminium alloys. This is to be

guaranteed via a defined process and temperature control.

The two arc processes ‘metal inert gas” (MIG) and ‘tungsten inert gas” (TIG) are
considered. The advantage of the TIG method compared with the MIG method is the
separation of the energy input and the filler material. In this dissertation, individual factors
are, firstly, specifically considered and their influence on the joining properties is defined
and analysed. The influential factors which are thoroughly analysed are, among others, the
base materials, the filler materials, the auxiliary materials, but also the heat control and the

weld shape.

Based on those findings, the joints between steel and aluminium alloys will be optimised
with regard to their requirement profile. One of the demands made to the joint is the high
mechanical strength of the weld. Another demand is the weld shape which should be
optimal for forming. These requirements are, partially, contradictory. Re-forming involves
a flat seam, high mechanical strength involves higher weld reinforcement. The properties

of the joints will be determined by extensive testing (tensile and cupping tests).

For the joints between steel and magnesium alloys, also the individual factors and their
influence are, firstly, considered. Joints are produced using the MIG method and also the
TIG method. Both methods allow the achievement of similar mechanical and technological
properties. To this end, the respective tests have been carried out and subsequently

analysed (tensile tests, EDX analyses).

Due to the melting points of aluminium and magnesium alloys which lie in a similar range,

both of these materials are locally molten during joining. As a possible solution of this
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problem, a filler metal on a zinc-basis is applied. Zinc possesses sufficient solubility, as far
as aluminium and also magnesium are concerned. The melting point of zinc alloys is,
moreover, clearly lower than in aluminium and magnesium alloys. Thus, the base
materials are molten only to a minor degree. Using the MIG method, 50% of the strength

of the base materials are achieved.

The investigations show the application potential of the arc for hybrid joints. This applies in
particular to joints of steel/aluminium alloys. This material pair possesses a high
application potential for the industry. However, the respective boundary conditions must be
taken into consideration, even more than this has to be done in the case of similar joints. It
has been possible to work out first solution approaches in the joining of magnesium alloys.

Further basic research is, however, required.



