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Abstract

Legal framework conditions for climate protection and a growing ecological awareness
are leading to an increasingly important role for lightweight design in the automotive
sector. In order to be able to achieve the resource efficiency goals of future vehicles
from an economic point of view, modern car bodies are being built using the so-called
mixed construction method. Depending on the prevailing component requirements,
components made of metal and fiber-reinforced plastic (FRP) are combined with each
other to achieve weight savings.

The joining of the individual body components is of particular importance, with re-
sistance spot welding being the preferred joining method due to the achievable degree
of automation and the low costs per weld spot. To enable the spot welding technology
for joining metal components with fiber-reinforced plastics, spot weldable inserts can be
used. They act as a welding interface and are used to transfer the load into the compo-
site over a large area.

So far, however, there are no approaches that consider the introduction of weldable
inserts in the resin transfer molding (RTM) process, which has a great potential for in-
dustrialization in large-scale production. It is also not known how the temperature dis-
tribution during spot welding of FRP/metal composites appears and how thermal dam-
age to the fiber composite can be avoided.

In order to counteract this deficit, a three-step approach is chosen in this thesis. In the
first step, the influence of the insert shape and the fiber composite on local temperature
maxima is determined by a systematic experimental procedure. Based on this, a rec-
ommendation for action shall be derived, which allows a design of the welding process
regarding a small temperature influence zone. In a second step, the RTM process is
being extended to allow the reliable production of spot-weldable FRP/metal compo-
nents. The modified RTM process is tested by means of a realistic component geometry
and its suitability for automotive body construction will be verified. In the third step, a
methodology is developed that allows the design of the joint while avoiding thermal
damage to the fiber composite. An analytical approximation of the fiber path allows a
realistic description of the fiber orientation after the fiber-appropriate insert integration.
Finally, a finite element model is developed which allows the prediction of the temper-
ature distribution during spot-welding of fiber reinforced plastic/metal components un-
der consideration of the anisotropic fiber properties.

As aresult of the work it is possible to produce hybrid FRP/metal components using the
RTM process and to design their connection to metallic support structures without dam-
age by resistance spot welding.
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