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Mechanics of Materials

1. Introduction

Strain path dependency of sheet metal forming limits
triggers unpredicted failures of automotive components.
An improved understanding of underlying microstruc-
tural mechanisms is therefore required. The goal of this
work is to develop a miniaturized setup capable of test-
ing sheet metals up to failure in equi-biaxial tension, al-
lowing the analysis of these mechanisms.

2. Methodology

The miniaturization potentials of the candidate tests
are investigated through FE simulations (Fig. 1).
Macro-scale experiments are carried out with the
promising setups, to investigate possible practical
difficulties (Fig. 2).

3. Numerical Results

The bulge and Nakajima tests are not suitable for minia-
turization, whereas the cruciform andMarciniak tests are
more promising (Fig. 1). However, some challenges are
also foreseen in these routes, which will be analyzed
with macro-scale tests.

Figure 1: The results of the simulations.

4. Experimental Results

Figure 2: The results of the experiments.

Fracture is achieved in both cruciform and Marciniak
macro-scale experiments (Fig. 2a), however, cruciform
specimens are observed to have machining induced
(stress-intensifying) micro-cracks, leaving Marciniak test
as the most promising route (Fig. 2b).

5. Conclusion

Marciniak test is the most promising test setup to
be miniaturized for biaxial testing sheet metal up
to failure.

6. Future Work
The influence of testing parameters on the com-
petition between the center and the edge of the
Marciniak specimen will be investigated.
A miniaturized setup will be designed and tested
for proof of principle.
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