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Abstract— Numerical simulation is being widely applied in
the virtualization of sheet metal forming processes. An accurate
reproduction of the material behavior is of major relevance for
the quality of the obtained results. Material characterization and
model calibration procedures usually rely on the use of a whole
range of classical mechanical tests. With nonhomogeneous
displacement and strain fields, heterogeneous mechanical tests
have appeared to enhance this costly procedure. New specimen
geometries have already been proposed by several authors, who
adopted nonefficient design methodologies, for instance, trial and
error approaches based on their empirical knowledge [1]. This
issue can be solved using an optimization approach to find
efficiently the specimen geometry that can provide the highest
quantity of information about the material behavior. This work
proposes a topology-based optimization methodology for the
design of a heterogeneous mechanical test. The potential of
topology optimization to obtain an innovative geometry consists in
a major advantage of the proposed methodology [2,3]. Moreover,
a mechanism design approach is used alongside the design by
topology optimization to directly introduce heterogeneity in the
displacement field [4]. A nonlinear finite element analysis is
employed to account for material and geometric nonlinearities.
The nonlinear elastoplastic behavior and the large deformations
that the specimen is subjected to are taken into account in the
design procedure. As a result, an optimal specimen geometry is
obtained, being the heterogeneity of its stress field evaluated using
a mechanical indicator. It was proved that the proposed nonlinear
design methodology produces a mechanical test capable of
improving the mechanical characterization of sheet metals.
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