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Introduction
The number of micro scale applications of metals is grow-
ing rapidly. Progressive miniaturization has become a deci-
sive characteristic of developments in electronic devices (Fig-
ure 1) or electronically controlled mechanical systems.
Along with the miniaturization so-called size effects occur in
sheet metal manufacturing processes. These effects are as-
sumed to be caused by changes in the relative contribution
of the different micro-structural events.

Figure 1 Permalloy sheet in an integrated micro-relay.

Objective
The goal of the current project is to develop and verify a solid
finite element code applicable for micro-forming processes
which enables the simulation of the different size effects.
This work, in connection with experimental investigations,
also contains essential validation steps.

Methods
The recent efforts focus on single-crystal plasticity based
models. Both the rate dependent and the rate independent
theory have been considered as candidates to describe the
local material behaviour. However, the actual numerical im-
plementation follows closely the rate dependent approach.
For the implementation and the test of different models, a
C++ framework has been created (Figure 2). This framework
can be fit to different FEM codes by individual interfaces.
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Figure 2 Overall program structure.

Discussion
The simulation of the tensile test of a thin sheet part mod-
elled with a varying number of grains illustrates the effect of
the changing grain structure.
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Figure 3 Effect of the number of grains – perfectly plastic and hard-
ening case.

Figure 4 Deformation of different grains.

Conclusion
✷ The present programming framework is suited to im-

plement and numerically test the different crystal plas-
ticity formulations.

✷ The current implementation can be used to evaluate
the effects of the grain structure on the mechanical
properties.

✷ Further investigations will focus on extensions of the
numerical algorithms and their performance.
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