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Introduction
In deep drawing processes a material point
experiences different deformation modes in
succession. Current constitutive models do not fully
represent the change in deformation mode. Higher
demands on economic and environmental concerns
means that this needs to be improved.

Figure 1 : Different stages in the deep drawing process.

Adding strain path sensitivity to the constitutive laws
will result in improved predictions of mechanical
responses and in more accurate FE simulations.

Methods
The current work is focussing on two parts;
developing a strain path dependent model and
collecting mechanical responses during strain path
changes in experiments.
Modelling A general applicable return mapping
algorithm is developed to create a basis for different
hardening models, independent of the chosen yield
criterion. The evolution of the isotropic and kinematic
hardening are separately defined, see Figure 2.
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Figure 2 : General applicable return mapping algorithm.

Arbitrarily combinations of isotropic and kinematic
hardening and even interacting combinations are
possible. A consistent stiffness is determined and
both the return mapping algorithm and the stress
iterations converge quadratically.

Experimental A testing device that loads a specimen
on plane strain followed by simple shear deformation
is used to investigate strain path changes.

Results
Experimental results from orthogonal tests are
depicted in Figure 3. A momentary strain path
change is obtained by suddenly freezing the tensile
strain, while a slowdown release of tensile strain gives
a gradual strain path change.
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Figure 3 : Results of orthogonal tests. Solid lines: shear
stress; dashed lines: tensile stress.

Intermediate strain path changes give shear curves
that are in between these two shear curves.

Conclusion & Future research
It is shown that classical isotropic and kinematic
hardening is not sufficient to describe the
experimental results. Future work will focus on
developing a hardening model that is able to describe
these phenomena.


