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Abstract

The deformation behavior of hexagonal close packed (hcp) materials in-
volves dislocation slip as well as deformation twinning, including a competi-
tion between those two. This is due to the limited number of easy to activate
slip modes. We present a model that captures dislocation slip, dislocation
interaction, size-dependent hardening and deformation twinning. It also ac-
counts for the sudden change of the crystal lattice orientation at the very final
stage of the twinning shear process which allows to describe dislocation glide
deformation within a twinned region. Along with this, the model further
considers the change in the elastic properties associated with the new lattice
orientation. Finite element results are presented for the specific example of
magnesium (Mg) and for different characteristic loading conditions in order
to mimic local stress distributions as they occur in different regions within a
single crystal or grain, e.g., close to a boundary and far off. In addition, the
impact of twinning on the mechanical response of Mg single crystal during
microcompression is investigated. We show that the suggested model is well
capable of predicting the complex microstructural deformation behavior in
Mg and compare our numerical results to experimental data.
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1. Introduction

Magnesium (Mg) has attracted considerable attention in the early past
due to its enormous potential for weight reduction within a wide range of
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