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Modeling of the Reorientation Behavior of a Single Crystalline Shape-
Memory Alloy by a Micromechanical Approach
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ABSTRACT

A Helmholtz free energy for a martensitic transformation of a single crystalline shape-memory alloy is
obtained by a micromechanical approach. 24 variants of the single crystal are taken into account. In the
framework of irreversible thermodynamics, a kinetic relation, a martensitic nucleation criterion and the
reorientation criterion of martensitic variants are obtained. These relations are valid for a three-dimensional
proportional or non-proportional mechanical loading or a combination of mechanical and thermal loading.
Reorientation behavior of a single crystalline shape-memory alloy CuZnAl is simulated. When a tensile load is
applied to a thermally-induced martensite, 24 self-accommodated martensitic variants are reoriented to the most
favorable variant. In the following unloading, the most favorable variant in the tensile load is reoriented to the
most favorable variant in this loading condition.
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Table 1 Used values of the parameters for the simulation
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Fig. 4 Reorientation behavior of 24 martensitic Fig. 5 Reorientation behavior of 24 martensitic
variants, (1,2, a3)=(45°,45°,45°%) variants, (g,,02,05)=(10°,20°,30°)
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