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A new constitutive model for crystal plasticity with deformation twinning
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A thermodynamics-based constitutive model, which accounts for both crystallographic slip and deformation
twinning, is developed for a single crystal of hcp metals within the framework of finite crystal plasticity.
While the volume fractions of stress-free twin deformations are introduced as internal variables, the free-
energy involves the bulk energy of separate phases and the surface energy at twin interfaces, which are
introduced as functions of the internal variables, in addition to the standard hardening-related energy in
crystal plasticity framework. After the formulation is described in detail, a series of numerical examples
is presented to verify the performance of the proposed model in predicting the deformation twinning, the
successive deformation process and the twinning-induced stress responses. The results are studied with
reference to the theoretical consequences and the experimental results reported in the literature.
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Fig. 2 Twin surfaces in hcp crystal of Mg
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Fig. 4 Crystal reorientation due to twinning
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Table. 1 Twin configuration tensors
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0 —0.060 1.065 0.052 —0.030 1.065 0.052  0.030  1.065
1 0 0 0.952  0.028 0.060 0.952 —0.028 0.060
F® =10 0935 -0069| F®=|0.028 0984 -0.035 F© =1-0.028 0984 0.035
0 0.060 1.065 -0.052 0.030 1.065 -0.052 -0.030 1.065
(1012) B
1 0 0 1.042 -0.025 0.026 1.042  0.025 0.026
FO =10 1057 -0.030| F®=]-0025 1014 -0015| F®=[0025 1014 0.015
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1 0 0 1.042  —0.025 -0.026 1.042 0.025 -0.026
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Table. 2 Material parameters for crystallographic slip

Basal prismatic pyramidal

ho 10 7500 7500

75 [MPa] 330 150 260
7o [MPa] 1.0 20 40
a 0.001 0.001 0.001

n 30 30 30
Gvasal 0.2 0.5 0.5
Gprismatic 0.2 0.2 0.2
Gpiramidal 1.0 1.0 0.2
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Fig. 8 Experimental results on Mg single crystal
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Number of elements: 768
(four-node tetrahedral
clements)

Number of nodes: 189

Fig. 11 Eight-grain model
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Table. 3 Crystallographic orientation of each grain in

eight-grain model
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Fig. 12 Macroscopic stress-strain curve for eight-grain

model subjected to cyclic loading
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