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Abstract: The constitutive relation of Mg alloy was established with the crystal plasticity theory based on the
mechanisms of slip and twinning deformations. The hardening functions of slip and twinning deformations were
proposed in consideration of the interaction between the slip and twinning deformation. The numerical simulation and
meso analysis for AZ31 Mg alloy under the uniaxial loading were carried out using the above constitutive relation and the
hardening functions associated with a representative volume element (RVE) consisting of Voronoi polycrystalline
aggregation. By comparing the simulation results and the experimental data, the present method is verified feasible to
predict reasonably the macroscopic yield behavior, the hardening evolution and the polycrystalline texture evolution. The
reasonable estimations for inhomogeneous rotation of grain orientation and the twin volume fraction in the
polycrystalline can be attained. The results show that, the macroscopic plastic behavior of Mg alloy depends on the
competitive result of activation slip and twinning systems; the tension twin deformation is the primary reason to the
formation of typical (0001) basal texture in the polycrystalline; and the twin deformation leads to extremely
inhomogeneous distribution for the orientation deflection and the twin volume fraction in the polycrystalline.
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Fig. 2 Schematic diagrams of different slips and twins:
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Table 1 Direction and plane of slip systems for AZ31 single crystal

Slip  Cooridinate 1 2 3 4 5 6
a (0001) (0001) (0001) (1100) (1010) (0110)
" b (001) (001) (001) (0.866, 0.5, 0) (—0.866,—0.5, 0) (0,1,0)
a (1120) (1210) (2110) (1120) (1210) (2110)
" b <0.5, 0.886, 0> <0.5,—-0.866, 0> <-1,0,0> <0.5, 0.866, 0> <0.5,—0.866, 0> <-1,0,0>
Slip  Cooridinate 7 8 9 10 11 12
a 2112) (1122) (1212) (2112) 1122) (1212)
B b (0.852, 0, 0.524) (—0.426,—0.737,0.524) (—0.426, 0.737, 0.524) (—0.852, 0, 0.524) (0.426, 0.737, 0.524) (0.426,-0.737, 0.524)
a (2113) (1123) (1213) 2113) (1123) (1213)
" b <—0.524,0, 0.852> <0.262, 0.454, 0.852> <0.262,-0.454, 0.852> <0.524, 0, 0.852> <—0.262, 0.454, 0.852> <—0.262, 0.454, 0.852>

F 2 AZ31 AR R AR TT 1)
Table 2 Direction and plane of twin systems for AZ31 single crystal

Twin Cooridinate 1 2 3 4 5 6
a (1102) (1012) 0112) (1102) 1012) 0112)
" b (0.592,-0.342, 0.729) (—0.592,—0.342, 0.729) (0,0.684, 0.729) (—0.592, 0.342, 0.729) (0.592,0.342,0.729) (0, —0.684, 0.729)
a (1101) 1011) 0111 a101) (1011 ©O111)
" b <—0.632, 0.365, 0.684> <0.632, 0.365, 0.684> <0,-0.729,0.684>  <0.632,-0.365,0.684>  <-0.632,-0.365,0.684> <0, 0.729, 0.684>
Twin Cooridinate 7 8 9 10 11 12
a a1on (1011) 0111) (1101 o1 0111)
" b (0.764,-0.441, 0.471) (—0.764,—0.441, 0.471) (0,0.882, 0.471) (—0.764, 0.441, 0.471) (0.764,0.441,0.471)  (0,—0.882, 0.471)
a 1102) (1012) (0112) (1102) (1012) (0112)
" b <0.408,-0.235,-0.882>  <—0.408,—0.235,-0.882> <0, 0.471,-0.882>  <-0.408,0.235,-0.882> <0.408, 0.235,-0.882> <0,-0.471,-0.882>

a. Four axis coordinate in Miller-Bravais systems; b. Cartesian coordinate in {x\;, M=1,2,3}.

R3 AZ31 AR S (0001) (1010)
Table 3 Constitutive model parameters of AZ31 single
crystal
Deformation 7o/ 7/ ho/ 7o/ . K
mode MPa MPa MPa s 4 TD
Basal-<a> 10 20 100 0.001 1.4 2.2 200
Pri-<a> 75 105 250 0.001 1.4 2.2 200 RD
00.1 ®58 00.12 64
Pyr-<a+c> 90 110 250 0.001 1.4 2.2 200 ) o
Ten-Twi 50 145 500 0.001 1.4 200 3 B ALIBROIGET,
en-twin ' ' Fig. 3 Initial textures of AZ31 Mg alloy sheet
Com-Twin 100 155 500 0.001 1.4 - 200
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