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Crystal plasticity simulation on earing during
deep drawing of AZ31 magnesium alloy

TANG Wei-qin, LI Da-yong, PENG Ying-hong

(School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: In order to predict the earing behavior during deep drawing of magnesium alloy accurately, a crystal plasticity
theory combined with finite element method was proposed. First of all, based on the microscopic nature of plastic
deformation during warm forming, a crystal plasticity constitutive model coupling slip and twinning was established for
magnesium alloy with hexagonal close packed (HCP) structure. Then, in order to establish crystal plasticity finite element
model for large deformation, the secondary development interface (VUMAT) of the commercial finite element software
ABAQUS/Explicit and Fortran programming language were used, the deformation modes and model parameters were
determined by combining the theory, simulation and experiments. Finally, the commercial rolled AZ31 magnesium alloy
sheets were simulated during deep cup drawing using the HCP crystal plasticity finite element model, and the predicting
method is validated by comparing with experimental results from both earing profile and deformation texture. Both the
experimental and simulated results show significant earings at 45° away from rolling direction and texture components of
(0001)(1010) and tensile twinning.
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Fig. 2 Main slip/twinning systems in magnesium alloy: (a) Basal <a> slip; (b) Prismatic <a> slip; (c¢) Pyramidal <a> slip;

(d) Pyramidal <c+a> slip; (e) Tensile twinning
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Table 1 Hardening coefficients for polycrystal model of AZ31 Mg alloy sheet

a

Slip/twinning mode g§/ MPa h§ / MPa g%/ MPa Latent n
Basal <a> slip 31 68 4 1.1
Prismatic <a> slip 62 110 4 1.1
pyramidal <c+a> slip 62 110 2 1.1
Twinning 55 95 4 1.1

go—Initial critical resolved shear stress; #y—Initial hardening rate; g——Saturation shear stress; Latent—Latent hardening coefficient;

n—Hardening exponent.
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Fig. 5 Geometric sketch for deep cup drawing tools of AZ31
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Table 2 Dimensions for cylindrical cup drawing tools (mm)

D, Dy R, Ry D, ty
65.0 63.5 5.0 8.0 110.0 1.0
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Fig. 6 Simulation results for deep-drawn cup of AZ31 alloy

sheet formed at 150 °C: (a) Earing profiles; (b) Pole figures
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