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Table 1

(mass fraction, %)

Chemical composition of AZ31 magnesium alloy

Al Mn Zn Si Cu Fe Mg Impurities
3.19 033 0.81 0.02 0.05 0.005 954 Bal.
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Texture of AZ31 magnesium alloy after pre-
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Fig. 3 Significance of parameters in hardening process
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Fig. 4 Flow stress — strain curves of pre-twinning AZ31

magnesium alloy under different impact loading
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Fig. 5 Microstructures of pre-twinning AZ31 magnesium alloy under different impact loading: (a) 150 ‘C, 2150 s™';
(b) 150 °C, 3430s™"; (c) 150 C, 4160 s™"; (d) 200 C, 2150 s~
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Fig. 6 Texture of pre-twinning AZ31 magnesium alloy
under different impact loading: (a) 150 C, 2150 s;
(b) 200 °C, 2150 s7"; (c) 150 C, 4160 5™
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Fig. 7 Second derivation of stress — strain curves under
different impact loading: (a) df/do curve and critical strain

value of microstructure forming; (b) Critical strain of twin
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Table 2

impact conditions

Yield strain and yield stress under different

Deformation Yield strain, Yield stress,

condition & R, ,/MPa
150 °C, 2150 8™ 0.005 138.29
200 °C, 2150 57! 0.005 120.52
150 °C, 3430 s™ 0.006 166.94
150 °C, 4160 s~ 0.008 201.24
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Fig. 8 Comparison of simulation and experimental stress—strain curves: (a) 150 ‘C, 2150 s™'; (b) 200 C, 2150 s™';

(c) 150 'C, 3430s7"; (d) 150 'C, 4160 s
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Table 3  Fitting parameters of VPSC model
Deformation Deformation
condition mode ‘o f b g A% v
Prism 60 18 1500 200 - -
Basal 12 2 650 40 - -
150 °C, 2150 s™" 2rd-pyramid 50 12 900 60 - -
Extension twin 61 15 1000 50 0.20 0.50
Compression twin 68 11 500 30 0.10 0.90
Prism 52 30 2500 100 - -
Basal 12 5 700 25 - -
200 C, 2150 5™ 2rd-pyramid 42 18 1500 40 - -
Extension twin 62 20 2000 20 0.30 0.50
Compression twin 50 30 1000 45 0.10 0.90
Prism 65 25 2500 100 - -
Basal 20 2 100 20 - -
150 C, 3430 s 2rd-pyramid 57 15 1500 40 - -
Extension twin 63 15 1600 20 0.30 0.50
Compression twin 68 20 1000 30 0.10 0.90
Prism 81 25 2500 50 - -
Basal 25 5 850 10 - -
150 °C, 4160 s™" 2rd-pyramid 65 15 1000 20 - -
Extension twin 85 5 1200 20 0.01 0.50
Compression twin 75 15 600 40 0.02 0.90
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Fig. 9 Experiment and simulation results of deformed textures under different impact loading: (a) 150 ‘C, 2150 s™';

(b) 200 ‘C, 2150 s™"; (c) 150 C, 4160 5™
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Deformation mechanism and mechanical behavior of
pre-twinning AZ31 magnesium alloy under
medium temperature and high speed impact

LIU Xiao"?, HU Ming-yue" %, XIE Chao®, ZHU Bi-wu" 2, MA Min" 2, TANG Chang-ping" 2, LIU Wen-hui'-?

(1. Hunan Engineering Research Center of Forming Technology and Damage Resistance Evaluation for
High Efficiency Light Alloy Components, Hunan University of Science and Technology, Xiangtan 411201, China;
2. Key Laboratory of High Temperature Wear Resistant Materials Preparation Technology of Hunan Province,
Hunan University of Science and Technology, Xiangtan 411201, China;

3. Faculty of Mechanical Engineering and Mechanics, Ningbo University, Ningbo 315211, China)

Abstract: The deformation mechanism and mechanical behavior of pre-twinning AZ31 magnesium alloy under
medium temperature with high speed impacting were investigated by combining the simulation of visco-plastic
self-consistent (VPSC) model. This expanded the applications of VPSC model and provided a new approach to
study the deformation mechanism and mechanical behavior of magnesium alloy under dynamic loading. The
results show that during the medium temperature impacting, basal slip and second-order pyramidal slip are the
dominant accommodation mode, and twinning also plays an important role. The flow stress fluctuates due to the
occurrence of numerous twins. The maximum intensity position rotates toward RD for the onset of contraction
twins. Double peak texture forms attributing to the activation of secondary twins.
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mechanical behavior; pre-twinning; texture
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