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Fig. 1 Initial microstructure of AZ31 magnesium alloy
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Fig. 2 Microstructures of rolled sheet by different rolling technologies: (a) 300 C, £=20s";(b) 300 'C, £=295s"'; (c)
400 °C, £=5.45";(d)400°C, £=83s";(e)400 C, ¢=10s"";()400°C, £=20s"
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Fig. 3 Grain size distribution of rolled sheet by different rolling technologies: (a) 300 ‘C, £=20s"';(b) 300 C, £=29s7;
(€)400 C, £=5.45";(d)400°C, £=83s";(e)400C, ¢=10s";(N400C, £=20s"
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Table 1 Mechanical properties of different rolled sheets under room temperature tensile

Condition Direction Tensile strengthen/MPa Elongation/%
400°C. 545 Parallel to rolling direction 336+2.6 6.4+0.12
Vertical to rolling direction 3574+2.3 (7.0£0.18)
400°C,83 5" Parallel to rolling direction 314+2.2 10.5+0.15
Vertical to rolling direction 316+2.5 13.7+0.14
400°C, 105" Parallel to rolling direction 242+1.8 10.1£0.21
Vertical to rolling direction 254+2.4 12.0£0.17
400 °C, 205" Parallel to rolling direction 252+2.7 12.5+0.15
Vertical to rolling direction 252422 15.0£0.22
300 °C, 205" Parallel to rolling direction 254+2.5 15.0+0.24
Vertical to rolling direction 245+2.0 14.5£0.21
300 °C, 29" Parallel to rolling direction 251+1.8 12.0£0.17
Vertical to rolling direction 247+2.1 15.5+0.23
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Fig. 5 Strengthening and toughening mechanism for multi-scale microstructure including submicrograin, fine grain, twin

and coarsen grain
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Fig. 7 Plasticization mechanism for multi-scale microstructure including submicrograin, fine grain, twin and coarsen grain
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Influences of twins and grain distribution on
strengthening and toughening of high-strain rate rolled
AZ31 magnesium alloy sheet

ZHU Bi-wu!, YANG Wei-cheng!, XIE Chao?, LIU Xiao!, WU Yuan-zhi®, WAN Quan-hui!, TANG Chang-ping'

(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. Faculty of Mechanical Engineering and Mechanics, Ningbo University, Ningbo 315211, China;

3. Research Institute of Automobile Parts Technology, Hunan Institute of Technology, Hengyang 421002, China)

Abstract: Aiming to produce magnesium alloy sheets with different distributions of twin and grain size, the
high-strain rate rolling was carried out on as-casting AZ31 magnesium alloys at temperatures of 300400 ‘C and
average strain rates of 5.4-29 s™!. The effects of twin and grain size distribution on the strengthening and
toughening of high-strain rate rolled magnesium alloy sheets were studied. The strengthening and toughening
model was also established. The results show that when the strain rate is lower than 10 s™', the multi-scale
microstructure including twin, fine grain and coarsen grain can be obtained and majority submicro-grains appear at
an average strain rate of 8.3 s™.. During room temperature deformation, the back stress between different scale
grains leads to good plasticity, and the twin boundaries and fine grains result in high strengthen. Then, high
strengthen and relatively good plasticity are obtained in magnesium alloy with multi-scale microstructure including
submicro-grain, fine grain, twin and coarsen grain. During high temperature deformation, the occurrence of grain
slide in submicorgrain, the onset of dynamic recrystallization inside coarsen grains and twin induced dynamic
recrystallization cause the plasticity improvement in magnesium alloy with multi-scale microstructure including
submicro-grain, fine grain, twin and coarsen grain. At a deformation temperature of 300 ‘C, the strengthen still
obeys the Hall-Patch equation.

Key words: AZ31 magneisum alloy; multi-scale microstructure; submicrograin; twin; back stress
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