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Figure 1 (Color online) Rolling of magnesium alloy sheet. (a) Six-high warm mill; (b) sheet production line; (c) rolling deformation area.
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Figure 3 Flow chart of multi-scale model calculation.
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Figure 4 (Color online) Equivalent stress field of the selected node.
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Figure 5 (Color online) Equivalent plastic strain evolution and strain rate evolution of the selected node. (a) Equivalent plastic strain evolution at
20% reduction; (b) strain rate evolution at 20% reduction; (c) equivalent plastic strain evolution at 40% reduction; (d) strain rate evolution at 40%

reduction.
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Table 1 Critical shear stresses of magnesium and its alloys in each
plastic deformation mode [20]

Deformation mode CRSS (MPa)
Basal<a> 0.95~1
Prismal<a> 8.35~44.65
Pyramidal<c+a> 35.04~74.93
Tensile twinning 2~2.8
Compression twinning 31.15~99.61
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Figure 6 (Color online) Fitting of stress-strain curves along RD
direction with different hardening parameters.
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Figure 7 Simulation results of relative activation values of slip systems. (a) Relative activation values of each slip system under different rolling
reduction; (b) effect of different hardening parameters on the simulation results.
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Table 2 The mechanical properties of the sheets stretching along the RD direction

20% rolling reduction 20% rolling reduction 40% rolling reduction 40% rolling reduction
(air-cooled) (water-cooled) (air-cooled) (water-cooled)
Tensile strength (MPa) 200.28 203 215.76 220.98
Yield strength (MPa) 121.45 124.76 152.48 165.31
Elongation (%) 11.64 10.97 11.52 11.08
Yield-to-tensile ratio 0.606 0.627 0.707 0.748
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Figure 11 (Color online) Pole figure experimental results of the initial sheet.
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Figure 12 (Color online) Pole figure experimental results of the 20% rolling reduction sheet.
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Figure 13 (Color online) Pole figure experimental results of the 40% rolling reduction sheet.
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Table A1 Chemical composition of ME21 rare earth magnesium alloy [10]

Mn Ce Al

/n Fe HAth Mg

HFE (%) 1.83 0.76 0.02

0.018 0.045 0.03 97.297

# A2 ME2IFG -8 & A TR A 24

Table A2 Material parameters for finite element simulation of ME21 rare earth magnesium alloy [12]

Y SR HRALIFSRAE ST AR AR P kR . LE i
(kg m™) K) (kJ mol™) kW (m* °C) ™" = (MPa) TR (KJ (kg °C)™
1740 553 11 0.016 0.25 38552 0.307 1.13x10°
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Table A3 Voce hardening parameters of the viscoplastic self-consistent model

Voce parameter (MPa)

Rolling reduction Deformation mode
7y 7 6y 6,
Basal<a>slip 26 28 40 28
Prismatic<a>slip 50 10 60 20
20% Pyramidal<c+a>slip 120 30 65 8
Compression twinning 55 8 0 0
Tensile twinning 130 30 0 0
Basal<a>slip 13 15 38 26
Prismatic<a>slip 60 15 50 10
40% Pyramidal<c+a>slip 110 25 70 5
Compression twinning 50 5 0 0
Tensile twinning 125 25 0 0

e E PN

1

11
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Multi-scale study on microstructure of ME21 rare-earth magnesium
alloy sheet

CHEN Ming'”, SUN He', ZHAO HongYang’, CHENG Ming’, WANG RuiXue’, HU XiaoDong’,
LIU QingJie1 & JU DongYing4

' School of Mechanical Engineering and Automation, University of Science and Technology Liaoning, Anshan 114051, China;

? School of Materials and Metallurgy, University of Science and Technology Liaoning, Anshan 114051, China;

} Shi-Changxu Innovation Center for Advanced Materials, Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China;
¢ Institute of Advanced Science, Saitama Institute of Technology, Saitama Institute of Technology, Saitama 3690293, Japan

In order to obtain refined grains and weakened basal texture, it is very necessary to study the micro deformation mechanism of
magnesium alloy by using multi-scale calculation model. In this work, the finite element method was used to simulate asymmetric
warm rolling and calculate the equivalent plastic strain and strain rate. These terms were then used as the initial boundary condition
and imported into the microviscoplastic self-consistent (VPSC) model. Macro-micro multiscale coupling was realized. The
microstructure and texture of the deformed samples were characterized via electron backscatter diffraction, and the relative opening of
each slip and twinning system was determined using the VPSC model. The results demonstrate that no basal surface texture
strengthening occurs as the reduction is increased. The asymmetric warm rolling process provides the possibility to develop rare-earth
magnesium alloy sheets or foils. Employing different cooling methods demonstrated that water-cooled sheets are more crystalline
than air-cooled sheets with a more obvious grain refinement effect and better comprehensive mechanical properties.

rare earth magnesium alloy, multi-scale model, asymmetric warm rolling, microstructure, mechanical properties
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