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Influence of different hot rolling processes on plastic deformation for
ZK61 magnesium alloy plate

Wang Shuohua, Wei Hongzhe, Chen Ming, Liu Qingjie, Zhang Hao
(School of Mechanical Engineering and Automation, University of Science and Technology Liaoning, Anshan 114051, China)

Abstract: For the problem that magnesium alloy was difficult to form at room temperature due to its typical close-packed hexagonal struc-
ture, ZK61 magnesium alloy sheet with high tensile strength and elongation was obtained through a combination process of multi-pass syn-
chronous hot rolling and asynchronous warm rolling, and combined with the finite element simulation method of macroscopic rolling, the
plastic deformation mechanism during the rolling process was analyzed in detail. The results of the tensile test show that as the rolling pro-
gresses, the anisotropy of sheet becomes weaker and the mechanical properties continue to be improved, and the tensile strength reaches
398.9 MPa and the elongation reaches 30. 4%. The simulation results show that during the synchronous rolling, the maximum equivalent
stress value increases slightly as the rolling progresses, while the maximum equivalent stress value during the asynchronous rolling gradual-
ly decreases as the rolling progresses. The equivalent plastic strain of rolled piece in the first few passes of synchronous rolling is not uni-
form, but as the rolling progresses and the subsequent asynchronous rolling, the plastic strain of sheet gradually becomes uniform.
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Table 1 Chemical compositions of ZK61 magnesium alloy

( %, mass fraction)

Mn Zr Si Zn Mg
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Fig. 1 Schematic diagrams of sampling for ZK61 magnesium alloy
tensile specimen

(a) Sampling direction of tensile specimen  (b) Sizes of unidirectional

tensile standard specimen
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Table 2 Physical parameters of ZK61 magnesium alloy at

different temperatures

R/ C 25 100 200 300 400
I/ (x107 kg - mm ™) 1.84 1.8 1.82 1.80 1.79
FEAR f/ MPa 43619 42000 39535 36718 33551

HEL /N
BBk R %0 (10 K1)
FHAEF/ (W« (mm - C)™") 99.8

HH/(x10°] « (kg-C)™") 0,98 1.02 106 1.10 1.16

0.284 0.289 0.296 0.303 0.310

25.00 25.64 26.55 27.46 28.44

103.8 109.8 114.9 120.3
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Table 3 Procedure of multi-pass rolling experiment

( simulation) for ZK61 magnesium alloy

# A JRJE/ CUER/ AR i/
‘ LR Bk LR iR BT EF%/%
;éiﬂ_j mm mm mm
1 17.0 (17.0) 15.0 (15.0) 2.0 (2.0) 11.8 (11.8)
2 15.0 (15.0) 11.5 (11.5) 3.5 (3.5) 23.3(23.3)
A 3 11.5 (11.5) 8.6 (8.5) 2.9(3.0) 25.2(26.1)
s, 4 8.6 (8.5 6.9(7.0) 1.7(L5) 19.8(17.6)
5 6.9(7.0) 5.6(55) 1.3(1.5) 18.8(21.4)
6 5.6 (5.5)  4.5(45) 1.1(1.0) 19.6(18.2)
7 4.5(4.5)  3.4(3.5) 1.1(L0) 24.4(222)
Fik — 3.4(3.5) 0.5(0.5) — 10.0 (10.0)
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Fig. 2 Rolling models of 2D synchronous hot rolling (a) and

asynchronous warm rolling (b)
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Fig. 3 Simulated equivalent stress results of plate at different passes by +0.000e+00
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Fig. 4 Simulated equivalent strain results of plate at different passes by
synchronous and asynchronous rolling

(a) 7th pass of synchronous rolling (b) Final pass of asynchronous rolling
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Fig. 5 Three-direction equivalent strain curves of synchronous and asynchronous rolling
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Table 4 Mechanical property data of plate samples

under different passes
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Fig. 6 Results of uniaxial tensile test at room temperature for plates at different passes by synchronous and asynchronous rolling

(a) 3th pass of synchronous rolling

(b) Asynchronous rolling of 1.5 mm
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