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Table 1 Chemical elements content of AZ31B magnesium
alloy sheet (w/%)
Al Zn Mn Fe Si Cu Ni Mg
337 086 029 004 0.1 0.0015 0.0047 Bal.
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Table 2 Experimental scheme of hot rolling

T/C &l% vim st
250 30 05
300 30 05
350 20 05
350 30 0.1
350 30 05
350 30 0.8
350 40 05
400 30 05
450 30 0.5
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Table 3 Experimental scheme of hot rolling
Experimental

T/IC &l% vim s
scheme
1 275 25 0.7
2 315 35 0.5
3 355 20 0.3
4 395 30 0.1
5 435 40 0.9
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Fig.1  Diagram of rolling deformation zone
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Table 4 Maximum contact angle and neutral angle under
different reduction rates

&l% Olrad Arad

20 0.0935 0.0409
30 0.1146 0.0476
40 0.1323 0.0519
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Table 5 Peak strains under different deformation
conditions (MPa)

glst 523 K 573 K 623 K 673 K 723 K

0.005 109.8 89.8 63.2 44.2 28.2
0.05 118.8 98.1 75.0 48.1 42.6
0.5 125.0 107.2 92.8 65.2 47.0

5 144.2 126.0 104.2 91.6 71.8
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Fig.2 Time history curves of temperature at different positions in

the magnesium plate thickness direction at different initial

temperatures
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Fig.3 Temperature contour maps of magnesium plate in rolling
deformation zone under ¢=30%, v=0.5 m/s and different
initial temperatures: (a) 250 C, (b) 300 C, (c) 350 C,
(d) 400 C, and (e) 450 C
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Fig.4 Time history curves of temperature at different positions in

magnesium plate thickness direction under different redu-

ction rates
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Fig.5 Temperature contour maps of magnesium plate in rolling
deformation zone under T=350 ‘C, v=0.5 m/s and dif-

ferent reduction rates: (a) 20%, (b) 30%, and (c) 40%
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Fig.6 Time history curves of temperature at different positions in
the magnesium plate thickness direction under different

rolling speeds
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Fig.7 Temperature contour maps of magnesium plate in rolling
deformation zone under T=350 ‘C, £=30% and different

rolling speeds: (a) 0.1 m/s, (b) 0.5 m/s, and (c) 0.8 m/s
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Fig.11 Magnesium plates and edge cracks after hot rolling
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Table 6 Measured and calculated surface temperatures (‘C)

Experimental scheme 1 2 3 4 5
145.2 136.4 132.4 128.7 1432

Temperature of roll
Average temperature
before rolling
Average temperature
after rolling
Theoretical calculating
value

286.6 325.2 348.6 3814 4451

292.6 338.1 346.1 3425 4403

281.3 320.3 312.6 324.1 410.2
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Mathematical Temperature Field Model about As-cast AZ31B
Magnesium Alloy during Hot Rolling of Plate

Jia Weitao®, Ma Lifeng"?, Jiang Yaping®, Liu Pengtao’, Xu Haijie®
(2. Shanxi Provincial Key Laboratory of Metallurgical Equipment Design and Technology, Taiyuan University
of Science and Technology, Taiyuan 030024, China)
(2. Jilin University, Changchun 130025, China)

Abstract: High temperature compression tests of as-cast magnesium alloy AZ31B cylindrical samples were preformed under the condition
of deformation temperature 250~450 <C and strain rate 0.005~5 s using Gleeble-1500D thermal/mechanical simulation testing machine.
Based on the high precision flow stress models and the rigid-plastic finite element analysis software, numerical analysis of coupled
thermal-stress of hot rolling process of different initial rolling temperatures, different rolling reductions and different rolling speeds was
also carried on. Under different conditions, models of temperature field of different magnesium plate deformation regions were established
by mathematical analysis methods. The results show that under different conditions of hot rolling processes and rolling zones, regional
distribution of rolling deformation temperature is so different that mathematical models of temperature field should be divided into
different process conditions to establish. The mechanism of temperature controlled online is simple by mathematical equations to
characterize the magnesium alloy heat transfer process and the heat transfer mechanism of magnesium plate rolling in wide ranges is
accurately characterized.

Key words: magnesium alloy AZ31B; flow stress; coupled thermal-stress; temperature field
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