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� 1  ABAQUS���� 

Fig.1  Rolling model in ABAQUS 
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Fig.2  Specific heat capacity and thermal conductivity of 

magnesium alloy at different temperatures 
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Fig.3  Stress-strain curves of magnesium alloys at different 

temperatures 
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Table 1  Physical parameters of roll 

Alloy 

Density/ 

kg·m

-3

 

Specific heat/ 

J·(kg·*)

-1

 

Thermal conductivity/ 

W·(m·*)

-1

 

9Cr2Mo 7800 860 49.8 
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Table 2  Simulation parameters 

Parameter Value 

Environment temperature/* 20 

Initial temperature of sheet/* 350 

Friction coefficient 0.5 

Convective heat transfer coefficient between plate 

and environment/W·(m

2

·*)

-1

 

170 

Convective heat transfer coefficient between roll 

and environment/W·(m

2

·*)

-1

 

70 

Heat transfer coefficient between roll and 

sheet/W·(m

2

·*)

-1
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Fig.4  Position distribution of data recording points in width 

thickness direction of magnesium sheet 
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Fig.5  Temperature field in deformation zone of magnesium 

sheet at various roll temperatures 
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Fig.6  Time history curves of the temperature at different 

positions and different roll temperatures 
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Fig.7  Average temperature of magnesium plate after rolling 

at different roll temperatures 
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Fig.8  Temperature field in deformation zone of magnesium  

sheet at various rolling velocities 
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Fig.9  Time history curves of the temperature at different 

positions and different rolling velocities 

0.00 0.03 0.06 0.09 0.12 0.15 0.18

300

310

320

330

340

350

360

370

� t

Stage � Before rolling 

Stage �  In rolling

Stage �  After rolling

Stage �

Stage �

 

 

 Time/s

 P

1

-110 �    P

1

-150 �   P

1

-190 �    

 P

5

-110 �    P

5

-150 �   P

5

-190 �

Stage �

100 120 140 160 180 200

338

340

342

344

346

348

350

 Linear Fit

 

 

 

0.00 0.05 0.10 0.15 0.20

290

300

310

320

330

340

350

360

370

 

 

 

Time/s

 P

1

-0.3 m/s   P

5

-0.3 m/s   P

1

-0.5 m/s

 P

5

-0.5 m/s   P

1

-0.7 m/s   P

5

-0.7 m/s

 P

1

-0.9 m/s   P

5

-0.9 m/s

Linear fit 

∆t 

A
v

e
r
a
g

e
 
T

e
m

p
e
r
a
t
u

r
e
�

 

A
v

e
r
a
g

e
 
T

e
m

p
e
r
a
t
u

r
e
/
�

 

Temperature of Roll/� 

A
v

e
r
a
g

e
 
T

e
m

p
e
r
a
t
u

r
e
/
�

 



� 7 �                         �  ���AZ31���	
���������������                   �2189� 

 

 

 

 

 

 

 

 

 

 

 

 

� 10  ����������� !�� 

Fig.10  Average temperature of magnesium plate after rolling 

at different rolling velocities 
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Fig.11  Temperature field in deformation zone of magnesium 

sheet at various rolling reduction rates 
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Fig.12  Time history curves of the temperature at different 

positions and different rolling reduction rates 
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Fig.13  Average temperature of magnesium plate after rolling 

at different rolling reduction rates 
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Fig.14  Temperature field in deformation zone of magnesium 

sheet with various thicknesses 
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Fig.15  Time history curves of the temperature for different 

thicknesses magnesium plate at different positions  
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Fig.16  Average temperature of magnesium plate after rolling 

for different thicknesses magnesium plate  
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Fig.17  Average temperature of magnesium plate after different  

experimental rollings 
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Table 3  Comparison between calculated value and 

measured value 

Process 

number 

Rolling process 

Calculated 

value/� 

Measured 

value/� 

Relative 

error/% 

1 

110 �-0.5 m/s 

-30%-7 mm 

348.9 323.5 7.85 

2 

150 �-0.5 m/s 

-30%-7 mm 

353.7 331.6 6.66 

3 

150 �-0.5 m/s 

-50%-7 mm 

357.3 329.8 8.34 

4 

150 �-0.3 m/s 

-30%-7 mm 

336.1 313.5 7.21 

5 

150 �-0.5 m/s 

-30%-3.5 mm 

335.6 313.8 6.95 
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Abstract: The temperature distribution of the AZ31 magnesium alloy in the rolling deformation zone was analyzed by numerical 

simulation. The empirical formula of the average temperature of the magnesium plate after rolling with respect to the roll temperature, the 

rolling velocities, the rolling reduction rate, and the thickness of the plate were established and supplemented with corresponding 

experimental verification. The results show that when the magnesium plate is thin and the rolling velocity is small, the plastic deformation 

heat of the center layer of the magnesium plate is transferred to the surface in the rolling deformation zone. The temperature rise of the 

center layer cannot represent the temperature rise caused by the deformation of the magnesium plate. The average temperature of the 

magnesium plate after rolling is positively related to the roll temperature, rolling velocity and rolling reduction rate, and is inversely 

related to the sheet thickness. The maximum relative error between the calculated and experimental values of the formula is 8.34%, and 

the average relative error is 7.4%. The formula can well predict the average temperature of the magnesium plate after rolling. The 

proposed empirical formula for magnesium plate temperature prediction is conducive to the realization of “isothermal rolling” control of 

AZ31 magnesium alloy sheet; it has important guiding significance for the reasonable formulation of magnesium alloy rolling process 

system and the selection of subsequent rolling equipment. 

Key words: AZ31 magnesium alloy; plastic deformation heat; isothermal rolling; rolling process 
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