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¤ 1  DE*F¥¦§¨©ª« 

Fig.1  Cross-sectional shape and dimensions of magnesium alloy 

 

 

 

 

 

 

 

 

 

¤ 2  :;<=>,-¬¤ 

Fig.2  Constant-strain-rate extrusion principle 
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Fig.3  Traditional extrusion principle 
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Fig.4  Mesh design and geometrical model: (a) constant-strain- 

rate extrusion model and (b) traditional extrusion model 
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Table 1  Information for geometrical model and mesh design 

Parameter Type Value 

Billet size/mm  Φ90²100 

Die bear length, L/mm  55 

Mesh number for billet Absolute 

Size ratio=1; 

max element size=1 mm 

Mesh number for die Relative 40000 

Mesh number for pad Relative 10000 

Mesh number ratio of die  0.005 

Extrusion ratio  28 
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¤ 5  AZ31DE*p³Pj%�´ 

Fig.5  Physical and mechanical properties of AZ31 alloy: (a) heat 

conduction coefficient and Young’s modulus; (b) heat 

capacity and coefficient of thermal expansion 
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Table 2  Boundary condition information for extrusion 

process of AZ31 alloy 

Parameter Value 

Extrusion speed, v/mm·s

-1

 2 

Initial billet temperature, T

0

/µ 300 

Friction coefficient 0.3 

Initial temperature for die and pad/µ 400 

 

P��pmmqâL�4±ZIpmmqâβ����»? 

Q 6 Ñ×M¼Õ,���^�I������

B?7= Ü¢��,EF����G��³C�

4.84, 4.8 MN"���^I�B� 4.48 MN?0��

jc�Á7= Ü¢��,EF���dµ��D�

�B�§��¤³C� 1%, 3%?�_l�7= Ü

¢¼&,EF¼&�� AZ31 ���TU��M�'

K�¼�&'�!��I,3��? 

���������

0��¼ÕXHY² i³´�µ¶� t$ 

¡��ùhi(¸�e>¢£"RS]*I²4=--

= ²4U±ßàÜI²7?%/"¤öµ�¤ SD 

Extrusion ram 

Billet 

Die 

I is mesh 

refinement 

regions 

I 

L 

Extrusion ram 

Billet 

Die 

I and II are mesh 

refinement regions 

I 

II 

L 

a 

b 

0 50 100 150 200 250 300 350 400

70

80

90

100

110

120

�

 Heat conduction coefficient

 Young's modulus

H
e
a
t
 
C

o
n
d

u
c
t
i
o

n
 
C

o
e
f
f
i
c
i
e
n
t
/
N
·
s

-
1

·
�

-
1

a

20

25

30

35

40

45

Y
o
u

n
g
'
s
 
M

o
d

u
l
u

s
/
G

P
a

0 100 200 300 400

1.8

1.9

2.0

2.1

2.2

2.3

2.4

2.5

 

Temperature/�

�

H
e
a
t
 
C

a
p
a
c
i
t
y
/
N
·
m

m

-
2

·
�

-
1

b

2.4

2.6

2.8

3.0

3.2

3.4

3.6

 Heat capacity

 Coefficient of thermal expansion

C
o

e
f
f
i
c
i
e
n
t
 
o
f
 
T

h
e
r
m

a
l

E
x
p

a
n

s
i
o

n
/
�

1
0

-
5
 

�

-
1



� 6�                                 �����AZ31�	
���������                              �1855� 

 

 

 

 

 

 

 

 

 

 

 

� 6  ������� 

Fig.6  Variation curves of the extrusion load 

 

�� 4������	
�������SD����

����	
������

[23]

� 

2

a

1 1

a

( )

1

N N

i i

i i

X X X

SD X

N N

= =

−

= =

−

∑ ∑

�

            �4� 

���X

i

�� i ����	 X ���X

a

� !��"

��	 X�#��N� $%&'��()� 

*+,-./0�1234536789:2�

,-;�<=>?@ABCD�EFGH�IJ !

���$K�,-./0�LM 7  N�OPQ+

��	)R�ST�?@UVAWXYUZ�ST

20[\]B)�)R�^�#�� 

���������	
�����

M 83M 9 
_�`4�:a,->bc,-?

@�\]XY�6789:2
��defg,-�

?@hi���jk"lmnojkp,-V/q

rs�:289tuv��w�
xy�
xyz{

:2tu|u,-V/�}{~|ujk���OP

��?@hi�UZ�
xy��ujk���9�

�H�I�jkp,-qrsv���5��jk�

s89:2�+jk���:2����!jk��

�
Q,-��UZ����qr�s���w�


xy�J�bc,-?@hi����jkp,-V

/�:2tu
xy���*+,-./p���q

rs���5����v�� 
xy� 

*M 10¡�=¢.�̀ 4�:a,->bc,-

./6789�#:2
_� 16.43> 16.13 mm/s�

t�
_� 0.45> 0.52���S£ 13.5%�P*

M 1 ¡�¤.�jk��v�¥¦�§p,-'�s 
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Fig.7  Selected nodes range of die exit: (a) constant-strain-rate 

extrusion and (b) traditional extrusion 
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Fig.8  Evolution of velocity field at different stages during the constant-strain-rate extrusion process: (a) initial stage of extrusion, 

(b) breakthrough stage of extrusion, and (c) steady-state stage of extrusion 
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Fig.9  Evolution of velocity field at different stages during the traditional extrusion process: (a) initial stage of extrusion, 

(b) breakthrough stage of extrusion, and (c) steady-state stage of extrusion 
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Fig.10  Evolution of metal flow velocity at exit during steady 

extrusion process 
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� 11  78��93:�=�>? 

Fig.11  Distribution of effective strain during steady extrusion 

process: (a) constant-strain-rate extrusion process and  

(b) traditional extrusion process 
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Fig.12  Distribution of effective strain at exit during steady 

extrusion process 
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Fig.13  Evolution of temperature at exit during steady 

extrusion stage 
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Fig.14  Temperature distribution of workpiece during steady extrusion and maximum temperature variation curve of workpiece during 

extrusion process: (a) steady extrusion process of constant-strain-rate model, (b) steady extrusion process of traditional model, 

and (c) maximum temperature curves 

0 5 10 15 20 25 30 35 40 45

423

426

429

432

435

438

441

�

T
e
m
p
e
r
a
t
u
r
e
/
�

Width of Sheet/mm

 Constant-strain-rate extrusion

 Traditional extrusion

Temperature/� 

Temperature/� 

a 

b 

0 3 6 9 12 15 18 21 24

300

330

360

390

420

450

480

�

T
e
m
p
e
r
a
t
u
r
e
/
�

Time/s

 Max temperature of constant-strain-rate extrusion

 Max temperature of traditional extrusion

c



�1858�                                          ,-
./0123                                           � 474 

 

 

 

 

 

 

 

 

 

� 15  ��93:EF��>? 

Fig.15  Distributions of mean stress during extrusion process: 

(a) constant-strain-rate extrusion process and (b) tradi- 

tional extrusion process 
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Fig.16  Evolution of mean stress at exit during steady 

extrusion stage 

 

��������

1) �e`4�:a,-?@�õ6´µ�,-.

/0µk�:2�3`®4�312�3#45


����½+bc,-� 

2) fg,-�./0´µ`®4��*��

u����ª��Ìbc,-?@´µ�`®4�Á

Â�+`4�:a,-� 

3) A¹?@XY`4�:a,-./0´µ1

2�w�+bc,-./12�ÏPfg,-?@�

´µ��12
���.���
ÐÑAW�ÒÓ

���
��«�¬� 

4) ?@jk#45��2
��fg,-?@

jk�ò45.��,-./ñÓ�`4�:a,

-�w�Ë�,-./ñÓò45.�����f,

-./0´µ�#45���@45�P`4�:

a?@jk�@45�+bc?@� 

5) `4�:a?@,-pbc,-âã-!�

W�;�]Û�v�\��`4�:a?@jk�

��12	½+bc?@jk�ÁÂ�`®4��Ë

+bc,-?@jk� 

 

����    References 

[1] Song Guangsheng(GHI), Jiang Jingqian(JKL), Xu Yong 

(M N) et al. The Chinese Journal of Nonferrous Metals(:O

-P
.QR)[J], 2016, 26(12): 2469 

[2] Ma Lifeng(STU), Pang Zhining(VWX), Huang Qingxue 

(YZQ) et al. Rare Metal Materials and Engineering(,-


./0123)[J], 2014, 43(S1): 387 

[3] Cao Miaoyan([\]), Li Jianchao(^_`), Yuan Yaning(a

bX) et al. The Chinese Journal of Nonferrous Metals(:O

-P
.QR)[J], 2017, 27(4): 675 

[4] Asgari M, Fereshteh-Saniee F, Mahmoud Pezeshki S et al. 

Materials Science and Engineering A[J], 2016, 678: 320 

[5] Wang Q H, Jiang B, Chai Y F et al. Materials Science and 

Engineering A[J], 2016, 673: 606 

[6] Zhou H, Wang Q D, Guo W et al. Journal of Materials 

Processing Technology[J], 2015, 225: 310 

[7] Liu Zhimin(cWd), Wang Hongge(efg), Xing Shuming 

(hij) et al. Materials Review(/0kR)[J], 2008, 22(7): 

96 

[8] Cheng Yongqi(3lm), Chen Zhenhua(nop), Xia Weijun 

(qrs) et al. The Chinese Journal of Nonferrous Metals(:

O-P
.QR)[J], 2005, 15(9): 1369 

[9] Shi Lei, Yang He, Guo Lianggang et al. Transactions of 

Nonferrous Metals Society of China[J], 2014, 24(5): 1521 

[10] Guo Lili(tuu), Fu Rong(v w), Pei Jiuyang(xyz) et 

al. Rare Metal Materials and Engineering(,-
./01

23)[J], 2017, 46(6): 1626 

[11] Yang Junying(z{|), Gao Fei(D }), Wan Mengmeng(~

��) et al. The Chinese Journal of Nonferrous Metals(:O

-P
.QR)[J], 2014, 24(11): 2711 

[12] Yang Junying(z{|), Yun Xinbing(���), Zhao Ying(� 

�) et al. Chinese Journal of Rare Metals(,-
.)[J], 

2015, 40(4): 307 

[13] Yin Zhenru(�o�), Lu Liwei(�Tr), Sheng Kun(� �) 

et al. Chinese Journal of Rare Metals(,-
.)[J], 2018, 

42(5): 470 

[14] Kang C G

 

, Kim N H, Kim B M. Journal of Materials 

Processing Technology[J], 2000, 100(1-3): 53 

[15] Wang Kuan(e �). Study on Pretreatment and Compression 

Superplasticity under High Strain Rate of Commercial AZ31 

a 

b 

0 5 10 15 20 25 30 35 40 45

-120

-110

-100

-90

-80

-70

-60

-50

-40

-30

-20

�

�

M
e
a
n

 
S

t
r
e
s
s
/
M

P
a

Width of Sheet/mm

 Constant-strain-rate ex trusion

 Traditional extrusion

–

–

–

–

–

–

–

–

–

–

–



� 6�                                 �����AZ31�	
���������                              �1859� 

Magnesium Alloy-Extruded(2���8AZ31�	
���

�BD���������`���� )[D]. Taiyuan: 

Taiyuan University of Technology, 2010: 43 

[16] Wang Chao(e `). Study on Pretreatment and Compression 

Superplasticity under Constant Strain Rate of AZ31 Mg Alloy 

(��8AZ31�	
����B��������`�

��� )[D]. Taiyuan: Taiyuan University of Technology, 

2009: 10 

[17] Cheng Xiaole(���), Yin Jun(� �), Fu Hanguang(v�

�) et al. Chinese Patent(:O��), CN201710344641.2[P], 

2017 

[18] Wang Lingyun(���), Huang Guangsheng(Y�I), Fan 

Yongge($l�) et al. The Chinese Journal of Nonferrous 

Metals(:O-P
.QR)[J], 2003, 13(3): 594 

[19] Wang Lumeng(e��). Study on Numerical Simulation of 

Rolling Process of AZ31 Magnesium Alloy Sheet(AZ31�	


�/� 2¡�¢£�¤�� )[D]. Harbin: Harbin 

Institute of Technology, 2008: 11 

[20] Liang S J, Liu Z Y, Wang E D. Materials Science and 

Engineering A[J], 2009, 499(1-2): 211 

[21] Guo Lianggang, Dong Keke, Yang He et al. Applied 

Mechanics and Materials[J], 2012, 217: 1734 

[22] Wen Jinglin(@¥¦), Ding Hua(§ ¨), Cao Furong([©ª) 

et al. Non-ferrous Metal Extrusion and Drawing Techno- 

logy(-P
.��1«¬® )[M]. Beijing: Chemical 

Industry Press, 2007: 89 

[23] Dang Li, Yang He, Guo Lianggang et al. The International 

Journal of Advanced Manufacturing Technology[J], 2015, 

76(5-8): 1421 

[24] Shi Lei, Yang He, Guo Lianggang et al. Transactions of 

Nonferrous Metals Society of China[J], 2014, 24(5): 1521 

[25] He Youfeng, Xie Shuisheng. Transactions of Nonferrous 

Metals Society of China[J], 2010, 20(6): 1067 

[26] Zhou J, Li L, Duszczyk J. Journal of Materials Processing 

Technology[J], 2004, 146(2): 203 

[27] Hsiang S H, Lin Y W. Journal of Materials Processing 

Technology[J], 2008, 201(1-3): 138 

 

 

 

Constant-Strain-Rate Extrusion of AZ31 Magnesium Alloy Plate 
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Abstract: To extrude AZ31 magnesium alloy plate by the constant-strain-rate extrusion techniques, a new constant-strain-rate die was 

designed. Constant-strain-rate and traditional extrusion were investigated by finite element software Deform-3D separately. Key field 

variables, metal flow velocity, effective strain, exit temperature and mean stress were studied using the two types’ dies during the 

extrusion processing. Results show that the uniformity of metal flow velocity, effective strain, exit temperature and mean stress are 

increased by 13.5%, 43.2%, 7.6% and 13.4%, respectively, by the constant-strain-rate extrusion. The effective strain of the plates at the 

exit of two kinds of dies exhibits a gradually increasing trend from the center to the edge and the exit temperature field shows a trend that 

the center keeps stable and the edge gradually decreases. Moreover, the plate at the exit of constant-strain-rate die exhibits a lower 

temperature increment than that at the exit of the traditional die. The range of tensile stress of the plate near the die exit is decreased by 

constant-strain-rate die and the plate at the exit of constant-strain-rate die exhibits larger compressive stress than that at the exit of the 

traditional die. 

Key words: constant-strain-rate; magnesium alloy; finite element; die 
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