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º 1  TU�?@AB�Eº 

Fig.1  Bending principle diagram of magnesium alloy tube 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

º 2  350 ����»d_Vu»r-»dB¼ 

Fig.2  Stress-strain curves of AZ31B alloy under condition of 350 

 and different strain rates� : (a) tensile and (b) compressive 
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Fig.3  Stress and strain diagram for bending of magnesium 

alloy tube 
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Table 1  Chemical composition of AZ31B magnesium 

alloy (ω/%)

[15]

 

Al Mn Fe Zn Si Cu Ni Mg 

3.37 0.29 0.04 0.86 0.1 0.002 0.005 Bal. 
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Table 2  Simulation parameters of large curvature and 

no-mandrel bending process for AZ31B magne- 

sium alloy tube 

Parameter Value 

Room temperature/� 20 

Specific heat/kJ·(kg·�)

-1

 1.17 

Thermal conductivity/W·(m·�)

-1

 110 

Convective heat-transfer coefficient/W·m

-2

·�
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 11 
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Fig.4  Finite element geometrical model of large curvature and 

no-mandrel bending process for magnesium alloy tube  
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Table 3  Process parameters of bending for magnesium 

alloy tube 

Parameter Value Remark 

Relative bending radius, R

0

/D 1.3  

Bend die rotational speed, 

n

W

/r·min

-1

 

2.0  

Bending tangential velocity, 

V

w

/mm·s

-1

 

2.7  

Pressure die velocity, V

P

/mm·s

-1

 2.0~4.0  

Aid-push die (A) velocity, 

V

A

/mm·s

-1

 

2.0~4.0  

Aid-push die (B) velocity, 

V

B

/mm·s

-1

 

–2.0~4.0  

0.1 

Tube/bend die, 

wiper die 

50 

Tube/clamp die, 

die insert 

Friction factor, u 

0.2 

Tube/pressure 

die, 

aid-push die 

Bending angle, β/(°) 180  

0.1 

Tube/bend die, 

pressure die, 

aid-push die, 

wiper die 

Clearance between tube and 

dies, C/mm 

0 

Tube/clamp die, 

die insert 
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Fig.5  Maximum equivalent stress (a) and strain (b) for outer wall 

at different initial bending temperatures 
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Fig.6  Damage value at different initial bending temperatures: (a) 200 �, (b) 250 �, (c) 300 �, (d) 350 �, and (e) 400 � 
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Table 4  Maximum damage value of large curvature and 

no-mandrel bending process for AZ31B magnesium 

alloy tube  

Initial bending temperature/� Maximum damage value 

200 0.452 

250 0.405 

300 0.394 

350 0.336 

400 0.382 
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Fig.7  Relationship between stress triaxiality and fracture strain 
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Fig.8  Maximum wall thinning rate for outer wall at different 

initial bending temperatures 

¡�f=-¢£������`abc9z{|��

}~��6è��´µ'F��'6.62%���F��

'8.36%�Bz|��}~��6�µ��350  B�

�6�µ�ÝC°
z{|c9}~
��Î��y

-¯ c}9:��!½*Ê^_"Á�#fX$�

�fX�-ãäB�b%,�!½ôg*�¡õ�f

=-¢£�̀ ab�±²&G�´�#���ãäB�

F
��b%7­45*Ê���¯9:!½'��

()Ãz{|}~��y-�*Z 2.3.1 í�3r)

+�¦§¢£�f=-$W 400  B��`cËÌx

úI?�� 350  B��y-���N´µcJ�Ì

�î,à��´µß��-G��¯�ï¸./��

û��fX=-
 350  � 

2.3.3  ��� !���������	
����

���� 

O0ì1É5�� 52ö��`abc9�z

|}~'è3��5à'¬���pvOa4���

fX=-�5»¬�z|}~è3-67���c9

`abc9�X6defXxy���z|}~*?

î��!�,�!��8-���Ê%�����O

�û�f=- 350  �J��Ü9Ã��u:g��

�8-�Ê%�`abc9fX}~*?��<� 

!Q& 

'1�

A B P W

1.3V V V V= = =  

'2�

A B P W

0.8V V V V= = =  

'3�

A B W P W

1.3 0.8V V V V V= = =�  

'4�

A B W

0.8V V V= = � 

P W

1.3V V=  

'5�

A P W B W

1.3 1.3V V V V V= = = −�  

ß�&V

A

�V

B

�V

P

� V

W

�	#�z��!,�8-�

���!,�8-�,�!,�8-�fX
�8-� 

`abc9O�ü;�f=- 350  ��*8

6 0.05 s

-1

�g���8-�Ê%�}~*?p� 9�

���� 9 ��<����!�,�!�=>8-¨

�·fX
�8-'1�B�°z{|
�?�y-�

@���|
�,Ay-áB���z{|}��6

�¥¤��|}�~6�����!�,�!�=>

8-¨¥·fX
�8-'2�B�C*ÊØc9îW

ã,�?�*Ê�z{|
�?�y-áB��B�

�|
�,Ay-�@���z{|}��6��¤

��|}�~6�¥���!�,�!�=D½Eà

�V��z|ß�ã|}~*?y-VWãäFG�

dH�BFGfcIJ}~*?��z|}~gè3

-��.#��!­,�!g�='3��'4�B��

�!­,�!��îW,�,A/?�*Ê��z|}

~*?6èK·�=D½����z|}~è3-$ 

40 80 120 160 200

-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

 

S
t
r
e
s
s
 
T
r
i
a
x
i
a
l
i
t
y

Bend Angle/(°)

 Stress triaxialit (inner wall)

 Stress triaxialit (outer wall)

 Fracture strain (inner wall)

 Fracture strain (outer wall)

-0.75

-0.50

-0.25

0.00

0.25

0.50

0.75

1.00

F
r
a
c
t
u
r
e
 
S
t
r
a
i
n

–

–

–

–

–

–

–

200 250 300 350 400

5

6

7

8

9

10

11

12

13

14

M
a
x
i
m
u
m
 
W
a
l
l
 
T
h
i
n
n
i
n
g
 
R
a
t
e
/
%
 

Initial Bending Temperature/�

 Maximum wall thinning rate with aid-push die

 Maximum wall thinning rate without aid-push die



� 8�                            ������	
��
���������������                        �2427� 

 

 

 

 

 

 

 

 

 

 

 

� 9  �� !"#$%&'��() 

Fig.9  Wall thickness under different aid-pushing and pressing 

conditions 
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Damage and Wall Thickness Variation of Magnesium Alloy Tube 

in Large Curvature and No-Mandrel Bending Process 

 

Gou Yujun, Shuang Yuanhua, Zhou Yan, Cai Wei, Dai Jia, Mao Feilong, Ding Xiaofeng, Zhao Chunjiang

 

(Taiyuan University of Science and Technology, Taiyuan 030024, China) 

 

Abstract: Based on the tube bending forming mechanism and Johnson-Cook damage theory, the influence of initial bending temperature, 

aid-push speed and aid-push mode of magnesium alloy tube bending process, with large curvature and no-mandrel, on the damage and wall 

thickness variation was analyzed by the Deform-3D finite element method. The results show that when the aid-push die and pressure die 

exert a certain effect on the tube, the too high or too low initial bending temperature is detrimental to the bending of the magnesium alloy 

tube, and the optimum initial bending temperature is 350 °C. At the optimum initial bending temperature, when the aid-push die moves 

synchronously with the pressure die, only the unilateral wall thickness variation degree can be improved, and the overall wall thickness 

variations cannot be improved simultaneously, so the wall thickness non-uniformity of the tube is severe. When the aid-push die and 

pressure die are not synchronized, the axial tension or compression deformation degree of the tube-bending can be changed with 

reasonably matching the axial velocity between the aid-push die and the pressure die at the feed stage; thus the wall thickness uniformity 

can achieve a rather good effect. When the external aid-push die moves synchronously with the pressure die, and the internal aid-push die 

moves at a velocity of the same magnitude but in opposite direction with the above two dies, the wall thickness uniformity is optimal; thus 

the bending quality of magnesium alloy tube with good comprehensive properties is obtained.  

Key words: AZ31B magnesium alloy tube; large curvature; no-mandrel bending; damage; wall thickness variation 
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