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Fig.1  Principles of split Hopkinson press bars device 
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Fig.1  Principles of split Hopkinson press bars device 
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Fig.2  Dispersion of stress-strain curves at the same strain rate 
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Fig.3  OM images of B610 steel under different temperatures and strain rates: (a, b) parent metal; (c) 200 0, 0.02 s
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Fig.4  Quasi-static stress-strain curves at different strain rates 

and temperature of 25 0 (a) and 400 0 (b) 
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Fig.5  Quasi-static stress-strain curves at different temperatures 

and strain rate of 0.02 s
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Fig.6  Dynamic stress-strain curves at different strain rates and 

temperature of 25 0 (a) and 400 0 (b) 

4�.�� 

( ) ( ) ( )

p * *

e e

= + 1+ ln 1

n m

A B C Tσ ε ε

   

   

   

�

�

        

�3� 

V��

e

σ

} Mises ;<	
�

p

e

ε

}�R��	��

* p

e 0

=ε ε ε

� � �

}����R��	���

p

e

ε

�

�����

���	

0

ε

�

}gh_�3�	���T

*

'�����

�

( ) ( )

*

r m r

T T T T T= − −

��T�T

r

�T

m

TU'2���

��������NO��������"�� A��

�*+	
��B��Q{���n��Q����C�	

��EF����m���PQ������ ¡¢� 

£¤��¥¦[23]����§¨©ª�A « B610

:^gh_��*+,��¬­¨®���	��

0

ε

�

����� T

r

¯°©±(3)²Q©±�I²Q�©±«

I�³´�Q{� B ��Q�� n�Z���©ª�

¬­µ~¶·¢	�

i

ε

��� T

i

���$%	��E

F�� C ���PQ�� m�Xq�B610 :�

Johnson-Cook{|�� A¸B¸n¸C¸m.�(4)/0� 

( ) ( ) ( )

0.3807 0.85

p * *

e e

= 610+642.84 1+0.001ln 1 Tσ ε ε

   

   

   

�

�

�4� 

�� 7�����Johnson-Cook{|��>R¹

º B610 :^��	������nZ���;<	


��Q�»��¼½�}�Johnson-Cook {|¾Z

fNO^B��¿xy	��z	��Qj�;<	


�ÀÁ

[24-26]

��� 7������25�–80 #��

�Qtu�.B��?@�ÂV–80 #� B610 :Ã

CD�?@�*+�Ä 25 �–80 #5 Johnson-Cook

{|�¹º>/ÅÆ� 

`gh_ml5ÇÈ�B610:�;<	
67�

��SBKLM�CD���PQR	�.� 7/0� 

 

 

 

 

 

 

 

 

 

 

 

 

� 7  ��� 4000 s

-1

����	
��
�� Johnson-Cook

���� 

Fig.7  Comparison between experimental results and Johnson-Cook 

model at different temperatures and strain rate of 4000 s
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Fig.8  FE model of automobile frame: (a) integral model, (b) posi- 

tion of the rigid wall, and (c) rigid connection 
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Fig.9  Mises stress nephogram at time t=0.001 s of linear elastic 

mode result (a) and Johnson-Cook model result (b) 

a�

Fifth cross member 

Fourth cross member 

Second cross member 

Longeron�

First cross member 

Third cross member 

b�

c�

t=0.000 999 83 s�

t=0.000 999 92 s 

a�

b�

Z 

 

X 

Y 

X 

Z 

 

Y 



*4220*                                          0+1234�56                                           � 497 

 

 

 

 

 

 

 

 

 

 

 

 

� 10  ��89�� :$;<�= 

Fig.10  Comparison of kinetic energy curves with different 

constitutive models 
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Fig.11  Comparison of internal energy curves with different 

constitutive models 

Cook{|�Ö×z�[¢^ 62 kJ����J
��

_i�S 10v���Í9C?W&f
��{|�æ

Z Johnson-Cook{|�Ö×CDÞßËq<�k¾�

XQ'z��Johnson-Cook {|�Ö×z�XQ�4

% 92.8%�K
��_ib> 21.4%�cdHw?é

^Ö×6òÞßt�T5��ùNO��3	��R

	�Ü����3 Johnson-Cook{|k`¨Ö×� 

Þß_a� 

���
����

1) ã�näåéêÖÖ×Z B610 :^��3	

��e¨nZ��
Q '�CD^gh_�<_m

l� B610 :=CD�?@���PQR	�3	�

��QR	�V��1 B610 :ÏÐgh_ml5B

�ÑÒ�400~600 ��zNO���PQR	X'?

@�1ÏÐ<_ml5^M�ÑÒ�–80~25 ��zN

O�	���QR	&'?@�IJa�5gh_3

<_ml��	
	��
�CD^a�bc�<_

�*+,��;<	
=¿fgh__a� 

2) � �3�¤T5§¨$�é B610 NO�

Johnson-Cook<_ãöf����g¡�ÀÁNO^�

��pÑ��i '�»^–80¸25 #5Ã>/ÅÆ� 

3) æZ 2 ����ãö{|I B610 :Ng�Ö

×� é6òÞß��#{§�Í9C? Johnson-Cook

{|úû$%�z�XQ�%4 92.8%�
��{|

b> 21.4%�æZ Johnson-Cook{|úû$%��R

	
J#JæZ
��{|úû$%�LMé 47%�

IJhi��R	
T>3ÞßqÖ×���tuC

DæZ Johnson-Cook{|k`¨Ö×� Þß_a� 

 

����    References 

[1] Ragab K A, Bouaicha A, Bouazara M. Transactions of Non- 

ferrous Metals Society of China[J], 2018, 28(6): 1226 

[2] Gao Qian, Shan Yingchun, Wan Xiaofei et al. Engineering 

Failure Analysis[J], 2019, 105: 143 

[3] Araújo H A M, Machado J J M, Marques E A S et al. Com- 

posite Structures[J], 2017, 171: 549 

[4] Tisza M, Czinege I. International Journal of Lightweight 

Materials and Manufacture[J], 2018, 1(4): 229 

[5] Cha S C, Hong S H, Kim I et al. Calphad[J], 2016, 54: 165 

[6] Sarkar R, Chandra S K, De P S et al. Theoretical and Applied 

Fracture Mechanics[J], 2019, 103: 102 278  

[7] Bárány T, Czigány T, Karger-Kocsis J. Progress in Polymer 

Science[J], 2010, 35(10): 1257 

[8] Rink M, Andena L, Marano C. Engineering Fracture Mechanics 

0.00 0.02 0.04 0.06 0.08 0.10

0

10

20

30

40

50

60

70

80

 Linear elastic model

 Johnson-Cook model

K
i
n
e
t
i
c
 
E
n
e
r
g
y
/
k
J

Time/s

0.00 0.01 0.02 0.03 0.04 0.05 0.06

0

20

40

60

80

100

 Linear elastic model

 Johnson-Cook model

I
n
t
e
r
n
a
l
 
E
n
e
r
g
y
/
k
J

Time/s



� 12�                           ���������� B610� !"#$�%&�'()                      *4221* 

[J], 2014, 127: 46 

[9] Chang Ying, Han Shuo, Li Xiaodong et al. Journal of Materials 

Processing Technology[J], 2018, 259: 216 

[10] Mihaliková M, Lišková A, Kovalčíková A et al. Materials 

Today: Proceedings[J], 2016, 3(4): 1064 

[11] Mihaliková M, Német M. Metalurgija[J], 2012, 51(4): 449 

[12] Palma-Elvira E D, Garnica-Gonzalez P, Pacheco-Cedeno J S 

et al. Journal of Alloys and Compounds[J], 2019, 798: 45 

[13] Belov V K, Begletsov D O. Applied Mathematical Modelling 

[J], 2015, 39(23-24): 7326 

[14] Schmitt J, Iung T. Comptes Rendus Physique[J], 2018, 19(8): 

641 

[15] Noh W, Koh Y, Chung K et al. International Journal of 

Mechanical Sciences[J], 2018, 144: 407 

[16] Zhang Aimei(?@A), Wu Ta(B C), Zhao Liang(D E). 

Xinjiang Iron and Steel(FG�H)[J], 2015(2): 4 

[17] Yuan Hao(I J), Zhang Shaohua(?KL), Fang Wunong 

(MNO). Hot Working Technology(PQ55R)[J], 2011, 

40(17): 164 

[18] Zhou Keheng(STU), Huang Wei(V W), Chen Min(X  

Y) et al. Hot Working Technology(PQ55R)[J], 2013, 

42(15): 201 

[19] Chen Zhigao(XZ[). Metallurgical Collections(\1]^) 

[J], 2016(4): 19 

[20] Yan Peijun(_`a ), Zhang Tianhui(?bc ). Welding 

Technology(defg)[J], 2015, 44(10): 5 

[21] Xue Bin(h i), Fu Hongcai(jkl), Zhang Tianhui(?b

c) et al. Hot Working Technology(PQ55R)[J], 2012, 

41(21): 174 

[22] Johnson G R, Cook W H. Engineering Fracture Mechanics[J], 

1983, 21: 541 

[23] Zhao Yanhua, Sun Jie, Li Jianfeng et al. Journal of Alloys and 

Compounds[J], 2017, 723: 179 

[24] Jia Cuiling(mno ), Chen Furong(Xpq ). Ordnance 

Material Science and Engineering(rs34T"�56)[J], 

2018, 41(1): 30 

[25] Qin Jianfeng(tuv), Ma Yong(w x), Yao Xiaohong(y�

z) et al. Rare Metal Materials and Engineering(0+123

4�56)[J], 2018, 47(2): 618 

[26] Chen Xingrui, Liao Qiyu, Niu Yanxia et al. Journal of 

Materials Research and Technology[J], 2019, 8(2): 1859 

 

 

 

Dynamic Mechanical Properties and Numerical Simulation 

of B610 Steel for Automotive Frame 

 

Niu Xiaoyan, Geng Xuchen, An Minglei, Li Shenzhen, Chen Cong 

(College of Civil Engineering and Architecture, Hebei University, Baoding 071002, China) 

 

Abstract: With the increase of the number of automobiles and their widespread use, the modern automobile industry has put forward 

higher requirements for the mechanical properties of materials. In the present paper, quasi-static and dynamic compression tests of B610 

steel used in truck frame have been carried out at different temperatures. It is found that the temperature softening effect of B610 steel is 

the most obvious in the high temperature region (400~600 °C) under quasi-static loadings, and the strain rate hardening effect is the most 

obvious in the low temperature region (–80~25 °C) under dynamic loadings. The Johnson-Cook constitutive model of B610 steel 

considering temperature and strain rate was obtained by fitting the test data. The numerical simulation of front collision of B610 steel truck 

frame was carried out. It is found that the internal energy conversion calculated by Johnson-Cook model is 92.8%, while that of linear 

elasticity is only 21.4%, and the peak value of equivalent stress is also reduced by 47%. These fully explain the importance of considering 

the temperature softening effect and strain rate hardening effect of materials in the study of vehicle passive safety. 

Key words: B610 steel; temperature softening effect; strain rate hardening effect; vehicle passive safety; front collision of truck frame 
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