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Fig.1  Static tensile specimen 
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Fig.2  Dynamic tensile specimen 
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Table 1  Chemical composition of 6005A-T6 aluminum alloy (ω/%) 

Si Mg Fe Cu Mn Cr Ti Zn Al 

0.68 0.57 0.21 0.15 0.27 0.16 0.21 0.022 Bal. 

12.5 mm 

25 mm 

40 mm 

100 mm 

180 mm 

40 mm 

R 25 mm  

29 mm 

100 mm 

500 mm 

44.97 mm

355.03 mm 

10 mm 

R 10 mm 
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Fig.3  Strain field date processing 
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Fig.4  Stress-strain curves of 6005A-T6 aluminum alloy under 

quasi static tensile 
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Fig.5  Stress-strain curves of 6005A-T6 aluminum alloy under 

different strain rates 
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Fig.6  Strength of 6005A-T6 aluminum alloy under different 

strain rates 
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Table 2  Mechanical properties of 6005A-T6 aluminum alloys under different strain rates 

Strain rate/s

-1

 Tensile strength/MPa Yield strength/MPa Elongation/% 

0.001 321 264 15.83 

10 333 281 19.92 

50 339 282 20.72 

100 346 289 20.92 

200 351 289 17.00 
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Fig.7  Elongation of 6005A-T6 aluminum alloy under 

different strain rates 
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Fig.8  Comparison of tensile strength test results with Johnson- 

Cook model of 6005A-T6 aluminum alloy under different 

strain rates 
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Fig.9  Static tensile fracture morphology of 6005A-T6 aluminum 

alloy 
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Fig.10  Dynamic tensile fracture morphologies of 6005A-T6 aluminum alloy under different strain rates: (a) 10 s
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Fig.11  Grains distributed in the direction of static tensile 

fracture (the right side is the fracture edge) 
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Fig.12  Grains distributed in the direction of dynamic tensile fracture (the right side is the fracture edge) under different strain rates:  

(a) 10 s

-1

, (b) 50 s

-1

, (c) 100 s

-1

, and (d) 200 s

-1

 

 

.�
��_ 100 s

-1

��1�̈ �
���¦	�

�eijÉô
�!(¦	����°4�/�K
«

.�
��ah 200 s

-1

1�l��
��XÏ�Éô

ñ/'q�	�
����°4��Ñ·¸- 

��������

1:6005A-T6 ]^���(¨Ó�
��K
Ñ

¦	��
�� 200 s

-1

1�3�(�AB�(¹�y

MNO34K� 30 MPa�25 MPa�;<�MNOh�


�� 10 s

-1

�X!<�ij��3�(�AB�(

��®���-���
��&$
�%�+,�^

Johnson-Cook �����;g^Rh��� !� 

0.506

(220.56 298.85 )(1 0.0209 ln )σ ε ε= + +

�

- 

2:6005A-T6 ]^���¨Ó�
���¦	Ñ

©ª¦	�.�
��ah 200 s

-1

1���Ñ·¸- 

3:6005A-T6 ]^�PO34���� c��

����_
�34
��O��¾¿Ô(�¦§C

¤¥U�¦­�ÆÇ
��O��('°4�K
�

����«.�
��ah 200 s

-1

1l�34��X

Ï�Éôñ/'q�	�
����°4��Ñ·¸

���- 

 

����   References 

[1] Xu Jianquan(ÁÂÃ), Yang Yanping(ÄÅÆ). Automotive 

Engineering(��'()[J], 2019, 41(8): 885  

[2] Xue Jiangping(ÇÈÆ ), Huang Dongnan(É�� ), Zuo 

Zhuangzhuang(ÊËË ) et al. The Chinese Journal of 

Nonferrous Metals(w�;ÌE±"Í)[J], 2018, 28(7): 1291  

[3] Hirsch J, Al-Samman T. Acta Materialia[J], 2013, 61(3): 818 

[4] Itabashi M, Kawata K. International Journal of Impact 

Engineering[J], 2000, 24(2): 117  

[5] Tarigopula V, Langseth M, Hopperstad O S et al. International 

Journal of Impact Engineering[J], 2006, 32(5): 847  

[6] Xia Yong, Zhu Juner, Zhou Qing. International Journal of 

Impact Engineering[J], 2015, 86: 284  

[7] Zhu D J, Mobasher B, Rajan S D et al. Journal of Engineering 

Mechanics-ASCE[J], 2011,137(10): 669  

[8] Liu Jun(Î Ï),Yang Liming(ÄÐb), Xie Shugang(ÑÒÓ) 

et al. Materials for Mechanical Engineering(ÔÕ'(#

$)[J], 2017, 41: 49  

[9] Dong Liuying(ÖÎ×), Li Qiumei(ØÙÚ), Ma Longfei(ÛÜ

Ý) et al. Heat Treatment Technology and Equipment(Þ³´

ßà&áâ)[J], 2020, 41: 14 

[10] Sun Ruixue(�ãä), Xu Lei(Á å), Zhao Wenbo(æç�). 

Light Metals(èE±)[J], 2012(8): 59  

[11] Worswick M J, Smerd R, Salisbury C P et al. Materials 

Science Forum[J], 2006, 519-521: 139  

[12] Gao Yifei(héê), Liang Xinbang(ë�ì), Dong Li(Ö í) 

et al. GB/T 228.1-2010, Metallic Materials-Tensile 

Testing-Part 1�Method of Test at Room Temperature(E±#

$-KLM5-� 13s�6îM5�ï)[S]. Beijing: China 

Quality and Standards Publishing & Media Co., Ltd, 2011 

[13] Fang Jian(� ð), Zhou Yedong(ñò�), Dong Li(Ö í) et 

al. GB/T 30069.2-2016, Metallic Materials-Tensile Testing- 

Part 2: Servo-hydrolic and Other Test Systems(E±#$-h

QRSTKLM5-� 23s�óôõr�&vö÷�M5

�ø)[S]. Beijing: China Quality and Standards Publishing & 

Media Co., Ltd, 2016 

[14] Hui Xulong(ùúÜ), Mou Rangke(ûü%), Bai Chunyu(ý

þ� ) et al. Vibration and Shock(�O&�� )[J], 2016, 

35(22): 161  

[15] Pedersen K O, Westermann I, Furu T et al. Materials and 

a 

b 

c 

d 



®2124®                                           °;E±#$&'(                                          � 50� 

 

Design[J], 2015, 70: 31  

[16] Embury J D, Poole W J, Lloyd D J. Materials Science 

Forum[J], 2006, 519-521: 71  

[17] Zhao Q, Holmedal B. Philosophical Magazine[J], 2013, 

93(23): 3142  

[18] Ryen Ø, Nijs O, Sjölander E et al. Metall Mater Trans[J], 

2006, 37A (6): 1999  

[19] Westermann I, Pedersen K O, Furu T et al. Mech Mater[J], 

2014, 79: 58  

[20] Xu Hengjun(Á��), Shi Juyan(��	), Ruan Yuzhong(


�7 ). Fundamentals of Materials Science(#$%"�

�)[M]. Beijing: University of Technology Press, 2006: 109  

[21] Zhang Xinming(
�b), Liu Jun(Î Ï), Ye Lingying(��

�) et al. Rare Metal Materials and Engineering(°;E±#

$&'()[J], 2013, 42(1): 120  

[22] Khamei A A, Dehghani K. Materials Science & Engineering 

A[J], 2015, 627: 1 

 

 

Dynamic Mechanical Property of 6005A-T6 Aluminum Alloy for Automotive Use 

 

Sun Wei

1,2

, Jing Yu

2

, Tong Weiping

1

, Zhang Hui

1

, Wang Xiangjie

1

, Wang Shuang

2

, Wang Liping

2

 

(1. Key Laboratory of Electromagnetic Processing of Materials, Ministry of Education, Northeastern University, 

 Shenyang 110819, China) 

(2. Liaoning Zhongwang Group Co., Ltd, Liaoyang 111003, China) 

 

Abstract: The effects of strain rate on quasi-static and dynamic mechanical properties and fracture behavior of 6005A-T6 aluminum alloy 

were studied by quasi-static tensile test and dynamic tensile test. The results show that the strength of 6005A-T6 aluminum alloy increases 

with the increase of the strain rate. When the tensile strain rate reaches 200 s

-1

, the tensile strength and yield strength increase by 30 MPa 

and 25 MPa, respectively, compared with quasi-static tensile. In the process from the quasi-static to the strain rate of 10 s

-1

, the tensile 

strength and yield strength of the material increase most obviously. The relationship between strain rate and flow stress accords with 

Johnson-Cook constitutive model, and the constitutive equation obtained by fitting is as follows 

0.506

(220.56 298.85 )(1 0.0209 ln )σ ε ε= + +

�

. 

The plasticity of 6005A-T6 aluminum alloy increases with the increase of strain rate, but decreases when the strain rate reaches 200 s

-1

. 

Under the condition of high speed tension, the increase of dislocation density and the increase of slip band are the major reasons for the 

increase of strength and elongation. When the strain rate reaches 200 s

-1

, the main reason for the decrease of elongation after fracture is that 

the grain has no time for large deformation due to the too fast tensile rate. 

Key words: aluminum alloy; strain rate; high speed tension; dynamic performance 
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