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Ì 1  klmnopqrÍaÌ 

Fig.1  Schematic diagram of split Hopkinson pressure bar 

(SHPB) 

�&I¯e×�fgh(i/)
j��klÉY

0l`��
¹lCm<=78>â�ìnl`>

âQ��;xCyV
lmx³�";6�&
op

�(T

0

)\à% 25�60� 150 �6�(�&Gqr�

1=:6 

�r� 1 Gq�(>âqo SHPB 8>�%st

uv�wa�(>âQ£�TUVqoíxby8>�

4p�zQ{|�&TUV_°}_
����(�

&÷~qoq��ö¢6�;x����
éÆM�

?ÆM��NO���QéÆM�?ÆMÓTp
é

ÆNO(ε

i

)�QÆNO(ε

r

)�?ÆNO(ε

t

)
�&8>�

�r< 2 =:6�ö*+,-�./0'�g8C�

=8`
ÉY0
C(v)�� 26 

 

� 1  ���� 

Table 1  Testing parameters 

Pressure/MPa 

Temperature/� 

0.3 0.5 0.7 

25 Sample 1 Sample 2 Sample 3 

60 Sample 4 Sample 5 Sample 6 

150 Sample 7 Sample 8 Sample 9 
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Fig.2  Original signal of incidence and transmission (a) and 

intercepted signal (b) 
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Table 2  Speed of strike bar (v) and the average strain rate (

ε

� ) 

Sample 1 2 3 4 5 6 7 8 9 

v/m·s

-1

 16.73 24.70 29.99 18.24 24.70 29.19 19.04 24.25 27.17 
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/s
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Ì 3  ÝÞßQ_K-_|ÚÛ 

Fig.3  Stress-strain curves of the samples at different strain rates and temperatures: (a) 25 �, (b) 60 �, and (c) 150 � 
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Fig.4  Strain rate curve of the sample at 25 � and 1200 s

-1 

�*}g~�D�����¶r·>?$±��

S%`a¬S>¸TUV����� HSRq¹�

�@AB�º�(��� I� 2500 s

-1

!�²³}g

~�³»4¼½¹¾��w��@A' 25 �¬ 2500 s

-1

�

25 �¬ 3300 s

-1

�60 �¬ 3100 s

-1

�150 �¬ 3500 s

-1

�(�;!²³¿À��ÁÂ�7ÃÄ²9º��%

 ªI!�}g~��ÅT±ÁÂÆ*�ÁÂ7�}

g~��ÇÄ)È�É7²³D}g~��ÊË��

@ÁÂ(�� 7)4 

Ì±ÍÎÏ_�S%`aO�B���lmÐÑ

²³�.�(deformed shear band, DSB)�Ò«G\ 

  

  

  

0.0 0.3 0.6 0.9 1.2 1.5 1.8

200

400

600

800

a

0.0 0.1 0.2

400

600

800

0.0 0.3 0.6 0.9 1.2 1.5 1.8

200

400

600

800

0.0 0.1 0.2

400

600

800

  

  

  

b

0.0 0.3 0.6 0.9 1.2 1.5 1.8

200

400

600

800

0.0 0.1 0.2

400

600

800

  

  

  

c

Strain, ε 

Strain, ε 

Strain, ε 

S
t
r
e
s
s
,
 
σ

/
M

P
a
 

25 �, 1200 s

-1

 

25 �, 2500 s

-1

 

25 �, 3300 s

-1

 

60 �, 1400 s

-1

 

60 �, 2400 s

-1

 

60 �, 3100 s

-1

 

150 �, 1600 s

-1

 

150 �, 2400 s

-1

 

150 �, 3500 s

-1

 

0 50 100 150 200 250 300

500

1000

1500

2000

2500

3000

Time t (µs)

 Strain Rate ε (s

-1

)

 Average Strain Rate

1200s

-1

 

Time, t/µs 

S
t
r
a
i
n

 
R

a
t
e
,
 
ε
/
s

-
1

 

·
 

Strain rate ε (s

-1

) 

Average strain rate 

·
 

1200 s

-1

 



� 1�                                 � ���Al-Zn-Mg-Cu��	
���������                       �245� 

 

 

 

 

 

 

 

 

 

� 5  
������� 

Fig.5  Metallographic sample sampling method 
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Fig.6  Metallographic microstructures of the samples at 

difference strain rates and temperatures: (a) 25 , 1200 �

s
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Fig.8  Adiabatic shear band at samples at different strain rates 

and temperatures: (a) 25 �12500 s
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Fig.9  Effect of average strain rate on the elastic modulus of the 

samples  
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Fig.10  Effect of average strain rate on yield strength of the 

samples 
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� 11  Al-Zn-Mg-Cu (Cu+Mg-5%, Zn-6%) �	
�� 

Fig.11  Phase diagram of Al-Zn-Mg-Cu alloy (Cu+Mg-5%, 

Zn-6%)
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Table 3  Theoretical adiabatic temperature rise (∆T) of 

adiabatic shear specimen (�

��

�) 

Sample 2 3 6 9 

Experimental temperature, T

0

 25 25 60 150 

Theoretical adiabatic 

temperature rise, ∆T 

180 190 230 210 

Transient temperature, T 205 215 290 360 
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Abstract: Investigation of the impact resistance of Al-Zn-Mg-Cu alloys as aerospace materials is of great significance to expand the 

extreme applications of alloy in engineering. In this research, taking 7A04-T6 as the specimen material, the study of dynamic mechanical 

response of materials at different temperatures and strain rates is carried out with the split Hopkinson pressure bar device. The results show 

that under the experimental temperature within 25~150  °C, the thermal softening effect in the high-speed impacted material takes advantage 

in the competition with the work hardening, resulting in the decrease of the material’s flow stress. With the increase of average strain rate, 

both the flow stress and the yield strength of the material increase, which indicates an obvious strain rate hardening effect. Adiabatic shear 

phenomenon occurs in the material under high-speed impacting, accompanied with macroscopic cracks. When the adiabatic temperature 

rise is superimposed on the experimental temperature, it fulfills the solid dissolution condition for the reinforcement phases in local 

adiabatic shear bands, and the fracture failure of the material occurs when the material temperature is much lower than the phase transition 

temperature. 

Key words: Al-Zn-Mg-Cu Alloy; dynamic impacting response; strain rate; adiabatic shear 

 

Corresponding author: Zhao Wu, Ph. D., Associate Professor, School of Mechanical and Power Engineering, Henan Polytechnic University, 

Jiaozuo 454003, P. R. China, E-mail: zhaowu@hpu.edu.cn 


