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Fig.1  Schematic illustration of ECADE 
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Fig.2  Schematic illustration of ECADE routes 
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Fig.3  Load-time curve during ECADE processing 
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� 4  ECADE9¬kl�#A�S®� 

Fig.4  Physical grid before (a) and after (b) ECADE and 

equivalent strain distribution (c)  
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Table 1  Initial velocity and equivalent strain by ECADE 

in different loading ways 

Velocity/mm·s

-1

 0.3:0.3 0.2:0.4 0.1:0.5 0:0.6 

ε

max 

3.97 3.60 3.80 3.46 

ε

avg

 0.892 1.00 1.06 1.09 

ε

vari

 0.490 0.533 0.529 0.526 

∂ 1.89 2.25 2.05 1.91 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 5  ECADEqtuv>w¬�867kl ¡� 

Fig.5  Physical and simulation grid by ECADE in different 

loading ways 
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Fig.6  Velocity field distribution diagram of ECADE 
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Fig.7  Equivalent strain curves of tracking points of ECADE 
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� 8  A��} ECADEST�deA�SM²®� 

Fig.8  Effective strain distribution after ECADE for route A: (a) 1st pass, (b) 2nd pass, (c) 3rd pass, and (d) 4th pass 
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Fig.9  Effective strain distribution after ECADE for route B: (a) 1st pass, (b) 2nd pass, (c) 3rd pass, and (d) 4th pass 

P

1

¯

P

2

¯

P

3

�

P

4

¯

0 20 40 60 80

0

1

2

3

4

 

 

E
f
f
e

c
t
i
v

e
 
S

t
r
a
i
n

Time/s

 P

1

 P

2

 P

3

 P

4

I II

III

a 

b 

c 

d 

a 

b 

c 

d 



¥2554¥                                          °�h!"#�$                                           � 48� 

 

 

 

 

 

 

 

 

 

 

 

� 10  ECADE ¶��}qtC�ST�de·X¸�A�

S8ST����4 

Fig.10  Average effective strain and uniformity coefficient after 

different passes deformation of ECADE 
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� 11  ECADE¶��} 4C�ST�de¹ºpy=»,¼d½¾8»,5M²� 

Fig.11  Hardness test position (a) and hardness distribution along horizontal direction (b) and vertical direction (c) after four passes 

deformation of ECADE 
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Deformation Behavior Analysis of Al-Zn-Mg-Cu Alloy Processed 

by Equal Channel Angular Dual-directional Extrusion 

 

Li Ping, Wei Li, Duan Zihao, Wang Xue, Xue Kemin 

(Hefei University of Technology, Hefei 230009, China) 

 

Abstract: The deformation behavior of Al-Zn-Mg-Cu alloy during equal channel angular dual-directional extrusion (ECADE) processing 

was studied by numerical simulation and experiments. The results show that the ECADE process can be divided into three stages: local 

upsetting, shearing deformation and final filling. Also, the processed sample can divided into undeformed zone, small deformation zone, 

shear deformation zone and severe deformation zone according to the metal flow and mesh distortion. Different loading ways of the upper 

and lower punches lead to the deviation of deformation zone, and the sample has less deformation homogeneity along with the more 

velocity difference between the two punches. The most homogeneous deformation with maximum strain of 3.97 and deformation 

uniformity coefficient of 1.89 is obtained when the velocity ratio is 1:1. In addition, the deformation behavior under different routes was 

investigated. It is found that the deformation is more homogeneous under 4 passes of route B compared with that of route A, having a 29% 

reduction in deformation uniformity coefficient and a 14% increase in shear deformation zone proportion.  

Key words: Al-Zn-Mg-Cu alloy; equal channel angular dual-directional extrusion (ECADE); finite element simulation; deformation 

homogeneity 
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