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 Combined shear extrusion (CSE) is a new severe plastic deformation (SPD) technique to produce bulk 
ultra-fine grained materials. CSE is obtained by the combination of simple and pure shear extrusion. 
This technique is based on definitions of pure and simple shear. In the present work, the nonlinear 
(large) deformation elasticity theory is used for obtaining the shear strain applied to the sample under 
pure shear extrusion with various angles of distortion. Also, plastic deformation characteristics of CSE 
method were analyzed with finite element analysis using commercial Deform 3D software. Shear strain 
and effective strain were applied to the sample, the load required to carry out the process and the final 
shape of the cross-sectional area were studied for different angles of distortion. Analytical results and 
finite element analysis show that by increasing the angles of distortion, shear strain and increased rate of 
shear strain applied to the sample increased, so the effective strain and load required to carry out the 
process increases. Analysis of finite element and geometry of the die show that distribution of shear 
strain and effective strain is inhomogeneous and symmetrical in specimen’s cross section which 
increases from the center to the corners and by increasing the angles of distortion, distribution of strain 
becomes more inhomogeneous, also the final shape of the cross-sectional area is more deformed. 
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Fig. 1 Shear strain states a) imposing shear stress b) simple shear d) 
pure shear and d) combination shear [24] 
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Fig. 2 geometry of combination shear extrusion with distortion angle of 
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Fig. 3 Gradual change in specimen’s cross section while passing 
through the deformation channel 
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Processed Sample

 
Fig. 4  Die of Combined shear extrusion processing 
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Fig. 7 Schematic of initial and middle cross section of specimen normal 
to extrusion direction 
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Fig. 8 a) Initial meshed sample and b) meshed sample after 
deformation. 
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Fig. 9 Final cross section sample after CSE and described directions for 
strain distribution. 

9  CSE  . 

10 
 45   

= 90°  .

/4 
 .

SSE  
10 [13] .

SSE = 45° ECAP 
= 90° 

 
) A 9(  ) B (

ECAP 
 [28].  

11 12 
= 25° 45°  

30°  .  
.  )  (

 .

 .
SSE PSE 

  
 13 

 .
 

 
  . 

[17, 13] .
SPD 

 
[30,29,12].  

 
Fig. 10 Distribution of effective strain in the cross section of sample 
along line AB for ECAP and SSE process. 
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Fig. 11 Distribution of effective strain in the cross section of sample 
along line AB for =25. 

11 AB CSE  =25 
 

 
Fig. 12 Distribution of effective strain in the cross section of sample 
along line AB for =45. 
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Fig. 13 Cross-sectional shape of samples at the end of process CSE for 
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Fig. 14 Three-dimensional diagram of shear strain applied to the 
sample under different angles of distortion 

14    
  

 

 
Fig. 15 Distribution of shear strain in the cross section of sample along 
line AB for =25. 

15 AB  =25  

 

 
Fig. 16 Distribution of shear strain in the cross section of sample along 
line AB for =45. 

16  AB  =45. 
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Fig. 17 Numerical and analytical analysis of shear strain for distortion 
angle  = 30 and  = 15. 
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Fig. 18 Numerical and analytical analysis of shear strain for distortion 
angle  = 45 and  = 20. 

18 =45 =20 

 
Fig. 19 Required load for ECAP and SSE process  
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Fig. 20 Required load for CSE process in  = 25. 
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Fig. 21 Variation of applied load versus punch displacement in  = 45. 
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