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ARTICLE INFORMATION ABSTRACT

Original Research Paper Combined shear extrusion (CSE) is a new severe plastic deformation (SPD) technique to produce bulk
Received 16 November 2015 ultra-fine grained materials. CSE is obtained by the combination of simple and pure shear extrusion.
Accepted 27 December 2015 This technique is based on definitions of pure and simple shear. In the present work, the nonlinear

Available Online 16 April 2016 (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

Keywords: e . ; X f

Se\);ere plastic deformation method were analyzed with finite element analysis using commercial Deform 3D software. Shear strain
Pure shear extrusion and effective strain were applied to the sample, the load required to carry out the process and the final
simple shear extrusion shape of the cross-sectional area were studied for different angles of distortion. Analytical results and

Shear strain

o finite element analysis show that by increasing the angles of distortion, shear strain and increased rate of
Finite element method

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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! Twist Channel Angular Pressing (TCAP)

% Torsional-equal channel angular pressing (T-CAEP)
® Vortex Extrusion (VE)

* Simple Shear Extrusion (SSE)

® Planar Twist Channel Angular Extrusion (PTCAE)
® Pure Shear Extrusion (PSE)
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Fig. 2 geometry of combination shear extrusion with distortion angle of
aand g

B saglrsel agls b (oS 5 (o5 p 0558 03 0 lyg b 2 S

¥4
a v

A5 A4 ¥ y 4 A2 Al

Cross Section Area

Fig. 3 Gradual change in specimen’s cross section while passing
through the deformation channel
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Fig. 12 Distribution of effective strain in the cross section of sample
along line AB for a=45.
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