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ARTICLE INFORMATION ABSTRACT
Original Research Paper The most successful ‘‘top—down’’ approach to produce bulk ultra-fine grained or nanostructured
Received 12 December 2015 materials involves the use of severe plastic deformation (SPD) processing. The amount of higher
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Available Online 16 May 2016 effective plastic strain per pass plays a key role on the final microstructure of SPD processed samples.

In the present study the numerical experiments of the combination of the equal channel angular pressing
(ECAP) and simple shear extrusion (SSE) as a new process entitled “planar twist channel angular

K ds: . 2

stgrpfasﬁc deformation (SPD) extrusion (PTCAE)” was performed based on the Response Surface Methodology (RSM), as a statistical
Finite element analysis (FEA) design of experiment approach, in order to investigate the effect of parameters on the response
Equal channel angular extrusion (ECAP) variations, achieving the mathematical equations, predicting the results to impose higher effective

Design of experiments

> plastic strain values. A and ® angles, radius and friction coefficient was imposed as the input
Nanostructured materials

parameters while average, minimum and maximum effective strain and maximum load was imposed as
the output parameters. Governing regression equations obtained after analysis of the simulation data by
Minitab software. Optimum process parameters are: a=400, ® =450, r=2 mm and p=0.1. Verification of
the optimum results using simulation experiment was done. Good agreement between simulation,
experimental and optimization was occurred.
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Fig. 3 Schematic of (a) bidirectional and (b) unidirectional planar
twist extrusion processes, equal channel angular extrusion with (c)
variable @ and ¥ and (d) -n= w @ and (e) planar twist channel
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1.313193 1.961336 0.994664 20575 20 1 90 0.3 1
1.675933 2.069437 1.270546 22749 40 1 90 0.2 2
1.279546 1.922321 1.039849 17098 20 1 90 0.2 3
1.330198 1590696 1.093926 17438 30 0.5 1125 0.15 4
1.158825 1.54496 1.01478 15677 20 2 90 0.2 5
2.327282 2.597115 2.165946 30690 30 0.5 67.5 0.25 6
1.350744 1.611509 1.148336 20600 30 0.5 1125 0.25 7
1.175538 1.409929 0.957437 16104 10 15 67.5 0.15 8
1.240865 1.452117 1.03738 23011 10 0.5 67.5 0.25 9
1.604455 1.769629 1.364778 20360 30 15 67.5 0.15 10
0.865002 1.345035 0.655192 15298 10 0.5 1125 0.25 11
1.474706 1.520173 1.372393 23312 20 1 45 0.2 12
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Table 3 Modified analysis of variance of average strain
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Table 5 Modified analysis of variance of minimum strain
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Table 8 Validation of the optimization results
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