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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

Accepted 05 March 2016

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: . e

S:\};::(;rmsastic 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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1313193  1.961336  0.994664 20575 20 1 90 03 1
1675933  2.069437  1.270546 22749 40 1 90 0.2 2
1279546 1.922321  1.039849 17098 20 1 90 0.2 3
1330198 1590696  1.093926 17438 30 05 1125 015 4
1158825 154496  1.01478 15677 20 2 90 0.2 5
2327282 2597115  2.165946 30690 30 05 675 0.25 6
1350744 1611509  1.148336 20600 30 05 1125 025 7
1175538 1.409929  0.957437 16104 10 15 675 0.15 8
1.240865  1.452117  1.03738 23011 10 05 675 0.25 9
1604455 1769629  1.364778 20360 30 15 675 0.15 10
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1474706 1520173  1.372393 23312 20 1 45 0.2 12
0794457  1.08967 0565113 10087 10 15 1125 015 13
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1253398 1408599 111075 16970 10 05 675 015 23
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1.386217  2.205665  1.045745 20019 20 0 90 0.2 25

Table 3 Modified analysis of variance of average strain
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Table 4 Modified analysis of variance of maximum strain
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Table 5 Modified analysis of variance of minimum strain
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Table 6 Modified analysis of variance of maximum load
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Table 8 Validation of the optimization results

Siltinge 4z (i 8 Jguar

o oSS SRS S b SBhologe  gled WS ayl;  gmmal O
oe3SLo S el Sibe u r ® a il
17539.3 233 2.92 253 sl
19273.9 21 2.7 24 e oiw 081 01 2 45 40 1

9% 11% 8.3% 52% Lk aoy

als ojlasl anld b SO aw 456 sba S e ol (Hslugl)
(18 JS5) el oual Cawnay y2ogils 200-250

SN @0 § (S 5 domis -7
Olss Cod mpas Sl S s 0l SO Gl o
ol 8 ah gy M glamie oy Jlodsly oL e (yge ST
S ks ailate Sy, L5 5 ol B Sy Gy LS Ak 4 anl,
@ S Stde e by (Lhp (5 lojen jola (o5 amio 4w o
S35 ss Jlosl ECAP w3
9 &bt blgy cod anld (o p Sl sgaze Glall o0e g
A sl il g sluaingy plxl b g ol ool calire SKaol ol o
5 2MM gleds « 4> 0 D =45 a4l5 wax o @ =40 a4l5 & ear ol 3
awd asloa =400 3¢ =45% Llly; L PTCAE aulp JG

24r

20
216
=
S12F .
2 — FEM Analysis
g ~— Experimental
= 8t
Ay

Al

i 1 2 3

0 5 10 15 20 25 30

Ram displacement (mm)
Fig. 16 Experimental and numerical results of required load of PTCAE
process

PTCAE iyl 8 el (sl 5lin 90 59565 000 5 oaltolej] ol 16 S

Fig. 17 Shape of sample’s cross-section obtained numerically and
experimentally (left) of PTCAE process

PTCAE a5l 8 goue (5jlwancs 5 ialojl 5 sdelisny alafioplan 17 S5

143

oimmen 108 aisle @ =400 5 p =450 cLly; LPTCAE uwl b LB
ST Jis 5 (9] s 5o JUS o Yoz 5 7=2MM gl b ols
A bl IS delad jo
Pl 5 Ginlo 4 Coaglie Con 4 a2 b i g LB ol 6l
5 amio 90 3l ab oolitwl (2344 )l o¥g) JI,8 o¥es 5l LJB
A 005,085 S g0 ylgias sul (5 5 aile SE37 (5l oYed i
Lle diges g 09 (o)l alld e oolaiul 0 50 sladiges .ol oolaiul
ools iy Job gz 50 70MM ojlal o A0MMX10MM shade xlaw
Sy el dgg Samkd aisS lem 8 T=2MM glads L cld 5 wia
Al oo el S LSdinn oy oS Syl el el
2 eolaxwl 1 mm/s

&9 (§)kwdnd gl oLl -1-6
S50 bl g (2Rl gl 5 eslin b so0e b (i ol o
Sl 5lSssee oy yiie Sl wlead (oiSuliel anld jlss e
Al 0 5l 0,90 (g9, el ol ool las 16 s 0 PTCAE
3550 (§9y odidyLis ol dl> 1o a5 398 oo pandl dl> 1o 4w 4 PTCAE
ped al>pe aline B)b @ g oole lawgi JUI ol e (ol sln 58
el 00l dawgs JUIS pgo ded oy (sl 3LS 050 (598 odim Ll
Ol 2 85 s Sl Sl alB Gle 0 y9e (59 pom dl> e o
olas a5 jeblen .l 0l oole Jawgr IS pess JUIST coles al>ye
D18 3925 (g33e g R S 955 (6,5l cnl oul ols
Shoaal Cusay 9508 5l ity (o5 (2R @l Sl onelcessy 55,0
SRl ey a5 el cusdly ol 5l G3b aS il goae b
iy LS (gylake il iy g Wlead (g8 R00Sh Sl baiges
o Byl 3 1355 e 2l 3L 50 5508 I Sl o 55 gn sl
o 5 s osle (sl bl o )8 (ssae (st 0
e 358 o0 Sl B L0 50 Sy Rl Sl 353 ag 4 &S S
(16 Jsis) olalesl 5 soue @l 5 (8 Jpoz) (g3lotings s dmlic
a3 e Glid 1) (293 Bl

sl o Sy g alae gl S gl 17 S5
Sadly 555 595l ol pen ) (soue 5 ALl sla by, 4 PTCAE
Wgoi ahaiie pran g8 oo 0dmline a5 jaboylad Lol 0l 0ols i (550
sl T o a5 il oo goae s 5l 55,5 o5 aKile;] mls o
A0Sy Jlis 4 ladiged 55908 o 4 GalesT plSin oy jLad (g )laie
5lgoas Gldlas ;0 0ols (gilwand (god90 (pl )0 Jdo uizmen ol
el i gEns Sasdly ool puizr

ol il ol b oad 55l osle LSl Koo (g eimes
log )38 Jlsle S 051 w5 (50,8 wilon; po |y amld ol (YL

5 o losis 16 053 1395 sls yo LA JA Al b i d


www.sid.ir

Ve 9 Y o yaould Sgoxo

g lAzio (e )13As91) SLRJLL )3 G g pimST" Ylgie Chai 393n 3u3ub Sy JSib puss g S s33e (5w ding

[9] K. Peng, Y. Zhang, L. Shaw, K.W. Qian, Microstructure dependence of a
Cu-382Zn alloy on processing conditions of constrained groove pressing,
Acta Materialia, Vol. 57, No. 18, pp. 5543-5553, 2009.

[10] E.Hosseini, M. Kazeminezhad, A hybrid model on severe plastic
deformation of copper, Computational Materials Science. Vol. 44, No. 4, pp.
1107-1115, 2009.

[11] K. Nakashima, Z. Horita, M. Nemoto, T.G. Langdon, Influence of channel
angle on the development of ultrafine grains in equal-channel angular
pressing, Acta materiala, Vol. 46, No. 5, pp. 1589-1599, 1998.

[12] B. Mani, M. Jahedi, M.H. Paydar, Consolidation of commercial pure
aluminum powder by torsional-equal channel angular pressing (T-ECAP) at
room temperature, Powder Technology, Vol. 219, pp. 1-8, 2012.

[13] B. Mani, M. Jahedi,M.H. Paydar, A modification on ECAP process by
incorporating torsional deformation, Materials Science and Engineering: A,
Vol. 528, No. 12, pp. 4159-4165, 2011.

[14] R. Kocich, M. Greger, M. Kursa, I. Szurman, A. Machackova, Twist channel
angular pressing (TCAP) as a method for increasing the efficiency of SPD,
Materials Science and Engineering: A, Vol. 527, No. 23, pp. 6386-6392,
2010.

[15] R. Kocich , J. Fiala, I. Szurman , A. Machackova, M. Mihola, Twist-channel
angular pressing: effect of the strain path on grain refinement and mechanical
properties of copper, Journal of Materials Science, Vol. 46, No. 24, pp.
7865-7876, 2011.

[16] A. Soufi Mohammadi, M. Mosavi Mashhadi, Gh. Faraji, The effect of pass
numbers over microstructure and mechanical properties of magnesium alloy
of AZ31C in the tubular channel angular pressing (TCAP) at temperature of
300°C, Modares Mechanical Engineering, Vol. 15, No. 1, pp. 126-130, 2014
(in Persian ..,).

[17] H. Torabzadeh kashi, Gh. Faraji, Cyclic flaring and sinking (CFS) as a new
severe plastic deformation method for thin-walled cylindrical tubes, Modares
Mechanical Engineering, Vol. 15, No. 8, pp. 411-416, 2015 (in Persian
).

[18] A. Seyyed Nosrati, K.Abrinia, Gh. Faraji, Development of a novel forward
extrusion process for producing large-diameter tubes from small billets,
Modares Mechanical Engineering, Vol. 14, No. 14, pp. 143-147, 2014 (in
Persian .. ,l9).

[19] N.Pardis, R. Ebrahimi, Different processing routes for deformation via
simple shear extrusion (SSE), Materials Science and Engineering: A, Vol.
527, No. 23, pp. 6153-6156, 2010.

[20] M. Shamsborhan, A. Shokuhfar, A planar twist channel angular extrusion
(PTCAE) as a novel severe plastic deformation method based on equal
channel angular extrusion (ECAE) method, Proc. IMechE. Part C: Journal
of Mechanical Engineering Science, Vol. 228, No. 12, pp. 2246-2250,2014.

[21] A. Shokuhfar, M. Shamsborhan, Finite element analysis of planar twist
channel angular extrusion (PTCAE) as a novel severe plastic deformation
method, Journal of Mechanical Science and Technology, Vol. 28, No. 5, pp.
1753-1757, 2014.

[22] M. Shamsborhan, A. Shokuhfar, O. Nejadseyfi, J. Kakemam, M. Moradi,
Experimental and numerical comparison of equal channel angular extrusion
(ECAE) with planar twist channel angular extrusion (PTCAE), Proceedings
of the Institution of Mechanical Engineers, Part C: Journal of Mechanical
Engineering Science, 2014, DOI: 10.1177/0954406214566035.

[23] Montgomery DC., Design and analysis of experiments, New York: Wiley,
2005

[24] Gh. Payganeh, 1.Ghasemi., M. Rahmani, A. Kazemnejad, An investigation
on the impact properties of nanocomposite based on polypropylene/
graphene nanosheets/ nano- clay using response surface methodology,
Modares Mechanical Engineering, Vol. 15, No. 9, pp. 271-279, 2015 (in
Persian .. ,19).

[25] H. Abdollahi, R. Panahi Leavoli, R. Mahdavinejad, V. Zal, Investigation of
machinability of green and sintered iron-jet milled cast iron powder
metallurgy parts, Modares Mechanical Engineering, Vol. 14, No. 11, pp. 59-
67, 2014 (in Persian ... l3).

[26] M. Moradi, M. Ghoreishi, M.J. Torkamany, Modeling and optimization of
Nd:YAG laser-TIG hybrid welding of stainless steel, Lasers in Engineering,
Vol. 27, pp. 211-230, 2014.

[27] Q. C. Nguyen, Zenji Horita, T.G. Langdon, A new constitutive relationship
for the homogeneous deformation of metals over a wide range of strain. Acta
Materialia. Vol. 52, No. 4, pp. 3555-3563, 2004.

5 o)leiis 16 095 1395 Al po (e SuilSe wiie

Fig. 18 SEM picture of the processed sample after single pass of
PTCAE method.

ol Sl am 0ad (59l B Aiged agyiis AU oSy Sn pge 18 S
PTCAE sl

ol 458 5aS T e, JUIS 4 Jlpz 0 r=2mm eld b edd aen
@l ol ol goae @l b s> il SRl @ls 5 s
5 sy osle Sy Uy o 1y i ool GVl bl alEleg]

ol las 1, lislugls

5 g pod -8
Sl oblps coblos axly = oDl of3T olfiils Jbo colos 5l B ot

ialed o (G13;08 5 Sas allie ol (idgs sl

cxi»-9

[1] G.J. Raab, R.Z. Valiev, T. C. Lowe, Y.T. Zhu, Continuous processing of
ultrafine grained Al by ECAPConfor, Materials Science and Engineering: A,
Vol. 382, No. 2, pp. 30-34, 2004.

[2] R. Z. Valiev, R.K. Islamgaliev, 1.V. Alexandrov, Bulk nanostructured
materials from severe plastic deformation, Progress in Materials Science,
Vol. 45, No. 2000, pp. 103-189, 2000.

[3] R.Z.Valiev, T.G. Langdon, Principles of equal-channel angular pressing as a
processing tool for grain refinement, Progress in Materials Science, Vol. 51,
No. 7, pp. 881-981, 2006.

[4] T.G. Langdon, The principles of grain refinement in equal-channel angular
pressing, Materials Science and Engineering: A, Vol. 462, No. 12, pp. 3-11,
2007.

[5] M. A. Ranaeil, A. Afsari, S. Y. Ahmadi Brooghani, M. M. Moshksar,
Microstructure, Mechanical and Electrical Properties of Commercially Pure
Copper Deformed Severely by Equal Channel Angular Pressing, Modares
Mechanical Engineering, Vol. 14, No. 15, pp. 257-266, 2014 (in Persian
).

[6] N.Pardis, R. Ebrahimi, Deformation behavior in Simple Shear Extrusion
(SSE) as a new severe plastic deformation technique, Materials Science and
Engineering: A, Vol. 527, No. 1-2, pp. 355-360, 2009.

[7]1 Y. Beygelzimer, D. Prilepo, R. Kulagin, V. Grishaev, O. Abramova, V.
Varyukhin, M. Kulakov, Planar twist extrusion versus twist extrusion,
Materials Processing Technology, Vol. 211, No. 3, pp. 522-529, 2011.

[8] F. Khodabakhshi, M. Kazeminezhad, A.H. Kokabi, Constrained groove
pressing of low carbon steel: Nano-structure and mechanical properties,
Materials Science and Engineering: A, Vol. 527, No. 16-17, pp. 4043-4049,
2010.

144


www.sid.ir

