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! Plastic Deformation

2 Work hardening

3 Strain hardening

4 Ductility

3 Severe Plastic Deformation (SPD)
6 Nano Structured

7 Ultrafine Grained (UFG)
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! Equal Channels Angular Pressing (ECAP)
2 Accumulative Roll Bonding (ARB)

3 High Pressure Torsion (HPT)

4 Multi Axial Forging (MAF)

3



th iMAT 2016 @ & 9

INTERNATIONAL CONFERENCE ON MATERIALS ENGINEERING AND METALLURGY S
8, 9 Nov. 2016 Shiraz University Fpt ol — Wl T g A

0 = do/de = 0, (1‘0%) ™
Inlasb e o5en 55,50

G oy 0l B boas (55918 paasl] o Fud S oy sl |, VOCE salalas ol ISen 3 Chinh
@ o5 azg Jloonl b IYYarylisels; 3 colinal 550 0328 oled (so3gamme 13 (ylaed Hloargly JUIS 5
DVPlecd oas s g poazengll 10 55 slots)S o Sadpy ks,

a3l § L el 9 T (sllas slos & lage (5,5 5 € plonase 25,5 5| o 6 P 25
6 = f(e.£.T.S) ™)

Mecking 3 Kocks g, cplsl [YF]ols Ko jlslo ) daid s (25 con 00l S5 i Ll )5 50
Gl Joe o galingas |y 26,5 — 25 bLs | [YP1EM Jus) Mecking o Estrin faw ¢ [YOIKM o)
Q‘}lj u;.,; e 6"‘“‘.“) Gpogi glp 6‘°‘>):""5 )5.‘94.3 EM J.u sals ul....’ ‘(Gg‘l:ub ‘5":.? J.u )

.[YA9YV9\\]o,;6a oolazol

S s EM Jue oS 5 gtk (o555 5 (IS iy oz il Syl i o

I s sloalyd o s 2505 5l e 00S loul (e 15,5 oyl jelatea as” Avarmi g9 ol

Qad Glesge S5 o .).'.J).é‘sla)o L;..gl.aj“ Goold (o ya g 2735 (gl ol 00S Slpt g oS luege
Lol oa solazul o=l u:..»; zr9 o gles jo

500 EM model
L% —_ N\
- 400F T
) H - c
% I . \. .-
@ 300 - : /
% . Experimetal data [16]
2 200 .
K- '
. :
100 |- ‘
%o
1 Al 1 1 1 1
-4 0 4 8 12 16 20 24
True strain

dae sles 5o e Gleed Jlodgly JUIS j0 o) e p anl B b o dds 255 e Mo A5 Sl (V) S5
DFlasb o Yo sl 55 0 Sade s gonsy goammaglss

88 Sl b s sladiges adgi (gp 097 2o ‘5)i..m_| anlyd sl eolal ol gass 5l Gos

o7 iz s Rl an T (b s (Sates gen 5 SOl slis 5 )llon, Slanie (o p g sy,
il (oo AVIAI 5 EM Joe o5 5 625 )50 L (o555 5 (595 slr sl jleslid 5



ih iMAT 2016 @ <

ot 41298 e ot

(GO eyl o (Siogio g ingd 0N T o plpdiS g0t 9 (Shiglin g o gt MO o Ly ooy

INTERNATIONAL CONFERENCE ON MATERIALS ENGINEERING AND METALLURGY
8, 9 Nov. 2016 Shiraz University Fpi ozt — D olo ol g W

G (g9 9 0lge

e )“5:..9.3 sebie opl a4y .ol oals solanl adgl gools lgeas (gl > sl Ol Gaa jo
0T sl e 59,0 5110 x VEA x VIO MM® olaf b oaSo Slabad s 003,54 (5 6 alls
.3)9,40)5:;5..\.‘_3dﬂmiﬁiﬁd‘ﬁeuo%ﬁ@aﬁauds&iﬂ&j...\J.\_ﬁo..\.l)._-e)}’u..x.‘_?‘_g)f;m]
Slles o ladigas wols adgs b jo L3 gla S5 s SIS o g 5l jelaieds (55 ) B oolaz
Sl anlp cod sad (5,00 sladiges auzd S 18 celn G Sasdy 5 FYY K sles 0 ' 5,806 gl
Hlosgma wiz (g Rml atild e 3 AT JIVOTT gt e, b g baoe slos )3 09 iz
ahaio s 5 VO MM glas )| b (glaiges o ygmme (5 5l al B o a5 eolin il IS olg) lazeay B 8,
VO MM 4 a5l plow! 5l an diges VHA I a5 a5 <3 5 )13 LB 55,0 sligSa VFIA x VIO mm?
6)‘&1';(‘ 5B ‘A.A.S}g.i @l 0925 e oo L 1) Slles (s0578 «Siled Sjgea ¥ IS Ll o158
oo)_i.si:Jg'tw)'J_aiU\,JBOs)o4594550]._5“5»‘al:.d‘Ad.?j‘_;s)xA;.!_l)ﬁc;b)a&JS‘.&‘od_i
O 995 (o0 VFA M Sga> alo @ bas g VIO M ozl ;8 oS diged jl ol i 5 oulas 093 o0
CJ_.oés_:p ‘nl:u‘Bb5 &9 ..\__1‘)5 £9o ‘541.’)4&5.)’__»&50 o..\abﬁ ‘5)#50.\_: c)l> u.!lé )| g0
anld o gal> e (glp diges gliyl e Jos alo (pl g ogS e VO MM & Lo sl e 0 VF/A mm
LS‘”"&SAI’)‘U‘)P‘S‘ o.hl’ﬁw’a.\_;;c)b ullé)x,.uo)l..pm_!l)s f}éddb)n)‘.\noj_:r‘sc
5 55 g )3 B 35,5 (5 b b ol 2 (saigas a5l a5 3,8 ol C g 5, a3
A aS Sl S aiY 095 e &Bly 0,55 ol Cod delate Sy dn o 3 digei S 8 S Jols il
O-‘ 30 oS glass, ‘o)yu.x_'.?k;;;ﬂ Al 5l e g wivg 01514543943)4&]4_- PRRRCH JERPFIESURVI
S5 s adgl ol 4 diges olul b wigds so 0ol L3I 5l glan

et § NS 00y 33 0550 A (5 5] b oo (g91 8 Slakad I sladiges (g,ls by, Slanlie jglaed

Struers Rotopol- sl&us 5l eslaial b axs (gal> o 43 g 0a 00 ooleoms Yoo =Yo o clao)lods b ladiges oy
byl Slaalis glp baaigas s3luoslel 23,8 5 (SiSe gy oo 95 /Y (sliagll L 25
3 D2 Ca-_Jsf'&" J,]:u: )' solazul L 3 SII'llel‘S-LeCtl'Opol-5 oo 6&.1:—.494 &'._J,;S.” \J:"-‘J% 3 ‘;K}
3 oolizul b st (6,106 (sladiges sadgl Jbslog ) o) plosl 4 <y YF 58 (i s slajtdg 5 10°C sled
205 (5512 sladisad L lan; (om0 iz 5 35 8 (o 9,50 Olympus BXOOM 7555 o55mg Seoe
5 Tescan Mira 3-XMU Jas ¥ glowe JounS o299, (5955 058y Ko 5l 0j97e iz (5, %ua] 39, &

! Anneal
2 Optical Microscope (OM)
3 Field Emission-Scanning Electron Microscope (FE-SEM)

3



IMAT 2016 =

B e

G Ey (e o0l 9 ol (Shglin i ting po S idie WMSMS*MWMW&
INTERNATIONAL CONFERENCE ON MATERIALS ENGINEERING AND METALLURGY §
8, 9 Nov. 2016 Shiraz University Fpo ol — WD olo ol g 1A

ZelSS JM@‘MMTJ’)G9)_§J‘U9S_;3)& ‘odl.ﬂ—..n”.v\t_r".:j).vu,)_ﬁ‘ ‘f&J.p ‘W
gV MR ol b Si8 y Sg Sl By oSS Lol soli! 1550 VP with Oxford HKL EBSD

a5 plodl $Pe X FYAT g 10 S5

Calty

.[Yﬁ].\a’_p.:q )|)S.. s P e & (S ,_gl.h Vgl.l ol 00 osly UL"' (u.»L; =) Q)L.mé)_.é A lgh_ﬂ 50 load ools las

Vio mm gl ) g Fmm yad 4 slaslesl sladises w0)ge 2> ‘S)i.b_‘ P9y & 0l ‘_g),_‘)é sldiges 3l
mm

L—l ‘5) tJl’-‘A" u...v; il 3 \-J; ‘AL"ul STM 50 J..\.n Salltam JL—DJ’AJSJ &..vrslS:L.al P LI 64.1....;59 O—
20,5 ool Lzs ubej] u':’)"

Sl G 550 (o0 i S 9 (S i )T (Sl (gl galail)

SisTay &5 iy SN Jan Sy ooy SlagiS g3 S — A oalal by it
FOUI I SR U JES P J R ¥4 RNCT AR ISR PRCEIR SRR A | PR | R PP
Lol oo solaz o)sza..\.‘_?d)f;k“._»od.‘a 6)9])3;1""‘02"’)51‘

! Electron Back Scattering Diffraction (EBSD)
2 Step Size
3 Resolution
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Abstract

In recent years. severe plastic deformation (SPD) processes drew considerable attention to
produce material with ultrafine grains. In this study. multi axial forging (MAF) process as one of the
severe plastic deformation processes. has been used to produce ultrafine grained (UFG) commercially
pure copper. This process was conducted for 13 passes (corresponding to equivalent strain of 10.4).
Microstructural observations were done by optical microscope (OM). scanning electron microscope
(SEM). field emission-scanning electron microscope (FE-SEM) and also electron back scattering
diffraction (EBSD) technique. The Mechanical behavior was evaluated by compression test.
Microstructural observations revealed that ultrafine grains were produced by multi axial forging. It was
also observed that in final passes of the process. recrystallization has been happened and slight grain
coarsening has been carried out. Compression test results showed that in initial passes. rapid increase is
observed in strength. The strength continued to increase up to the eighth pass and then. gradually
decreased to thirteenth pass and softening happened. Decreasing strength was attributed to dynamic
recovery and dynamic recrystallization. In present study. strain hardening and softening were simulated
using a combination of Estrin-Mecking and Avrami models and a good agreement with experimental
data has been observed.

Keywords : Severe plastic deformation (SPD), Multi axial forging (MAF). Ultrafine grained (UFG) commercially
pure copper. Hardening, Softening.
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