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Original Research Paper Severe plastic deformation (SPD) processes have been extensively developed over the past decades for the
Received 29 September 2019 fabrication of bulk materials with proper mechanical properties. In this paper, the Extrusion- Equal Channel
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Availzble July 2020 Angular Pressing (Ex-ECAP) is proposed as a new process to apply severe plastic deformation. In this

technique, due to the existence of two continuous shear regions, higher severe plastic deformation is possible,

Keywords: compared to some of the SPD processes such as Equal Channel Angular Pressing (ECAP). The fabrication of

Severe Plastic Deformation high strength  AA1050 specimens have been investigated experimentally and numerically and the

Mechanic Properties corresponding effective parameters have been introduced. It is shown that with using proposed process, it is

Strain Rate possible to fabricate samples with higher strain rates and more homogeneous strain distribution compared

Yield Stress with conventional ECAP. In addition, the limitation of the high length of the samples that exists in the
conventional ECAP because of the high friction at the die/workpiece interface, is significantly reduced. The
produced samples from one pass of this process has a 50% increase in the yield strength, compared to the
annealed sample. This indicates the high efficiency of the proposed process

ISt slai, 9305 St [0 LSy slaJUls doio -1

- 2,
@ 3lse adgi g il oslal gy plpre 4wl SEDL o lagly S Uiy [1] U a5 1980 ams o

! Equal Channel Angular Pressing (ECAP)
2 Severe Plastic Deformation (SPD)

Please cite this article using: T Lo ool b5 @ ylee 3l e ol 4y gl )l (6l
Behzad Akbarzadeh!, Hamid Gorji, Mohammad Bakhshi-Jooybari, Rooholla Jamaati, Mohammad Javad Mirmia, Development of a new process for the severe plastic
deformation of AA 1050 to improve the mechanical properties, Iranian Journal of Manufacturing Engineering, VVol. 7, No. 4, pp. 19- 29, 2020 (in Persian)


http://www.smeir.org
mailto:hamidgorji@nit.ac.ir
mailto:hamidgorji@nit.ac.ir

Ol 9 031) a5 3l 340

B Yolgd Sgua sgliie 4y 1050 Ig%,JT..\.;m My S S (Gl 333 Jdalpd K dsuwgs

Iy Lasls o 5, 815 gllee Claslice 5 db oo Sgup 00l
JLad = 5eaST anl s [7] sogien 5 (2L .ol o0lo L
Setaodly S yeis 0z anld o lyie 4 1, 2yl IS
Srre A5G ome SHU Ayl adg 6lp ok
G Jysile g CJB abaase o aled wnld cpl s ais S
L ogdion ool jgue SzgS (29l adhate Sy 5l g 005 s
ool &l gy a5 ol eoly plas cgileand mls vy
Wibieo Bls 1) wad Sadly sl ,S Jleel LB
Sy G555 Ol wnld plez aepe o a5 (g 5ba
@l o2 b de; TI9 250> 0 dg) olps (555 2 S5e
25 b B Gl diged a5 0b ekie okl
J.\.:] Il O Coons d.;j.o..: ‘5..?1“: 9 00y WL,.A u}‘ﬁ.\i:
5 @bl 5,505 102 4 55 1 5 ogei oy S5 0as
b = GhareST s anld Byme el [8] suge
ailsze)3sd soiwes!l 3L Sz algd sy 4 gl (IS
Uﬁi“’ﬁji“" )JBLGJ oo lice 9 L)M.:LA)] r:l}u‘ L: Ulj d.u.}‘d).:
3 sleails oslail ol s (I b as” wisls Hlis (g 908 (S92l
90 3l am adgl ails olail aS g ebay el Sbowws LB
@l s by gl 990 @ yreg,Sen 45 5l al>y
258 b B Gl aiged a5 wb akie okl
W J.\.:] Il A S d.;j.o..: ‘5..?1.» 9 00gs WL,.A u}‘ﬁ.\i:
ot bty 55505 49 4 29 51 a5 (g5 w035 lagy S5
S99 b a4y pgo al> o 5l AT Wl adeie Cyores yiiog
4 ladils ad SS9 (Fw Gl e i S
5 OLaS) (oeeBd Sl JS (Seelus bk o
SFlogySen 5 (Sl Pl gy @ [9] o Ken
g &8 S 8 dingn (LS Gl U o lassly )5 e
aS wiols las pglas samlive g (islesl sl b oGl .axsls
8L uldl (Keal e olul e 5 2,8 sladils slass
oo obl oS5 s g jebas als ojlasl a4 Jb> o
RGOV VS P PUWRIPN L 5 00 BN SUPRRC AN [T IR VE JE- N U SR VAL o
i g Conl 4 azgi b o3l slaJle jo (g0l olaae
2 6oL 35 yed YU (Keyiz g plSoninl b olge o gy 4 Caio
g wlosly sleaioy Bl iolidl Gly 1) anld ol
o B (LS pwiin Sla S (Bpme b oo (solass
-10] wlazsls osls plouinl jaalidl ¢ yan (13,5 obml o

® Tube Cyclic Extrusion- Compression (TCEC)

4 oplesis 7 o9 1399 280l pl 3des 9 walw Swaiie

929 Lok Joas dlge psle 09> j0 Dlidod 35 a5 alads
Olidod pgad 4 daiwg 5 Soln 4By A 4 S
Al lge agd Gvojox 10 g, (ol u3l avs ;o awg
Bl Jelos s 3l o Sy o5k 5 95 slassle
Ailed S sy 09,9 o] asile 5 (SLlSe 5 (So5d slaShs
13.4]
IS s sl o5 sagei 25 4] St 5 Sl
aaiged IO g (quwiie Slal 1ois b ol ST 0l S
Lol vz il Sl IS s gleasld i e
OlsreSt swld G gl nlple cal baasgas coll S0
Sad Sl PS8 et by, Ol 4 ) ol (st
Pl b ST 00,5 slgei Tl 039,51 ol 4 by 5
Soyd Jold S S s sladasine (giluand
sblos @l dlge by Glaglll g (435 polie (a0 St
gy 4zl ol 4 g Aiols 18 sy 0550 |y e (865
9 Wbl je (Jgens (59581 51 gy cnl (2T 48
JUS 93 b il> 039,81 anl Jsol [B] ol)Sen s
3 gl e bl ol g weS (B |, ZQL*S‘.’.
S Wy a opl 4 QU108 dslie LSy sla LIS
GBS 5o slugly 6,5 mpn 4 Comd wyaz B 5T o
dow HLad g yides e ool ol 1S Gl LS

Slusly B om0 U85 &g (J e 50 il S
e Ul g 5leads @l,l LB @ cans LSS sla JUIS o
JUBL (3958t wpaz anld [6] ofSen 5 S5 cusloss
oz slp S plpe w4l can mbe ghie 5 LSS
aldje 398 oo diged Syl gln waad Sy KD s
axkd )3 by S Jleel p Ghy, cnl el )5 (Byme
s Slp oadlbe ol ghie ghe i Gen S
Stele ol o B LUl 5 2o S0 slbaastin
oolitl (0,25 5 (ilwand Glaow,p 5l GbI @ilsp e
G ashd 5 e ahade o aS ol lis gileand gl ws S
SalS axkd 55 p0 Caons &y arme gl Sl 50 A0S 598
o SN s am Sy seme skl 0 9 wbies
Dgdon Sbml (phn SzeS jeme il 4 Cud NS
WSl i phn SgsS 4 S Hhl s 4 e edleay
@ owin b orizee 005 oo sbnl 6 FESgSs e A5
ol Al a4y Cod diges (St A5 Wl adrine oISl

L Vortex Extrusion (VE)
2 Dual Equal Channel Lateral Extrusion (DECLE)

20



Ol 9 031) a5 3l 340

S0 olgd Sgug Hgldise &y 1050 In,..\..'l.:o,JTJ._\.AJiI My JSab paads Sl 393> Idalpd S dnngs

9 Wgdos (BOCexgn (my 90 gl &5 Cunl 0ad JSa
g oo a0 Ol gy ide S5,

o B acgesms el low 1 JSi 5l a5 jeblen
5o axkd aBbige BCAP 5 (59T ailp g0 5l (oS 5
Oy lasly JUS o)ls alolddly 5 59 28T (Jsl al> e
pll gl cwl Jgl oly Jgame coonl cawsay aalad 090 0
EX-ECAP (B (559)9 yhas &y aiged b conl o3V gim o
5l LB Gl g,cnlil ogh eaile; iess 30 m
2 S 50 ol Soles a5 ab eolitwl (SoS LB e
RUW PRV

B g oas &l wos LB swais Slasis 1 Jgox
Jsoz 5910 430 cos b as’ (JB amo o s 1) (5 ]
035 @l rend jsliiods 5 (giloderd Jolod (sl B0 conte]
i Sy LB 9o e 028 slagiales] plil sl o
5 B i ob oslitul jiede 29/9 Jhaé 80 Job
Sldes Cod g Al bl 1/2344 S50, o¥es 5l as
99 4y ol (S b cdS I3 gfesn 5 Sl
3s s BOHRC

O
O
O

?

O

O -

Fig. 1 Schematic of the die EX-ECAP
OLaSs slagly JUIS o JLlad = 30 ST I Sslous 1 S5

Ele

Fig. 2 A half of forging die- set

21

Jolas Jlael b a5 el o boonl 3 cpl 45 o dliee [13
AN 89 g anpa (S SBro by Jole LSS g 90
Sle elys 5 el Gralidl g o celio mjsi 5 G495

Loolge ady slp sogame Uy (e raST anl
tigas glaie elaws 45 Lol 5 canld ol o s Y plSociud
Saste lagaly )3 Wlg cod wilioo (Rl il 8 plodl 5l
59 ey ddgl a8 4 S0 anld S L as ] Re 0g plonl
5 slugly B wn anl e oud plnl slatagh fiiv
Gl ISk a4 Job S Dl badigad (LS la JUS
Slr Gy crl o) el Gl S cosgue S
OF Sasgazme al S 109300 gmime wils J5b L (sladiges
S9 oAl b digad (2)15 gl pled 4 azgi L &S ol
sl plol o [14] sl gy 5o el obj Sl
A8 4 b s (S G U 5o slassly o) e
rge i ol il 45 el 0nd b5 815 jiSlas

lie (nl o by Job b ladiges odsi Coonl 4y a5 L
aulp aneg boYL el b el psiiell wg
Sild Sy gl Sy glapgly JUIS o s - o5,5]
005 05 ped il Gl b8 S 1 aalllas 990 wax
Slsly S8 oon 9 GierST gy 90 sod SE Cudgacs
4 dd Seadly JSb e plnil collB LSy JUIST 5o
oS 5 L pe e Sy (Ghp 4l g0 092y e
OBl feS Al e slani o g SoSen S @ie 9 yibe
R FRWIRY

e Ol jshaie ay gl (gilwand lanl s cpl 5o
23,5 el 5l 950 s o0game plulid i s o] el
sl 5 ad asle 5 (Hhb 5 sjse I e
@l e ol & @l kv 5l ey el Jasay 025
SR il 3550 5 glite Slal b K00 B asgerme S
W5 158 anlie 5 Jolod 050 gl 5 285

P lojT Jol po -2
(OlaSs lasgly UL jo JLadm 5 ST 0o ail 3 Sl
a‘d.f,Jslc\L:ﬁ).laéD‘Qi)oc\fwlod,i:oolodl.mlﬁ)o
(79> e JlE A o3 4l gl 9 (9 ST 4l g
Ao 90 5l (B acgemms ol JUIS Job L g aiigS glassr

! Extrusion- Equal Channel Angular Pressing (EX-ECAP)

4 oplesits 7 o9 1399 280l pl 3dgs 9 walw Swaiie



Ol 9 031) a5 3l 340

B olgd Sgug ygkiio &3 1050 poainog) T 39 duhs Skl JSib juads (Slpe 3332 Jdalpd S Asngs

() @ (<) (<)
Fig. 4 a) Initial sample AL with length 50 mm b) sample after one pass
¢) Sample first pass after forging d) Sample after two pass

5 o 2903 (2) e den B0 Jobo 40 aguinagl] adsl iges () 4 JSio
£33 ool 51 o @503 (3) 5,500 5l g 3l ok w5903 () <Jsl b

True Stress, o, (MPa)
=

0 T r
( 0.1 02 03

True Strain, &,

Fig. 5 True stress-strain curve of the material
inlesl oole i 13,8 = i jloged O S8l

S 3lwdas JoI 0 -3
s Y ins sgame gliz Sl Sl siloaned el
Sinleyl 51 oae] Cawsds slge ol Ll o eolaiwl 11
B degorme Joo ad (Brma 33l 5 4 6099 Glyeas jLad
s 9 B g ody S 5edi 95 5l Ak el 552 3 ol
Sgrbay 9 odd dndo Loty plod jo LJB wload ()8 o
A 5 a5 B L ale (o SEaol ol Jleel a4
2 07KE" & 50 4y olge Serdly U0 5nss LS, w48 S
G55 s3les N g plSotal oo K ] 50 o8 w s 5 L
0/35 5 JKubKe274 plp iy @ g oog oole  oew
bl (0,5 1Sen S8 a0 ale (Lol slaad ol Cunoa,
6 s as a8 S i o s 4 Oypenr 5 32000
Lo oo glid 1) oads gasgplell ale Jolss Jowe 51 (slasgad
O 50 0k oSl ki g lati,S (Vb polie 4 azg
anolell Gy, 5l (@l Ses e ln ] il
90,5 solazn] Silegil suze

(Silwad @lp el SELol cope 8l Gl
79> b Jol dloye 10 (028 olmlr mg ) (S (295
ot dglie o b SISl o ps 0z 5 s3letend Joa

2 Deform-2D/3D Ver. 11.0
® Finite Element Method (FEM)

4 oplesis 7 o9 1399 280l pl 3des 9 walw Swaiie

5l 5 olaSy (slaygly JUBT 53 Led= ()39 ST slacdb Slasio ] Jguor
Table 1 Characteristics of EX-ECAP and Forging dies

D D [0} ] a L dnseiie
(mm) (mm)  (@eg)  (@eg) (g (M)
20 30 90 90 60 3 204306
10 30 90 90 60 3 104306
30 50 - - - 100 Xl i

wls (g SiaT B 5 s B acgame o 3 S
Seotale;] bl jo0ms o lis 1) o1 590 M ol jo a4 00
A oolitl el Zglaw 5,15 0lg, slp 10 g 0um oés,

30 ,kaé 4, 1050 pouiog)l diges i 5 o ialesT plosl 5o
adgl oole 4 IS5 sl suds solitul jia Lo 50 Jsb g
5 65T 5l Gy sl aised sl ol 51 m ise cpnines]]
Wloads ol badiges amo co ylid 1) pg0 by 5l e diged
ai 83 45 Sow 4 ol 5 il a0 345 Gl o a5 slaigSa
AL 3 f98 )0 e 9 4385 51 )30,05 3

16?'r°‘u5° Jloygisl Gialejl olSiws 51 talesl plosl (sl
oKiws pl el ool olitul gs oS 600 ool L
ot ol 1y ol =5 5 it S 5 il
)oafwlmm_}g@d.ﬁtéoﬁ)ueiﬁZOOUoli:Mo@;
Glp o a8 S L 0 daiBs p e de D ey i oyl
ASTM sl b g 5,505 Giabeyl 51 o itBew (505l
P S 0digyg,8 ¢ g, pl Ho el oals colai! E384-99
136 e ol el e asly icwl cwlodl cucli)l ase
10 (Swigysp oles 5 o5 100 og0e 59565 o5 ol 4z
il oo 4l

3 bl il jLad gal 5l olge elss (eni sl
GRS S leges D S el eud ooliiwl ASTM E9

s e lis 1y Hled iolesl sl Jol> s>

(<)
Fig. 3 a) A half set of EX-ECAP die with ratio 30 to 20 b) Forging die
with cover

Slugly JUB 55 Lad = 50,81 B aes S g () 3 JSS
B ol ey (5, K20l B () 20 430 b e b LSy

! Denison Mayes Group (DMG)

22



OISaR 9 0313 15T S

B olgd Sgug ygkiio &3 1050 poainog) T 39 duhs Skl JSib juads (Slpe 3332 Jdalpd S Asngs

Fton)

= o= = FEMP2
e EXP,P2

0 5 10 15 20 25 30 35

DIS(mm)

Fig. 8 Force-displacement diagram of the second pass
P93 b 4 Wiges (2l = gy Jloges B JS

S g gl -4

S Pl (o) n-1-4

s B ~1-1-4

&8 & azy b Gl bl 0 aiges ghabe (i Gl
(e Galosl el sl oy anlss Dglite eiie 15,8
o5 3 Jsb abie 55 5310 59 Lo IS5 wilen latiges
a5 w,5 B Sialejl ol Lasuine bl 4o g ob 08) by
Il diges B .ol 0 08,91 3 5 2 sla g 0 bt
Bgad yulyw a5 QB oo Hlis ls il oo 5,5, 35 ou
G555 s 3 ol ol o Sl Sy Ly (s gl
3 Uz @lhe aizes 2l diga puily o S Loy
Ar dsl b 5o (o2se haile (e o llinl Slyil e
Dged ;o S wgB e ) lis 4S5l oads awlxe 112

ol

Fig. 9 Longitudinal cross-section sample with specified points for
hardness measurement

S (S oilail gl et blas b Jeb adafio diges 9 S8

ool S Higad Job alaie Gilise Ll 5,505 52 oo
Table 2 The hardness of the different longitudinal points of the one
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1 48 4 49 7 49/6
2 45/5 5 46/5 8 46
3 46/9 6 48/5 9 48/4
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Fig. 15 Effective strain distribution: a) Equal channel angular pressing
b) Extrusion-Equal channel angular pressing
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Fig. 16 Effective strain distribution: a) extrusion process b) Equal
channel angular pressing after extrusion
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Fig. 17 Effective strain in Extrusion-Equal channel angular pressing
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Fig. 21 Comparison of the Extrusion-Equal channel angular pressing
process to lateral extrusion process (a) Force (b) Effective strain cross-
section
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Fig. 22 The Die fillet radius parameter
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