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Study of effective parameters of Parallel Tubular Channel Angular Pressing
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ARTICLE INFORMATION ABSTRACT

Various methods have been proposed to produce metallic and bulk form materials. Severe plastic
deformation is one way in which a great deal of mechanical work can be applied to the metal.
Various methods have been proposed to produce metallic and bulk form materials. However,
despite the widespread need for tubes with high strength to weight ratio, few studies and
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attempts have been made to produce ultra-fine and nano structures.Ultra-fine grain metal created
by the process has a high resistance, therefore, it can be used as high strength steels that are being
used nowadays. In this study, optimal design of a cast is done in order to increase the
homogeneity of the material microstructure and reduce applied force of the pipe production
process. Finite element software is used to design the desired format. Since the framework has
been designed based on the pressure in angular channels with parallel tube, the channel angles,
corners and curved angles, reshaping and the channel radius ratio, the coefficient of friction
between the pipe and the channel and the number of passes are the parameters affecting the
process. The effect of the above parameters in a homogeneous effective strain rate and force of
the process has been studied.

Keywords:

Severe Plastic Deformation

Finite Element

Ultra-Fine Tubes

Parallel Tubular Channel Angular Pressing
(PTCAP)
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5- Parallel tubular channel angular pressing (PTCAP)

16 oo 14 055 1393 il o3lall3sd e Sl uwdio

@ axg b aS daonld ol il @B, S 15 axgr 8,90 Jlows 3l ans
Sty S8 o Jlasl 150 (igd o goimaims ] Jsame S

o B 1 eole Jlslo g oad o] 4o olisbagy, Slwis Gl Gl a4y ot

LB o S (6 yegils

Sl Sy S i 9 SCaiawdly S i -2-1
O 0l 3l (595 e 4y Ay B3 o0 JSD i I8 S oS ol
b Sea¥l IS s Taiy BT 5B 0 50 90 4y Silgige S
O SVl IS8 ot Stdly SO0 i Lol 4 ST S8 is
155 4Ll (5,10 b g sl CtS il b oS sl USE eai ] Ceand
b Jol Sl a4l JS& s 518 gl atdlby Jlesl L oS (S)9e
b clite 0980 0)ly 518 4 a5 (83,5 (5D ki 55 nl 2005 (o0
Sl (25579 A5 Gm alaly & (Gore Gl s el a8l (25 e
i (B) SVl Jse ks ol b a5 Cel S jpema
Ay Jolee (Sga oy98) 18 96 b g |y by ool [2]058 0
Oy

g, il Sl oogaze a5 4 Jleel i a5 LK
Srdly S5 st [Blogdco Semdly o3guma 8y JSE sk a2
5 ol S 3l B 0T G ey oo SV IS S aalsl o a8
Ol slales ;0 518 Sy oS (Ao 098 o0 Dguine (ool JSL S
@ gard k(9o Sle S e 8 Sl A s oS YL
S8 et ol (gl a0 S (o it SO i 2l o Caeglia
A58 o eal sl cdle ol 4 ioged Jlesl (gt A5 lade Wb
Shl3l el s IS waly 5 opdion 45 i 5 L 5
Gl ol Jlie o [Aoshi e USh i ST 50 5l S5 g plSouiad
o U et SolilB 5 ans s cessyl 1y 555 2an oSl 58 LalSl
Pl Sal38l a5 05 e el Cudgazme cnl cilpln il by
sole CenSt sl o [ 39 Sgime SlSe IS Jlosl dawsgs 58 ity
RMVAREAPES

Olsise ol b & el (plaby, asgaze @dly jo ol JSb ks
CenS e 518 aSil gy e0ged Jlosl 518 a1 (ool L (S S
Dol Sy S ysd gy 50 az gl e A5 L0sl (F0)55S 5 g
ol o a5 gbioe 1 plSouiul 3l rge Las o5 el )
Ded oo odmlin j5 gey iali8l 2 g ool Bis ar Sl cél o lee
IS i3 slagisy ple b Gy, ol ples 4z Gds gsdge ol
ouds slaml sl Lo 4o Wb ) ol Sis ol e o5 wced Kbl

Sealy S8 s slaan] b by ould sl ailsy, 398 Sl
o] 5 ol (S a0 0imd o Hlid 055 5l YL Cooglie wyols
bls,l gl oolaiwl cany) e L Sinlon YU Caglae I3l
Jlomgh dslee bawgs ails Jld b Jbiwy S b 0l pls 25
g oold las ((1) dolas)

oy =0, +Ad"12 1)

(1) dolas @ a5 b ool <ol S5 A SBhaol 1350 ol e oS

1- Work hardening or Strain hardening
2- Ductility

28


https://dorl.net/dor/20.1001.1.10275940.1393.14.16.37.6
https://mme.modares.ac.ir/article-15-11392-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 |

[ DOR: 20.1001.1.10275940.1393.14.16.37.6 ]

Ve 9 (5 p33£ Sikuas

SJlge sladgl HIsasghy B 3 ,Shoc )3 S350 S siebily Blydl (w22

e oo Sl S 1S cpam 50 5 00d 5,8 oo SelS LB Slakas e

Sy5e adgl olge 1 ecenl ool 48 5 L s Sy ianl Mals adgl ools o
g oo T Sl solial

Wl C35S e il s 5 Sas] gy @

0,5 s ey s, 5 srelsS SShaol ladB 5 aly oy STSkacd
o 250 eyl 5l (S Saol o yo jlade aSol 4 azgi Lol
o3Il el 00gy Hha3 we (silu e jo alie Sl ol 1Al
g bab as S s e Lo O3 ply Cosla sy 5l g Lol
olass o 3,8 Sl o LSy bgiluJas pled jo dlg) slul a0l @
oads 4l oo I gliges 3 USE el Lol 600 iy gl slo Lol
lati,S oV pyolie 4y azsi b s so bt | o sy o alg) ol
T @lSen g sl ] b ilutd o> 50 0k la IS s
5 ) s oolil * Salegil oazma sty sine b | i a9,
Oledy LB lekad plos 5 wiloods a8 3 Jlaiyo ool Jbl o i
Sadly 5 SVl olss 1 Jgaz casten (Ldos g4 5l o Slakad
slayial b wloly polia oplses e olas 1, (C10100) oo JsT (s
[11] siloss 08,97 Lo pue (51 o il
Oloy wdilods zl Sl dbgrye gli 5 ool axsle Jow 160 51 i
5 Jse sloyielly & iy el 4 B 1 o5 5l (g5luancds jo Slasleo
013 Sloy ooldie ;0 0T b giluand ol e o(g3luand gl il
SIS o5ty (Sl acs T3 Sy gjlode sl a5 48,5 ol agls

oty il oo by 5 StV olys 1 Jgu

e Pl
242 (MPa) Ll s

69 (MPa) oL s
0/33 O9le o yd
117 (6Pa) a2l Jsoto
8940 &) Js>

Lol

|
0l (S Yo 4.]5] J.aL..J 00l a5l J_\.n )‘ 6‘435.4.1 3 jC)

4- Adaptive meshing
5- Automatic remeshing

29

() ()

[10] (s3l5e cslalsd Joagly JUIS o 0,8 anTs cilesa Jolye 2 JSid

S5 ymS] jyze w2 (shp 4l 90 b gilse loasly sla Ul S5 4 s
e Gl 355 00t (b ey sSe ke b adgl algd S 5 35500
J51s 4 pgd g3 slailyinl ds Lags Toae dlg) 0T 8 ags al> o o
gl ghaie 058 o0 39,581 By (A5 lea b s3lse Sloasl slaJULS
P S Jleel b oglioe oo Sk el ojlailay al>pe ol o
ailyd opl aiS e g Lrals ‘\.\J\.\.MJ 8 als ojlasl al> e g0 o ol
st a3l 090 Hlade ay gl ails ol B gl IS5 Sleds a4y Wilgs oo
b Grals gl 5 wlojy, 558 o)
5 calise (slo el b aizmes 5 B (g3l e og2 0 aaldl 5
Gl 00 48 5 0500 dgame 3>l slo by, 505 o aSls ] o0 S5e
090 S99 G5 (Ko (Jlosl (S polie gy ol 5l edliul L g
5B e ol oad acle calites sla el slp anl s s s

g0 0310 idgi paitte O jgeods Ayl B sl el b

Sguze £l 3 gy 3l ooliiw! b LIB (g 3tw Juw -1-2
&5 9 S e Gl Syee S anule sln dguse il )
Foanlp leaed 5 Giledae caz 5 485 15 eolitul 5)50 (15,5
Sorell s ogazme szl gy bl ooty eslanul S 158l
doaissS sblg) dagled o aloxjl calises sla ol b 3 cons ol
oolil 590 by, Crizad § SIlaol i 5 bl bl (U IS
w85 plxl 5ls os9e S99 NS (SKed (S @is g e 9,
|

L smepd gosdss ilodoe 5l o asly sloJow olos o
@ BUSE e aShl ot ccul ond osliel P08 oz slaoll
ad S i dv lp S a8 )AL Ws, 0 wijgme o g
(SN L Joses ;o 0ed e Jlegl BB jome Cqa j0 AT el ouls
4l 015 oy ol oa a8 Jlaipo (as &j50a (5)9mme (555
gl a5 (215 B il Jolds a5 p3 S i g9
b2 By gl wasloass 58 361-:-1’5 o ojgon JBy
Do Jloel (Jg5 lailgil a4 (5958 5 00l ol 0 Jlos!
el oad 48,5 Ly 5 e p,8 sl 5o

1- Axisymmetric
2- CAX4R
3- Analytical rigid

16 o plats 14 055 1393 il o3lall3sd s rte SlSe udiyo


https://dorl.net/dor/20.1001.1.10275940.1393.14.16.37.6
https://mme.modares.ac.ir/article-15-11392-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 |

[ DOR: 20.1001.1.10275940.1393.14.16.37.6 ]

Ve 9 (5 p33£ Sikuas

SJlge sladgl HIsasghy B 3 ,Shoc )3 S350 S siebily Blydl (w22

B 53 oo S alsly IS gnp -4
Gilises sla el b S5l wgazme 2] Joe <85 coms l laebl | e

2855 sl 13 ey 0590 9T 5l )50 Se g Fhe ST (SKen

Stlaol gy 33l gy 174
b5 050 anl)8 50 JSE pod (e a0l by (155 sl yglS
ol 2 gz sl o ool Lt B S o calies T STShasl (gl
Fhe 58 Shasl ulps ol 55 B ol gl oas 5y
35 5 4l i gl S g 5 s ol Kby

ol 015 5 0/13 ol Shasl g, o5 >

G)s85 Jeloss alail, Sl eolainl b ool drsloe Sy 1655 (lyae
Sygota 1SS 50 g sl 179829 1y il o oS ol aclns JiB 55
el oas eols ylas 33l las

SISkl ol sl S95s I3zl gy 5l ol S (sleoges
a3 mhaw 5l i S lake lagl jo g ails polie Wiy, calisee
oS ol al 855 azgi ol @ Glsiee & SIS o 20 W8l s
Sloagly JUB 50 oy anl o dilise Sllaol ulpd b (1555 jloges
sl iy, 13]cel oas ools ol (1l Ken 57 lulSl Laugs oS
P ey )5 w3 0l lge gl gl JUIT anlp a4 oo
Bl o1 Gy mhaw 0 ol 4 5 dyf A3l b o culbks sl
e Gl b Sty (5555 lade g ()5 mhaw ) adl

[ om 007 —0—009 ——o0.11 —X—0.13 ke 0,15
—0—0.05 —+—0.03 —===-0.01 == 0=CF cennsannsensents X
IR S % e X
T b x
......... g
35

0 0.5 : 4 1.5 2 2.5
mm) e 5 o> &>

lisee SWasl al,o b jige Sl 25,5 lsgas 6 S

Shaol 58 53l (g 50 Poshe sl 2 Jour

e Pl
0/15,0/13,0/11,0/090/07 0/050/03,001,0 ~ Shasl sl
ok 20 adsl alg) ,lad

Sake 25 Ayl s

2/5 glads Cas

4,320 slissil aygl;

4,135 JULS asgls

1- Friction coefficient (FC)
2- Nagaskhar

16 oo 14 055 1393 il o3lall3sd e Sl uwdio

G551 o5 2 onl o)Ll o > (5,55 1 45 Hsbles el S5
s a...fl)_e Gilwdae sl 23,5 655 woys gl S s

@B 35 9 Rz -3
93 GRRgR ) 4y 54 dgame 2l Jae s g Lo il Gliebl
byl ooyt Olyea e S (SKen g gy e CoeS
a8, 4 Joe sgazme izl Jlod ol aid 513 (o 2 3550 I8 30
[12] o 5 1ol T (ol25's alle 4 oad &) Jao gl b allie oyl o
sl il g 035 PTCAP gg5 51 LB g0 0 .ol 428,515 duslie 0,90
3 U (slaplad o il (sblgs daJUlS (sblys Jolts I8 o1
Cales liwly )3 Fge (255 polie jlogei ol LSy SKaol oy 0
95 I0ged cpizrad awl 0 00lo ylis 4 S 0 Joe 90 4 40 ladly
el 0 00ls Lzs B S jo e 90 opl 6l 5 alzals gl o
Lzl oo ol Jod LB GLbil lgioe o jloges mls alie b
Lyl s ogei ssalie >3 GBI mls 5 alie opl 0 b, |54 sg0e
b loges Gloe (S5 S LYo 5l 5 0390 LSy Joo 99 52 (5500 5 4
3 obaedsl 51 050 o Lil el slaws g £55 j0 Solad 4 lev (oo
Jolo g gam Jolie &5 35ed ool Bl oo wdgame 32 Jae Cro
by B ileange 5 dgue 2] Joo (egian (orae aSD sl
5 ol a5 ol wialss iyl sloul BB ol SLasST 13 slagzy s3]
el 438 3 ologl wBlas> SYle b

3.8
3.6
> T L Ko,
| ‘.-.x'"-, —— ¢
L - == Y i e i =
w32l e—" X,
y g
a8 b T
e, C RN
26 B x
«=«%:+« TCAP (FE) — = = PTCAP &,9%
2.4
g— PTCAP (FE) - =8 —&— PTCAP (FE) - aJtis 0!
2.2 1 L L L i
0 0.5 1 1.5 2 2.5

(mm) 4ls) o510 s 51 alols
PTCAP a1 8 50 g cualies gl 55 (6,5 ke duglie logas 4 S

L9>)5 6[5] 9 AJLE.A u.u\ ojm |)>‘ J..\a 6‘)‘.’

500 i
—e&— PTCAP - 4l !
450 |
TCAP
' 400 LW PTCAP
X350
} 300 |
j 250 |
4 200 i,
2 150 ‘ "
100 | 4 S -
50
0 : . . ]
0 5 10 15 20 25 30 35
et ol gela jf aliats

dgazwe |yl Jow sl PTCAP aiT js kg, dlie loges 5 YK

=S SBT g alae iyl

30


https://dorl.net/dor/20.1001.1.10275940.1393.14.16.37.6
https://mme.modares.ac.ir/article-15-11392-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 |

[ DOR: 20.1001.1.10275940.1393.14.16.37.6 ]

Ve 9 (5 p33£ Sikuas

SJlge sladgl HIsasghy B 3 ,Shoc )3 S350 S siebily Blydl (w22

1.40E+03
—0—009 =0=007 =—A—011
1.20€+03
—X=013 =X+015 =O= 005
L00E+03 —4=003 @001 —am0=CF
% 8.00E+02
K
z
X 6006402
4.00E402
2.00£402
0.00E+00
0 0.02 0.04 0.06 0.08 01 0.12 0.14

S) olej

il SIasl ol 1o gl3l as o5 (B IS 0T 3 oy g, Jages 8 Ui

a0 1) Jlade oy S  SainSb ol Jlade az 0 115 aygly 0 058 0
S SHU S i 0550 onl )0 ien (i LA D9y Jdody cony oo i
o433 S il B 4 Jsb i) 55 e ol S
o sl el ey st ol i > SREST ol
o8 s ) ol a5 5o a5 5 5800 e 508
slllis slasl az 0 115 aygl; o 50 0 Laid 00,5 o 5L adsl ojlailey
oolizil ol W Wy Jsb 51 (s yloke 5 000 rmlin S5 po b gl
Sy 5y sl S & oy slllis (slesl agly Sl L oo
az,0 115 wygly 4o 5 Jlade o yiin 45,0 185 a4l o Saacssl lake
Ay Cabs sbily o 1) f3e (15,5 Jlosed 9 Sl Jlade o yieS
agly Sial38l b aS 05l o camlive s o L JUIS alises sLlgs (sl
20 Gi,S ke 4z, 135 agl; ol e ialS 5 (23S ke JUIS
ol 5 s 3 G55 e ) iy 302 e o) IS5 o
Ot GMS WS 5 08 oo i g, ol 4z 135 51 e bl 5o
P> adsS (JB slad JSis wli 0sd e ey ()5 5 B 4l
10 o ol jel cpl Jdo wlgn 4z 50 135 (WL (bl j0 5z
JBS agly Gl3dl s i |y Glojg s Jogad 2 JUIS aygly s
38 090 Dl Llod &y di 398 0 9013 515 3 50 59,00 RalS Sl
ol 0 omizmen sl Goglhe gt lls; bl anlp anse
Wlgoe 50 o e abie tals lesil (i 50 gy ke lalogas
il o 0ol zpdgi i Ceand 4 oS (Sl g5 4 bgsye Erli

«Sjlge gl jloargly JUIS jo (028 hg, j0 laglad (5U (o) p g

5
45 ~0=135 =145 =A=155 =X=125 =X=115=deg
4
35

\.q‘ X X X: >¢ X

&% X X X X X

RN

S

Ja/
J' \J..P X

0 0s 1 15 2 25
(mm) 5 o o> ol

B Calises sblsy (ol alg) coalses sl o Sige (255 oses O JS

31

4.50E+00 ¢
4.00E+00 F
3.50E+00 F
3.00E+00 F

")g 2.50E+00 F

&y 2.00E+00

N
1.50E+00 F
1.00E+00 F

5.00E-01 F

0.00E+00

0 0.05 0.1 0.15
S5l

3 09ama Izl i 5l Jolo fge (255 e p SlSlasl o 367 S5

$95 e b anylie

oeSle e 45 5,5 sanlie Gli e cpmizmen (b e Lial3l SlShas]
5 ol e (Sl kst b Ly i sgame sy oy, 5l Jol> 25,8
sloyloges b g)s5 jlade BB LY 5l el gilate (558 Jolo
e s (5,55 o ddos jo a5 cl ol sgae sl 5l ol
$he 5i,S el oud s s ool b, ¢ STlasl @l b 5l 25,8
D g0 0310 Giules (88l Las & jsody (655 S

wlpo Gl 1) jShe anl o Glergy lajloges 8 S
SLasl o ial33 b 5L 3 ee (S b0 LS cilisee STSla]
Gl S aakd g B uled el o Lol sud il (65,1 Judoas
@ el 4ol o ploim gy slaloges a5 S5 e canlin [14]uk e
B g Ay e SIasl oS 5,5 51 0sd oo |Kan saseie M
8990 (S99 Sl Coypo A Slasl Gop il ‘S..ngf (&
axl) ass8 5l am g S8 it g0 4 1) A ST uizen el aty
g i 3 4l jo Sl s Jled oS i (b3 s
O o 4 Joled Jgl asS 5l am isu o o] Jlade a5 Jl> 5 oy
9 ol VL Jol alisS 5l J3 (A5 50 69908 S &5 (e (k3,0
5B i o gl Jsb oyl 2t bl jio Loyl amy i 0
o g Jsb el coli Ay IS Job a5 LT 5l aly e 2l Jl aiseS
0908 (§9y 45 el (xe (s E5d50 (ol il oo LIl gam i
ol Sasl copd 23 b a0 5 Wb pals anlp i b
2 \.\JL)‘SA u...mlf | Jf S )‘l S R &S (Sl SS9
SRS S5 098 e [Sen g 4Bl alS La logas saled ;5 S (595 A
Shol oo 5 JS o 4 Slasl G5pm Cams 45 Canl
lpo 4 bae b loges 10 gy el jlade JA Lol SYL iy
p SEhasl copo b cls foged plo )l Sae iin Skl
Lol o ools ylis 8 Ui jo moJSs anTd o LS 9,50 (595
sl ools eee ln 5l oyse anin 9 SBhsl e 258
boo Rl B

UL 495 ;5T (w2 -2-4
cilisea 41513 5 i 3 j9m moSE wT 8 o JUIS gl b oy
15 oad Jlosl (15,5 gebans o JUIS gl i3l b ol s azs S ki
Golde Jsl b e el o ki Rl ol w90 e sl

saalie b l5l 51 )9 S fams slogti)S Sl 5 (FasS S

16 oo 14 055 1393 il oslall3sd e Sl wdie


https://dorl.net/dor/20.1001.1.10275940.1393.14.16.37.6
https://mme.modares.ac.ir/article-15-11392-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 |

[ DOR: 20.1001.1.10275940.1393.14.16.37.6 ]

Ve 9 (5 p33£ Sikuas

SJlge sladgl HIsasghy B 3 ,Shoc )3 S350 S siebily Blydl (w22

b plp K lade 5 it i ccaalins 13 51 it rimen 5 culies
AU 12 IS8 amas e i 1) 8 (e i L i el
L‘-’r“’ Sy Laloged plad aasge Glad 1) Glojmgpd Joged K jlade
Jsb Gl e 2Slas (gop Caxdse 0 BB 5 W)l bt
cel g col i K ol o CJB alss 90 G dg) ool (b jeene
Olise A Jlogad (59, 5l 35dse Conl) Coos @ Jlogel (ol oapdS
ol 5o oo RPN At e K IRl L Loyl o5 2dl e
ol 4 Olgee g ST g S (SSea i85l b caaBse
13 5 mis g cwbs 07 51 1S K Jlade olbesl a5 o, Ry IS
el 3y G155 (5508 5 05 (5950 Bl (Sl e cls
S8 gwsmte Slaiz (6,50 sl aygly jass oS 598 oo cdwlin
Jlade el cely sbisul aygly ualidl g o)l dlg) JSls s jo 35,8
on &5 Sl (fe o (nl eBioe Ay Form a0 Fhe S
Foo oS Sl 13 S8 b e el sl 4yl Gl b s ,S
oL B bl aggly st G 1) 1,5 (SRl po 5 eSile
seals 4z 0 20 b losl aygly Gialdl b onSKilee (25,5 Jlade om0 e
gt SN EUVT-Y (PN W3 [ VRNt B PRV S
Lo o1 51 i il 3 g il aal33l a0 20 15 Lol aggly a3l L
oS izl bl 5o (5,5 (oiKan o il (ime (0 (al o S8
olas anTd Glej gy Jloses » 1) cil agly b 14 JSs oo s
oS wes oo s sl Galisee sbls) & Ligyye sl Joges dglin 0m5 oo
s I s 5,50 ol sl gl Sl o sl aygl; i
@ S5 S aply QL sBans cnl Sl s ced (25,5 (SSea Si5e Jole
el i a0
4.00E+02

350402 =0=13 o1

-%X=-0.7

3.00E402

2.50E+02

2.00E+02

(kN)s ,.s

1.50E+02

1.00£+02

5.00E+01

0.006+00 X

©) ol

lralem g Jloses K lade 3512 S8

bl aygl; r-'l-' o Sl ond (28 slayial b 4 Jguar

Jade sl
35,25 ,20,15 ,5 sl sy
sk 20 adsl gl s
sodes 205 g cuwlid
0/07 Slasl e o
2/5 beled Comd
4>,3135 JU ausl;

16 oo 14 055 1393 il o3lall3sd e Sl uwdio

QK = Ry= Ry bl b g ol 5 adil slagled o
O 2 eSSBS Culks Gl el Glgear K lbde s o
K e Lais o] o a5 axes 3 Jsor @llas >hb slba el )l ccaond
Ayl Culs sliul, jo (25,5 lade K ade 3t 11 IS8 ol e
oo o sl | anT b cos

Oilidl cels logleds cond Jlaie lidl goleay s K laae iol38l
5 Slesl sdy (15,5 Jbleay & ulidl ul gl oo Sise (15,5 Jlade
b S8 Gl 5o (350 i3S ke Gl blie aSh daassS
Kolde Gialidl b o o g0 l“")‘°‘ Ol Fhe A5 jlade o
Jolo oy sloailse Sl JS 50 55,5 o5 b lon il
b 53, b Gl s ool 518 Gl33l ) Jole (390 5 loadsS |
23,5 o g 9,5 U e 5l g09es (55 e I3l & 5

2K st 3l lsged (slp (carie Wy, (JK5 4 4z g5 b pizen
O7 )y (oS K jlae Jg o o oanlios (15,5 (Konl oy

4.506+02
4 00E502 % —0=135  =0-145  =A=155

3 =X=125  =%=115=deg
3.50E+402 % ¢

3.00€+02

1.50E+02

1.00E+02

5.00E+01

0.00€+00 g
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

S)le;

555 oS5 anTp laj e foges n JUS ausly 5510 Y8

Bl Comd sl 003 238 sla )y 3 Jgu

e el
1/551/3,1 40/7,0/5 Calbes X loglads Cos
Foshe20 adgl algl lad
soske2l5 PUAROWES

0/07 SEhasl g,

ax,5 20 sl agl;

4,135 JUS aysl;

——1

=13 =fA=15 =X=0.7 =X=0.5=K

3 > < X
J 15
EN
X
0.5
0 . . .
0 0.5 1 1.5 2 25

mm) s 0 ol al>

Ayl Culis sliuly js 25,5 e 5 K lade 255 11 S

32


https://dorl.net/dor/20.1001.1.10275940.1393.14.16.37.6
https://mme.modares.ac.ir/article-15-11392-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 |

[ DOR: 20.1001.1.10275940.1393.14.16.37.6 ]

Ve 9 (5 p33£ Sikuas

SJlge sladgl HIsasghy B 3 ,Shoc )3 S350 S siebily Blydl (w22

b o alS pwgamme Glie 4 loanT)d L b aslhs

2 Glse @y Jlsangly slaJUlS jo jlad anlp o 1S Kes e
el i sl 2o T8 Lo b aslis

Silye sty loasly Sla Ul yo jLad (g, po JUI asly Gldl e
sshisn an1p S o 59 0 (sl o el 25 alS el

Sgd oo drogs A 0gd 0 1, SRes ralS el sl oliél e
WDgd a8 S 10 b a4 S0P eSS dx e slisdl 4yl

sho sl gl e G5 (SSen g eSS 3590 (595 o I e
Wil byl s g odel Canddy gl 4y azg b ol canl Gl oy 20

ol Gileaing 5l Jols slaclsz jo azibiz el a3 sl oS
S a5 Ta5¢> Ol
aS oy lad wgdi g ools LS K el b oS cglad Cond sy @

50 48 09 o)Ll Wb 4SSl 4l el cuals 1 plp cdl o g
o] sty ogllas 5 wlie s po Cwlbes 135 55,5 sl K

exlp -6

[1] 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, pp. 881-981, 2006.

[2] W. D. Callister, Materials Science and Engineering: An Introduction, 7th
Editon, USA: Wiley, 2007.

[3] G. E. Dieter, Mechanical Metallurgy, 3rd Edition. USA: McGraw Hill, 1986.

[4] W. F. Hosford, R. M. Caddell, Metal Forming: Mechanics and Metallurgy,
4th Edition. USA: Cambridge University Press, 2011.

[5] L. Toth, M. Arzaghi, J. Fundenberger, B. Beausir, O. Bouaziz, R.
Arruffatmassion, Severe plastic deformation of metals by high-pressure
tube twisting, Scripta Materialia, Vol. 60, pp. 175-177, 2009.

[6] M. S. Mohebbi, A. Akbarzadeh, Accumulative spin-bonding (ASB) as a
novel SPD process for fabrication of nanostructured tubes, Materials
Science and Engineering: A, Vol. 528, pp. 180-188, 2010.

[7]1 G. Karimi, A. Bakhtiari, A. Keshavarz, Modeling and multiobjective
optimization of twist extrusion process, Modares Mechanical
Engineering, Vol. 13, No. 6, pp. 60-73, 2013.

[8] P. Kahhal, S. Y. Ahmadi Brooghani, H. D. Azodi, Multi-objective
optimization of sheet metal forming die using FEA coupled with RSM,
Modares Mechanical Engineering, Vol. 13, No. 9, pp. 47-57,2013.

[9] H. M. Najafabadi, A. A. Atai, M. Sharififar, Numerical and Experimental
Investigation of Incremental Sheet Metal Forming Parameters and Multi-
objective Optimization Using Neural-genetic Algorithm, Modares
Mechanical Engineering, Vol. 14, No. 2, pp. 167-174,2014.

[10] G. Faraji, A. Babaei, M. M. Mashhadi, K. Abrinia, Parallel tubular channel
angular pressing (PTCAP) as a new severe plastic deformation method
for cylindrical tubes, Materials Letters, Vol. 77, pp. 82-85, 2012.

[11] F. matoofi, Key to Nonferrous Materials, Tehran:Fadak Isatis Publication,
2007.

[12] Gh. Faraji, Development of tubular channel angular pressing process for
fabrication of UFG and Nano-Structured tubes with analysis and
experiments, PhD Thesis, Department of Mechanical Engineering, Tehran
University, Tehran, 2012.

[13] A. V. Nagasekhar, S. C. Yoon , Y. Tick-Hon, H. S. Kim , An experimental
verification of the finite element modelling of equal channel angular
pressing, Computational Materials Science, Vol. 46, No. 2, pp. 347-351,
August 2009.

[14] Z. C. Wang, P. B. Prangnell, Microstructure refinement and mechanical
properties of severely deformed Al-Mg-Li alloys, Materials Science and
Engineering, Vol. 328, No. 1, pp. 87-97 A, May 2002.

33

12 b -0-15
=4=5=deg |

0 0.5 1 1.5 2 25
mm) e ol o>
Ayl s sliuly 45 (25,5 e sl aygly 5l 13 sl

4.00E+02
-0=25 -0-20

3.50€+02

-B—35 -X=15
3.00€+02

2506402 =g=5edeg

s

2.00E+02

N

1.50E+02

1.00E+02

5.00E+01

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
(s)obss

el g Jlagas szl aygl; il 14 Y8

S oud 9 GAse> —D
Al sl by wlon, @98 JlSlun, b Jlaw Saan 31 sl
s Jyane Jley Saie ol b oanlie o sloldigs Sl
A o b S8 L 5 olye addys a0l B sl
(ol e ColilB sl olee sl sus @l sl s, Ll 0uls
Aiad odzme Sl 4 Gl g oldad ol ceaS YU e
Siloe sty loasly SlaJUS o jlad ) 0 il slayl
oS s Lol (sblg Ao JUIS (sblgs 4zl (5o 50
b 4 b e o gially 51 el sl g Sl ol (S
£ Ay i ool shass Jali anl B sl S s B
st 9 o) ol goue adlllae el ouds (558 b anT bl po 15,8
S8 anlllas 90 sgame Gledl 58l 5 5l el b o] Jo S50 sla el )b
sl el b g sgame slial (iladas j Jol> gl aslsl o 28,8
Sgdge S5 B
plos 5 2ls 2T LS 3)0e 5905 2 (glim il Sl cuyo o
@ anlp sl o Slaol culps oled @ bgye 55505 (slologes
2 SSlye Mgl Jlealy la U5 o jLad anld 5l sy5e g5 @

16 oo 14 055 1393 il oslall3sd e Sl wdie


https://dorl.net/dor/20.1001.1.10275940.1393.14.16.37.6
https://mme.modares.ac.ir/article-15-11392-fa.html
http://www.tcpdf.org

