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2- Severe plastic deformation


www.sid.ir

o8 AP Gl /Y o ko5 aler / 195 e alora

S IS oye Jhaie T 9, 5 g arelne oSy Loy (gsS 5312 ol ye 4 lnSly 51 G 05 IS o
i) ML?LQ L‘bs.i:; )| ») IS ‘L(bs.i:; u.o)bs )| o ] ol oolo uLw.)

Flow direction

i Segiandly IS 5 Joc 3l . (555 00l 35 Lo 31 (5595 osSams S st — ¥ IS
4l (z 9 olwod 415 agl3 JUI 30 (=595 31 (g (518 aao b (© 59 w31 sy 4l (I
lwe 15 asgly JUL 5o (g y= (59 s 31 gy (b

300 — 6000 =
= (<) = ()
250 + - 5000 + =
200 + 4000 +
- —_ -
: 2 :
3 150 1 a 2 3000 4
Q &}
100 + 2000 +
= al = =
50 + e 3 1000 + s ~ S
L J g a JL o
0 . : s A 0 A —L . L
20 40 60 80 100 12( 20 40 60 80 100 120
20 20

o 0818 S i (9,5 ool oY g (o 9 9,lailew! digos (1 oSl g il eI — F Sl

WWW.SID.ir


www.sid.ir

e SR gt G943 00l (559058 ()T Y98 SUWlo (pleS g LS lwiy oy

$o

2 2 2
ﬂ = ﬂ Deformedsample —ﬂ S tan dard sample

(3)

J5s s diges lacsly JSl 20 2 Jpur o
Ba 5l e IS o0 g 0 lasbinl diges conls ool
o)b.:‘ ML?!.Q 6‘;.) w‘ AW 00)51 Gmli.w,o 6Ua>

J& = galidss (g, 5l g lSleny 0ty (0 5 SsS

s Sl oliws gl 50 G 5l sl iz
O ol eolaiwl o jlalinl wiged WSSl g3 Bl
SRSl (o ye 0ad ools IS 5o diges ayline «glaie
Glp alyd 4o g oud dwle o luilin! diges slaSiy
T eolatl (3) alal, 5l olKiws slas i

300 35
. Measured ( 110) . Measured ., (200)
250 + — Gaussian Fit . 30 + — Gaussian Fit '.':
% ’}5 £ ﬁ
200 4 11 - i
i i
3 R S 151 8
HE . [ 4
50 + J % s 1 /|
0 | mamenssmer’ ﬁ"& . 0 .% 2
4.7 4.8 49 5 5.1 5.2 6.6 6.8 7 7.2 7.4
K (nm-1) K (nm-1)
140 16
. Measured . (211) . Measured (220)
120 + — Gaussian Fit ;‘3 14 7 _ Gaussian Fit )
100 + 1 127 A
P} J l - 10 + 4.?;
s %7 I s s {f %
2 i 4 2 ¥
= bl LA -
A b [ |
40 f }‘ 4+ I3
07 7 A 2 i %
0 ~ f e, 0
8.3 8.4 8.5 8.6 8.7 8.8 9.6 9.7 9.8 9.9 10 10.1
K (nm-1) K (nm-1)
DS Sl 2l (g 31 9 LSCy 51 ST e il seNI— 0 Sl
2 ylailiw! diged g ou 0ol S pudi diged Gy (5l 00l dwlxo JISGI o e — ¥ Joua
Jopoial | e oSl | Slan JIS o | SR Gae | wse SR B | S
(K) 3l L oy & plio slas B> 3 stiw] diges ool oolo S s
(Cav) P (Bs) (Ba)
4/9451 0/14263 0/1305 0/0239 0/1326 (110)
6/9796 0/29381 0/3058 0/0439 0/3089 (200)
8/5505 0/14266 0/2551 0/0219 0/2560 (211)
9/8694 0/14266 0/4228 0/0237 0/4234 (220)



www.sid.ir

3

AP o /Y o ol F aler / (5295 910 alxo

1100 « 350 ;| oVgs eulud (25 (0,5 o5 oVed (5,
JSubKe 1200 o 600 51 sl plsiinl § JSubiKe
5 ek 25 gl oo ;3 GRal33l cnl ol (oo il
sl ailsjye daplrali Jr SRl Mo & ol
ks Jloel 5150 o wilo (ad 5, cmizen g (259
& ekl G5 S e 3l n Sy S
5l a5 ail 0 058 adyl el o ol plSon
S Gl il o G381 0192 & S s Jlae!
oeols sams las ol plouinl 4 plis plSouial
Bl sals ases o g b wls ojlail ol 50y Jdo 4

odd ools S i diged jo sl gy oloalls

SISl oy bey ol ye oad eolitwl sas Lol
3l Shgo 4 2K gl Bis 5l g Sy
b ools 5300 5 L 095 o0 ey rSey (KPC) laio
52 (2) ably ol g 4z @l Bjgo 4
ad S b o b cudbi S oladl flaie o 51 o ye
b 550 4 (B) JSl 25 (6) ISt po 05 oo
oo odalin 45 655 led .l odd s, (KC)
dgd> o b ocdbg S ol Kl gl

2T oo Cewas D=(0.0079™)=125nm
Sype Vg uiipe GHST AT gomie T S5
a5 &% sl cewl oadeols las S Sdl

ML"SA L)""i'““" s_imu)b Jiw ).u..u JLQ.C‘ l.) ‘bj.w ° odaliwe
0.05
B = 5.288099E-05(K2C)? + 0.001237567(K2C)+ 0.007957196
R? =0.808785071 -
004 |
003 | )
‘ e
£
£ 002 |
=
o
0.01 |
0 } - -
0 3 6 12 15 18

o S 2 . o FE . . o+ 0 . . &
(ousds Mol o — ygmmolidig 9 y) KTC 51 (oalb @ ygu0 a3 dSy (JIS01 (0 Ol punds (Soio— & S
il (plg>

1400

1200 F

Co

S

S
T

00 b/ T o sl JS it e

Stress (MPa)

0 0.1 0.2

Strain

0.3 0.4 0.5

0 0010 JS ki diged g dndgl diged (cwidie (i ST (o (i Sl (S -V IS


www.sid.ir

e SR gt G943 00l (559058 ()T Y98 SUWlo (pleS g LS lwiy oy 4l

i Jleel S0 o¥ed s slSin] Ko sgw
1100 o4 JSubKs 350 51 apus Sod JSo
ojlail jrals Jdo a4 a5 cal ulidl JSLL

o Baloal J Gl iz 5 o ol S

sl

Refrences
1- R. Z. Valiev, and 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- T. G. Langdon, “The Processing of

Ultrafine-Grained Materials Through the
Application of Severe Plastic Deformation”,
Journal Materials Science, Vol. 42, pp. 3388-
3397. 2007.

3- R. Song, D. Ponge, D. Raabe, J.G. Speer,
and D.K. Matlock, “Overview of Processing,
Microstructure and Mechanical Properties of
Ultrafine Grained Bcc Steels”, Materials
Science and Engineering A, Vol. 441, pp. 1-
17. 2006.

4- P.J. Hurley and P. D. Hodgson, “Formation
of Ultrafine Ferrite in Hot Rolled Strip:
Potential Mechanism for Grain Refinement”,
Materials Science and Engineering A, Vol.
302, pp. 206-211. 2007.

5- E. Essadiqgi, and J. J. Jonas, “Microstructural
Evolution During the Austenite-to-Ferrite
Transformation from" Deformed Austenite”,
Metallurgical Transactions A, Vol. 19, pp. 417
-426.1998.

‘sfli)')‘".rb “SAJ..LA 9 ||‘)9.A.;LA)5 .&‘o.}‘)' (5“’“'; "‘gs?.l‘é) _6
sl yo AISE 2010 oYes s lsluyn, OYes

Jol Jbo wng ole s Sandyigy (SlSegey
7- R. Z. Valiev, Y Estrin, Z. Horita, T. G.
Langdon, Michael J. Zehetbauer, and T.
Yuntian Zhu, “Producing Bulk Ultrafine-
Grained Materials by Severe Plastic
Deformation”, JOM, pp.33-39. 2006.

8- T. C. Lowe, R .Z. Valiev, “The Use of

Severe Plastic Deformation Techniques in
Grain Refinement”, JOM, pp. 64-77. 2004.

S5 Al
Sl g, e Kbl UK s Jlec L
ol 3V laen lo aysly JUI ) pm 039 ST
SLslogib oYes 32 um Coyd sl wls ol b oS
51 el Casdy (5 egb 125 sl» Codlans S o3lail b

9- G. Sakaia, Z Horitaa, and T.G. Langdon,

“Grain Refinement and Superplasticity in an
Aluminum Alloy Processed by High-Pressure
Torsion”, Materials Science and Engineering
A, Vol. 393, pp. 344-351. 2005.

10-Yu. lvanisenko, R:Z. Valievb, and H. J.
Fecht, “Grain Boundary Statistics in Nano-
Structured Iron Produced by High Pressure
Torsion”, Materials Science and Engineering
A, Vol. 390, pp. 159-165. 2005.

11- M. Furukawa, Z. Horita, and T. G.

Langdon, “Processing by Equal-Channel
Angular Pressing: Applications to Grain
Boundary Engineering”, Journal of Materials
Science, Vol. 40, pp. 909- 917. 2005.

12- R. Song, D. Bonge, D. Rabbe, J. G. Speer,
and'D. K. Matlock, “Overview of Processing,
Microstructure and Mechanical Properties of
Ultrafine Grained Bcc Steels”, Materials
Science and Engineering A, Vol. 444, pp.1-17.
2006.

13- Sh. Ranjbar Bahadori, K. Dehghani, and F.
Bakhshandeh, “Microstructure, Texture and
Mechanical Properties of Pure Copper
Processed by ECAP and Subsequent Cold
Rolling”, Materials Science and Engineering
AVOL. 583, pp. 36-42. , 2013.

14- M. H. Paydar, M. Reihanian, E.
Bagherpour, M. Sharifzadeh, M. Zarinejad,
and T. A. Dean, “Consolidation of Al particles
Through Forward Extrusion-Equal Channel
Angular Pressing (FE-ECAP)”, Materials
Letters, Vol. 62, pp. 3266—-3268, 2008.

15- Y. lIwahashi, J. Wang, Z. Horita, M.
Nemoto, and T. G. Langdon, “Principals of
Equal Channel Angular Pressing for the
Processing of Ultra-Fine Grained Materials”,
Scripta Materialia, 1996, Vol. 35, pp. 143-146.
16- J. Gubiczaa, N. H. Namb, L. Balogha, R. J.
Hellmigc, V. V. Stolyarovd, Y. Estrinc,and T.
Ungéra, "Microstructure of Severely Deformed
Metals Determined by X-ray Peak Profile
Analysis”,  Journal of  Alloys and
CompoundsVol. 378, pp. 248-252. , 2004.


www.sid.ir

a

AP o /Y o ol F aler / (5295 910 alxo

17- J. Gubiczaa, L. Baloghb, R.J. Hellmigc, Y.
Estrinc, and T. Ungar, “Dislocation Structure
and Crystallite Size in Severely Deformed
Copper by X-ray Peak Profile Analysis”,
Materials Science and Engineering A, Vol.
400-401, pp. 334-338. 2005.

18- Y. lIwahashi, J. Wang, Z. Horita, M.
Nemoto, and T. G. Langdon, “X-ray peak
Profile  Analysis of Crystallite Size
Distribution and Dislocation Type and Density
Eevolution in Nano-Structured Cu Obtained by
Deformation at Liquid Nitrogen Temperature”,
Materials Science and Engineering A, Vol.
402, pp. 158-162. 2005.

19- M. R. Movaghar Grabagh, S. Hossein
Nedjad, H. Shirazi, M. Iranpour Mobarekeh,

and M. Nili Ahmadabadi, “X-Ray Diffraction
Peak Profile Analysis Aiming at Better
Understanding of the Deformation Process and
Deformed Structure of Martensitic Steel”, Thin
Solid Films, Vol. 516, pp. 8117-8124. 2008.
20- X-ray Peak Profile Analysis of Crystallite
Size Distribution and Dislocation Type and
Density Evolution in Nano-Structured Cu
Obtained by Deformation at Liquid Nitrogen
Temperature, Materials ~ Science  and
Engineering A 402 ,158-162. 2005.


www.sid.ir

