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1- Dynamic Recrystallization & Recovery ~ 2- Static Recrystallization & Recovery
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1- Interstitial Free Steels 2- Softening Ratio
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1- Metadynamic Recrystallization 2- Bulging


https://dor.isc.ac/dor/20.1001.1.2251600.1373.15.1.3.5

[ DOR: 20.1001.1.2251600.1373.15.1.3.5]

St [V

00 Peoak Stress (MPa)

(a)

B8O

80 r

Steel €.03%C

Q=76 Kcal/mol
20+ ns7

o s o1 raay 1 [N NET) T S R R
1.0E+10 1.0E+11 1.0E+12 1.0E~13

z()

Pesk Stress (MPa)
120

()]

100

80

801

sor Steel 0.076%C

Q=81 Keal/mol
201 n=6.7

0 11 beieny el 4 LIS [N EEIT) el 30
1.0Es1 1.0E+12 1.0E+13 1.0E+14 10E+16
r

Peak Stress (Mpa)
120

{o)

100 -
80

60

401

Steel 0.116%C
i Q=83 Kcal/mol
20 n=5.8

0 NN NEET [ A R RET I SRR N
1.0E+11 1.0E+12 1.0E+13 1.0E+14
Z(

Da¥sic CoVgid BaVg@. Sy 25h gadyam i 5l o dlal, - A Y3


https://dor.isc.ac/dor/20.1001.1.2251600.1373.15.1.3.5

20.1001.1.2251600.1373.15.1.3.5]

[ DOR

VA

e 05 0555585 5 S 51, Y25 o S

(1 olooYO CYA N Ly jKans Ko il = & JK2
0 i 51 dny (b 8 o 51 J5 (2


https://dor.isc.ac/dor/20.1001.1.2251600.1373.15.1.3.5

vY

ozl

&e

(5 ad

20pm
b

Ep s 439 F00°C $Sbs j3 &5 wl&a(l o/o VD C) Vg by, Ol i

-

o P\ 19 k.m.\u.ﬂ..ﬁ.-. yx\ o 's

VY (23,5530 o8 25,5,5(C o /¥ (2,550 (B ¢ b el J5 (2

- Yo

Js2

[G€T'ST'€/€T°009T522 T TO0T 02 :HOA |


https://dor.isc.ac/dor/20.1001.1.2251600.1373.15.1.3.5

20.1001.1.2251600.1373.15.1.3.5]

[ DOR

vy

e 05 0580855 5 S 5y SN S 1 o1 S

by 55 3 Vo 0°C (sles ;3 oS al&a (1 o[o¥ CYB sV bl 5, Oledd = VY JS5

g 5 (C o 25,5 55 (U gy 1 S (3ol BB 03 i ) X VolTST 8,8


https://dor.isc.ac/dor/20.1001.1.2251600.1373.15.1.3.5

[ DOR: 20.1001.1.2251600.1373.15.1.3.5]

Sz V¥

3 (300°C) ozl gles 4l s s b C ¥y ), 1Y e sl s 4 (Kt
a.\.;.\JS.‘Loii)aASAJJbecA.JaauaaLZJJI&‘LSJUé{S‘sL@bJ‘dBIA.EJ(Vo °°C) b
P93 U o Shms iovin o5 i L5 om e g 5 L DTV RT S P PPN
Saan Jot alomye b 93 by 53 0l 25 (6,065 0la Ltuliil L T2 4 9 LS e Ly
3 3dema 55k3 5 i3l Ools &5 KL s ala e Lt e 53 pds abad talS s 0 e
Lpso d,,r;,;umddida,d,a,o,;a,u ol B8y IR CROW AR
2bon JalSesle 53 sumea ; 4ls Cydist Ay dal e sli5 o
sl bo 3945 3 Ay sdama 5 4ls WJlA.’L)::)..L,-oJ.l:\VaJ&..)aAS)JLuLu
O,S laie &:41‘..;) e (Vb JS8) ey b ab s Sl s ccdead BZLLEY FHRMEY
7 Yok Gl cd 8L 2 cos g iyl e o e 5 2l (2555 o)
A3 D5 il lals 53 palds Lmlin K5 sbes gl ok WIS ST 55 ke L5
oladls (Slhsdone s )15 5 3L £ 553 8 e B GBS iy Ol 40 o Los oS
Sl sdaee b5 iy L WSS - Sl sden 4l sy Las i
Ry N O (I BYRL SYA A N S TRUR MR FUSTYIRCRI S RCCEI
GLES 3 Voo 5900) 2y s (oKl 4y 400 5 Q00) ozl Ghla o L
(X) O 5 45 35 g0 0y3 IS ] 53 ptanes tansd 05 SR e 3dinn 5 5 2ty
2 ol oo K 4 55 Vb MK Sl S 4 i i les s gdee s
B2 s cdodan, K 4 2l S slgls; 2 SR gl (23 83 gdoa 53 e Sl
EF 45 483 00 DL D 3 5 sioma s 515, K5 Sojls r wmd ot J 0T 30 4l
il 3 4 ) 2 il b s Sl same s
JS w}’ Hges g LSy ozl 5y 5 50 Slond 0t 05 Sl Sl 5
Sl W 00800 Sy 25 5 ol G50 5, A F5 Al u-f-;-’ S
bes sl L 45 (5550 @ ccles Ol 4G s 2l 03 Sl suaa 45 EF 2 el
S Sl slran g 5 aj e S5 5 L onls 6 16 5y Gl L oS Sesled il ado- e
S Bl oo 8 Koo a5 6 55 1012 gm e s 55 1,5 Uil o


https://dor.isc.ac/dor/20.1001.1.2251600.1373.15.1.3.5

[ DOR: 20.1001.1.2251600.1373.15.1.3.5]

Yo

e 05 055505 9 S5 515 SV 5 S H

Stress (Mpa)
120

{a)
100 i s § aec
s8¢
i / /%:_:”——_ﬂ; 40 sec
8o ) f " """ g0 seo
- R
80+ / /
/ /4
aot! I
/ Steel C
2ol 0.075%C
i T=850 C
O i L ) 1.
0 0.1 0.2 0.3 0.4 0.5
Strain
Stress (Mpa)
00
{b)
3 0130 sec
180k ffw e
/// ’(-——————"‘_’,—_'—1'556 aoc
K——-——“—"—'_'—_woo 880
100 //
!
|
- | Steel C
g0 { 0.0756%C
T=700 C
o i 1 1 1 i 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Strain

““h’.“6)“4‘36‘\45"'5GU"iJJLﬁd"fﬁ,bJ:C:YJiJJJS—d‘::.‘-"sl.g,;.a;.c—\Y Jss
' T=veo®Cyiamtp® T=190:"Cmuglat,sa

el O 53 il (Slady 25 S (Sl S gy A 0213 gy S 2550 S5l S
'L".’J":"'J'J?mc‘i)sju)°‘—gTiCL!.JTi(CN)J:EQ—“{y)WfSASO_i\qJL'i


https://dor.isc.ac/dor/20.1001.1.2251600.1373.15.1.3.5

[ DOR: 20.1001.1.2251600.1373.15.1.3.5]

S v#

il g G 4y ity S 0 Stiadsdzn b5 VO] ey g0 <ariin S50 ol iop
100 pladl cagar ¢35 05 2 oS SR SIVE JS = (Soloal stzen  sbi o 3 08751
Pl o gl ga0dys IS5l 52 4S5 5b Olea. A3 0 QLS |y caliden (glates 3 suzes 4l
il Gl ales 48 55 (10.5) sdzee 5 s 700 ploh cgr 03Y Ol dlas 285 5 o S
S P L men g e S Rl s 4 0 S e s 4 e Tos Rl e e
2 b g0 Sl sz 5 g3 5 S s by 6 5 ol bl el (Slad S
SLales )3 (STl S g oz S5 ik oo g Les a8 L tos SRl e

wmead 5YG gabes 6 s 5 ol

s 5 gl ey Olges gy p g = Sl sz pls 5o gyl 3, il
S b s bl s o Wls e oS 5 OAS £ ol g Ay S5l
VO S s calzies gl gl 4 Vo 0°C (les 55 (1. 0 /o VOC)C 5N 45 (gl L 305 ol s
Sz o[ Oliae BNV 5 S e by 5 Ve o®C glas j3 5V Bl il sdd osls oL
sl 0 03l DL S 0l 55 0o} i 3 0T 0 p 5 Sl a5 ol oS 25 S
o3 g0 DL Vo 0°C (glos ;a6 lagSladlide SlantysY il g 5Ky Km0 S
57053930030 03 005 (65 ad ol S5 350 bn il 3 b a0 e ol 53 4S5 4 Olen
Vo ot 5l L blos 3l gor | STk ) 3op asaSL0 yb_oonds 55 S sS sl Lol glasils
10D JS5) Wilos Sud 5 i sdad sl bl yom godds i ]y slaas 5 yb o) o asls
Vooo y¥oo 38l dm g aly oY g opl g sy Son il 1 0d 5 VOC (slelSs
40 g gn0dsd 338 5ol 534S 4b Olen . ds e OLES £ 5930 dayld o (656K 4l
1o Lo 5 sl 55 P A g e S A gl gl il Oley B IS
Sl 4 ez doys Tmlio b mnd 0ad Kbl sdee 545 5lrs () il Lzl 700
5 oo ol 3o 453 5 o 0413 Y g5l 008 03 Sl b G b 1 g 53 0 szl
.cﬂlpﬁa.x&,pfuqu sla wb ez Lo 0 4 ol Lo 3 VO U Vo s gdee 5o OUS
L S OS e 5 s 4 D e s e 0L g lialie s ojlsw

ﬁé&nt{wﬁ*l_:(w)é \a—\o)éghn“jhj‘.!)“;dubu\.&(j)’.ﬁwjo:y‘)S:;‘L.u'


https://dor.isc.ac/dor/20.1001.1.2251600.1373.15.1.3.5

[ DOR: 20.1001.1.2251600.1373.15.1.3.5]

vy

e 055 00505 9 S 515 VS 1 S A

4 Fractional Softening

—

- Steel 0.115%C o_-o
0.8t ‘ - 850

o8f 00 /
0.7F
0.6}
o5k /700 +
0.4} /

4 / “e60
03 g

o .

o.2¢
(P2l o ‘
0 1 I S N SN L 1 1 L iiil 1 b Jerdd L LL i i EI 0 ]

1 10 100 1000 10000
Time(sec)

90W) = (1 o[VVOC) D 5Y 5 0 g5 (slgiomia - VY JS3
wilisee glales ;3

a5 Log t(0.5),Recrystallization

al 700
25} /’))"//

.| y
1.5F

950

1+ n”’_g__/@//‘a
0.sF

0 1 1 - - 1 + 1 i)

o 0.02 0.04 008 ' 008 01 0.12

Carbon (Wt%)

(t0.5) sudzes 4 sbd 100 QR(}YC)\.A)"_;JJJ{&;;|— V¥ JS.:'S
wmatliFes glalas o


https://dor.isc.ac/dor/20.1001.1.2251600.1373.15.1.3.5

20.1001.1.2251600.1373.15.1.3.5]

[ DOR

oz

YA

. Fracuonal Softening

T=700 C
o8l 0.076%C
0.6
0.4 d
0.2 3
a8 b
0 L2y [ N A TR I S WU R
10 100 1000 10000

Time(sec)
Sl suzme ol 3154V 0 °C b 3(f.e[ov0C) C Y sy, Ofis - 10 s

S gt oo jlun (b (s 155 il 0 jlue (a

SEGE 00 0 Sl (d (5 a5 b¥e o e (C


https://dor.isc.ac/dor/20.1001.1.2251600.1373.15.1.3.5

[ DOR: 20.1001.1.2251600.1373.15.1.3.5]

va oo 08 0285505 9 S 315 Vg2 S

SrS o

72530 g iz 3590 SV (6051 (Sealisd SlgtsbosT gl ) pr31 = I
Ky uat,—'\::.:.al

sdera 5 b5 § 95 5| it gl U 53 G 35 g SLasY g pla 53 [Kalys 0 05 5318 -
2C B sl 55 5 Seolys siaen s 5h5 555 Bokas A SV 3 55 2y 5 a3 Senliys
el (Saliys ob3L g5 5 Goee D

30 el o ol g Su 50 Seals sdaee ks 3l 6,84l s ool Jule Y
4 Sl ddzve 545 plp o ple 0 i 5l GA0 Db ey S L A5l 05 %0
--UJJL» Sery

b a8 ans o 0L il o led 402U 53 Guios 5 g0 (SLaY 58 | SCoals s ) b5 518, -
Sy GRIPL g Les 22l gl 4 (€p) ol RS (RS s SaSL Lo Rl
S olie 5o gl (Sealys sdome 5 4l 2 ole 4l o s 4 gl RS SN S
BT TP E L VY /

S R OV S RPN K § 5 St gl 4-b 5o LY 3 ol 5 S R L - ¥

AS A o OLES Gudod 390 sladY 9 (59 0 Sl slea sl &._\:su.....)ﬁ— o
ol il g a4l 9o g (Solulayge ks 2L3L Sl L -
Al e

Jods 4 ol St oy 4l 1 2l ezl 4 U o Sl sdae uls £ Y
el b by ol i sl 4 U 53 O gy pa S S i s 5 2l
il r Bl St sdzme 5 4d § 5 oS PRI b et gl 5o 84U g3 58 oY


https://dor.isc.ac/dor/20.1001.1.2251600.1373.15.1.3.5

[ DOR: 20.1001.1.2251600.1373.15.1.3.5]

JME Ao

‘;3’.5)..\5
proe cgles 5 lides Kales (g sd 3 Olgiol Lzaio oKl 5 e sop b
.:J.i‘;aji.f;AJWcuibJjg&hsLaQ}aw‘b6beL@2‘aiu;g;.aeL§.ijbui»‘,jg_


https://dor.isc.ac/dor/20.1001.1.2251600.1373.15.1.3.5

[ DOR: 20.1001.1.2251600.1373.15.1.3.5]

A e 055 0N 5 S 51y DY 1 1S

1. McQeen, H. J., Applied Metalworking, Vol. 3, p. 410,1985.

2. Imao Tamura, Trans. ISIJ, Vol. 27, p. 763, 1987.

3. Sakai, T. and Jonas, J. J., Acta Metall., Vol. 32, No. 2, p. 189, 1984.

4. McQeen, H. J. and Jonas, J. J., Applied Metalworking, Vol. 3, No. 3, p. 233,

1984. ,

5. Maki, T., Akasaka, K. and Tamura, [, Thermomechanical Processing of
Microalloyed Austenite, ed. by DeArdo, ‘A. J., Ratz, G.A. and Wray, p. J. ,
TMS-AIME, Warrendale, PA. p. 217, 1982.

. Sakai, T., Saito, Y., Hrama, K. and Kato, K., Trans ISI, Vol. 28, p.1028, 1988.

=N O

. Najafi - Zadeh, A., Jonas, J. J. and Yue, S., Metall. Trans., Vol. 23A, No. 9, p.
2607, 1992.
. Najafi - Zadeh, A., Jonas, J.J. and Yue, S., Recrystallization 92, ed. by Fuentes

jod]

M. and Gil Secillano, J., san Sebastian, Espain, p.441, 1992.

9. Yamamoto, S., Ouchi, C. and Asuka, T. Thermomechanical Proccessing of
Microalloyed Austenite, ed. by DeArdo, AJ., Ratz G.A. and Wray, p.J.
TMS-AIME, Warrendale, PA., p. 613, PA |

10. Steriberger, A., Kaspa, R. and Pawelski, Metall. Trans A, Vol. 16A, No. 1,

p.67, 1985
11. Akben, M. G., Bacroix, B. and Jonas, J. J. Acta Metall, Vol. 31, p. 161. 1983.
12. Ueki, M., Horise, S. and Nakamura, T., Trans. ISIJ, Vol. 27, p. 453, 1987.


https://dor.isc.ac/dor/20.1001.1.2251600.1373.15.1.3.5

[ DOR: 20.1001.1.2251600.1373.15.1.3.5]

SR : AY

13. Sakai, T., ARben, M. G. and Jonas, J. J., Acta Metall, Vol. 31, No. 4, p. 631,
1983. .

14. Roberts, W., Strength of Metals and Alloys, Montreal, Canada, p. 1859, 1985.

15. Weiss, 1. and Jonas, J. J. Metall. Trans., Vol. 11A, No. 3, p. 403. 1980.

16. Kwan, O. and DeArdo, A. J., Acta Metall., Vol. 39, No. 4, p. 229, 1991.

17. Wary, p. J., Metall. Trans., Col. 15A, No. 11, p. 2009, 1984.


https://dor.isc.ac/dor/20.1001.1.2251600.1373.15.1.3.5
http://www.tcpdf.org

