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Abstract

In the present investigation, recrystallization occurring during hot rolling of thick steel plate was
predicted. The thermo-mechanical history of a material point was traced by the finite element method
and the recrystallization was predicted by the Sellars equations. The investigation was performed for 4
different cases; two different pass schedules in conventional rolling and two different pass schedules in
controlled rolling. Variations of temperature, strain, strain rate and grain size were compared with each
other. It was found out that the difference of grain size through thickness was more distinctive in the
cases of controlled rolling.
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&2, 24, Ad7A S Bol AMEEE AdAE AN AdAd; FERE, AR, d
A&, FEAA Frol Folol st w3k FAFAoL dd, ol AT AAYS AANA 7Y
A BFEAFLENR o]FolF & Aok HZ FoAe NAFR AR tg Fa2te] 8 FALE o]
wobd ol wat o] F THAIFIZ] AT dA7lsol adA ARG ol Yatd AYAGE L Ao
(SPPC; structure/property prediction and control) 7] &o] 7l s 1 &=t ol #FatAdQ wyo
2 3d AxFH, F 74, 49, 47 Ao dojve 2433 A4 F£AFdsln o Eug F
AR AATe] AAE FHEE 72 LAE AR AT Ao HEGE | solth
1-3).

58 AR L a7 AXHE E-71AA o] H(thermo-mechanical history)ol 2] ate
AAEh AgdE Zo] neREAME &%, HYE, WY EET o|Hd oo x7)Z3F o
Wy, 38 A2H, 2994 A HEHoz AXYM vz MEslA g o9
of Hag vz Aojye dAxAG Aoz steslth ol g e AugA A w%A)
Woll X wAlstE A-71A 4 ojd& gotsta olZRE AAYA S AFAGH Fof vgxaS
o Z3te A7 Mags|ojel o}

—

-320-



E AT £ 9399 Uy or AL 48 Fad fdesdy Z2adl
DEFORM-2DE At43te] Wi s S2WsE s, o238 78 34 FANIFeZ 4
Azl d-71AH ol# L Sellars E”%’% ol &3t THF AAARAS Ao AL YA
TA F aNsE AAAATYE FHAFES AFd BT ol FAE dFEE B AH@)
ol AbdtAdA B e ANAAAFTY dFH 2JFG)0] FFAAAAM s A2ZHAF
o o Zo] i}, T3 AAE), AR (NG UdE FTo Ts= A2YATES dASsUh

=

2. Y463 Y RErL Y

FUAAE 24 A¥ol me} gas] gEe XA 2PRA 2L AL oo it Ae
gt B3 Aoldlel 2AL TR AANANA, ANYE, BFA S GANE gaoh

getA] B dPolME FoAA AEddH Aojygd FHE AR AgHez FTHE 20
Ao w29 271X e @gatgz WA 2AE 012C-14Mn-0025Nb Zeold, #Ale] x71&
L, 9 5 299de] BYE 27tz oEkg, 2d =7 v A2 Table 16 YERA AT
BAQe ZrerE ALJACVIF AdAACRNA 4z 1150T S 1050C 2 Rk 2 A2
AL 2gd Abdebdel 1 HaRolm, Ha F AES 27 FAY 20%¥ olch W 4 3
2 b 2y Adgtde) 2 41:':’?3 olx, WA F Y& 27|5FAY 10%H ot whekA
a7bA A$ BEF 27154 150mmeln, §4d F $AFAES Ommeolth. FE&dde B =5t
A F YzhAZho] 25l o] oA e 250xE AH o2 dojA ALAGEA BAY 2%
7t A3 oA, E9AH S4we zhzh 2gddld 600mmet 34rad/sec, AHEEANA
500mm¢9} 6rad/secoit). £ 272 200CE 7HAstE oy AMYUYdol BWFE 602743 T4
S st "o W 2Ry Aty o R 74 s gt

Table 1. Rolling conditions

Cv2 Cv4 CR2 CR4
initial temperature of
. 1150 1150 1050 1050
plate(C)
pass 2 4 2 4
cooling time after
. 25 25 250 250
roughing(sec)
reduction w.r.t. initial
. 20% 10% 20% 10%
thickness
interpass time(sec) 10 10

CV : conventional rolling, CR : controlled rolling
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Fig. 1 Locations of three points to trace in a half of the cross section
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Fig. 1€ Z2¢d A= 3 agdde] A5 128 velua gled, d-7143 ods 373 A
AES 23 YAE a b c Zo] Adstgcl Fig 29 o2 BE Fg CV2et CR29A Y
7t el 2% WUEE Vet WEdz s #Ae 2x7l FolX1 WH B F HAx A
A tirlze) d&Edel vEyth CV29A a, b, ¥y AFLEE 47 111287T, 11567T,
1157Colt}. ad e 2 @A gHelng d&ado] AN 372TwE 257 @Yooy b, cH 9
49 BAe WFolmy dEAdRT Myos QF xS o AA xr|2xRG 3t &o}
Aok CR2o0 M= a, b, Y HELX7F 242 971C, 10405C, 1055Co|tt o] A% =24 ¥ @
Aol 2wyzbaZho]l 25022 dolM a¥dlME 79T wHE ol on Cv2gs @ bHAME
&dol W AN HFLL7 Yol cHoAME AEART APFe] AN 2=t o

A4tk Fig. 38 sl og 73 CV4st CR49IA 5832 Jehdth CV4dlME= a, b, ¢
o] #F =7k ZHzh 1103T, 1153T, 1153 ol CR4°IA & 9717, 1037.5T, 1053Colth 2 # 2
Ao gl w7 A RZ CVAAQ A aB& HAFT2Er7t 27|2ERT Yo, bAA cHE EolA
t}. CR4AIME add bH & Tm7t WopHon cH& —957} FotArh

Fig. 4% CV4olA 7z} Aol zk HxelA we HEES Ve Aeolth BWQ afolA HEE
o] 7t AA YEYoH FANEIE AFE WY Eo ZMI UERTh dde wodA s A
7b ZaEHnR Ao %a}gOI AR Ttz Z4eZ AYLL AA vehdo Fig 5%
CV4oll Al 7} HellMe] RPFELEE et Aol HEEEEE 2 Ao e MY ES 4
AlZEQl &3 Ao HEAIZI SR L}I golth, wetd MABELEE EHQ aFdly AR ¢
Hdog @52 A velgon IRz 455 Z7iEAd. gdo) Mysds wAle FAS
gfotrle 2 &3 @xjol HEFE Aol Foldn uehr] iR A4 % AYPELEE WP g
dAAsA Z78HA "t

2 % r:i 14

3. MEAFNE ollH

224 T4 AY QAAATE RdyslEe
F2 C-Mn Z& 7|82 ALgqx, A2
Hed, AHEEE RS E 25, AYE, A
4% agx 7] AAYAZ ot B dFdME Sellars A4S AHgdld spdd AAAAS
H98 o] &3t AAFAFE AFSAh o] AL 27| AAYI VY Zg ez FAHE Hu
E 6,9 80%E 7IEor EFEAAARY HYAAAE TR of 4% AFY AN
odf osted AYJET AAH ¢8
A4HE ' O 4L de
g

2 dyrtsd 98 dH-7|AH HEES
A7 AYPH 1 UohB-11). o]2]d mdy ANE
73‘“’, AAAARAE, APdPAAFY HJER F4

=t
=

ol rlo 2

S

1=

247t MRESE, &5 g X7 AFYAY), 2%, Wg

’

L %
A AREANE 27 2HEANY g, o F9 57%E NELE
kil

A = Ao F Aol sty dEFHE AYHArle 44 ?%‘ —’-%‘-E, £E, 27124 HEE 2
2l FPEA Yt ZAEY. dIAAAME Yo o e, WA ¥ LxFH F
oz 2wsrl dAsA Ao B dFedMeE AEFAE l%‘—*l 1 B 2xwstE ]

98l additivity rule(12)S 2 &84t

299 Ao BAE 277 200me) A2AYEC] #dEA EXxHo ddx 7H§3}9a°‘31 A4
HREgo] 95% ol HWA AFBAo] grY Aoz 7&—7-3}'7 a2 e AAY 4AE AdsEh
W2 3ol o]FAlZtol AAFAR Had AtHG e ASe T-rlﬂé“é—fl 2N A3
Ay FED Q4K & FRo] FEEth HfEAYB l‘%v’i—% HAH Y &3 371%’-:— Zton
HEg o] gl whdol AZASA ¥ HEL 27 AAHACNE FA3 0 AP Fo) A4

HEA ouoN & ARYA - d=(1 X) dy + Xd e 2, ZP%‘{H%‘E—C de=e(l— X2
ANSHAG. o Az JdoM BREPES rAWEE, FE AFRA/E 27 249=
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Fig. 9 Predicted grain sizes at three
points in CR4

Fig. 10 Predicted retained strain at point a in CV4 and CR4
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Fig. 6& CV2olM e AR yar 2 WaE Yed Aot gdo] AAHIA AHAAYS} AAH
Mol wrEslo] Aol uASGHU} AARE AFRA 04~1% Alolol ARl 47 H
uk, FAE 71¢71E N ARY A7 FHelA iy Fhe] MAF] HAE S ST FHITA o
o oo % gwd e E JHAN AAY AV ARE Fhol AAAFGFo) DA E Rtk
H2 ARQQA7E bAFY cHol €57 Fobd A WA FWHS aFe X7 Yopx] AduiHe
2 ZAA d=HUrh bAF B LEWE) A Fdsted HE AAYAZI Al FAEA o
zgqot A9 A AR Frol HAALEA b AYFAVII B AAEAVIRG TA
dEHgdn wdet 249 AFAAE 2 JEhgesd ot cHY WEE YJHoE Fo}
A ZARAAAARAY 2717 o A JdER7) gEold. wads FARZo2e AHYAE aHol
88.02um, bAE T cAo) 94.33mE 6.31me =ol7b AUrh Fig. 72 CR2AM ] AF A9 ¥t
2 Uetd Aol AAAL 05~2% Alolo] fgHglew HF AAYAVIE a, b, cBo) 47}
56.74m, 70.97m, 73.44m= aB 3 cHo) 167m2 2oj7F AT, Cv2e A= @8 bPFH cH
o] ARYAY I} 247mHE o7t ANE ol R 3 WA W F Yzbalglo] AN HolA b
A3 col 259 zolrt A LAMEF7l HFolth CV2% CR2AME HE AAHPAYIZL a b,
cAAA 2227 31.27um, 22.47um, 2494m THE 2l ol Jehiin Aojtdel AL HFTARH 4
gdoz o ujMFAAD.

Fig. 88 CV4elxe AAYariel Wsts veld Aolg. CV2EY ZF sfzdAo MY Eo]
Foog AAA gaded Hidt ANE LAY} 05~4xAtold AHAAo] g en
A A Av=oAM e ASE AA4e] S5EA FEdY. HF AAYAVIE a b, cFol &
7} 84.95um, 92.64um, 92.77mB aR D} cHol 7.82m2l zto]7t U Fig. 9L CR4oIA 9 2R E=
719] ¥sls vetd Aol 2k W Eo] BE YA oz dolr N HA oAM= a b, ¢
H BRE AYdAo) faH A Ry tE oM 1~5% Alojol AAA] dREHJYWL HF
AAYANE a b, cHol Zrzh 5259m, 71.76mm, 71.8m= ad 3} cHel 1921me} o7t ARt
CV49} CRANME HF A HAIZ) a, b, cdol 42t 32.36im, 20.88m, 20.97m+E9 Aol& B
ol Al Aojgtedel Ao AAYHel o vlAgstH T

nAAA 22HuUcEE Aojyzshd Mag 2 2xHuelE AU HEdee g
A el exHUolE U T #HetolErt sAggete siztelEe tiEAQ AHsirl dAE
% oF PdF BHFWFEE) dAJUAHIR Aoj¥LA ARHUY PASHE HALA ARFLE
#). Fig. 102 CV49 CR49IA ad el RFHYP g W3 E vetdziolth vluE 938 CR4S F
o = Wg wa T PAZle] 25020 A W 2552 &Asted wAE YTt CR49 A9 AU
2 gdenrt wormeg HAAHol gaFHed Hae Aziol Aoja JANlM TFHPE|
Cvarc o oA HE RS B & Ut

5 W

Aol EagddER F 2Yste AAYAES dEFsA. FaA FessHN Za oy
¢l DEFORM-2DE Al&3te] siMatdon siddaz 3§ 2%, ¥8E AYES
ol HAARAE ol g7 AAGAE Aaelo] L5 AHAAAFTY FFHAYES dF39t 2
AFAM FHF a b, cBAMY HAF &%, AAYANY dEdnE b2 FH P}

(1) CV29lA HAF25 Zhzh 1113T, 1156T, 1157C 2 Ed 3 F4 39 ol 4To|deH
HZ AAYIAY = 242t 88um, M, Mms FEHFA FAl ol ztol= Gumol it

(2) CR2AIA #HELx Zbzh 971°C, 1041C, 10552 EHY FA 379 o7t 84Tel e
HE AREAANE 42 57m, Tlm, 73mE EH3 FA 9 Zole 16me) At

(3) CV4ell A HF 2w zHz} 11037, 1153T, 1153T R ¥d3 F43e] Ao)7t 50Tl don
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HAZ AAYAY = 27 85m, 93m, 93mZ F A FA 9 ol gmo| At

(4) CRAA H=ex:= zMzh 971°C, 1038, 1053 C2 Hda FA e zol7t 82Tojem
HE AARAYANE 7 53m, 72m, 72mzZ EBIH FA el AolE 19mel At

AolqrAel 79 WAzle] dojy Ao g 2xrt Young MAHo] ¢rEHd A=
A7ro] Aagtdrt AA et B dAFdME /AP ¢AFTAHE deR FHHUG
AA A Ao o AF FHE, £ Aojdded AL AdEd 27I2E7F 900~
700C2 @t} o] A% AR ¢aIEY HE AL R dojd Aol x, WA A%
FWE Go] ol AT Aoz #AUHY.
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