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Computer Simulation of Microstructural Changes in Controlled Rolling and Accelerated
Cooling of High Strength Low Alloy Steel
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Synopsis :

Mathematical models of carbonitride dissolution and precipitation, austenite (y) to
ferrite (a) phase transformation, grain coarsening, recrystallization and grain growth
have developed for the purpose of executing computer simulation of microstructural
changes in controlled-rolling and accelerated-cooling processes. The following results
are obtained: (1) The amount and size distribution of Nb (C,N) precipitates during
controlled rolling predicted by the model are in good agreement with those observed. (2)
Simulation results on the effect of cooling condition after controlled rolling on y to a
transformation indicate that the thermal cycle from the end of rolling to the start of
cooling have a significant effect on the transformed structure. (3) Variation of y and a
grain size during reheating, rolling and cooling can be predicted with good accuracy.
Charpy transition temperature is predicted by the computed a grain size. (4) Tensile
strength of accelerated cooled steel is predicted by the computed microstructure.
Optimization of the thermomechanical process is realized on the basis of the

herein-described computer simulation method.
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Synopsis:

Mathematical models of carbonitride dissolution and precipitation,
austenite () to ferrite {a} phase transformation, grain coarsening,
recrystallization and grain growth have been developed for the pur-
pose of executing computer simulation of microstructural changes
in controlled-rolling and accelerated-cooling processes. The follow-
ing results are obtained:

{1) The amount and size distribution of Nb {(C, N) precipitates
during controlled rolling predicted by the model are in good
agreement with those cbserved.

(2}  Simulation results on the effect of cooling condition after con-
trotled rolling on 7 to & transformation indicate that the thermal
cycle from the end of rolling to the start of cooling have a
significant effect on the transformed structure,

(3} Variation of y and « grain size during reheating, rolling and
cooling can be predicted with good accuracy. Charpy transi-
tion temperature is predicted by the computed a grain size.

(4) Tensile strength of accelerated cooled steel is predicted by the
computed microstructure. Optimization of the thermomechani-
cal process is realized on the basis of the herein-described

computer simulation methed.
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Fig. 1 Boundary condition used for computer simulation of
carbonitride dissolution and precipitation
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Fig. 2 Dissolution time for Nb (C, N) at reheating estimated
by computer simulation
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Table 1 Rolling conditions used for computer simulation

Case 1 Case 2
Reheat. temp (9] 1300 1300
Start roll. temp °C) 1230 1180
Reduction (rougher) {mm) 17748 17748
Finish. temp. of rougher
rolling °C) 1020 975
Holding condition
Interval time (s) 49.0 %.8
Temperature ) 10201 007 9750934
0.010
—_ [ — Calculated (case 1)
B T Calculated {case 2}
S | & Observed {case 2)
e | o Observed (case 1)
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Fig. 3 Effect of rolling condition on Nh(C, N) precipitation
kinetics
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Fig. 4 Size distributions of Nb (C, N} precipitates given by
computer simulation
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Fig. 5 Effect of C and Mn on nucleation rate and incubation

time calculated by classical nucleation theory
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Fig. 6 Effect of C and Mn on parabolic rate constant and kine-
tics of phase transformation after rolling estimated by
computer simulation (cooling rate: 0.5°C/s)
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Fig. 7 Effect of cooling rate on phase transformation kinetics
in low C-low Mn steel

NIFRYEEEER Vol. 21 No. 3 1989

EOEREROE b AR 75 o b L1z, {£C{E MR
B, BEELE, FEIAERCETT Lbns, £ CE
Mn 0% HIBIEIE L, 800°C TEER#AT L, 760°C % T 0.25°C/fs
THEELLE, Thth, 8 10, 12°Cls o & 1% B el L
o & EORN @ ARG Fig. TRER T 22, SEEED
EENCE O BRREROF LI &L, FELLMOHREREC LY
THEBROERERIREIS A TS LYo b— g ViER
R LT A, 20X 5AHNOBBIEL S TEREBE L
GHTORERTO > L v— 2 yHAETH D, HESHEE
FALOME~OFHSMFE LR,

2.4 rBIUV cHEFAETNL

241 INBFRCHITD r HEER
BT RIS p BB OWLTR, ¢ SRERNBC 2 TS
Lol oERA C vibd e L3REENGE LD, B
{ed 2 E B+ 5 RN E Tl solute drag R A ERTH - LT
oW, = FARNTETHD, r PEHE 4 0BT
LToRcH2s,
d."dthr) :K(lfdr—lfdu) ....................................... (11}

T 2T, Kl osolute drag SR A FTHEER, 4. 145800 vk
DI AR LERICRET D &4 5 422 L oCiitTo
FERIRLEROEK CHE D,

2.4.2 rOBERSIERE

T RERTOEEC : b 5 WEMEEREO e izt b
AT, HERIERE RECLLARSRETHY,
FHERBERERE, FRANOREEE A ER LMD EV-21T5
OWERLFETHEHY, AFEEROEELERD L 5 2T Hic
HMIGUTHRESINHA S, HBHE - REAL bz Lz 254
TREEESTHOIREL TV TR T Sellars 519 o
ACRE AL EERE L FREGED L oMEAREME Rz v
AERMALHAVTY i a b —v 2 vETS0ONAEDECHS,
Sellars 5D = FARERICITO T4 e, DTFRERE &, FIERRE
TR IUCAAMEER & o RS hAERT D, FLE
FOFRAEE b, rHEd OFAANETED, BEME dan
BIUVESARBIUTORIFC LI DHAEATETHS,

Ex=Ce™dy"Z? exp (Qap/RT) rrevrernviiii (12.1)
Z=texp(@uw/RT) v, (12.2)
den=De7d" [ (1/B) In (ZJA') )7 ooireerrinninniiininn (12.3)
dl0=dgp0+ A exp(—Q“/RT) ........................... (12.4)

TZC, do i3I r RUER, mym, 0, A, A, B,C, D, Qsn, Quw,
Qe HEBFTIETFTERTH B,

243 X—RATH4 MERBEEIC ST 3 VITAROERE 2

FEET
r ERECOEECKWTRESLIEC hic { { i EBRE
FRIBHABAENE, COBEERT AT 2 —2 L LTERDTR
PRVHE2FAENEE LD, EROT R Le 2 BE T, §i4
ADUTH, ~AARBROMEL L TERELEEELE L oL-D
BHaETHS, EEPOE AR X TBAARTO Jo OE(LILE
BLEsiRATHE I, FEEHOEBEHEHO T2 411
T BRICAE L HEY L - TR D, BIHEE C., FHEINE &
eEhic, e NEHHOBERHNTO1oTH B, a R doa #F
Wz ERALXLTIomT,
Ind,=0.92+0.44 In &, —0.77 In C,—0.88 tanh (10 ds.)

AL, L{MBAT VS L3S ERGOIENE-REBERE

— 53 —



EORNMOREELE - I AN & AHBELOI e s Y Tav—Yay

199

Tt a i de O —12FRHEFALTUETTZ. Q) AiRLD
do TFERSHE 4, ERENOBHD T4 deoy, WL Cp DB
WTHRATELNY, +To 2UTORTFUTEZ LN TES,

v Tps =Co—C1Cpt-985d,9-22 exp 10.44 tanh (10 de) ] ------ (12)
cot, Gk CLERTHE,

FROFUELAGC A¥OENS-EETREIEEZEERTE
ks 0.10C-1.56 Mn-0.029 Nb D $iIIEEERS OB RR % Bhds X O
rREF o Ta v Ea—g¥iav—Ya YETof. HHE
ELEM 2T, BEIBEO ¢ fEY ASTM No. —4 &1, BH
B A TN EERO roa B, a-7 208, 7|
HESEY v i V— L, EERSIVEERD  NEX LU
BERFR LTz, v i ab— s vO&KHE Table 2 imd,
BIETRES T 720°C T4 1, 500°C st Tik 95% @ a 28 5h
5, Bm-EEH L EXEEHR (EARE 900°C) oV THE
BRI A B L, FOfEES Table 3 omt, EXFEHRIEES
ALEIEL, F#EREELES O r fES 500 pm DL E o &
Do BFAARE EFRlEFC LA EMMARD r HE LR
EEETHO ¢ §E, EERO r g oBf% Fig. 8 R,
ELITH a MRS BEELL vTe OEXRACT Ry b LI
AR An [l OB MO ¢ Kt EE B0 r &
FOFETHY, FHERLEC 0L, EEC LS r OBk
OREIDEVRD, RO « HLHEL, BEHEXAL LT,
rra TEAY =& EE Ly 600°C I EORECHAEALE
BELEBTHDHN, EARE 500°C LT & st
RS OMAERS, EEEEABLhALENYialb—Ya Vi
BhbREhd,

AREOY I w1 v EBER—OEY - EELEERHALT
VAHEMLOEE® Lt An l EoRREAR LS T, 0k
BT 10~40°C TH D, ¥ 1 ab—va VICEd ERE 25°C & X

Table 2 Manufacturing conditions utilized for computer simu-

lation
Slab thickness 240 mm
Plate thickness 25 mm
Hot charging temperature RT and 500~1 000°C
Reheating temperature 1150°C
Rolling condition 15% /pass x 15 pass
Finish rolling temperature 750°C
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Fig. 8 Effect of charging temperature on y and a grain sizes
and Charpy transition temperature of steel plate pro-
duced by continuous casting-direct rolling process (com-
puter simulation)
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Table 3 Computer simulation of recrystallization and austenite grain growth in continuous casting and direct rolling process

Rolling condition (chargci:rf_:g- ]t)el}ngf?cgsgﬂmC) (E}?ar:"é?sgigrax}lp?r:mlg%%)
Pus Tk & Tam Imems | DIRST O TER 4| el TES 4
(%) (prm) (%) (pgm)

1 204 3 1100 0 2 000 0.12 62 131 0.10
2 173.5 3 1092 15 3 1940 0.21 100 67 0
3 147.4 3 1081 15 37 1200 0.15 100 63 0
4 125.3 3 1069 15 12 1170 0.20 100 61 0
5 90.5 3 1057 15 44 1110 0.13 100 57 0
6 76.9 3 1030 15 34 1080 0.19 100 53 0
Holding goo 300 68 530 0.11 100 51 0
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Fig. 9 Effect of control cooling parameter Pp on transformation
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Fig. 10 Search of optimum cooling condition by steepest descent method
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