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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 () 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
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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. 10 Search of optimum cooling condition by steepest descent method

JIE s Vol. 21 No. 3 1989

— 54 —



IR MO EIBIEEE « IRl S AERELD T v E a—d T Ialb—Ya ¥ 201

FHmoRECED Cn, T EERGBRELD, ZZITRLE
ATRBRESEAED C X BEAECERELT, WHEY C=
8°Cfs, T,=460°C » LT, 4 EOEHRDOE, BHE (Ca=10°C/s,
T:=460°C) %8BT\ %, ZOBRELED, &< ORFFRTEREHE
DEETY i ab—va ¥RTL, EHEHI0ECERIZL VE
BEARESH bR Z b, HEETEROCARL A, EE
HTHHBHE TOEGCRHETHETETS %,

5 & &

av . — ALl AECHASENY HETROWRINR, Hik
LAt o T b, AR TIREHEELE - HIESEcR > T
fab—va YEFAO—MERBA L. FRE#LLTHID,
SHOBRWITOVTERIHL, SEooFFORBCHELAV,
BB TEN LT FTAREDT, Yiav—¥a VEFARBN
R EEL L, T - REtTHEHS Y RAOSERERKC X

DEZRELTHE, L LTt o—RERATtlRIR T3
DHHRTCHD. COBGTEHENERORZ -2 Lit2FTARE
EMABIEREY, BELHBERHROLBOY I v — Y
vHERELE Y, EF0FBBREX, BEMEAEEIND

¥ BARD © 5 AT b RIS L TR REE, B
AR, FHE, TREL o2 atBLTh20, BRNE
29[, P 1 Xof, ERERDOBMBED X 5 i EEL
FEELASETCOVTOY I b=V g VA —SA—a v
—FREETA LR I D SERORBIHETES,
FHROBHYER T, HERR 7 4 -2 RE{LHE
Bz AF-B0#IYy -2, R=xAr¥ -, LEERS O
B « RECHIFOHECHERYEESE DA — 2 ORHEN
DETHD, ¥, ASRTOREHNEBOTREC ST, &
ERBOBLG-RHEEBO X7 i » 7 AOHRED, FHESMNE
DERN OFEAEERD,

¥ ¥ X H

1) BXREBHSMESreAALWREAS: TAMITIOY iav-
Yavir—-AFF+4FOZER] (1985)

2) Y. Saito, M. Tanaka, T. Sekine, and H. Nishizaki: Proc. of Inter-
nl. Conf. on HSLA Steel, {1985}, Univ, of Wollongong, Wollongong

3) &M & ¥ApEXinT, 28 (1987) 316, 413

4) TiE—H, BEE- AR % R M REERD SRR
321 (1985), 92

5} P. Choquet, A. LeBon, and Ch. Perdix: 7th Internl. Conf. on
Strength of Metals and Alloys, Mentreal, (1983), 1025

6) E. Anelli, M. Ghersi, M. Mascanzoni, M. Paoclicci, A. Aprile, A.
DeVito, and F. DeMitri: ibid., 1031

7) A.N. Kolmogorov: Izv. Akad. Nauk S83R, Ser. Mat., 1 (1937),
355

8) W.A. Johnson and R. F. Mehl: Trans. ATME, 135 (1939), 416

9) M. Avrami: J. Chem. Phys., T (1939) 12, 1303

10) S.M. Allen and J. W. Cahn: Acta Metall., 27 (1979) 6, 1085

11) H.I. Aaronson and J. K. Lee: ‘Lecture on the Theory of Phase

- 55 =

Transformation®, (1975), 82, [TMS-AIME]

12) M. Enomoto and H. 1. Aaronson: Metall. Trans. 8, 1TA (1986),
1385

13) C. Zener: quoted by C. Smith: Trans AIME, 175 {1948) 1, 15

14) K. Lucke and K. Detert: Acie Metall.,, 5 {(1957) 11, 628

15) C. M. Sellars and J. A. Whiteman: Metal Sei., 13 (1579) 3 and 4,
187

16) Y. Saito, T. Enami, and T. Tanaka:
1146

17 HEEE AL 1§ fEE-- gl 72 (1985) 11, A219

18) $EMFBE, |4 R $kiE 72 (1986) 11, A223

19) WliE— ==fEx FKABER: ) (1982), 46, (HBGEL)

20) J. D. Gunton, M. San Miguel, and P. 5. Sahni: *Phass Transition
and Critical Phenomena®’, vol. 8, (1983), [Academic Press)

21) D. J. Srolovitz{ed.}: ‘‘Computer Simulation of Microstructural
Evolution”, (1983), [(TMS-AIME)

Trans ISIJ, 25 (1985), 11,

NNk Vol. 21 No. 3 1989



