Founorw 5N - $5EK Vol.73 No.7 2024

TEEEN:
Z=EM(1986-) , B, &
+, WH, mMETESIT,
FTERRH O AEEM R
RERETIZRIEL., B
& 15309586248, E-mail:
jlli@nmu.edu.cn

FEDZES: TG26
NERFRRAS: A

W ESHS : 1001-4977 (2024)
07-1010-07

BEamB:

tEREXZFRSRE

ARAULSEBEERERS
(2022XYZCLO1) »

WS HER:

2023-06-09 W E#¥FS,

2023-09-22 WEEITFS .

SRk TR EI2H 2R A ZE R L

bk, 5, BET
(AtmRERFMRZR, TR/ 7560021)

WE: (ERCAFEDERU THEPHININIERISREIAR, HE T ERTHREBETHINNGE
BERRHERUIMEXSH, TEARETEREE (n) | BRIRE (AT) RKSRRIFE
KNNFSH (ap, ap) o FEUERE, SO TN KI RS S MBS RIS
M, RMERPZTRE (AT, ) TENERT, BESAEZIRE (AT, w) &
IEIMREEAER PR EAILS); ERRSHAZRIRIR T, B Refle, BREZYT KRS
KHER; NRERANEH TRINEREERNMERIAEREE, BESIERZANR,
TR PRI ER TR,

Kigia: HEER, MERY, S MERK

B NENEBERANTEENEEMTEIRERRENTERENEREEER
Rt MEENZEMREEN—REEREARX . HREXMFAOEHRKX
=NHBOKE, FRANEN ‘=&KX . EPRKAENHIRIINESFEBRE
£Z5%, FHMSBINENTERXEERATENZEMEE. B, AT EHRERE
NIEREPBMALISENNZ MRS, FEWNEN ‘=R8KX" 2HETH
Mo IRHALLSK, XiNiE “‘=RX" oM REARMEES RfI R ReeBII X INTEdH
ITRESIRARE, TFEX. iR As.

W& HEI I M EREILARRTUIET NMA, Bl WiEmZidiE+inis
MEEHRBHTEREMNIISE . EETHEITESINEE, AMIRTXINE
FEMRESERNFSREHTIRN, AMASNENRES ., EHER L,
ANFEREXT INTERYEE B H R AT ERAITUN, FERE T SMITZBMAITTIE,
aNiRLmiL . TTIBEIML (CA) j&. Monte-Carloix®, He, CAZEBITERE
R RUEREHSMR, ERUGERHNESRENKAIREPHINE+ST
ZW, ECAZMER L, RTRBESHIIRTSIE (FEM) IHERIBEHEE
HiTHEE , Rappaz¥ MR T BT AWGREERFUMCAFESE®, NEz T
ZMEEDSNMREHERINZBKER . Bz ERHLUEK, HARARNA
ZH AN MR BEESAREMHNREARHITTITESR, BRE
B3, HESHNERLSERFRIIENERIERERNELRRR . EREHRHE
WIS KBRS MR ERERITES R Y EER, BELUEZBY
HeikE, Rt RAREFRYERUARNFTECEASNERTEHAT
2. BRiAlE, MRBEALAHERUSHSIHESRBX N B SEX]
EZBEFBEH,

NAREBEBSASHERRITESHAEM £, RAECAFETS AN RHININIERT
BEERRFHT T HERI, FFRBHERINERS XERERIR IS Rt T Tt
#r. FLEEME, SHRAMFHRITESHFRZINIEEREIARHERIUSERAT
AR T T R4




2024%F ETHIET3E

1 MNiEgEERESREARALNANEE

EEV
1.1 REEEHEERE

SMEEYMER280 mm x 1 100 mm, E2905t, H=%
RANELPR . BN = 4B S \ProCASTH R
WITEEAEMN. MNEYS . REVASKEMLRSEMY
BIrEHREIEFTNEED, It8EREFNEE
ANHERIRNVESRG ., AARELITE TIE
ST ZEM T EANIERGREERE .. N E a5+
N, WEMDWERIFTR, SXE[13RERIMNEERL
D—H . fEScheil fFEBEIEMAT, BIIRIEITESE
HGRERRBEENEEXTIEES SN 486 CH
1150 C, N SWEZINREIEARHREN
500 W/ (m*-K), ik aE 1580 C,

una o1 |

——
250 mm

El REER =485
Fig. 1 3D model of the steel ingot

F1 HERNNERNLER S
Table 1 Chemical composition of the medium

carbon steel ingot Wg /%
C Si Mn P S
0.47 0.44 0.49 0.005 0.005
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Fig. 2 Relationship curves between surface nucleation density,
bulk nucleation density and undercooling degrees in the continuous
nucleation model
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Fig. 3 The temperature field near the end of solidification and the cooling curves of characteristic positions for the sand cast steel ingot
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Fig. 4 Experimental and numerical simulation results of microstructure
of the sand cast steel ingot
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Fig. 5 Numerical simulation result of surface layer microstructure of

the sand cast steel ingot ( the arrow points to the center of the ingot )
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Table 2 Parameters used for the numerical simulation of solidification microstructure in every case

ESVET R BT BRI HTC (W-m?-K?) ATy madK AT, JK a as
01 WAV s 500 12 0.2 1.82x 10" 4.19x10°®
02 W el 500 10 0.2 1.82 x 107 4.19%10°
03 itz = 500 8 0.2 1.82x 107 4.19x10°
04 WA = 500 6 0.2 1.82 x 107 419%10°
05 (i 2= 500 4 0.2 1.82x 107 4.19x10°
06 WAV = 500 6 0.2 3.64x 107 8.38x 10°
07 W el 500 6 0.2 1.82x10° 4.19x 107
08 W5 s 50 6 0.2 1.82x 10" 4.19x10°®
09 &R R IRV 5000 6 0.2 1.82x 107 419%10°
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Fig. 6 Numerical simulation results of microstructures of the cast steel ingots under different conditions of the body nucleation undercooling degrees
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Fig. 7 Simulation results of the columnar grain formation procedure in
case 01
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Fig. 8 Numerical simulation results of the surface layer solidification
microstructure in case 01 ( the arrow points to the center of the ingot )
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Fig. 9 Numerical simulation results of solidification microstructure
of the cast steel ingot under different conditions of the dynamics
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Fig. 10 Numerical simulation results of solidification microstructures
of the cast steel ingots under different conditions of cooling rates
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Numerical Simulation Study on Solidification Microstructure of Cast Steel
Ingot

L1 Ji-lin, WU Wei, FENG Jun-ning
(School of Materials Science and Engineering, North Minzu University, Yinchuan 750021, Ningxia, China)

Abstract:

The solidification microstructures of a cast medium carbon steel ingot were simulated using the CAFE
method, and relevant parameters including the nucleation density (n), the nucleation undercooling (AT)
and the dendrite tip growth kinetics parameters (a,, a3), which suitable for the numerical simulation of the
soidification microstructure of sand-casting medium carbon steel ingot, were determined. On this basis, the
influnces of different nucleation and growth parameter conditions on the numerical simulation results were
compared and analyzed. It was observed that when the surface nucleation undercooling (AT, ,.) was kept
constant, the columnar crystal region expanded as the bulk nucleation undercooling (AT, . increased,;
when the nucleation parameter conditions were kept constant, increasing the values of a, and a4 also led to an
expansion of the columnar crystal region; the numerical simulation results of the solidification microstructures
of the cast steel ingots under the conditions of different cooling rates showed that the quantities of the
columnar crystals increased as the cooling rate was increased.

Key words:
solidification microstructure; numerical simulation; grain nucleation; dendrite crystal growth
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