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Mathematic Simulation on Solidification Process of 210 mm Cast
Round Bloom of Steel 37Mn5 for Petroleum Sleeve Tube and
Process Optimization
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Abstract Based on analysis on solidification characteristics of steel 37Mn5 (/% ; 0.34 ~0.39C, 0.20 ~0. 358,
1.25 ~1.50Mn) during casting, a thermal-mechanical coupled mathematical model is established by using software ANSYS
to simulate the solidification process of ®210 mm casting round bloom and analyze with 40 t tundish, casting rate 1.4
m/min and casting temperature 1531 °C the effect of secondary cooling water ratio 0. 58 ~0. 78 L/kg and distribution of
water rate at each section on casting bloom surface temperature, shell thickness, lengih of liquid core and sutface stress.
The simulation results show that with increasing secondary cooling water ratio by per 0. 1 L/kg the bloom surface tempera-
ture decreases by about 18 °C, while the effect of testing cooling water ratio on shell thickness at outlet of mold, length of
liquid core and surface stress is not obvious. But with cooling water ratio 0. 68 L/kg the rapid re-raise temperature of bloom
occurs by 185 °C in air cooling region between 0 and 1 section for original process and the max stress is up to 6. 41 x 10
Pa. With maintaining the same cooling water ratio 0. 68 1./kg, to control the re-raise temperature range decreases to 123 C
and the highest stress decreases to 4. 53 x 107 Pa, as a result the bloom cracks basically dismiss and the surface quality of
bloom improves markedly.

Material Index Steel 37Mn5 for Petroleum Sleeve Tube, ®210 mm Bloom Casting, Secondary Cooling Scheme,
Mathematic Simulation, Surface Quality
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C Si Mn P S Cr Ni Cu
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0.39 0.35 1.50 0.025 0.015 0.015 0.020 0.020

Ky FRLEE , B, 37MnS SREEHR BORRIR B R 3k, 3
£ 5 N /

H kB B A AT 40, [ €] <0. 53% B 5W e
EREBELE GBS o RBRAER. KERS
BRR, BEERER T W, R & SR ha R &
RUPEAR 8y FAS OO PR B EG 1R TE & B R Mk
T A K, o T S A R B B (Rl AR ST
7 MRS S T L 3L ) L W R A kR AS L 353
2 5 6 PR L A7 86 0 , S SR 25 TN BB B , R
ARSENBMEERE ., LR 505 2
3K 90 C L b, R X PRI A, B T4

i 37MnS U ESE B A% S A AT AR 1

(1)37MnS 4% i) 5 H MM, 37MnS S A
Mn,Cr.Ni Cu &&&TCEWBA, Bk T2 ik
ARG ARk R A, BN T A B
BB , FEAR T 4000 Sttt

(2) SREAT e TR B X6 8, DR LB 11 761 250
CLL 900 CLAF 7= A= 3 K LIN 17, R B
AR FBE ARRLE TS M T LB, RS R
BB

(3) %K B4 BC R W Fh, 37MnS 40t ()
Mn JEE SEREI B RS R A IR B
SFEERE M EEREZ —, XBISINE, R
B AR R K, R P B B SR
Ko AT IR B R e B R R R
B, LREINLL R E LR,

2 37Mn5 EFEZEEER-NBGEANEST

2.1 APBRRAEE EE R

37Mn5 R ZR B AE TR R 120 t -
B (120 ¢ LF 120 ¢+ VD)-% &, T BEWHHA
®120., 9270, $310 mm %, AHFFHEE $210 mm
T R AR XS o

BHEZRM P EUARN 40 , ERERN 1.4
m/min 54T, BHERE 1531 C, W) #H
37MnS MR ¥ KB R 0. 68 L/kg,

Wi XT 37MnS 49 B/ SRR HIT IR H AR,
WMEHFR NI R, RIFERER T TR,
TSRS BT M RT YR E0 ] B R R B

2.2 MERIEEST

R4 B 65 50 AT RR M , B 9210 mm B 1 [ 2R
1/ABE/E RN R B A BROTERL,

RGO A RSB M4 =5, R BGH T
R :

(1) BRI E8; (2) MRS
BE5REARAX AZRERMBENEN; (3)BEH
Vst & M R (4) 400 v I 12247 0 W
AT SCEREE 2B (5) AR RSN, B
YR A IS AR RO B A B 1 F AR RE A
KHYEZ HENR; (6) FHRERSRE T/IEE,
EESR RS FRERS KWE, B ZBHEZ
FIAERET 5] & NI R AR R AR A, TR ki B
2.3 WRERHSHR&E

(1) BRI R R

WIs M KA SS S 3S  RKIRE S5+
AIEERERE T, #5, ENETE 5 0 B, iR B4R
BT Ty, BARIE SR A7 M T 8178 E 2
TS s R SR 3 MBI
R R FER H B AR AR L, #anT
HiE &R HBHH R &M

HRBNAREMNFE q=4-Bk (1)

K :A- BRHHGB- FRMHKE BHKEZE
BRI R T E S5 eR 4L

TR KA R RTE
g=-h(T,-T,) (2)
h;=0.581 &™*'(1-0.007 5 T,) (3)

A T,- HHRRERE; T,- WHKIEE; h- 55
HRZ AW ARREw- KRBE L/ (m” - s) B
HiKE HKBESEOTEREL

25 X et £ BLE T R AT B AR T =
LI £

(2) B SIEELL AR BEE

i LDREAD i &8 A X BL 85 25 1 IR BE 5
SRR L 3 43 BT I BT T B T 30T
R ARSZ KR E ST M Bk HME e e i
THI_L s PE45 FhdR 5 R R 70 Z (IR N L R B4 , 7E
HBRFYA R R RS 8 SR,
2.4 BEETHIHN LIS

WA TR IEA T ZSH0N% 2.

3 BUGREERDN
3.1 HKEARM G R R E R



$oi SRETHESE A EE FIH 37TMnS 210 mm 7% 5 [F SR B S B BE A T 2 004 -7
1600 0.12
(@) . () TXW0T | ome ()
1500;F 0.0} 0.68 P ' T
& 1400 B iy 4™ -
- -— B HAR AL kg : g SR 0.58
E LeK B /(L - k™) ‘ﬁ!is 0.06 | E 4x10"f
K 1200 i L " il
B = 0.04f g 3107
¥ 1100 | #® 5.0
1000 0.02 1x107
900 N AP ErS N S
0 2 4 6 8 10 12 14 0 2 4 8 10 12 14 0 2 4 6 8 10 12 14
BB H EER /m BES A M FE# /m BE® AR /m

1 HKBEXNEERRERE(a) , E5EEE(b) MRS (c) WM

Fig.1 Effect of cooling water ratio on surface temperature (a) , shell thickness (b) and surface stress (c) of cast bloom
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Table 2 Basic process parameters for casting steel 37Mn5
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Fig. 2 Distribution of surface temperature (a) and surface stress (b) of cast bloom before
process optimization
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Fig.3 Distribution of surface temperature (a) and surface stress (b) of cast bloom after
process optimization
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