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Abstract: The high-temperature tensile thermal deformation processes of continuously cast and mold cast S30432 steel
tube billets in same heat were investigated using the Gleeble thermal simulation machine, different thermal simulation con-
ditions were set for temperature series of 1 000, 1050, 1100, and 1150 ‘C, and strain rates of 0. 1, 1, and 5 s™. The
high-temperature stress-strain curves of continuously cast and mold cast S30432 steel billets from in same heat were ob-
tained for both types of billets under various high-temperature tensile conditions, and these curves were corrected and fit-
ted to align as closely as possible with actual experimental situations. The constitutive equations for the hot deformation of
the continuously cast and mold cast S30432 steel billets from the same heat were derived through fitting, and a comparative
analysis of the high-temperature hot plasticity differences between the two processing methods was conducted. The results
indicated that the hot plasticity of both types of billets exhibited certain regularities at different tensile temperatures and
rates, the continuously cast tube billets showed more significant fluctuations in hot plasticity and were slightly inferior to
the mold cast tube billets in overall performance, providing insights for improving and optimizing the piercing process of
the tube billets. Scanning electron microscopy was employed to characterize the microstructural features of the high-
temperature tensile fracture surfaces, it was observed that the predominant fracture mode at high temperatures was ductile
rupture, with most fracture surfaces exhibiting dimple features. However, under specific conditions, some samples of con-
tinuously cast tube billets exhibited poor hot plasticity and its fracture form was transformed into brittle fracture patterns.
For the high-temperature plastic processing of S30432 steel continuously cast tube billets, it is recommended to employ
higher strain rates and temperatures to achieve enhanced processing performance.

Key Words: 830432 Steel; Continuous Casting; Die Casting; High Temperature Stretching; Deformation Instanton Equa-
tion
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Microbeam fluorescence X—ray scan of niobium distribution in transverse sections of continuous cast billets and molded ingots
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Fig. 1
of S30432 steel : (a) continuous casting billet , (b) mold casting ingot
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Table 1 Chemical composition requirements of S30432 steel and typical values of chemical composition for tested steel %

s C Si Mn Cr Ni B Al Cu Nb N p S
S FYNE] 0.13 030 1.00 19.00 10.50 0.010 0.030 3.50 0.600 0.120 0.030 0.010
f/MA 0.07 0 0 17.00 750 0.001 0.003 2.50 0.300 0.050 0 0
RGN E  0.074 - - 18270 9.120 - - - 0410 0.097 - -
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Fig. 2 Production process flow diagram for continuous casting and die casting of S30432 steel tube billets for testing
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Table 2 Peak stress of two Kinds of tube billets of S30432 steel at high temperature tensile
. S hvE
(%B‘E j;g{r:ﬁ *\LNJ {ME/ C
Fr J_b%/ 1 000 1050 1100 1150
g, o /MPa £, o /MPa g, o /MPa g, o /MPa
0.1 0.028 1 133.767 9 0.026 2 110.582 6 0.026 0 88.4319 0.024 5 75.267 1
%ﬁ% 1.0 0.037 5 177.113 0 0.030 5 147.4725 0.028 2 128.319 4 0.026 1 98.024 0
5.0 0.0479 212.5535 0.040 1 175.687 3 0.036 7 153.1755 0.023 9 128.403 7
0.1 0.024 4 121.2775 0.0215 104.693 4 0.023 6 85.287 6 0.0198 67.983 3
e
%ﬁ 1.0 0.035 8 174.544 6 0.027 9 138.281 4 0.029 8 113.862 6 0.027 8 97.576 6
5.0 0.041 8 201.044 3 0.043 0 172.3713 0.0409 145.995 4 0.025 8 127.652 8
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Table 3 Hollomon equation for high temperature tensile

testing of continuous casting tube billets of S30432 steel at

1000°C
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Fig. 3 True stress—true strain tensile curves of die casting billets of S30432 steel (after correction) : (a) 0. 15", (b) 157", (¢)

0.02 004 006 008 010 012 ©
-

0.02 0.04 0.‘?6 0.08 0.10 445

002 004 006 008 0.10 0.12
&

4 S30432 84 (1) 3% 554 I 10 EL N 1 — LR AR A ph e (B 1E SR ) < (2)0. 157, (b) 187, (¢)5 5™

Fig. 4 True stress—true strain tensile curves of continuous casting billets of $S30432 steel (after correction) : (a) 0.1 s™ ,

(b) 1s', (c¢)55™
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Fig. 5 Fitting curves of the constitutive equation for the die casting billets of S30432 steel : (a) o,~Iné fitting curve ,
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Fig. 6 Statistical figure of cross—sectional shrinkage rate of two billets of S30432 steel : (a) die casting tube billet , (b) continuous

casting tube billet.

1050 ‘CHI1 100 °CTF , FAIA 1 Bl 7 e 180 52 184 Jip 2 7+
FIE R 5 1150 °CT, SR B4 B 1 i o 3k 23R 3
T T o R AR Y A2 N R B A B B B A
HATE R, TV A A I 25, 3 BRI M R 2
BH, AR Y B fb R A o s s i A HA
5 A7 A8 2 R ORI M RS A OG o AIRR A R T A
T BB, e Pl 30 55 B O % B A RE 1Y
TR B BRARAA RSB . DL Ak, 3G i ek
ROFEALTH A B S AR & 5 A A A
PESETE . P 2 5 B 1) AR b 7 1 AL ) A
|2y

PRI , e o e 5 4 T B 1 2 (] 19 A2 4k
FUHE WA A2 A4 F O 1) AR R A A AL i 24, JE L
PRI B4 PP A 2 A o A iR i i 4 20 5 I
XS PIASHLEN 52 o, SR A BRI 7 S PR
JEE 3 i HR AR AR AR Bl B R A B
s R PR 07 At 5 T 1 et SR 118 A AR AT ) 5
55 F fl SH i RS 5 R AR T 5 o H sV ke ) A8
PETF T (052, A4 SRR R T B {3 %R 1Y) 34

T P i 5 7> 4 o 3 3R A vy I, i i R Y
TN, A2 85 5 B ) 5 T FF AR 34588 . Ir LA AR
AR IR EE (1 0501 100 “C) IS, [7] —F7 {1 BE T 44
ARk 0 BRI M B 2 A R 8 S T e BRI
MRLRR AR (1 000 “C) B, ARF) B 25 P45 fh 4
G, A R D R R AR 1) R R T R
K, AEE D AR S R AR Y &
JINHE R I BRI T 3 1 S M 55 SRR 1) B 1 B
B R AR A EIREAR . 5 Z AR, SR B
B (1150 °CO B, F T o il i 20 25 7545 30 3
S, S AN, R RS T R A AR TR A E N
Sk B AR P T A R ) S R T ) — L
T TRE PR A A ot 2 e 3R (K B4 A T T

& 6 (b) S S30432 H9 3% 545 T 1) W T WA 40 e 40
T X EE Rl — o fd iR B, 2435 B 4K (1 000 °C)
BF, B 7 A 3R 1 o, 3 B A R ) B e T R R
A o 3 3% I 34 4 45 R v 199 ol RUSH A8/ 0N, BVt 7
R B AR L B A TR S A S I B AR s RS AT
RAKR, AR L, A BT & N



%51 WiH: A9 45 £ S30432 4 44 RIS A A5 B 1 2 Y I TP R L 103
2 mewEE | 2, i miwEs | 01
100} O &4 100} &S 100} & %E T ® s5F @550 ° Sifl

8 8 N a tg aa R
% 80 # 80f # 80} 2 op-t g
% ¥ & & R
£ 60 £ 60 2 60 # -5 -
= = =i T 5.90 -6.26
& 40 5 40f 3= 400 l%-10- 10‘.37 1
20t 20} &= -15f 158
1000 1050 1100 1150 0=1000 1050 1100 1150 0=1000 1050 1100 1150 2% 1000105011001150
Fr iR E/C Fr e R BE/C iR B/ C HrfdiELRE/C

K7 S30432 590 2 FAF R A WT AR AT LL - (2)0. 17, (b)1s™, (e)5 s, ()X L
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Fig. 8 Comparison of tough fossa fracture in the two kinds of tube billets of S30432 Steel under the 1 050 ‘C , 5 s™'tensile condi-

tions : (a) die casting tube billet, whole ; (b) die casting tube billet, toughness—1 ; (c¢) die casting tube billet, toughness—2 ; (d)

continuous casting tube billet, whole ; (e) continuous casting tube billet, toughness—1 ; (f) continuous casting tube billet, tough-

ness—2.
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Fig. 9 Comparison of tough fossa fracture in the two kinds of tube billets of S30432 Steel under the 1 100 “C , 0. 1 s tensile condi-

tions : (a) die casting tube billet, whole ; (b) die casting tube billet, toughness—1 ; (c) die casting tube billet, toughness—2 ; (d)

continuous casting tube billet, whole ; (e) continuous casting tube billet, toughness—1 ; (f) continuous casting tube billet, tough-

ness—2.
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