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Prediction of flow stress behavior in two-phase region of
carbon steel deformed at elevated temperature
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Abstract: Flow stress usually does not decrease with the increase of the deformation temperature of steel
deformed at high temperature in two-phase region, and the minimum value of the flow stress will be found
in the two-phase region. In order to find out the effect of chemical compositions on the flow stress behavior
in the two-phase region, the deformation behavior of studied steels near two-phase region is researched by
thermal simulation test. Meanwhile, the microstructures after deformation and the change of flow stress
near the two-phases region are analyzed. The ferrite phase transformation start temperatures and the
decrease of flow stress in two-phases region are obtained. The influence of main alloying elements such as
C, Si and Mn on the ferrite transformation start temperature Ar; and the decrease of flow stress are
obtained by regression fitting.
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Table 1 The chemical composition of the studied steels/ %

A C Si Mn P S
BA 0.164 0.255 0.523 0.006 52 0.002 1
A, 0.057 0.263 0.511 0.005 40 0.002 28
A, 0.464 0.266 0.499 0.005 76 0.000 26
A, 0.794 0.273 0.487 0.005 50 0.000 01
B, 0.153 0.035 0.550 0.006 88 0.005 00
B, 0.148 0.634 0.540 0.006 69 0.002 16
B, 0.153 1.457 0.527 0.006 95 0.001 06
G 0.161 0.238 0.245 0.006 64 0.003 90
C, 0.148 0.272 0.980 0.007 10 0.002 59
Cs 0.155 0.261 1.454 0.007 02 0.003 00

TE 52 56 5 1 02 SN A v B g b O R B B B L AR R
LB R T MR R B R iR AT T AAL.

e
TR RE 9 2 39 50 LS IR BB I S R A E 1050 3005
=i, BJa, NELHR o T E A2 8 mm, =% 12 mm Y 10 C/s 60%,1 57!

[ A I o
I TE Thermomaster—z MBI AL 17, @ilEl 1

J7Rs AN T 7 Pa R T EZIRS T il FE LA 20 °C/s T

T 2R N Z R AN FAE 1 050 C L AR IZ IR A EE 300 s, 885 LA

10 °C/s v 2N BE Ve A 2= AT IR B, 72 TR A PRI 30 s, 4K

J FEAN [A) A8 T 8 B 4T 60 Y0 A8 T £ 1 A5 R AR Y L A8 T8 IR 0

M 600 “CHI 1000 CLiRBEMEFEN 40 C N ZEEFE 1 s ',

RN S5 AR ST R B T K B Al . ORI A 3 ie % B1 AEMEFLRARTER

A IE B W AR RN j]{ﬁ . Fig.1 Schematic diagram of thermal simulation

compression test

20 C/s Quenching

v

tls



%4 R & 3 AR 2 IR B TY AR RO 8 A AT A TR 65

2 RBLERRIT®
2.1 RERAML

B2 W THFD A BA LA, HL A, 78 5 TR A DL 455 358 56 15 21 1 R 77 0 AR 4R . DA BRLAS B i A% il 2%
T 2 8 A 2 90 1 P 0 A R S AR R A . A8 TE 0 309 1 35 A8 O i B L it 2 A% 1 35 g 2 T
RSB ASTE 2 5 AV A 3 5 A AN TR Ak A 20 285 [ A R 8l 2 P4 T R I SR AL A B P £ L N T 3%
S

Xof [f7] — B9 b S [) 228 3R B R A T R T 5L 18 2Ch) L (o) o () H A 7 g o 25 788 T 1R 8 4 T s T A, — 7 T
2 B[R A AR T Uk B T v 2 S AR Bl 4G e R R D 58, AR TR B T 980 5 O — T I R R B T A AR
TE o i AH A8 B P25 09T A% R SRR R I 28 5 A SR A BRAL RO, 5T ) . BLAE 8] 2 Cad o AR T U B 4
i ) 840 “CHE, H W J1HI L 800 “C A1 760 °C B B 5, 3xX F 2P Oy 840 °C AR I J2& 78 B [RAKR X #E 47, 17 800 °C A%
T ENAE WA X 1T 530

700 - 700 -
600 | — 0T 600
—me
500 - — 500
& —800 € &
S 400 - — 840 C = 400
2 =T
iz 300 F’CM\\‘ %0 | 300
200 f—» —— 200
100 % — —— 100
0 : : - ; 0
0.2 0.4 0.6 0.8
VAR
(a)
700
600
500
« «
Ay [
£ = 400
R R
= & 300
200
100
0 .
0.2 0.4 0.6 0.8
REAE
(d)

B2 RERNMHEAEETHREETHEANETHE (a)A  (b)BA (c)A,F(d)A;
Fig.2 Stress-strain curves of studied steels at different deformation temperatures

(a)A;.(b)BA (c)A; and(d)A,

X A AN TR AN ] A2 T2 iR BE R B AE T2 T 0 i 2L R AT N AR 0 B 0.8 BY AR L 45 B % A9 A 7R X AR T
T BE T A A N I . BN C & & Si & i & Mn & 540238 305 I 3 Frs iy 3 AN I AR I ) -2
R 2. I 3Ca) AT LA B, 0 AR C YA Ay T & . 78 800 CAZZIEHT I By B W AR, 250
B G i BEAE T 18 3 Ch) H By A9 i B I A8 W )~ I R i 2 A A 3 (o) Cy Y A O AR O B
RS



66 TR KXKFFR %41 %

500 500
—-—A,
-o—-BA
- Az
v A,
400 400 -
« «
=9 By
£ 300 S 300
R R
2 2
200 200
100 100 -
600 700 800 900 1000 600 700 800 900 1 000
T/C T/C
500
-a-C,
—a— BA
-a-C,
400 | - C,
£
s ]
R 300 !\
2y
200
100
600 700 800 900 1 000

T/°C

3 HERMHRENH-EHREEHZ

Fig.3 Flow stress-deformation temperature curves of studied steels
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Fig.4 Microstructures of steel A; after deformation at different temperatures
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Fig.5 Flow stress difference-deformation temperature curves at different

deformation temperatures for studied steels
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F2 RKWNWAH C.Si.Mn FEHEHEHEETIERE Ar, MRE N S1FEIE do
Table 2 Ferrite transformation start temperature Ar; and

flow stress decrease do for studied steels

A Ar;/C do/MPa
BA 760 5.445
A, 800 —32.49
A, 680 32.93
Ay 680 45.94
B, 760 3.576
B, 760 —3.008
B 840 —6.702
C 760 —15.01
C, 760 6.102
Gy 680 23.01
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