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Abstract: Through isothermal hot tensile experiments, the hot deformation behavior and microstructure evolution laws of 304 austenitic stain-
1

less steel under the conditions of the high temperature of 650—1100 °C and the strain rate of 0. 001-0. 1 s™", and the strain hardening consti-
tutive equation was established. The results indicate that the microstructure of 304 austenitic stainless steel is mainly composed of austenite,
and a large amount of M,,C, carbide phases are precipitated at the deformation grain boundaries below 800 C. The dynamic recrystallization
mainly occurs in deformed materials above 950 °C, and the size of the recrystallized grains increases with the increasing of deformation tem-
perature. The rheological behavior of 304 austenitic stainless steel is sensitive to deformation temperature and strain rate, and the rheological
stress decreases with the increasing of deformation temperature and the decreasing of strain rate. In addition, long-period strain hardening be-
havior is exhibited in 304 austenitic stainless steel. Based on the strain rate hardening effect and strain hardening effect of materials, a strain
hardening constitutive equation with high prediction accuracy was established considering the temperature compensation. The correlation coeffi-
cients of models under various deformation conditions are all more than 95. 12%, and the average absolute errors are less than 10. 48%.
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Table 1 Chemical compositions of 304 austenitic stainless

steel in rolled state ( %, mass fraction)

Cr Ni Mn Si C N P S Fe

18.9 8.3 1.3 0.33 0.05 0.05 0.03 0.01 &
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Fig. 1 Schematic diagram of uniaxial tensile specimen at high temperature
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Fig. 2 Microstructures of 304 austenitic stainless steel at different deformation temperatures under strain rate of 0. 001 s~'
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Fig. 3 Ture stress-ture strain curves of 304 austenitic stainless steel at different deformation temperatures and strain rates
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Fig. 6  Effect of deformation temperature (a) and strain rate (b) on strain hardening rate for 304 austenitic stainless steel

6.5
| |
6.0 = m=0.104
=55 m=0.071
[0
2
©
= 5.0+
4.5 . 650 C
® 800 C
A 950 C
40 v 1100 C
7 6 5 4 3 2

In(e/s )
E7 304 BCARAEEMAERAE A 0. 15 A Ay R A 1 SR AUs% M 4 4K

Fig. 7 Strain rate sensitivity indexes of 304 austenitic stainless

steel at strain of 0. 15

AEXT AR A A R R A TIE . 1T 304 B [CAR AN 5 B9 7E
i 1100 °C IR ARG 4 I L Y e M sE 11 5
P52 BIBH s R RS FR KA K

ZEATE 3~ 7 WL, 304 B ERARR AN AE KK
TREER BT 800 C Y, FEHIETEEALE (650 C)
el As R (0.1 s7) AU/BRAE (0~0.2) FAF
B B R = i B AR TR Y R
2.5 3MERERFNSETHNETELERME,

SHKRERBRIEITRE

HR A &1 3 7 14 0 5 Ny g — B 55 o AR g 4k AT
1, 304 B LGRS X7 o T AR T B 2 B0 1 A 1Y
Joj AR R Ak RN N AR S R AE AL AT Sk, BESh, &S TR
R 1o AR A Al R il 2 R B R M AR B e &R,
R, 7 1 3 b R 2 B £k I B 10 1 ke 5% il 2k
PR AKX,

Jdo

— =A + Be™*
de

(3)

K AL B HIw AR
X (3) BUP, RIS HSCN 5 H AR Z
[EIEESE

B
0=Ae - —e™ +C

o
K. CAMEEEL
HTYe=0K/, BN o=0, Kk, it
NHRFMTAR (4) HF
o=Ac+C(1 —e™) (5)
BIR, X (5) Hr i Ea A U AL B Ak 3R Oy AL
X AR B TEBR SR AFALT . T B AR AR S
A WM, FFEET Fields-Backofen 77 FEXT. (5) #
THBIE, EEy Ny AR AR AL R AR
o =Ase" + Cpe"(1 — ™) (6)
K, €, MARHE R m, B m, NIZASK IR )
77 R AR E TR AR
A0 [F]— AR T IR EE | A [ 1 28 B AT ) LS
B -H AR I R AT, ARTT 5 AR L
FHEE 8 iR ITR, Hd, R HPUE REL
2 B AR ST A oy 7 A Ak R A AR 5 AR B A R
BSOS R BE AR, SR T R 81 H 5 sk TR
JERMEE, Hirp, ARTE IR 5 RL R R TR] Y S OC
2= (7) s

(4)

A
T C,
M, T|=|pm (7)
1 m,
_mz_
A M il R AR RO
t—2, #ats (7) XE 8 Fran A E AR i



512 1 2 ZRAE. 304 HLERMACRGE AN S IR AT o S v A i Ak B A A4 7 2 239

3000 0.75
2500 | 0.60 b
2000 045 |
~ g
1500 |
030 |
1000 -
- 0.15 F
R2=0.9779 R2=0.9800
500 1 1 1 1 1 1 1 1
900 1050 1200 1350 900 1050 1200 1350
AR i FE K AR /K
(a) (b)
0.18 240
0.16 F
0.14F 210
| ]
012}
£ 010f G 180
0.08 h
150 |
0.06 F
004 R2=0.9997 R2=0.9997
1 1 1 1 120 1 1 1 1
900 1050 1200 1350 900 1050 1200 1350
AR TR E /K AR TR E/K
(©) (d)
100
90 |
80 |
70 L
=
60 |
50 |
401
- R=0.9208
30 1 1 1 1
900 1050 1200 1350
AR FE /K
(e)

K8 At Ir FERS LA L
(a) A4 (b) my  (c) my (d) € (e)p

Fig. 8 Parameter fitting curves of constitutive equation
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Fig. 10  Error analysis results at different deformation temperatures and strain rates
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