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The Prediction of Dynamic Recrystallization and Grain
Size of 304 Stainless Steel during Hot Deformation

Y.P. Kwon, J.R. Cho, S.Y. Lee and J.W. Lee

Abstract

The flow stress of 304 stainless steel during hot forming process were determined by conducting hot
compression tests at the range of 1273 K~1423 K and 0056 /s~20 /s as these are typical temperature
and strain rate in hot forging operation. In this material, Dynamic recrystallization was found to be the
major softening mechanism with this conditions as previous studies. Based on the observed phenomena, a
constitutive model of flow stress was assumed as a function of strain, strain rate, temperature. In the
constitutive model, the effects of strain hardening and dynamic recrystallization were taken into
consideration. A finite element method connected to constitutive model was performed to predict the
dynamic recrystallization behaviors and also stress—strain curves in hot compression of 304 stainless steel.

Key Words : 304 Stainless Steel, Hot Deformation, Dynamic Recrystallization, Grain Size, Finite
Element Method
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Element C Mn Si S P Ni Cr Mo Cu N Co

Composition(wt%)| 0026 | 166 048 | 0027 | 0028 | 104 | 1812 | 036 | 035 | 006 | 013
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Fig. 2 Stress-strain curves at various temperature
and various strain rate

o s n
e = Al sinh(20)]” exp(— Q/RT) @)

14004 \\ : strain rate = 105"

§ Temperature = 1000 °C

1200 | -
=z
2 1000
T
@
2 80
€
@
g 6004 starting to appear sub-grains
T
£ a0 a
& . ending to appear
Z . subgrains
P 200 o

u ] g A
0 T T T ir T T — 7
4 60 8 100 120 140 160 180 200 220

Effective Stress (MPa)

Fig. 3 The graph of effective stress and strain
hardening rate

AR Az o2

Z (mm)

29 o

Upper Die

Workpiece

12.8

X (mm)

Lower Die

[AnENI
7T
[REREI

Fig. 4 Initial finite element mesh for the simulation

ZAG ARG A o]v|H opdulold WM Eg
EANEA( X, )% AZAE BHL 27(dy, )E
A3)~(6)gh o] A3t & 5 ek

Xdyn = l_eXD _k(%) " (3)

S k=0.028 &' exp(8.10 Q/RT) ()

wmo=1.17 ¢ "™ exp(1.10 Q/RT)

Ay = 7.22 "% exp(—1.67Q/RT) ®

AG)e SHQAR0] dojyke wo] AYe] =S
el AR o8 JFAAY 277} Fasks AL
nes AEARY 27|12 gLy o] M 4 g
l:]_(9)

D =461~ Xpn) + dam Xugn )

32 Alg2fo| M

Og_/ @l

fo 4
b =
il
e
®
N
3
X
R
i
o
N
N
N
N
g
-
X
=

o
ol

S AMIEESSX)/A10H A7E, 20013/575



=
of
=51
BN

Table 2 The condition of process parameters for FEM

Process parameter Value
Friction coefficient 0.7
Thermal conductivity of w.p 149 (N/s - K)
Thermal conductivity of dies 284 (N/s - K)
Heat capacity of w.p 377 N/mm' - K)
Heat capacity of dies 40 (N/mm’ - K)
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Fig. 5 Stress-strain curves predicted and experimental
data at 1000C and 0.05/s
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Fig. 6 Flow curves of experiment and prediction at
various temperatures
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Fig. 7 Comparison of load between experiment
and simulation
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Fig. 8 Comparison of measured and simulated result
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Fig. 9 Microstructure of hot compressed specimen to
radial direction (temp. = 1150°C, die speed = 6
mm/s)

Fig. 10 Distribution of retained strain
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Fig. 13 Distribution of mean grain size
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