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ABSTRACT

STS 321 stainless steel is generally used for a material of high-temperature and high-pressure system
including liquid rocket engine. The constitutive equation for flow stress has been suggested using
thermal stress component and athermal stress component based on Kocks dislocation barrier model to
predict 321 stainless steel's deformation behavior at elevated temperature. The suggested model
predicted well the material deformation behaviors of 321 stainless steel at the wide temperature range

from room temperature to 500C.
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Table 1. Chemical composition of high temperature stainless steels, wit%(standard).

Type C, max Si, max Mn, max P, max S, max Ni Cr N, max Others
Ti; 5%x%(C+N) min,
321 0.08 1.00 2.00 0.045 0.03 9.0-12.0  17.0-19.0 0.10
0.7% max
316L 0.03 1.00 2.00 0.045 0.03 10.0-14.0 16.0-18.0 - Mo; 2.00-3.00%
347 0.08 1.00 2.00 0.045 0.03 9.0-13.0 17.0-19.0 - Nb, 10x%C min
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Fig. 1 Hydraulic high temperature tensile test system
(MTS).
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Fig. 2 High temperature chamber and extensometer of
tensile test system.
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Fig. 3 True stress-strain curves of STS 321 stainless
steel at various temperatures.
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Fig. 4 Striations observed on STS 321 stainless steel
at 600 and 700C.
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Fig. 5 Variations of flow stress of 321 stainless steel
with temperature.



H20A H5& 2016. 10.

STS 321 AEQIE|AZel A2 HEY HE 55

Table 2. Flow stresses of 321 stainless steel with

temperature.
Temperature Flow Stress

0.1% 0.2% 04%  08% 1.6%
(C) (MPa) (MPa) (MPa) (MPa) (MPa)
20 156 168 181 198 221
100 126 139 154 170 192
200 106 117 130 145 165
300 9R2.2 102 113 127 146
400 832 94.4 106 119 138
500 77.3 87.7 994 112 131
600 723 79.7 89.1 101 120
700 79.2 87.6 96.5 109 130
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Table 3. Material constants of suggested model.
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7 (MPa) 281.8 7, (MPa) 297.8
n 0.188 n 0.0519
P 1/2
q 1
7. (K 773
AG= Gy[1—(/7)") (4)
Gy = TON = 7 V* (5)

A7l A 0<p<10]a, 1<g=<2°]H, °]
e W Ao e s Fosta Utk
AHS M7 €43 243t =& flo

F dE HAY g8l 0 KA 94 ¢8S 7}
g = A7 @4 245 s
FEZ F A== o Af Aol

b= Burgers vector®] ZL7|o|W, A& Fb
A
(o]

o 4, X
to rr rlo

(activation volume)oltt. A4 WIHE &

= bp, 0 =bp, fuexp(— AG/KT) 2 F =,

AM veE A7 FHES FEG o A=)
=

=
5 felAY B S=

£ M
rr

7]



H20A H5& 2016. 10.

STS 321 AHCIE|AZe 22 HY HE 57

4*(Boltzmann constant)E 9] ¥v| gt} Eq.
A, e 2L Aol fEE

z&*o
56

l/q 1/P

fk_;[l_(ﬂl a (1=7) ©
G,
k ¥ !
7,=|——lnt 7
C ( G )

Eq. 6914 IetrE pet qu 474 A9 &
Z1Qloll tiafA F2 MY oA FEY &
(profile)S YEFATE Ono[19]9} Kocks &[11]&
p=2/3, q=2% B2 F&o dl&iA AL
Nemat-Nasser 5[17, 18] o] 2F5ol tis|A &

& F&ol uEstn e nArk

B

bt

Fig. 7& f% 4 Hg® &9 245
AAT €47 88 849 X mE HIE
Yel gt} 473 KollA 773 Kol o]|2& 1&
AAE 01% 5 FHAA 16% F& 7t
Ao dF a7k A ot HEo] A sH=
A #EFY F Utk sHARE A= A
202 ZAFE FFQ 8id e W E
& aase] EAse Ase] YEHuH, 4
<olA 2 Ze|7} 7HE AA= AR YEsH
ol MEY &7t WoldsE & A (forest
dislocation)®] YW=+ FoFA|H, FF(vacancy)®l

O_EL

L} Aol E(obstacle) 52 &2 Yo] FaAAH A9
£ Waiets dxke] UELE I Folx A Ha,

wepa A9 oAuA G7F A5k obd WP E

ngg Gerd #3108l oA Eq. 8% 2&
el Hoz AT 5 At

Eq. 39 "FAMAE, 79k 0/ e AH setvE
(free parameter)ZA AlY Ho|HE HaiA 2
A 4 ok

webA, Egs. 6-89 ZA¥EA 321 AH QYA

100

Thermal Stress of 321SS
p=1/2, q=1 case

0.1% Flow Stress (MPa)
0.2% Flow Stress (MPa)
0.4% Flow Stress (MPa)
0.8% Flow Stress (MPa)
1.6% Flow Stress (MPa)

Thermal Stress (MPa)

o 3 5 3 8

T v T . T ) T T d
¢4 pon

N
S
T

I ! I 1 ! I 1 !
200 300 400 500 600 700 800 900 1000

Temperature(K)

Fig. 7 Variations of thermal component of flow stress
of 321 stainless steel.
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Fig. 8 Prediction of flow stress of 321 stainless steel
by the Kock's model.
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