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Synopsis :

A series of Cr-Ni austenitic stainless steels whose stacking fault energy (SFE) was varied systematically,
were deformed by tension at the condition of temperature, 291 and 473 K, and strain rate range from 10-5
to 1073 s7*. The various plastic flow parameters such as strain hardening exponent, COTTRELL-STOKES
ratio, activation volume and etc., were determined through usual tensile test and temperature or strain rate
change tests. The measurement of magnetic permeability was also carried out continuously during the
tensile test in order to check the occurrence of stress induced martensite.

Although the dependence of SFE on yield stress was not so clear at room temperature (291 K), ultimate
tensile stress (UT'S) and the strain hardening exponent apparently depended upon SFE, namely, both the
UTS and the strain hardening exponent decreased with increasing SFE. The COTTRELL-STOKES ratio deter-
mined by the temperature change tests was an appropriate measure to check the relative contribution of
thermal and athermal components of flow stress. According to the linear increase of the ratio with SFE,
it was clarified that the higher the SFE, the larger became the contribution ratio of the athermal component.
The activation volume measured by the strain rate change tests, decreased with increasing SFE, and the

degree of its variation with strain was larger for higher SFE steels.
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Table 1. Test alloys and their SFE value.

Steel Approximate composition SFE (ergs/cm?)
A Fe-19Cr-11Ni 29.2
B Fe-17Cr-11Ni 40,7
C Fe-16Cr-12Ni 51.1
D Fe-13Cr-14Ni 76.1
E Fe-10Cr-16Ni 98.0
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Fig. 2. Effect of temperature (a) and strain rate
(b) on the stress-strain relations for Steel D and
Steel C, respectively.
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Table 2. Results of chemical analysis of test alloys. (wt%)
C Si Mn P S Ni Cr Al N Ni eq.
A 0. 004 0.24 0.25 0. 003 0. 008 10. 86 18.67 0.017 0.007 23.39
B 0.003 0.21 0.21 0.003 0.008 10.94 16. 86 0.049 0.008 22.23
C 0.003 0.27 0.21 0.003 0.009 11.79 15.78 0,035 0.007 22, 40
D 0. 002 0.24 0.21 0. 003 0. 008 13.90 13.12 0,031 0. 006 22.79
E 0. 002 0.26 0.21 0. 002 0,008 15. 95 10,18 0. 057 0. 004 22.91
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Fig. 3. Stress-strain curve (a) and variation of

magnetic permeability with strain during tensile
deformation (b).
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Fig. 4. Effect of stacking fault energy (SFE) on
the yield strength (a), U.T.S. (b) and the strain
hardening exponent, n value (c) in austenitic
stainless steels.

C, D BIUERK\TIL, +0LKEIT,
LD HVWNEL gD TW3
2uXNHE LTHUT OB 21T 5 1cdic, ZoinhHike
=T UL Y EROBERIEL, KRLOLToOXEL D
R WTERTSZ LIt T 5,
FIERABERDOF LD L LT, ZRBREBTOEMD
FIRFBFHEDOELERSD HEHE Lz SFE OB L L
T Fig. 4 WAL T3, Fig. 1 @R8B3 3I5H-0F%

1TEALE

. %03 FToO0F

s b Abh3s X o, BRTOBERIE N O
SFE ~DREMITBERETIZ R\ 2% BAF RIS (UTS)

EMTHEESERL, CoRRERLTWA L3I, BHHn
T SFE HRFELTWBZ Ehbhb
32 BET(LHR

— R EHIET) 0 WX, BECIENILIh S B o
&, EHREINEVCIERES o EDBEOTED, K
DEHCEREDY.

G =05+ ap <eomeeee (1)
Z ZCHBED op X, BERIGIICH L CHFRCIER
T35L0THYH, ToRFER, &EMNERC S LERMD
BRI X BHIETTY L FRERAL & 37N ) R ORI
HEfEROERBRLTWA L WbhTE D, EHRCE
CHF 5T H DI, BRG 05 DHETH5S.

T, BERIENCRIFTEES B X OIERHS DH
HFEE RN, ThE SFE L OEEAYFHRL DK
REZELCRBRLT ok, #HBx, SFE oRits A, C
Z L TED3IEEOMZI\TIT, IH—FOTLE
¥TCERYE L, T TC—ERF LD, RALEARE
BT, #oBETERES 2 it kD, BEEL
ROERLIIO, whdday, v Ab—24
(CSR)® ZkdpBHZ & ¥HPELTW5., Fig. 513, &

teel
co (@ Steel A (_

LN ¥
§ 0 = omed ¥ ozse—i
:m 60 by S‘feelc/ /'
= &=1.26010°
§ 4ot sec”’, .
- d
8 E
s 20 064 b
3 ;
! i
o 9 ko2 l— 0256 —i
2 60T ) Steel E 1
:
20r & .
] 1
] t
§ | i

° lrmza-»i F—ozse—,
0 Namlnol.mun

Fig. 5. Stress-strain curves for the temperature

change test in Steel A (a), Steel C (b) and Steel

E (c).

— 119 —



746 % Lt M

# 71 4 (1985) # 6 %=

DEDILT-OTREBRER LI b DTHEMN, oL
SEENOEE~CREABLIRS L, EEC X5
BMECIKE 2O THRE» HER~LBELXZELIES
DEHRH W, KRBT IS\ TIE 473 25 277K oF
ftLic. 2%, ThXthoffit 413K THLALD
TEDOTLE 0.064, 0.128 1T 0.256 ¥ CH+HRF
hEWBL, —ERMLE-Ob, RBRHOEEY 277K
ELTHDLHEARL, BRI LEWHSFIHETHS. &
DERE» LEAMN ¥ CRETAEMIIZE Smin ©H
D, FROTREEL, T 1.28x10-3s-1 CfT
Dl TOXIRLTRDIz2y b - Ab—2 AL
(CSR) LOFTAHDBEF% Fig. 6 (a) wRLTW5.
CorTRELL ¢ STOKES® |3 Al MiEHw BT, 33

090 T T T T T
X
EN
N 080 -
AN
X
® o720 O Sreel A -
b\\ A Sreel ¢
O Steet £
§* 0-60 1 L 1 I !
B o 0/ oz 03
8 Nominal  strain, e
§ o8 Y T T T T
&
< \?./
2
§ oss - -
€ch
O 0064
A 0128
0 o256
082 1 | | 1 Il

0 20 40 60 80 100 120
Stacking foult energy (ergs/em?)
Fig. 6. Variation of COTTRELL-STOKES ratioc with
strain (a) and stacking fault energy (b).

50 T T T T
Sreel A
291 K i
ﬁ
o~ - .
< 40 } indicates the points
§ al which strain rate wos
%‘ changed
N
30 - r r 7 .
44 4
5 ~ Strain rate,
- g (sec™)
42 - -
v o 1-26x10;
2 20} = s/ 128x102 |
“ 940|-
3 § V/)-26m10°*
l: ss’a o -
0 - R 1-28x10°° .
1 1 1
36 008 o0l0 042
Nominal strain
L 1 1 1
o 005 o/ o5 02
Nominal  strain, e
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test in order to obtain the apparent activation
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