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Low Cyclic Fatigue Softening of Austenitic Stainless Steels
Koji SHIBATA, Natsuki NAMURA, Yasuo KisHIMOTO, and Toshio FujiTa
Synopsis :

Low cyclic fatigue behavior of some 18Cr-8Ni and 25Cr-20Ni austenitic stainless steels has been
studied. Cyclic softening was observed after the initial cyclic hardening in all the steels investigated. The
formation of o’ martensite during the cyclic deformation depressed the softening and introduced the second
hardening. The softening was revealed remarkably by nitrogen addition, and solute carbon also produced
large softening but to a lesser degree than nitrogen. The cyclic softening occured especially in the surface layer
of the specimens, and more slip bands were observed at the surface of the specimens showing the remarkable
softening. A planar structure of dislocations was produced and a cell structure was scarcely observed in all the
steels showing the large softening, while dislocations tended to form a cell or a band structure in the steels
showing the small softening. The planar structure might enhance the cyclic softening through increasing the
Bauschinger effect, the density of mobile dislocation, and/or the number of the slip band. The tendency of
dislocations to form the planar structure could not be explained only with the stacking faultenergy. Thelarge
cyclic softening observed in this study seemed to increase the fatigue life. In the case of stress controlled tests,
however, the lives of the steel showing the significant softening were shorter, when they were compared at about

the same strength ratio of the applied stress to 0.2% proof stress or ultimate tensile strength.
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Table 1 BRSO ILERES % 7~ . 304, 3108 4
ixFhEh SUS 304, SUS 3108 $HcAH243 % 8, 304

Table 1. Chemical composition of steels (wt%).

steels C Ni Cr Al N

304 0.049 8.84 18. 44 0.014 0.009
304N 0.051 8.82 18.51 0.024 0. 160
3108 0.027 19. 84 24. 96 0. 007 0.010
310SN 0.034 20. 18 24.53 0.011 0.174
310L* 0.011 20. 11 25. 06 0. 004 0.008
310C* 0.180 19. 91 24.91 0. 003 0.007
310N* 0.013 20.21 24. 85 0. 004 0.170

Si:0.75~0.79, Mn : ~1.0 (304, 304N), ~1.5 (others),
P : 0.003~0.004,S : 0.002~0. 010
* : vacuum melt

WA 56 4 11 HASHIEALICTHE FH 58 £1 7 20 g2 (Received Jan. 20, 1983)
* W -k&T &I Ti% (Faculty of Engineering, The University of Tokyo, 7-3-1 Hongo Bunkyo-ku 113)
*2 EITRSEA&EE (B ) Esk (k) (Graduate School, The University of Tokyo, Now Kawasaki Steel

Corp.)
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Fig. 1. Plastic strain amplitude response of 304
steel for constant stress amplitude tests at (a) 458
K and (b) room temperature (r.t.).
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Fig. 2. Stress amplitude response of 304N steel

for constant total strain amplitude tests at room

temperature.

-—

DR LEROIHCLLFERD (planar) #rfrgiE L /e
D, BVELEDIHEZ 510 on TV FRY D
~ABGT5. OTRIER, JGCHIEENKE V&L e =T
YA b, al wAF UL FBRELELSD. 458K T
=T vy A4 ML TT, Photo. 1 IRT XSG
B (BBIZOTEH) RIEIVDN S EFHERERD 2\
ot v FRERESS, RESRKECE AR TERTL.
Photo. 1 it 304N R HEBF KT HER LT,
COMTITIET (BB TR) EEIAELSTHx
WTAE T K EERDOBEMBEN S S BEIhS.
Fig. 3 iz 310S #i~ 310 SN i 40 Fr—ERER
DHEBELHBLTURLEDDTHS.  ZDBHALNKEM

— 135 —



2078 g &

# 69 4 (1983) #®16=

(a) 30 >

1000

58K, +196MPa, 1000 cycles, (b) 304, 458K, —274MPa,
cycles, (c) 304N, room temperature, +323MPa, 4000 cycles.
Photo. 1. Microstructure observed after cycling.
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Fig. 3. Stress amplitude response of 310S and 310
SN steels for constant total strain amplitude tests
at room temperature.
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Fig. 4. Stress amplitude response of 310L, 310C,
and 310N steels solution treated at 1323K for
constant strain amplitude tests at room tempera-
ture.
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Fig. 5. Stress amplitude response of 310L, 310C,
and 310N steels solution treated at 1573K for
constant strain amplitude tests at room tempera-
ture.
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(a) 310L(1323K), 13000 cycles, (b) 310L(1573K), 1000 cycles, (c) 310G(1 323K),
13000 cycles, (d) 310C(1573K), 8300 cycles, () 310N(l 323K), 13000 cycles.

Photo. 2. Microstructure observed after cycling at 0.7 x 10-2 strain amplitude.
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Fig. 6. Change in the Bauschinger effect factor!®
during cyclic deformation at 0.9x 10-2 total strain
amplitude.
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Fig. 7. Effect of intermediate surface removal on
strain amplitude response. (E. P.=electrolitic pol-
ishing, H=heating at 353K for 30 min)
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Table 2. Comparison of fatigue lives between 310
L and 310N steels under strain controlled tests at
room temperature.

steels (1/2) de. Nge! Ngo? Nre/Nte
1.43x107? 788 2280 2.9
2010 2.6
3 .20 »o 1105 3760 3.4
310L 3180 2.9
0.97 » 1 680 7 160 4.3
0.72 n 3102 >13 000 —
1.43x 1072 828 4410 5.3
2 870 3.5
1.20 »n 1175 5170 4.4
310N+ 6 940 5.9
1.06 » 1515 8100 5.3
0.97 » 1824 9940 5.4
0.72 » 4 386 >13000 —
1: caluculated fatigue life
2 fatigue life obtained experimentally
3: 0u=522MPa, ¢ =82. 2%
4: gu=653MPa,¢$=78.7%

Table 3. Camparison of fatigue lives between 310
S and 310SN steels under stress controlled tests at
room temperature.

steels Go,2 Ou (1/2) doe  6a/60 2 Oofou Ne
3108 220 531 343 1.50 0.65 2910
294 1.28 0.55 8800
340 691 490 1.44  0.71 910
432 1.27 0,63 2440
810SN 372 .09  0.54 4100
343 101 0.50 6590

(¢ : MPa)
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