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Effects of Test Temperature on Fatigue Damage Process of Austenitic Steel

Yuichi SEXI, Kenichi NISHIWAKI, and Toshio FUJITA

Synopsis:
The temperature dependence of fat1gue damage process was investigated using three austenitic
steels, namely Fe-30Ni alloy which is metastable austenite, Fe-38Ni alloy which is stable austenite
" at room temperature and Fe-25Ni-16Cr alloy which has a low stacking faults energy of austenite.
The variation of plastic strain amplitude was measured at the temperatures of 100°C and 200°C,
and surface morphology and substructures were observed by optical and transmission electron
microscopes. The main results obtained are as follows;
1) The hardening tendency in metastable austenitic region results from the work hardening of
austenite and formation of martensite, and the decrease of hardness is considered to be due to the

.

tempering effect of martensite.

2) The higher the stacking faults energy of austenite is, the more the hardening tendency is
found, that is, this is attributed to the formation of the dislocation cells.

3) Initial cracks are apt to occur mainly at grain boundaries in the case of high stress levels and
at slip bands in the case of low stress levels. The rate of occurrence of cracks at slip bands is

increased with the formation of surface striation.
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Table 1. Chemical composition of steels (wt).
c Si Mn P S Ni Cr Al N
Fe-30Ni 0.005 | 0.001 | 0.002 | 0.003 | 0.005 | 30.05 — 0.01 | 0.0015
Fe-38Ni 0.003 | 0.001 | 0.002 | 0.003 | 0.005 | 37.80 — 0.01 | 0.0010
Fe-25Ni-16Cr 0.005 | 0.001 | 0.004 | 0.003 | 0.014 | 24.71 | 15.92 | 0.03 | 0.0026

.
1

Lo
90

5e=2.7
( mm)

Fig. 1. Fatigue test specimen.

Table 2. Mechanical properties of steels.

U.T.S. |0.294P.S. | Elonga-

(kg/mm?) |(Kg/mm#) | tion (%)

. | 100c| 38.4 12.0 38.5
Fe-30Ni | o001 365 10.7 39.0
. |100c] 38.9 19.8 30.4
Fe-38Ni | o00a| 335 11.7 42.0
Fe-25Ni- | 100C| 42.1 16.3 41.8
16Cr 200C| 40.0 15.1 46.6
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Fig. 2. Measurement of strains.
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Fig. 3. Variation of plastic strain amplitude
during testing : Fe-30Ni, T= 100°C.
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Fig. 4. Change of the volume fraction of martensite
during testing : Fe-30Ni (900)
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Fig. 5. Variation of plastic strain amplitude
during testing : Fe-38Ni, T=100°C.
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Fig. 6. Variation of plastic strain amplitude during
testing : Fe-25Ni-16Cr, T=100°C.
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Fig. 8 & X ¢ Fig. 9 wrhFh 38Ni gk L8 25
Ni-16Cr §f0WHEIRIE O bihfE %R 3. 38Ni g0

a) Fe-30Ni (Induced martensite) : o,

20kg/mm?2, b) Fe-30Ni (Austenite) : ¢,=20 kg/mm?

¢) Fe-38Ni : 6,=25kg/mm?, d) Fe-25Ni-16Cr : g, =25 kg/mm?

Photo. 1. Transmission electron micrographs of specimens fatigued to failure at 100°C.
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Fig. 7. Variation of plastic strain amplitude during
testing : Fe-30Ni, T=200°C.
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a) Fe-30Ni : ;=17 kg/mm?, to failure, b) Fe-38Ni: g,=20 kg/mm?, to failure, c¢) Fe-38Ni:o,=20 kg/mm?,
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Fig. 8. Variation of plastic strain amplitude during
testing : Fe-38Ni, T=200°C.

after 103 cycles, d) Fe-25Ni-16Cr : 6,=20kg/mm?, to failure

Photo. 2. Transmission electron micrographs of specimens fatigued at 200°C.
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Fig. 9. Variation of plastic strain amplitude during
testing : Fe-25Ni-16Cr, T=200°C.

a) Fe-30Ni: 0,=20kg/mm?, b) Fe-30Ni: 0,=30kg/mm?,
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HEBE R LD TH%. £ L LB SRR
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4 PERCBOCRE L S HIBE I h ity Ok,

c) Fe-38Ni: 0,=20kg/mm?, d) Fe-38Ni: o,=30kg/mm?
e) Fe-25Ni-16Cr : 0, =20 kg/mm?, f) Fe-25Ni-16Cr : 0, = 30 ke/mm?

Photo. 3. Slip bands and fatigue cracks on the surface of specimens fatigued at 100°C.

— 69 —



652 % = W

5 65 4 (1979) 6%

a) Fe-30Ni : ,=17kg/mm?, b) Fe-30Ni : g, =27 kg/mm?,

o

c) Fe-

A
38Ni : g,==17 kg/mm?, d) Fe-38Ni

e) Fe-25Ni-16Cr : 0, =17 kg/mm?, f) Fe-25Ni-16Cr : g, =27 kg/mm?
Photo. 4. Slip bands and fatigue cracks on the surface of specimens fatigued at 200°C.
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Fe-30Ni ™
martensite Test Temp.100°C

200- - 6y = 20 kg/mm?2
'/

austenite
'»_\OW

-~ T ~0—- -0~
o 0= ~ —O-—-q,
100~ Yo

MICRO VICKERS HARDNESS(50g)
A\

]

/l 1 1 1 I
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Fig. 10. Variation of micro hardness during
testing : Fe-30Ni, T=100°C.
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