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Mapping of Low Cycle Fatigue Mechanisms at Elevated Temperatures

for an Austenitic Stainless Steel

Kenji KaNazawa, Koji YAMAGUCHI and Satoshi NISHIJIMA

Synopsis :

Mapping of low cycle fatigue mechanisms at elevated temperatures was attempted for a better under-
standing of low cycle fatigue behavior of an austenitic stainless steel at elevated temperatures. Results of
strain-controlled, uniaxial low cycle fatigue tests on solution treated stainless steel of type 310 were used
in the present analysis. The experiments were performed under the conditions of 15 different temperatures
from room temperature to 800°C, and 4 strain rates from 6.7 X107 3s7! to 6.7X 10" %s 1. Modes of dis-
location structure and fracture were classified according to stress amplitude and fatigue life respectively
and plotted on temperature-strain rate diagram. By superposing the two maps, it becomes easy to find the
principal factors which govern the fatigue life under any conditions of temperature and strain rate. The
proposed idea of mapping is believed to have wide applicability, e.g. for selecting materials and predicting

fatigue behavior under service conditions.

Key words : low cycle fatigue ; elevated temperature ; strain rate dependency ; fracture mode ; dislocation

structure.
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Table 1. Chemical composition of type 310 stain-
less steel used (wt%).

Material C Si Mn P S Ni Cr

0.12 0.88 1.43 0.024 0.008 19.91 24.69

Type 310
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Table 2. Test conditions.
Temperature °C
RT 150 200 250 300 350 400 450 500 550 600 650 700 750 800
Strain rate s~ !
6.7x1073 Q O O O O O O @] O O @) O Q O Q
6.7x1074 O Q Q O O
6.7X107° O O Q @) O
6.7x1076 O O O
800
. | RrT 600T
\\7& «RT
& 600 ey F500" )
E LOO'C' ey
Q 2700 N 300c [
g’ 400 700¢ b 200t iy
= Leo0c
@ 7007 -800C i
® 200 -
& att =10 .
- Strain rate: 6 7x 103 Fig. 1. Ter{lperature dependence .of
0 [N EEREY! L1l Lot Lol the change in the stress range with
1 10 102 103 104 increasing strain cycles.

Number of strain cycles
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Fig. 4. Temperature dependence of cyclic
0.2% proof stress.

Fig. 5. Cyclic 0.2% proof stress surface as a
function of temperature and strain rate.
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Fig. 6. Relationship between plastic strain range and

number of cycles to failure under a strain rate of 6.7 X
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Fig. 7. Temperature dependence of fatigue life

for a plastic strain range of 107 2.
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(a) Virgin (b) Fatigued at 200°C, Ae,=1072, ¢ =6.7x107 357}
(c) Fatigued at 450°C, A¢,= 1072, =6.7x10 3s7 !
(e) Fatigued at 700°C, Ae,=2X10" 2 ; =6.7X10 557!

Photo. 1.

Fig. 8. Fatigue life surface as a function of

temperature and strain rate.
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(d) Fatigued at 600°C, Ae,=1072%, ¢ =6.7x1073s7!
(f) Fatigued at 800°C, Ae,=1072, ¢ =6.7X10 557!
Typical dislocation structures in low cycle fatigued specimens.
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Fig. 9. Map for cyclic deformation stress and dis-
location substructures.
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(a) Fatigued at 450°C, A¢,=1072 ¢ =6.7%X107 357!
(b) Fatigued at 600°C, Ae, =102, ; =6.7X10 55!
(c) Fatigued at 800°C, A¢,=2X107 2, ¢ =6.7x10 55!

Photo. 2. Typical fracture modes in low cycle fatigued specimens.
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alpy | frctue | /-dominant

Strain rate (s”)

| fracture
0 200 400 600 800
Test temperature (*C)
—— Contour lines for fatigue life atagp=107?

---- Boundary between transgranular and
intergranular fracture modes

Fig. 10. Map for fatigue life and fracture modes.
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