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Effect of Temperature on Low-cycle Fatigue Properties of Ni-base
Superalloys for HTGR
Hiroshi HATTORI, Masaki KITAGAWA and Akira OHTOMO
Synopsis:

In order to obtain fundamental information on the effect of test temperature on the low-cycle fatigue
properties of two Ni-base wrought alloys, namely Inconel 617 and Hastelloy XR, a set of strain controlled
fatigue tests has been carried out at temperatures up to 1 000 °C in air and partly in vacuum under a fully
reversible triangular and a strain-hold waveforms.

Cyclic hardening behaviors were observed at temperatures up to 800 °C. The fatigue life was reduced
with increasing temperature. At high temperatures above 800 °C the following results were obtained.
The difference of lives between in air and vacuum became larger. The intergranular failure was dominant
and the range of transition temperature from transgranular to intergranular was 600~ 800 °C depending on
the strain range and waveform. Experimental fatigue lives for both alloys were shorter than fatigue lives
predicted by the universal slope method and 10% rule.

Thus, the effects of creep deformation and high temperature oxidation on the fatigue properties were sig-

nificant at high temperatures.
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Table 1. Chemical compositions and ASTM grain sizes of Inconel 617 and Hastelloy XR tested.

Chemical composition (wt%)
Alloy . . Form ﬁﬁlTsDiAze
C Si Mn S P Cr Co Mo Fe B Al Ti Ni gr
- _ Hot rolled plate :
Inconel 617 [0.08 0.13 0.04 0.005 21.56 12.20 9.96 1.46 1.01 0.55 Bal | poprolledplate: 3.0
Hastelloy XR | 0.07 0.25 0.99 0.006 0.003 21.45 0.012 8.96 0.47 18.36 0.001 0.01 0.02 Bal. | betrolledbar: - 3.5
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Fig. 1. Tensile properties of Inconel 617 and Hastelloy
XR at high temperatures.
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Fig. 2. Effect of test temperature on the changes in
stress amplitude with increasing strain cycling for Hastel-
loy XR.
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Fig. 3. Effect of test temperature on the monotonic and
cyclic stress-strain relations of Inconel 617.
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Fig. 4. Effect of test temperature on the low-cycle fa

tigue lives of Inconel 617 and Hastelloy XR.

Table 2. Effect of temperature on the stress-strain
hysteresis loop in 15 N; for Hastelloy XR.

Temperature Strain range (%) Stress N
N range

) Total Elastic Inelastic (MPa) (cycle)
R.T. 1.02 0.61 0.41 852 3560
700 0.98 0.44 0.54 700 470
800 1.00 0.28 0.72 464 360
900 1.00 0.20 0.80 333 300
950 1.05 0.20 0.85. 312 230
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Fig. 5. Effect of test temperature on the inelastic strain-
range-life relations of Inconel 617 and Hastelloy XR.
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Fig. 8. Comparison of the lives for Hastelloy XR in air
and vacuum at high temperatures.
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Fig. 9. Comparison of fatigue lives for Inconel 617 and Hastelloy XR with fatigue curves predicted by the universal

slope and 10% rule.
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Photo. 1. SEMs of fracture surface
of the Inconel 617 specimen fatigued
at high temperatures.
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Fig. 10. Effect of temperature on the failure mode of In-
conel 617 and Hastelloy XR.
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