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ABSTRACT The low—cycle fatigue tests with tensile hold times ranging from 0 to 60 min were
conducted for 3 superalloys, HAYNES 188, HAYNES 230 and HASTELLOY X, at 816 C and 927 C
under a total strain range control mode to investigate their creep—fatigue interaction behaviors. It was
found that under creep—fatigue loading condition, the strain fatigue lives of the three superalloys are
dependent on the type of the alloy, duration of strain hold, and test temperature. The different strain
fatigue life behaviors exhibited by the three superalloys are related to the difference in the damages
from creep and oxidation. In addition, the frequency—modified tensile hysteresis energy modeling was
used to correlate the present strain fatigue life data. The result showed that this modeling could give

a satisfactory prediction on the creep—fatigue lives of the three superalloys.
KEY WORDS superalloy, creep—fatigue interaction, stress relaxation, life prediction
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Fig.1 Relationships between the total strain range (Aet)
and fatigue life (N¢) under various conditions for
the alloys No.1 (Co—based HAYNES 188), No.2
(Ni-based, HAYNES 230) and No.3 (Ni-based,
HASTELLOY X)
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Fig.2 Effects of hold time (7,) on the fatigue life
(Nt) of the three alloys at 816 'C and 927 C
(A5t=1.0%)
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strain hold (Ae:=1.0%)
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Table 1 Material constants in Eq.(1) for three superalloys tested
Alloy Temperature Constant
No. C Ag Ay Ag Az Ay Ag Ag A7
1 (HAYNES 188) 816 182.0 -83.6 10.5 3.6 —-0.82 - - -
927 69.2 -28.2 11.4 -5.2 0.80 - - -
2 (HAYNES 230) 816 161.5 -78.5 20.0 -1.1 -0.18 - -
927 67.7 -27.7 11.8 -2.6 0.18 - -
3 (HASTELLOY X) 816 132.4 -57.2 -11.2 6.5 6.30 -3.6 0.48
927 49.4 -33.6 12.8 -9.3 18.30 -12.8 3.50 0.34
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(AUi,) and strain fatigue life (Ng) for the three

alloys under different conditions
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Table 2 Material constants in Egs.(5, 6) for the

three superalloys tested

Alloy Temperature Constant Acgy

No. o B Ci(=Ca) k %
1 816 0.641 95.3 0.871 -
927 0.834 265.7 0.824 -

2 816 0.555 58.5 0.912 >0.9

1.146 3008.7 0.808 <0.9

927 1.110 1909.5 0.808 -
3 816 0.739 144.6 0.916 -
927 0.689 109.7 0.858 -
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Table 3 Standard deviations (Eq.(10)) of the predic-
tion from the model Eq.(6) on creep—fatigue

lives of the three superalloys

Alloy Temperature, ‘C
No. 816 927
1 0.265 0.163
2 0.253 0.087
3 0.285 0.161
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