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Abstract: Owing to the complex influence of the elevate temperature, external loads and long service time,
the microstructural morphology of the Ni—based superalloy deteriorates inevitably, including coarsening and raft-
ing of the ' precipitates, which results in the reduction in low cycle fatigue (LCF) resistance of directional solid-

ification (DS) and single crystal (SC) Ni—based superalloys. In order to predict the LCF life of the microstructure
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degradation superalloys, the worsening of fatigue resistance owing to the microstructure degradation is converted
into that the superalloy suffers more severe loading under the standard heat treatment conditions, while the mech-
anism of the fatigue failure remain unchanged under specified loads. LCF prediction models considering the mi-
crostructure state were established and verified based on the continuous damage mechanics (CDM) and the strain
energy density (SED) theory, respectively. The prediction results of the two models were verified by the experi-
mental results of LCF tests on the coarsening / rafting DZ125 SC Ni-based superalloy carried out previously by
us. The results indicate that the predicting results of the two models are in good agreement with the experimental
results, and the predicting results are controlled within a three coefficient of scatter. The fatigue life prediction
methods could effectively capture the microstructure deterioration of coarsening / rafting on LCF life of the alloy.
Moreover, the fatigue performance evaluation of high temperature components is expanded from the traditional
two—dimensional load-life plane to the microstructure degradation dimension including time effect.

Key words: Superalloy; Microstructure degradation; Low cycle fatigue; Damage mechanics; Strain en-
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Fig. 1 Microstructural morphology of DZ125 superalloy
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