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Fig.1 Properties Ni-based single crystal superalloy (a) high

temperature properties; (b) fatigue behavior.
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Fig.2 Representation of the y/y’ microstructure showing the 7'
cuboidals and the two possibilities of dislocation slip activity on the
octahedral planes: (a) dislocation activity limited to the y phase; (b)

dislocations passing through both y and y'.
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Fig.3 Schematics of crack path behavior (a) Mode I; (b) Mode II; (c)
mixed type.
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orientation Y.
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Fig.5 Cyclic stress response curves of the superalloy with orientations
of (a) [001]; (b) [011]; (c) [111] under various total strain ranges.
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Fig.6 Damage index and damage mode at different temperatures.
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Fig.7 Microstructural configurations of the experimental alloy after
LCF failure: (a, b) at 900 <C; (c) at 980 <C.
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Review on fatigue behavior of Ni-based single crystal superalloys: Damage
Mechanism, Performance Optimization and Advanced Testing Technology

Liu Manping® , Ma Hui*, Cui Zhuang®, Zeng Ying?, Sun Shaochun*, Zhao Guoping*
(1. Jiangsu University, Zhenjiang 212013, China)
(2. Southwest Jiaotong University, Chengdu 610031, China)

Abstract:  Ni-based single crystal superalloys have excellent comprehensive properties at high temperature, and are widely used in hot-end
components such as blades of aero-engines and gas turbines. Fatigue failure is one of the main failure modes of blades in service. Based on the
research status of fatigue behavior of Ni-based single crystal superalloys, the fatigue damage mechanism of Ni-based single crystal superalloys is
reviewd in this paper. The effects of crystal orientation, temperature and loading mode on fatigue behavior are discussed, and the methods to
optimize the fatigue life of Ni-based single crystal superalloys, such as optimizing composition, heat treatment and surface treatment, are
introduced. Finally, the application of some advanced testing techniques, such as in-situ testing, in the study of fatigue behavior of Ni-based single
crystal superalloys is proposed, and the development trend of fatigue behavior research of Ni-based single crystal superalloys is prospected.
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