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Numerical Study on the Fatigue Damage of Compressor Blade
under Complex Loads
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(State Key Laboratory of Engines, Tianjin University, Tianjin 300072, China)

Abstract: In order to improve the service life of blades, the fatigue damage of compressor blade is
studied by numerical method. The methods of structural fatigue life prediction and damage
assessment is proposed, including blade aerodynamic pressure calculation using computational
fluid dynamics (CFD), structural strength analysis based on FEM under different working
conditions, and Chaboche fatigue life prediction and damage accumulation equation under multi-
level loading by nonlinear continuum damage mechanics. The fatigue damage analysis on an aero-
engine high-pressure compressor blade is carried out by this method under aerodynamic and
centrifugal loads in typical working conditions. Results indicate that the exhaustion edge in blade
root has distinct stress concentration, and it is the dangerous location where fatigue failure is
liable to occur. In the process of fatigue loading, the rate of damage accumulation gradually
increases, and the blade fractures instantaneously in the end of the loading cycle. Considering the
effect of load sequence on damage accumulation behavior, the multi-level loading damage model
can reflect the nonlinearity of damage evolution and achieve more accurate calculations compared
with Miner linear damage model.
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