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ABSTRACT

Blade cracks are a common failure type in aircraft engines. During engine operation, blades
may experience fatigue due to various factors, leading to crack formation or even fractures, which
can result in engine malfunctions or catastrophic accidents. To investigate the impact of crack
faults on blade vibration characteristics, this study examines the vibration response of cracked
blades through finite element analysis (FEA) and experimental validation:

(1) Finite element models of non-rotating healthy/cracked single blades were developed using
ANSYS. The natural characteristics and vibration responses of healthy blades and blades with
cracks of varying depths and positions were analyzed. The results show that the first-order natural
frequency of cracked blades is lower than that of healthy blades. Specifically, deeper cracks and
cracks closer to the blade root further reduce the first-order natural frequency. A vibration table-
based test bench was constructed to measure the natural frequencies of non-rotating
healthy/cracked blades, with experimental results aligning closely with the simulations.

(2) An aircraft engine rotor test platform was established to conduct experiments on
healthy/cracked rotating blades under speed-up/constant-speed conditions, both with and without
airflow excitation. The tests revealed that when the airflow excitation frequency matches the
blade’s natural frequency, significant resonance occurs, drastically amplifying the vibration
response amplitude. Without airflow excitation, the vibration response remains minimal. After
resonance,combined frequency components (resonance frequency and rotational frequency) were
observed in the acceleration responses of the shaft, bearing seat, and casing. No such phenomena
occurred at non-resonant rotational speeds.

By integrating finite element modeling, simulation analysis, and experimental validation, this
study elucidates how crack faults influence the vibration characteristics of aircraft engine blades,

providing a critical theoretical foundation for fault diagnosis and health management.

KEY WORDS: Blade Resonance, Crack Monitoring, Full-Scale Test, Strain Measurement,

Aerodynamic Excitation
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