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Fracture analysis of turbine rotor blades in an aircraft engine
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Abstract: In response to the occurrence of turbine rotor blade fracture failures during the testing
process of an aeroengine, research on the failed turbine rotor was conducted through visual inspection,
fluorescence detection, energy spectrum analysis, strength analysis, and blade vibration analysis. It was
found that after eliminating factors such as foreign object damage, material defects, and casting process
defects, the fracture failure mode of the blade was confirmed as fatigue failure through blade fracture
inspection. Through simulation analysis, it was ultimately determined that the cause of blade fatigue failure
was the combined effects of static stress generated by centrifugal load and thermal load, and vibration
stress caused by high-frequency airflow excitation through the combustion chamber evaporation tube. A
scheme was proposed to reduce the number of combustion chamber evaporation tubes and thicken the
trailing edge of the turbine rotor blades, reducing the flow excitation frequency so that there was no
intersection between the natural frequency of the blades and the excitation frequency within the full speed

range, thus avoiding fatigue failure of the turbine rotor blades due to resonance.
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Fig. 1 Turbine rotor blade failure mode
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Table 1 Energy spectrum test results %

JLHR BHE K418

Al 7.21 5.50~6.40

Ti 0.95 0.50~1.00

Cr 13.12 11.50~13.50

Ni 69.71 ZS

Mo 4.60 3.40~3.80

Nb 2.41 1.80~2.50

Mn 1.21 <0.50
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Fig. 4 Visual inspection of fracture surface morphology of

fractured blades using a stereo microscope
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Fig. 5 Scanning electron microscopy examination results
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Table 2 Geometric parameters of turbine

rotor blades mm
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Table 3 Material parameters of the turbine

TRz P/ LMAREY MR AL
«C (W/(m-°C)) (107%/°C) E/GPa u
100 10.15 12.60 205 0.25
200 11.72 12.70 200 0.25
300 12.98 12.90 195 0.25
400 14.65 13.40 190 0.25
500 16.33 13.70 184 0.25
600 18.42 14.20 179 0.25
700 20.52 14.70 171 0.25
800 22.61 15.50 165 0.26
900 24.28 15.50 156 0.26
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Fig. 8 Stress distribution of turbine blades
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Fig. 9 Campbell diagram of rotor system
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