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Abstract: In view of the insufficiency that blade tip timing (BTT) fault diagnosis method only
focuses on one-dimensional information and has limited extraction of fault features in detecting
blade cracks, a three-dimensional blade tip clearance (3D-BTC) finite element model of aero-
engine turbine blade-disk-shaft coupling system is proposed based on the 3D characteristics of
blade tip clearance (BTC). Based on this model, the effect of aero-engine turbine blade crack
azimuth angle on 3D-BTC is analyzed. Firstly, a finite element model of an aero-engine turbine
blade-disk-shaft coupling system is established. Then the through crack is introduced at the

trailing edge of the blade, and the blade deformation under the influence of cracks at different roll
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angles and pitch angles is calculated through transient dynamics analysis. Finally, the 3D-BTC
calculation method is used to obtain the time domain waveform and spectrum of the 3D-BTC and
study the 3D-BTC dynamic response characteristics of the aero-engine turbine blade crack azimuth
angle. The results show that the crack reduces the blade stiffness and affects the 3D-BTC. The
3D-BTC decreases with the increase of crack roll angle, and decreases first and then increases with
the increase of crack pitch angle. With the change of the crack azimuth angles, the difference of the basic
harmonic component peak change rate of radial tip clearance at different measuring points is up to
6.1%. The difference of the basic harmonic component peak change rate of circumferential deflection
angle and axial deflection angle is less than 0. 12%. The information on blade cracks can be
obtained more accurately based on the 3D-BTC.

Keywords: turbine blade; blade crack; three-dimensional blade tip clearance; dynamic response

characteristic; finite element analysis
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Fig. 1 Geometric model of blade-disk-shaft coupling system
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Table 1 Geometric dimensions of the model

A KE/em  JEE/cm R /em BEM/O)
Tt iy 40 1.5

LitE=s 3.5 4

A 5 30

(2 BAMHAK

Table 2 Material parameters of the model

SRR I/ I/

HB A B B HEE /N2
(Nem %) (kg * m™*)

L 2.06x10" 7.85X10° 0.3

i 2. 06X 10" 7.85X10° 0.3

e 2.04X 10"  8.24X10° 0.3
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Fig. 2 Schematic of crack azimuth angle
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Fig. 3 Mesh of the finite element model
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Fig. 4 Mesh of the blade with the through crack
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Table 3 Natural frequency by simulation and experiment

— B F A S0 [ A —
W%/ Hz W%/ Hz
1 58.5 59.6 1.9
2 313.5 316. 8 1.1
3 713.4 693.6 2.8
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Fig. 8 Displacement map of blade with 45° crack roll angle
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Fig. 15 Response spectrums of 3D-BTC in blades with cracks

at different pitch angles
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