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Experimental Study on Vibration Fatigue of Titanium Blades
Using Eddy Current Displacement Sensor
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Abstract: In order to investigate the vibration fatigue characteristics of titanium alloy blades, experimental
apparatus and procedures were designed on the basis of electromagnetic vibration platform and non—contact eddy
current displacement sensor. Through the research of sensor calibration and vibration stress calibration methods
in this paper, the non—contact—-measuring vibration fatigue test method of titanium alloy blades based on eddy
current displacement sensor was developed. Then, the fatigue stress experiment and crack propagation experi-
ment were accomplished, where the variation laws of crack length and natural frequency with respect to accumu-
lated fatigue cycles was studied. Experimental results demonstrate that the titanium alloy blades possess good fa-
tigue resistance with relatively long fatigue crack initiation life. However, their fatigue crack propagation life was
relatively short.
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Fig. 1 Working principle of eddy current displacement

sensor
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Table 1 Material properties of TC11 titanium alloy (20°C)

pl(glem®) E/GPa © o,/MPa 7,,/MPa

4.48 133 0.33 1104 967
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Fig.2 Sketch of stress point location on the blade
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Table 2 Experimental parameters

Blade  Blade :le  Stress Initial
ade ade A/mm fi/Hz Cycle  Stress Initia

number  stage number /MPa  crack

#1 Oth 60 60 152 1x10° 360 No
#2 Oth 60 60 152 1x10° 380 No
#3 4th 28 34 450 1x10° 420 No
#4 4th 28 34 450  1x10° 440 No
#5 8th 21 24 1062 1x10° 420 No
#6 8th 21 24 1062 1x10° 440 No
#7 4th 28 34 — — — Yes
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Fig. 3 Experimental set-up

Table 3 Location parameters of amplitude-monitored point

Blade stage L/mm A/mm
Oth 100 100
4th 80 45
8th 60 30
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Fig. 4 Sampling data of each channel on the signal collector
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Fig. 5 Fitted relationship between amplitude and stress
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Table 4 Fatigue experiment results

mmber g Joele e SE e
#1 Oth 153.7 154.9 +0.78 Passed
#2 Oth 146.3 146.2 -0.07 Passed
#3 4th 452.4 452.4 +0.00 Passed
#4 4th 439.9 442.4 +0.57 Passed
#5 8th 1049.9 1049.9 +0.00 Passed
#6 8th 1064.9 1064.9 +0.00 Passed

Initial crack

(a) N=0

(b) N=51600 (¢) N=99600

(e) N=161600
Fig. 6 Detected crack by dye penetration method

(d) N=136800

Table 5 Crack propagation experiment results of blade #7

Sequence  Accumulated  Crack length,  Natural frequency,
number cycles, N L /mm fIHz
1 0 2.50 445.00
2 51600 31.26 428.56
3 99600 42.62 339.56
4 136800 57.48 259.83
5 161600 72.32 108.52
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Fig. 7 Variation of crack length and natural frequency
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