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Abstract: Turbine blade tip clearance varies in a three-dimensional (3-D) direction in an aero-engine.
The traditional fiber-optic sensor can only measure the radial clearance, and the results are affected by
the interdimensional coupling effect. In this paper, a sensor array consisting of three of the two-circle
coaxial fiber bundles, arranged along the isosceles triangle layout., was used to realize the decoupling
of blade tip clearance 3-D parameters. These parameters included radial clearance, axial deviation
angle, and circumferential deviation angle from the sensor outputs, leveraging a BP neural network
method. A special fiber-optic sensor array and signal conditioning circuit were developed, and the
experimental tests for static and dynamic properties of the measurement system were performed.
Experimental results indicate that the maximum error of radial clearance static measurement is 47 pm
with a standard deviation of 10 pm. The maximum error of axial and circumferential deviation angle
static measurements are 0. 49° and 2. 32° with standard deviations of 0. 13° and 0. 36°, respectively;

the measurement system performed well in terms of repeatability and reliability. The dynamic
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measurement standard deviation of radial clearance is less than 18 pm with axial and circumferential

deviation angles of less than 0. 2° and 0. 5°, respectively. This satisfies the demand of real-time

detection of blade tip clearance 3-D parameters of turbine blades of an aero-engine.
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Fig. 2 Schematic diagram of fiber sensor arrays
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Tab.1 Measured data of tip radial clearance
B33 /(r e min~ ") A1 R 2 3 4 I F 5 A6
2/mm 2.543 2.649 2.050 2.279 2.173 2.733
1 000 o./pm 7.004 6.391 6.453 4.125 4,522 17.556
u./pm 2.215 2.021 2.041 1. 305 1. 430 5.552
z/mm 2.560 2.700 1. 955 2.227 2.125 2.382
3 000 o./pm 15.430 7.980 3.453 6. 749 2.288 7.569
u./pm 4. 879 2.523 1. 092 2.134 0.724 2.394
z/mm 2.394 2.669 1. 953 2.220 2.103 2.353
6 000 o./pm 13.689 3.754 6.235 4.595 3.729 4. 483
u./pm 4. 329 1. 187 1.972 1. 453 1.179 1. 418
F 2 RHhE 6 RN E
Tab. 2 Measured data of tip axial angle (@)
B /(r e min~ 1) L MR 2 A3 4 AR5 "R 6
a —3. 217 —3.654 —2.735 —4. 817 —2.684 —3.679
1 000 O 0. 065 0. 085 0.037 0. 166 0. 040 0.028
U 0.020 0.027 0.012 0.052 0.013 0. 009
a —2.448 —3.159 —1.987 —4., 217 —1.983 —3.450
3 000 Oq 0.032 0.053 0.021 0.075 0.055 0. 044
Uy 0.010 0.017 0. 007 0.024 0.017 0.014
a —2.522 —3.979 —2.045 —3.789 —2.620 —3. 367
6 000 O 0.036 0.038 0.023 0. 064 0.052 0.025
Uy 0.011 0.012 0. 007 0. 020 0.016 0.008
*3 MREEGRNEHE
Tab.3 Measured data of tip circumferential angle )
B/ (r+ min D) M M2 M3 M4 M5 M6
B —7.141 —2.684 —4.258 0. 301 —3.342 —4.399
1 000 O3 0.100 0. 086 0.141 0.184 0.493 0.104
uz 0.032 0.027 0.045 0.058 0. 156 0.033
B —7.667  —2.976  —4.901  —0.503 —4.166  —4.696
3 000 O3 0.058 0. 144 0. 106 0.244 0.317 0.103
ug 0.018 0. 046 0.034 0.077 0. 100 0.033
B —7.274 —3.074 —4.518  —0.578 —4.862 —4.632
6 000 op 0.082 0. 146 0.110 0.313 0.466 0.136
ug 0.026 0. 046 0.035 0.099 0. 147 0.043
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