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Measuring method of axial movement and tip clearance of labyrinth
seals based on the amplitude spectrum
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(1. State Key Lab of Measuring Technology and Instruments, Tianjin University, Tianjin 300072, China;
2. Aero Engine Corporation of China Shanghat Commercial Aircrafi Engine Manufacturing Co. , Lid. , Shanghai 201306, China)

Abstract : Online high-precision measurement of tip clearance parameters between the labyrinth seals and the casing and axial movement
parameters of labyrinth seals are the key to ensuring the safe operation and aerodynamic efficiency of turbine engines. The traditional
capacitive tip clearance measurement system is sensitive to noise and cannot measure the axial movement parameters of labyrinth seals at
the same time. Therefore, a “herringbone” -shaped capacitive sensor is designed, and a method for extracting the parameters of labyrinth
seals’ tip clearance and axial movement parameters based on spectrum estimation is proposed. The measurement model of the
herringbone capacitance sensor is established. The amplitude spectrum characteristics of the measured signal are simulated and analyzed ,
and the optimal spectrum line is determined. A signal processing method of adaptive frequency domain filtering based on estimation of
rotation speed and signal characteristic frequency, full-period and uniform angle sampling, amplitude spectrum estimation, and binary
polynomial surface fitting is proposed to realize the dynamic measurement of blade tip clearance parameters and axial movement
parameters. The experimental platform for testing tip clearance parameters and axial movement parameters of a labyrinth seal is
established in the laboratory environment. The calibration and measurement experiments are completed. Experimental results show that
when labyrinth seals work below 1 900 r/min, the measurement accuracy of blade tip clearance and axial movement is 18 wm and 30 pm
within the measurement range of 0. 5~1.5 mm blade tip clearance and +1 mm axial movement.
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Fig. 1 Capacitive tip clearance measurement system
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Fig.2 Structure and parameters of the sensor
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Fig.3 Optimal value search results for parameters
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Fig.4 Labyrinth seals and its measuring model
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Fig. 5 Amplitude spectrum of simulated signal
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Table 1 the amplitude results of each extraction

way ( retaining four decimals)
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4 0.288 7 0.001 3 0.443 1
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6 0.288 7 2.387 9x107* 0.082 7
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Fig.9 Calibration and experimental system platform
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Table 2 Calibration factors of d,( four significant digits retained )

B B EY 54 fH B & Y4 {H A i
Pl 0.941 3 Plo -0.336 8 Por 0. 046 92 P 0.083 22 Ph 0.005 745
Pl ~0.030 69 Pio -0.028 79 Pa 0.002 189 P -0. 005 049 Po3 0.007 775
Pio 0.012 21 i -0.000 622 6 P 0. 000 400 7 Phs 0. 000 615 4 Poa -0.000 250 1
Pho -0. 002 220 I -0. 000 466 3 i 0.000 734 6 Py -0. 000 569 2 Pia 0.000 292 0
Pos -0. 000 257 2
R3 aFRERB(RE 4 LBEREF)

Table 3 Calibration factor of a (four significant digits retained )
E {1 EY 54 fH E 18 Y4 {H EX 4 {E
Pl -0.071 76 Plo 0.157 3 Por -0.689 2 P 0.014 04 Pu -0.1423
Poa 0.123 6 Pl 0. 005 392 P -0.014 44 Pha 0.037 84 Pos -0.002 331
Pio -0.000 458 8 Pa 0.001 624 P -0. 004 934 Pl 0.011 62 Do -0. 008 556
Pho -0. 000 748 I 0.000 757 3 i -0.001 185 P23 0.004 107 Pl -0. 006 591
Pos 0. 001 856
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*4 MWiXE(e/mm,d,/mm)
Table 4 Test points (a/mm,d,/mm)

(a,dy) (a,dy) (a,dy) (a,dy) (a,dy) (a,dy)
(-1.0,0.6) (0.2,0.6) (-1.0,1.0) (0.2,1.0) (-1.0,1.4) (0.2,1.4)
(-0.8,0.6) (0.4,0.6) (-0.8,1.0) (0.4,1.0) (-0.8,1.4) (0.4,1.4)
(-0.6,0.6) (0.6,0.6) (-0.6,1.0) (0.6,1.0) (-0.6,1.4) (0.6,1.4)
(-0.4,0.6) (0.8,0.6) (-0.4,1.0) (0.8,1.0) (-0.4,1.4) (0.8,1.4)
(-0.2,0.6) (1.0,0.6) (-0.2,1.0) (1.0,1.0) (-0.2,1.4) (1.0,1.4)

(0,0.6) (0,1.0) (0,1.4)

=@ = ;pm=700 r/min, dr=1.4 mm
—y— rpm=700 r/min, ¢h=1.0 mm
=l ppm=700 r/min, d=0.6 mm
-0- rpm=1000 r/min, d,=1.4 mm
== rpm=1 000 r/min, d=1.0 mm
ol rpm=1000 r/min, &,=0.6 mm
g =@ = ;pm=1300 r/min, dy=1.4 mm
P + rpm=1300 r/min, d>=1.0 mm
oK = ol ppm=1300 r/min, d>=0.6 mm
i@ . ", o rpm=1600 r/min, d»=1.4 mm
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Fig. 10  Error curves of blade tip clearance
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Fig. 11  Error curves of axial movement
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