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Preprocessing method of blade tip timing signal based
on spatial transformation

Liu Hao,Duan Fajie,Li Jie,Li Fafu,Zhong Guoshun

(State Key Lab of Measuring Technology and Instruments, Tianjin University, Tianjin 300072, China)

Abstract : Real-time monitoring of blade vibration parameters is the key to ensure the healthy operation of aero-engines. The traditional
blade tip timing sensor signal preprocessing method could produce a large timing error due to the wide range of rotor speed (20~20 000
r/min) , which affects the identification accuracy of blade vibration parameters. By analyzing the sample rate conversion model, a blade
tip timing signal preprocessing method based on spatial transformation is proposed, which converts the equal-time sampling of the blade
tip signal into equal-angle spatial sampling to achieve high-precision blade tip timing signal acquisition. The third-order Lagrange
interpolation Farrow structure and through pipeline optimization techniques realize the balanced design of logic resource occupation and
data processing rates on the field programmable gate array. Experiments show that this method can effectively complete the equal spatial
angle sampling and reduce the influence of rotation speed change. When the real-time speed is 1 000~ 8 000 rpm and the reference
speed is 3 000 rpm, the vibration displacement measurement error of this method is within 20. 19 pm, which is much lower than that of
traditional displacement measurement methods. The measurement accuracy of arrival time and blade vibration displacement is improved.

Keywords : blade tip-timing; spatial transformation; analog-to-digital converter; Lagrange interpolation; Farrow structure; FPGA
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Fig.3 High-precision measurement system of blade vibration parameters based on blade tip timing
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Fig. 18 Standard deviation of angle measurement

at different rotational speeds
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Fig. 19 Composition of the experimental system for

spatial filtering verification
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Fig. 20  Software and hardware framework of time

and space filtering platform
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Table 2 Spatial filtering and temporal filtering using

leading edge time discrimination

by 2% ] T 1] 28 35
(r-min™")  B}%SD/ps {4 SD/pm A% SD/ps VA SD/pm
1 000 3.040 7.959 5.455 14.281
2 000 2.494 13. 059 5. 121 26. 810
3 000 1. 124 8. 828 0. 984 7.728
4 000 1.536 16. 085 4. 458 46. 684
5000 1.421 18. 600 4.019 52.610
6 000 1.258 19. 761 3.620 56. 863
7 000 0. 992 18.179 3.610 66. 157
8 000 0. 694 20. 190 3.389 70. 980
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Table 3 Spatial filtering and temporal filtering using

double edge time discrimination

e/ 25 [A) g i P ] 8 I8
(rmin™") W% SD/ps %% SD/pum BH%I SD/ps {75 SD/pm
1000 2.840 7.435 7.455 19.517
2 000 1.594 8.346 4.621 24.196
3000 0.984 7.728 1. 124 8. 828
4000 1.236 12.94 3.958 41. 448
5000 1.021 13.36 2.819 36.900
6 000 1.011 15. 88 2.720 42.726
7 000 0.982 17.90 2.527 46.310
8 000 0. 864 18.10 2.226 46. 621
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Fig.21 Time discrimination accuracy of spatial and temporal

filtering under different rotational speeds
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Fig.22 Displacement measurement accuracy of spatial and

temporal filtering under different rotational speeds
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