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Vibration measurement of turbine rotor blades of

aero-engine based on blade tip-timing
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Abstract: The difficulty of vibration non-contact measurement of the turbine rotor blade
based on tip-timing was introduced. Breakthrough progress was made on the structure de-
sign, the installation on the casing and the cooling strategy of high temperature optical tip-
timing sensor. The timing signal of H profile of turbine blades was acquired by setting signal
hold time of the system for avoiding the secondary trigger, and a method of determining the
revolution speed for the blade tip-timing system was proposed for core-engine. Such a tip-

timing system was successfully used in the vibration monitoring of the turbine blades of core
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engine. The tip magnitudes and natural frequencies of the blades were successfully deter-

mined by the tip-timing system, and compared with the dynamic strain results from the tra-

ditional strain gage. The comparison results demonstrated that the non-contact measurement

based on tip-timing and the contract measurement based on strain gage can successfully iden-

tify the vibration of turbine blades. The 1st bending mode of the turbine blades at about

8200 r/min on was caused by engine order of 12. The relative error of the two methods in de-

termining the 1st bending natural frequency of blades was less than 4%.
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measurement system
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Table 1 Parameter comparison of several blade

tip-timing senors
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Fig. 13 Vibration result of blade 20 using SDOF algorithm
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Table 2 Result of identified natural frequencies using
non-contact vibration test and strain

gage measurement

- 2 fi1/Hz f2/Hz Ra /%
5 1645. 20 1692.1 0.28
8 1656. 90 1643.4 0. 80
12 1706. 58 1718.6 0.70
14 1628. 46 1694.1 3.88
27 1707. 30 1666.1 2.47
34 1647.90 1625.4 1.38
49 1628. 46 1625.2 1. 96
51 1668. 24 1668. 3 0.04
62 1707. 30 1719.9 0.77
64 1688. 58 1720.2 1. 80
65 1645. 20 1625.0 1. 20
66 1663.02 1629.9 2.00

#3 FEMEDIVULREREBESEZTIHUELER
Table 3 Result of amplitude of non-contact vibration test

system with that of strain gage measurement

WHHE  A/pm E/10° AJE R./%
5 53.6 42. 80 1.25 10. 2
8 62.5 69. 20 0.90 20.5
12 71.2 67.95 1.04 7.7
14 56. 2 40. 60 1.38 21.8
27 66. 6 69.19 0. 96 15.3
34 54.0 56.50 0.95 15.8
49 75.7 79. 35 0. 95 16.0
51 54.0 42.58 1.26 11.6
62 61.8 42. 60 1.45 27.7
64 56.7 36. 90 1.53 35.2
65 51.9 62.71 0. 82 27.1
66 70. 2 64. 45 1.08 4.1
¢ 1.13
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