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Fig.1 The schematic diagram of KPIM
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Tab.1 Amplitude and frequency of speed fluctuation

A,/(r+ min ) f./Hz
5 11,55
10 11,55
20 11.55
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Fig. 2 Comparing vibration amplitude error under different fluctuation amplitude at the speed fluctuation of 11 Hz
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Fig.3 Comparing vibration amplitude error under different fluctuation amplitude at the speed fluctuation of 55 Hz
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Fig.4 Blade vibration monitoring apparatus
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Fig.5 Blade No. 1 vibration displacement by KPIM
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Fig.7 Comparing the results of single phase method and

KPIM at the speed of 2 400 r/min
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Fig. 9 Blade No. 1 vibration displacement diagram



el

FE R LA BT R A RIS O O ik 3 ) 365

3 590 T d /I AT il AR e O T B ol U 3l L L
19 5 /I G il 15 b 2R AT, BLZE A O P T
ARAF = FEOH B ERIRSI S . MBS
BEAT TR I (] (912 5% 52 56 55 W I e B am i i o
4 min JFIZEB AR T4, 10 min ZJ5 - 7
BILPFAAL . X PG AR R PR T AR iR s 5%
(1 3o 0 R TR i 20 B O R S B TR
A B i (57 8% 28 T 2R By TR 35 A RS 14 I 1]
AR L B A Iz B I TR) R S RS K A 3k B AR
FIR 2 17 - 5 5 B AN - 2 A AU

M T EM A A A RSB N 2 2%, T3
SHERE AR F 2 A B P 32 2 B R B ELETL I e 1o P B
Oh i i AR S 5T RS A R Bl S AT v

3 & it

1) S8 1 SR A (A 0 FRe e L R s 1
HRCAAL, BEAT TR R s i S N B
1R 45 SR e WA X 8 I8 2l A R LI sl A 3 K I 2%
Xof 0 5k 235 SRty R AR DR 1) e 5 o ) A % 38 2l A 5 A v
EREESU N VA NNV S PRy

2) JEak B SR A AT T 4R B A R
ALK LIBT3 2 400 r/min A1 4 200 r/min
R P9 o 7 0 A 1 B 20 e 79 /N A 4 0 i g
Xof e AFEAT 43 BRI R0 Eh T A O S AR N T B X
Bk 1 H SR

3) O T LA N A A T A0 S B R
VT g T AL BEAT AR G S5 AR W I i R iR Bl o
Rt A, BT B AR Bl LA AR T —
PR RS AR /N IR [R) 1) Bl A5 3 % i) [ 1 38 fin -
A EAES . LRI R, BN RE N Bk
SRR A (R R (R AR AR (H D i — 2 il e AR 52 B )
AL T 2 W R T,

sz % X K

[1] Kaszynski A A, Brown ] M. Accurate blade tip timing
limits through geometry mistuning modeling [C] /
ASME Turbo Expo 2015; Turbine Technical Confer-
ence and Exposition. Montréal, Canada: American So-
ciety of Mechanical Engineers, 2015.

[2] Knappett D, Garcia J. Blade tip timing and strain
gauge correlation on compressor blades[J]. Proceed-
ings of the Institution of Mechanical Engineers, Part
G: Journal of Aerospace Engineering, 2008, 222(4) .
497-506.

[3] Gallego-Garrido J, Dimitriadis G, Wright J R. A class

of methods for the analysis of blade tip timing data

from bladed assemblies undergoing simultaneous reso-
nances—part i: theoretical development[J]. Interna-
tional Journal of Rotating Machinery, 2007, 2007.11.

[4] Pickering T M. Methods for validation of a turboma-
chinery rotor blade tip timing system[D]. Blacksburg:
Virginia Polytechnic Institute and State University,
2014.

[5] Hu Zheng, Lin Jun, Chen Zhongsheng, et al. A non-
uniformly under-sampled blade tip-timing signal recon-
struction method for blade vibration monitoring [ ] ].
Sensors, 2015, 15(2):2419-2437.

[6] Salhi B, Lardiés J, Berthillier M, et al. Modal param-
eter identification of mistuned bladed disks using tip
timing data[J]. Journal of Sound &. Vibration, 2008,
314(3) :885-906.

[7] Abdelrhman A M, Hee L M, Leong M S, et al. Con-
dition monitoring of blade in turbomachinery; a review
[J]. Advances in Mechanical Engineering, 2014,
2014 .10.

(8] EM. s i Jr ik Ae B AL 25 & s MLt R 4k 2l Il o
g gER ] AR E AR, 2013,6(6) :5-9.
Wang Ping. Application review of blade tip timing
method for foreign aero-engine blade vibration meas-
urement [ ] ]. Aeronautical Science &. Technology,
2013,6(6):5-9. (in Chinese)

[9] Carrington I B. Development of blade tip timing data
analysis techniques [ D]. Manchester: University of
Manchester, 2002.

(10 X888, Megak. W95 4. DGk R 4k i W I 3% & v 1)
WO )], Mg )=k, 1992,2(2):156-158.
Deng Yong, Sheng Xinzhi, Xue Xiusheng. A fibre-op-
tic amplitude monitor for blade vibration[ J]. Journal
of Aerospace Power,1992,2(2):156-158. (in Chinese)

[11] Twerdochlib M. Method of matching sensors in a
multi-probe turbine blade vibration monitor: US,
US7987725[ P, 2011-08-02.

[12] Guo Haotian, Duan Fajie, Zhang Jilong. Blade reso-
nance parameter identification based on tip-timing
method without the once-per revolution sensor[]J].
Mechanical Systems and Signal Processing, 2016, 66
(2016): 625-639.

[13] B25hi& st UE. M5 AL A 4R 2 it 38 42 fl i i (M.
S AE L RRGR B, dbat: E B Toll At . 1986 :40-43.

(147 3k £ 5t MASFRHUNT 45 20 i A 4 foh =X 78 2% i ) % gk
HARDIFELD]. KHE . RHEKY, 2008.

FE—1EE®MN . THR.H.1978F 4 A
AL R AR, R
J7 18] A JE % AILAR 3l 1 2 43 B bR 2

P = Bt 32 % 3¢ ( An identification
_—— -
method for damping ratio in rotor sys-

tem) ({ Mechanical Systems and Signal

=
JQ‘/A\‘ Processing»2016, Vol. 68-69) 234 3,

E-mail : wwmbuct@163. com




