104 - FEREHA 20254 % 45 % 4

doi: 10.11823/j.issn.1674-5795.2025.04.08

& F T i i um R B 0 i B S50 43 I Y SR 4R i

E3g 2 o ESY, FBEAY, FRIA?, A EAE? REM%?
(LKZARF BB B IBEARAGELAFTHELTLLE, BT WL 710064;
DELRRBRF MBS RZRAEEETHRBEALCEELERLE, KE X 710049)

W OE: NETrn e ANEE, R T AXEESHABMARICR, B3R T 2 ER
BATR . 2XEREAR ., HERFGREN R, % LHREEA R KA v 35 2 B0 AT U8 B L
NETHEFIANEG, FREHEL, MRETEL, BIEFABIMXXFETMEL N T ENRES®
Foi, Wit T s HIUR Y R SRk o G R PR OATENEE R, RET Tt A oo € R TR AR B
KEF @, 8B REFFHEEN . BEIT AR, FE G REREL2N ., FEFRLEZES FiR
B W oA R KRR E L

KW TR rmEr; EHGREKMF; HREAR; MG

FESHES: V232.4; TB939; THI13  XEAARER: A  XEHS: 1674-5795 (2025) 04-0104-15

Review on the frequency domain analysis of blade tip timing

measurement for rotor blade vibration
WANG Zengkun'?, YANG Zhibo™, QTAO Baijie’, WU Shuming’, CAO Jiahui’, CHEN Xuefeng’
(1. Key Laboratory of Road Construction Technology and Equipment of MOE, Chang’an University, Xi’an 710064, China;
2. National Key Lab of Aerospace Power System and Plasma Technology, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The principle of blade tip timing technology is introduced. The current state of research on the under-
sampled signal analysis in the frequency domain for blade tip timing is reviewed. The applications of four sensor place-
ment strategies in the frequency domain analysis of blade tip timing are discussed, including a single sensor, dual sensors,
sensors with specific location constraints, and multiple sensors. Four approaches for the frequency spectrum analysis of
undersampled signals are presented, which are time series fitting, band-limited signal reconstruction theory, sparse repre-
sentation theory, and array signal processing, with an emphasis on their theoretical foundations as well as their strengths
and limitations. The characteristics of the synchronous and asynchronous vibration analysis in the field of blade tip timing
are discussed. Furthermore, four future research directions for frequency domain analysis of blade tip timing technology
are identified, including uncertainty analysis of sampling, assessment of amplitude analysis validity, data analysis of novel
blade tip sampling strategies, and intelligent feature extraction and fault diagnosis.
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Fig.1  Displacement measurement principle of blade tip timing
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Fig.2  Flowchart of blade tip timing sampling and frequency domain analysis
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array signal processing
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