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Dynamic extraction method for natural frequency of single-probe blade
based tip timing signal

HU Huahui, YANG Zhibo", JIN Ruochen, YANG Laihao, TIAN Shaohua
(Xi'an Jiaotong University, the National Key Lab of Aerospace Power System and Plasma Technology, Xi'an 710049, China)

Abstract: To address the under-sampling issue in blade tip-timing signals and overcome probe limitations, a novel
method for extracting blade natural frequencies using single-sensor measurement data is proposed. By constructing mul-
tiple virtual signals to frequency-shift the measured signal, the frequency components of dynamically varying signals are
extracted, and the natural frequency information of the blades is retrieved in conjunction with prior knowledge. Simulation
and experimental results validated the effectiveness and accuracy of this method in natural frequency extraction, and also
demonstrated the potential for processing small-sample data. This approach uses only a single blade tip-timing probe,
overcoming the restrictions in probe placement. With the minimum number of probes, it resolves the frequency aliasing
caused by under-sampling, offering the promising technical support for online monitoring of rotor blades in aero-engines.

Key words: single-probe; blade tip timing; under-sampling; frequency aliasing; blade health monitoring
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Fig.1 Demonstration of dynamic frequency extraction
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Tab.1 List of numerical simulation parameters
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[345, 355] 1 6 0.42 67 3 0.1 10, 0.1 1 5 0 67 1 0.1
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Fig.5 Results of small data simulation
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