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Weak fault diagnosis of planetary gearbox based on IFMD
under time-varying speed

WANG Chao-ge', ZHANG Qi-¢i', ZHOU Funa', WANG Ran', HU Xiong', LI Hong-kun’
(1.Logistics Engineering College, Shanghai Maritime University, Shanghai 201306, China;
2.School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: The incipient fault characteristics of planetary gearbox are weak and difficult to effectively identify under strong back-
ground noise interference and variable working conditions. To address these issues, an improved feature mode decomposition (I1F-
MD) algorithm is proposed to extract the weak fault characteristics of planetary gearbox under time-varying speed conditions. First-
ly, for the key input parameters of the FMD algorithm, such as the number of decomposition mode 7, the number of filter K, and
the length of filter L, which need to be set manually and lack adaptability, an adaptive scale space spectrum segmentation method
is proposed to determine the required number of decomposition modes n. On this basis, the Spectral Gini Index (SGI) is used as
the objective function, and particle swarm optimization algorithm is used to automatically determine the optimal filter number K
and filter length L. Subsequently, the IFMD is applied to perform optimal modal decomposition on the fault signal under the opti-
mal parameter combination, and the decomposed component with the highest SGI value is selected as the sensitive modal compo-
nent. Finally, significant fault feature orders are extracted from the envelope order spectrum of sensitive component to accurately di-
agnose the fault type and location of planetary gearbox. The analysis results of variable speed simulation signals and engineering ex-
perimental data indicate that compared to the PSO-VMD method, MED method, SGMD method, and fast spectral kurtosis meth-
od, the proposed method can extract weak fault information more clearly and comprehensively, thereby improving the characteriza-

tion ability and diagnostic accuracy of early fault features of planetary gearbox under time-varying speed conditions.
Key words: faultdiagnosis; planetary gearbox; time-varying speed operating conditions; feature modal decomposition; weak fault
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