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Tab.1 Performance comparison of MCSVDD algorithms

based on different kernel functions
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Fig.2 In-wheel motor test bench
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obtained through experiments under various acceleration amplitude conditions, and a smooth simple harmonic
force surface is constructed using linear interpolation. Then, by extracting the contour lines corresponding to
constant force amplitude from this surface, the frequency response curve of the nonlinear structure under
constant-force conditions is derived. Finally, the dynamic characteristics of a typical bolted nonlinear structure
are investigated. The results show that the proposed approach can accurately capture the frequency response
characteristics of bolted nonlinear structures, revealing the pronounced nonlinear dependence on force ampli-
tude. Furthermore, bolt preload and structural reassembly are found to significantly influence the dynamic char-

acteristics of the connection structure.

Keywords nonlinear structure ; response-controlled; dynamics characteristic; harmonic force surface; experi-

mental technology

Mechanical Fault Diagnosis of In-wheel Motor Based on Weibull Kernel
Function and MCSVDD

LIU Bingchen, XUE Hongtao, DING Dianyong
(School of Automotive and Traffic Engineering, Jiangsu University ~Zhenjiang, 212013, China)

Abstract In order to monitor the operation state of each wheel motor in distributed drive electric vehicle and
ensure the safety of the vehicle, a fault diagnosis method of in-wheel motor based on improved multi-class sup-
port vector data description (MCSVDD) is proposed. The method incorporates two major improvements.
First, a classification judgment rule based on the minimum distance to the cluster center within the class is pro-
posed using the affinity propagation (AP) clustering algorithm to enhance MCSVDD. Second, a Weibull kernel
function is constructed from the Weibull distribution to optimize data description model. Meanwhile, a dimen-
sionality reduction method based on minimum-distance propagation discriminant projection (MPDP) is pro-
posed for the multi-dimensional feature set of in-wheel motor operating state, which improves the separability of
in-wheel motor fault states under different working conditions. Finally, in-wheel motors with typical bearing
faults are customized respectively to collect vibration signals under 7 rotating speeds for verifying the effective-
ness of the proposed method. The results show that the reduced dimension data's separability of observed
samples of in-wheel motor operating state based on MPDP is better than that of linear discriminant analysis
(LDA) , minimum-distance discriminant projection (MDP) and locality preserving projection (LPP), and the
recognition accuracy of MCSVDD's state recognition system based on Weibull kernel function is higher than that

of polynomial and Gaussian kernel function.

Keywords in-wheel motor; vibration signal; fault diagnosis; minimum-distance propagation discrimination pro-

jection; multi—class support vector data description; Weibull kernel function
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Abstract Aiming to address the operation stability affected by the parameter time-variation of the ultrasonic



