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Liu Xingmou',He Minglang' ,Xiao Yao®,Sun Xun’,Lyu Xiang’
(1. College of Automation, Chongging University of Posts and Telecommunications ,Chongqging 400065, China;

2. Chongqing Hongyu Precision Industry Group Co. , Ltd. , Chongqing 402760, China; 3. Guizhou
Aerospace Institute of Measuring and Testing Technology , Guiyang 550025, China)

Abstract; The occurrence of inter-turn faults in the electric motor of the fuel pump in new energy vehicles cannot guarantee fuel supply,
pressure control, lubrication, and cooling, which poses a threat to driving safety. To address this issue, this article proposes an online
monitoring method for winding inter-turn faults by combining electromagnetic parameters and vibration signals. Firstly, the
electromagnetic force model containing fault current harmonics is formulated according to the Maxwell tensor method. Then, a multi-
sensor motor signal acquisition circuit is designed. Finally, the improved adaptive empirical mode decomposition method is applied to
adaptively decompose the denoised vibration signals, and a set of intrinsic mode functions is selected and reconstructed by using the
correlation coefficient method. The comprehensive evaluation of the kurtosis-to-root mean square ratio and envelope spectrum feature
factor results in 52.3% improvement in the fault characteristic indicator. This indicates that the reconstructed signal has higher
sensitivity. The consistency between the reconstructed signal and fault characteristics is further evaluated through analysis of current
waveforms. This research holds important engineering significance for the fault diagnosis and state prediction of oil pump motors.
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Table 1 Basic motor parameters
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Fig. 1 Drive circuit and turn-to-turn faults
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Fig.2 Two-dimensional models for vibration calculation
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Fig.3 Equivalent circuit for winding interturn fault
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Fig.4 Magnetic chains for coils
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Table 2 IMF component correlation coefficient values
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3 0.124 3 8 0.094 7
4 0.281 6 9 0.014 0
5 0.426 4 10 -6.801 5x107*
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Fig. 16 Reorganization signals
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Table 3 Plot of Kurtosis-to-RMS ratio

(AN 7=0 75=0.05 %=0.15 7=0.45 JF§%
JanES 0.9322 1.3154 2.1718 2.4911 1.4359
INBEELAMEE 1.3207  2.0922  2.3965 2.3654 2.2148
ICEEMDAN  1.2817 1.4359 2.4062 2.0922 1.9316
ICEEMDAN-WPD 1.4805 2.6769 4.5810 4.8522 2.4036
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Table 4 Plot of EEF ratio

(U =0

7=0.05 %=0.15 7=0.45 JFi%

iR 55 10.698 2 8.5386 7.1923 10.2370 7.3470
NI 22.634 15721 16.692  15.621  15.950
ICEEMDAN 11.345  6.225  5.933  8.818  6.897

ICEEMDAN-WPD 41.011  32.321  49.772  36.909 38.108
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Fig. 17  Vibration envelope spectra
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Fig. 18 Comparison of current waveforms
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