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Enhanced Vibration Noise Calculation Model for Permanent Magnet Synchronous
Motors(PMSM) Based on High-frequency Modal Damping Ratio Identification

LI Xiaohua, LU Yue, LIU Yudong, LI Guangxu, ZOU Liangchuan, TIAN Xue
(School of Electrical Engineering, Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: High frequency modal damping plays an important role in the accuracy of vibration noise calculation
models for integer slot multipole log motors. However, high frequency modal damping ratiocannot be identifieddue
to bandwidth limitations of hammering experiments.Therefore, in this paper a method for identifying the damping ra-
tio of highfrequency modes is proposed. The low frequency natural frequency modes and damping ratio is tested by
hammering modal experiment and , at the same time, a segmental damping model is set up by taking into account the
effects of modal frequency and order. Based on the least squares principle , the parameters of the segmental damping
model are identified by fitting the experimentally measured low-frequency modal data, and the highfrequency modal
damping ratio is estimated based on this model. The method in this paper is used to identify the high frequency
modal damping ratio of a 48-slot, 8-pole permanent magnet synchronous motor, and a ‘electromagnetic-structure-
noise’ multi-physical domain vibration noise simulation model is set upso to improve accuracy of the vibration noise
calculation model. Finally, the correctness of the high frequency damping idetification method is verified by the vi-
bration noise experiment of the sample.
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Table 1 Technical parameters of the prototype structure
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Fig. 1 Identification method and verification flow chart for high frequency modal damping ratios
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Fig.2 Stator equivalent model diagram
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factor and phase difference
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Fig. 4 Flow chart for building a segmented damping model
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Table 2 Prototype modal experimental results
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Table 3 Different selection methods corresponding to

Rayleigh damping scaling factors
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Table 5 Parameters of segmental damping model
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Fig. 9 Co-simulation model
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