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Identification of Vibration and Noise Sources for Inserted
Permanent Magnet Synchronous Motors of Electric Vehicles
under Operating Conditions

LI Quanfeng , LIU Shichang
( School of Electrical Engineering, Shanghai DianJi University, Shanghai 201306, China )

Abstract : The vibration and high frequency noise in electric vehicles directly affect the ride-comfort, structural safety
and marketing of automotive products. The problem of excessive vibration and noise under the operating conditions of a
certain brand of electric vehicles driving system with inserted permanent magnet synchronous motors is studied and solved.
Firstly, according to the electromagnetic field theory, the analytical expressions of the radial electromagnetic force wave
generated by the motors under load-free and load operation are derived. The order, frequency and amplitude of the radial
electromagnetic force wave are obtained, and the frequencies of electromagnetic and mechanical force waves generated by
the motor operation are given. The Briiel & Kjar 3050-A six-channel data acquisition system is used to perform the order
sweep frequency analysis on the vibration acceleration of the motor under load-free and load operation conditions. Then, the
test frequency and analytical results are compared to find the cause of the large motor vibration. To further identify the noise
source of the motor, based on the characteristic frequency comparison method and using the Briiel & Kjer PULSE Reflex
acoustic camera kit, the acoustic holography test of the prototype under working conditions is realized to locate the noise
source. This work provides a reference for vibration and noise suppression of vehicle’s permanent magnet motors.

Key words :vibration and wave; electric vehicle; permanent magnet synchronous motor; sound source identification;
frequency sweep analysis; acoustic holography
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