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ABSTRACT

As modern society uses more electric motors due to the environmental regulation policy and the

energy depletion, the vibration problem of electric motors become important. In this paper, the vi-

bration characteristics of electric motors are analyzed with the consideration of structural-electro-

magnetic coupling effects. It thus simulates the actual operating conditions of electric motors.

The

electromagnetic field analysis is first performed using JMAG to obtain the electromagnetic force in

the stator. The characteristics of the force are evaluated in terms of frequency components and their

contributions. The structural vibration analysis is then conducted using LMS. Virtual Lab followed by

the electromagnetic force modeling and modal analysis. The characteristics of the vibration are esti-

mated from the frequency spectrum of the response and the order tracking analysis. Also the correla-

tion between the mode shape and electromagnetic force is investigated. It is found that the vibration

response is significant when the electromagnetic forces couple with the structural mode. The coupling

can be indicated by the modal participation factor. High modal participation factor denotes strong

coupling. It is expected to suggest the effective design procedure for vibration reduction.
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Fig.1 Procedure of the electro-magnetic-structural
one-way coupled analysis
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Fig. 2 Model of the motor under the study: the 8 pole
48 slot permanent magnet synchronous motors

Fig.3 1/8 Split finite element model for the electro-
magnetic field analysis of motors
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Table 1 Material properties of the motor structure

Stator property Value
Young’s modulus 210 GPa
Poisson’s ratio 0.3
Mass density 7850 kg/m®
Housing property Value
Young’s modulus 68 GPa
Poisson’s ratio 0.36
Mass density 2700 kg/m®
Bolt property Value
Young’s modulus 21000 GPa
Poisson’s ratio 0.3
Mass density 7850 kg/m’
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Fig. 6 Magnetic flux density field calculated by 2D
magnetic analysis

Fig. 7 Calculated electromagnetic forces at 1000 r/min
by 2D cyclic symmetric model (left) and
reconstructed forces on 3D full model (right)
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Table 2 Coordinate and magnitude of vertor sum point

Coordinate Magnitude[N]
(a) (18.5, -11.9) 22
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Fig. 12 Spectrum of electromagnetic force at 1000 r/min
applied to all tooth
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