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A Study on the Electrical Magnetic Excitation Force and Noise Characteristics
in Motor of Interior Permanent Magnetic Type

Hong-Seok Ko, Hee-Kwang Eun, Kwang-Joon Kim, Hyoun-Jeong Shin

Abstract

The frequencies of principal noise in interior permanent motor originate form two sources. One is torque
ripple that is composed of cogging torque, magnetic torque ripple and reluctance torque ripple. The other is
induced by natural frequencies. In this paper, the torque ripple and its influence on noise was examined by
theoretical analysis. Understanding relation of dynamic characteristics and noise, natural frequencies and
mode shapes were obtained by experimentation and operational deflection shape was observed. Finally, the
method of predicting frequencies of principal noise was proposed
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Fig. 1 Schematic of IPM type motor
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Table 1 The rélation of supply current
and torque ripple

Oder of Supply Oder of Magnetic Odeér of Reluctance
Current Torque Torque
Harmonic( i ) Harmonic( I A ) Harmonic( | 4 o 4
1 0 0
2 3 6
3 0 0
4 3 6
5 6 12
6 0 0
7 6 12
8 9 18
9 0 0
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(a) Current i, (magnetic torque)
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(b) Current iq *i, (reluctance torque)

Fig. 2 Magnitude of the 6" and 12"
barmonics versus lead angle
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(b) Experimental analysis
Fig. 4 Cogging torque data
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Table 4-1 Natural frequenies(Hz)

FEM Analysis Experimental Analysis
Mode Stator Stator with Stator with
without Coil Coil Coil and Rotor

0 - ‘ - : 865
1 1314 1180 1360
2 2061 1780 2640
3 4846 4800 4240
4 4412 - -
s 9779 - ' -
6 11542 - -
7 12270 - -

D y. e ————

(a) Zero mode(864Hz)

(b) First mode(1.36kHz)

(¢) Second mode(2.64kHz) (d) Third mode(4.24kHz)
Fig. 5§ Mode shape of motor '
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Fig. 6 Power spectra of no-load 10,000rpm Fig. 8 Power spectra of no-load 6350rpm
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