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A Basic Study on the Electromagnetic Vibration and Noise of the
Three-Phase Squirrel-Cage Induction Motor - Drive by a
Variable-Frequency Sinusoidal Wave Source -

Isao Hirotsuka*, Yousuke Niwa**, Kazuo Tsuboi*, Masayuki Kawakami***

Abstract: Recently, the demand for a three-phase squirrel-cage induction motor (IM) that
generates less noise has increased considerably. Electromagnetic noise is caused by
electromagnetic vibration, which is generated by the interaction between the magnetic
flux density waves in the air gap. Hence, we have studied the causes and features of
electromagnetic vibration and noise in order to aid the design of a lower noise IM. In this
paper, the radial distributions of electromagnetic vibration and noise in IM, which is
driven by a variable-frequency sinusoidal wave source, are discussed with many
measured data. As a result, it is clarified that the feature of the distribution is changed by
driven frequency.

Keywords : Induction motor, Electromagnetic vibration, Electromagnetic Noise, Slot
combination, Electromagnetic force
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Figure 1. A cross section of IM removed stator windings and case.
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Figure 2. Causes of electromagnetic noise.
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Table 2 Specification of test motor.

Rated output 1.5kW
Number of pole; 2p’ 4
Rated voltage 200V
Rated frequency 60Hz
Number of stator slot; 7, 36
Number of rotor slot; n 37
Skew of rotor slot No skew
Main natural frequencies 506, 1043, 1344, 1684, 1956, 2653, 3313, 3806Hz

FFT Sound level meter
Analyzer Sound level meter
Charge AMP. Microphones
FFT :j ys
Analyzer
O =
=
3¢ 2 IZIJ
200v © o
[
o E Dumper
A~ a4~ Tubber
Volt slider
Floor /
70 Mo 72
Fig.2. Motor noise laboratory. Fig. 3. Arrangement of experimental apparatus.
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Figure 4. An example of measured data.

The ratio of supplied voltage V" and driven frequency f'is constant (V/f=60Hz).
Measured position: 0°, n =31
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Figure 5 . Overall value of vibratory acceleration F,, for driven frequency.
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Figure 7. Radial distribution of 1924 ( = 37f) Hz electromagnetic vibration at f/=52Hz (n=37).
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Fig. 8. Radial distribution of a natural frequency at 1825Hz.
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Fig. 6. Radial distribution of 2220 (= 37f") Hz electromagnetic vibration at f'= 60Hz (n = 37).
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