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ABSTRACT

Acoustic noises generated during motor operation in mechanical system are from electromagnetic, mechanical,
aerodynamic, and electrical sources. For identification of mechanical noise origins, misalignment, unbalance, fan shape,
resonance, and vibration modes have been extensively considered to describe noise behavior. An experiment-based approach as
well as a mathematical approach needs to be adopted for a realistic study into noise and vibration of the motor, because motor
noise characteristics differ from type to type due to various noise sources. In this paper, a brushless DC motor for air-
conditioner fan is analyzed by finite element method to identify noise source, and the analysis results are verified by
experiments, and sensitivity analysis is performed by design of experiments.
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Fig. 1. Test setup; (a)FFT analyzer, (b)anechoic room,
(c)test motor, (d)driver

Table 1. Test setup of noise and vibration

noise vibration
sensor microphone accelerometer
sensitivity 62.05 (uPa/V) 10(mV/g)
average time 500 50
frequency range 0~6.4(kHz) 0~2(kHz)
frequency resolution 1(Hz) 1(Hz)
window function Hanning Hanning
weighting function A-weighting -
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Fig. 2. Total noise of prototype
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Fig. 3. Outline of motor noise
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Table I1. Experimental condition of FRF analysis

item experimental condition
A rotor (motor only)
B bottom bracket (motor only)
C rotor (combined jig)
D bottom bracket (combined jig)
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Fig. 12. Acoustic mode shape;
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Table III. Noise results of overhang
rotor frame .
run order thickness (mm) overhang | noise (dBA)
1 1.2 OK 32.1
2 2 NG 29.8
3 1.2 OK 31.1
4 2 NG 28.8
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Fig. 16. Noise respect to hole size
Table IV. Noise results of hole size
case @ 600Hz @ 2kHz
hole ®25 X 4 -8.35 4.65
hole 25 X 3 -6.41 2.33
hole ®25 X 2 -6.43 -4.22
hole 25 -3.4 -7.12
hole ©20 -2.98 -8.55
hole @10 -2.6 -9.57
no hole -0.15 -11.85
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