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Noise Reduction of Fan Motor by Operational Deflection Modal Analysis with Strain Response
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Abstract

Recently, cooling fans have been used with inverter to adjust the suitable operating point of air volume for energy savings.
But that increase abrasive vibration radiated noise of impeller caused by PWM control, and that is same frequency of
career frequency of inverter. The purpose of this study is to reduce vibration radiated noise of impeller by using vibrational
characteristic that calculated by FEM and strain modal shape under operating,
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Fig.1 Fan motor Fig2 Invertor Fig.3 Experimental setup

Table 1 Experimental condition of setup and carrier frequency of inverter

Setup Carrier frequency of inverter
No.l Fan motor
No.2 Fan motor + Inverter 2kHz
No.3 Fan motor + Inverter 15 kHz

60 | = —
O w/o Inverter @ with inverter (CF 2kHz2) @ with inverter (CF 15kHz)

1/3 octave band center frequency [H;i
Fig.4 Sound pressure level of fan motor
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Fig.5 Sound pressur level of fan motor Fig6 Meshmodel Fig7 Frequency response function of fan motor
Table2 Modal fraction of impeller
Mode ID. Natural frequency [Hz] Real. phase Modal fraction
3 4.13%10? i -2.34 0.53
6 7.93 X 102 -147 0.12
18 1.65% 10° 5.83 0.36

a)al 2 kHz b) at 993 Hz. c)at 4380 Hz
Fig.8 Vibration response
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Fig.9 Strain distribution of impeller ~ Fig.10 Strain gauge on impeller Fig.11 Experimental setup

Ze
g
=
o
S 4
=]
& a5
]
2
WAL
F
g
ca
£
C 4
2
43

Viwjpmyerin PC with inverier (CFIkHa)  PBT with inverier (CF 2kHa)

Strain [ue]

o 2000 4000 6000 8000 1000

Frequency [Hz} FREQUENCY [Hz]

Fig.12 Strain of impeller Fig.13 Comparison of SPL
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