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ABSTRACT

The main noise source of the BLDC rotary compressor for air conditioner was analyzed by using the
measurement of noise and vibration, noise contour, and experimental modal analysis. The source is presumed to
the mechanical resonance excited by the electromagnetic attractive force of the BLDC motor. To reduce the
excessive noise of the BLDC rotary compressor due to the mechanical resonance, air-gap was enlarged. Its
validation was conducted by the analysis of the electromagnetic attractive force which is generated by the BLDC
motor. By enlarging the length of air-gap, the noise in the compressor and air conditioner was significantly

improved by 2.5dB(A) and 4.5dB(A), respectively.
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Fig. 2 Experimental set-up for measuring the
noise of the BLDC rotary compressor
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Fig. 4 Noise spectrum of the BLDC rotary
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Fig. 5 Vibration spectrum measured on the
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(a) Rotor (b) Stator

Fig. 9 Photo of distributed winding motor

Table 1. Parameters of the BLDC motor

Air-gap length 0.55mm
Number of slots 24
Number of pole—pairs 2
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o
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(a) Current waveform at 80Hz operation
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Frequency[Hz]

(b) Power spectral density of current waveform

Fig. 10 Current supplied from the inverter

Table 2. Excitation frequencies from motor

Excitation source

Frequency [Hz]

Cogging torque

1920 and harmonics

Attractive force

320 and harmonics

Electrical torque ripple due
to the harmonics of current

1920 and harmonics
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Fig. 12 Mode shape at 2" natural frequency

(Bending mode)

Table 3. Modal parameters from modal test

Mode | Natural frequency [Hz] | Damping [%]
1 186 11.12
2 325 0.72
3 604 2.39
4 751 2.62
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Fig. 13 Analysis of flux density distribution
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Fig. 14 Analytical results of attractive force

—

= Z
(=)

A
L (|

2

=74 #&
7HA = BH ggste] A7)
stglo, A 2ydEHA =

of og HAke} 4FH7] = Al A
oﬂz‘ﬂ:oi Qx{;q_h _\’5/]\310]
71 e R s AEA Ak webA Pim |
°] 0.55mm ¢ A, AA F=F Sy
0.45mm, 0.625mm ¢l Z<9-= A 33t
0.525mm AE=E AA F=3 o|AA] 2}
o]= 0.lmm AX7} "¢}, Fig. 15 & (+)X Wakol A
= dol WA A} Fo| AFS FAHINY 5 4
o] Ffete] 4£S A AYE 1/3 SEIHE g9l
g Aoty WA FIg gigeA ASS
2.5dB(A)7F AzFE o, A TJJthHOU

T34 315Hz W94 13dB(A) % At

T34 315Hz tellA A3 i%Ol Ak
A& Aol F7t= et I Fure] 4
7l FogR e BHO HAA 0

o,

L1
o

-

x|

[0}

o

)
s

dol+=
3.1 O
o 11
#39

==
5
==
K2

Z o mx o Jg

:ﬂ__j_

S

Eds

32 ri-Eo

B o

o]

5.2 oA 27| &5 MM AS
1m éov 7%31011 OL 717F %
H ol A 0110174 *‘9171
24_01 HE A, o &S
Aol Al 315Hz 9] Ago] 11.5dB(A)
AEFom, dA ASHEe 4.5dBA)7F A
ATk I A3E Fig. 16 ol Z=AE3ATE o] 4k9
2HE ool AHer)e] 315 e 252 ¢
2‘7101%1 ek agoln, 4FVe] AeS

o2 Adere] ol ARHNESE &



O Air—gap : 0.55mm
70 7o [~ | M Air—-gap : 0.625mm
60 r--—-—-—-—-- -~ W=t H -3 - -

dﬂ AR

80 200 500 1250 3150 8000 20000

1/3 Octave band frequency [Hz]

Fig. 15 Comparison of sound spectrum between
modified model(ideal gap : 0.55mm) and
original model(ideal gap : 0.625mm) in
the BLDC rotary compressor
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Fig. 16 Comparison of sound spectrum between
modified model(ideal gap : 0.55mm) and
original model(ideal gap : 0.625mm) in

the outdoor air conditioner
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