542588 =y Al 18 A9 &, pp. 920~929, 2008.

BLDC REE A&t ZElg] AZHA 45 Azl A A+
Study on the Noise Reduction
in the Rotary Compressor Using BLDC Motor

A A St Ay

LA AT o] A

SR

Jinsoo Kim, Kyungnae Lim, Sejin Ku, Jangwoo Lee and Simoon Jeon

(2008 44

Key Words : Electromagnetic Attractive Force(Hz}7]3 919),
Rotary Compressor(ZE{2]l 243 71), Noise Contour(Z~

Dynamic Modification( 7% #7)

109 A+ 5 20089 84

129 AAeE)

Modal Analysis(2Z #14), Air-gap(Z3),
& ZIAME), Eccentricity(H4]), Structural

ABSTRACT

The main noise and vibration 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 enlargement and structural dynamic

modification were applied in this paper. Its validations were conducted by the analysis of the
electromagnetic attractive force which is generated by the BLDC motor and by the measurement
of noise and vibration of the BLDC rotary compressor. By enlarging the length of air—gap and
conducting the structural dynamic modification, the noise and vibration in the compressor was

significantly improved by 4.5 dB(A) and 56 percent, respectively.
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(a) Rotor

(b) Stator
Fig. 9 Photo of distributed winding motor

Table 1 Parameters of the BLDC motor

Alr—-gap length 0.55 mm
Number of slots 24
Number of pole-pairs 2

Current at the 80Hz

10

o 0.002 0.004

0.006 0.008 0.01

Time[sec]

(a) Current waveform at 80 Hz operation
Power Spectral Density

/] 1000 2000 3000
Frequency[Hz]
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(b) Power spectral density of current waveform

Fig. 10 Current supplied from the inverter
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Table 2 Excitation frequencies from motor

Excitation souwrce 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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(a) Front view

(b) Top view

Fig.12 Mode shape at 2nd 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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BLDC RE|E A &8 ZEjz] FTdx &5 3 A5 A7

(a) Air-gap :0.55 mm

(b) Air-gap : 0.625 mm
Fig. 13 Analysis of flux density distribution

—— Air-gap length : 0.55mm

200, e Air-gap length : 0.625mm

=y
[
o

100

@
4

Electric attractive force [N}

o . 3
0 50 100 150 200 250 300 350

Mechanical angle [degree]
(a) Electromagnetic attractive force acting on
stator’s teeth according to rotor position

100
80
60

40!

Electromagnetic attractive force [N]

|

|
20 I

| ]7”

| !

. w. [ I —

0 4 8 12 16

Harmonic order of rotating frequency

(b) Harmonic magnitude of attractive force

Fig. 14 Analytical results of attractive force
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Fig. 15 Comparison of sound spectrum between
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Fig. 16 Structural dynamic modification

12
------ :Before improvement [14.4m/s?, RMS]
10l -After improvement {6.6m/s’, RMS]
L? { 320Hz
By
6

1000 2000 3000 4000 5000 6000
Frequency [Hz]

(a) Comparison of vibration spectrum measured
under the 80 Hz operation
3
g
un

Fig. 17 Comparison of the noise and vibration
spectrum due to the airgap enlargemet
and structural dynamic modification

80

70 [

50

40
30
20

3

{b) Comparison of noise spectrum measured
the 80 Hz operation

L3 ———
200 osess—

v o 9o
- =3 =
® v ©

1250
2000
3150
5000
8000

o
o
0
o

der

o wee 3UY 4 gk
6.2 E

o] 47§ ¥3] BLDC 2Eg] ¢&F7]oA 25



2898 WaT BL
el Fo TR 4RS ol Aty 44
A s‘z 29 2ol A1

(2) BLDC 2H| 5719 &8 A7He Helre
BLDC EES] F8 &AgdoR ¢eljxl 37 EA,
B3 23 uass dodoz REe 483 3
Fol Tastx oA A7 fD A2 Ao 9
# 71 AR E7Ige) 31w sHsAel o
& HEZF WEGAAA o]FAof gt

(3) WAlo] EAalA ke oM xAs A
2EY AAr)E A S 53 F2o] F718hof whe)
AA7)A el Fage dFsigon, 33 29

g 9% F2EZ o BLDC 2H 45719 &%
g N olnd wlwete 27 4.5dB(A),
56 % A% & o AU

@ 7ks 2 29 A2 A8 dA HHxe A
A 7R el s doh s3zke) 2
E AN, 38 29 YR ¥4 A93 %—91
B(whirling)F A& T34 AHe F480d &
w3 Agol Az & Al AFdth Hadd
ANEE AME of A7 WEE Ed2 AYo]
BLDC 282} 5719 &g3t Ao vlAE 4%
of el ole H HFHA o] LHw,
e FF Q77 AYgHelop & Aol

Koo

S -

(1) Park, S. Y., Lee, S. H., Lee, S. 1. and Kim, C.

J., 1999, “Experimental Reduction of the Noise

S Aol #e A+
Radiated by Rotary Compressor”, Transactions of
the Korean Society for Noise and Vibration
Engineering, Vol. 9, No. 1, pp. 189~195.

(2) Ko, H. S., Eun, H. K., Kim, K. J. and Shin, H.
J, 2000, “A Study on the Electrical Magnetic
Excitation Force and Noise Characteristics in Motor
of Interior Permanent Magnetic Type”, Proceedings
of the KSNVE 10th Anniversary Annual Conference,
pp. 1139~1146.

(3) Ko, H. S., 2002, “Characterization of Electro-
magnetic Excitation Force for Interior Permanent
Magnet Type BLDC Motors for Noise/Vibration
Assessment”, Korea Advanced Institute of Science
and Technology.

(4) Lee, T. I, Park, J. H, Lee, S. H. and Hong, .
P., 2007, “The Vibration and Noise Characteristic
Analysis of the BLDC Axial-gap Type Motor by
Using Finite Element Method”, Proceedings of the
KSNVE Annual Autumn Conference, KSNVEQ7A-
34-03.

(5) Kim, Y. H., Yang, B. S. and Kim, C. J., 2006,
“Noise Source Identification of Small Fan-BLDC
Motor System”, International Journal of Rotating
Machinery, Vol. 2006, pp. 1~7.

(6) Ede, J. D, Zhu, Z. Q. and Howe, D., 2002,
“Rotor Resonance of High Speed Permanent-Magnet
Brushless Machines”, IEEE Transactions on Industry
Applications, Vol. 38, No. 2, pp. 1542~1548.

(7) Lee, J. W., Kim, Y. J, Ahn, B. H. and Lee, Y.
S., 2001,
suring Method for Instantaneous Intensity”, Pro—
ceedings of the KSPE Annual Autumn Conference,
pp. 300~304.

(8) Using Maxwell, version 11.1.1, Ansoft.

(9) Using STAR MODAL, version 6.2, Spectral
Dynamics 2002.

“Development and Application of Mea-

== 8/A 1849 A93, 2008/929



