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- Application to Noise Reduction in Outdoor Unit of Air Conditioner
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ABSTRACT

The goal of this research is to reduce noise level of an outdoor unit of air conditioner by changing
its dynamic characteristics using SDM(structural dynamics modification) technique. At first, the
emitting noise was measured and analyzed. The measurement records show the most critical
frequency components which influences on the noise level. Then it was tried to move the natural
frequencies outside the critical frequency region by SDM. Since it is very difficult to get a reliable
FE model of air conditioner, experimentally measured frequency response functions were used to
derive sensitivities that are very important to obtain design changes. The positions of modification and
the thickness of modifying structures were determined to improve the dynamic characteristics of air
conditioner. The recommended design guideline to move its natural frequencies outside the targeting
frequency range was obtained. Then in order to prove its effectiveness, the changed design was
experimentally tested and found that the SDM result is very effective to reduce not only its vibration
but also its emitting noise.
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( E=200 GPa, Poisson’s ratio=0.3,
density =7860 kg/m’)

Beam: 04 mX003mX d m

Fig. 1 Example Structure for eigenvalue sensi-
tivity analysis
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Table 1 Comparison of eigenvalue sensitivities

n | Using FE model | Using FRF | Error (%)
1 -0.6469 -0.6493 0.3773
2 -1.7368 -1.7468 0.5752
3 -2.5897 -2.6346 1.7331
4 -5.3045 -5.2294 1.4152
5 -0.6213 -0.6187 04184

A 53, 2002d/357



Tl

l

s
Il
Il

Wl
|
|

|

=
-
=

ii

i

i

——

2 ot
% 3 st f3es =B ol
& nipwe Zus S9dsZ o)fd wypws 7 Fig 3 (a)9 Zth Fig 3 (a)F By, T4 Fi¢
sty AbS W Zae] Bk 7F 1000 HzQl 89 Ao 7 A& AL & <«
AL 5o THAESS] MAMS g Azge AT wEA FAFI7E 1000 Hzl A<l 895 ~
2 23lo] Table 191 Adsg Sses pue 1118 HzE 34 F3& 9oz Hsdn.
o) &8 T} Fug Swdtas o83 wPEs} I 895 ~ 1118 Hz o8 EE I/AFTE
99 o9 Xo]E Mol AL o & gtk B ox FAAE FTAHA Y WoE Ve A2 i o
AN ALY Fe SRIFE FEsd Rdeyy  TER W FAE W8S o F9 2t A
FEHPOER & Jix wow 7 uzgwst e 1/12 Sele B4 A3E Fig 3 (b)$F Zth Fig. 3
2AE e 7= AL sty Azteg 12y (DE B E=A Fart 105946 HzolA Asol
TZ27) A7) o] A4 AR AL saea AL F AE & £ Yok w2FA B Fae 99
Y Ta= Ao ulo olyermz 4 (9)9) o] & FH THFIF 105946 Hzg tHefQl 10293 ~
zys ogyez swoz & ugpsl 7 9ea 10905 Hz2 A 44 Ade A=styrh
of mj-¢ Aty Azt
42 B (x| MF
4. 2xI7| M7 M2 B 949 AAH R7b 2ES HH3H43Y)
E S8t WHA FI¢ FEIFE FHAC K
B Ao B JHAES AL 72t 72 F A2 IS sEEA AXE SA7EA F 118
A3t Falo 54 Fi5 ooy 327 A9yl A9 kEdAM Far SHTFE FHSAT 53
o =EAQL AAEE dol Utk Fig. 28 £ Q479 FiF SHTEE FEol Yot A B4 g A%
W FEREQ FX7) A7 Aot g e A $24 @40] oA ok wEA
FEe Eol7l S8k Fog Su¥rE ARA 3
4.1 BN Fop g MF . 548 Fue SHYFEFH EE d4e §
AA ool Ayl AW ImolMe] & W o BE WSE FEHL olZFEH nA Fig &
ZAstel A FoE 9L Boeidnh oW FY BUFE AW A Fag SuEE A A
Aol (steady state)®) AEE Zgsh7] st 147k o A3 REE REAE oAb 9 A
ol Al2H S 7HEE T FA3ATL Hal Fg g F99 800 ~ 1300 Hzell agst
2% M A% FisF U B FuE 99 € ALE AHEERoH, A4 dgdM AN &
o2 AFstd I F9dMe FEAL MM sz FE T SEETY AFLE FHF SEHYTE
o &4 53 AFHE 1/3 SuE B4 A Pl Fig 49 2T

358 /st= AT IS =RA/A 12E ASE, 20029



TEE FE4 WAL B9 44 AN - B27) A9 A% AY 5§

SPL (dBA)

100 200 400 800 1600 3150
Center Frequency (Hz)

(a) 1/3 octave analysis

105112 187.288 33371 594604 105946 1887.75 336359

Center Frequency (Hz)
(b) 1/12 octave analysis

Fig. 3 Sound pressure level of air conditioner
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Table 2 Comparison of natural frequencies

Before meodification After modification
1004.18 Hz 1000.72 Hz
1041.88 Hz 1095.05 Hz
1065.60 Hz 1116.17 Hz
1095.14 Hz 1137.03 Hz
1123.14 Hz 1154.54 Hz
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Fig. 14 Measured frequency response functions
of modified structure

Skth REeide Fike WA A, WA F 2de #
A Fog dq FHANM I/AEFE HuT 4
F Table 20 vk 97 A RddMe 44 F3
g el 10293 ~ 10905 Hz el & 749 2%
JEF7F AANeY, M7 F i ATy e B
F A Foe 09 g EAEE #UT 7 U
th. Fig. 139 1, 2¥ XM W7 F 249 F
g $HY F¢ Fig. 149 (a), (b))% Zth Fig.
142 29 &4 F35 g9 dell LRAF57H AA

32 A goEx A FaE g9 Yol Fas
SEEG A8 24 e AL AL £ A
Fz W7 23E A el 72 WA A
Fo) mdo] e $9be viEARYT B F
B4 gellA e 7H4E EFAFE B SET Fig.
139 193 29aA 9] 7MEE A3 JdzZs 7zt
Fig. 159 (a). (b)$h Zth Adigtol 02516 m/s"l
A 01978 m/SE 214 %7t ZAHUL, 05118 m/s
oA 00685 m/s" &2 866 %7 FAaHE AL &4
& 4 9%tk Fig. 139 839 Ao g 2
o] Hl¥X Table 3, Table 49 Aglgo] Uk &4

~— Onginal
- - - Modified

Acceleration (m/s?)

950 1000 1100 1150

1050
Frequency(Hz)

(a) Acceleration (point 1)

P A Originat
- -~ Modifled

Acceleration (m/s?)
o

" .
@50 1000 1100 1150

1050
Frequency(Hz)

(b) Acceleration (point 2)
Fig. 15 Comparison of measured accelerations

362 /2 2SNESSHI=2E/A 128 A5E, 20029



O
TEE TEAH WAE %

T8 HA AL - F

TEI A7 25 A7 AL

Table 3 Comparison of mean values of accelerations

Sosition|  DELOre After

B modification | modification
1 0.0459 0.0254 |44.6 % decrease
2 0.0439 0.0213 |51.6 % decrease
3 0.0448 00314 |299 % decrease
4 0.0412 0.0491 19.1 % increase
5 0.0531 0.0205 {615 % decrease
6 0.0471 0.0215 |54.3 % decrease
7 0.0313 0.0250 |20.2 % decrease
8 0.0363 0.0200 449 % decrease

Average] 0.0430 0.0268 |37.7 % decrease

T’_? able 4 Comparison of peak values of accelerations

Sosition Before After
B modification | modification
1 0.2516 0.1978 1214 % decrease
2 05118 0.0685 86.6 % decrease
3 0.1761 0.1914 8.7 % increase
4 0.3288 0.3687 12.1 % increase
5 0.3850 0.0858 777 % decrease
6 0.4308 0.1534 64.4 % decrease
7 0.1517 0.0952 37.2 % decrease
i 8 0.1560 0.0639 59.0 % decrease
Average| 02990 0.1531 | 488 % decrease
60,
— Origiral
& Modified
50
o
La0
B
30
20
850 1150

Fig. 16 Comparison of sound pressure levels

"Table 5 Comparison of sound pressure levels
_ (unit: dBA)

Before After
. modification modification
1029.3~1090.5 Hz 55.0542 48.2803
B 0~3000Hz 61.6123 60.4769
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Fig. 17 Comparison of sound pressure levels
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