2015 # s Wi fL B3 6 %2 B —PMMT 2015

2015Conference on Precision Machinery and Manufacturing Technology —PMMT 2015

SRS LLNI F LR RIS

ER R

Fﬁi%p?1£/¥,;§_ HhEmly e 2

LR B % AP F o A2 %

2 S A HE R

#F L&

SR SR L A L AT e iR ok R
55"‘3 {#BF&?APi*i?‘ﬁ TR R E B RATL o
* iRl 3% (Receiver Test)# 3 i 4 5% /Bt 5 4
L lﬁﬁé‘f}@’\"ﬁﬁ 5 B e d AT ﬂ i ¥ e

PLERER PR SR T R Y S LY
B E ekenp m’ﬂ‘?’ﬁ-*ﬁbilj’% RN S
HECEE OGS R R T b B RIR ﬁﬁﬁgj

BLFPHETE 2R ER D AoNd B RS =
W13 ~MF A HZE NP L FAFHFE RS
P2 LR BENTFIHT G oENRY \.atp.,
1600Hz R o i P ’E % 2.43dBA ;
BoAF RS AP ARk 3 g5
mvﬁg 5o LR FIR EZ&)@‘.ﬂﬁ’bﬁmrg LN - 3
'lir' 8001250 2 1600Hz > /4 F vk 5 Al & & "% i<
A F Wk g v I 250 2 400HZ (0@ s
%*ﬁfﬁf WHMaES Ll FELRE A RR

-‘5:‘:»-}}:?_, &FE"&F}E’fFT% —La}##‘;ﬁvﬁfhmiﬁ,@(,m i
fioiFEr BBRE e A~ R %R ZHEARGEH 2
KINA F t e 5 BB IR I JR PR 1ﬁ*§§ﬁ’?ﬁm
od e F Hrh

M4k e ARG 4 F s ke
RIFE /)i'— ﬁ

1L =3
By AEER AR OR LA KA o F

A &R R PO R RADER A S
PN N ;?}ir‘ AR RAR T EAR o SR
FWRAF P REXTRLRFRSNE - B
FAFRE REfRA-DE gL - o FLCRERE
éi—??iﬁfﬁﬁﬁﬁ“iﬂ ;ST AR i 4
ERALR - $ N8 F 18k RS ATE 2 dhiRdinky X
Ho g oEES )‘ ‘»Eﬁ%«ﬁsbprzirhg**v ¥ o

B it A A rmf)%ﬁa Bk 3 xﬂ‘/vﬁevg
r¥ #Jﬁz;; p B ‘;,;Je A[1]L & p ehd
#ﬁf" —3 B RARE B g ﬂa’ P 4‘1—3 A
Jy €03 i SCRAEAS S b0 P kg R RS P ET 2
2 A BEFHIR ﬂﬂﬁk“iﬁ'f%” PR ATIE 1F AR AR
W2 U3~ FAE O T ARG RS RS ?’E“ﬁi’fﬁ
VR £ ARG TR BT REH
B2 W SO R BRI PIRBERIERELE
ST REFESET }fﬁ‘fﬁ’}}ﬁ A 4E & 1000 %

» ~=h

3
0l
b
42

4» I \4 \fﬂ\m -

A036-1

N =
e

pre

1600HZ 4 e d LA < 2 % 4 [2] v A R
ﬂﬁ%ﬁ bl vEL ERAEEEZ YRR H TR
W%ﬁﬁﬁ%ﬂﬁ@ﬁ%*%klm%ﬁ11@

%ﬁ*?ﬁﬁﬁfwwwﬁﬁ’a;ﬁﬂéé@ﬁ?

AL A T 0 fE P J’T#ﬁfghﬂﬂi HOphd dEd g
ﬁ@ﬁ% BoRE Tk B RO B BT
U3 ~F A # Ry FROAMESF > L& R p ok

k%ﬂ’f+yh@*%%£%?iﬁﬁﬁﬁﬁﬁ$
Gred B 5 L JROT o
BT Z AL F BiRE Bk MR

BRILEFTENFH TP EWR 1ﬁ’l’§§7 o
2R BE B n*%%ﬁ*’r@ﬂﬁﬁhﬁﬁ—a B2 B
i H R o R 115’}}‘5“;5‘1 CRzE R = o AR
RS G EHT F A 4] & H PR RS RS <)
W E wked SR 2 BRI @ R uR g 3B
O MR R R TR R
f’)"TFLﬁ&X Fzﬁf@ﬁ?“—“ i gk #E@’?')E’rgi*iﬁ

,ﬁvgﬁﬁﬁiwﬁﬁﬁ%ﬁﬁﬁéﬁ&%
i

LEres Mok 2 kiR 2 % A [BlE & BB RR G 2
B R4 FRERERE®RS BT L F],—t;;‘_p';ﬁ‘_g
P L ) SRS By A N H % i

BRI HEE - IR RGRE R R ER RS
ERIEE A v lg RS =B KT %‘Lf?}@ﬁﬁ’b&
a%—ﬁiﬁﬁﬁﬁgﬁﬁ%°4§‘mu%§%ﬂ
# (Receiver test)#F 34w 4 7% B &5 4 18 41k &
Bkt o ) %‘%sp R b E i - fé" "«Eha‘&
% hiRt foRd R B HT R LT R
[ R ﬁpiﬁp., 2 ¥ g ‘J—“fﬁﬁ PRAE e 2 3 A [7]
£ 4407 42 \fi RN AR e R R
SR T A v ok (R e

RN 3 S U ﬁ}\@fﬁﬂﬁi S SRR
3 ERE piﬂi}f@ﬁ#‘-‘?‘*’ R AR
Wekg F o B IR e XL
ﬁ@aﬁ%’aﬁz+%pmd ﬁ
ﬂ’ﬂﬂﬁﬁﬁ%@m% SN SRR
A FET I BEEE S F RS 2
&Wﬁﬁ@ﬁwzﬁwqﬁaﬁﬂ%%ki
Tovst s BB T L L F R kS ?‘%J‘%_ ]

o

{

7131

TE oy N 3

e

*ﬁ\ W

%

my S

¥
T

2

y
¥

~
7
.

fi““‘

o .m‘?

B N g

)|

i

ﬁ
ﬁ

N s 4
A o

~

e
iy

o

m}gi mhﬂ

iy

W

N

)

<~

o

&

Bs i F SEFE O i RAS > kAT
IR s AARBEREALE
-

B e



2015 # % 8 40 &2 Wi FHA3 6 h  F —PMMT 2015

2015Conference on Precision Machinery and Manufacturing Technology —PMMT 2015

BT  SEEThes A e M= SR R
ARl g R AERRE T%{”’“'réﬁirﬁ“ﬁ%% “H1ls
R iR S R Nw&klﬁ»ﬁéiﬁ*’W§
R T TdR S R (source) A 4 drds 0 £ B f
B 4% (path) » B f5 £ A% 4% dc=d (receiver) # 4T o At ﬂ\
v A RGWEINL F L S0P RR
Tk e BT o
e ch i FEF3 % a3 bR
/E'"l‘“ﬁk@ﬁﬁ& A F B kW HiRE R
= T g VR4 ﬁ ’B‘gk 'FFS'}& 4 2 s g K@ﬁﬁ#ﬁk’i’
z%%@%mﬁﬁ%ﬁ,ww&ﬁ‘w%oaﬁﬁg
B s f B4 @i (Structure Path) 2 2 § @£ (Air
Pmo@ﬁgi;d@ﬁ%wiﬁé LR R
*ﬁ B LA L R
Al Sl pOARIE S R WO AR ] B R T
Wmﬁ“ﬁﬁ“%”ﬁﬁ“%%ﬁapﬁ*ﬁ*°
FAFBERAMLL F R S ESEEFN &
X B RS v‘iE(Sound pressure level) ~ 1/3
N & #E ¥ 4 3% (1/3 Octave band spectrum) ~ #0447 2§
(Linear spectrum) > 7 fE4 F s A /R FH G /R
FHREE T 2 g B 02 BipeER S S § 0
B2 Mot eB2 5 0 H 12 FIREETE
SRR BIRMNLAE L DR RS RE
BRI SERFLAFTRERI LR 2 ERARE
Bl fREE AR IS >R 3 ERBRILEES D
YT AL o E]" VOUFRLER Bk AR S 2
d Fa T o BRI AT D andR B ek 5 AR SR

FI* SR BArs gk 5 13 N AR kS
B oAy LETARR AT T A b hiFHRE Sk
] ﬂxf""‘m&éﬁiy]“}od\? LERFFRHEARE

ol S e %ﬁhﬁgq~f—§5°

3. R g A

Pl @R A BRI ERIT R AR
.gwgﬁajmﬁaﬁ~¢/§ﬂ&iTa@ £l i
B SRR R RS2 RS
FAsekg L B

HFAER KRBT L FOEHFSTRE R R
i fnz o BRIEs FER 2P B
b RN RIERS F 8K 30 20 Ay BHEL F
kS M1~M6 fi;‘i e 4 G4 F RS BRI REX
T’ri.Fﬁ?I TR A F kg LR

L Spi%w‘—ﬁpﬂ’}*"kﬁ“r 13 5 4 P ek 5
£ ‘kr@ S5 A FWIIENIH LT HERRA -
s BEFAFP AT IREPFERBEZFHER
R 6 FAFWFIAENELZFHERIE -

RE SR L WA RIF dmﬁﬁ%%lﬂﬁ
5000Hz 12 p > %] v;z.a—g R A O
0~5000Hz » & BIFE & % ximﬂoﬁﬂiw%%
&R A ek 10dB oo BRI k2 Bdp 7 €
A IR BT

B

A036-2

Input

Output

‘

System

‘

Source—#

S1ruv.ture ”(! Air £
P ath 7 | Path ,

—_— T —

f’(t‘ ) |
eceiver

W23

5 p(t)
= a(t)

PR E

Bl 3425 ek 2 s

FlE F
B2 HEEE T SR

AT
(linear band)

13~ 5 47 2#
(1/3 octave band)

ok £
(dB/dBA)

*
=13

i
#e5 p(t)
¥ a(t)
A2 18]

NS Rate ks




2015 # % 8 40 &2 Wi FHA3 6 h  F —PMMT 2015

2015Conference on Precision Machinery and Manufacturing Technology —PMMT 2015

(b)& “F A%
T 2 2RI H
4. %83t
FABGEBRAF VLR FEM R
L“'J‘?f'ﬂ'ff”’ ’é’ié"}"*ﬁié RS e K
E AL F IR R

A F RS L

£ FHERT ﬁ-&@ 1}11"}5‘ ERER N E = Lol e
AL I R SRRV N @”1“—?7\ i 1 3R
Zﬂ*#ﬁﬁk’"‘?ﬁ‘ﬁ‘q’?ﬁ” it A I E’ém%‘mﬁ‘a@

Rl s AR E & MAo d

*‘Pﬁ"@%’ﬁﬁw’ FeRg 2 U3 ~F AR
B RS R TL F LR ek e i
800~ 1600HZ FOATE M T a4 sp pE i 250 ~
400sz§Eq f?}*’c/imrﬁ Y HEE s Sfsd B 8 Mt

SR

FE-H ¥

200 f 2 M6 ing o2

- 1 1 1 1 |
0 00 WEIDU 1500 2000 2500 3000 3500 4000 4500 5000
f 1 frequency (Hz)

o W6
m 1‘ ___________ :e_._ T
40 = 1
- ! ‘ Jv —E— I
E il ‘ |} ‘ 1
2 L N
50 MH: ‘\ |\H‘ | Ll ‘ L . ‘ \‘I 1
a i 1
1
10+ 1 |
1 1
0 1 1
1 1
A0 L 1 ! I ! ! I | I I
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
R 0 T TTTTT Teency(g) """ T T T T T T T 07
1
/\E 1
1
2 1
o !
R 1
1
1
1
1
1
1
1
1

SITERESY. 3

BT L F 250 400Hz + iv H2.% %;—ﬁ_\ & ﬁ_g RaE R E R
& oo < o
K Bare cold_high | &34 | 3#at st
LSRR S F R M1 48.56 47.02 1.55
TN M2 48.62 47.35 1.27
,ﬁ LL in F % {tff_ rii ’# (] Tﬁ .ﬂl @E % #& '{ﬁ ’5&
RS Lah g f M3 4834 | 4683 1.51
M1 61.13 48.56 1257 M4 4977 48.47 0.9
M2 57.38 48.62 8.76
M3 58.67 1334 1033 M5 49.08 | 4685 2.23
M4 62.13 49.27 12.86 M6 50.82 48.39 243
M5 55.82 49.08 6.74
M6 63.21 50.82 12.39 .~ AT
1111 R AYA:;}QQJZ AY=16.76
M6 AY=3.17
- % 800Hz
250Hz 400Hz | 1250H
EE[ 63Hz &Z ‘ 21600Hz
40 - - T
g o —— W5
s T =
/= —&—
F o)
B, ‘ . &
__EEERN;?E BEREERE §E§§§%§§§§§ /ﬁ
}'ﬁ 60 _‘E:],
#‘§ y 0 ‘A“ 2 ChlFPa, |_&h 2Pa \.h?Pn. Cha Pa,
i o i
M6 7ﬁ &
20 > =
H
N eyesuzssfssnsaksbsgzaagigs Tﬁ‘ ol
B 7w SR GE S F R 2 13~ AF TR RS U3 NS AR ST

A036-3




2015 # % 8 40 &2 Wi FHA3 6 h  F —PMMT 2015

2015Conference on Precision Machinery and Manufacturing Technology —PMMT 2015

403 RMEHEE AL AR EIR
54
cold_high aim [ jou] giagan

M1 47.02 47.36 -0.34

M2 47.35 47,51 -0.16

M3 46.83 46.48 0.35

M4 48.47 48.72 -0.25

M5 46.85 50.49 -3.63

M6 48.39 48.15 0.24

dBA

L
HE
H
&} -
¥ —=— 5
F
5
a5 o Ml
3 . S T 1 R
20 ‘
BT T R T N i T T T T T
frequency (Hz)
Chl:Pa, Ch2Pa, ChiPa Chd4Pa,
w0
—-—
p
4 ’ -
f ol ] e
. 0 —&— M5
“h g ”Mwh ety
A T Wil
2 20

o 500 1000 1800 2000 2500 3000 3500 4000 4500 5000
frequency (Hz)

B 10 4 F 87 /@ ch Bk 13 ~ 5 4 5H 2 AU AR GE

Mﬁ Ma%‘z&f"é‘fi #Biﬁm’l’fiﬁami
od B O 54 F L M % &AL F 18/
theks 13 ~ 5 43 2 SULAH BV w'ﬁﬂ

1R MY g & 1600Hz 12 b e E o
Jl T6dBA > fe i E kS 2 ¢ #4250 ~ 400Hz

2

J o4 o

o

-
Q@
I
F_
o

P "’}ﬁfﬁ*"?" 1dBA rip > 7 g Z 55 ¢ "’}%’ii’é.ﬁéfﬁﬁv
F skl e 4 o d B 10 34 F 187 & &R 13
NEHEHE MM BT L E T 4
is ’%}“ AR ek R4 0 B M5 i'_
LIRS T A AV HgE 250Hz =
S Y TR RS L R

—*“‘T

\'ﬂ*’ e

SR
B i

PR EARFAFWE LG PEE A
%%@ﬁ%*%ﬁ%ﬁm“ﬁ»”n4% B
BERFLPE B AP E - A& M6 r’v’ﬂfija"_
e ~ 3 ’]‘ﬁ*i %w%{,}ﬁmpﬁg‘* “§1'§°E*§]
11~12 aﬂ}zﬁg}\)&mﬁ&w ;Fﬁk;cﬁg—a\l/fg »\_‘j”:?—%;
AR 2 SUMAR R R R GES e KT F L
& k) o F riE 5 800~1600Hz 7 %ﬁ;"“ l“& AR
#g & 250 ~ 400 ~ 800 ~ 1250 ~ 1600Hz i 28 ¥_1 & w3
TR R B LI f Y
800~1600Hz 7 M &g e % » @ ¥ w4l & 250 ~ 400Hz
A F ﬁ‘iﬁs_lﬁ AR S 2 ﬁlﬁ’rli*iﬁ% o

WA R F SR B

N

oA RBSARGHET I RS F B
R A
N ) 4 # T3 E
g B R4 f
7 @‘ﬁ% /:’ 71’)& 7 §f< % F]_ “F
M1 61.13 47.36 13.77
M2 57.38 4751 9.86
M3 58.67 46.48 12.19
M4 62.13 48.72 13.40
M5 55.82 50.49 5.33
M6 63.21 48.15 15.06
800Hz
63Hz  250Hz400HZ | 12502

IiEEL

EH R ER Y

aaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaa
aaaaa

1

2

.

2

2!

4

5l

E

o

2!

&

0

1

o

0

3
&00
1000
1250
1500

3 \0-/ ——
0k
—G—
—&— M6

-20 —H—

40 I I I I
cneguuwoglegeuestwzcsglessaelesges
CLERE2IRBREBNEE LB ERBEEE8EERBRE S

ai 5 SrTRUsFRElesd el RS g

B 11 i RS 4§ R 2 13 A 5

A036-4



2015 #F m s W P HA § v B —PMMT 2015
2015Conference on Precision Machinery and Manufacturing Technology —PMMT 2015

@ LRFIEG S LR S

Chl:Pa ChaPa ChiPa Chd:Pa
6. 34 %
L 3fHo Far HER T4 vl

m““‘ ¥

.
|

B “N = | BT > 20035 TR g B o S A

Fog | EEEE P11 LY

I | EVESERE P W-EY Ly ey

iy W s 1981 -
o 2. Afaf 31 d o 1Mo 0 20130 T g
R ST L Ty Yy
! * o ¢ FAREE LR 1 EE 21 5

E 3 i BHFIIE 0 S HY S 0 AOOLL -

T E 3 52009 RIS S 3
| M GO o RS § 200
| $1% % 149-152 F -
|

1 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
1

""" B - - oo o - cmmnr - 4 TAEH 2 A ML F AT IR
L 2012+ RS R 2 e d 8 4R T
4. & ATy 0 2012 E i REA R G A E R
@S RGH A F BT RT I T St v %5t Nol7

Vi 7 e LB S e 5. Zfittc 2w Ao L § T 2013078
o EARHGHEENLFHL RARGEIL SRR B F kg E e 20 2013 A
& B ofF F A 800 ~ 1000 ~ 1600Hz M &7 FHELUZHFRFE S S Hh2 i

G > bl F s ehEd AE s T 250 G-017 -
400Hz § s e7@ w5 6. A HFE R M A 20120 T
& R mEtAFL g f kg WSR2 R F L R T  AA
Bd cHfF 1600HZ 2 P B E T kih LHGPHFA G B R R R

A% P i F 2.43dBA 5 ¢ S S 250 - G002 -
400Hz 33 t o 7. L IE S FHR > 3545 2007 - rﬁ*&@fﬁ
® JIRUESTEFRIRINE SFBEL Pk S0 AT R LSRR R R

Wﬁﬁwawﬁrﬂ¢qr¢ﬂ* Ms 25 ¢ $38 » $1101207 -

’};p’!&?‘;ﬁi_ﬂ ’?Bh{%ld Iﬁ?g‘;md‘f#

800 1600Hz AR TR 1L

800 ~ 1250 ~ 1600Hz f;i ’*
A L REW KT
800~1600Hz 7 ﬁ9 BT v
400Hz 24 F #5183

A o

® s 250 ~ 400 ~
k3 ?};{—f;m

B4
#

e »a¢.1 250
e ek TR A

5. k3

Ao KEMAHRILGF P 103 2R A4S
@m&ér@m%ﬁwaﬁmmaﬁﬁﬁ%%@@%

A036-5



2015 #F m s W P HA § v B —PMMT 2015
2015Conference on Precision Machinery and Manufacturing Technology —PMMT 2015

Noise Characteristics Study of the
Rotary Compressor Assembly to Air
Conditioner
Bor-Tsuen Wang?, Po-Hao Chen? ,
Yi-Zhang Yu!, Sheng-Jie Lin?,
Wen-Chih Wang?

!National Pingtung University of Science and
Technology Department of Mechanical
2 Rechi Precision Co., LTD

Abstract

The assembly of the rotary compressor to the air
conditioner may incur unwanted noise and vibration
problems that are the critical issue to explore. This work
aims to perform the receiver test (R-Test) on the rotary
compressor and air conditioner, respectively, so as to
examine the noise levels before and after the assembly
of the rotary compressor into the air conditioner. Since
insulation layers are generally wrapped around the
compressor body to reduce the noise level, and the body
case of the air conditioner is also applied to protect the
inner components or reduce the noise emission, the
experiments are also designed to examine the effect of
insulation layers and body case on the noise emission of
the air conditioner. Microphones are applied at the same
locations to measure the radiated sound for the bare
compressor only as well as the air conditioner with the
same installed compressor. The overall sound pressure
levels (SPLs), the one-third octave spectra and the auto
spectra are examined, respectively. Results show the
insulation layers can effectively reduce the high
frequency ranges above the 1600Hz central frequency
bands with the total reduction of SPL 2.8-16.8dBA. The
body case does not contribute to the noise reduction at
all or even incur additional noise. The important found
out is that the high SPLs of the bare compressor at
several central frequencies, such as 800, 1250, and
1600Hz, are largely reduced when the compressor
assembled to the air conditioner. In examining the noise
level of the air conditioner, the relatively critical bands
for the compressor may need to take 250 and 400Hz
bands into account additionally. Corresponding to these
critical frequency bands, several structural resonant
frequencies appearing on the noise spectrum for the
compressor can still be observed for the conditioner and
need to study. This work presents the experimental
approach in characterizing the effective solution of
compressor noise, in particular, assembly to the air
conditioner. The approach in improving the bare
compressor can be enlightened with different aspects.

Keywords: rotary compressor, air conditioner, system
assembly, receiver test, insulation layer
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