creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

oz ]l Al

5 ok =
w A )
"X
o
o AF
ol _
T Mo oW
= M W
% in s
o o X
Wy A
G
o X il
el = MM
£ mm !
= 0
< —_
@ oo ®
ol )
T ox
o 3
= il
W X0
N EOC
T
s _ W
5 X
< = H
e M
I .
T 37

S

ro}.

]
yl

SFaL A}

A 7l <ts

[

: 2016-20698

& o U
& |

13



e
it

EL s i
a=h K eeeeeneee e i
B EL P e e v
TIE] I | e v
1. A K O 00 0 P O IO OO0 PP PO 1
0. TFBL O] EL woereessmeisseee s 3
21 T E] T oottt 3
22 EAIA LA FATH 3
2.2.1 Three—coupled SYStem - wwwremsrssemssimsssssisisisinsinnes 4
2211 SEAZ o] £3F B3} 210 AAL e, 5

3. BN BT ZA] Z A s )
3.1 T ]I ceeeeeerent et ]
32 BT} Al Z A H] e ]
321 Z A AU TPEEIE crereeseeesseressssisssiss s 9
3.2.2 Z A FFH] erererenereiei e 9
3.2.3 TP A E] oo 10
3.2.3.1 HOmOZENEOoUS panel - - wwsesssrmssesmsssmssmsssssisssissinsinsnees 10
3.2.3.2 COMPOSite Panel « - wweesressrmsrmmssimsssisinisissssssnas 11
3.2.3.3 FEO AFBL corerreerertintierienii s 12

324 ZAIHFH] coeiiini s 13



331 j,HLEj_o lE,_jl]_ '/L;.\‘/,—?_qu 74]/3__ ........................................................... 13
332 2RO E} £l 0] AR e 14
3,33 TE QAT weerreresseesseris et 15

4, T2 BALS B Bl A1) FJA] e 16
41 2290 G FRE 0] LFF FElE] 16
A1 FEQAFTF ceereeeseeeseessesssesisse st 17

4.2 Acoustic cavity }\g }6] ......................................................................... 17
5 7‘__137/]. .............................................................................................................. 19
51 22 O] Eh Al EA Z T e 19
51.1 %Xé 75_7/]_ ....................................................................................... 19
512 @ o] WE RO EE 20

5.2 SEAE o]_g_:l— J%_ﬂ]. &2 EH}*\# 7&34‘ ............................................. 21
521 AE FAo] WE TL BB} s 21
522 Air gap F700] W2 TL HS} e 23
523 22l Fxo] WE TL HB} o, 2

6 7%% .............................................................................................................. 26
Appendix. ¥ Z2u1o] B} £A A 28
T R 32
AADSEIACLE «eereeresesmssessmssssssie s 33

) [ TR |
i A -||'1_.]| '



31 Frequency range Of SPACEL *wwrreserrrrssnsssssnnssstitit 13
5.1 Overall level of Grommet @ ~ i «wsseeesseremsseremssssemsesenssesanenaes 20
52 Classification Of grommets ............................................................ 21
5.3 Overall level according to rubber thickness change -+ 22
5.4 Overall level according to air gap thickness change === 23
5.5 Overall level according to grommet structure change 25
6.1 Comparison between experiment and simulation -« 27

iv e':rﬂ-! -Cu':l - 1_-.]

| &1



I
jait)

S N " et T
RS o /S« D « PN\ |\ |\ R oA « /NS« NN« \\ SN\ \C N o\ A oo

[
jait)

2oy = o3

21 Diagram Of threefcoupled Systern ............................................ 4
22 SChematiC diagram Of Concept .................................................. 5
31 SChematiC diagram Of MEASUTEIMNENT wrrwrreerereremereresemseenneeaeees 9
32 CrOSS Section Of homogeneous panel ..................................... 10
33 Homogeneous panel ..................................................................... 11
34 CompOSite panel ........................................................................... 12
41 Panel modeling by VA OFLE “+eereererssmssereeseestosuetuttntontttnetuteecanee 16
42 ACOUStiC CaVity ............................................................................. 18
51 Transmission IOSS Of grommet a ~ 1 .................................... 19
5.2 TL according to rubber thickness change - eeeeeeeseeeeeeees 22
5.3 TL according to air gap thickness change = -weeeeeeeeenees 23
54 TL according to grommet structure change -« «eeweeeeeeees 24
a Transmission 1OSS Of grommet G ererrerereerereesestesttititieeee 28
b TransmiSSion lOSS Of grommet b ............................................... 28
C Tral’lsmiSSiOH IOSS Of grommet (S IRLR L L T T P PP PP P PP PP PTPPRPPRPPRPPRRS 29
d TransmiSSion IOSS Of grommet d ............................................... 29
e Tral’lsmiSSiOH IOSS Of grommet LSRR LR T R P PP PP PP PP P PP PP PP PEPPROPRD 29
f TransmiSSion IOSS Of grommet f ................................................ 30
g TransmiSSion IOSS Of grommet o SR L I LI LI L 30
h TranSmiSSion 1OSS Of grommet h ............................................... 30
v fr-i: _u::l



229 i Transmission loss of grommet i

vi



1. A &

A5 2= A gld el 984 air-borne noise? noise source?l <7 =3}

Azl Al das 24F 4 ARE d2st7] faiA A7idEe] HAY
ofofstal, o] ARE Hr|Hoew HAdstr] Ha A4F =AEol dirlwd
< st "o old HAelM Y= oY FHER dste] Al
ol Fab S ol FE7] A mlaste] AA FaskA "l o
23 Ae Ber] A tiAsdol A Rl Aurtes FES IR
doleti == nFAde] vE St =S A8 5 HolsA ¥
oo 2o o] FA Al S Tl e <ls) dAl thA
Ao FapEHdoe] Wojx= F5 ARAIIA At

A A e d o] A3 u

AB) &S 7RI Q7] wiiEo

g
o)
4
g
N
fr
N:)
o,
_>|J_1‘
N
o
r

)
)
rlo
PV
rlo
i)

4l

k1
r >
o
offt
%)
_O|L
rlr
)
a
o
L)
N
=)
M
9



= 2z T3 A4S ATV A NS AAsLAE Skt
2ol = a2ve] T &4 wde] 9 oA fsk FA4 oy A 3
A (SEA)] thste] Lol r ). 334+ Sound intensity method=

ol g3te] Al AolA AHgEE amde Fi £4e 49, v

S BN 22 ERHEgeH 4T s of 79t SEA 4§ ZE
S ol gstel nEMle T3 E4S FAAATY] A el gl

ColE Ede a=ve £

e

Ae AR g AN P



2.1 #ed

of HolAd ©E W& FAA oluA iAW (Statistical Energy
Analysis, SEA)e| tiste] A7lE b W&ol & AFd A= AlE

ol xZzadWog ESI GroupolAl #|#3k VA oneolgls Z21d
Ab&etedl, o] TR E FAA duA fAHE o] &t HA
A S gt A= 3 oUA Y 555 siAetal At AHE
Aikget 58] BAA ddA siAH I VA oneoldts= Al&dolAd 28

ade 4ol ABUINS A RaYstu, T E4S s

rlr
pou
=
%0,
2
o)
=
X
o\
o
2
=
oo

o] 7] wfjitol o] oAl A = &
A, 7]dko] H= o] oldldty] fslA TSR SEAS W&
HoATo A Qs B8 Three-coupled system¥} o] o] &3t F

3 £Ae AN el talM dolREs d

AR oA 24

>,
it
flo
ol
ol
i
Lo
w0
c
o
wn
]
wn
28
D
S
=
>,
K-
Avs
X,
10
ot
il
-
4
e
ol
o

the bgEtl 233 ABAUAY  Fae BAsE wwom

3~400Hz ©]*e] FuF3k oA air-borne noiseo] 7]¢1d AL&



14871 918l Ab&3steE 7IWelth subsystemol A o] olux] EE
Asto] B4 A4S A= Al2de £ EAS WE T g9
A zhaek RS Fake] dolE ¢ Ut
webA a2EY Zo] HAe A4S VHA L e B4 tad RdES
EaA Furodelael AE, S 54 ol 4 3luk
2.2.1 Three—-coupled system
2 AT = A5del EAEE ¥ (Source room) M E, T A
7F EA8F= &7 (Receiver room) A, 18|31 T1 Afo] & Hho dl
AFoA AAZ A25S dEste 42U (Path) tiAsido] EAstE =2
SEAE o] &3ste] Rdwy 3 49, Three-coupled systeml & R o]
7}5 8}t
Hin-l Hinz Hing
I3
P—
Receiver
Room

I, |
Path
(Dash panel)
Hdissg

Source
Room

I3
Hdissz

Hdissl
1= 2.1 Diagram of three-coupled system



o thololaRel A wol oA BES Aow Faa,
Hm, :Hdissl+H12+H13

o=z ygd F dedH, odyA 55FE Ry A¢ damping loss
factorg o]&3te] F#ABAZ Fd}HE U4 (Source room) WH] &
A (Receiver room)2] AUA7} & 7MSsaAER B3 48 jLE

Ak

+

2.21.1 SEAE ol &% T3 &4 ALt

Receiver
Room

Source
Room

%‘ Source

JH 2.2 Schematic diagram of concept

Path

MLHNDIIN




o

| 432 system? input power’} Source rooml|RF EASFIL LpH X

-
s

A

T =
= /\Lﬂo] 1==4
iny’ = ing 0

o] #rk gk kd 221 A9 2SS damping loss factor®} T3},

modal energyell 3k 2o 2 W3sH

= + S — S—
in, WLy T Wty n, n W3\~ n,
E, K E, K
Hm2 = wiy By —wnyony (71_ y —)+ WW23”2( , - 73)
B L E, E;
Hi’rL3 = wig By — wny3ny (”_1_ n—g) — Wiyl (n_2_ n—3)
o] #tr}, o]uj
E E
s 3
LT g

olet 714 aolA B/ES Talud,

ny
E 7713 + 7]7 ad( )/ (nmt + 2nrad)
3 m

E) n, ny
T3 + ( )7713 + ( )nmd
3

of BAZE YIS & F dn

, °]& o]&3te] Pathol <3 F3}

rhr
>

= TR,

ACT

E;
TL=10log— Z, . 1010gw110



!

o] ¥ o] oA

-
R

o o1 A

St
=

=
=4

=
=

I &4 Hely

il

HF © 2 Sound

/\EI

] §-3}o]

=
=

intensity method

bl 7%

J|

3} o] mHY

&k At

K



}o] sound intensity method

°

SIS

=

4 azye F3 &
RUN

tol 2

o

R4

3t A7t A BES V)

31 #He

3] 9

S

1l

—_
file)

-

ol

At yANA A7|E=E F7FH 2 sound leakage?d S A

Iz e

o

o 2o

A "k 27

293

sealing ©|

7149l

-

A of| Aoz azd Al

al
€]

—_
o

o
<

it

Gu

md
2

1

1l A

Aol ths

sl

=
=

sound leakage

-
R

ol A 7]

1k

=T

2] <

% Sound intensity

)

o
pal

)

=

}o] Sound diffuse fieldE =4

°

o] &
WE0o] Semi free field



321 =4 A MEgFx

EESEAL Intensity probe H} B SpAl
I_QFE B&K 3599 I_TOFE

il

Source S
4{ B&K 3560 front-end ‘——‘L[

13 3.1 Schematic diagram of measurement

1

a9 313 #o] zHekAo) = Loudspeaker 2tHS A ] 38lo] sound diffuse

2
o
>,
1o,
ulles
2
o
e

field® %43+ ¥ booming microphones 3] Al A zHaka

o
ol
2
4t
B
o
Lo

dotth, b wrESEA oA = Intensity probeE 9]

W

T
1
o
1

Sound intensityE =A3tal, F HoHE o] &3slo] Fhekalyf

Apelel A s Fah 4 T

322 57 7]

2 AT s aRde Fi &Y FA4S f8§A B&K Sound

R

A

intensity probe, B&K Pulse analyzer, #rgF2 Wb F3k2 B&K 1/2°
microphone, NEXUS, QSCijit: Loudspeaker 2%, microphone calibrator,

sound intensity probe calibrator 5 ©] A& % 21t}



323 M A¥

Tl =& 5y &4 s JHAH, 54 WA o= AHAAEA F
3} £2lo] U3 panel®, ¥ 9] A= Homogeneous panel®] 42
2 (&924) - 2t steel panel - 20t 85K PU foam - 5t Heavy layer

- 7t PET felt - 15t steel panel - (F24) o AL 7IAx 29

o
_0|L
2
£y

72 3.2 Cross section of homogeneous panel

10 f:fJ ,-'It-] ——3.' E/H --'I":I_]'r_

L AU



712 3.3 Homogeneous panel

3.2.3.2 Composite panel

Homogeneous panel?} & 1AS 7HA] = dldo|xnt djdo] A F o
a=zvl Agte] 7hed FHo] By ol azRHs AFA dAds ¢4

=t 229 2 Ade dde] Gy

A
_%'L_I‘
I
il
NS
Ny
7o
i
>
i

>4

il
o
ofo
ol
ol
i)
iz
il
0
o
o
g
o

HAA g o] Z9} Heavy Layer, 18|31 FHE

=02 HE9 sound leakage’} LA A 2 Fol i},



13 3.4 Composite panel

3233 FYAHE

Panels &94d3 #54 Atole] AAd wf, Clamps ©] &3}

=, o Wl AUAA AstA nAste] el Wine] sk o] ThsiA A

At Wgol dojibA BES fol k.

12 DG .-"'tt-]



084 x 0.84m* =71 AlHol|l dAg HAow FAHHNE Fo QAEAH
£ SASAY, panels AAHoR 22 RES a2 2,

=

EE &5 wedgegs

_E
tlo
o
2
>
N
N
O
Lot
i
4
30

Fed EoA R

x| &Fo] whE-ERA S FA Sl 1] il o]w, intensity probei spacer?
1)
=

dolg 243

spacer i 4 7bed T WY
8.5 mm 20 Hz ~ 6300 Hz
12 mm 20 Hz ~ 5000 Hz
50 mm 20 Hz ~ 1250 Hz

# 3.1 Frequency range of spacer

3.3 ol o] At
331 ¥d e F3p &4 Atk

=% sound pressure data®} sound intensity datat™ sound intensity

method& ©]-&3ste] 73 &4 & A=

13 2 A= g



e e aggolael AuAE [ okdst 2e 42 o] g3l

1)

3.2.19] HMH & o] &3l Homogeneous panel?} Composite panel®] 3}

=28 3t aglar Z2H2Ee] panelol] ™3 Transmission Coefficient

. 1 . 1
T(:mp - TL, ’ Thgp - le
10 " 10 1
i 2l T3 Al ofei o] WA thd e E o] &5t

o T3k,

14 A 2-t)] &



A

hgp

T — T
cmp hgp
At ot
T pr—
grm
A_z]rm
A

tot

o5 &Flo] HFH R dojx e 2R T} &AL vgi g

1
71, = 0og——

333 F9] Abg

ol2xog dlo] AXA¥  Composite panel® Fi £HS
Homogeneous panel®.t} @AY 2t} 22y} 7+ Homogeneous panel
Hoh =& 2497 ded, od Aes 22U ARA 540 siA
WSk A "o AF3 99 A  Homogeneous panel® Composite
panel®] STL #}o]”7} 1.5dB ©]3}, &2 Composite panel®] STLo| ¢ &
& ¢ Composite panel?} Homogeneous panel ¢ STLS ZA &4

ade) B 24 ANSES @)

15 ] k._l T ¢

LH

S |



o
a

To-

olo

il
Nd

W

41 229

Za3el ESI Group?

3L

A
-7 =

SEA 3

o

fol 1wl

S

VA oneg o] &

%

£y

4.1 Panel modeling by VA one

a9

LTI

1
=1

SECRIL WATIOMAL LIMNVERSTY



5+

ko)

41.1 FoAt

o 1y
Mp.o e ° ERGS
T 53 i = 3
Mo TR : - Tz
o ) _Zrl : % ,_Ir._yl s
Gl 5 7T . x
: & - " ~o 5 o)
i ® T T %
%O e AE V ,m__..._ A _ . W
: & x B wk IS 3] 5
z 2 w T L=
o =~ == M > = : 2 { ]
w7 & oz = w wo : w
o = ® o 5 -
17 . o}/ o S 8
z @ Mo T E T < i |
: | - = M Y S . )
Eorof z * 7 > T o i m i
— Lo N ey B TO N ) aL
- -3 2 L Mo S 5 =
— —_ O‘A ox 3 ;01_ e - : 1
3 F . R - 0 o n X
; : ‘HOI ﬂ 1__/| I3 e L#.E B _L ﬂ_l o o
7 NS g T = . :
: wod X o A M o o =
ﬁ. ; : - ofp
o% : - ww = T wooof o T % BV
= M Toeop R : :
1 ) o
i MW : q i) = ™ o8 Mno =0 m I~
— l ol K WW N EE r :
)l U ) s o X »o7 g : E
£3 4 = o X = =3 R = = E M 5
= N = 3 5 7 a
Jl w 17! Eo M x 1_7|.._ &E 1__/l < w © P! m.w“
. N | O ‘m | 102 ™ rJ O o X
0 e ] = o : U
ﬂnoy : U : ,.m_.o El U 22! —_ gna
i . ‘JIDE To q ‘._._ﬂ \D_l_‘_ n ] ;01_ ‘Mu_l
s T M m B S @ .
Moo T o = % : - .
=T = o - M N
e i -
- 2 = = © | o
<t : :
n S ojn
2

17



a3 4.2 Acoustic cavity

2% M 21

e

5 37



51 229 &3 &4 54 23

ot

1.1

B\

4 A3

4

ZAo] AbgH aRYS F 9For I =HH AxE=E 1

o

o

’

513 #om

Aol ARy a~iz Adch 74 amde B3 £ e B

=4

<

=

Qo= F3 £2 2342 RMS #42l Overall Level(OL)2] AXFS &=

ato] M E X33

400 500 630 800 1000 1250 1600 2000 2500 3150 4000 5000 6300

——3 B h it == =@ —a=-f -a=-g — = — -]

3% 5.1 Transmission loss of grommet a ~ i

% i o2l RT3 &4 348 Appendixel| -

=

. 5 A gt



=R | Overall Level
a 50.13
b 50.13
c 48.09
d 44.65
e 42.41
f 41.35
g 45.17
h 33.48
1% 32.56

# 5.1 Overall level of grommet

a~i

w FehaE ARZE e 2z

20



L @ = g 8
© b A < -
- @ -
.| En &0 S C
o0 | S0 = 0 nh
< | = < = =
o < OT OT < ‘mu.._
L R - TS B
o - e o8O of
en
WA o o 3
o] o 'S
M ° ° <
=
R
o
(5]
Tw < m &) a)

H# 5.2 Classification of grommets

w0 EebaE AWML e 22

£ °l

0.2 SEA

be A

S

5

RMS3Zkel Overall Level®] AAFS

TL W3}

=
pu

#

FA ol

nH

5.2.1 il

10mm, 15mm, 20mm= ¥

A7 A W Stel] w

j 8} w

'r-]

[
1

2 <

21



= 40
5.
7
S 30
=
=i
A
= 20
v
=
1]
~ 10
0
P ELLIELFT PSS
Frequency (Hz)
== 10mm =#=15mm =&=20mm
a3 5.2 TL according to rubber thickness change
R 10mm 15mm 20mm
Overall Level 33.15 34.70 36.03

B 5.3 Overall level according to rubber thickness change

d 529 % 53
e pag

—_>‘£4
)

=
=0

I,

Coincidence &3} of 9

3 =

pEA

o= uFe FAIE S uhebA

22



5.2.2 Air gap F7 9 W& TL W3}

=3

80
)
= 60
7]
5
S 40
a
=
v
& 20
=

0

Q L N D ) ) o & N
L P S \9@ o \@Q & »&@ S %‘5@ ‘g)@ %Q@'&QQ
Frequency (Hz)
-E=-10mm =+=15mm =20mm
124 5.3 TL according to air gap thickness change

Air gap 77 10mm 15mm 20mm
Overall Level 41.25 45.02 47.43

B 5.4 Overall level according to air gap thickness change

23 o A2t gw



azuid)e] AA FAE A A 5 Ul

T3, Air gapel S

rr
-
W
L
ofN
o|
o
[N
—
o,
o o
i
=
)
N
A
N
flo

FAE M W, oW S 7

+
X
rir

et Algdelds o (o] w, olFF Fxo FA2 ¥ Smm -

. S = T b B o ) E e S+ o B X
e o 0 o o 9 Q0

Transmission Loss (dB)

=
o o

O O O O O O
PP PLPLEFLS LSS (}QQ?
uo)co%@@,\go,@,gnq;\, @\9@

Frequency (Hz)

-#@-Double air gap ——Single air gap —=—0nly rubber

a3 54 TL according to grommet structure change

2 5 M &) 8t



T Double air gap | Single air gap Only rubber

Overall Level 4517 41.25 36.03

12
(o3

rr

t}4=
3]
s}
l
o}

O

rr
N

B 5.5 Overall level according to grommet structure change

Begel e doln 77t
| #eds] e, e Y

oif

o FuEoen aEe e
28

mlm

7]

gnes Px7 w3

FP)

2l o]

==

oA © FL AL & 5 vk

single air gap®¥ double air gapd A% Al&¥H= F 159 F

F air gapd FA7F ZSA%E E5Fal Overall leveloll A 2ol &

Aoz wob BHW }FE T2E A5 Fhado] Fo

rr
>~

o PN
s & 5

25 . ,-:’4 . i':r :

stol £/ 129E UAs
A arh azde Wi FERE B kst Aol F715%

A

L=



)

Pyl

 Sound intensity methodE

BE

bo A AL

S

ol &

FA Tt

)

A

3ol

o

SEL DR e

1
o

3

= Air gape F7

o FALSS

&= Aol otyel Wiel Air gaps FM,

o 28 hd W aRdel ¥

!

o
o
X
i)

Tz

fl

o] Mol tisil= Sk 51.29 Al 22Ul o

b 725 7= Type A7t

ks
pul

e, =i

)

)
%

B, Ceoll n]sjA

A¥e]l QOverall level?]

S|
A

3

2~
=2

%
ok

¢
oV

el
w

I

26



Type A B C D
O.L. 50.13 49.11 43.40 33.02
T2 1 2 3 4
T olFZ Air gap TR
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¥ Transmission loss of grommet a ~ 1
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712 a. Transmission loss of grommet a

Grommetb
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I3 b. Transmission loss of grommet b
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Grommetc
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400 500 B30 800 1000 1250 1600 2000 2500 3150 <4000 5000 6300

72 ¢. Transmission loss of grommet ¢
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12 d. Transmission loss of grommet d
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72 f. Transmission loss of grommet f
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32 g. Transmission loss of grommet g
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32 h. Transmission loss of grommet h
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Abstract
A study on improving sound

transmission loss of vehicle dash

panel grommet

Min Kyu, Lee
Mechanical Engineering
The Graduate School

Seoul National University

Vehicle uses dash panel to separate engine room with the noise
source and the passenger cabin. In this time, some apertures must be
holed on the dash panel for the lead to pass through. Engineers use
grommets to wrap the wires and seal the holes in the dash panel to
prevent decreasing of transmission loss of vehicle dash panel. In this
paper, I studied the structure of the dash panel grommet in order to
improve the transmission loss by analyzing it experimentally and by
SEA method. Thus, a new structure for increasing the transmission

loss of a vehicle dash panel grommet is proposed.

Keywords: Grommet, Sound Transmission Loss, Statistical Energy
Analysis
Student Number: 2016-20698
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