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L1 2= A% 59 A 9n| g R3] Y5O
AeA oz ALsly) Zadsi, BE 200 T 300 Hz
o] o] gAY AU &AL 712 Y S A8
34 gtk AFA 371718 4% 4 & 98 A
Fetu AFH o2 AGE R e e BAE oY
] 3 4% (SEA : statistical energy analysis)°] o, 7| % ©l
UR] 8438 full vehiclee] AU A-&-3)4) #ut ol 2}
dash, floor, door, roof 59} F7171¢1 229 F48
component®] &3k 4 3 A o & AMg-E T} £ AR}
9 3717190 a&E A8l A3 thge FAA L
AHEHEY, o] FASA AA Y 2l & FAA o
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21 4§ ZoF

Ag2ke] 371719 &84 €& 919 SEAE A 83}
Edol lolx Bg3} Z2o] 2A AR PEE %
o} AR & full vehicleo] tis] A &3l= A2, 237)
A, AT 4, FASA L vl ol BA A4S &
B2 P} o] Ao AN 20 & 2974 5 o4
3 o] 442 91 &9l (ideal load) & AFE AU AA| FE Z
<1 &9 (operating load)y& AH8-8 $% ), o] A<
£9&SEA R A L 04T s M) F2 ALE-H
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a8 2 REX £oje] 2HHS YIIE 9t SEA 2EY

Alol] AHE-E T} S5 = component levelo]| A} SEAS A &
Sk 222 1 componento] AHE-HE S8 B9 H)
o, a5 A3} F& A4 EX2 1A Dot o] A
desidzde] BE AgEd B 234 So] g
oA EAE HHAcE Adete 33 &
VTL(virtual transmission loss)o| 2} 11 % 3t} BE &A1t
2321 AH£ 2} component:= dash, floor, door, roof 52| =}
A FNE ez e Ao F8AY 25,
Ag 59 52 nshiA ey e & 4 9tk 13
2 AEA Bole] AFA e AGEAS A4
22 787 A% SEA 29 & o & HofF 1 9
t}. 22 2 AR & full vehicle S A2 2 sound package
< JA g5 A2 A4 A, sound package?) F-
A, HE 55 FHETE 3t HAg LTEYAE
o] &3t} 49| sound packageE W= A& EF
2 3t} SEAE AAMA|7ho] w)$- w2 22 fyll vehicle
o e A= &-& AlZbel] = 4] gkl WHE A Abo] 7158}
B2 3y SWet AA7) 50l 7Hsd A3t AZES)
o] & o] &-31A Ht.

2.2 3717191 289 AZFARZ - Area Junction

SEAS] QoA &5 AGAZ = FEA 28 A}
°]¢] junctiong Fa B EH, 371719 AL area
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2§ 7 Diacoustic leak) 52 37}A] 2 Lo
A9 8 4= 9]t} Resonant pathol] )3t A& AGL 12
29 TRl o3t WAL & ol 8l TxE9 WAt
Auiz7l AQdE Ao g F289] WAL L) A
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W 12EZ 3= Ao Paslth Acoustic leake] <3t

(b) Floor
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(¢) Door

18 6 X=X component?] X SEA 2

228 ATL areajuntions] 714 & WAL 7R E B
ol Y& At ol BE B3 &g Aol ol fAN & A
9 2 pass-throughs, access hole, grommet, gap, grillage 5-°]
2 do]t}, Acoustic leakol] 2|3 A g AEL F2 1T
g g oA A e F o 2 ehte o] & A 78] 9
8l acoustic leak& E0]7]= Ao] Yo3ith. 1 3& Y

¥bA ©] acoustic cavity-panel-acoustic cavityol] X} ] area
junctionof] T & A EAAFE B3 3l

olglg 71719 &5 L2 F2< area junction]
FALAE BYoZN BV &5 HEY HES
248 F e o] &3 &334 & noise control
treatment(NCT)2} 3o}, &8k S} 5A| Avldt gt 7
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NCTS) 23] T2 a5 2500] w3} 24 962 75
o) & reactive impedance’® =7} Th L ukz 0 2 area
junction T2 SHEA| 2E) T S3F 5FA| 2R A
F-9)oll X 471 o] junctiono]] NCTE 2 -&-3}= 7 -
T 2% st 2"l M e gl F7tE L 72 Y
S B2 274|215 2
AAGE W3letA $vh 18 4% paneld)} cavity7}
A8 Wl A9 area junctiond]] FAH-EAE
o}, cavityell M &= &5 718t = 3L panelol|l A &= 7
7t A& B Fe Aotk

2.3 SEA 2H3) g A=22 913} A|Y]

e 371719 % NS A% SEA RS
B 24 A 8HA s A2, 4door sedan typee] AFEA}
o dal, 72 SPT*lé%ﬂc o300 ~ 400 A7H, &3 3
B AHEL ok 100 o N2 o] FolRT) L& FHEA|A

AE3Ae

Bl & Ay F7HE 243 1 dash, floor, roof, door, wind
shield, seat 52} ¥} wheel house, trunk part, front part,
fender, hood 52 299 st I & 75 FA & 2
o o) etk &% AR 2TE A B fon,
rear, cargo, upper/lower/foot area, driver/passenger side 5.2
2 12, door, st dash Bl A1) W $9 BUE 2
g8 gk A9 F3H2 green house F7F, under floor,
wheel house 3713} Gl A4 99 & SR e
9% TA= AlEstd 2dY At 29 Se AFA
4-door sedan®] 7% SHFAI AR, FFF SHFA 2R S B
o] Fth E8 F9 components] S5 H7HE AT
72 89228 BUYE 19 64 HolF1 5l
71719 8 A4 B3] 1) B wish 2
o] BF 271219 loading 2 et A1 & SHAl -
o379 loadingol 4 271718 29122 o 4317 o
6, 97 rose 5% SN 259718 A3 Bl 4

< Microphones locations
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- Windshield

(a) Engine noise

Cowl
Speakers

Windshield

(b) Road noise

T8 7 o|AHe9l Joading testoliMe] AT|H X AXH ¢ FHYR

[ Rear Wheel House | [ Front Wheel House

.
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a3 8 ol4H¢l loading testoiiAe] Ax|Z W 97 Olo|22Eef 9i%|
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(a) A2 2l5e) B2t HHYX)

O3 9 SEA sl 2 Gloje] 3 AlEY] A

) 8}1, road noise%;‘é—"— Y84 = A5 7 S wheel house
o X gt o] wf QA B Eoloj = AFAZEEH £
2@t 297 = F3k4 7ol 100 ~ 10000 Hzol A 3
dB oljol) ExE Herela 1 9971 100 dB@1 m ©)
A 2347 A28 & A B 18 72 47 8 % whee
house FZtA A 29 A 4 20 A -S4 S48 9
3 ulo] 2R E 9] YA & HeErh Eet 17 8l vt
oM At AR F EE wheel houseo]] 3]
7 A 28l AR 8kaL AFeAH 93 wha} o 2] 93]
A mpol AR ES HAot] AgE EF%e RE A
F2 3 A5 S9S /RN AES Al 4
wheel chass1s dynamometerf"'— 0] 33]—7]] =4, engine
noise F5& M e TE7I01E YR 3 ¥F
o -)—‘T‘Ei ?ﬂ%l—% 7FEdt] AlE 0}“ Zlo] 1], road noise

ZF= YA 57118 FHY FHCAN I8 &
1231 coarse roll-g o851 47]9] Efo[o] & FE5} A]
ke Rolh. Coarse ol AH8-8He AL F-5-3 27)
9] road noiseS LA A 2] af0] A71E 7144
Fo BN g o] AZHIE A 7]7] Y Aoftt o
F 9= 2AFsAY] 71719 &5 Mz Ald e A

FE e, s JE vo[HEZ A HE U R AS
= -45} Lg HOlE E AFAke] 49 2 Ao o X
M S48 WY H U YA & BojFrt

3. AEAF B71719) 288149 SEA 3%
31 0hx 282

dubA o 2 full vehicle =& A2} componentol) &

L% -MNE
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(b) R el 22 FRNHK

e ul/2) %ol 3¢ SF A

271 259 Aol & A3 e 279 FAA
AP}, o]g3t FASAE 22 o AA 8 A
5 109 AEZ =] A g2 A A9 A

]E = O

E—]'Z‘ EW'O:]OI\_AE a')l:/\)\“:‘a] s "o T
8] 8 (multi-layered acoustic material)2} 1 & e} Tk
FFARE 4 3 SFNEE AL ARR FE3}
Z Az e B E 282 3 Hed, &8
AolE Y& AHeHE e e @AS, Z9%

H o2 dfsH e F2EHe U2 AFS 3 @
o 53] 7)ge] B 59 7B %= 7] 3 pore) T T
ZA|(frame) Aol ©] A o] FAY S o] & o] 13}
of FFHAE A Ert. o] Aujuby A& Biot s
equationo] 2} }=4], | ]|+ porosity, flow resistivity,
tortuosity, viscous & thermal characteristic length, bulk
density, bulk modulus, structural loss factor, Poisson’ s ratio
5 9] Biot property7} 8 8.5}A ®c}. o] 2§ Biot
property= ThFSH AlEAM o 93 23T < i),
2| o &= impedance tubeol] 2] 8+ S3FA 52 SSE U
o|E} & o] &3l Biot propertyE S| H 0 2 Fe 5
£ " o] gho] A1E-5 11 ] o1 ©] Z inverse methoda}
1% e} Al Ao ]3] Biot propertyE 73171 ¢
A e FF AlEAu7 8sta 5% Biot
property A= Al Bt 2 ABA o] Wopl
A 7F e wha o, lmpedance tubeA FSEYHE

o] &3t M A o2 Fote AL vl wA THE T
E AU 73 £ e XJXJ °] 7] wfEoll inverse
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3.2 SEA A4A

g 371719 &84S 918 SEAE 2§31
= ﬁ%iiﬂ}—«l Hg & Bl A& 515}
© Full vehicle 5=

ZHE’:., Z fiber, foam augap,elasucstruc Lon A
o] gle}. Fiber == foam 9] 7134 SA 5 A
Solle AR E A-3] ZA A|HE THE] biot
propertyE -3t} Impedance tube S 0] 23] 43

© 2 Biot propertyE T3l A Lde ABE
impedance tubeo]] RE= A]H & vHS 11 impedance
tube testZ F3) F2ES AL o "lo|E] 2 €] Biot

property & T 3t}

o BXE 7} A g9 EAA 2 biot propertyE 7HX| 1
03 AR $FE4S Aoz It U
g o] SHEXS HMA 07 Fate o= A

23] & 9 (trasfer matrix method), 53t Q.40 Sof 9]
=, 71714 2% 42 JiMe BdFo] &
olgt AE P B o] ol AHg-HTh A H o = T3]
AetEAge] SFEH L FEFSEL AGE

Aol At}

Full vehicle =+ component® SEAZ 243 3 uf,
#4502 Tl oA S AuolE e, 1
A T2 3H-A 281 9] 742] &4 A 4+(damping loss
factorjo]t}. o] ZHEHATE A F S B3 Falof
dh=H| Bg impact hammerE 0] &3t 215 37
4] E(decay rate) S S Fo2AH T} U1 S8}
B EE 18 SEE gqgd g A3 oA e 7
& Falsted 2 7k 9] smoothing algorithm S 5

3 A& FHE 5P & F ZHAFE 7o
A Erh

CAD T = FEM2] mesh B o1 €] 2 2} full vehicle &
= component®] SEA Rdl&-& 33t A&l vl
o} 7o), 3717191 & 3149 75, area junction©]
7V £ 2312 2 area junctionS 71 F 0.2 dlo] T2
SHEA 29 S AT R P2 A o] 3
2= FA3A 9 configuration o] 23 L% 314
Mzdle god a7tk o)A tE AR F
+E 2 ALEY T S5 dolHE dS3dl=
area junction®] FAH-SAof] &3t 3, 2 SHEA A

BXE(NCT) Al
- 039 I3 SUNSHE 538 =2

MEA Tube Test
- BEWE2 LIEA U EEE & - ES

§QF 84 X(Biot Properties) =&
€ IO 2FE inverse method 0l

2Iah ‘H"‘"‘OE ¥ 24X =&
- NE FHZ2RH S8 S4X &

EEHUY/FEMO] of8t
NCTS| 88 45 08
- =5H SEESLXRFH U5 NCTY
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SEA DEF % 3702 A8 84

Paneld) ZtHEaNH4> &F
- Impact test& OI8d panel2l DLF &%

22 10 Full vehicle &

= component2| 371712l &F 4 o] SEA HE0Hy
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Froquenty, He

a8 11 Minivan®| sound packagedi| THE A5 2 &Y

dof AHEHAFE d et 72 A 2H
o]

o gr}, o] uf grommet, sealing, speaker, seat, window

2 83} ALt acoustic leakage, mass law AY Eo2
g3 stdof g}k wd v A5y SFEXN S )
2 3 A2 0 2 73}A] YL SEA tool Shol| A T2 A
22 Biot property & ¥ £ 3 o2} EQAE 29
3to] SEA of ul2 283 4= 9]t} o] -l & biot
property 3 7 52| physical property] %3}, v}
Age] F9f ¥z} 5o e 1A% e +33
3L, Yo7} sound package®] 22 3} 8§ 4 & 3l
ol = A& 4 e A3 o] 3rt
28 109l &= full vehicle == A}E2} component?] F
717191 &% 314 S SEAR A 4.8 v 1= HA o]
A Uehd Ut 0] 9 o), AHFA} E= componente]) X
o] 371719 £5-& SEAE o] §3ld gJMF 08 o=
37 A8 M e FAEA S B34 dolH, +2E9] 7
HELAT T 48 dlolE] FE7} A o] SEA
2dof 243 Wk =l ofof g}

4. ZLEAF $717190 £ 534 9] SEA A&

2% 11 minivan type®] full vehicle o thaj, sound
package®] EFHE HEAH}] A3 Y2 FLES /RN E
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B “Maximum” Treatment
< All leakages removed

© Increased absorption of afl areas except headliner, door panels,
and carpet by 30%

¢ 20mm cut foam and 4 kg/m? heavy layer added to dash
shestmetal

¢ 20mm cut foam and 4 kg/m? heavy fayer added to engine cover

© Foam absorber on door and side panels increased from 3mm to
20mm

o Absorption of headliner increased 40%

¢ Floor treatment changed from 12mm needled fiber and 2.5 kg/m?
heavy layer to 20mm foam and 4 kg/m* heavy layer

(a) Maximum NCTE /st 2} o8

e AUtOSEA Model - Base Condition s
=AutnSEA Modet - Maximum' Treatment | -
a5 4. - - (I S S s

Saound Pressure Lavel (dBA}

o0 1000 40000
Frequency (Hz}

(b) Maximum NCTe} &1}

a2 12 Full vehicle2] maximum NCT X 20} ciigt SEA

A& A barrien & A-8-3F A 4, G2 AGEA S A E
F5 A @bsorber)& A 8% 4ol HE 7oAz £ L
& Aot LA Z9f wheel houseZH-E] A} A
FUNOERY 23 A4S 7 A9 ga) 2z
BRI} g Zojl A B.%0] sound packagee] B 7}
400 Hz o} Aol A A SIA YelH, AgEaol e
FERY AR FREC R A3 ArETH &
g7 0 24T S YT L5 Uk

% 12%& full vehicles] tha) 2= leakage & A £) 3} 31
3%} sound packageE A -&-3+ 74 $-(maximum NCT)E
base condition¥} SEA 8| A& E&] Blw 3 A& Jeld
Aoltt. 13 129] YZol| maximum NCTE 913} o8
tFe] el sles, HE A ol o 3 zhzte]
A AUACZ AA N EE A LG A E TR
W7t Atke Ag 98] 2 ZM &5 stk

% 13& AEA} cockpit module?] THF3} configura-
tono] &) AGEA L SEAS 54l a)4atm A8
9l ¥l 3, 253 S vehd R o]tk Cockpit module S
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=3 Component modeled as expertmentut IL

Steering colunm ass.

(a) Cockpit module?| SEA 2

Constraint SPL

Source room

High TL wall Receiver room

Fixture

Cockpit

(b) Cockpit module®| MYEAME T517| ¥8t SEA =24

Configuration 2

Configuration 1
o B“mm: Nﬂ'&;: + No Fiber 10 qg B@seline + No Leaks +No Fiber + No Firewall
i ; [T
A 7 - i - Experimental [
= -f — ? I e BUROSE A [
g =il 3
d A G £ F r&d
> i i ;
= —o-BUOSER K s
T TTTT <
100 1000 10000 100 1000 10000
Frequency (Hz) ) Fregquency (Hz)
Figure 3: Transmission loss of configuration 1 Figure 4: Configuration 2 (same as 1 + no flvewall)
Configuration 3 Configuration 4
1088 Baseline + No Fiber + No Firewall 104z Baseline + No Leaks + No Closeout
N Lo L L LT ¥
I g EX
- - LH
51t = gt M
= 2
2 [= T [
- |
e ANOSERS
T -
100 1000 10000 100 1000 10000
Frequency (Hz} Frequency (Hz)

Figure 5: Configuration 3 (Same as 2 +leaks)

Figure 6: Configuration 4 (Drastic change)

(c) cist configurationol 8t cockpit module2| T4 a4 U AFnte| vlw

1% 13 Cockpit module2l HeH&4 si4g 218t SEA XS

Of

A9 P2 2 ¥ S A2z RdY o)
32, A8 A A &5 A3} whl7EA] 2 source room 3
receiver room-2 cockpit module A 3ol AZ o ZH
SEAE 53 AgEd L Pz 34T ¢ ok
Firewall®] -5, leak®] %, sound package®] £ 52
thak3) cockpit module®] configuratione]] T3] SEA &4
2598 Ao Agste] vmrt e o) deht sl
o5, 2E configraton] tla] A3} A4o] $& Y
AEE Ho|T &S % 4 ok

1% 14%= rear door system?] glass materialel] W& A&
£ & SEAR A3 A& e Zlolt. 239 dnt

he)

glass9} 2% 9] laminated glassE A}-8-3F 7 - rear door
system®] AgEA & v wdt Ao| i zol| veht 9l
t}. Doore]] A}&-% acoustic padol] 7| ¢lo] laminated
glass7} A8t glassol] H]3l] 2000 Hz o] ol A g A
GE4dS Bola vk Y acoustic pade F71E 44
227 Z/MIA A S E ARedde 2 9%E7)
AR Fete AE ¢ 4 Uk

18 15& minivan type} AHF Ao sl &7]7]1¢
road noiseo]] T3} SEA 3| AE Al @7} v) o] 1}
B o]t 2907 A28& $87 5] whee house
off A48 o] A4A < loading 274l thal], &A=} A
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= Standard Glass, Smm Acoustic Pad

~o- Laminated Glass, Smm Acoustic Pad
40 1| <~ Standard Glass, 20mm Acoustic Pad
e Glags, 20mm Acoustlc Pad /

RSy
S
AmY

Transmission Loss, dB
-3 13
pal
.

[
3

20

100 1008 10000
froquency, Hz

32l 14 Rear door system? Hg&4 M2 st SEA HE

80 T
[&]
0 To—ASEA
KN e Vot

2 o

8% "N

T N

550 ot

S e
0
30

(a) 2TA 7 FZbolMe] Hlag
80 r
)

7

g 1N

w ol

5 e

é 50 b ~—

3 \.Ym;%
© g
30

53838383888 3¢%

13 Octave Fr;qumcy «He h

(b) Of2} % SHZHX B2holMel A2

i

(¢) Minivan2| ideal loading Al&
3% 156 Minivane| ideal loadingoll ChEt SEA At Algint
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 Velocity 68 ref tar's

g
1A
B4

3

(a) Front flooroliAe] ZE (b) Front fenderoliAe| Hz
. I [T 11-’_;_’-*::9? “
= A
M ra=sil 5 24Ny
%Aw ’l e L\\'
Rt ;Ii
B 3

T 228338838

143 Octave Frequency « iz

8 8 8 8 8 § §
143 Qtave Frequency - 112

(c) Dash paneloiis2) BE (d) Rear tunneloiMe] &E

- MADEEA
= Tant |

I\

N

Kgng
LE

s
I il

g 2 % 2 % %

hi .
R
1 lore Frequensy -

(e} WX A SzlolM| Hi2S

IS
WA

17 16 F=7/2l road noisedll CHgt SEA sliA{nt
Azt 8|1

T 23 4 otel £ JEAA FAA Y HnY
25 APH v, A5 Aol 2=l ve} 9rt
JY T A EZo] 300 Hz o] 9] 34 Tl A
SEA 3| 4-& A1 2e] £ & X =& Hol1 gitk

1% 162 4-door sedan type2] A5 2}l A road noise2]
T271 28 9 2 Fd e SEA S| X} A1 g & v m
g Aol #2719 &8 2 215§ SEA s Mo AF
Ho g Ag3st7] Yl e A F SEAS A48t
point & line junctionol] A 8] A LA G, REe Ue, 7+
HEAAFE FE9 A H QA SEAY A &3t
hybrid SEAE AHE-3HA ). ZEel] df gt 1=l A
R Xo], 250 Hz o]l A] rear unnelo| A= Ao 2
2}o] 7} whz] 2t front floor, front fender, dash panel S0l 4]
A Al gol vl & dAete e B 5 Yok T
27106l &3 Al ES5 37171060 o3 duiag
Brhe Y =7F HolA AT 400 Hz o] Foll A= vla
A FLYAEE HAttn & 4= 9ot
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5. Bg%

AHEAF B A A} componente] 3717191 &5-2 3
H3la o Zehe Wb o2 SEAE U2, Y8, fY 5
o A5} A AL L REQA oA o $- EiaA AL
Huglon PR sy oz e ga Yk §
3 25 H AFFE 8738 29 sound package
X7 ol o] SEAE sound package®] A7 R 2 A 5tof
Sio] HEA] g a g A guo] =it Full vehicle]
A9 3717190 2f 2 AHEAY] 8 componente]
G&EA o S0 SEAS] AFAQ Ago] GBARA F
o] AHEt A 2t} 9 sound package FE QA Tl A
T 9 A5E SEA A 4L dta gou F349 F
LA AA 2 HF A & o} o] 24 F3ta gl
e AFelth. FagA9 B4 Holg 2 F2E
22 EAA S 5o vt dlolel o] 8, SEA thg
A&AQ 71e 2 B89 24, AFS AT AEEAH
o) AAAQ v}H, SEAREA 2 AFAY E2E 5
& A @AM SEAE ERH o2 4L 3A €

A0 2 Agtt

AgAre) 3717191 sl el glo] SEAV} 34
o2 ALY 4 de o £2I)AL SN
SEAE 47 A 4-317) of2] & Aol Atk A F SEA
& 53l 78 3FAI 2] 9] SEA G E 538 8|4
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