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A Study on the Modal Characteristics of the
Vibration—Acoustic Coupled System

Seock-Hyun Kim'

ABSTRACT

Modal parameters determine the frequency response characteristics of

vibration

system or acoustic system. When the two systems are fully coupled, however,
coupling changes the vibrational and acoustic modal parameters into those of the
coupled system. In this case, it is very difficult to obtain the modified modal

parameters and response characteristics.

In this paper, coupling effect is analytically investigated on the natural frequency,
mode and frequency response characteristics. The result can be applied to understand
and to design the frequency response characteristics of the vehicle passenger

compartment.

.M E

=

AAY F2AFH F4 SFRE} A
1z R st BWE o, Ru 2
M 5h4(250Hz0t )Y AAagol A
A wgRg® ohF HAFAs 4%
UYWAY Folt 2 Mol BAH
2 99 oldch wea, AARANA &
Jo) BRAHE AANASEES A
SRR dESRL, FHs

i

ol

2
N

dio do {0 rlo & rlo

02‘_1‘
H
i
)

»*

o
rie

dets UAAR S Ras

SHEAR S sl FRAM Bk E
Hate Aol oo, oo - FAZY
Nefske,Sung,YashiroS< #2428y 4
£352 MSC/NASTRANS o) &31d, 4
zte] e AFHde L2854 L A
uh7b 1em® SHKim, JMLeeS e A
£ Z2339 ACSTAPE /HEsle =g
A R Azt Fgam Yot w3, o]
g Al AAY FRIAFEDS AA
of FYR=Y A dAo BAHE H
$7k MM ER, F X RE Aol o
JuAE TS ARl A% agol 2
PHA BES FzAS $FAE AR

- 239 -



= Rol a7dY. gy, 71Ee AL H
Fordy TP ogs: AL F
ZA9 A AAHA s, 2 A
2 AlgdE BEE AAHAe sEsh,
AYENE AAH o= #q&t ne o
Hoh, B dT7e XA WEEAHAE 22d
A9 dde £E0E Badt N7 2
oger AARE FHstE AL ¥
29l AHNLIYREE APAA, IHIF
543 FaFEeFSYel Aol st

o

oA WIHE Ag cgHoE uEE
I, ey A Huedd. AT

Ade /AT 2L T2/ AR A
o] AAd F23d r|xxzgz Lo
2. XA px-3&F M7
SsS4YEA

Aol ARASL AR FHASTHEA
A5 =74z %
2, ZA 2 A FRFEEEGEA
g ZAg 53, d o
o] A L M FAE
FRFagol A& “%fz} AL
"ok wak A, 24 g
TE AAGA W oﬂ—i‘— gte] S
getstE Fol HAJ/AXEF A

AAE7) sty Fodrd Fasi
ol st FyP FagaHN F
AHdn, 428 $829 A SR
e 70Hzol &£RE Zdsn U,
le 1L 4.53 &9 AHANE 2 A
FHolelE Kt ol#d F
6& 9 AFgE Az A2
HH, B Alig 9AE
12 29 AR o s,

] = Q ]
T SHEAHS &4

6‘ =2
= 150Hz ofgfjoll A &

® o

=

N

N

>

o

r‘l{_o‘

o

o
®E 5

i
s
N
>
e
ok
i

d

o
X
> U
N
in =
4 o

l‘
olo

T=
[o]
e

1 b 3o ol ¢
fe i 24 te o oh‘l

—
)
o

do
02‘4

g
do Ly r

e 1o N
ﬁ“'x
ofd
23
i)

L ox
>
R
i
&2

__/\

”ﬂ-ﬂ@o

2
T A

o
i
o
S
oo
&Uo

2] ?-E—ol %%‘@}sﬁ le} AN g
Z(80Hz)¥ T olyel, Aude] AE+
RIZG0Hz)NAME Agvarzt #EE9,
A ooz ol S EE Fig2dlA
o} o], F Rt EEZFYgd 2gAWS
Zret, Jde] sl 93 S-<4E X (60Hz
Eo)E X wet 6dBolve] WEE R
olny, Ao 1XFFE=(0Hz)NAE
o) utg} 15dBolde] & o]E Ho|HA
AMol 7t Bt B4 JEd 1
By, AFo wetMe AHde ¥R
Mgk B32E Holi, XA FERAFT
M gazt Jeur e F38: g
Aoz Bugn o™ olgd AL

l

A TE D §YHA0 GBE wou,
E-@¥ﬂﬁblﬂ-°%EcﬂwrM}%
FEIE 2 WFFI e EdRE @

A& ol8Hor FHEtaxt f&q.

Table 1 Natural Frequencies of Car Body
and Passenger Compartment

pews TRAESF SHNEFT
[Hz] [Hz]
1 33.1 79.6
2 36.2 1146
3 374 134.2
4 42.4 1386
5 44 .4 1549
6 46.4 1724
7 514
3 53.2
9 554
10 63.9
11 69.0
12 101.7
13 104.0
14 1089
15 112.8
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Fig.1Acoustic Frequency Response Function
of Vehicle Passenger Compartment

60 Hz mode

80Hz mode

Fig.2Measured Acoustic Pressure Distribution
of Resonance Freguencies(ref.6)
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Fig.3 Simplified Model of Coupled System
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Table 2 Natural Frequencies of the Coupled
System(Case 1)
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Fig.4 Characteristic Curves of Case 1
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Fig.5 Acoustic Pressure Distribution of the
Coupled System(Case 1)
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Table 3 Natural Frequencies of the Coupled
System(Case 2)
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Fig.6 Characteristic Curves of Case 2
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Fig.7 Acoustic Pressure Distribution of the
Coupled System(Case 2)
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Fig.8 Acoustic Frequency Response of the
Coupled System(Case 2)
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