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The Effect of Structural Models (Membrane or Plate) on

the Modal Model Method

°Sea-Moon Kim and Yang-Hann Kim

ABSTRACT

The analysis of structures may be classified into three categories: theoretical, numerical, and

experimental approaches. The numerical and experimental methods are very useful when the structures to

be analyzed have complicated shapes or geometry because theoretical methods are restricted to simple

and special cases. However, the theoretical methods are very important analysis in the viewpoint that they

can give basic insight for the structural behavior. Among them the modal model method is widely used

because of the powerful propertiy of eigenfunctions {mode shapes), or orthogonality. In this paper, the

modal model method was reviewed and studied for various models for structures: string, beam,

membrane, and plate. Governing equations and solution methods were compared and a structural-acoustic

coupling system was used for an application.
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Fig. 1 Two-dimensional partially opened structural-
acoustic coupling system

41, P=Eo0| etafol e
?1_11 ?—Z\_%O] ‘31“5‘—}3& O]_‘?_o-]ﬂ 7310__0“ u}f‘iﬂ

A AHEE FF (cavity) WY 2L FEE 7

4 &

8* _
(——dc2+—_§z2+k2)p (x,z)=0 (20)
2 2
et SRR @y

=0 (23a,b)

x=1,

= - jkpcQd(x - x,) (24)
o 2ok o471 g S99 HMAKEE Jednh
AREF AAZDL ME (baffle) o} FHY =

Aol oA

- 717 -



@ 2y o (L pe, p-
Bl =0 G<0.x>L) (25) apo’W, = jk, - P; + B Ju,., (34)

=0 n=0

0=3 (B + P Yt * + P p,, 35)
o gol gttt wute) #9 AAzAL A7 1 Z( y Z Crr+P

@3 Afde
Aty AHeo A 3} gol §xE} g7 Bzl AAASE U

el g4 ,v...a,.,b,,

W_,=0, & o (26a,5)
x=al,
1 .
o = [0, (W, (¢ G9)
o} 2o B FREH QA ] W L,f (el ()i
He d4za3 £F ATNMY A2z 9 v,naif;%(x)y,(x)dx a7
a4
WL [asadi b 2 mp -} O
1 , @ 39
. =— [z [, dio, (v, ()2 HPGL [k~ ¢)
% = po’w (O0<x<al) @7 L4l { 2 }
2| 9% 2ol nHEF2 BegolA 9 4 ()2
=pa)2w (0O<x<al) (28a,b)
|, GBSV Pyt w, & AAsH
p 0T p’ o (al, <x<L) (29a)
D P (<x<L) (29b) [ 1[ ] ‘
™ A, P =000 (40)
9 gol Ag & At ol FE ey g L 4L L )
(M+1(N+1) (N1} (M+1)1
st WY i e
B,, RE 1=400¢ @1
p(x,2)= v, (xXP,,‘e""'"‘ + P,,‘ej""') (30) f

< (N-MM(N+1) (N4 (N-MXI
wix)=Y W,4,(x) G1)
o gol prol @ HYYoT EAY 4 Qo
st ol D{REY zgoz FHNL AWBA oz =u Hz 29 & 9o
AR AAZAS 0143ty Hstd
42 FxB0| HEel F9
By = Pre el 4 2D, (et
Kl TZEO HB|OR o]Folx] ALk 4 (22)
(B + ), o ool dig A oA

Mz

arTW,,,(rc,,,2 -x ) -

n

)
=}

(33)
k

B R

M=

+

i
<

n

[_-x ]w(x)- o (x0)- p" (0} @)

-718 -



s 2e Wl W@ oz Avsy Hue 7
Azd ¥ A% ge Y= WALy 2y
Ueize Age $Ustd 202 Heo| sbsa
. 229 AuERAY wHE A5t 4 G
Hel ¢ (x)ol B3 BAALT Zo| vy 4 (31)
< adg A48 F o £ 2= RdE ®HY
% Ag AupgAAd dsted Resd A (32)-
G5)sh BLshA Yo A4AF BE A G6)
GOE $Bsch o 4 (33) WY Tk, -«
K, -x*)9 o1z wAs stolgo) U ue
N OPret o £ARYE An AR A 1),
@nd 34w ¢ F AT g olg W 7
z20 Ju A%ol WHE T + Aok

5 dE

F22E H4sed Yol FzBY B
et A el FekA HE Ae FAY A}
Aotk aefut zhebe] B %ol RGRES] HAQ
Haygolt W} glon BE B hEe o8
st Mg st F9 2 HHe FIRL ¢
Atk F2Eol FF 52 o Ag d4H
= A BAY AolHe walA wom tu
DHBEG RAVEFS Aoz AY wHI} 3
wolc},

+

f

tio

%7

2 d3e d987)eH 7Y (KISTEP) 9 =
ZHAR AT AT 28] FHgE21 (BK21)
Z2aRe Ao oA ALHASS #IYYG

40 28

(1) Meirovtich, L., 1967, Analytical Methods in
Vibrations, Chap. 5, Macmillan Publishing Co., New
York.

(2) Bumett, D. S,
Addison-Wesley, Reading, Massachusetts.

(3)Ewins, D. J., 1986, Modal Testing: Theory and
Practice, Chap. 5, Research Studies Press Ltd.,
Letchworth, England.

(4) Soedel, W, 1993, Vibrations of Shells and Plates, 2nd
Ed., pp. 105-108, Marcel Dekker Inc., New York.

(5)Kinsler, L. E., Frey, A. R., Coppens, A. B., and
Sanders, J. V., 1982, Fundamentals of Acoustics, 3rd
Ed., pp. 11, 111, 231, John Wiley & Sons, Singapore.

(6) Kim, S.-M. and Kim, Y.-H., 2000, “Analysis of a
Structural-Acoustic System: A Partially

1988, Finite Element Analysis,

Opened
Cavity Coupled with a Membrane and a Semi-Infinite
Exterior Field,” Submitted to J. of Sound and

Vibration.

-719 -



