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Eigenvalue Analysis of Arbitrarily Shaped, Concave Membranes With
a Deep Groove Using a Sub-domain Method
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ABSTRACT

A sub-domain method for free vibration analysis of arbitrarily shaped, concave membranes with a deep
groove is proposed in the paper. The proposed method divides the concave membrane of interest into
two convex regions. The vibration displacement(approximate solution) of each convex region is assumed
by linearly superposing plane waves generated at edges of the region. A sub-system matrix for each
convex region is extracted by applying a provisional boundary condition to the approximate solution.
Finally, a system matrix, which of the determinant gives eigenvalues of the concave membrane, is made
by considering the fixed boundary condition(displacement zero condition) at edges and the compatibility
condition(the condition of continuity in displacement and slope) at the interface between the two regions.
Case studies show that the proposed method is valid and accurate when the eigenvalues by the proposed
are compared to those by NDIF method, FEM, or the exact method.
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Table 1 Eigenvalues A; of the rectangular membrane
obtained by the proposed method, NDIF

method, FEM(NASTRAN) and the exact
method
Proposed NDIF FEM
A; method method® (1102 miﬁifit“‘”
(Ns=6) (27 nodes) nodes)
1 4.37 4.36 4.37 4.36
2 6.30 6.29 6.30 6.29
3 7.45 7.46 7.47 7.46
4 8.60 8.59 8.62 8.59
5 8.72 8.73 8.74 8.73
6 10.52 10.51 10.54 10.51
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Fig. 3 Concave membrane with a deep groove

Table 2 Eigenvalues A; of the concave membrane
obtained by the proposed method, NDIF
method and FEM(NASTRAN)

Proposed NDIF FEM
A; | method method® | 1701 | 976 | 451
(Ns=6) (30 nodes) | nodes | nodes | nodes

1 575 5.79 571 | 572 | 574

2 6.43 6.42 6.42 6.43 6.44

3 8.11 8.15 8.17 | 8.18 | 821

4 8.90 8.88 8.89 | 890 | 892

5 9.85 9.92 9.87 9.89 9.94

6 11.31 11.25 1131 | 1134 | 1143

41 A2 &2 710 Yo g4 =y

o oAl A= Fig. 33} o] EAjgol - Z&
o 7R o5 WHyle] anHEflom, o] =&
oA AlRbE WHE A&str] st 1¥d 7o
T+ he 55 99or E8HU

Table 2= ©] w=foA Alekd W, NDIFE®,
FEM(NASTRAN)ol| ¢Ja] 8%l % AdES
HojErh melA ZR1E 4 gl%ol, o] w=iollA
AQHel W2 NDIFelut FEM3} Hlalsle o v
T Ags M AgdE ATTS & 5 dd

5.3 &

o] oA e F& 7k o5 wluggle
AR S 918 S o FBERlE 7 e
BE ooz Yre 99 8ol AdiHT
T 7 e AlE Este] o] mEolA AlbE e

ro
H
B>
0jo
[pal
ofn
Okl
Jor
ol
i
Mo
]
~
20
o
A
Y
=
o
[y*)
o
o
O
rL
~
o
[«
g
w



R R

A sfAE HEHRIY af REE geke W (7) Kang, S. W., 2002, “Free Vibration
ol F7k= A5td ool Analysis of Arbitrarily Shaped Plates with a

H & o] =& 34 U 9d9S WX T  Mixed Boundary Condition Using  Non-
Mo dYgog re 949 EdHo] Al=H O}, dimensional Dynamic  Influence  Functions,”
2p%0] Ao M = dlA Al 99S o3 719 9 Journal of Sound and Vibration, Vol. 256, No. 3,
Aoz uprolA, Hrp Hibsh A4S 7Rl WHE pp. 533~549.
lell gk fA| A o] Thse HHEE AR 4 (8) Kang, S. W., Kim, I. S. and Lee, J. M.,
goltk 2003, “Free Vibration Analysis of Arbitrarily

(1) Bathe, K., 1982, “Finite Element Procedures in
Engineering Analysis,” Prentice-Hall, New Jersey.

(2) Brebbia, C. A., Telles, J. C. F. and Wrobel,
L. C., 1984,
Springer-Verlag,” New York.

(3) Kang, S. W. and Lee, J. M,
“Vibration  Analysis  of
Membrane

“Boundary Element Techniques,

1999,
Shaped

Dynamics

Arbitrarily
Using  Non-dimensional
Influence Function,” Journal of Sound and
Vibration. Vol. 221, pp. 117~132.

(4) Kang, S. W. and Lee, J. M,
“Application of Free Vibration

Membranes Using the Non-dimensional Dynamics

2000,
Analysis  of

Influence Function,” Journal of Sound and
Vibration. Vol. 234, No. 3, pp. 455~470.

(5) Kang, S. W. and Lee, J. M. 2000,
“Eigenmode  Analysis of Arbitrarily Shaped
Two-dimensional Cavities by the Method of

Point-matching,” Journal of the Acoustical Society
of America. Vol. 107, No. 3, pp. 1153~1160.

(6) Kang, S. W. and Lee J. M., 2001, “Free
Vibration Analysis of Arbitrarily Shaped Plates
with Clamped Edges Using Wave-type Functions,”
Journal of Sound and Vibration. Vol. 242. No. 1,
pp- 9~26.

Shaped Plates with Free Edges Using Non-
dynamic Influence Functions,” Transactions of the
Society for Noise
Engineering, Vol. 13, No. 10, pp. 821~827.

(9) Kang, S. W. 2007, Vibration

Analysis of Arbitrarily Shaped Polygonal Plates

Korean and  Vibration

“Free

with Free Edges by Considering the Phenomenon

2

of Stress Concentration at Corners,” Transactions
of the Korean Society for Noise and Vibration
Engineering, Vol. 17, No. 3, pp. 220~225.

(10) Kang, S. W., Kim, I. S. and Lee, J. M.,
2008, of Arbitrarily
Shaped Plates with Smoothly Varying Free Edges
Using NDIF Method,” Journal of Vibration and
Acoustics, Transactions of ASME. Vol. 130, No.
4, pp. 041010.1~041010.8.

(11) Kang, S. W. and Atluri, S. N,
of Meshless Method for
of Arbitrarily Shaped Free

“Free Vibration Analysis

“Development Free
Vibration Analysis
Plates Using  Local  Polar  Coordinates,”
Transactions of the Korean Society for Noise and
Vibration Engineering, Vol. 18, No. 6, pp. 674~680.
(12) Kang, S. W, 2007, Vibration
Analysis of Clamped Plates with Arbitrary Shapes
of the

and  Vibration

“Free

Using Series Functions,” Transactions
Korean Society for Noise
Engineering, Vol. 13, No. 10, pp. 531~538.
(13) Meirovitch, L., 1967, “Analytical methods
in vibrations,” Macmillan Publishing, New York.
(14) Blevins, R. D., 1979,
Natural Frequency and Mode

Educational Publishing, New York.

“Formulas for

Shape,” Litton

1074/t 43 SSES| =2 &/A 19 E A 10 &, 200913





