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ABSTRACT

This paper is concerned with the vibration analysis of a rectangular plate with multiple circular
holes. On the contrary to the case of rectangular plate with multiple rectangular holes, it is very
difficult to perform qualitative analysis on natural vibration characteristics because of geometrical
inconsistency. In this paper, we applied the Independent Coordinate Coupling Method(ICCM) to the
addressed problem, which was developed to compute natural vibration characteristics of the
rectangular plate with a circular hole and proven to be computationally effective. The ICCM is
based on Rayleigh—Ritz method but utilizes independent coordinates for each hole domain. By
matching the deflection conditions for each hole imposed on the expressions, we can easily derive
the reduced mass and stiffness matrices. The resulting equation is then used for the calculation of
the eigenvalue problem. The numerical results show the efficacy of the Independent Coordinate

Coupling Method.
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Fig.1 Rectangular plate with multiple rectangular
holes with local axes
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Fig. 2 Square plate with two square holes
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Fig.6 Mode shapes of simply-supported square
plate with two square holes (8=0.1)
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Fig.7 Mode shapes of simply-supported square
plate with two square holes (8=0.2)

o A AAZQS duglel AARY LHAFS
£ 799 Q%S ol A wort ;A 1R
F4E 799 2t AYEE WA B @ 5
Atk 7 Wske ALY FYE D e A
o vizgol BT mey FHe Bge @
FABEA 2 982 FA 2ee & + Aot

ICCME AMgs] ZE o] thex|x|Q)
e Reg T3 799 A4S 2AEY A
A ARe 7ol HAAR JFEEC e 2
G FA FAT o] AXHEAM FHY ggfo]
A Jveds B934t ICCM2 1fAFEE
Atz g0 AMEE § 9SS IS ch
ICCMe] B3 e dssrl fAsl + A9 99T
& 7HE AL ERE 28R ICCMo| <
o 759 998 79L& /MAE FAAE R 147
SaA o] el sy FEE AR AZtHEr)

>
H1

BIRASTSSEI=2 /A 17A A 11 &, 20074/1091



% 7|

o] A7E FIAUWHAL = AA FHF A2
ojFoiFth AAR oA FA=d.

22z d

(1) Monohan, L. J., Nemergut, P. J. and Maddux,

G. E,, 1970, “Natural Frequencies and Mode Shapes
of Plates with Interior Cut~outs”, The Shock and
Vibration Bulletin, Vol. 41, pp. 37~49.

(2) Paramasivam, P., 1973, “Free Vibration of
Square Plates with Square Opening”, Journal of
Sound and Vibration, Vol. 30, pp. 173~178.

(3) Ali, R. and Atwal, S. J., 1980, “Prediction of
Natural Frequencies of Vibration of Rectangular
Plates with Rectangular Cutouts”, Computers and
Structures, Vol. 12, pp. 819~823.

(4) Lam, K. Y., Hung, K C. and Chow, S. T,
1989, “Vibration Analysis of Plates with Cut—outs
by the Modified Rayleigh-Ritz Method”, Applied
Acoustics, Vol. 28, pp. 49~60.

(5) Bhat, R. B., 1985, “Natural Frequencies of
Rectangular Plates Using Characteristic Orthogonal
Polynomials in Rayleigh-Ritz Method”, Jowrnal of
Sound and Vibration, Vol. 102, pp. 493~499.

(6) Sakiyama, T., Huang, M., Matsuda, H. and
Morita, C., 2003, “Free Vibration of Orthotropic
Square Plates with a Square Hole”, Journal of
Sound and Vibration, Vol. 259, No. 1, pp. 63~80.

(7) Leissa, A. 1993, Plates,
Acoustical Society of America.

(8) Nippon Kaiji Kyokai, 1981, Guide to Ship
Vibration.

(9) Kwak, M. K and Han, S., 2005,
Vibration Analysis of Rectangular Plate with a
Rectangular Cutout by Independent
Coupling Method”,
Society for Noise and Vibration Engineering, Vol.
15, No. 12, pp. 1398~1407.

(10) Kwak, M. K. and Han, S., 2006, “Free

Vibration of

“Free

Coordinate

Transactions of the Korean

Vibration Analysis of Simply-supported Rectangular
Plate with a Circular Cutout by Independent
Coordinate Coupling Method”, Transactions of the
Korean Society for Noise and Vibration Engineering,
Vol. 16, No. 6, pp. 283~293.

(11) Kwak, M. K and Han, S, 2007, “Free
Vibration Analysis of Rectangular Plate with a Hole
by means of Independent Coordinate Coupling
Method”, Journal of Sound and Vibration, Vol. 306,
pp. 12~30. ;

(12) Kwak, M. K. and Song, M., 2007, “Free
of Rectangular Plate with
Independent

Vibration Analysis
Multiple  Rectangular Holes by
Coordinate Coupling Method”, Transactions of the
Korean Society for Noise and Vibration
Engineering(to appear).

(13) Kumai, T., 1952, “The Flexural Vibrations of
a Square Plate with a Central Circular Hole”, Proc.
2nd Japan Natl. Congr. Appl. Mech., pp. 339~342.

(14) Hegarty, R. F. and Ariman, T. 1975,
“Elasto~dynamic Analysis of Rectangular Plates with
Circular Holes”, Int. J. Solids Structures, Vol. 11,
pp- 895~906.

(15) Eastep, F. E. and Hemmig, F. G, 1978,
“Estimation of Fundamental Frequency of
Non-circular Plates with Free, Circular Cutouts”,
Journal of Sound and Vibration, Vol. 56, No. 2, pp.
155~165.

(16) Nagaya, K., 1980, “Transverse Vibration of
a Rectangular Plate with an Eccentric Circular Inner
Boundary”, Int. J. Solids Structures, Vol. 16, pp.
1007~1016.

(17) Lee, Y.-S. and Lee, Y.-B., 1994, “Free
Vibration Analysis of 4 Edges Clamped, Isotropic
Square Plates with 2 Collinear Circular Holes”,
Transactions of the Korean Society for Noise and
Vibration Engineering, Vol. 4, No. 3, pp. 283~293.

(18) Lee, H. S. and Kim, K C., 1984,
“Transverse Vibration of Rectangular Plates Having
an Inner Cutout in Water”, Journal of the Society of
Naval Architects of Korea, Vol.21, No.l, pp.

21~34.

1092/8t2 22 USSHE =2 8/A 174 A 11 5, 20073



