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Free Vibration Analysis of Rectangular Plate with a Rectangular Cutout
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ABSTRACT

This paper is concerned with the vibration analysis of a rectangular plate with a rectangular hole. Even though there have
been many methods developed for the addressed problem, they suffer from computational time. In this paper, we developed a
new methodology called Independent Coordinate Coupling Method which can couple two independent coordinate systems for
the entire plate domain and the hole. By matching the deflection condition imposed on the expressions, the relationship between
the global axes and the local axes is derived. This formula is then used for the calculation of the eigenvalue problem. The

numerical results show the efficacy of the proposed method.
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Fig.2 Rectangular Plate with a Rectangular Hole
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A NE z2ALEZ] Y8 @ =0359 A

of ojs) 7]E2] Rayleigh-Ritz H&‘ﬂa«l R E i
A& AL ARAEFE ALEdd a1 4
7}1&9] Rayleigh-Ritz WHOZE AHAF Aol
0938 =, SHUHRAAYHLE ZE ®o] &d&EAA
73—‘%01]% 02031 27} 29& #F3A. 23]
SHFEAY™HO] Agto] F ul ol 22HE

Euri‘l°-t<lrﬁ-l°

-598-

g 2 ol SHHAE JdA4Y9L Algste A9
A @2l & & %ol dg8d Aol Pgat
7] wjZolh. zejy stedl AAAE FHol gl
T EE Wo] A" ALY #HHY ASdE
71E€ 9] Rayleigh-Ritz W o2 425 =, SHFAFTA
Ao ol E 02188 =T 71E whRT o
120 B=ntol] Ajzko] AR &8 & 5 AAG
71E el 93 A4k Alzbo] BE o] g
A2 HHH ZE Mol nA AL g
A Eold o)lfre 7Y d9e HEL £ ud
of oj&dte] Fasty] wjEolrh oj2EE B o
TFoAA AL EHR(FTALEY FaAde 4A
A4 4 o).

160 T

160 e ,\

e RRM

ri;? =
A
b
i
.
5
@ 3
o
h

Natural F

Non-Di

0 005 01 015 02 025 03 B35 04 045 05
afa

Fig.5 Clamped Square Plate with a Square Hole

6. Z 2
B AFeMe Z‘/‘}Z’rﬁé Bdo] Aty 79
< 7 e A9 AT #f4E dFAHU
Rayleigh-Ritz “o“ﬂr% o] &3t FAHAE Y5
v A B AT e ERI3EdAdy
(ICCM)E AMg3te] ARE =&3te A3 E E9

a3t

'%l%—’—‘*.?l Rayleigh-Ritz 1< 2 &3t 7 ol
7 ZE9 dF Fgo] & AR UFF
3 °%—°ﬂ‘—17<191— va**owxmw o] Hgof w3t
HES At FAALE FYAG. a2 o
Ad &g T3 °3—,°ﬂ et AEe ug
Hol g XA AAXAE] ZE Adstae o
g7t EAsA e g2y F2 RS F
BafoF st o] FHAelA B A Aol AQ
g

B A7elA Add =P ddde 79
Fell dial 55 HEAE =Ystn o FH F



A s AfF-AF 2 HEFFE =Y
EAE sAste Bt Af-AH B §E
IE 79 90l sl =51ekE o] dYel of
EFoUA & ddAART} 2

A A2 7 GAlelA e WY dA =
& Abste Zoltt. of oM 1A HEA
2

Ol

A AuEA FH HEA 2AR
Awt HEAL BAH] FEI o BAL
Glgsta vinz ) 7Y 9 wg
9 AT LG EAE AAE sty
e Aee Aes TURT,

o @eAAE Aed 3d Fee
ez FARAE FALG. Sy 2
SR QRN Age SdgEayel B

A ee mojzT),
1 AL WA, Az
4 AEE AT 9 Aol HER
Hgol B2 o YA 1Y SUHE
d0g AR A 9 2AT WS o
Al 4 o1l SAE AR & g,
SUREAZ Bl H5d 98 79 SM
gol¥ o= g}

rOl’ lo ri

o

o A

rlr _P‘
r2

= 7|

& A7 FIUSE =5 AA FEs Ade
A B/ FAL=E-DG.

(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.

GskA xded

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

(3) Aksu, G and Alj, R., 1976, “Determination of Dynamic
Characteristics of Rectangular Plates with Cut-outs Using a
Finite Difference Formulation”, Journal of Sound and Vibration
Vol. 44, pp. 147-158.

(4) Rajamani, A. and Prabhakaran, R., 1977, “Dynamic
Response of Composite Plates with Cut-outs, Part I: Simply-
Supported Plates”, Journal of Sound and Vibration, Vol. 54, pp.
549-564.

(5) Rajamani, A. and Prabhakaran, R., 1977, “Dynamic
Response of Composite Plates with Cut-outs, Part II: Clamped-
Clamped Plates”, Journal of Sound and Vibration, Vol. 54, pp.
565-576.

(6) 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.

(7) 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.

(8) Lam, K. Y. and Hung, K. C., 1990, “Vibration Study on
Plates with Stiffened Openings Using Orthogonal Polynomials
and Partitioning Method,” Computers and Structures, Vol. 37,
pp. 295-301.

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

(10) Bhat, R. B., 1985, “Plate Deflections Using
Orthogonal Polynomials,” American Society of Civil Engineers,
Journal of the Engineering Mechanics Division, Vol. 111, pp.
1301-1309.

(10) Bhat, R. B., 1990, “Numerical Experiments on the
Determination of Natural Frequencies of Transverse Vibrations
of Rectangular Plates of Nonuniform Thickness,” Journal of
Sound and Vibration, Vol. 138, pp. 205-219.

(12) Laura, P. A. A, Romanelli, E., and Rossi, R. E., 1997,
“Transverse Vibrations of Simply-Supported Rectangular Plates
with Rectangular Cutouts,” Vol. 202, No. 2, pp. 275-283.

(13) 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.

-599-



