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Free Vibration Analysis of Simply-Supported Rectangular Plate with a Circular Cutout
by Independent Coordinate Coupling Method
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ABSTRACT

This paper is cancerned with the vibration analysis of a simply-supported rectangular plate with a circular cutout. Even
though thete have been many methods developed for the free vibration of the tectangular plate with a rectangular cutout, vety
few research has been carried out for the rectangular pldbe with a citcular cutout. In this paper, a new methodslogy called
independert coordinate coupling method, which was developed to save the computational effort for the free vibration analysis
of rectangular plate with a rectangular cutout, is applied to the case of circular cutout. The independent coordinate coupling
method emplays the global cootdinate system for the plate and the local coordinate system for the cutout. In the cese of the
rectangular plate with a citcular cutout, the global coordinate system is the Cartesian coordinate system and the local coordinate
system is the polar coordinate system. By imposing the compatibility condition, the relationship between the global cootdinetes
and the local coordinates is derived. This equation is then used forthe calculdion of the mass and stiffness matrices resulting in
eigenvalue problem. The numerical results show the efficacy of the proposed method.

1. M B
Fgol e AAGE HEL FXEFY Y2 A
wod ), AT E 438 LA Sel g
A AMEH 2 Ak Ty o gAH FHo] AE
AAZE HEd 2 { A5 A dd&s &
A3tA 2371 o] Rayleigh—Ritz ¥y &
sasa 2E £ANY YU E AHGEA =l
F¥ 249 Hl8 Rayleigh—Riz W& 299
ol ARG d8s o] W nA Jded
73Rl A gol shedit
AA AAGE YL A e AARE Hay
EHRAF A e dF IuAgE vy A
AR Y F9e] WA E Rayleigh—Ritz WY&
ol gEhE Fd A FAE A" = Ach
Rajamani $[1.2]2 399 93§ A% 5
dent FUsthe sl deAAy 2y A
H 2dg A XA ol g s *d
9 H21E A3 A spaA Yol 2RAT A4
of V]2 GPE ZAERG Al 9 Atwal[3]2
7Y 35S 71 229 4R 995 L84
7 AHEEY FAHNE S YR Lam S[4]

t MUML E20ED AN, By
E-mail © kwakn@ds 2du
Tel: (02 2260-3705, Fax : (02) 2263-9379

« FEH, Aduigy JiARR &

& AAZE g8 A5l s & F AY F2
o2 Us 2 Rayleigh—-Riz W& +3354
A g9t ol WY& kA Lam @ Hungl[5]9]
Aedl 27t Y S slA e A2 s A8
3153ct. 22 [458]ed4 UHAA £ Ee A
% 5§ &+ Bhat[6-8]17F AUs AAHEA
A s fLolr}, Laura FO1E DA A
AL go] AABH TP A E AR
e A EHQ Rayleigh—-Riz ¥4& A Lo
DRAS EQAHT ARG, 1 def &2
£4 & ol§8 AR 2 Monahan 51019 4%
7bo92d 9 AEHE olgg dFE
Paramasvam [11]). Aksu & ali[12]9 d4%F>}
ek, Sakivama $(13]12 *9 & FoAoz g
2 $AA 822 1882 Green €5F A 43
o AAZE 29 g st oty HAAZEH G
THAE FAF H482Y.

48 FYg JHAEe AR FHY %)
DAY st AA2E BEY SN AY Hey
ot YA A 3] o] AAAE FHY AR
dlefl s ol ZolskA vt Takahashi[ldle €
3 Foof el efuix] HofH Ty P EY G
& A7ste A5A49 Rayleigh—Ritz ¥ & A}
g3ged S 8P ¥ DREFF 0 &EI
t}, Joga—Rao and Pickern[15]2 A& &+ 5
+uhd4 @4 % biharmonic singular 84 % 9l
B3l g & AwEtan



25N EF T 20066 FAFE U =

43 39 g rlAe 4448 ey 284
T TAE 48 749 g% T THIAHE 1§
o RRA FAZ #4982 IJARE HEY 9%
AA Zdg A& o} AE Hs AFAE
point—matching W¥el ALgE/l=  d19uh
Kumai[16].  Hegarty[17], Eastep and
Hemmig[18]. Nagaya[19] 7} ol &% W2 =
¥ point—matcing Wl 2AEF 2 Yrh

U d7 e o34ds AFH[20]12 &
& AXGE Had Rf{ AF BA s 4H
AT E F¥3e I I3 LRIF} =5 H
@ol Hxdte ALY /ASE HBF A&s
7l A3 *‘/\}Z’ff‘é *9, 48 7Y T verg
EEEHJ Tyl RRAT T vIAE YTE 41
& B ZARIEG 2T S[21]L 4H
Fol F2 AMEFHE ¥dge] Y& A E
9 Aol sl o1 BAQY X F FH3)
o guz ol &8[22]2 2 Y gF T »l"
Hegel el F3249G ol g8l 2HAFH
Aiste 4% das b »eRu

BETY R [23]1e AAME FYE 7t
A AAZ8 HEY s AF AT
Rayleigh—Ritz W2 g s|dsed 2o £ A
9 H8g ol g3t LR R
{Independent Coordmate Coupling Method) &
ABEPeL ICCM 2 P9 Y& AAAd ¥
49 HHAHA 2A3A Hise Hol oz} 7
P oA E Fhe] AR (BA2 ALz
3y YAy F HEnY AREZAL AL
FYoz 44 oix 2AZES AEHAE WA
ojv}, #EFsl wtw (23] ICCM 9 vz’éa
AARE FYP g FIAE FALSE HEY zHA
T AR AFEAY. B dFelAqE o ‘%“”dar
F o &35 F 839 A”REA §53:
WY S Mdsn 842 Yo ALt ICCM ¢
e elgd e AEstex #v) £/ Bk
ICCM o] 948 Y& 7ixe 2AAaE Ha
9 2H AF HAiel AVFE ¥ Fr}

Jl

Q,
=

of
i

iﬁon-;.uuh
do B oo

T

2. HA

oo
okl
rel

o] CHEF Rayleigh-Ritz

ol

o0F
)

=
=]

Bewd R3]l X& WEy Jdolst
aoln Y& Wt Polst p ¢ HARE @Y
=FoA s Gl g thEat 2o FA 53]
Heh WA S@4AYdel s RAEES,

E=x/a, n=yp/b &} HEPFEF =AY FE
9 HAAE TGS 29 2RI

WERD = D& (Ema ) =D Emgwy (D

AN @(Ep=[P, P, .0 ] T TEHY BYHESY
ol tisk 1xn 2] 0] oiﬂf’““ HFEE LERY
M, gt)=[g,9, 9] T nx1 & Ltz =
E YetATE 9714 n & 9Ad H§8F9 F
Folt}, o5 &% Feld A e A
s 2o fedvk
ohad . —. Db .=
T = My, V. ==
o e MV, = Ky
A7A g HEY 42Y9s b e HEY F4,
D=Er/Al-v), Ex 99 A+, v & Z3%
dl & Yehdet 282
7= [ [ o7 dgay (3
z I.I.[a-@: a:;:+a.a¢? 34:
a& & 3n 3dy
aﬁ[anb I I aan @
3¢ apt g A&
3% 3P ]dfdv
3¢y 3Py
Addl 4z RAIgEss A 244 FdES e
v ZE 2. a=a/d. T AAGSE HEY FE
§ JERdY, 2a%a WAHe A(2)F g}
T og=Ac” 2 PRebd thgat RE 2HAF B
A7t =)
(Z‘- a'M)A=0 5

+Al-»a’

o 71 A
L ©)

r Padad RHASTE Uehdnh 248
o dwn 24 F9s 29 4A S5 96
o21d S §@4 T A+ Eedl gia 2ol B
Aste o] i Asht[23].
b (&) =g Dw(n), i=L2...n (D)
AMG A (Dol WYshd AL I
24 49 & 945t e o] mduh
M =X (8



TR 45V F5383 2006 A =3

E-Xy+a'X? +a»(X7 +X7) )
+a'(1-nX Y, 1j=.2,..n
A7 A
X, =[ggde, X = [dgae  (10ah)

X = [¢9'ae, X, =[g9'a¢ (1000
F,

IR% (10e,)

L= [wvan g

y 22 J% mAY HEP
5.9 s ng:e_ua A4 Bdeid 28

3 w8 HERL AHERY Z
n A0 4o JA LWL L 2
2EE [23]1F 2= i,
TE #Ho] BeAAY AR @Y A
% 8¢5 e 2L Ger
2¢+% Y + Yk

@ =~2sinigé, i=12,.. (11
ol A% A (1Y T ¥ HET5L e A
A BYA}.

(9, 12kzm

'W'd??

g, m+l<kLm

g=99, 2m+1£k<m (12)
w. (Mm-Dm+18k<m’
(0, 1<kzm
@, m+1Lksim

W, =0, m+15k<3m (13)

/. (m— Dm+1£k< mt
olZ olgEm AA Py AT 74 dde
fFET £ At}

3 ¥E WH 1RNE 2H

A E4) RY FYs 43 B 25014
9 gAY thSa 32o] )

T = E,Ghj; L W rdrdd (14

_[lﬂ*’__La"’H},Mg

r 3g r*ag

AA =] e 24 ke ARAY AR
AdYefirl EAEY 28AY 2H @+ SA4Y
AHozsy doAt(24]. AAXY nHTTel
e 2RA ' =0*ghR /D Y RPN G 7HAH
Ad¢d A9 2H 49 Aa(FA 9 2o
2 Rd=th

i3

W (r,8) =2 & (r.8g,1)=0,0,8g,0) (16)
i=1

A7 & _(r, ¥ HEFT Uepdh 4 (16)

g A (1" (18)ed HAste 2 FTFY dr

Qg o gl &SeliA g BAeiast v 3l
2o ¥k

@R 7D

T = LV =""gTA 17

- > gq. v gqu, 4. Un

7l A ddde]l 2HAY 4 AFol WA
nxn, FEolut,

ICCM & A§3e 7L 2y sl =%
9SSR g2 NF3) dRe AfFEE
e Y 4495 madel do) AfdY @
9 49 7§ 5 =AU Aalskd ke
Z2vt[24].

Ag A AN nRBEE 2N £EE U
AT TEo| Yo 4%

Rk o) PEL 22PU[A]E RZI A
£l et 2EAeoz P Bolrk of
& g3 4 DA A teE 2ol 8549
Ak,

~
1o



P24 F3 T 2006 FAG U] =E

A=dag([0 00 F & & 20
{19
Table 1. €€9 =4 A+ &
kln | A | 4 ¢, | 1@
1| 2] 2.3148 | 3.6450 | 0.2134 | cos(28)
2| 2| 23148 | 3.6459 | 0.2134 | sin(28)
3] 0] 3.0005 | 2.1979 | -0.0857 1
4| 3| 35269 45155 0.0911 | cos(3d)
5| 3| 35260 | 45155 | 0.0911 | sin(38)
6| 1| 45240 | 3.8240 | -0.0192 | coxd)
7| 1| 45249 | 3.8349 | -0.0193 | sin(&)
8| 2| 59380 | 4.4258 | -0.0056 | cox26)
9| 2| 59380 | 4.4258 | -0.0056 | sin(26)
10| 0| 6.2003 | 3.1390 | 0.0032 1
4. ¥ FYE Ol FL0 st
ICCM e &

g a™s Rol AARE ol 44 PG
MR Y AL E ne A

Y
1 r
al
T 0
b
rv '; r‘r
P :

0% a J X

1
Fig.1 Rectangular Plate with a Circular Hole
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Fig. 2 Simply-supported square plate with a circular
hole
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