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Free Vibration Analysis System of Elastic Plates Using Boundary-Domain Element Method

Masataka TANAKA, Toshiro MATSUMOTO, Akira SHIOZAKI, and Keiji YAMAMOTO

This paper is concerned with the boundary-domain element method used for the analysis of free
vibration of thin elastic plates. The fundamental solution of the biharmonic operator is used for the derivation of
the integral equation formulation. The integral equations for the deflection and the rotation are so regularized
that all integrals can be evaluated by the standard Gaussian quadrature. The resulting integral equations are
discretized by means of the boundary-domain element method. The system of equations includes the nodal
unknowns on the boundary and those of displacement in the inner domain. Elimination of the unknowns except
for nodal displacements can lead us to the eigenvalue equations. Numerical analysis is carried out for several
examples and the computational properties of the proposed method are investigated in detail, whereby its

usefulness is demonstrated.
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Fig.1 Simply-supported rectangular plate

Fig.2 Boundary-domain element mesh with quadratic
interpolations (24 boundary elements)
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Table 1 Eigenfrequencies for simply-supported
rectangular plate
i) 12 boundary elements
A Ay A A As | Ag
Analytical | 5.236 | 7.551 | 8.947 |10.314|10.472]12.610
Present | 5.241 | 7.576 | 9.006 |10.367(10.425|12.145

Error(%) | 0.095 | 0.331 | 0.659 | 0.514 | 0.449 | 3.688

ii) 24 boundary elements
Ml b [ A | A ] A | A
Analytical | 5.236 | 7.551 | 8.947 |10.314|10.472{12.610

Present | 5.236 | 7.554 | 8.952 |10.324 |10.483|12.635

Error(%) | 0.000 | 0.040 { 0.056 | 0.097 | 0.105 | 0.198
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(a) 1st mode

(b) 2nd mode
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(¢) 3rd mode
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(d) 5th mode

Fig.3 Eigenmodes of simply-supported rectangular plate

(d) 5thmode
Fig.4 Sketch for eigenmodes of simply-supported

rectangular plate

3.2 AREFIN ST, FigSlmT &)z
#ER = 1[m], Rk =0.01[m]"> £/F EE PR ORI R
ERT. WM oM BERIIFigSIIRTEE L. AR
B oz 2 THERTILL T A=R?ph/DY/*E LT
Zz, EZFEILTO2 B 2EL-.

D EREFE 12, NEELEE 36, 5109

i) BEREFE 20, WELIVEE 100, #ik 301
Fig 6\l BERER 005N EZEF SR 2R T.

X2

E=2.0x10""[Pa]
v=0.3
p=17.8%10"kg/m’]

X1

Unit : [m]

(b) 2nd mode

Fig.5 Clamped circular plate



Fig.6 Boundary-domain element mesh with quadratic
interpolations (20 boundary elements)
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Table 2 Eigenfrequencies for clamped circular plate
i) 12 boundary elements

Mol | A A | A5 | A
Analytical | 3.196 | 4.611 | 5.906 | 6.306 | 7.144 | 7.799

Present | 3.195 | 4.617 | 5.944 | 6.321 | 7.250 | 7.905

Error(%) | 0.031 | 0.130 { 0.643 | 0.238 | 1.484 | 1.359

ii) 24 boundary element
Ml A A As | A
Analytical | 3.196 | 4.611 | 5.906 | 6.306 | 7.144 | 7.799

Present |3.196 | 4.612 | 5.910 | 6.308 | 7.160 | 7.811

Error(%) | 0.000 | 0.022 | 0.068 | 0.032 | 0.224 | 0.154
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