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1. INTRODUCTION

The classical theory of vibrating circular plates has been successfully implemented in the
case of isotropic, orthotropic and circularly anisotropic continuous media [1].
This is not the case when dealing with circular plates of generalized anisotropy when an

approximate analytical solution is sought since the classical approach for constructing
co-ordinate functions fails to behave properly in view of the fact that inevitably some of the
components of the energy integral functional cancel out. On the other hand, exact,
analytical solutions appear to be out of the question.
Specially constructed co-ordinate functions are presented in this paper and they allow for

the solution of some basic problems accomplished in the present investigation: vibrating
clamped and simply supported solid circular plates� [2], and the case of annular plates with
a free inner edge using the co-ordinate functions employed in the case of simply connected
plates [3].

2. CONSTRUCTION OF THE CO-ORDINATE FUNCTIONS AND IMPLEMENTATION
OF THE ENERGY METHOD

Appropriate co-ordinate functions were "rst constructed for the case of clamped and
simply supported solid circular plates, see Figure 1. Generating them involved a rather
lengthy although straightforward analytical trial-and-error procedure which at the last step
required that all the terms of the integral functional did in fact contribute to the end result.
In the case of clamped plates the following combinations of co-ordinate functions were

used in order to perform numerical experiments:
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�Preliminary results on the simply supported case have been presented in reference [2].
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Figure 1. Solid circular plates of generalized anisotropy executing transverse vibrations.
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It can be easily veri"ed that each co-ordinate function satis"es identically the governing
essential boundary conditions.
In the case of a simply supported outer boundary, the following approximate

displacement amplitude function was employed [2]:
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In all these expressions, &&�'' denotes Rayleigh's exponential optimization parameter.
Substituting the corresponding co-ordinate functions in the energy integral functional [4]

J (=)";!¹, (3)

where ; and ¹ are the potential and kinetic energies, given, respectively, by
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TABLE 1

<alue of the fundamental frequency coe.cient �
�
, in the case of a clamped circular plate of

generalized anisotropy
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0)203019 0)324557 0)338756 0)512055 0)169491 8)5832 8)5802 8)5756 8)5807

�Isotropic plate, exact value �
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"10)215.
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A
�
being the domain under study, and applying the classical Rayleigh}Ritz method, one

generates a determinantal equation whose lowest root constitutes the fundamental

frequency coe$cient �
�
"��h/D

��
�

�
a�. Minimizing �

�
with respect to � one obtains an

optimized value of the fundamental eigenvalue of the system under study.

3. NUMERICAL RESULTS

Table 1 depicts values of �
�
for the case of a clamped plate and for several combinations

of the constitutive relations. The "rst case corresponds to the classical isotropic situation
the exact eigenvalue being 10)215 [1]. Approximations (1a) and (1c) yield 10)2161 and
10)2166 respectively.
On the other hand, these approximate displacement expressions (1a) and (1b) yield

fundamental eigenvalues, which yield the lowest values for the remaining cases. In the
isotropic situation the di!erence with the exact value is of the order of 0)01%.
Table 2 shows values of �

�
for a simply supported circular plate of generalized

anisotropy. Excellent agreement with the exact eigenvalue is obtained in the case of an
isotropic plate.

4. EXTENSIONOF THE PROCEDURETOTHECASEOFA CIRCULARANNULARPLATE
OF GENERALIZED ANISOTROPY WITH A FREE INNER EDGE

The structural system is depicted in Figure 2. Following the approach developed in
reference [3] the same approximations (1a) and (1c) were used for the doubly connected
plate integrated over the corresponding domain in the case of a plate clamped at the outer
boundary; see Table 3. The procedure is the same in the case of the simply supported outer
TABLE 2

Fundamental frequency coe.cient of a simply supported circular plate of generalized
anisotropy. Analysis of convergence of expression (2)
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TABLE 3

Fundamental frequency eigenvalue of an annular plate clamped at the outer boundary (�
�
"�

�
)
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TABLE 4

Fundamental frequency eigenvalue of an annular plate simply supported at the outer boundary
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Figure 2. Annular plates with free inner boundary.

TABLE 5

Comparison of results of �
�
"��h/D

�
�

�
a� in the case of an annular plate of rectangular

orthotropy clamped at the outer boundary�
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3 term (1a) 4 term (1a) Reference [3]

0 9)2260 9)2086 9)213
0)10 9)2855 9)2765 9)293
0)20 9)4753 9)4617 9)485
0)30 10)3230 10)3185 10)313
0)40 12)2220 12)2118 12)221
0)50 15)8828 15)8820 15)855
0)60 23)0439 23)0350 22)792
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TABLE 6

Comparison of results of �
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orthotropy simply supported at the outer boundary�
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boundary; Table 4. For this situation expression (2) was employed and the rate of
convergence was observed as the number of co-ordinate functions was increased.
The algorithmic procedure developed in this study was also used in the case of annular

plates of rectangular orthotropy. The case of plates clamped at the outer boundary is
depicted in Table 5, while Table 6 deals with the simply supported situation. Good
agreement with results previously published in the literature is observed.
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