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1. INTRODUCTION

The problem of vibrations of plates of complicated boundary shape is of interest
in several areas of applied sciences and technology as in the case of printed
circuit boards in electronic equipment subjected to severe dynamic environments
[1]. Placing an additional internal support is sometimes required in order to
increment its fundamental frequency; see Figure 1. The present study tackles the
title problem using the conformal mapping method to transform the given shape
in the z-plane onto a unit circle in the {-plane [2]. The transformed functional is
then solved by means of the optimized Rayleigh—Ritz method [3].

2. APPROXIMATE SOLUTION

As it is well known the problem of small amplitude, transverse vibrations of
thin elastic plates is governed by the functional

JW)=D J L[(sz + W2)? = 2(1 —0)(We W, — W2)] dx dy

—phw2JJ w2 dx dy. (1)
P

Regular, polygonal shapes in the z-plane are transformed onto unit circles in the
{-plane by means of the Schwarz—Christoffel transformation yielding

{
Z_x"i_iy_f(g)_AsapJ at

oo apAsF (L), (2)

where s is the degree of the polygon, 4 is the coefficient [2], a, is the apothem of
the polygon, { = & 4 in = r e,
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Substituting equation (2) in equation (1) results in

amof [

+{(1=0)/ 2} [(Wa = W = 2iWe) /' (0)

Ca(w— i) 1 O P/ £ Q) |6]

<11 P de dn — phw2HC W2 £ 1 dé d. (3)

Finding an exact solution of equation (3) will be at best, an exceedingly difficult
task. In view of this fact W will be replaced by an approximate functional
relation W, (r) which, as a first order approximation, will not take into account
the azimuthal dependence of the fundamental mode shape. In view of this
equation (3) becomes, after some manipulations,

- | [

rdrdo

L—o| (W) = W,/r) e @F () = 2w, e F" ()
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A

2 2 / 2
- Tei “CW [F(Q) P r dr do, (4)

where Q° = (pha*/D)w?, and a is the side of the polygon and tg n/s = tan n/s.
The following expressions have been used for W,(r).

3
Simply supported edge: W, = Z Ci(r* — rPt 1), (5)
J=1
3 .
Clamped edge: W, = Z Ci(r — PP, (6)
=1

3. NUMERICAL RESULTS

In order to test the adequateness of the proposed approach it was first applied
to a circular plate of radius a yielding Q; = \/ph/Dwa*> = 14-81 in the case of a
simply supported plate and 22-83 when the outer boundary is clamped, for
v = 0-30. Both results are in excellent agreement with the eigenvalues quoted in
Leissa’s classical monograph [4]. Table 1 depicts values of the fundamental
frequency coefficient Q; = /ph/Dw,a* for simply supported and clamped plates
of regular polygonal shape with a central, pinpoint support.
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TABLE 1

Fundamental frequency coefficients, 0y = \/ph/Dwa? of regular polygonal plates with a
central, pinpoint support

Square Pentagon Hexagon Heptagon Octagon
Simply supported 53-545 29-674 19-070 13-571 10-146
Clamped 80-773 44-451 28764 20-311 15-183
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