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1. INTRODUCTION

The main goal of the present study is the determination of the fundamental frequency of
transverse vibration of the structural system depicted in Figure 1. It was motivated by the
fact that materials of generalized anisotropy are commonly used in many technological
situations on the one hand, and that no results are avilable for the case of discontinuously
varying thickness which, on the other hand, is of considerable engineering importance.

The fundamental eigenvalue is obtained using the optimized Rayleigh-Ritz method for
all possible combinations of clamped and simply supported edges.

In order to facilitate the algorithmic procedure the edges are assumed to posses
a flexibility coefficient ¢; (i = 1, 2, ..., 4, see Figure 1). At the final stage of the numerical
procedure ¢; is made to approach zero for a clamped (c) edge or infinity when the edge is
simply supported (ss).

2. APPROXIMATE SOLUTION OF THE PROBLEM
Assuming normal modes of vibrations and using Lekhnitskii’s classical notation [1] one

expresses the governing functional in the form
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Figure 1. Mechanical system of generalized anisotropy executing transverse vibrations.

where
1, 0<x<g
h(x, y) = nho withn ={p,
ho’
It is important to point out that equations (1) and (2) are approximate in the sense that the
exact expressions of the edge normal bending moments are not used.
However, this is permissible since the end results are obtained for the situations where

either the edge normal moments are zero or the edge rotations are null.
Introducing the dimensionless variables x and y,

X=ax, y=by 3)

and substituting in equations (1) and (2) one obtains
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Obviously, since only clamped or simply supported edge conditions are considered, all the
simple integrals appearing in equation (1) and equation (4) are identically zero.
Assuming

N

Z 195(x, ) (6)

and making use of the classical Ritz approach one obtains
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The following co-ordinate functions are used:
@j(x, y) = (xT + ;35X + ojox? + o) (V! + B3y’ + B2y + By, @®)

with ¢ = p +j — 1 and where p is Rayleigh’s optimization parameter.
Substituting equations (6) and (8) into equation (7) leads to a homogeneous system of
linear equations in the C;’s. The non-triviality condition leads to a determinantal equation
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TABLE 1

Frequency coefficients Q1 of rectangular plates of generalized anisotropy and discontinuously
varying thickness for C-C-C-C, C-C-SS-C, SS-C-SS-C, C-C-C-SS and SS-C-C-SS edge

arrangements

c/a hy/ho afb =3)2 1 2/3
025 08 43-99 29-60 2395
¢ 06 37-02 2558 21-02
c |:| 050 0-8 4681 30-65 24-34
. 06 43-17 2773 21-54
075 08 49-79 31:93 2510
06 48-50 30-28 23-19

025 08 4091 2543 1891
¢ 06 33-64 21-79 1669
c |:| ss 050 0-8 43-34 26-44 19-31
N 06 39-27 24-02 17-48
075 0-8 4653 27-87 20-17
06 45-09 2675 19-21
025 0-8 39-72 2279 14-94
¢ 06 34-31 1996 1300
|:|ss 050 0-8 42:32 2396 1563
N 06 39-83 22:42 14-41
075 0-8 44-83 2513 1636
06 4391 24-42 1579
025 0-8 3833 2810 23-54
sl 06 33-32 24-53 20-70
c |:| c 050 08 40-85 29-06 2396
A 06 3816 2646 21-25
075 0-8 42-30 29-87 24-66
06 40-60 27-98 2276
025 0-8 36:61 24-10 18-10
sl 06 3328 21-57 1563
ssl:l c 050 08 38-57 2505 1882
. 06 37-11 23-38 1685
075 08 39-56 2561 1930
06 3853 24-33 1793

whose lowest root is the fundamental frequency coefficient of the system Q; = ./pho/D110
wya®. An optimized value of Q, is obtained, minimizing it with respect to p.

3. NUMERICAL RESULTS

All calculations were performed for
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TABLE 2

Frequency coefficients Q1 of rectangular plates of generalized anisotropy and discontinuously
varying thickness for C-C-SS-SS, C-SS-C-SS, SS-SS-C-SS, C-SS-SS-SS and
SS-SS-SS-SS edge arrangements

¢/a hy ho a/b =32 1 23
025 08 3490 2360 1845
= 06 29-53 2055 1636
D 050 08 37:06 2457 1886
- 06 3430 22:60 1713
075 08 3892 2551 1965
06 3767 2442 1860
) 025 08 3377 2631 2282
06 2887 2281 1996
|:| c 050 038 3506 2692 2311
" 06 3171 23-88 20-16
075 038 3644 2786 2392
06 3407 2569 2194
025 08 30-74 21-69 17:07
d 06 27-32 1887 14-36
ssl:l ¢ 050 038 3193 2242 1775
" 06 29-73 20-18 1543
075 038 3300 2317 1836
06 3140 21-58 16:87
025 038 29-90 21-68 1763

= 06 2524 1873 1551
cl:l s 050 038 31:09 2226 1788
- 06 2802 1998 1594
075 038 3248 2317 1875
06 30-68 21-68 17-46
i 025 038 27-56 1822 1324
06 24-36 1597 1134
ssl:l . 050 038 2869 1889 1379
" 06 2677 1732 1229
075 08 29-83 1965 14:51
06 2871 1873 1372

Tables 1 and 2 depict values of fundamental frequency coefficients of the system for all the
possible combinations of clamped and simply supported edges. In view of the mechanical
complexity of the problem and simplicity of the approach and co-ordinate functions
employed, one may expect that the eigenvalues determined using the present methodology
yield rather rough approximations for the problem under study. Nevertheless, the general
approach may be useful for a designer’s purpose.
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