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THEORETICAL STUDY REGARDING THE FREE VIBRATIONS OF SQUARE
FLAT PLATE CLAMPED ON TWO OPPOSITE EDGES AND SIMPLY
SUPPORTED ON THE OTHER TWO.
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Abstract

The square flat plates, are in general elements in the structures of civil and industrial constructions,
their actual shape and support mode being imposed by different conditions in the exploitation of the
buildings, such as the lay-out of some technological appliances, pipe crossing, embrasures in the
stairs and so on.

The making of constructions, machines and different high-perfomance appliances, whose functioning
should take place in safety conditions, have required theoretical studies of rich complexity, as well as
practical experiments, within which the problem of their free and forced vibrations represent an
important category in the respective theme of research. The importance of studying the vibrations of
different deformable material systems (elastic systems in constructions, technological equipments,
mobile or stationary machines and equipments), whose structures take in types of plates different in
terms of shape, loading mode and boundary conditions characterised by forced or free vibration
motions and carried on to the structure itself, has been made obvious by the system’s degradation in
time.

Key words: square plate, simply supported, clamped, Galerkin-Vlasov method, mode shapes,
eigenfunctions.

INTRODUCTION

The problem of rectangular flat plate simply supported on two opposite edges and
clamped on the other two has received a voluminous treatment in the literature, especially
for the square plate..

By means of the dynamic analysis of plates there has been an emphasis on the
complexity of the notion of dynamic calculus, which has the following as main working
stages:

- establishing the dynamic model considered for the first time

- determining the normal vibration modes (self pulsations and vectors, respectively
the functions of vibration modes)

- determining the dynamic response in displacements and sectional stresses

- checking stability and strength conditions

Determining the solution of the plate’s differential equation with partial derivatives
that satisfies all the kinematic and static conditions on the considered boundary cannot
always be rigurously achieved. As a result, the variational methods represent in many cases,
an effective tool in obtaining the solution of the differential or partial derivative equation
that can rigurously satisfy the differential equation and partially the static boundary
conditions.

Solving the differential equations using the variational methods consists in the
replacement of the unknown function that satisfies both the differential equation and the
boundary conditions, with an approximate analytical expression chosen in such a way as to
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approximate the sought out function as well as possible, meaning that the deviation from
the real value of the function should be minimum.

MATERIALS AND METHODS.
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The object of study is determining the vibration modes, eigenvalues W;

(represented by pulsation parameter //1”- ) and the eigenfunctionsCDij (X, Y) .There is a

unitary presentation of the calculus algorithm of the variational method Galerkin-Vlasov for
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a simply supported plate figure 1 having boundary conditions and different edge ratios

b

In determining these normal vibration modes, the variational method Galerkin-
Vlasov is adapted, being regarded as a particularity of the Bubnov-Galerkin method for the
dynamic infinite-dimensional systems.

The study of the rectangular plate started from the normal vibration mode
equation of the plates, that expresses their dynamic equilibrium, choosing for the plate
functions the products of the shape functions of the beams with the same boundary
conditions as the plate in X and respectively Y direction figure 2, figure 3.

a=2

The equation of the normal vibration modes

V4CD”- (X, y) = ﬂijq)ij (X, y)
D (X, y) =X (X)-Y;(y)

in which V*is the double Laplacean operator, together with the boundary conditions,
represents a Sturm-Liouville problem, whose solving with the suggested method leads to
the charateristics of pulsations and vibration shapes.

The equation of the normal vibration modes, along with the homogeneous
boundary conditions describe a type Sturm-Liouville problem, [3], [4]. Solving type Sturm

—Liouville problem
(Dij (X, y) = X;(X) 'Yj (y),

q)ij 0,y)=0,
D4 0,y)=0
oxt ’

CDij (a, Y) = 0:
i (@y)=0
oxt ’

@, (x,0)=0,

oD,
(x,0) =0,
oy
@ (x,b) =0,

8®“(xb)—0
5 oD =0.

allows the determination of inherent values A.

ij » and the eigenfunctions of plate @ ; (X).

Knowing the inherent values lij , gives the eigenvalues @;, for i=12,3,.00.

The expression of the parameter of specific pulsations obtained by applying the
suggested method is
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in which X;(X) si Y;(Y), are the eigenfunctions of the beams that have the same

boundary conditions as the plate on directions X respectively Y . Knowing the inherent

values i gives self-pulsations plate (eigenvalues) values of @

Q.

i = 2

1
a

A

b
o,

ij

The use of Galerkin-Vlasov method for determining the normal vibration modes of

the plates is reduced to the evaluation of the integrals defined above.

For the studied rectangular flat plate simply supported on the boundary, the
pulsation parameters for a number of 3 normal vibration modes are determined. The
obtained results regarding the pulsation parameters for the studied flat rectangular plate are
subsequently presented.

Rectangular flat plate simply supported on two opposite edges, clamped and free

on the other two.
Using the suggested method, we determine the eigenvalues adequate to the normal

vibration modes (1,1), (1,2), (1,3) (2,1), (2,2),(2,3), (3,1), (3,2) and the plate edge ratios,
o= ab =1. The eigenvalues are presented in table 1.
Table 1.

Vibration modes Mode Mode Mode Mode Mode Mode Mode Mode
(1,1 (1,2) 1,3) (PR} (2,2) 23) (€X)) (3,2)

A a=1 28944 | 70,11 | 123,16 | 5493 | 97,07 | 15415 | 1027 | 14433

Also, are presented the eigenfunctions of the plate having the same boundary
conditions as the beams on directions X respectively Y and 8 modes shapes. The
eigenfunctions are presented in tables 2, 3, 4, 5, 6, 7, 8, 9 and the mode shapes in figures
no. 4,5,6,7,8,9,10, 11. The calculus was made by the author using Matlab 6.0.

Table 2.
Eigenfunctions Mode (1,1

yx | 0] 04 0,8 1,2 1,6 2 2.4 2,8 32 3,6 4

0 0[]0 0 0 0 0 0 0 0 0 0

04 | 0 | 0,058436 | 0,191403 | 0,338683 | 0,449759 | 0,490764 | 0,449759 | 0,338683 | 0,191404 | 0,058439 | 3,82E-06
0,8 | 0| 0,111152 | 0,36407 0,644213 | 0,855492 | 0,93349 0,855493 | 0,644214 | 0,364072 | 0,111157 | 7,27E-06
1,2 | 0 | 0,152988 | 0,501099 | 0,886683 | 1,177484 | 1,284838 | 1,177485 | 0,886685 | 0,501103 | 0,152994 | 1E-05
1,6 | 0 | 0,179848 | 0,589077 | 1,042358 | 1,384216 | 1,510418 | 1,384217 | 1,042361 | 0,589081 | 0,179855 | 1,18E-05
2 0 | 0,189104 | 0,619392 | 1,096 1,455451 | 1,588147 | 1,455452 | 1,096003 | 0,619397 | 0,189111 | 1,24E-05
24 | 0 | 0,179848 | 0,589077 | 1,042358 | 1,384216 | 1,510418 | 1,384217 | 1,04236 0,589081 | 0,179855 | 1,18E-05
2,8 | 0 | 0,152988 | 0,501099 | 0,886683 | 1,177484 | 1,284838 | 1,177485 | 0,886685 | 0,501103 | 0,152994 | 1E-05
32 |1 0| 0111152 | 0,36407 0,644213 | 0,855492 | 0933489 | 0,855493 | 0,644214 | 0,364072 | 0,111157 | 7,27E-06
3,6 | 0 | 0,058436 | 0,191403 | 0,338683 | 0,449759 | 0,490764 | 0,449759 | 0,338683 | 0,191404 | 0,058439 | 3,82E-06
4 0 | -88E-09 | -29E-08 | -5,IE-08 | -6,8E-08 | -7.4E-08 | -6,8E-08 | -5,1E-08 | -2,9E-08 | -8,8E-09 | -5,7E-13
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Table 3.
Eigenfunctions Mode (1,2)
y/x | 0 | 04 0,8 1,2 1,6 2 2,4 2,8 3,2 3,6 4
0 01]0 0 0 0 0 0 0 0 0 0
0,4 | 0 | 0,140831 0,372905 0,465226 | 0,319699 | 2,43E-06 -0,31969 -0,46521 -0,37288 -0,14077 0,000124
0,8 | 0 | 0,267876 | 0,709307 0,884913 | 0,608104 | 4,62E-06 -0,60809 -0,88489 -0,70926 -0,26777 0,000236
1,2 | 0 | 03687 0,976278 | 1217979 | 0,836983 | 6,36E-06 | -0.83697 | -1,21795 | -0,97621 | -0,36855 | 0,000325
1,6 | 0 | 0,433433 1,147683 1,43182 0,983932 | 7,47E-06 -0,98391 -1,43178 -1,1476 -0,43326 0,000381
2 0 | 0455738 | 1,206746 | 1,505504 | 1,034568 | 7,86E-06 | -1,03455 -1,50546 | -1,20666 | -0,45555 | 0,000401
24 | 0 ] 0433433 | 1,147683 | 1,43182 | 0,983932 | 7,47E-06 | -0,98391 -1,43178 | -1,1476 -0,43326 | 0,000381
28 | 0 | 0,3687 0,976278 1,217978 | 0,836983 6,36E-06 -0,83697 -1,21795 -0,97621 -0,36855 0,000325
32 | 0 | 0,267876 | 0,709307 | 0,884913 | 0,608104 | 4,62E-06 | -0,60809 -0,88489 | -0,70926 | -0,26777 | 0,000236
3,6 | 0 | 0,140831 0,372905 0,465226 | 0,319699 | 2,43E-06 -0,31969 -0,46521 -0,37288 -0,14077 0,000124
4 0 | -2,1E-08 -5,6E-08 -7E-08 -4,8E-08 -3,6E-13 4,8E-08 6,99E-08 5,6E-08 2,11E-08 -1,9E-11
Figure 5.
Table 4
3,6 1 0 [ 0237959 | 0465944 | 0268424 [ -0,19417 | 043446 [ -0,19412 | 0,268575 0,466404 [ 0,23934 0,004146
0 | -36E-08 | -7E-08 [ -4E-08 [ 2,92E-08 | 6,53E-08 | 2,92E-08 | -4E-08 -7E-08 [ -3.6E-08 -6.2E-10
Figenfunctions Mode (1,3)
yix [ 0] 04 0,8 12 1,6 2 2,4 2,8 3.2 3,6 4
0 0o 0 0 0 0 0 0 0 0 0
04 [ 0 [ 0237959 | 0465945 | 0268424 [ -0,19417 -0,43446 -0,19412 0268575 | 0,466404 [ 0,23934 0,004146
0,8 [ 0 | 0452626 | 0,886279 | 0,510573 [ -0,36933 -0,82639 -0,36924 0,510861 0,887153 | 0,455252 | 0,007886
12 | 0 [ 0622986 1,219859 | 0,702744 | -0,50834 -1,13743 -0,50822 0,703139 1,221061 0,6266 0,010854
1,6 | 0 [ 0,732364 1,43403 0,826125 | -0,59759 -1,33713 -0,59745 0,82659 1,435443 | 0,736613 | 0,01276
2 0 [ 0,770053 1,507828 | 0,868639 | -0,62834 -1,40594 -0,6282 0,869128 1,509314 [ 0,774521 0,013417
24 | 0 [ 0732364 1,43403 0,826125 | -0,59759 -1,33713 -0,59745 0,82659 1,435443 | 0,736613 | 0,01276
2,8 | 0 [ 0,622986 1,219859 | 0,702744 | -0,50834 -1,13743 -0,50822 0,703139 1,221061 0,6266 0,010854
32 | 0 | 0452626 | 0886279 | 0,510573 | -0,36933 -0,82639 -0,36924 0,510861 0,887153 | 0,455252 | 0,007886
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Figure 6.
Table 5
Valorile functiilor formelor proprii de vibratie Mod (2,1)
y/x | 0 | 04 0,8 1,2 1,6 2 2,4 2,8 32 3,6 4
0 010 0 0 0 0 0 0 0 0 0
04 |10 | 0111152 | 0,36407 0,644213 | 0,855492 | 0,93349 0,855493 0,044214 | 0,364072 | 0,111157 | 7,27E-06
08 | 0 | 0,179848 | 0,589077 1,042358 1,384216 1,510418 1,384217 1,042361 0,589081 0,179855 1,18E-05
1,2 | 0 | 0,179848 | 0,589077 1,042358 1,384216 1,510418 1,384217 1,04236 0,589081 0,179855 1,18E-05
1,6 | 0 | 0,111152 | 0,36407 0,644213 | 0,855492 | 0,933489 | 0,855493 0,044214 | 0,364072 | 0,111157 | 7,27E-06
2 0 | -8,8E-09 -2,9E-08 -5,1E-08 -6,8E-08 -7,4E-08 -6,8E-08 -5,1E-08 -2,9E-08 -8,8E-09 -5,7E-13
24 10 | -0,11115 -0,36407 -0,64421 -0,85549 -0,93349 -0,85549 -0,64421 -0,36407 -0,11116 -7,3E-06
28 | 0 | -0,17985 -0,58908 -1,04236 -1,38422 -1,51042 -1,38422 -1,04236 -0,58908 -0,17986 -1,2E-05
32 |1 0 | -0,17985 -0,58908 -1,04236 -1,38422 -1,51042 -1,38422 -1,04236 -0,58908 -0,17986 -1,2E-05
36 | 0 | -0,11115 -0,36407 -0,64421 -0,85549 -0,93349 -0,85549 -0,64421 -0,36407 -0,11116 -7,3E-06
4 0 | 1,76E-08 5,75E-08 1,02E-07 1,35E-07 1,47E-07 1,35E-07 1,02E-07 5,75E-08 1,76E-08 1,15E-12
01-2
001
m-1-0
o-2--1

Figure 7.
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Table 6.

Valorile functiilor formelor proprii de vibratie Mod (2,2)
y/x 0 0,4 0,8 1,2 1,6 2 2,4 2,8 32 3,6 4
0 0 0 0 0 0 0 0 0 0 0 0
0.4 0 0,267876 0,709307 0,884913 0,608104 4,62E-06 -0,60809 -0,88489 -0,70926 -0,26777 0,000236
0,8 0 0,433433 1,147683 1,43182 0,983932 7,47E-06 -0,98391 -1,43178 -1,1476 -0,43326 0,000381
1,2 0 0,433433 1,147683 1,43182 0,983932 7,47E-06 -0,98391 -1,43178 -1,1476 -0,43326 0,000381
1,6 0 0,267876 0,709307 0,884913 0,608104 | 4,62E-06 -0,60809 -0,88489 -0,70926 -0,26777 0,000236
2 0 | -2,1E-08 -5,6E-08 | -7E-08 48E-08 | -3,6E-13 4,8E-08 6,99E-08 5,6E-08 2,11E-08 -1,9E-11
24 0 -0,26788 -0,70931 -0,88491 -0,6081 -4,6E-06 0,608091 0,88489 0,709258 0,267769 -0,00024
28 | 0 | -043343 J1,14768 | -143182 | -0,98393 | -7,5E-06 0,083912 1,431782 1,147603 | 0433259 | -0,00038
32 0 -0,43343 -1,14768 -1,43182 -0,98393 -7,5E-06 0,983912 1,431782 1,147603 0,433259 -0,00038
36 | 0 | -026788 20,70931 | -0,88491 | -0,6081 _4,6E-06 0,608091 0,88489 0,709258 | 0267768 | -0,00024
4 0 4,23E-08 1,12E-07 1,4E-07 9,6E-08 7,29E-13 -9,6E-08 -1,4E-07 -1,1E-07 -4,2E-08 3,72E-11
;;t,,n'i.'.h
77 I""':""....
Figure 8.
Table 7.
Valorile functiilor formelor proprii de vibratie Mod (2,3)
yx | 0] 04 0,8 1,2 1,6 2 2.4 2,8 32 3,6 4
0 00 0 0 0 0 0 0 0 0 0
04 | 0 | 0452626 | 0,886279 | 0,510573 | -0,36933 | -0,82639 | -0,36924 | 0,510861 | 0,887153 | 0,455252 | 0,007886
0,8 | 0 | 0,732364 | 1,43403 0,826125 | -0,59759 | -1,33713 | -0,59745 | 0,82659 1,435443 | 0,736613 0,01276
1,2 | 0 | 0,732364 | 1,43403 0,826125 | -0,59759 | -1,33713 | -0,59745 | 0,82659 1,435443 | 0,736613 0,01276
1,6 | 0 | 0452626 | 0,886279 | 0,510573 | -0,36933 | -0,82639 | -0,36924 | 0,510861 | 0,887153 | 0,455252 | 0,007886
2 0 | -3,6E-08 -7E-08 -4E-08 2,92E-08 | 6,53E-08 | 2,92E-08 | -4E-08 -7E-08 -3,6E-08 -6,2E-10
24 | 0 | -0,45263 | -0,88628 | -0,51057 | 0,369331 | 0,826393 | 0,369245 | -0,51086 | -0,88715 [ -0,45525 -0,00789
2,8 | 0 | -0,73236 | -1,43403 | -0,82612 | 0,59759 1,337131 | 0,597451 | -0,82659 | -1,43544 | -0,73661 -0,01276
32 | 0 | -0,73236 | -1,43403 | -0,82612 [ 0,59759 1,337131 | 0,597451 | -0,82659 | -1,43544 | -0,73661 -0,01276
36 | 0| -0,45263 | -0,88628 | -0,51057 [ 0,369331 | 0,826393 | 0,369245 | -0,51086 | -0,88715 | -0,45525 -0,00789
4 0 | 7,15E-08 | 14E-07 8,06E-08 | -5,8E-08 -1,3E-07 | -5,8E-08 8,07E-08 | 1,4E-07 7,19E-08 | 1,25E-09
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Table 8.
Valorile functiilor formelor proprii de vibratie Mod (3,1)

yix | 0 | 04 08 12 1.6 2 24 28 32 36 4

0 0o 0 0 0 0 0 0 0 0 0

04 | 0 | 0152988 | 0,501099 0,886683 | 1,177484 | 1,284838 | 1,177485 | 0,886685 | 0,501103 | 0,152994 | 1E-05
08 | 0 | 0179848 | 0,589077 1,042358 | 1,384216 | 1,510418 | 1,384217 | 1,04236 0,589081 | 0,179855 | 1,18E-05
12 | 0 | 0,058436 | 0,191403 0,338683 | 0,449759 | 0,490764 | 0,449759 | 0,338683 | 0,191404 | 0,058439 | 3,82E-06
16 [ 0 | 011115 | -0,36407 -0,64421 | -0,85549 | -0,93349 | -0,85549 | -0,64421 -0,36407 | -0,11116 | -7,3E-06
2 0 [ -0,1891 -0,61939 -1,096 -1,45545 | -1,58815 | -1,45545 | -1,096 06194 | -0,18911 | -1,2E-05
24 | 0 | -011115 | -0,36407 -0,64421 | -0,85549 | -0,93349 | -0,85549 | -0,64421 -0,36407 | -0,11116 | -7,3E-06
28 | 0 | 0,058436 | 0,191403 0,338683 | 0449759 | 0,490765 | 0449759 | 0,338684 | 0,191404 | 0,058439 | 3,82E-06
32 | 0 | 0179848 | 0,589077 1,042358 | 1,384216 | 1,510418 | 1,384217 | 1,042361 | 0,589081 | 0,179855 | 1,18E-05
36 | 0 | 0152988 | 0,501099 0,886683 | 1,177484 | 1,284838 | 1,177485 | 0,886685 | 0,501102 | 0,152994 | 1E-05

4 0 | 26E-08 | -8,6E-08 -1,5E-07 | -2E-07 2,2E-07 | -2E-07 -1,5E-07 -8,6E-08 | -2,6E-08 | -1,7E-12

01-2
0o0-1
m-1-0
o-2-1

Figure 10.
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Table 9.

Valorile functiilor formelor proprii de vibratie Mod (3,2)

y/x 0 0,4 0,8 1,2 1,6 2 2.4 2,8 32 3,6 4

0 0 0 0 0 0 0 0 0 0 0 0

0.4 0 0,3687 0,976278 1,217979 0,836983 6,36E-06 -0,83697 -1,21795 -0,97621 -0,36855 0,000325
0,8 0 0,433433 1,147683 1,43182 0,983932 7,47E-06 -0,98391 -1,43178 -1,1476 -0,43326 0,000381
1,2 0 0,140831 0,372905 0,465226 0,319699 2,43E-06 -0,31969 -0,46521 -0,37288 -0,14077 0,000124
1,6 0 -0,26788 -0,70931 -0,88491 -0,6081 -4,6E-06 0,608091 0,88489 0,709258 0,267769 -0,00024
2 0 -0,45574 -1,20675 -1,5055 -1,03457 -7,9E-06 1,034547 1,505465 1,206662 0,455555 -0,0004
2.4 0 -0,26788 -0,70931 -0,88491 -0,6081 -4,6E-06 0,608091 0,88489 0,709258 0,267768 -0,00024
2,8 0 0,140831 0,372905 0,465227 0,319699 2,43E-06 -0,31969 -0,46521 -0,37288 -0,14077 0,000124
3.2 0 0,433433 1,147683 1,43182 0,983932 7,47E-06 -0,98391 -1,43178 -1,1476 -0,43326 0,000381
3,6 0 0,3687 0,976278 1,217978 0,836983 6,36E-06 -0,83697 -1,21795 -0,97621 -0,36855 0,000325
4 0 -6,3E-08 -1,7E-07 -2,1E-07 -1,4E-07 -1,1E-12 1,44E-07 2,1E-07 1,68E-07 6,34E-08 -5,6E-11

DISCUSSION AND CONCLUSION

Figure

11

To validate the suggested method, we compare the achieved theoretical results
with the ones determined by other authors when applying the trigonometric series method,
Rayleigh, finite element method, Levy method, the finite difference method.

Ther is a presentation of the percentage deviations of the vibration parameters
determined by applying the suggested method in comparison to the ones determined by
other authors through the use of the analytical, variational and numerical methods.

Table 10.
Eigenvalues [ [ [ /
/111 /112 2’13 /121 /122 /123 /131 232
Galerkin-Vlasov 28,944 70,11 123,16 54,93 97,07 154,15 102,7 144,33
method
[4] 28,957 69,442 - 54,764 94,720 102,266 -
0,04 % 0,96 % 0,31 % 2,43 % 0,43 %
[6] Levy Method 28,95 69,39 54,80 94,71 102,33
0,03% 1,03 % - 0,23 % 2,49 % 0,36 % -
[2] Levy Method 28,946 69,32 129,086 54,743 94,584 154,745 102,213 140,189
0,01 % 1,13 % 4,6 % 0,34 % 2,62 % 0,39 % 0,47 % 2,95 %
[71EEM 29,0 69,3 54,8
0,2 % 1,16 % - 0,23 % -
[4] Finite difference 28,974
method. 0,11 % - - - -
[3] Rayleigh method 29,57
2,12 % - - - -
[5] Levy method 28,9 69,2 129,1 54,8 94,6 1548 102,2 140,2
0,15% 1,31 % 4,61 % 0,23 % 2,61 % 0,42 % 0,48 % 2,94 %
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From the analysis of present data, we note that for the rectangular flat plate
considered in this paper, the percentage deviations are in the limits of high precision.

The results obtained for the pulsation parameters of the square plate after applying
the suggested variational method are compared to: the ones obtained by Iguchi in [2] and
Odman in [5] and Polidor Bratu [6], who have used the trigonometric series method for
determining pulsation parameters; the ones determined by Szilard [7], when applying the
finite element method; Nishimura’s methods in [4], who used the finite difference method
for determining the parameter of fundamental pulsation and the ones determined by Janich
[3], using the Rayleigh method.

The percentage deviations for the pulsation parameters of the square plate,
determined with the suggested method are small, in comparison to the one obtained by the
authors in [2], [3], [4], [5], [6]: between 0,01% for the fundamental vibration mode (1,1)
and 4,61 % for the normal vibration mode (3,1).

By means of a clear, ordered and logical structuring of its chapters, the paper tries
to present the dynamic analysis of rectangular simply supported flat plate subjected to free
vibrations.

The content of the paper has been conceived and achieved in such a way as to
emphasize the essential theoretical aspects, along with the adequate physical and
mathematical subtilities and the actual problem in the practice of dynamic analysis of
rectangular flat plate. The paper contains not only information from Romanian and
worldwide field literature, supported and represented by illustrious proffesors and
researchers of the dynamic school in our country, but also personal contributions regarding
the determined dynamic characterisitcs that can be a valuable data base within subsequent
research.

From the study of field literature it has been noted that there is no data concerning
the results obtained by other authors regarding the values of the shape functions,
respectively the parameters of the rectangular plate pulsations and the pulsations proper by
means of applying the Galerkin-Vlasov variational method, a reason why the results
presented in the paper represent a novelty element brought by the author.

In this paper the author elaborate the Galerkin-Vlasov variational method in
solving the simply supported plate on two opposite edges and claped on the other two and
determining the values of eigenfunctions for each considered vibration mode.
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