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Abstract. There is a method examined for studying propagation of waves in a double-periodic plate, based on the application of the bound-
ary element method. By means of this method “transparency windows” were found for a wave that propagates in a direction perpendicular

to the diagonal of the elementary period of the system.
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Introduction

The mechanical systems of a periodic structure have a
property to transmit waves only of certain frequency ranges, the so-
called “transparency windows”, which is widely used in
engineering when designing systems for the constructive vibration
protection, adaptive optics mirrors, and so on. Most of the systems,
studied on this subject, are one-dimensional or quasi-one-
dimensional [1, 3, 6, 7]. There are a few papers [2, 4, 5, 8] in which
the problem is considered in two-dimensional and three-
dimensional formulations. As a rule, when solving such problems,
numerical methods are used, for example, the finite element method
[2, 4, 5, 6, 8]. Therefore, consideration of the propagation of
harmonic waves in double periodic mechanical systems based on
the semi-analytical method, as a method of boundary elements, is an
urgent problem.

Materials and methods

In this paper the propagation process of harmonic waves
in an infinite plate, fixed by two mutually orthogonal systems of
equidistant linear joints (Fig. 1), is considered. The distance
between the adjacent joints of one system is equal to a, and

between the adjacent joints of another system — D . It is supposed

that the wave propagates in a direction, orthogonal to the diagonal
of the elementary period AB (Fig. 2).
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Fig. 1. A double periodic plate, fixed by joints

Most investigations devoted to the wave propagation
process in periodic structures are based on the Floquet theory [9].
According to this theory, under harmonic excitation, all the
kinematic and dynamic characteristics at similar points of any two
adjacent periods of the system differ by factor S . Parameter S,
which is conventionally accepted as a multiplier, in the general case

is a complex value: S:|S|e'args. The multiplier modulus

indicates the degree of the wave amplitude decrease from period to
period, and the argument indicates the phase shift. Obviously, to the

“transparency windows”, the finding of which constitutes the main
goal of similar studies, there corresponds |S| =1.
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Fig 2. An elementary period of the plate

Results and discussion

The formulated task was resolved by using the boundary
element method [10]. Constant boundary elements were used.
Taking into account the division of the period boundary into
boundary elements (Fig. 2), the following boundary conditions were
specified:

— the condition of joint fixing

w; =0, 1=12N; 1)

he condition of quasi-periodic continuation
l9|+N-¢—N2 =S4, Mi+N+N2 =SM;, izm, @)
Gien, =S4, Miin, =—SM;, i=Ny+1LN.
Under conditions (1), (2) Wi, &, Mj, is the value of

the amplitude functions of the deflection, the inclination angle of
the normal and the bending moment on the i-th boundary element.
Equating to zero, the determinant of the homogeneous system
obtained by satisfying conditions (1), (2), we find the dependence of
the  multiplier upon the dimensionless frequency pa,

where p = 1/ a),/ph/D , @ is the circular frequency of the wave,

p is the density of the plate material, h, D, is the thickness and
cylindrical stiffness of the plate.
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The results of solving the task are presented in Figure 3,
where the “transparency windows” of a wave, propagating in the
direction orthogonal to the diagonal of the elementary period of the
plate are shown. The darker is the colour of a certain point in the
diagram, the more “transparency windows” it corresponds to. It is
evident that all the windows can be divided into two types: with an
even and an odd difference of mode numbers along axes X and VY.

The borders of the windows of the first type coincide with curves
S =1, while the windows of the second type between them have

a thin bridge at a=Db, and they essentially consist of two
windows.

Conclusions

To increase the efficiency of the boundary element
method applied to the wave propagation problems in double-
periodic systems by using the influence functions method, an
approach has been developed that allows reduction of the solution
of this problem to a general algebraic problem by eigenvalues. On
its basis, “transparency windows” were built for the so-called
“diagonal” direction of the wave propagation in an infinite plate,
which is fixed by two mutually orthogonal systems of axial joints. It
turned out that all of them are divided into two types, depending on
whether the pairing of the wave modes to which they correspond in
the direction of the systems of the joints coincides or not.
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Fig.3. “Transparency windows” of a double-periodic plate
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