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Abstract. The paper considers the problem of scattering of electromagnetic waves on a
hollow structure. The hollow structure of simple form and complex with the final loading are
considered. To characterize these structures the integral equation method is used, the integral
equation is solved on the base the method of moments. The dependence of the difference average
RCS of hollow structures with complex load and its model from the tilt angle of back side for
various apertures is shown.
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Introduction.

Modern scatterers of electromagnetic waves are characterized by the fact that
they are in a very large number of cases have a complex structure. The analysis and
design of such facilities must undertake to implement with the use of such models
and methods, which provide a possible smaller mistakes [1, 2].

In the research and development of electrodynamic objects now more
intensively computer aided design (CAD) are used. This gives you the opportunity to
formulate and to solve various problems of the theory of diffraction of
electromagnetic waves (EMW) in various structures with complex shapes.

When analyzing the possibilities of solving problems of diffraction of radio
waves, as well as the design of facilities in some cases knowledge of the constraints
on the average characteristics of the scattering is required.

In this paper, we analyze the two-dimensional model of scattering of
electromagnetic waves. This is due to the fact that in large number of cases, the three-
dimensional problem can be reduced to two-dimensional [3, 4].

The aim of this work to study the possibility of using approximate models to
estimate the average characteristics of the scattering objects on the example of hollow
organs and the development of proposals for the approximation of characteristics.

The results can be used to construct subsystems of CAD design objects with the
required average characteristics of the scattering.

The technique. In currently available software systems and systems design
solution is usually to split the space into cells in the numerical solution of differential
or integral equations, for example, by the method of moments. But such a division
does not account for the specific behavior of the currents on the surfaces (contours)
of objects. The problem is solved without taking into account the possibility of
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dimension reduction of the resulting systems of linear equations, for example, by data
to two-dimensional task, or the use of analytical solutions, a combination of several
methods. All this, ultimately, significantly increases the calculation time of the
characteristics of objects, as one of the main stages of design of complex diffractive
structures and antennas.

When using a diffraction approach, the hollow structure is considered as a body
of complex shape, in which the scattering of EMW occurs. The method of integral
equations when considering hollow structures (and other objects), is a rather
cumbersome method, often requiring large resources, like other numerical methods.
However, if we consider structures that are bodies of revolution, the most successful
is a combination of methods of integral equations and eigenfunctions. The main role
is played by the angular or azimuthal coordinate of the ¢. For this coordinate the
required fields, as when using the method of eigenfunctions, decomposed in Fourier
series, and the field of individual harmonics because of the orthogonality be
independent. This allows for each azimuthal harmonic to build a relatively simple
integral equation which is solved numerically. This reduces the dimensionality of the
electrodynamic problem is solved and reduced requirements for the amount of
machine memory and computation time of the computer.

Integral equations for one body can be generalized for a system of bodies [6, 7].
Under the integration domain and the domain of variation of the observation point in
this case should be understood the surface of not one, but together bodies.

Let’s consider the scattering of electromagnetic effects for two-dimensional
perfectly conducting hollow structure (Fig. 1).

This structure can have complex loading (Fig. 2). To estimate the average
characteristics of this structure, you can use the model shown in Fig. 1.
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Fig. 1. — The geometry of two-dimensional hollow structure of a simple form, a is the
aperture; L is the length of the structure; E is vector of the incident electromagnetic
waves; 0 is the angle flat EMW.

It is necessary to estimate sector angles counted from the normal to the aperture
of a cavity with a complex load, which applies the model to estimate the average
characteristics of the scattering. We have sought to ensure that the difference in
average radar cross section (RCS) of a hollow structure with a complex load and its
model did not exceed 3 dB. Integral Fredholm equation of the first kind for the
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Fig. 2. — The geometry of two-dimensional hollow structure with a complex load, a —
aperture; L — the length of the structure; o - the tilt angle; E is the vector of incident
electromagnetic wave; 0 — angle flat EMW

density of the unknown electric current in the case of E-polarization is of the form [2,
7, 8]:

. B
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a<t<P, (1)

where LO(T,t)z\/[ﬁ(r)—ﬁ(t)]z+[n(r)—n(t)]2— the distance from the

observation point to the point of integration, E_(t) — the longitudinal component of

the tension of the primary electric field at a point on the contour. The outline
structure is given in parametric form: x =&(¢), y=n(t), a <t <P, a &'(t),n'(t)
— the first derivatives of the corresponding functions, k =2-1w /A, A — the length of
the incident electromagnetic wave.

The equation (1) was solved using the method of moments. The average RCS is
calculated based on the following expression

—_ < o(6))
T AN @)
=0
where 6(0, ) — is the value of RCS for the viewing angle 0.

The results.

In Fig.3 we can see the dependence of the difference A medium RCS of hollow
structures with complex load and its model from the angle of a. We chose the value
of the length L=4 A . This value can be explained by the fact that when falling on the
aperture of the cavity and further extending inside the hollow structure of the wave
comes to the steady-state regime.

The dependence was approximated in the framework of the method of least
squares for different values of the aperture a. The polynomial approximation was the
following:
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Fig. 3. — The dependence of the difference A average RCS of hollow structures
with complex load and its model from the angle of a for various apertures a.

The coefficients of the approximation are given in table 1.

The relative approximation error did not exceed 1.5%.

The approximation coefficients can be stored in the CAD database and used in
the calculations of scattering characteristics of hollow structures.

Table 1.
The values of the coefficients of the approximating polynomial
bo b, b,
a=2\ -0.698 0.224 -2.377x107
a=3\ 0.668 0.159 -5.067x10~
a=4\ 0.135 6.786x10™ 9.289x10~

Conclusion. The most important direction of development of modern CAD
antenna feed, microwave devices and systems and diffraction structures is the
expansion of the circle of problems solved with their help objectives, as well as an
increase in the number of classes and varieties analyzed (projected) electrodynamic
objects. Typically, software like CAD is based on the use of universal numerical
methods for solving integral equations (finite elements, Galerkin). One of the features
of object-oriented CAD systems is used in these analytical methods, which are
optimal for solving certain classes of problems.

Thus, the investigated approach and the results obtained can be useful in the
design of objects with the specified requirements for average characteristics of the
scattering.

Hayunwviii 632250 6 6ydywee 48



Jllom 1. Boinyck 9 IIlexnudecKue HAYKY

References:
1.Preobrazhenskiy A.P. Predicting radar characteristics of objects in the
wavelength band using results of measurement of scattering characteristics on
discrete frequencies / Telecommunications and Radio Engineering. 2004. V. 62. Ne
9. pp. 843-850.
2.Preobrazhenskiy A.P. Estimation of possibilities of combined procedure for
calculation of scattering cross section of two-dimensional perfectly conductive
cavities // Telecommunications and Radio Engineering. 2005. T. 63. Ne 3. C. 269-
274.
3.Preobrazhenskiy A.P. Prediction of radar characteristics of a perfectly
conducting cavity within a wavelength range // Telecommunications and Radio
Engineering. 2007. V. 66. Ne 17. Pp. 1543-1548.
4.Lvovich 1.Y., Lvovich Y.E., Preobrazhenskiy A.P., Choporov O.N.
Optimization of electromagnetic scattering characteristics on the objects of complex
shape based on the "ant" algorithm // Research Journal of Pharmaceutical, Biological
and Chemical Sciences. 2016. T. 7. Ne 5. C. 990-998.
5.Lvovich 1., Preobrazhensky A., Choporov O. The development of cad of
information systems and software for diffractive structures // Information Technology
Applications. 2016. Ne 1. C. 107-116.
6.Lvovich Ya., Preobrazhensky A., Choporov O. Modeling of scattering of
electromagnetic waves on the base of multialternative optimization // Information
Technology Applications. 2016. Ne 1. C. 117-125.
7.Lvovich 1., Schindler F., Preobrazhensky A. The simulation of the scattering
characteristics for cavities with complex shape. Current Issues of Science and
Research in the Global World - Proceedings of the International Conference on
Current Issues of Science and Research in the Global World 2015. C. 271-276.
8.Lvovich 1.Ya., Lvovich Ya.E., Preobrazhenskiy A.P., Choporov O.N.,
Sakharov Yu.S. The Use of Genetic Algorithm for Construction Objects with
Necessary Average Values Scattering Characteristics // Procedia Computer Science.
- Vol. 103. - 2017. - Pp. 378-383. (DOI: 10.1016/j.procs.2017.01.124).

Annomauyun. Paccmompena 3adaua paccesiHus 91eKMPOMASHUMHBIX GOIH HA NOJOU
cmpykmype. Paccmompenvl nonvie cmpykmypol npocmou  @opmvl U CIONHCHblIE € KOHEYHOU
Hazpyskou. Jlna Xapakmepucmuku Smux CMpPYKmyp UCNHOIb3Yemcs Memoo UHMeSPAlbHbIX
VPAasHeHUl, UHMEeSPAlbHbIX YPAGHEHUl HA OCHO8e Memood momenmos. llokasana 3asucumocmo
pasnocmuoul cpednei DIIP noavlx KOHCMPYKYULl CO CLONCHOU HASPY3KOU U ee MOOenu om yena
HAaKIOHA 3a0Hell CIEHKU O/ PA3HbIX anepmyp.

Knrwuegvie cnosa: nonas cmpykmypa, uUHmMe2paibHOe YpasHeHue, XapaKmepucmuKu
paccesanus.
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