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ESTIMATION OF MUTUAL COUPLING
IN FINITE ARRAY OF DIPOLES
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Mathematical modeling of the mutual coupling in finite phased array of dipoles with complex
shape reflector is developed. The complete set of equations of the mathematical model is formulated
as Pocklington integral equation for dipoles current distributions and integral equation of II kind for
the scattering field of reflector. Offered compact form of the mathematical model as the set of the
functional matrix equations includes special iterative procedure for obtaining the required accuracy
and stability of the numerical solution.
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The mutual coupling of the dipoles in phased array antennas is discussed in Ref. [1, 2]. The mutual
coupling causes mismatch of the antenna array input impedance in given frequency band, decreasing of
gain for some angular regions in scan sector. Analysis of the mutual coupling of the dipoles becomes
difficult to determine the antenna array radiating field in case of finite complex shape reflector. In this
case we must consider the appropriate boundary problem to determine current distribution on reflector
surface and function of dipoles excitation. Note, we will determine the mutual coupling not only for di-
poles, but for general electromagnetic system array — screen.

Well-known approaches for analysis the mutual coupling of the dipoles which dispose in an infinity
periodic array can localize some angular directs of array’s pattern. These angular direct characterize ef-
fect of array blindness caused of surface wave resonant [2]. This is the main feature of the infinity pe-
riodically modulated ribbed structure. For such model of array we can obtain some characteristics — ref-
lection from inputs of dipoles, gain due to vector space modes, but only for the same amplitude and li-
near phase functions of the array excitation. Note, for large-size array these approaches is very effective
and provides methods of cancellation the surface waves and improvement of mismatching for given fre-
quency band.

It is important: for small-size arrays (volume of numerical data limited capabilities of computer
modeling) we must determine the exact electromagnetic fields of the boundary dipoles, because their
current distributions most heavily exposed inhomogeneous mutual coupling. Then we also must consider
the current distribution on the near edge of the reflector. Note, the practice reflectors may be conformal,
having curvilinear or stepped boundaries. It means, well-known mathematical model as aperiodic array
of short-cut input dipoles [2] can not used for finite antenna array of dipoles.

Widely used method for solving of the scattering problems is approach the infinitely thin and unli-
mited perfect conducting surface [3]. Many important practice results we can obtain due to this ap-
proach. But for finite-thickness reflector (often reflector is a part of the array construction, Fig. 1) it is
necessary general approach for boundary problem formulation of the mathematical model for reflector
with given geometrical characteristics (perhaps, inhomogeneous), finite conductivity, arbitrary excita-
tion of the dipoles.

We can consider the case for arbitrary complex shape and perfect conductive reflector. Note, the
case of finite conductive reflector requires using the impedance boundary conditions, but it leads to
similar set of integral equations. In the mathematical model of the array we introduce function of ar-

ray’s excitation — vector Ul- ,i= 1,_N , where N is a number of vibrators. The mostly used radiators for
practice antenna systems is dipoles, therefore results of mathematical modeling can obtain the array’s
pattern and changes of the array excitation caused the mutual coupling dipoles and reflector. It leads

to mismatch of the dipoles, but now we can to correct the excitation of dipoles based on results of
modeling.
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Fig. 1. Linear array, reflector as a part of the module construction

The radiating field of the array we determine due to solving of Pocklington integral equation.
Choice of this equation based on convenient form to describe the excitation function as an electrical vec-
tor of distribution. Determination of such function as an external source use own functions of excitation,
current distributions of other dipoles and the reflector surface current distribution. We can consider the
case the dipoles axis focused parallel to x axes, therefore a set of integral equation in compact form de-

scribes:
h
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pedip,; v=1,N.

In this set I, (xq) — current distribution of the dipole number v,v =1,_N; p,q — coordinates of
points of view and source (integrand); K (xp,xq,a) — kernel of Pocklington integral equation; a — ra-
dius of the conductor, # — a half length of the dipole; j, =[j, Jj, J.] '~ matrix of current distribution

on reflector surface S ; E. (xp) — excitation function of dipole number v . Features of function

0
dipole relative of all other dipoles and current distribution on reflector surface.

Determination of current distribution on reflector surface requires the properties of continuity and
regularity of S. We can consider surface S satisfy the Hoelder-continuous condition — for each points

P (rpq) and matrix B depend on distance between points of view and integrand and the role of each

. . o .
p>q €S exist normal vectors n,,n,, which ‘np—nq‘Sc|p—q| , where ¢, 0<a <1- an arbitrary

numbers. Define of the surface current distribution j; due to solving integral equation of II kind for

magnetic field. Note, the integral equation of II kind mostly used for extensive conductive objects with
regular surface and can not directly used for thin-thickness reflectors, because kernel of the equation
haves some features and behaves as weakly oscillated function. Values of this function comparable with
accuracy of the numerical procedures. The integral equation of II kind very convenient for the iterative
procedure of numerical solution, especially for large-size reflectors. It is important: the integral equation
of II kind after decomposition of S surface and moment method processing lead to matrix equation with
dominant general diagonal which provides stability of numerical solution [3]. Some numerical results in
case not thin-thickness reflector (thickness of screen more thenA/18...A/20, A — wave length) shows
that the integral equation of II kind can successfully used to define current distribution j,. In case not
flat screen the thickness may be reduced.

The minimal thickness of reflector which provides stability of numerical solution of integral equa-

tion of II kind can obtain due to following procedure: the first step is input to the mathematical model
real shape and thickness of the reflector. Then we obtain numerical solution of the set of integral equa-
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tion. We analyze results of solving as the array’s pattern, current distributions of dipoles, mismatch in
given frequency band. The second step is input a new thickness of the reflector, thickness slightly in-
creased (numerical results gives a value of increasing about /80 ), then we compare results of modeling

obtained at first and second steps. If these results satisfy given accuracy of modeling, it means the thick-
ness of the screen appropriate to criteria of stable and correct of numerical solution. However, if re-
quirements of stability not satisfy the reflector thickness we must increase on the basis of proposed itera-
tive procedure. When a stable numerical results is obtained we analyze the compliance of the thickness
estimation and the real reflector thickness. Note, in case of very thin-thickness reflector is used methods
of solving the integral equation of I kind [3]. It is important: they gives many practice estimation and
numerical results for comparing efficiency of solving integral equation of II kind and integral equation
of I kind.

Determination of the surface current distribution j; used the compact form of the integral equation
of II kind:

N h
> [ 1.(x,) Dex, +j,+ [F-j ds, =0, peS, )
v=l_p S

where D, F — matrix-column function of the incidence electromagnetic fields and matrix-kernel of the
integral equation. Features of these matrix depend on mutual coupling in general electromagnetic system
dipoles — reflector.

Thus, the integral equations (1) and (2) is the complete mathematical model to analyze the mutual
coupling and pattern of the finite phased antenna array of dipoles and complex shape reflector. We con-
sider some real antenna system and proposed mathematical model is very useful. For example, Fig. 2
depicts results of modeling antenna system as four dipoles and reflector as flat rectangular screen, length
of the screen 2,6\ , width 0,62 , thickness 0,056A . Distances between centers of the dipoles is 0,59 .
In this case we use the equal amplitude and phase distribution.

90

270
Fig. 2. Antenna system pattern on E plane and H plane

Comparing obtained results with the same results for flat infinity screen shown satisfactory com-
pliance for vector E plane. However, results notably differ for vector H plane. It means, that exact ma-
thematical modeling would be use to design of the antenna system for precision radio equipments.
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OLIEHKA B3AMMHOI'O BIIUAHUA B BUBPATOPHOM
AHTEHHOMU PELWLETKE KOHEYHbIX PASMEPOB

A.b. Xawumoe
FOxHo-Ypanbckuli 2cocydapcmeeHHbIl yHugepcumem, 2. HensabuHck

PazpaboTan MeToJl MaTEMaTHYECKOTO MOJISITMPOBAHMS B3aUMHOTO BIIMSIHUS BUOPAaTOpOB B da-
3UPOBaHHON aHTEHHOH pelIeTKe KOHEYHBIX pasMepoB ¢ peduieKTOpoM cloxHOW (opmsbl. [lomHas
cHCTeMa ypaBHEHHMH MaTeMaTHYecKoil Monenu (pOopMyJIHpyeTcsi KaKk CHCTeMa MHTeTPalbHBbIA ypaB-
HeHuil [IoKIMHTTOHA 71 TOKOBBIX paclpeAeieHIi BHOpaTOpoB M MHTETpaibHOro ypasHeHus Il pona
JUst TIoJIst paccessHus pedurextopa. [Ipemmoxkena kommnakTHas GpopMa MaTeMaTHIECKOM MOJIEN B BUJIE
CHCTeMbI (PYHKIIMOHAIBHBIX MAaTPUYHBIX YpaBHECHHUI, BKIFOUalomas B ceOs CHEHUaIbHYIO UTEpaTHB-
HYIO TIpOLIeAypY, oOecreunBalomas 3a1aHHyI0 TOYHOCTh U YCTOWIHBOCTD YUCICHHOTO PEILICHHUS.

Knrouesvle cnosa: ouaspamma nanpasieHHOCmu, amMnaumyoHo-gaszoeoe pacnpeoeienue, aumeH-
Has peutemka, peghnekmop, OnmuMu3ayusl, UHMezpalbHoe ypaeHeHue.

Jumepamypa
1. Xancen, P.C. @azuposannvie anmennvie pewemxu. — M.: Texnocgpepa, 2012. — 560 c.
2. Amumeii, H. Teopus u ananus gasuposanuvix anmennvix pewemox / H. Amumeil, B. I'anunoo,
KII. By. —M.: Mup,1975. — 412 c.
3. Botimosuu, H.U. O coomeéemcmeuu acumnmomuyeckux peueHuti 08yMepHblX U mpexmepHbiX
3a0ay ¢ anmennou mexuuxe / HU. Boiumosuy, A. b. Xawumos // Paduomexnuxa u 31eKmMpoHUKA. —
2010.—T. 55, Ne 12. — C. 1471-476.

XamumoB Amyp bapueBuu, kaHn. ¢us.-mMaT. Hayk, JOUEHT KadeIpbl KOHCTPYHUPOBAaHUS U
MPOU3BOJICTBA pamuoanmnaparypsl, KOskHO-YpanbCKuii TOCYyIapCTBEHHBIN YHUBEPCHUTET, T. UesI0MHCK;
xab@kipr.susu.ac.ru.

Ilocmynuna ¢ pedaxuyuto 22 man 2015 2.

OBPA3ELl HUTUPOBAHUSI FOR CITATION
Khashimov, A.B. Estimation of Mutual Coupling in Khashimov A.B. Estimation of Mutual Coupling in
Finite Array of Dipoles / A.B. Khashimov // Bectauk Finite Array of Dipoles. Bulletin of the South Ural State
IOVYpI'Y. Cepus «KommbploTepHBIC TEXHOJIOTHH, YIIPaB- University. Ser. Computer Technologies, Automatic Con-
JIeHHe, pamuodiekTpoHukay. — 2015. — T. 15, Ne3. — trol, Radio Electronics, 2015, vol. 15, no. 3, pp. 153-156.
C. 153-156. DOI: 10.14529/ctcr150319 DOI: 10.14529/cter150319
156 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.

2015, vol. 15, no. 3, pp. 153-156



