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EVALUATION OF THE RADIATION PATTERNS
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The rigorous electromagnetic formulation of the problem to define the pattern of slot antennas
mounted on aircraft is used Fredholm’s integral equation of II kind. For calculation of the slot an-
tenna far-field pattern on perpendicular plane to aircraft axis is used an asymptotic correspondence
of 3D and 2D problems in antenna engineering. We assume that slot antenna axis is parallel to air-
craft axis. It is shown such correspondence is increasing the abilities of modeling the radiation pat-
tern of slot antennas and arrays. High-precision Gauss quadrature formulas is used for matrix ele-
ments calculation. Turn from direct numerical tecniques of the integral equation solving to iterative
procedures requires preliminary analysis of the using methods, especially for convergence of large-
scale problems. On the base of multiple numerical experience for solving some widely-known test
poblems we defined the most methods for solving such problems — conjugate gradients squared
method and generalized minimum residual method. Numerical result shows that patterns of the air-
craft slot antennas have a large number of directional nulls.

Keywords: slot antenna, aircraft, pattern, asymptotic correspondence, integral equations, itera-
tive techniques.

The slot antennas often used as radiating system of radio equipment for an aircraft. An advantage of
such antennas is feasible combining and mounting on an aircraft surface. The slot antennas design
should be considered the influence of an aircraft surface. It means that the slot antenna is a part of an
aircraft structure and surface, typically, is metal of high specific conductivity. Thus, primary electro-
magnetic field radiated the slot antenna to induce on an aircraft surface the current is essentially a sur-
face current, it is a source of the secondary scattering field. Therefore, the exciting slot antenna and an
aircraft surface form a single radiating system. Total radiation field is the result of interference of
the primary and secondary fields. This leads to significant distortions of the slot antenna own pattern, as
scattering field defines complex shape of the aircraft surface. Furthermore, for the aircraft slot antenna it
is necessary to use cavity for providing optimal pattern. Thus, to own resonant characteristics of the slot
antenna add loaded cavity-resonator Q, therefore band is significantly narrowed [1]. The slot antenna
location on an aircraft surface depends on the desired pattern properties. For telemetry and command
control systems is desirable to use patterns, close to uniform on a plane perpendicular to the axis of an
aircraft. We consider dependence the slot antenna pattern on it location on an aircraft surface, assuming
the linear polarization of it.

Applying the rigorous electromagnetic equations to form mathematical model of such problem we
can consider the detail dependence of mutual coupling of all part an aircraft surface and the slot anten-
nas or the slot array. Known approximate methods of physical optics [2] can provide useful evaluations
of the pattern distortion for complex shape objects, but complete form of the scattered fields may be ob-
tained only on basis of the solution of the corresponding rigorous electromagnetic problem.

We use an asymptotic correspondence of 3D vector and 2D scalar electromagnetic problems [3].
It is possible only for extensive aircraft surface and only for defining the patterns on a plane perpendicu-
lar to the axis of an aircraft. Thus, in this case the original slot antenna is substitute the filament of
the equivalence magnetic current. The limit radius of the filament is a << A, where A is wavelength of
the driving field. We assume that the slot antenna and magnetic current of the filament has equal driving
amplitude and phase. Assuming a perfectly conducting cylindrical surface, the boundary conditions for
the tangential components of the total electric field leads to integral equation of II kind [4]:
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where ;¥ is an electric current on the contour L, as cut of an aircraft surface S the plane ¢ =0 (Fig. 1);

Hl(z)(krpq) is the Hankel function first order and second kind for corresponding argument; r,, is

the radius-vector is linked points of view and source; H' is tangent to contour L component of driving
magnetic field, in this case source of it is the filament of the magnetic current. We assume known the
given amplitude and phase distribution /,,y, . Besides, for the aircraft cavity-resonator mounted slot
antennas we assume that filament of the equivalence magnetic current is located above the perfectly
conducting surface. Then, the current ;" can define the far-field pattern of the total radiating system, but
only for given cut plane.
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Puc. 1. Typical versions to the aircraft slot antennas mounting

For numerical solution of the integral equation Eq. 1 is used a special case of the method of mo-
ments as the collocation method [5], leads Eq. 1 to the system of linear algebraic equations, often large-
size. The noticeable feature of this system is the dominant main diagonal providing stability of numeri-
cal solution, whether direct or iterative. Calculation of the matrix elements is used the Gauss quadrature
formulas, the choice of the number of nodes is based on the adaptive procedure to analyze the stability
and accuracy of numerical solution, depending on the size and configuration of the contour. For most
practically used solutions the choice of 8...12 nodes is sufficient to ensure the given relative accuracy of
the numerical solution proportionally 107.

For solving the large-scale system of linear algebraic equations 4-x =5 it is necessary to use itera-
tive methods. Matrix 4 must be square and should be large. The column vector 4 must have length 7.
For large-scale system integer n can greater then some ten thousands. We use several MATLAB itera-
tive methods [6], but common feature of these methods is using an auxiliary handle function my fun to

represent the numerical solution of the system as x =solver(A,b) , where solver is using MATLAB

code. For example, function my _ fun (x,'notransp ') must return column vector is equal to 4-x . We con-

sider some iterative methods to evaluate the efficiency of solving large-scale system.

1. gmr (Quasi-Minimal Residual method).

2. bicg (BiConjugate Gradient Conjugate Gradients).

3. bicgstab and bicgstabl (BiConjugate Gradients Stabilized method).

4. cgs (Conjugate Gradients Squared method).

5. gmres (Generalized Minimum Residual method).

6. Isqr (Least Squares method).

7. minres (Minimum Residual method).

8. pcg (Preconditioned Conjugate Gradients method).

9. symmlg (Symmetric LQ method).

10. tfgmr (Transpose-Free Quasi-Minimal Residual method).

The criterion for the efficiency of these methods is computing time to achieve the given accuracy.
Comparison of the numerical results accuracy is obtained due to solve 2D test problem as finding
the radiating field of the magnetic dipole on a perfectly conducting elliptic cylinder. In this case, the so-
lution can be represent as an infinite series for Mathieu, Mathieu-Bessel, Mathieu-Hankel functions.
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Using this analytical form of solving we can obtain the useful numerical results due to special adaptive
procedure for choosing the size of summed series to provide given accuracy. For numerical solution of
the Eq. 1 contour L is divided into n reasonable segments. For example, we assume that n = 7120.
According to the results of numerical experiences is obtained the following conclusions.

1. Iterative methods pcg, minres, symmlg not provide a convergent solutions for reasonable compu-
ting time.

2. Most preferred iterative methods to solve Eq. 1 is gmr, cgs, gmres, Isqr. These methods provide a
stable convergent solution, but gmres is the fastest method.

Fig. 2, 3 depict some patterns of the aircraft slot antennas and arrays on plane perpendicular to an
aircraft axis (logarithmic scale in dB is used). We consider the several versions of the slot antennas loca-
tion on an aircraft surface. Evidently, the patterns have a large number of directional nulls, but due to
changes of an aircraft turns the interruptions of the radio channels will be short and quite acceptable.
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Fig. 2. The missile pattern of phase quadrature driven slot array
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Fig. 3. The aircraft slot antenna pattern disposed on the edge
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UTEPALUMUOHHBIE METOAbl OUEHKW NONA U3NTYYEHUA
BOPTOBbIX LLEJIEBbIX AHTEHH

U.M. BuzunbouH, A.b. Xawumos
FOxHo-Ypanbsckuli 2cocydapcmeeHHbIl yHugepcumem, 2. HensbuHCkK

Jtss cTporoit ANeKTPOJMHAMUYECKOW (OPMYIMPOBKH 3aJadd ONpEACICHHS IHUarpaMMbl Ha-
MPaBJICHHOCTH IIEJICBBIX aHTCHH, YCTAaHABIMBACMBIX Ha JICTATCIBHBIX allllapaTax, UCIIOIb3YeTCs HH-
TerpansHOoe ypaBHeHHe @penronpma Il poma. [ pacdyera auarpaMMbl HANPaBICHHOCTH MIETICBON
aHTEHHBI B JJAJIbHEH 30HE B IJIOCKOCTH, IEPIICHIUKYISIPHON OCH JIETATEIBHOTO ammnapara, UCToJb3Yy-
€TCA aACHUMIITOTHUYCCKOC COOTBCTCTBUC TpeXMepHLIX nu I[ByMepHBIX 3aga4 B aHTeHHOfI TCXHHUKE.
IIpenmnonaraercs, 4To OCh IIEJIEBOM aHTEHHBI MapajuielibHa OCH JieTaTesbHOoro anmnapara. [lokazaHo,
YTO TAKOC COOTBECTCTBHUEC pacump;leT BO3MOXHOCTH MO)IGHHpOBaHI/IH T10JIs1 I/ISJ’[y‘-IeHI/IH IICJICBBIX aH-
TCHH U aHTCHHBIX peHIeTOK. JI.HSI BBIYHCJICHUA M&TpPI‘IHI;IX 3JICMCHTOB I/ICHOJ'II)SYIOTCH KBaZ[paTypHI)Ie
dhopmyner Maycca Bricokoi TouHOCTH. [lepexoa OT MPSIMBIX YHCICHHBIX METOJIOB PEIICHUS WHTE-
TpaJbHBIX YPaBHEHHUH K UTCPAIlIOHHBIM METoJaM TpeOyeT MpeIBapuTEIbHOTO aHAIN3a XapaKTepH-
CTHK HCIIOJIE3YEMBIX METOJIOB, 0OCOOCHHO BOIIPOCOB CXOAMMOCTH B 3a/1a4ax OOJBIION pa3MEpHOCTH.
Ha ocHOBe MHOTOUYHCIICHHBIX BBIYHCIUTEIBHBIX SKCIIEPUMEHTOB PEIICHUS XOPOIIO H3BECTHBIX TEC-
TOBBIX 3aJ1a4 ONpE/CICHB HanOoJee MpUEMIIEMbIC UTEPAIIHOHHBIC METOJIBI U pemieHus chopMy-
JMPOBAHHBIX 3aJ71ad — KBaJPATHYHBIA METOJ] CONMPSHKECHHBIX TPAJHEHTOB M METO 0OOOMICHHBIX MH-
HUMAaJbHBIX HEBS30K. UNCIICHHBIC Pe3yiIbTaThl PEIICHUS MMOKA3bIBAIOT, YTO JHATPAMMEI HAIPABJICH-
HOCTH 60pTOBLIX ICJICBbIX AHTCHH UMCKOT MHOT'OYUCJIICHHBIC rny601cme yBKHe HpOBaJH)I.

Kniouegvle cnosa: wenesas anmenua, 1emamenvbHblil annapam, ouazspamma HanpasieHHoCmu,
acumMnmomuyecKoe COOmaemcmeue, UHMezpaibHule YPagHeHUs, UMepayuoHHble Memoobl.
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