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Abstract - Background. The need to develop and continuously improve mobile and on-board high-speed satellite
communication terminals, as well as satellite communication equipment with high secrecy of operation, emitting ultra-wideband
signals, the spectral power density of which, measured at the input of receiving devices of radio monitoring complexes, should
be significantly lower than the spectral power density of noise, is due to the following circumstances: ensuring reliable and high-
quality communication military and civilian users; the development of the domestic element and technological base, import
substitution; the need for rescue services in small-sized information transmission and reception systems; the need to develop
satellite control systems for military and civilian equipment; the development of precision agriculture programs. An antenna
array made of waveguide elements with dielectric phasing sections can serve as one such example. Aim. The model of the
antenna element is considered, and its main characteristics are also given. A model of a linear antenna array consisting of 32
waveguide elements with phasing sections has been developed. Linear and flat antenna arrays based on a common-mode and
equal-amplitude 1:32 power divider and antenna elements are considered. A model of a flat antenna array composed of 16 linear
antenna arrays is also constructed and its main characteristics are given. Methods. The antenna element model is based on a
circular waveguide with an internal diameter of 18 mm and a dielectric plate, the plane of which is oriented at an angle of 45° to
the lines of force of the electric field intensity vector. The linear antenna array is powered by an equal amplitude and common-
mode power divider, and the linear and flat antenna arrays are based on square waveguides with internal dimensions of 14x14
mm? with beveled internal corners. Results. It is shown that the gain at a frequency of 10,95 GHz is 32,5 dB (normal) and 31,2 dB
when the beam is deflected by +37,5° in the angular plane. The gain at a frequency of 11,7 GHz is 33,8 dB (normal) and 32,5 dB
when the beam is deflected by +37,5° in the angular plane. With the maximum deviation of the main lobe from the normal, the
level of the side lobes in the vertical increases to the level of -11,4 dB, which slightly exceeds the UBL with in-phase and equal
amplitude field distribution in the headlight aperture (-13,2 dB). Conclusion. In the considered headlight design, the positioning
of the main lobe of the radiation pattern in the azimuthal plane is carried out by mechanical rotation of the antenna system.
The rejection of two-coordinate electronic scanning was chosen based on considerations of reducing phase shifters (or high-

frequency switches) and reducing the cost of headlights.

Keywords - mobile and airborne satellite communications; linear antenna arrays; round waveguides.

Introduction

In recent years, there has been a rapid growth in
the use of drones in civil and military applications
[1]. In addition, satellite communication technolo-
gies are constantly being improved [2-5]. As a result,
there is a need for the development and improvement
of high-speed satellite communication terminals of
mobile and airborne basing, as well as satellite com-
munication equipment with a high degree of secrecy
of operation, emitting wideband signals, the power
spectral density of which, measured at the input of
receiving devices of radio control complexes, should
be significantly lower than the power spectral density
of noise, due to the following factors:

- Provision of reliable and high-quality commu-
nications to military and civilian users;

- Development of the domestic element and tech-
nological base, import replacement;
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- Demand of the emergency services for compact
information transmission and reception systems af-
fordable to motorists, construction workers, geolo-
gists, fishermen, hunters, tourists, etc.;

- Need to develop satellite-based systems for
controlling military and civilian equipment;

- Development of the precision agriculture

program.

1. Antenna element model

Fig. 1 shows a model of an antenna element based
on a circular waveguide with an inner diameter of
18 mm and a dielectric plate whose plane is oriented
at an angle of 45° to the force lines of the electric field
strength vector. The circular waveguide is powered
with a linear-expanding transition from the rectan-
gular waveguide to the square waveguide, completely
filled with polystyrene as dielectric, to realize the
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Fig. 1. Antenna design, including a linear junction in the E-plane and a phase-shifting section in a circular waveguide
Puc. 1. KoHCTPYKIMs aHTEHHbI, BKII0Ya0Iel TMHeRHbIH nepexof B E-r1ockocTr 1 $pasocqBUTaloILyio CEKLUIO B KPYITIOM BOTTHOBOJE

necessary spatial orientation of the plate in the cir-
cular part of the waveguide, as well as to reduce re-
flections from the junction of the square and circular
waveguide.

2. Modeling results

Figs. 2-4 summarize the basic characteristics of the
antenna device. Fig. 2 shows the input characteristics
of the antenna device; Fig. 3 shows its volumetric radia-

tion patterns; Fig. 4 illustrates the quality of the polari-
zation ellipse of the main lobe of the antenna pattern.
Fig. 3 shows that the amplitude waveguide ele-
ment’s radiation patterns are practically axisymmet-
ric, in contrast to the deformed radiation patterns of
elements in the form of two-turn Archimedean spi-
rals (however, the latter are much simpler to manu-

facture using the technology of PCB production,
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Fig. 2. Input characteristics of the antenna element (Fig. 1)
Puc. 2. BxogHble XapaKTepUCTUKN aHTEHHOTO 37ieMeHTa (puc. 1)

b

which is very important in the manufacture of multi-
element phased arrays).

At the lower frequency of 10,95 GHz of the ana-
lyzed range, the axial polarization ellipse ratio does
not exceed 3 dB in the 90° wide angle sector (Fig. 4,
a); at the upper frequency of 11,7 GHz of the analyzed
range, the polarization ellipse ratio does not exceed 3
dB in almost the entire hemispherical space (Fig. 4, b).

Fig. 5 shows the volume patterns of a linear an-
tenna array of 32 elements shown in Fig. 1, arranged
equidistantly with a period of 21 mm, fed by an in-

phase and equal-amplitude power divider.

Figs. 6 and 7 show the radiation patterns in the azi-
muthal and angular-local planes of a linear antenna
array of 32 waveguide elements with phasing sec-
tions, arranged with a period of 21 mm, powered by
an in-phase and equal-amplitude power divider.

The level of the side lobes of the radiation pattern
in the azimuthal plane (Fig. 6) at all frequencies is
better than that of the in-phase and equal-amplitude
opening of equivalent dimensions (-13,2 dB).

The minimum width of the radiation pattern in the
angular-local plane is about 68°; when the linear sub-
lattices are arranged as part of a rectangular antenna
array in the angular-local plane, the width of the radi-
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Fig. 3. Antenna pattern on the right circular polarization: a - pattern on the right circular polarization at a frequency of 10,95 Hz;
b - pattern on the right circular polarization at a frequency of 11,7 Hz
Puc. 3. [[H aHTeHHBI Ha IpaBOH KPyroBoH monsipusaunu: a — [JH Ha npaBoil KpyroBo# monsipudaunu Ha dacrore 10,95 T'u; 6 - IH Ha

[IpaBOM KPyroBoH moisipusauuu Ha gactore 11,7 I'u

ation pattern of the linear sublattice, as an element of
a planar phased array, expands due to the reciprocal
effect of the elements of neighboring linear arrays.

3. Linear and planar antenna
arrays based on in-phase and
equal-amplitude power divider

Below we consider linear and planar antenna ar-
rays based on an in-phase and equal-amplitude 1:32
power divider and antenna elements based on square
waveguides with internal dimensions of 14 x 14 mm?
with beveled internal corners, in order to reduce loss-
es, as well as to take into account the possible manu-

facturing technology of metal milling.

Fig. 8 shows a model of a linear antenna array of
32 waveguide elements with phasing sections, fed by
an equal-amplitude and in-phase power divider. The
length of the antenna element is 40 mm. The period
of the elements arrangement in the linear antenna ar-
ray is 21 mm.

A model of a planar antenna array composed of the
16 linear antenna arrays shown in Fig. 8 is shown in
Fig. 9. The position period of linear lattices is 15 mm
(its value was reduced from 21 to 15 mm in order to
reduce the level of side lobes in wide-angle scanning
in the angular-local plane).

The vertical plane radiation patterns of a planar
antenna array composed of 16 linear antenna arrays
are shown in Fig. 10.
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Fig. 4. Quality of the polarization ellipse, section in the angular-loc

al plane: a - axial ratio of the polarization ellipse at a frequency

of 10,95 GHz; b - axial ratio of the polarization ellipse at a frequency of 11,7 GHz
Puc. 4. KayecTBO NOISIPU3aLMOHHOTO JJUIMIICA, pa3pe3 B YIVIO-MECTHOW IJIOCKOCTH: 4 — OCEBOE€ OTHOILUEHHE 3JUIMIICA IIOJISIPU3ALUN
Ha yactoTe 10,95 I'T; 6 - oceBoe OTHOLIEHHUE 3JUIMIICA NOsipu3anuu Ha yacrore 11,7 Ty

Conclusion

We shall summarize the results of the simulation of
a planar phased array with waveguide elements with
circular polarization.

In the considered phased array design, positioning
of the main lobe of the radiation pattern in the azi-

muthal plane is carried out by mechanical rotation of

the antenna system. The rejection of two-axis elec-
tronic scanning is chosen based on the considera-
tions of reducing phase shifters (or high-frequency
switches) and reducing the cost of the phased array.
The height of the phased array with horizontal ar-
rangement of power dividers, consisting of 32 x 16 el-
ements, is 175 mm. The depth of the phased array is
262 mm. The width of the phased array is 665,5 mm.
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Fig. 5. Volumetric radiation patterns of an in-phase and equal-amplitude linear antenna array of 32 waveguide elements with phasing
sections located with a period of 21 mm

Puc. 5. O6beMHble AUArpaMMBbl HANPABIEHHOCTH CHHGA3HON M PABHOAMIUIUTYLHON JIMHEHHON aHTEHHOM peleTKH U3 32 BOTHOBOLHBIX
371eMEeHTOB ¢ (pasupyoILMMK CEKLMAMHU, PACIIOIOKEHHBIX C epHoAoM 21 MM
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Fig. 6. Radiation patterns in the azimuthal plane of an in-phase and equal-amplitude linear antenna array of 32 waveguide elements

with phasing sections located with a period of 21 mm

Puc. 6. [luarpaMmbl HampaBIeHHOCTH B a3MMYTaIbHOM IIOCKOCTH CHHG}A3HOW W PaBHOAMIUIUTYLHOW JTMHEHHON aHTEHHOM pelIeTKH
13 32 BOJIHOBOJHBIX 3JIEMEHTOB C $pa3UPYOILUMK CEKLIMSIMHU, PACIIONIOXEHHBIX C TepHofoM 21 MM
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Fig. 7. Radiation patterns in the angular-local plane of an in-phase and equal-amplitude linear antenna array of 32 waveguide elements
with phasing sections located with a period of 21 mm

Puc. 7. [luarpaMMbl HAaNpaBIeHHOCTH B YIJIO-MECTHOM MIOCKOCTH CHHGA3HOW U PAaBHOAMIUIMTYLHOM JTHHEHHOM aHTEHHOM pelleTKH
13 32 BOJIHOBOLHBIX 3JIEMEHTOB ¢ $asUpyOLINMH CEKLUAMHU, PACIIONOKEHHBIX C TePUOfOM 21 MM
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Fig. 8. Model of a linear antenna array of 32 elements with an in-phase and equal-amplitude power divider: a - appearance of a linear in-
phase antenna array of 32 elements; b - polystyrene liner in the power divider and in the antenna elements. The thickness of the dielectric
in the divider is 1,5 mm. The thickness of the phasing plates in square waveguides is 3 mm; ¢ - period of arrangement of elements
in a linear antenna array - 21 mm; d - longitudinal section of a linear antenna array with a power divider (fragment)

Puc. 8. Mopenb TMHEWHON aHTEHHOHN peleTKH U3 32 37IeMEHTOB C CUHPA3HBIM U PaBHOAMIUIUTYAHBIM [€IUTEIEM MOLIHOCTH: d — BHEIL-
HUW BUJ TMHEMHON CMHpA3HOU aHTEHHOU pelleTKH U3 32 3JIeMEHTOB; 6 — MOJUCTHPOIOBBIN BKJIAMBIII B [Ae/INTEe MOIHOCTH U B aH-
TEHHBIX 37leMeHTax. ToJIMHA JU3TeKTpUKa B feauTtene — 1,5 MMm. Tonmuuza $asupyomux IaCTHH B KBaAPATHBIX BOIHOBOAAX — 3 MM;
8 - IIEPUOJ, PACIIOJIOKEHsSI 2IEMEHTOB B IMHEWHON aHTeHHOMU peleTke — 21 MM; 2 — IPOJOJIBHBIN paspe3 THHEHHOM aHTEHHOH pelleTKH
C [ieNIUTeNIeM MOIIHOCTH (GparmeHT)
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Fig. 9. Model of a flat antenna array composed of 16 linear antenna arrays: a - flat antenna array of 32 x 16 elements, composed of 16 linear
antenna arrays. Aperture dimensions - 665,5 x 238 mm?; b - period in the angular-local plane - 15 mm (reduced in order to reduce the level
of side lobes during wide-angle scanning); ¢ - phased array with 32 x 16 elements with power dividers located horizontally. The phased
array aperture is tilted at an angle of 37,5 degrees in the elevation plane. The height of the modified phased array is 175 mm. The depth
of the phased array with power dividers is 262 mm. Headlight array width - 665,5 mm

Puc. 9. Mopenb MIOCKOH aHTEHHOM peLIeTKH, COCTABIEHHON U3 16 NHHEHHBIX aHTEHHBIX PELIETOK: a4 - IUIOCKAasl aHTEHHAs pelleTKa
u3 32 x 16 37€MEHTOB, COCTaB/eHHas U3 16 TMHEHHBIX AHTEHHBIX peleToK. Pasmepsl anepTypsl - 665,5 x 238 Mm% 6 - mepuos B yriio-
MECTHOM IUIOCKOCTH ~ 15 MM (yMeHBLIEH C L[e/IbI0 CHUKEHHsI YPOBHsI GOKOBBIX JIE[IECTKOB IIPH IIHPOKOYTOJIbHOM CKaHHpoBaHHH); 8 - DAP
¢ 32 x 16 27eMeHTOB C [IeJTUTENSIMU MOIIHOCTH, PacIIOIOKeHHBIMU ropu3oHTanbHo. Anieprypa PAP HaknoHeHa Ha yron 37,5 rpagycos
B yIJIO-MECTHOM IIOCKOCTH. Boicora Moguduunposansoit ®AP - 175 mm. Iny6buna OAP ¢ genurensimu MomHocTy — 262 Mm. [upuHa
®AP - 665,5 MM
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Fig. 10. Radiation patterns in the vertical plane of a flat antenna array composed of 16 linear antenna arrays: a - pattern in the vertical
plane of the phased array 32 x 16 elements when emitting normal to the phased array aperture, frequency - 10,95 GHz; b - pattern in
the vertical plane of the phased array 32 x 16 elements with radiation at an angle of 37,5 degrees to the normal to the phased array aper-
ture, frequency - 10,95 GHz; ¢ - pattern in the vertical plane of the phased array 32 x 16 elements when emitting normal to the phased
array aperture, frequency - 11,325 GHz; d - pattern in the vertical plane of the phased array 32 x 16 elements with radiation at an angle
of 37,5 degrees to the normal to the phased array aperture, frequency - 11,325 GHz; e - pattern in the vertical plane of the phased array
32 x 16 elements when emitting normal to the phased array aperture, frequency - 11,7 GHz; f - pattern in the vertical plane of the phased
array 32 x 16 elements with radiation at an angle of 37,5 degrees to the normal to the phased array aperture, frequency - 11,7 GHz

Puc. 10. JuarpaMMbl HanpaBleHHOCTH B BEPTUKAIBHOM MIOCKOCTH MJIOCKOM aHTEHHOM pEelIeTKH, COCTABIEHHOU U3 16 TMHENHbIX aH-
TeHHBIX pelleTok: a - [IH B BepTukanpHo# ninockocty GAP 32 x 16 aneMeHTOB IpU U3NTy4eHUH 110 HOpMaiH K aneprype DAP, yacrora -
10,95 I'Ty; 6 - O H B BepTrkansHoU wiockoctd @AP 32 x 16 351eMeHTOB py U3IIy4eHUH NOA yriiom 37,5 rpajgyca K HOpMaiy K aneprype
DAP, yactora - 10,95 I'Ty; 6 - IH B BepTuKanbHo# miockoctd AP 32 x 16 a7eMeHTOB IpU U3NIyYeHUH 10 HOpMaH K aneptype OAP,
yactora - 11,325 I'Ty; 2 - JH B BepTuKanbHol miockoctd AP 32 x 16 aneMeHTOB IpU U3Iy4YeHUH NOA yriaoM 37,5 rpagyca K HOpMaslu
K aneprype ®AP, yacrora - 11,325 I'Ty; 0 - IH B BepTuKanbHOM muockocTd PAP 32 x 16 a1eMeHTOB NpU U3JIyYE€HUU 110 HOPMAIH K
aneptype AP, yactora - 11,7 I'Ty; e - JH B BepTuKanbHoU muockocT PAP 32 x 16 aieMeHTOB pH U3NTydeHUH Iof yrioMm 37,5 rpapyca
K HopMaH K aneptype @AP, yacrora - 11,7 I'Ty
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The gain at 10,95 GHz is 32,5 dB (normal) and
31,2 dB when the beam is deflected +37,5° in the an-
gular-local plane (excluding losses in the Rotman lens
and commutator).

The gain at 10,95 GHz is 32,5 dB (normal) and
31,2 dB when the beam is deflected +37,5° in the an-
gular-local plane (excluding losses in the Rotman lens
and commutator).

At the maximum deviation of the main lobe from
the normal, the level of the side lobes in the vertical

(angular-local plane) increases to the level of -11,4 dB,
which slightly exceeds the sidelobe level at in-phase
and equal-amplitude field distribution in the phased
array aperture (-13,2 dB).
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Annomayua - O6ocHoBaHme. Heo6XomMMOCTH paspaGOTKH U IOCTOSIHHOTO COBEpIIEHCTBOBAHHS TEPMUHAIOB
BBICOKOCKODOCTHOW CIlyTHHKOBOM CBSI3M MOGH/IBHOTO ¥ GOPTOBOro GasMpoOBaHMs, a TakXe almapaTypbl CIyTHUKOBOW CBSI3H
C BBICOKOW CKPBITHOCTBIO GYHKLMOHHPOBAHUS, H3/Tydalollled CBepPXUIMPOKOIOIOCHBIE CHUTHANBI, CIEKTpaabHas IUIOTHOCTh
MOIIHOCTH KOTOPBIX, H3MepsieMasi Ha BXOJle NPUEMHBIX YCTPOHCTB KOMIUIEKCOB PafHOKOHTDOJIS, JOIKHA GBITH CYI[ECTBEHHO
HIKe CIIeKTPaJbHOM IUIOTHOCTM MOIIHOCTH IIYMOB, OGYC/IOBJIEHBI CIEAYIOIMMU OGCTOSTENBCTBAMH: oObecredyeHHeM
Ha/Ie>)XKHOW M BBICOKOKAYeCTBEHHOM CBSI3M BOEHHBIX M I'Pa’KAAHCKHUX I0JIb30BaTeel; pa3BUTHEM OTe€4YeCTBEHHOW 3J1eMEeHTHOM
U TEeXHOJIOTMYeCKOH 6a3bl, HIMIOPTO3aMellleHHeM; IIOTPEGHOCTBIO CIIy>K6 CIaceHHs] B MalorabapUTHBIX CHCTEMax Mepefadu
npueMa MHPOPMAIMH; HEOGXOAMMOCTBIO Pa3BUTHS CITYTHUKOBBIX CHCTEM YIPaB/IeHUsI allapaTypOi BOEHHOTO M IPaskJaHCKOro
Ha3HauyeHMsl; Pa3BUTHEM NMPOTPpaMMbl TOUHOIO 3eMJlefle/Iusl. B KayecTBe OJHOTO M3 TAaKMX NPUMEPOB MOXET CIy>KUTb aHTeHHas
pelIeTKa U3 BOJIHOBOAHBIX 3JIEMEHTOB C AUAIEKTPUIeCKUMHU $asupyomumu cekunsmu. Lleas. PaccMoTpeHa MofiesIb aHTEHHOTO
3/leMeHTa, TaK>Ke IPUBeIeHbl €10 OCHOBHbIE XapaKTepPUCTUKHU. PaspaboTaHa MofieNib TMHEWHOMH aHTeHHON pelIeTKH, COCTOsI el 13
32 BOJIHOBOJHBIX 37IEMEHTOB C $pa3UpPYIIIUMU CEKIMUIMHU. PaccMOTpeHa THHEeNHAsI ¥ IUIOCKasl aHTEHHBIE PEIIETKH, II0CTPOEHHbIE
Ha OCHOBe CHH(}A3HOIO M PaBHOAMIUIUTYLHOTO [JETHTENs MOIHOCTY 1:32 U aHTeHHBIX 371eMeHTOB. TakKe MOCTPOEHA MOJEINb
TJIOCKOM aHT€HHOH pelIeTKH, COCTaBIeHHON U3 16 TMHEHHBIX aHTEHHBIX PelIeTOK, U IPHUBeJeHbl €e OCHOBHBIE XapaKTePUCTHKH.
Mertonpl. Mopiens aHTEHHOrO 3j7eMeHTa IOCTPOEHAa Ha OCHOBEe KPYIJIOrO0 BOJIHOBOAA C BHYTPEHHHMM AuamMeTpoMm 18 MM u
OHM3eKTPUIECKON INIACTUHOM, IIIOCKOCTh KOTOPOHM OPUEHTHPOBaHA 110/ YI/IOM 45° K CUJIOBBIM JTMHUSIM BEKTOPA HAIPS)KEHHOCTH
3/IeKTpUYEeCKOro mosns. JInHeliHas aHTeHHas pellleTKa 3alUTaHa C IOMOIIBI0 PaBHOAMIUIUTYAHOTO U CHHGA3HOrO HeTUTeNIs
MOIIHOCTH, a JINHEWHas M IUIOCKas aHTeHHble pelleTKH MOCTPOEHbl Ha OCHOBE KBa[pPAaTHBIX BOJTHOBOLOB C BHYTPEHHHMHU
pasmepamu 14 x 14 MM2 CO CKOIIEHHBIMM BHYTPEHHMMH yrnamu. PesynabraThl. [TokasaHo, 4To KOGOUIHEHT yCHIeHUs Ha
vacrore 10,95 I'Ty - 32,5 nB (mo Hopmainu) u 31,2 1B - npu OTKIOHEHHH JIyya Ha +37,5° B yIJI0-MeCTHOH INIOCKOCTH; KOIPPUIIHEHT
ycunenust Ha yacrore 11,7 T'Tu - 33,8 nB (o HopManu) u 32,5 1B - npu oTkJIOHeHUH Nyda Ha +37,5° B yI/I0-MeCTHOM IIOCKOCTH.
Ipu MaKCHMaIbHOM OTKJIOHEHHH [TIABHOTO JIE[IECTKA OT HOPMaIH YPOBEHBb GOKOBBIX JIEIIECTKOB B BEPTUKAIBHOM IIOBBIIIAETCS KO
ypoBHs -11,4 0B, uTo He3HauuTeNnbHO NpeBbiinaer YBJI npu cundasHOM ¥ PaBHOAMIUIUTYAHOM paclpe/ie/leHHHU MOis B anepType
DAP (-13,2 nB). 3akmoyenue. B paccmorpenHoi KoHcTpykunn PAP mo3uLHOHHpPOBAHME IJIABHOTO JIeNeCTKa AHArpaMMbl
HANpaBIeHHOCTH B a3MMYTaJIbHOM IJIOCKOCTH OCYILECTBIISIETCS IyTeM MeXaHW4eCKOro BpallleHHsl aHTeHHOH cucTeMel. OTKas
OT [BYXKOOPJUHATHOTO 3J1eKTPOHHOI0 CKAHMPOBAHMUS BBIGPAH, HCXOAS U3 COOGpaskeHUN CHIKeHUs pasoBpamarenel (Hiu
BBICOKOYACTOTHBIX KOMMYTaTOPOB) ¥ yMeHblueHUs: cebecToumoct PAP.

Kniouesble cnosa — CIyTHUKOBAsi CBsI3b MOGHJIBHOIO M GOPTOBOrO 6a3MpOBaHUs; THHEHHble AHTEHHBIE PEIIETKH; KPYIJIble
BOJTHOBOJBI.
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