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This article discusses the excitation system of a cylindrical active phased antenna array with a spatial power
supply system for the emitters. A brief historical comparison of the presented system with those based on
the use of mechanical antenna rotation and a conformal phased antenna array with a matrix excitation system
was performed. The advantages of an active phased antenna array with a spatial excitation system, its opera-
tional principles and the results of mathematical modelling are presented.
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Introduction
It is known that conventionally used in radiolo-
cation for all-round coverage are antenna systems
with mechanical antenna rotation. This solution is
fairly easily implemented technically, but is ac-
companied by a number of problems with respect
to information processing, such as:

— limited target illumination time (i. e., time
of antenna radiation pattern (RP) “contact” with

© Krylov F. P., Landman V. A., Mironov A. S.,
Kolesnichenko O. V., Pisarev S. B., 2020

the object of location), which increases demand
for radar energy potential;

— impossibility to effectively combine the
modes of detection and target designation with the
target tracking mode;

— the problem of signal transmission from
the rotating antenna to stationary signal proces-
sing equipment and indication devices has to be
solved.

These and other factors impel the designers
to give preference to conformal (spherical, circu-
lar, or cylindrical) phased antenna arrays (PAA).
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The conformal (circular or cylindrical)
PAAs have circular symmetry, hence they form
beams whose width does not depend on the
scanning angle. Due to this, the beam (RP) can
be turned through 360°. However, obtaining
a required amplitude-phase distribution across the
aperture of such PAAs is associated with signifi-
cant difficulties.

The researches undertaken in 1970-1990s
were aimed at developing special matrix-type
power supply systems [1, 2]. A matrix circuit of
PAA power supply allows to transform ampli-
tude-phase distribution (APD) of currents on the
radiators (emitters) in such a way that it will be
possible to control the beam by merely varying
phases by means of phase shifters installed at the
matrix circuit inputs [3]. Presence in such circuits
of a distribution matrix with M inputs and M out-
puts, where M < N (N —number of PAA radiators),
requires application of M switches for N/M direc-
tions, as well as of a large quantity of connecting
cables of equal electrical length.
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An alternative to the matrix excitation sys-
tem of conformal PAAs is a spatial excitation sys-
tem with electronic commutation of radiators. As
compared with the feeder power supply system
of conformal PAAs, a spatial power supply sys-
tem, in combination with active receive/transmit
modules (APAA), has a wider bandpass and en-
ables not only to create an RP with low side lobe
level, but also to simultaneously generate a sum
and difference RPs for monopulse processing of
signals. The PAA design is considerably simpli-
fied too. These properties of a spatial power sup-
ply system of APAA make it a more attractive
choice when designing new advanced radars and
navigation systems with narrow-beam wide-angle
scanning in azimuth and an RP of special shape
(cosecH type) in elevation.

Cylindrical APAA with spatial power supply
system of radiators

Fig. 1 shows the design of a cylindrical APAA
consisting of M pattern-forming circuits (PFC),
each one of which contains a vertical power

M
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Fig. 1. Cylindrical APAA with spatial power supply system
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divider connected to / radiators and forms in the
vertical plane an RP of cosecant shape or sin6/0
shape. Connected to the divider inputs are re-
ceive/transmit modules. Phase shifters of the re-
ceive/transmit modules provide PFC phasing in
the horizontal plane for the purpose of forming
a narrow RP in this plane. The number of APAA
modules in the APAA is equal to the number of
PFC, equalling to M.

For PFC power supply, a lens (Fig. 2) is
used, which is essentially a radial transmission
line formed by two circle-shaped plates. Distance /
between the plates is less than 0.5A, due to which
conditions are created between them for propaga-
tion of electric field with vector £ , directed per-
pendicular to their planes. Excitation of the lens is
provided by means of rods (see Fig. 2). The num-
ber of rods in Fig. 2 is 5. Rods 1-5 are located in
the lens centre perpendicular to the plate’s plane.
Arranged along the lens perimeter with equal
spacing are n’ rods of the receiving array of the
lens, acting as lens outputs.

Each one of the n’ receiving rods of the
lens is connected to APAA module by means of
n’ feeder line (if n’ = N) or directly.

A diagram of amplitude distribution and
phasing commutation (turn) circuit (CPC) is given
in Fig. 3.

Receiving (output)
rods of the lens
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Beam scanning in space is provided through
electronic turning of lens field amplitude distri-
bution by means of the commutation and phasing
circuit. Forming of APD displacement in the lens
takes place through variation of excitation cur-
rents of the lens receiving rods synchronously
with switching of the PFCs involved in the RP
formation. Due to phasing of excitation currents
of the central rods by means of two CPC phase
shifters, beam displacement to angle Aa,, = 360°/M
is provided.

The principle of electronic turning of the
lens field amplitude distribution (Figs. 2 and 3)
by two phase shifters is as follows. A signal from
transmitter (TX) is distributed by two directions
by means of a 6-dB directional coupler.

1. Signal

U, = cos o, (1)
whose relative amplitude is equal to unity, is sup-
plied to central rod 1 and forms an omnidirectional
component of the lens field amplitude distribution

with constant phase in all directions.
2. Signal U,

OTB

with amplitude K is supplied
to the difference input of sum-difference bridge 6,
at whose outputs two signals are shaped:

UBi =0.5K cos(wyt + m/2) —
bridge upper arm,

Radial lens

Y

A 4

Commutation
and phasing

circuit

Y

Y

Fig. 2. HF switch of spatial power supply system of a cylindrical PAA
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Fig. 3. Diagram of amplitude-phase distribution and phasing (CPC) turn:
1...5 — lens excitation rods; 1°...4°...n"—1, n’— lens receiving rods; DC — directional coupler;

>—A — sum-difference bridge; Ag — controllable anti-phase phase shifters

Un, = 0.5K cos(oyf —1/2) — (2) phase, and at the output 7 lags in phase by a value

bridge lower arm. of Ap as compared with the input signal.

U, = 0.5K cos(wyt + /2 + Ag),

Us = 0.5K cos(myt — /2 — Ag). (3)

Phase shifters 7 and 8 are included in the

upper and lower arms of bridge 6. An operation . .
Signals from phase shifter outputs are sup-

mode of those phase shifters is selected such that plied via 3-dB coupler 9 to the difference input of
the signal at the output of phase shifter 8 leads in  sum-difference bridges 10, 11.

et I | Electronics. Radio Engineering |
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The signals look as follows:

Uy = k cos(Ag + m/4) cos(wyt + m/4), )

Ug = k sin(Ag + 1/4) cos(wyt + m/4).

Voltages U,, U; and U,, Us excite lens cen-
tral rods: 2, 3 and 4, 5, respectively. In so doing,
rods 2 and 3 (4 and 5) are excited in anti-phase.
As a result, an APD is shaped, depending on di-
rection (a), which at d > A (where d — distance
between central rods of the lens) is associated
with additional voltage phase on rods 2 and 3 by
the relationship

P, ;= i%Sil’l (08 ifd > 7\4, (5)

and for rods 4 and 5, by the relationship

0, = i%cos o if d >0 6)

The APD in the lens is determined by the
following formulas:

Us = U, + [UyAg, a) + Us(Ag, a)] + (7)
+ [U4(A(p’ (1) + US(A(pa (1)],

where
Us(Ag, ) + Us(Ag, a)] =
—sin(Ap + 9, 5(a) ~ 4) ®
Uy(Ag, 0) + Us(Ag, 0)] = —sin(A¢ —
— 0y 3(0)) — W/4) + cos(Ap — @, 5(a))
and @, 3(a), @4 s(a) are determined by formulas
(5) and (6), respectively.

U, = Ajcos(wyt + m/4) — voltage on central
rod 1.

The direction of APD curve maximum is
determined by formulas (7) and (8).

In this way, variation of the value of A
from zero to 360° ensures synchronous turn of
the lens APD through 360°. When receiving sig-
nals from aircraft from a direction forming angle
a with the line connecting central rods 2 and 3,
a sum signal and a difference signal are shaped at
the output of sum-difference bridge 6 (see Fig. 3).

Modelling of arc APAA with spatial power
supply system

A mathematical model of conformal APAA with
a device for spatial (optical) excitation of radiators

| Electronics. Radio Engineering |

has been developed. The model serves to study RP
characteristics of a cylindrical APAA excited by
a lens (parallel-plate radial line) consisting of
two parallel plates along the periphery of which
n’= M receiving rods are arranged (M — the num-
ber of receive/transmit modules and APAA PFCs).

Excitation of the lens was provided by
means of the central rods, 5 or 9 pieces, arranged
around the circumference with the diameter
d = A, where A — wave length.

The use of 9 or 5 rods allows to form ampli-
tude distribution ensuring different levels of side
lobes in a cylindrical APAA RP. However, it re-
quired inclusion of four additional power dividers
in the excitation circuit so as to provide distribu-
tion of power from the outputs of bridges 10 and
11 (Fig. 3) between eight central rods.

The peripheral rods of the lens are arranged
equidistantly around the circumference with the
diameter determined by the cylindrical APAA RP
width in the azimuthal plane. The distance be-
tween PFCs is taken equal to 0.63A.

The APAA active sector, which shapes the
azimuthal RP, contains N = M/[ radiators (PFCs),
where / = 3 or 4, and, on the one hand is deter-
mined by the RP width, while on the other hand is
restricted by the requirement for the lens to shape
such amplitude distribution that will ensure the
minimum level of the RP side lobes and minimum
of the power supplied to the modules outside of
the APAA active sector. To study those properties,
the model employed an APAA with lens excited
by 5 (Fig. 3) and 9 (Fig. 4) rods.

Modelling was performed of an APAA with
the number of radiators M = 109, with the active
sector containing N = 53 modules arranged on an
arc = 120°. Aperture commutation was imple-
mented with angular pitch A = /N, and angular
position of the amplitude distribution maximum
and, accordingly, of RP maximum position was
determined by the expression

0, =(c-1DA- NT_1A+Ap,

wherei=1,2,..N;p=1,2,...
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Fig. 5. APD: a — 9-rod lens; b — APAA radiator RP

Amplitude distribution for the 5-rod lens U(i, p) = cos(0,) — cos(A-p), 12
was calculated by formula (7), and for the 9-rod U(i, p) = sin(H,) — sin(A-p) (12)
lens — by formula (11). where {x,, y,} — coordinates of the #-th rod in the

coordinate system (Fig. 4). The APAA radiation

u 2n
Wlil=1+k “Llxul, p)+ Vi, p)] |, . :
=1+ ;eXp( ) [xuti, P+ 3G p)]) (1) pattern in the azimuthal plane was calculated

where i = U\’;p =0,1,2,...
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Fig. 7. RP of an arc APAA excited by a 9-rod lens

by the formula for a fixed active sector with the
maximum in direction A-p = @,;:

F(0.0,)= X WIIE, (9-0)e 2= cos(p—0,) -

—cos(¢, —9,.)].

Fig. 5a shows amplitude distribution W][i]
formed by a lens excited by 9 central rods. Fig. 5b
shows RP of APAA radiator. Shown in Figs. 6, 7
are RPs of APAA excited by a 9-rod lens.

Also modelled was an option of cylindri-

(13)

cal APAA excitation by a radial lens containing
5 central rods, and APD of “cosine on a pedestal”
type, formed by APAA active modules. It should
be mentioned, too, that this APD was modified
for arc PAAs according to the method described
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Fig. 8. APD created by a lens with 5 central radiators

and N = 53 peripheral radiators
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54 60

in [4]. Figs. 8 and 9 show the APD of a 5-rod
lens and RP of an arc APAA (B = 120°, N = 53).
The level of RP side lobes was minus 23 dB. As
a result of creating a Hamming amplitude-phase
distribution, modified for arc PAAs, on the ac-
tive modules and exciting APAA by a 5-rod lens
(Fig. 10), the maximum side lobes level of the
APAA RP became less than minus 25 dB (Figs. 11
and 12).

Conclusion

Application of the method of spatial (optical)
excitation with electronic commutation of cylin-
drical APAA radiators makes it possible to form
a narrow beam in the azimuthal plane and en-
sures electronic scanning within the 360° limits.
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Fig. 12. RP of an arc APAA (B = 120°, N = 53) with modified Hamming APD, excited by a 5-rod lens

In that case, no branched feeder line and multi-
position switches are required. Moreover, the
considered scheme of APAA power supply ena-
bles to simultaneously form both sum and diffe-
rence RPs for monopulse processing of signals. In
so doing, the PAA circuit becomes considerably
simpler (no crossover switches and signal adders
of the left and right PAA aperture halves are re-
quired, etc.) as compared with feeder power sup-
ply systems using switchable matrix excitation
circuits. Application of a radial transmitting (re-
ceiving) lens, consisting of two round plates with
air or dielectric filling, makes it possible to create

a small-size broadband excitation lens. Applica-
tion of the considered circuits and APAA receive/
transmit modules ensures the minimum excitation
signal loss outside of the APAA active sector and
allows to form a beam with low level of the side
lobes, narrow in the azimuthal plane and broad (of
special shape) in the elevation plane.
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MaremaTu4eckoe MOIeJTUPOBAHUE IPOCTPAHCTBEHHOM CHCTEMBbI BO30YK/IeHUS
HWIHHAPUYECKOA aKTUBHOMN (a3uPOBAHHOM AHTEHHOM PelleTKH C YJIeKTPOHHOM
KOMMYTaluen

®. M. Kpbinos', B. A. llanaman', A. C. MupoHos', O. B. KonecHuyeHko', C. b. MNucapes?

T AkyuoHepHoe obuiecmeo « OpdeHa Tpydosozo KpacHozo 3HameHuU

Bcepoccutickuli Hay4Ho-uccriedosamernbekulti UHcmumym paduoarinapamypbi»

Obuwjecmesa ¢ ogpaHu4eHHol omeemcmeeHHocmbio « Cesepo-3anadHbili pe2uoHarnbHbIl UeHmp

KoHuepHa 8030yuwiHo-kocmuyeckol 060poHbl «Anmas — AHmel», CaHkm-lNemepbype, Pocculickas ®edepayusi

2 AkyuoHepHoe obuiecmeo «Pocculickuti uHcmumym paduoHasu2auyuu U 8peMeHU»
Obwecmesa ¢ oepaHu4YeHHol omeemcmeeHHocmbio « Cegepo-3anadHbili peauoHalbHbIU UeHmMpP
KoHuepHa 8030yuwiHo-kocMu4eckol 060poHbl «Anmas — AHmel», CaHkm-llemepbype, Pocculickass ®edepayus

B ctatbe paccmaTpuBaeTcst cucteMa Bo30YXOEHUS LUNTMHOPUYECKON aKTUBHOW (0a3npOBaHHOM aHTEHHON
peLLEeTKN C MPOCTPAHCTBEHHOWN CUCTEMON NUTaHUA nany4datenei. [NpoBeaeHo KpaTkoe NCTOPUHECKOE CpaBHEHME
C CUCTEMaMM, OCHOBaHHbIMMW Ha MPUMEHEHNN MEXAHUYECKOTO BPaLLEHWS aHTEHHbI M KOHGPOPMHOW ha3npoBaHHOM
AHTEHHOW peLUeTKM C MaTpUYHOM cucTeMon Bo3byxaeHus. MNpeacTaBneHbl NPeMMyLLECTBaA UCMOMNb30BaHNS
aKTMBHOWN (ha3nMpOoBaHHOW aHTEHHOW PELLETKM C NPOCTPAHCTBEHHOM cucTeMorn. OnuncaHbl NpUHUMMLI ee paboThbl
N NpeacTaBneHbl pesynsrarbl MaTeMaTUYeCcKoro MOAENMPOBaHNS, packpbiBatoLLMeE CoaepKaHne NpenmyLLecTsa
aKTMBHOW (pa3npOBaHHOW aHTEHHOW PELLETKM C UCMOSIb30BAHNEM NPOCTPAHCTBEHHON CUCTEMbI BO30YKAEHUSI.

Kntodyeesnble crioga: cucTeMa NuTaHus uanydarernen, akTueHas gpasmpoBaHHas aHTeHHas peluetka, AuarpaMmma
HanpaBneHHOCTH, KpYroBoi 0630p, amnnNUTyAHO-ha3oBoe pacnpenerieHme

00 aBTOpax

KpouioB ®@enop [MaBiaoBuY — HavYa bHUK OT/IENa Pa3pabOTKU TEXHUYECKOH JOKYMEHTAIUN AKIIMOHEPHOTo 00IecTBa
«Opnena Tpynosoro Kpacuoro 3namenn Beepoccniicknii HayqyHO-MCCIIEAOBATENBCKUN HHCTUTYT paAHOAaIIapaTypb»
OO6mecTBa C OTpaHUYCHHONW OTBETCTBEHHOCTHIO «CeBepo-3amaaHblii pernoHanbHbIN 1eHTp KoHnepHa BO3aymIHO-
KOCMUYeCKOH 000poHbI «Anmas — AHTei», CankT-IlerepOypr, Poccuiickas @eneparusi.

OO0nacTh Hay4YHBIX HHTEPECOB: PAANOJIOKAIINS, PAMOHABUTAIIMS, IU(PPOBasi 00PadOTKA CUT'HAJIOB, BOOPYKEHHE.

Jlanaman BiaagumMup ABpYMOBHMY — IVIaBHBIN CIIELUAIIMCT OT/EIa KOMIUIEKCOB M CHCTEM aKLIMOHEPHOrO O0LIecTBa
«Oppena Tpynosoro Kpacxoro 3namenu Beepoccuiickuii HayuyHO-UCCIIEAOBAaTEIbCKUN MHCTUTYT paauoaniaparypb»
OO0miecTBa ¢ OrpaHUYCHHON OTBETCTBEHHOCTHIO «CeBepo-3amnaHblii peruoHaibHbli 1eHTp KoHIlepHa BO3ayIIHO-
KOoCMHYeCKol 000poHbI «Anma3z — AnTeiy, Cankr-IlerepOypr, Poccuiickas deneparusi.

OOnacTh Hay4YHBIX HHTEPECOB: PAANOJIOKAIINS, PAJJHOHABUT AL, aHTCHHO-(QUICPHBIC CHCTEMBI.

MuponoB Anexcanap CepreeBHY — TJIaBHBIN CIIEIMAIKCT OTJEJIa KOMIUIEKCOB U CHCTEM aKI[MOHEPHOTo 0oOIIecTBa
«Oppena Tpynosoro Kpacnoro 3namenu Beepocculickuii HayuyHO-UCCIIEA0BAaTENbCKUN HHCTUTYT paAHoannaparypbh»
OOmiecTBa ¢ OrpaHUYEHHON OTBETCTBEHHOCTHIO «CeBepo-3ana Hblii pernoHa bHbIi eHTp KoHIlepHa BO3ayIIHO-
KOCMHUECKOH 000poHbI «AnMa3 — AnTel», Cankr-IletepOypr, Poccuiickas deneparmsi.

OOnacTp HayYHBIX HHTEPECOB: PAANOJIOKANNS, PaJHOHABUT AL, aHTECHHO-(QHIEPHBIE CHCTEMBI.

Konecunuenko Ouier BiraaumMupoBuy — IIaBHBIN CIICIAAINCT OT/IENIa KOMIUICKCOB U CHCTEM aKIIMOHEPHOTO 00IIecTBa
«Oppena Tpynosoro Kpacnoro 3namenu Beepocculickuii HaydyHO-UCCIIEA0BATENbCKUI HHCTUTYT pafHoannaparypbhy
OOmecTBa ¢ OrpaHUYEHHON OTBETCTBEHHOCTHIO «CeBepo-3anagHblii pernoHaIbHbIi eHTp KoHIlepHa BO3ayIIHO-
KOCMHUUECKOH 000poHbI «AnMa3 — AnTei», Cankr-IletepOypr, Poccuiickas deneparmsi.

OO6nacTh HayYHBIX HHTEPECOB: PAANOIOKANNS, METEOPaIHOJIOKAIIHS.

Mucapes Cepreii BopucoBu4 — 1-p TexH. HayK, TeHEPATHHBIN KOHCTPYKTOP AKITMOHEPHOTO 00ImecTBa «Poccuifckuii
MHCTUTYT PAJIMOHABHUT AN 1 BpeMeHn» OO0IecTBa ¢ OrpaHNUeHHOH OTBETCTBEHHOCTHIO «CeBepo-3araiHbIi pernoHaIbHbBIA
neHTp KoHmepHa BO3IYIIHO-KOCMUYECKOH 000pOHBI «AnMa3 — AHTel»; dieH DKCIIepTHOTO COBETa 10 HAYYHOMY
compoBokaeHnt0 PenepanbHON 1eneBoi mporpamMmel «ImobanbHass HaBUTalMOHHAs cuctemay, Cankt-IletepOypr,
Poccuiickas ®enepauns.

OO6nacTh HayYHBIX HHTEPECOB: aBTOMATH3MPOBAHHBIE MH(POPMAIMOHHBIE CHCTEMBI YIPABIEHHUS, pagHOIOKaIIHs,
paIMOHABUT AL, CHCTEMBI KOOPJHHATHO-BPEMEHHOTO 00ECIICUeHNSI.



