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Abstract

The frequency distortion of a one-way signal at the output of a non-directional antenna helicopter, which arises during
rotation of the helicopter main rotor, is detected. The power loss of a useful signal for the existence of satellites is
appreciated. They arise in near each spectral component of a useful signal. In this case, they exist due to the energy of a
useful signal. Therefore, the signal/noise ratio at the output of the non-directional antenna of the helicopter becomes
lower than at its input. Reducing the power of a useful signal will result in a corresponding deterioration in the quality

of the radio communication.
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1. Formulation of the problem

On planes and helicopters of dimensional load
capacity, as a rule, identical electronic equipment,
and the corresponding antenna devices, is installed.
The structure of the near and far electromagnetic
fields of the side-poor antenna depends not only on
its type, but also on the structural features of the
body (metal or carbon) of the aircraft. The body is
an integral part of the hybrid non-directional
antenna. Helicopter main rotor rotation is
periodically changing the geometric form of the
conductive body of the aircraft. In this case, the
hybrid system '"regular non-directional antenna -
helicopter body" acquires parametric quality. Its
irregular directional diagram becomes pulsing. The
useful signal at the antenna output undergoes
irreversible amplitude-frequency distortion. As a
result, the channel of radio communications with the
helicopter, in terms of its qualitative characteristics,
is worse than a similar radio channel for the aircraft.

In long-distance radio systems, signals with one-
band amplitude modulation with suppressed carrier
are common. It is therefore advisable to investigate
the distortion that affects the signal in the helicopter
radio channel.

2. The purpose of work

Evaluate power loss and spectral distortion of a one-
band signal at the output of non-directional antenna
of the helicopter that arise during main rotor
rotation.

3. Signal distortion by the helicopter antenna
system

The instantaneous value of the electric field strength
at the point of location of the antenna of the radio
receiver in multi-tone single-band modulation with
the upper buoy stripe is determined by the ratio [1]:

E(t)=§ Ean cos [(co0+ Qn)t+‘{’0+¢9n] (1)
n=

where: E — the amplitude of the electric field
strength at the point of supervision,®,and y, —
circular frequency of the carrier and its initial phase,
M  — partial coefficients modulation depth, € —
circular frequency of the n-th component modulating
signal, 0, — corresponding initial phase. A typical
oscillogram and spectrograph of the signal (1) are
shown in Fig. 1 a and Fig. 1 b.
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Fig.1. Multi-tone single-band modulation
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The momentary value of the electromotive force
(EMF) at the antenna output in the receive mode is
determined by the ostensible ratio:

U) = E(t)h, (1) ()

Effective length h, is the coefficient of
proportionality between the intensity of the electric
field E(¢) and the corresponding EMF U(t) at the
antenna output terminals. It differs from that known
by the fact that it becomes a periodic function of
time — h.(f). In this case, the helicopter hybrid
antenna system acquires parametric properties. The
system is also parametric in the radiation mode.

The mathematical model of the effective height
h,(t) can be given as:

m@):m;am@):he{l—ﬁlh—e(’)}, o

eo

where: h, is the amplitude value of the effective

length of the hybrid antenna system, and Ah, (t) is

the instantaneous value of the function pulsations
h.(t) [2]. They depend from the main rotor rotation
speed, the design features of the helicopter body and
the direction of signal receiving or transmission. The
pulsations are periodic sequences of video pulses of
identical duration 1 that are adjacent to each other,
that is:

T= Tﬂ @)

mkN
where: m — the number of rotations of the shaft
helicopter main rotor in one minute (200 + 300
rpm), N = (2 + 6) is the number blades of the main
rotor in one tier of the coaxial circuit, kK = (1 + 2) is
the number of tiers. The amplitudes of the video

pulses A/, and the shape of their bypass under the

same conditions depend on the direction relative to
the longitudinal axis of the helicopter. But the first
harmonic of the periodic sequence of such video
pulses does not depend on their shape. Therefore, a
convenient mathematical model of the pulsations of
the effective length of the hybrid antenna system (3)
can be considered a periodic sequence of cosine-like
pulses:

I
cos—t
T

Ah_(t)=Ah, = Ah, , (5)

v
cos —t
2

in which v is the angular frequency of the pulsations,
which is determined by the ratio:

v=2n TN ©)
60

The decomposition of the function (5) into a
Fourier series leads to the relation given in [3]:

2 < -1)"
Ah e(t)=;Ahe 1+; 2% cos pvt} (1)

in which p is the number of harmonics of the angular
frequency of the ripple v of the effective length
hybrid antenna system (3). The pulsations in the
effective length of the hybrid antenna system (3)
cause the corresponding pulsations of the antenna
system directional diagram "regular non-directional
antenna - helicopter body”. If the values (1) and (3),
(7) are substituted in relation (2), then by numerical
simulation one can obtain an oscillogram and an
spectrograph at the output of the hybrid antenna
system of the helicopter, that is shown in Fig. 2 a
and Fig. 2 b, respectively.
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Fig. 1. Multi-tone single-band modulation at the
output of the hybrid antenna system

Oscillograms and spectrographs, shown in Fig.1
and Fig. 2, differ significantly in shape and
frequency composition. At the output of the hybrid
antenna system, there are beats (Fig. 2a), which are
due to the emergence of satellites at the side
frequencies near each spectral component of the
output signal (Fig. 2b). Obviously, satellites exist at
the expense of energy, which they select from the
corresponding components of a useful signal.

The relation (7) can be simplified if we take into
account that in it amplitudes of harmonics quickly
decrease with increasing numbers, for example:
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Therefore, if in the decomposition (7) we leave
only the first harmonic, we get the following:

2 2
Ahe ()=~ ;Ahe (l+§cosyt) (8)

After substituting (8) into (3), we obtain a
simplified mathematical model of the effective
length hybrid antenna system:

2 Ah 2
Ah ()=Ah | 1———=(1+—cosvt 9
X0 e[ ~= (S eosyn| )

e

Taking into account the ratio (9), the expression
(2) for the EMF for ¢, =0 and ®, =0 takes the

form:

E 2 Ah
ut)~—h|(1———= M cos(w,+Q )t —
() 2 e|:( P I’le ); n ( 0 n)
2 Ah
—— -Zcos((oo+Qn -Vt - (10)
371: he n=1
2 Ah
———=< > cos(w,+Q —vy)
371: ]’le ; ( 0 n y):|
The first component of the ratio (10)

characterizes the weakened one-band signal. And the
negatives at the combination frequencies are
satellites the products of its parametric
transformations in the hybrid antenna system. The
set of satellites creates angles at the angular

frequency 2y <wm,+€2, +y difference between
satellites. Beats also occur between the weakened
one-way signal and the individual satellites at the
frequency (6) y<wm,+Q . These

circumstances explain the features of oscillograms
and spectrographs, which are shown in Fig. 2.

angular

4. Signal power loss on hold satellites

The average signal power (10) at the output of the
hybrid antenna system, which is allocated to a load
equal to one ohm, is based on the known ratio:

17,
P =lim—|u"(t)dt =
b
(1)
212
E°h, l—O,S(Ah

2
e MZ

Subtrahend in ratio (11) defines the average
power AP which is lost on hold satellites -

ave’

~
~

beating components, which arise in the helicopter
radio channel:

272 2
AP, =% | A > Mm;
16 (h )5

e

(12)

The power AP, (12) is added to the power of

noise other origin, which at the antenna input always
exists. Therefore, the ratio signal/noise at the output
of the regular non-directional helicopter antenna
becomes lower than at its input. From ratio (11) it
follows that if the relative pulsations of the effective
length hybrid helicopter antenna system are maximal

that is—% = 1, then the average power of the signal
is reduced by half relative to the case in which no
pulsations (aircraft).

5. Conclusions

The rotation of the helicopter main rotor led to the
emergence of a parametric antenna effect, the
consequences of which are:

- attenuation of the output signal, and its
frequency distortion;

- deterioration of the signal/noise ratio at the
output of regular antenna helicopter;

- reducing the range of high-quality radio
communication.

The effect of parametric distortion of a signal in a
non-directional helicopter antenna is manifested in
any form of its modulation.
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BusiBieHi 4acTOTHI CHOTBOPEHHS OJHOCMYTOBOIO CHTHANy Ha BHXOJl ClabOCIPSMOBAaHOI aHTEHU
TeNKoNTepa, SAKi BUHUKAIOTH TpH oOepTaHHI ioro Hecydoro rBuHTa. OIHEHI BHUTPATH IOTYXHOCTI
KOPHCHOTO CHWTHAJly Ha YTPUMAaHHA CKIIQJOBUX-CATeliTiB, IO BHUHHUKAIOTH OLJS KOXXHOI CHEKTPaIbHOI
CKJIaJJOBOI KOPMCHOTO CHTHally Ta iCHYIOTH 3a paxyHOK iX eHeprii. Tomy BigHOIIEHHS cuenan/3aéada Ha
BHUXOJII CIIa0OCIPSIMOBAaHOI aHTEHH TENIKONTepa CTAa€ HIKYMM, HDK Ha ii BXO/l. 3MEHIIEHHS IMOTYXHOCTI
KOPHCHOTO CHTHAITY ITPU3BEE 0 BiMOBIIHOTO MOTiPIIEHHS SKOCTI Palio3B’ A3KYy.

Kuarouogi ciioBa: OutTs; renikontep; epekTHBHA BUCOTA; HECYYHil TBUHT; ITyJIbCAllii; pajlioKaHal

B. A. I/IBaHOBl, A. C. 3auopo>1mblﬁ2, M. K. Msknmes®
bueHusi 0IHOMOIOCHOTO CUTHAJIA B PAAHOKAHAJIe BepToJIeTa
HarmonanpHbIH aBHalMOHHBIN YHUBEpCUTET, TTpocniekT KocmonasTa Komaposa, 1, 03058, Kues, Ykpanna

OOHapy>KeHHbIE YaCTOTHBIE HCKaXEHUSI OJHOIMOIIOCHOTO CUTHANIA Ha BBIXOJIE Cla0OHANPaBICHHON aHTEHHBI
BEpTOJIEeTa, KOTOpPHIE BO3HUKAIOT IPH BpallleHMH €ro Hecymero BUHTA. OIEHEeHbl 3aTpaTbl MOIHOCTU
MOJIE3HOTO CHIHaja Ha COACPKAHME COCTABISIOIIMX-CATEIIMTOB, BO3HHUKAIOIIMX OKOJIO KaKIOH
CIIEKTPAIbHOM COCTABILIOLICH II0JIE3HOIO CHUrHajla M CYLIECTBYIOT 3a c4eT uX 3Hepruu. Iloaromy
OTHOILCHUE CUCHAN/NOMexa Ha BBIXOJE CIa0OHANpaBICHHON aHTCHHBI BEPTOJIETa CTAHOBUTCSI HUKE, YeM Ha
ee BXOJE€. YMEHBIIECHHE MOIIHOCTH IIOJIE3HOI'O CHUTHAJIA MPUBEAET K COOTBETCTBYIOLIEMY YXYALICHHIO
Ka4yecTBa PaJlOCBA3H.
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