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Abstract. It is shown that the system “standard non-direcibantenna — metal body helicopter” during
rotation of main screw is parametric. In this catiee parameter antenna system is effective lerigth.
result of periodic changing its values is distonsospectrum radio signals at the terminals of stadd
antenna. Was a developed method of spectral cotigrosadio signals analysis after parametric chaage
guantitative evaluation attenuation of spectral gmments useful signal, identifying values combarati
frequencies undesirable components-satellites. tBpedistortions of some types of modulated and
manipulated radio signals at the output of paranwairantenna system are investigated.

Keywords. directivity diagram; effective length of the antan helicopter screw; parametric signal
transduction; spectrum, radio signal; video impsilse

Introduction helicopter flight safety and flight few helicopteirs
, _ the group. It is therefore necessary to make the
General properties of antennas devices afRimary theoretical research results of the intivac
determined by their internal and external pararsetess ifferent types of modulated radio signals with

electrodynamics characteristics and indicators amhs helicopter and discover appropriate regulaitie
depend on the design features of the current-cayryi

surfaces individual elements and their mutual spati  Problem

orientation commensurability geometric dimensions |n PAS “Standard non-directional antenna — metal
relative to the wavelengtih . This explains, for hody helicopter” detect generalized factor which
example, indented directivity diagram (DD) systemgaries in time according to the periodic law and
such as “Standard non-directional antenna — metdentify the main features of distorted useful sign
body aircraft” [1-3]. If the same antenna instalked structure of any type.
another type of airframe or helicopter body, thes t e :
form DD and extent its indented will be different. eff(;,]cl':isf/gll(ie?]té?rr: PAr\nSathemancaJ model  of the
During the rotation metallic or metalized main

screw helicopter, which is part of fuselage, DD in Parameters specific antenna device are
either direction will be change periodically, i. einterconnected either directly or through internageli
helicopter antenna system becomes parametfitnction. Therefore, changing one of them is
properties. Therefore modulated useful radio signéisplayed in the appropriate quantitative or
that is emitted or received by helicopter pararnetrjualitative changes indicators of all the others. |
antenna system (PAS), inevitably suffers spectréPnsequence, it can be argued that changing in time
transformations and energy losses. UnwantddD PAS is a consequence of some changing in the
frequency components that arise in the spectrum ighe internal antenna device parameter, whose value
useful signal is energy intensive. Therefore, thé depends on momentary spatial position of
amplitude useful signal components at the outpliglicopter rotor blades. This parameter can bedpun
PAS in the mode rotation main screw is alwayé you define the voltagei(t) at the terminals of
smaller amplitude of the same signal componentssfandard antenna, which is under influenced of
the screw does not rotate (in ground tests). Thidectromagnetic fieldE(t) that contains information
statement is experimental confirmation of — thabout useful signal
weakening useful signal at the output of PAS when
flying helicopter can reach 12 dB [4], but any u(=E(0) h.,. (1)
procedures theoretical analysis of this phenom@non | equation (1)h, .— effective (active) length of
the available publications we have not found. Natur h ¢ device in the chosen constructiond. poin
that effect of frequency and power distortions algn the antenna device in . : =P
airborne radio communication systems navigatioThls parameter is only one in 'the ratio (1) d'mCt.l

' |%Iated to PAS. Therefore, in accordance with

and landing in a helicopter PAS negative impact ?iwtenna installed on the helicopter body, equafipn

guality of operation of these systems and separ enecessary to give in the form
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screw is biaxial, the frequency is increased ta fou

u(=Ee(mh.(9, (@) times.

) ] On the basis above individual pulses in the
where h, (f) — instantaneous value of the effectivgeriodic sequences in the general case in order to
length of PAS. From ratio (2) immediately folloiat simplify analysis while preserving main regularstie
in PAS the useful signal suffers multiplicativeshould be provide smoothed form. Simplest is cosine
distortion that can not be eliminated in the futairall. pulse shape. With such choice in the ratio (3) gails

The mathematical model of the effective lengti\h (t) will be provided schedule periodic sequence
PAS can be represented as of pulses cosine in Fourier series [5]

n0=heong= [ 2L gy s

ec

cos%(t+ kT)‘ =

. o . 5)
In this modelAh_(t) — part which is periodical ol -1)°
e() p p :gAhell+Z 2(—)2 COSlet].
p=1

function of angular velocity rotation the main noto T 1—(2p)

helicopter. Maximum value rippl&h, ., <h . and _ _ _ _
in which Ah_, — amplitude value of fluctuations in

in other similar conditions depends on the eleatric

characteristics of the material from which made tHée general casey,=2nF, — the first angular
main rotor blades. If the material in its electficaharmonic parametric frequency conversiom; —
characteristics is close to ideal dielectric them, (t) number of harmonic  parametric  frequency
conversion signal,= 1, 2, 3, ....

Effective length of the PAS model (3) is valid in In_ t_he general case voltage at the termlqals of the
receiving antenna standard on the basis of the

modes reception and radiation. The valye in the o ations (2), (3) and (5) is given by the expressi
model is formally defined based on known ratios { (t)}
provided for example in [4]. However for antennas u(t)=h, |1-—==|E(t)=
devices installed on aircraft effective length are h
determined based on experiments by the method {

is close to zero.

ec

® p
given in [2]. This can be also calculating methadg =h _24h 1+Z 2 (_1) cospv, t |t E(1). (6)
simulation electrodynamics objects of complex ° mhe, p=1 1—(2p)2 '
configuration [1].

If the main rotor blades are metal, then character From the expression (6) implies that output level
of changing in time DD PAS in either direction isPAS is always less than input level (1) that is at
identical to the changing character of pulsationAh,=0. In the worst case if,Ahe/heczl the

Ah,(t). This fluctuations in the physical amplitude of the carrier signal in PAS weakened 2.7
interpretation is periodical sequence of identicdimes thatis nearly 9 dB. Also weakened all harimon
shape and duration , in the selected direction, components input signal. Energy loss of sigBét)
unipolar impulses which border with one anothegt a constant efficiency factor PAS is spent on
and their envelope is a smooth curve that has woeeating new spectral components that appear in the
jumps and discontinuities. Pulse durations equal output signal. In this case, general attenuati@iulis
period of follow T. Such a periodic sequence ofignal in the PAS helicopter can closer to 12 dB
pulses can be decomposed in the classical Founiseasured experimentally [4].

series in order to detect levels of constant corapbn  Relation (6) is the basis for the analysis of
and separate harmonic components in a mathematipatametric distortion of radio signals of any type
model of the effective length PAS (3). The frequencPAS helicopter.

of the first harmonidr, periodic sequence of pulses Of courseN (240 ... 350) rev / minN = (2 ... 8),

irrespective of their forms the envelope each efith F =(8...50) Hz. If main rotor helicopter is biaxial,
determined by the ratio, Hz then frequencyF, is increased up to four times, but
1 nN would remain low. Thus equation (6) in its struetur

== = —, (4) coincides with generally accepted form of
T 60 amplitude-modulated (manipulated) narrowband

wheren — number of revolutions of a shaft main rotosignal E ¢ ).
for one minuteN — number of propeller blades. If the
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Theoretical analysis of the distortion 1. The input signal is multi-frequency amplitude
narrowband radio signalsin PAS helicopter modulation of the carrierMathematical form of

Consider some specific examples. writing such signal is known [6]:

E(t)=E, 1+iMicos(Ql.t+ch.) cosm,t +v,)=
i=1

0

=E {Cos(mot + \Vo) + Z%COS[(Q)O - Qi)t Ty~ qu] +Z%COS[(®O + Qi)t Tyt q)i]}’ @)
i=1 i=1

where®,and y, — circular frequency of the carriercomponent modulating signa®. — corresponding

and its initial phase;M; — partial coefficients initial phase.

modulation depthQ, — circular frequency of thigth Instantaneous values of voltage (6) PAS output
terminals determined by the ratio:

u(t): E |eo{ [l+éMi COS( Ql.t+d)i)} co$m0t+wo) _

Al . (1)
_2% {1+ 2> 0 - cospvlt}cos(cooﬁwo)—

T IeO p=1 1_(2p)

0 —_ p 00
_1& [1+ 22(;)2 Cospvlt:|z M, COS[(OJO - Qi)t+ Y, _CD,'] -
p=1 i=1

T Ie0 1_(2p)
00 —_— p kil
_%iloe {1+ 2;% Cospvlt}; M, cog (0, +Q,)t+Wo+ o, . ®

The first component of (8) characterizes the maand whenAh, = h, . weakened in 2,75 times, another

AM - signal and subtrahend is the product of it§ords almost on 9 dB; level other components useful

parametric transformations and does not contagignal (7) weakened in PAS proportion to the vaiue
useful information. The combination of thesghe ratioAhe/hec.

subtrahend, after multiplication corresponding
harmonic functions that come to them, determines tlfhe PAS may exceed 9 dB:;

spectral comp05|_t|on fluctuations (6)_' . —in PAS signal energy is redistributed between
From expression (8) make following conclusionsyye constituent distorted spectrums — the satellite

— spectral composition of the output signal boar&’omponents exist at the expense of the energy
antenna helicopter differs from the spectradgiected from signal.

composition of the incoming influence; When Ah, = 0 equation (8) determines the
— every high-frequency component of the input ¢

signal becomes partial carrier that on the out@\s P Instantaneous valges and the law of modulation
) : voltage at the terminals standard antennas.
accompanied by the emergence corresponding lateral : : ; . ,
2. The input signal is a single frequency with

components satellites on frequencies specified H?’\gular modulation carrierThe overall shape of this

lines 3 and 4, the first column of the table below; recording signal at the point of placing antenna ha
— the voltage signal at the carrier frequengyin  the form [6]

. : 2 Ah,
PAS decreases in proportion to the valle———

— general weakening useful signal components in

m

Cc

£ = E{ (Moo, tr )+ (-472 (1) cof(wy - ) ru,-o, ]+

+§Jn(m) cog (@, + NQ) t+y, +d>n:|} . 9)
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In the ratio (9) function is provided. According to expression (9) i
‘ okin the ratio (10) valuen coincides with the numbers

] (m):z(‘l) (0,5m) (10) harmonic frequency modulating signal, and the

— kl(k+ n) ' value m is the index of possible types angular

_ ' modulation — phase or frequency. The spectral
is the Bessel function okth order from argumemh;  composition voltage at the terminals of antenna can
k — sequence number terms in the series, which tlg identified on the basis ratio (6) with (9)

u(t)= the{ Zﬁh{ pi (E)) cosp\/l}}{q}(n) cobw, t W)+

ec

(11)
(-1 3, (m) cod (, — nQ) + W, =, ]+ J(m cob(w, + M) tW,+0, ]}
n=1 n=1

In the spectrum of the signal (11) are present
parasitic components-satellites on combinational 1 4o sinn®
frequencies, whose values depend from the speed of  E(t)== E, 1+_z 2 o0t | x
shaft rotation the main rotor helicopter. 2 T N

From equation (11) it follows that all spectral
components of the useful signal (9) attenuated\& P xCos@gt +W,), (12)

equally in the previous case.
Frequency components of the output signal (1) which Qzﬁ , and 7. — period following
PAS is provided in the second column of the table. n "
3. The input signal is a single-frequency withectangular pulses.
amplitude manipulation meanderinstantaneous  |nstantaneous values distorted signal (6) at the
signal value at the point of acceptance provided B¥rminals of the antenna determined with regard

the expression relation (12)
. T
4 e Sinn_ 2 Ah o p
u(t)=0,5 A = cosnQ t- cogv, t|rcoj o, t+W,) -
()=05En. 11+ 7> — ;zﬂl sz L peos(o, t+w,)

_aon, {1 5 (" ()"

COS|
(1 (20) p“]

Z ( {cos[ —nQ)t+tP0:|+cos[(oao+nQ)t+qJO]}>. (13)

nll

From ratio (13) follows that all spectral
components of the useful signal (12) weakened m]
PAS as in previous cases.

4. The output signal is frequency-manipulated
der the law meander, dual-frequency.
Instantaneous values of voltage (6) on output

shown in the third column of the table. fgrmlnal parametric AS in this case determinechiey t

E(t) =%E0 <cos(wlt+ K%)+co{w b= KZEZJ+
+ ni;ln_zn sinng {co{(col -nQ)t+ (Kl + ngﬂ + CO‘{(&) +nQ)t+ (Kl + ngﬂ +
+ co'{(co ,~NQ)t- (KZ + ngﬂ + a){(w ,4nQ)t- (Kz + ngﬂ}> , (14)
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In ratio (14) frequency, andw, correspond to frequency of manipulations (usually it is an intgge
the carrier logical units “+1” and *“-1" is the K _ 0y
frequency manipulatiof2 determined by meander 97 g

periodTm, K, is the coefficient of proportionality  |n PAS spectrum of the signal (14) is distorted and
between the values of carrier frequencies artquires next mathematical interpretation

U(t) Z% Eo hec|:1_2Ahe _fﬂiﬂcos pv, t:l <C0{(,01 + K1£2j+co{@2 t— KZEZJ-'-

T hEC T hec p=11_(2p)2
+n2:;n—2nsinn% {CO{(wl—nQ)H(Kﬁn%ﬂ +co{(ml+nQ)t+(Kl+ngﬂ+

+ Co{(w ,~NQ)t- (Kz + n%ﬂ +co{(m ;4N Q)t—(K2 + n%ﬂ}>

From ratio (15) implies that on the output PAS 5. The input signal is phase-manipulated under
spectrum signal differs from the spectrum of ifglin  the law meanderln this case, the instantaneous
(see column 4 in the table). Level of the usefghal values of voltage (6) on the output terminals af th
(14) weakened the already known way. PAS determined by the ratio

(15)

E() =2 Eoi:%sinz%simﬂtcosoot:—z E> S sih ™[ sifw, + ) t-sin (o, - ) .
Tt T

n 4 (16)
n=1

n=1

After transformation in PAS useful signal can beegi as:
2 2Ah,  4Ah & (-1)° ° 1 _ ,nmp. .
t)=— 1-—=—-——) = t|» —sin"— Q) t= - nQ) t. A7
u(t) ntheo P hecpZ:‘il—(Zp)z cospv, ngl sin’ = [ sin(w, + Q) tsin(w, - nQ) 1. (17)

Signal (17) characterized by both effects, whichpectral composition of the signal (17) is giverhia
are characterized by signals that are analyzed. Tiif¢th column of the table.

Radio signals frequency components at the output of the PAS

Modulation type (manipulation) signal at the inparametric AS
No | Multi-frequency | Single-frequency Amplitude Frequency-manipulated| Phase-manipulated
amplitude with angular manipulation of
) : meander, dual-frequency meander
modulation modulation meander
1 wo wo wo 001(2) -
2 W, FQ, W, FnQ w, FnQ Wy FNQ w, ¥nNQ
3 W, + PY, W, + PV, W, + PV, W + PV, -
4 W, FQ Fpy; W, FQF py; W, FQF py; W) FNQF pY W, FNQF py,

In the following table combination frequenciedength. The root cause that determines periodic
that are contained in rows 3 and 4, the correspndichange the values of the effective length of PAS is
columns, related to satellites, which appear in tH&tating metal main rotor helicopter with a constan

output signal distorted PAS as parasitic later@Peed.

components around carrier at frequencies spedified  2- The result PAS is distortion frequency spectrum
lines 1 and 2. of the original narrowband signal. Distortions

_ manifested in the occurrence of undesirable
Conclusions components-satellite in the combination frequencies
1. Antenna system “Basic antenna — bodyhose values depend on the frequency spectral
helicopter” is parametric. Parameter of the systeri®mponents useful signal and the speed of rotafion
which changes periodically in time, is an effectivéhe shaft main rotor helicopter.
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B. O. Isanos, O. C. 3agopoxHuii. CHOTBOpPEHHsI CUTHAJIIB B AHTEHHUX NPHCTPOSIX BEPTOJIbLOTIB

IMoxkazano, mo cucrema «lllTaTHa HEeHANpaBiICHA aHTCHA — METAJICBHI KOPITYC BEPTOIBOTA» MpU 00EPTAHHIX HECYIOTO
IBHHTA CTAa€ MapaMeTpU4HOIO. [IpM LbOMY NHapaMeTpUYHHM YWHHHKOM BHUSBISETHCS C(EKTHBHA BHCOTA AHTCHH.
HacninkoMm nepioguuHuX 3MiH ii 3HA4eHb € CIIOTBOPEHHS CIIEKTPY PaJiOCHTHANIB Ha KJIEMax IITaTHOI aHTEHH.
Po3po6ieHo MeToIMKy aHaTi3y CIIEKTPAILHOTO CKIIay PalioCUTHATIB MIiCHS iX TapaMeTPUYHUX CTIOTBOPEHB: KUIbKiCHA
OIliHKa TOCHableHb CHEKTPATbHUX CKIAIOBHX KOPHUCHOTO CHTHATY, BHSBJICHHS 3Ha4e€Hb KOMOIHAIIMHMX YacTOT
HeOaKaHUX CKIIAIOBUX — CaTeNiTiB. PO3TISHYTO CHEKTpaibHI CIIOTBOPEHHS JESIKUX THUIIB MOIYJIBOBAHUX 1
MaHIITyJIbOBAaHUX PATiOCUTHAIIIB HA BUXO/1 MMapaMeTPUIHOI aHTEHHOI CUCTEMH.

KirouoBi cjioBa: Bieo IMITyJIbCH; TBHHT BEPTOJIbOTA; Jiarpama CHOpsSMOBAHOCTI; e()eKTHBHA IOBXKWHA aHTCHH;
mapaMeTPUYHUI CUTHAJ; CIICKTpP PaliOCUTHATY.
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B. A. BanoB, A. C. 3agopoxHubiii. UckakeHUs] CHTHAJIOB B AHTEHHbIX YCTPOHCTBaxX BepTOJ1€TOB

[Toxazano, gto cucrema «lllTaTHas HeHampaBiIeHHAs aHTCHHA — METAJUIMIECKUNA KOPITYC BEPTOJIETa» MPH BPAIICHIIX
HECYIIEero BUHTA CTAHOBUTCA mapamMeTrpuieckoil. [Ipu aTom mapamerprmueckiM (pakTopom okasbiBaeTcs 3(pQeKTuBHAS
BBICOTa aHTeHHBI. CIIeICTBUEM NEPHUOIMYECKUX H3MEHEHUH ee 3HaUCHUI ABISMIOTCS MCKa)KEHHS CIIEKTPa PaIiOCUTHAIOB
Ha KJIeMMax INTAaTHOM aHTeHHBI. Pa3paboTaHa MeTOOMKa aHaM3a CHEKTPAILHOTO COCTaBa PAIMOCHTHAJIOB TIOCIIE HX
MapaMeTPUICCKUX HCKAKCHHI: KOJMYCCTBCHHAS OIICHKA OCJIAOJICHUN CIICKTPAJIbHBIX COCTABISIOIIUX TOJE3HOTO
CUTHAJIA, BBISBIICHUS 3HAYCHUN KOMOWHAIIMOHHBIX YaCTOT HEXKEIATCIBHBIX COCTABNISIONINX-CATEILUIUTOB. PaccMOTpeHbI
CIIEKTpaJIbHble MCKAXEHHUSI HEKOTOPBIX TUIIOB MOJYJUPOBAHHBIX W MAHUIYJIUPOBAHHBIX PAJUOCHUTHAIOB HA BBIXOJE
rnapamMeTpu4eckoi aHTCHHON CHUCTEMBI.
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