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Abstract—The relative depth periodic pulsations irregular directivity diagram electromechanical
formation with pin antenna body helicopter at other identical conditions depends on the establishment of
standard vibrator. Based on numerical modeling are created graph dependencies relative levels of
directivity diagram pulsation from time in three coordinate planes. Been found that reduced pulsation
diagram when placing antenna under the fuselage near to its center, but increases if antenna placed above
fuselage near the tail part of it. Within period of one form pulsing directivity diagram is almost independent

on the number of blades main rotor helicopter.

Index Terms—Helicopter fuselage; main rotor; antenna system; directivity diagram; unequal diagram;

pulsations diagram; mathematical modeling.

I. INTRODUCTION

Pin vibrator installed on fuselage of the aircraft, it
is kind of hybrid antenna system (AS). Directivity
diagram (DD) such AS becomes irregularity, because
transverse dimensions of the fuselage, which is part
of AS, far exceeding height of regular geometric
dipole antenna. The measure irregularity DD antenna
aircraft is irregularity coefficient

E
k,=201g—m 1
r=20le g (1
It is determined by the ratio maximum value
electric field intensity £ in the plane of azimuth

X
angle ¢ to a minimum value £, in the same plane

in direction of flight and lateral directions [1]. If DD
is normalized relative to its maximum value then this
coefficient can be determined by the ratio, dB

kir == 20 lg Fmin 4 (2)

—min - js minimum value directivity

max

in which F . =

diagram F ().

For on-board antennas of connected radio
equipment coefficient of irregularity DD should not
exceed 3dB.

If the aircraft is helicopter, then irregular DD AS
is pulsating, as the main rotor rotation, which length
of the blades is comparable with the size of the
fuselage, periodically changing the geometric shape
of its body, which also is radiating element of the
hybrid AS. Pulsations DD AS helicopter are taking

place regardless of metal or carbon manufactured its
main rotor blades, because carbon also has very high
electrical conductivity. The presence of pulsations
DD AC, gives rise to parasitic modulation of the
useful signal at frequency, Hz

1 nN
Fy=— =22 3)
T, 60

that is to its amplitude-frequency distortions [2], [3].
In ratio (3) » is the number of rotations shaft the main
rotor of the helicopter for one minute, and N - number
of blades of the main rotor. Then the field intensity

E_..E_. and k (1), which are dependent on

spatial angles ¢ and 0, are also periodic functions of
time ¢. It is causes corresponding decrease of the
maximum and minimum values electric field
intensity in time and their periodic redistribution
between spatial angles in the horizontal and vertical
planes. It may happen that at a certain moment of
time field intensity values do not meet requirements
criterion (1). Therefore, the use of formulas (1) and
(2) to AS of type "standard antenna - body helicopter"
needs corresponding corrections. They belong to
selection procedure maximal and minimal values
electric field intensity in conditions pulsating DD.
Irregularity dynamic normalized DD AS
helicopter can be evaluated by introducing pulsation
coefficient, which can be given in such form, dB

kpu/ == 20 lg Fmin min * (4)
In ratio (4) are compared one and minimum

minimorum values F ((p) of the normalized DD in

azimuth plane, which in common case is observed
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from different angles ¢, at different moment’s time ¢

. T,
from interval 0 <t <X =

. The angular position
Y gular p

a particular blade main rotor in the plane its rotation
relative to the longitudinal axis of helicopter at any

moment in time is given by ratio:

A =2n < 2T (5)
T, N

Ratio (5) shows that normalized DD in any
direction [@, 0] is a continuous periodic function of
angular position particular blade main rotor within

the angle A[%’j , which depends on the ratio %’,

and the value of electric field intensity E and

functions F(¢) depends on relative time L
N

Corresponding values DD can be detected by its
numerical simulation. This idea is expedient be
illustrated by helicopter grid virtual model that
contains all basic constructive elements such aircraft
(Fig. 1). Point 1 — 5 on the fuselage of helicopter
virtual places marked pin antenna placements during
the mathematical modeling pulsating DD hybrid AS.

II. PROBLEM STATEMENT

Make a quantitative estimate pulsations
coefficient dynamic directivity diagram antenna
system of type “standard dipole antenna — helicopter
fuselage” and by mathematical modeling appropriate
procedures identify its changing tendency depending
on locations antenna on the fuselage aircraft.

Procedures for Research

Consider some possible options for placement pin
antenna on fuselage helicopter. Numerical modeling
of pulsating DD carries out in program FEKO.

1. The antenna installed in front gentle
hemisphere of fuselage (Fig. 1, point 1). Figure 2
shows an example of calculated cross sections

instantaneous values normalized DD hybrid AS in the
three main planes angular coordinate system in one of
the points in time ¢ for grid model helicopter when
N=4.

a) DD cross section in the plane X0Y -
helicopter look at the above;

b) DD cross section in the plane X0Z — side
view of the helicopter;

¢) DD cross section in the plane Y0Z — front view
of the helicopter.

y
Fig. 1. Grid virtual model of helicopter

All DD form differ significantly from the
theoretical, which are characteristic of pin vibrator
installed on a plane screen. In addition diagrams
become pulsating. Therefore it is advisable to give
DD averaged values for each of azimuth angles at
different positions main rotor blades. Figure 3 shows
an example of averaged DD, built in X0Y plane
rectangular coordinate system.

Based on data contained in Fig. 3, calculate the
coefficient normalized irregularity DD. Given the
minimum value F;, = 0.68, based on the ratio (2) we
obtain value of coefficient irregularity DD: k; =
=3.34 dB.

Figure 4 shows graph pulsation DD in plane X07,
for multiple azimuth angles shown in Fig. 2

Fig. 2. Angular dependence DD: (a) in the plane X0Y; (b) in the plane X0Z; (¢) plane Y0Z
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Fig. 3. Outline cross section averaged DD in the plane X0Y
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Fig. 4. Graphs pulsations DD in plane X0Y

2. The antenna is installed in the lower
hemisphere middle of the fuselage (Fig. 1, point 2).
In diagrams instant values that are characteristic

From the graphs follows: when TL:O

4

F[ z J =F_ =1 for the angle ¢=60° and if for location of the antenna in the bottom middle of the
T, fuselage, saved the main features of previous
; p diagrams, so will continue to give averaged DD to the
—=0.07, F [—J =F_ ...=061 for the angle horizontal plane (Fig. 5).

4 4 Irregularity of normalized coefficient DD k;, =5 dB

¢ =90°. Therefore, on the basis of (4) is determined  is calculated based on the ratio (2) to the minimum
value Fin = 0.56.

Pulsations DD in azimuth plane X0Y are shown in
Fig.6 as a series of graphic dependences.

the pulsations coefficient &k ,,=4.5dB. This value

exceeds allowable 3 dB.
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Fig. 5. Drawing cross section DD in the horizontal plane: (a) the average DD; (b) instantaneous values
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Fig. 6. Graphs pulsations DD in plane X0Y

) ) Consider the case where antenna is installed
Coefficient pulsations DD & ,,=9dB are defined  pottom at the rear of corpus of the aircraft (Fig. 7).

. . . Irregularity coefficient of normalized averaged
for F [—J = Faema =035 In angle ¢=90° in to DD for given position antenna on the body of the
helicopter is counting by formula (2) for the
minimum value F,;,, = 0.56 at an angle @ =70°, then

4

. . t
relative moment time — =0.15.

T, irregularity DD k;, =5 dB.
3. The antenna installed in gentle hemisphere In Figure 8 are shown graphs pulsations DD in the
rear fuselage (Fig. 1, point 3). horizontal plane.
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Fig. 7. Drawing cross section DD in the horizontal plane: (a) the average DD; (b) instantaneous values
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Fig. 8. Graphs pulsations DD in plane X0Y
Coefficient pulsations DD k ,=8.6dB are 4. The antenna installed in the upper hemisphere
pul . .
front part of the fuselage (Fig. 1, point 4).
defined for F| L |=F =0.37, the angle We perform mathematical modeling antenna
4 e installed in the top front part of the fuselage (Fig. 9).

g Obviously in this case greatly will increase influence
¢ =060° at relative instant of time — = 0.025. main rotor helicopter on the AS.
4
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Irregularity coefficient of normalized averaged
DD for given position antenna on the body of the
helicopter is counting by formula (2), the minimum
value F.,, = 0.28 at an angle ¢ = 180° then
irregularity DD k;,= 11 dB.

In Figure 10 are shown graphs pulsations DD in
the horizontal plane.

Coefficient pulsations DD k,, =13.2 dB are

defined

for F[LJ =F o =022 in angle ¢=180° at

4

. . . t
relative instant of time — =0.25.
4
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5. The antenna is installed above in tail section
of the helicopter (Fig.1, point 5).

In abstract helicopter pin antenna is installed
above on the tail (Fig. 11).

Irregularity coefficient of normalized averaged
DD for given position antenna on the body of the
helicopter is counting by formula (2), the minimum
value F.,, = 0.27 at an angle ¢ = 180° then
irregularity DD k;,= 11,4 dB.

In Figure 12 are shown graphs pulsations DD in
the horizontal plane.

Fig. 9. Drawing cross section DD in the horizontal plane: (a) the average DD; (b) instantaneous values
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Fig. 10. Graphs pulsations DD in plane X0Y
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Fig. 11. Drawing cross section DD in the horizontal plane: (a) the average DD; (b) instantaneous values

Il
0.9
0.8 -
0.7

—_—p =30
9= 60°
— = 90"
—_— = 12(°
—p = 1507
ol 9 =210°
— — = 240°
) Ty i
0.15 0.2 0.25 p=2ir

Fig. 12. Graphs pulsations DD in plane X0Y

Coefficient pulsations DD £, =9.1 dB are

defined for F[LJ =F =0.35 in angle @ =60°

max max
4

. . . t
at relative instant of time — =0.17.
4

III. CONCLUSIONS

1. Irregularity of normalized DD AS of the
helicopter expedient to evaluate by formula (4),
which considers the smallest value DD, which
changes periodically in time.

2. Level of Irregularity pulsating DD AS of the
helicopter increases when antenna bias toward the tail
of the helicopter.

3. In the upper fuselage hemispheres irregularity
pulsating DD AS is much greater than in the lower.

4. The lowest level of pulsations is observed at the
location pin vibrator on middle of the fuselage in its
lower part.

5. The level of DD pulsations is largely dependent
of the position antenna relative to main rotor and is
(5...11) dB.

6. Rational location weakly directional antenna
for allowable pulsations criterion for both the
abstract, so, obviously, and for concrete construction
fuselage, in conditions of applying several antennas it
is expedient to determine based on mathematical
modeling DD individual emitters, while perceiving
other antenna construction elements of the helicopter
fuselage.

REFERENCES

[1] Standard R 50860-2009. (2009). Planes and
helicopters. Antenna-feeder device communications,
navigation, landing and ATC. General technical
requirements, specifications, methods of
measurement. ICS RF no 8-200 (in Russian).

[2] V. A. Ivanov and A. S. Zadorozhniy, “The distortion
of radio signals spectra by parametric system basic
antenna - the fuselage of helicopter.” Electronics and
Control Systems. NAU, Kyiv, no. 1(35), 2013.
pp- 35-40. (in Ukrainian).

[3] V. A. Ivanov and A. S. Zadorozhniy, “Helicopter
screw rotation influence on form directional diagram
onboard antenna.” Electronics and Control Systems.
NAU, Kyiv, no. 1(39). 2014. pp. 71-76. (in
Ukrainian).

Received July 6, 2015

Ivanov Volodymyr. Doctor of engineering sciences. Professor.

Department of electronic devices and systems, National Aviation University, Kyiv, Ukraine.

Education: Kyiv Institute of Civil Air Fleet, Kyiv, Ukraine (1963).

Research interests: technical electrodynamics, antenna devices, electromagnetic compatibility of electronic systems,

electromagnetic environment.
Publications: 209.
E-mail: iva39@meta.ua

Zadorozhniy Alexander. Post-graduate student.

Department of electronic devices and systems, National Aviation University, Kyiv, Ukraine.
Education: National Aviation University, Kyiv, Ukraine (2004).
Research interests: technical electrodynamics, antenna devices, electromagnetic compatibility of electronic systems.

Publications: 10.



V.A. Ivanov, A.S. Zadorozhniy Pulsation Coefficient Directivity Diagram Pin Antenna Helicopter 17

E-mail: s-a-n-y-a87@mail.ru

B. O. IBanos, O. C. 3agopoxumuii. KoedinieHT myabcaniii AiarpaMu cnipsiMoBaHOCTI INTHPOBOI AHTEHHU TeJIiKOI-
Tepa

BigHocHa rmOuWHa TepionWYHUX MyJbcamiid 3pi3aHoi JiarpaMu CIPSMOBAaHOCTI €IEKTPOMEXaHIYHOro YTBOPEHHs i3
LITUPOBOI aHTEHH Ta KOPITYCY relIiKONTepa MpH iHIINX OJHAKOBHX YMOBAX 3aJI€KHTh BiJl MiCIlsl BCTAHOBJICHHSI IIITATHOT O
BiOpaTopa. Ha ocHOBI 4KCeTbHOr0 MOMENIOBAHHS [TOOYA0BaHI rpadiky 3aIe)KHOCTEH BiJHOCHHUX PiBHIB ITyJbcamii dia-
rpamMu CHpsIMOBAHOCTI Bijl 4acy B TPhOX KOOPAMHATHHX IUIOUIMHAX. BHSBIEHO, 110 Mysbcaliii AiarpaMy 3MeHIIYIOTHCS
IIPH PO3MIIIICHHI aHTEHHM i (Pro3esshkeM OmKYe I0 HOro EHTPY, ajle 3pOCTal0Th, KO aHTCHY PO3MIIIyBaTH ITOHAT
¢rozenspkeM OKYe 710 HOro XBOCTOBOI YaCTHHU. Y MeXax OIHOTO Iepiofy (Gopma IIyJabCyrouoi JiarpaMu CrpsiMoBa-
HOCTI IIPAaKTHYHO HE 3aJISKUTH BiJl KIIBKOCTI JIONIOTIB HECYUOI'0 TBUHTA TEIiKOITEpa.

Karouosi cioBa: ¢rozenspk renikonrtepa; HeCy4uid TBUHT; aHTEHHA CHCTEMA; Jiarpama ClpsSMOBaHOCTi; HEpiBHOMIpHA
Jiarpama; mynbcaii JiarpamMy; MaTeMaTHYHE MOJICITIOBAHHSI.
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B. A. UBaHnoB, A. C. 3agopoxumuii. KoappuuueHnt myabcanuii AmarpaMMsl Hanpap/JIeHHOCTH IITHIPEBOil AHTEHHBI
BepTOJIETA

OTHOcUTeNbHAs TIIyOMHA MEPHOAMYECKUX MYJbCALUI M3pE3aHHON IUarpaMMbl HANPaBIEHHOCTH JIJIEKTPOMEXaHUYe-
CKOro 00pa3oBaHMs M3 IITHIPEBOW aHTEHHBI M KOpITyca BEpPTOJIETa MPU MPOYHX PABHBIX YCIOBHSAX 3aBUCHUT OT MecTa
YCTaHOBKH IITaTHOro BHOpaTopa. Ha ocHOBe YMCIEHHOrO MOJETUPOBAHMS MOCTPOSHBI IpaMKi 3aBUCUMOCTEH OTHO-
CUTEJIbHBIX YPOBHEH MyNbCalldil AUarpaMMBbl HaIIpaBJI€HHOCTH OT BPEMEHM B TPEX KOOPIUMHATHBIX IIOCKOCTAX. BBIAB-
JIEHO, YTO MYJbCAIUU TUarpaMMbl YMEHBIIAIOTCS ITPU Pa3MEIIeHNH aHTEHHBI O] (I03eshKeM OJIKE K ero LeHTPY, HO
pacTyT, eclii aHTEHHY pa3MellaTh HaJ (hro3esshKeM OJIIKe K ero XBOCTOBOM uacTH. B npenenax ogHoro nepuoaa dopma
MyJABCUPYIOLIEH AUarpaMMbl HAIlPaBICHHOCTH NMPAKTHYECKH HE 3aBHCUT OT KOJIMYECTBA JOHACTEH HECYLIero BHHTa
BEpTOIIETA.

KaroueBsbie ciioBa: Qro3eispk BepToieTa; HECYIINI BUHT; aHTEHHAsl CUCTEMa; AuarpaMma HalpaBJICHHOCTH; HEpaBHO-
MepHas AuarpamMMa; IylbCalliy JUarpaMMbl; MaTeMaTHUECKOe MOETUPOBAHNUE.
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