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Abstract—Based on the mathematical modeling systems such "standard antenna—helicopter fuselage" ef-
fects pulsation its directional diagram. Indicated causes pulsation and their features. Indicated effects,

which may be result of pulsation directional diagram.
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I. INTRODUCTION

The body helicopter on which the standard an-
tenna and which contains metallic construction ele-
ments, it becomes an integral part of a complex an-
tenna system. Main rotor helicopter is part of this
system. Length of the main rotor blades is commen-
surate to overall dimensions helicopter. Therefore,
periodic spatial change the provisions of the blades
during rotation the main rotor is accompanied by
pulsations directional diagram (DD) total antenna
system. Antenna system at the same time gets para-
metric properties. Its general parameter that becomes
dependent on time t, is effective height 4,(¢) [1]. A

DD pulsation is a consequence of this circumstance —
DD becomes a function of time. The frequency Fly
and period Ty of pulsation DD in any spatial direction
are related by ratio, Hz

Fy = =" (1)

T, 60

where: n — the number of revolutions of the rotor
main screw helicopter for one minute (several hun-
dred), N >2 — the number blades of the screw. In the
ratio (1) n/60 is the frequency rotation main screw of
the rotor, Hz.

Form space DD character and extent of its irre-
gularity amplitude pulsation in different directions
depending from the design features system ““standard
antenna — helicopter fuselage.”

For a quantitative evaluation individual characte-
ristics of the normalized DD recommended full-scale
tests using reduced models of aircraft [2]. An effec-
tive alternative to these recommendations may be
research DD antenna systems such as “standard an-
tenna — helicopter fuselage” on their grid models or
on models based on use finite element in software
environment, for example, FEKO.

_, . 60nl,(1)

E(t) — (1) )

A variety of types of helicopters, main screw
constructions, types of antennas and their locations
on the fuselage indicated individual features of DD.
Therefore, to research the general features of DD use
conditional construction helicopter, mesh model
which you can build in a software environment
FEKO (Fig. 1). Standard antenna — the vertical pin
placed in anterior lower part fuselage. Spatial angles
DD in azimuth ¢ and meridian 6 planes are reckoned
from the corresponding positive direction of the
coordinate axis.

v

Fig. 1. Mesh model of the system “quarter wave pin
antenna - fuselage helicopter”

Parameters Fy and Ty determine periodicity re-
covery geometric form system “standard antenna —
body helicopter” relative to any spatial direction in
boundaries angle between the main screw blades. The
angular position A(¢) of individual blades of the screw
in the plane of rotation relative to, for example, the
longitudinal axis of helicopter, at any point of time

T . . Sy
t<2t= 60 is determined considering (1):
n
t _2m
A(t)=2nF t=2n—<—. 2
(1) v Y 2
Ratio (2) indicates that the normalized DD for the

chosen direction [0, ¢] becomes continuous periodic
function of the angular position of the blade screw

. . . t
A(?), that is depends on the relative time r

n
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II. FORMULATION OF THE PROBLEM

Using the possibilities of mathematical modeling
to detect the characteristics of DD pulsation antenna
systems such as “quarter pin antenna — helicopter
fuselage” with the type of uniaxial main screw.

1. Metal Screw, N = 2.

In Fig. 2 shows cross sections normalized DD in

three main coordinate planes at time t for the chosen
parametric model antenna system (see Fig. 1):

a) view from below (from above) — horizontally
X07;

b) side view — in the plane X0Z;

c) front view — in the plane Y0Z.

a

Differences presented DD from the respective
diagrams for separate vertical dipole (excitation fre-

b c
Fig. 2. Drawings DD sections: a in the plane X0Y; b in the plane X0Z; c in the plane Y0Z

angles. Based on the expression (2) determine the
range of relative time supervision periodic pulsations

quency — 150 MHz) are obvious. t
In Fig. 3 shows the DD pulsation in the plane X0Y 0< T <0.5.
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Fig. 3. Pulsations DD: a in the plane X0Y; b in the plane X0Z; c in the plane Y0Z
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Fig. 3. Ending

In periodicity interval T, for any spatial direction
pulsation are continuous functions with the same
initial and final values that fluctuate slowly over time.
Pulsation is less pronounced in the plane X0Z, and
more pronounced — in the plane Y0Z. Comparing DD,
shown in Figs 2 and 3 for the same values spatial
angles, find practical independence of the geometric
form DD of the provisions main screw blades.

Note that the geometric form DD (Fig. 2) and by
its uneven angular coordinates (Fig. 3) essentially
depend from point installing standard antenna on the

fuselage helicopter.

2. Screw from carbon, N = 2.

In a virtual helicopter, shown in Fig. 1,
Two-bladed screw made from carbon (carbon fiber).
Modeling DD indicates that its geometric forms in

. (See also p. 20)

the corresponding coordinate planes practically
coincide with the images in Fig. 1. Figure 4 shows the
graphs DD pulsation in these planes.

From the graphs follows that in planes X0Y and
X0Z level pulsation DD decreased, and in the frontal
plane Y0Z was left unchanged.

3. Metal Screw, N =4.
In the virtual construction helicopter four-blade metal
screw installed. Calculations DD indicate that in this
case its shape virtually identical to shown in Fig. 2.
In the case which is regarded, the period pulsation

decreased twofold: 0 < TL <0.25. In Fig. 5 shows the

4
pulsation DD for two periods of supervision (which is
not significant).
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Fig. 4. Pulsations DD: a in the plane X0Y; b in the plane X0Z; c in the plane Y0Z
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Fig. 4. Ending. (See also p. 21)
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Fig. 5. Pulsations DD: a in the plane X0Y; b in the plane X0Z; c in the plane Y0Z

From the above graphs follows that pulsation DD
in the planes X0Y and Y0Z become more significant,
and in the lateral plane X0Z have not changed.

Using graphs, we can determine the coefficients
irregularity DD as the ratio maximum value U to their
minimum values in the direction of flight dB.
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For radio communication equipment and Colli-
sion Avoidance System permissible value coeffi-
cients irregularity DD in azimuth plane X0Y is 3 dB,
for glidepath radio receiver the sector + ¢ = 45° —
equal to 6 dB [2]. In other coordinate surfaces nor-
mative values for the coefficients are not specified.
For equipment installed on board helicopter, it is
expedient consider these standards averaged.

Directional diagram pulsation coefficient for any
spatial angle can be defined on the basis of graphs,
such as illustrated in Figs 3, 4 and 5. Quantitatively
its can be defined as the ratio maximum to minimum
value pulsation corresponding spatial angle dB.

III. CONCLUSIONS

1. Outline cross section DD antenna in any coor-
dinate plane is weakly dependent from the design of
main screw and the type of material from which made
his blade, but much depends from the installation
location antennas on the fuselage helicopter.

2. Pulsations DD antennas are consequences de-
pending the values its effective height from angular
position main screw blades in the azimuth plane.

3. In the frontal plane YOZ DD pulsation with
similar circumstances is most intense.

4. Having pulsation DD antennas complicates
ensuring permissible coefficient irregularity and can
stimulate the emergence additional bit errors during
emission or reception service information if it pro-
vided in digital form.

5. Mathematical modeling systems type “standard
antenna-helicopter fuselage” simplifies the procedure
for finding the optimal placement of points actual
number of antennas on a real helicopter with the aim
of weakening their interaction.
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