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Abstract— A jamming phenomenon has been observed on a ground station working in the
VHF aeronautical frequency-band (118-134 MHz). We attest corona discharges are possibly the
source of noise by means of on-site measurements. In order to predict the noise level, we propose
a model which consists in two parts: an electrostatic simulation to localize the corona discharges,
and a simulation in the frequency domain to evaluate the noise at the antenna ports. The
agreement between simulation and measurement is good.

1. INTRODUCTION

A jamming phenomenon has been experienced by the french civil aviation authority (DGAC)
on a ground station working in the VHF aeronautical frequency-band (118-134 MHz). This has
yielded troubles in air-ground communications. This phenomenon appears in the presence of a
strong natural electrostatic field, and is probably due to corona discharges located near the ground
antennas. The corona discharges can be sources of VHF and HF noise. This is notably known for
antennas onboard aircrafts and for antennas placed near high-voltage transmission lines [1-3].

In this paper, we attest that the noise source is probably corona discharges by means of on-site
measurements. Besides, a model is proposed to predict the level of noise introduced by corona dis-
charges at the output of VHF ground antennas. It consists of two parts: an electrostatic simulation
to localize where corona discharges occur, and a simulation in the frequency domain to evaluate
the noise at the antenna ports.

In the first section, the jamming phenomenon and the measurement to identify its origin are
presented. In the second and the third sections, both parts of the model are presented. In the last
section the simulation results are compared with measurements.

2. PRESENTATION OF THE JAMMING PHENOMENON AND ITS ORIGIN

The ground station working in the VHF aeronautical frequency band is constituted by a 40-meters
high metallic pylon presented in Figure 1. There are two types of VHF antennas on the pylon. On
top are placed ground-plane antennas. On lower positions are placed two circular arrays of dipoles
with reflectors. They are located 3m and 10 m below the top.

In order to find the origin of the noise, on-site measurements of the ambient electrostatic field
have been performed by means of an electric field mill which is placed below the pylon, on the roof
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Figure 1: Configuration: (a) ground station; (b) pylon and antennas; (c¢) ground-plane antenna and (d) cir-
cular array of dipoles with reflectors.
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of the building represented in Figure 1(a). During several days, the antenna output signal and the
electrostatic field have been recorded and compared.

A representative case of measured data is displayed in Figure 2 for the antenna output power
and electrostatic field.

The results show that there exists a clear correlation between both measurements. The level
of noise always increases simultaneously with the electrostatic field, and the two phenomena last
the same time. It should be noticed that this correlation between both measurements has been
observed many times in the measured data. Thus, electrostatic discharges, and more particularly
corona discharges may be the source of noise.

3. ELECTROSTATIC SIMULATION

Now that we have found a possible origin for the jamming phenomenon, the next work is to search
for a method to predict the noise. In order to do that, an electrostatic simulation is performed to
locate the place where the electrostatic field is the strongest. That is also the place where corona
discharges most probably occur. For the electrostatic simulation, we suppose that the charge
density is negligible in the atmosphere before the discharges occur, so the electrostatic simulation
can be expressed via the Laplace’s equation V2V = 0. The models of the pylon and the antenna
are presented in Figure 3.

The model of the pylon is based on the pylon of the ground station which has been presented
in the previous section. The pylon has a 4m high lightning conductor on top. The ground plane
antennas and the dipoles of the circular arrays are represented by metallic cylinders.

We assume the computation volume is a box with the pylon at its centre. For the boundary
conditions, two electrodes are defined as shown in Figure 3: a sky electrode associated with the
charged cloud located above the pylon, and a ground electrode constituted by the pylon and the
ground. The potential difference between both electrodes is fixed so that the ambient electrostatic
field corresponds to the real case. Then we assume that the computation domain is large enough,
and the lateral boundaries are placed far enough from the pylon, so that the horizontal component
of the electrostatic field is zero on the surface of the lateral boundaries, which corresponds to
Neumann boundary conditions for the potential. The numerical simulation is realised via Comsol
and is thus based on the finite element method.

From [2] and the experimental result in Figure 2(b), the ambient electrostatic field can reach a
level of 20kV/m, and the distance between the sky electrode and the ground is 60 m in our case,
therefore the potential difference between electrodes is set to 20kV/m x 60m = 1.2 x 10°V. The
result of the electrostatic simulation is presented in Figure 4.

The result shows that the place with the strongest electrostatic field is the tip of the lightning
conductor. Compared with the other places, the electrostatic field around the upper tips of the
ground plane antennas is also relatively strong, but weaker than the field of the lightning conductor.

In order to locate the places where the corona occurs, the critical electric field of corona ignition
shoud be evaluated. The Peek’s formula is used to evaluate the corona inception electric field F,
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Figure 2: Comparison between noise (dBm) received by (a) the VHF antennas and electrostatic field (kV/m)
measured by the field mill.
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Figure 3: Model for the electrostatic simulation: Figure 4: Electrostatic field near the top of the pylon
(a) complete pylon; (b) antennas; (c) computation (V/m).
volume and electrodes.

as [8]

E.= Ey (1 + 0\‘5’%) (1)

where Ey = 29.8kV/cm, r is the radius of the conductor in cm, § is the ratio of air density to
the normal density corresponding to p = 760 Torr and 7" = 25°C. In our case, the radius of
the lightning conductor is 5cm, and we assume that § = 1, so the critical electric field FE, =
33.8kV/cm = 3.38 x 105V /m.

The simulation result in Figure 4 shows that the surface of the tip of the lightning conductor
is the only place where the electric field is stronger than the critical electric field. Thus the top of
the lightning conductor is the place where the corona discharges most probably occurs.

4. SIMULATION IN THE VHF FREQUENCY DOMAIN

In the previous section, the place where corona discharges occur has been found. We are going to
perform the simulation in the VHF frequency domain to verify the noise level generated by corona
discharges.

The simulations in the VHF frequency domain are performed via Feko. We model the pylon
as a wire structure because the section of the tubes is small compared with the wavelength (2m).
Both types of VHF ground antennas are modeled so as to obtain realistic matchings and radiation
patterns. The voltage standing wave ratio (VSWR) and the gain patterns are presented in Fig-
ure 5. For both types of antennas, the VSWR is below 1.5 in all the aeronautical VHF frequency
bandwidth. Besides, in the horizontal plane, the radiation patterns are quasi omnidirectional. In
the vertical plane, the half-power beamwidths are about 70° and 90° for the ground plane and
circulare array, respectively.

The corona discharges in the VHF band are represented by short electric dipoles [4] placed where
the corona discharge would occur, i.e., on the top of the lightning conductor.

In [6], the current of the corona discharge can be represented by the following equation

I(t) = K1, (e_o‘t - e_ﬁt> , (2)

where I(t) is the current of the corona discharge, I, is the peak value of the corona discharge
current, o and 3 are constants, and K is a coefficient depending on « and (3. In [6], the following
values are found by means of measurements: o = 0.01ns™%, 3 = 0.0345ns™!, K = 2.34. In [7],
a representative value of the peak corona discharge current is estimated as [, = 10mA. From a
Fourier transform of (2), we find that the corona discharge current in the VHF band is about 1pA.
Based on the experimental results of [4, 5], we assume that the corona current is concentrated in an
area about 5cm around the corona point. Thus the dipolar moment is chosen to be 5 x 1078A - m.

To determine the noise introduced by the corona discharges, we simulate the power at the
antenna ports when they are excited by the short dipoles.
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Figure 5: Matching and gain patterns of models of both antennas: (a) voltage standing wave ratio; (b) gain
pattern (dBi) in the horizontal; (c) in the vertical plane.
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Figure 6: Power received at the ports of the antennas in the VHF frequency domain (dBm).

5. COMPARISON WITH THE EXPERIMENTAL RESULTS

The simulation result in the VHF frequency domain is presented in Figure 6. In the aeronautical
VHEF band, the noise received by the ground plane antenna located on the top of the pylon can
reach —91dBm. The antenna output noise measured during the experiments has been presented
in Figure 2. In this figure, the maximal noise received by the ground plane VHF antenna in the
VHF band is about —96 dBm. Thus there is a good agreement between the simulation result and
the experimental one.

6. CONCLUSION

The corona discharges have been found as a possible origin of the jamming phenomenon observed
on a ground station working in the VHF aeronautical frequency-band. A model has been proposed
to predict the noise level induced by corona discharges at the ports of the VHF antennas. The
place where the corona discharges occurr has been localized via an electrostatic simulation. The
simulation results of the received noise level at the ports of the antennas are in good agreement
with the measurements.
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