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ABSTRAC There are many factors that influence the process of organising train movements, quality radio communica-
tion being one of the most important.

The intelligibility of the dispatcher’s commands to the driver is important in deciding what action to take, and in informing
the dispatcher of the train situation on a particular section of the track.

Sources of radio interference that have an interfering effect on the quality of the train radio signal are natural and artificial
interference. The sources are mainly low-frequency interference. One of the constant sources of high-frequency emissions that
affect stable operation of train radio communications refers to discharges generated in the high-voltage insulation of power
lines, including discharges generated in the insulation of overhead wires.

Spark discharges, the source of radio interference, occur both on the surface of the insulator (usually called surface partial
discharges (SPD)) and inside the insulation (such discharges are called partial discharges (PD)). In the operation of high voltage
insulation, those insulators that contain PD and PPD are called defective insulators. PD and PD diagnostics are carried out twice
a year by means of a laboratory car. Discharge registration is performed in the visible and ultraviolet range. There are acoustic
methods for registering PD and SPD. It is proposed to register discharges in the electromagnetic frequency range.

For prompt detection radio interference, it is recommended to place antennas on the laboratory car,and combine measure-
ments with current diagnostics of high-voltage insulation, that will allow increasing reliability of the results received in the
course of diagnostics. To increase the accuracy of radio interference source detection, two antennas are considered to be placed
on the laboratory car.
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» partial discharges; and surface partial discharges
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AH HOTA I/] Ha npouecc opraHvsaumm gBMXKEHUS NOe3A0B BAMUSET MHOXECTBO (PAaKTOPOB, Ka4eCTBEHHAs PaAMOCBS3b
I.L SBNSETCS OAHUM U3 BaXKHEMLLIUX.

Pa360opunBOCTb KOMaHA, AUCNETHEPA, HAaNPABNEHHbIX MALLUMHUCTY, BaXKHA A1 NPUHSTUS PELLEHUS O KaKMX-MBO0 ero AenCTBuUSX,
a TaKxke Npy MHPOPMUPOBAHMM JMCNETHEPA O MOE3[HON CUTyaL MM Ha KOHKPETHOM Y4YacTKe XeNe3HOW AopOoru.

McToYHMKaMmM pafmonomex, 0KasbiBaLWMX MeLlatollee BO3AENCTBME Ha KAYeCTBO NOIE3HOMO CMrHaNa NOE3AHONM PaAnNOoCBS3H,
CNYXKaT ecTeCTBEHHbIE U UCKYCCTBEHHbIE MOMeXW. B 0CHOBHOM MCTOYHMKM BbIpabaTbiBAOT HU3KOYACTOTHbIE MoMexU. OAHUM 13
MOCTOSIHHO [EeMCTBYIOLMX MCTOYHMKOB BbICOKOYACTOTHOTO M3/1y4YeHMS, OKa3blBaOLMX BAUSHMUE HA YCTOMYMBYIO paboTy noe3nHon
panMoCBS3U, IBNAIOTCS pa3psabl, BOSHMKAOLWME B BbICOKOBONLTHOM M30MSALMM IMHUIA 3N1eKTponepeaayn, B TOM Yucne paspsaibl,
obpasyiolmecs B U3019UMMU KOHTaKTHOWM CETH.

MckpoBble pa3psabl — UCTOYHMK pafmonoMex — 06pasyloTcs Kak Ha MOBEPXHOCTM M30N5aTopa (Kak MpaBuIo, X Ha3biBAOT
NOBEPXHOCTHBIMM YaCTUYHbIMK pa3psaamm (MYP), Tak 1 BHYTPeHHeN TosLLe M30NSUMK (Takne pas3psaabl Ha3blBAOTCH YAaCTUYHBIMU
paspsaamu (4P)). Mpu akcnnyaTauum BbICOKOBONBTHOW M30MLMK T U30NSTOPbI, KoTopble cogepxaT YP u MYP, HasbiBatoT fedek-
THbiMK. InarHoctuky YP v MYP npoBoasT ABa pasa B roj NocpescTBOM BaroH-nabopatopun. Perncrpaumio paspsaoB BbiMOAHSIOT
B BUAMMOM M ynbTpaduroneToBoM ananasoHe. CylwecTByoT akycTuyeckme metonbl peructpaunm YP u MYP. Mpennaraetcsa pern-
CTPMPOBaTb pa3psfbl B 3/1EKTPOMArHUTHOM YacTOTHOM [Mana3oHe.

[lns onepaTMBHOCTM BbISIBIEHUS PaAMONOMEX aHTEHHbI PEKOMEHAYETCS pa3MeCcTUTb Ha BaroHe-1abopaTopun, a U3MepeHns
COBMECTUTb C [ENCTBYHOLLEN AUATHOCTUKOM BbICOKOBOIBTHOW M30ASLMM, YTO MO3BOJIUT NOBbICUTL JOCTOBEPHOCTL MOYHEHHbIX BO
BpeMs AMAarHOCTUKM pe3ynbTaToB. [Ins yBeNnMYeHns TOYHOCTM OonpeneneHns UCTOYHMKA paAnonoMexn Ha BaroHe-nabopatopum

pacCMaTpuBaeTCa pa3melleHne ABYyX aHTEHH.

K/IOYEBBIE C/10B

» PaamnonomMexu; BbICOKOBOJIbTHaA AMArHOCTUKa N3014umm KOHTaKTHOM CeTU; noe3gHas paano-
» CBA3b; YaCTUYHbIE pa3paabl; NOBEPXHOCTHbIE YaCTUYHbIE pPa3paabl

[na umutuposanua: KyyeHko C.M., PykasuwHukose H.U., Esdokumosga O.I., Kypbaros XK.@. Cnocob obHapy>eHWs UCTOUYHUKA paano-
nomex, BIMAIOLMX Ha paboTy noe3aHoM pafmocsssm B amanasone 2,13 u 2,15 Ml // TpaHcnopt BPUKC. 2023.T. 2. Boin. 2. C7. 4.

https://doi.org/10.46684/2023.2.4.

INTRODUCTION

The intelligibility of speech in train radio operation
is essential, so it is important to ensure that this criti-
cal form of dispatch communication remains up and
running at all times. However, there are a number of
factors that interfere with the smooth operation of the
train radio communication. Such analysis is given, for
example, in work [1].

One of the main causes of radio interference source
are partial discharges (PD) and surface partial dis-
charges (SPD) [2-4]. Attempts have already been made
to localise the source of interference. Such a possibil-
ity has been considered in [5]. Earlier studies [6-10]
have determined that diagnostics should be performed
in the frequency range of 1 to 80 MHz. It is expedient
to make the antenna with the necessary radiation pat-
tern and necessary geometrical parameters at frequen-
cies from 20 MHz, as the antenna receiving signals at
frequency of 2 MHz, will have the sizes, considerably
exceeding the dimensions of the car roof.

Although several methods have been developed to
detect defective insulation [6-9], there is a problem of
missing defective high-voltage insulators when per-
formed by the existing diagnostic methods. The paper
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proposes to combine the most common optical method
of diagnostics by means of an ultraviolet camera in-
stalled in a specialized laboratory car with PD and SPD
registration by means of antennas, because PD and
SPD are the primary electrophysical process deter-
mining technical condition of high-voltage insulation.
Using two diagnostic techniques (optical and electro-
magnetic) will increase the reliability of faulty insula-
tion detection, ultimately increasing the probability of
detecting sources of interference.

A different solution to this problem is to use GSM-R
(GSM Railway) standard, which has been specially de-
veloped for railways, in conjunction with equipment
included in the European Train Control System, as in
European countries, for example. DMR radio standard,
which operates at 160 MHz, is also being intensively
implemented. DMR, like GSM-R, is less susceptible to
interference from electrical equipment than the 2 MHz
RRS standard existing in most sections. Mass applica-
tion of DMR, GSM-R, as well as LTE standards on the
networks of “Russian Railways”, OJSC would signifi-
cantly improve the quality of radio communication,
reduce level of interference, but implementation is
cost and time effective. At organisation of radio com-
munication on standards GSM-R and DMR there are
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Fig. 1. Appearance of the traveling wave dipole

equipment failures [11, 12], for example, related to in-
terference of waves, demanding equipment reloading.

At indisputable advantages of digital radio com-
munication before analogue radio communication at
the present time in operation on a network of “Russian
Railways”, OJSC there is a RRS working at frequencies
of 2.13 and 2.15 MHz. In the following the issues of in-
terference detection in this frequency range will be
considered.

ANTENNA MODELLING

In order to automate and jointly conduct measure-
ments in order to reduce operating costs for diagnos-
tics, it is proposed to locate the recording equipment in
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the contact network, automation and communication
control car. Radio interference caused by insulators
and various fittings of the contact network is supposed
to be recorded by a digital oscilloscope by means of an-
tennas [5].

It is known that radio interference has an interfe-
ring effect on the operation of radio communications
in a wide frequency range. Under the influence of such
interference fall radio stations operating at frequencies
2.13 and 2.15 MHz. One of the main sources of radio
interference are discharges (PD and SPD) arising in the
high-voltage insulation of railway contact lines. Gene-
rally, PD and SPD are recorded between 1 and 100 MHz,
so the antenna has to operate in this frequency range.
Previously, a method [13] was proposed to carry out
diagnostics by means of electromagnetic registration
of signals that occur in the high-voltage line insulation
of an AC contact network. This patent defines a method
for recording such signals up to 80 MHz. This frequen-
cy range is the basis for the further choice of antenna.

As a prototype antenna, a traveling wave dipole de-
signed with MMANA-GAL basic software [14, 15], which
operates in the frequency range from 2 to 33 MHz, the
appearance is shown in Fig. 1. In order to make calcula-
tions in MMANA-GAL basic easy, a typical variant was
chosen from those proposed in this software product.

The radiation pattern and parameters of the select-
ed travelling wave dipole are shown in Fig. 2. All data
are shown for a frequency of 3.55 MHz. The choice of
frequency is due to the proximity to the operating fre-
quency of RRS — 2.13 and 2.15 MHz.

[2+80¢a

H-polarisation

V-polarisation

Ga: 0.18 dBi = 0 dB (H-polarisation); F/B: —1.28 dB; rear azimuth 120 degrees, elevation 60 degrees;
F: 3.550 MHz; Z: 302.171+j161.581 Ohm; SWR: 1.7 (300 Ohm);

Elevation degree: 90.0 degrees (real ground height = 10.00 m); for zenith angle 45.0 degrees,

gain = -1.9 dBi

Fig. 2. Radiation pattern and parameters of the traveling wave dipole
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B+80da

H-polarisation V-polarisation
Ga: 1.94 dBi = 0 dB (H-polarisation); F/B: 0.00 dB; rear azimuth 120 degrees, elevation 60 degrees;
F:20.000 MHz; Z: 219.807-j64.736 Ohm; SWR: 1.5 (300 Ohm);
Elevation degree: 20.9 degrees (real ground height = 10.00 m)

Fig. 3. Antenna radiation pattern after scaling

B e K —
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Yy Antenna 1 Antenna 2
i
§ ____________
<] Measunng
2 device
>< L —
Antenna 1
— 1 Measuring ——
device —‘
Antenna 2
Legend
LN M *—J — Antenna to be designed
Measuring

— Measuring device consisting of a digital dual channel oscilloscope and two

device P .
oscillating circuits, one per either channel

— Work parlour

Fig. 4. The layout of the antennas on the roof of the laboratory car

The geometrical dimensions of the antenna (length
700 mm, width 320 mm) in the range from 3 to 33 MHz
do not allow placing it on the roof of the laboratory car.
It was noted earlier that PD and SPD are recorded in a
wide frequency range, so we use the scaling function
in the MMANA-GAL basic program, e.g. at 20 MHz. In
this case it is necessary to enter a value of 20 MHz
in the software, which results in a change in the radia-
tion pattern and a reduction in the size of the antenna,
maintaining the correct proportion between the an- Fig. 5. Determining the antenna width

TRANSPORT INFRASTRUCTURE 4
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B+80da

H-polarisation

V-polarisation

Ga: 0.67 dBi = 0 dB (H-polarisation); F/B: 0.00 dB; rear azimuth 120 degrees, elevation 60 degrees;

F:20.000 MHz; Z: 238.480-j88.112 Ohm; SWR: 1.5 (300 Ohm);

Elevation degree: 43.0 degrees (real ground height = 5 m)

Fig. 6. Antenna radiation pattern at a height of 5 m

tenna elements. Fig. 3 shows the radiation pattern and
parameters of the antenna at 20 MHz.

Next, the height of the antenna to be installed on
the roof of the laboratory car must be determined
(Fig. 4). To do this, set the height of the antenna loca-
tion in the software.

The mounting height of the antenna should be ta-
ken from its width, which is determined by the Z coor-
dinate, as shown in Fig. 5. The vibrator is located at the
origin of the coordinates. The width h of the element
highlighted in red is 320 mm.

The height of the antenna is the sum of the follo-
wing values: height of the laboratory car — 4350 mm;
half of the antenna width — 160 mm; height of the
antenna installation — 500 mm, provided that the an-
tenna elements do not touch the roof of the car. To-
tal height of antenna location will be 5010 mm. For
the calculations in MMANA-GAL basic a height of
5000 mm is assumed. The parameters and the radia-
tion pattern of the antenna at a height of 5000 m are
shown in Fig. 6.

ANALYSIS OF THE FINDINGS
AND CONCLUSIONS

In order to finally determine the working frequency
range of the antenna, a study of the standing wave ra-
tio (SWR) in the frequency range from 20 to 70 MHz is
required. Using MMANA-GAL basic software product,
a plot of SWR versus operating frequency can be plot-
ted (Fig. 7).
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According to the graph, the SWR varies from 1.25 to
1.5 in the frequency range 20 to 32.5 MHz; from 1.5 to
2 in the frequency range 35 to 67 MHz. Above 67 MHz
there is an increase in SWR above 2. From the above
parameters, it follows that this antenna satisfies the
optimum range of SWR, which is 1.05 to 2 only in the
frequency range 20 to 67 MHz.

For further analysis of the antenna pattern varia-
tion in the investigated frequency range, it is necessary
to study the shape of the radiation pattern in the fre-
quency range from 20 to 70 MHz.

Since, according to the calculated data (Fig. 8), there
is an increase in the antenna gain relative to the iso-
tropic radiator Ga with increasing frequency, it can

A SWR

2.25

Bw 16256.3 kHz (SWR < 1.5)
Bw 109994.2 kHz (SWR < 2.0)
2.0 =

o /S~
/

1.5 /

1.25 >
20.0 32.5 45.0 57.5 70.0
f, MHz

SWRon Z:300.0

Fig. 7. Graph of the SWR dependence on the operating
frequency



R v QO T R A N S P O RT Sergey M. Kutsenko, Nikita I. Rukavishnikov, Olga G. Evdokimova, Janibek F. Kurbanov
M Method for detecting the source of radio interference affecting train radio communication
VOL. 2 ISSUE 2 2023 in the band of 2.13 and 2.15 MHz
Z SWR Gain Radiation  gettings
pattermn

Colours of
2 radiation pattern
f [ Frea | R | X | Ga | FB | ON |
“ 0o  [2385 881 07 00 lon
J2.F 412.6 27 .1 4.4 0.0 On
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Fig. 8. Antenna radiation pattern in the frequency range from 20 to 70 MHz at a height of 5 m

be concluded that the antenna gain improves with in-
creasing frequency.

CONCLUSION

The analysis of the plot of dependence of SWR on
operating frequency (Fig. 7) and change of antenna
gain Ga (Fig. 8) allow finally establishing the operating
frequency range of the selected antenna — from 20 to
67 MHz.

In order to ensure precise location of the radio in-
terference source it is necessary to place two antennas
on the roof of the laboratory car (Fig. 4).

Having analysed the radiation patterns of the an-
tennas in Fig. 6 and 8, it can be concluded that it is

necessary to take it into account when installing the
antenna directly on the roof of the laboratory car.

Increased accuracy of measurements is planned
to be achieved after conducting additional stu-
dies of real sources of radio interference emission.
Based on the results of the study, it is assumed that
there is a need for additional modelling of antenna
parameters, not excluded the correction of its type
variant.

Practical application of the antenna will require
consideration of the rigidity of the antenna mount and
measurement scheme to protect personnel and equip-
ment against induced voltages. In addition, considera-
tion should be given to the referencing of the measure-
ment results to the path coordinate for the location of
the radiation source.
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