KPEMEH‘-IYIII)KHI/I JII)OTHHH KOJIEI[}K

XapkiBCBKOTO HAIIOHAJIbHOTO YHIBEPCUTETY
| BHVTPIIIHIX CIIPAB

Haykosui napk «Hayka Ta 6e3meka»

MATEPIAJIN
V MmcHapo,qul
HayKOBO-IIPAKTUYHOI-KOH(EpEeHIIll

“ IIPOMHC/] ow'
CYCIIIJIL c*n

KPEMEHUYYK
16 TpasHa 2024 poxy




MIHICTEPCTBO BHYTPIIIIHIX CITPAB YKPAITHHA
XAPKIBCBKHUHN HAIIOHAJIbHUM YHIBEPCUTET
BHYTPIIIHIX CITPAB
KPEMEHYYILKNH JIBOTHUM KOJIE 2K
HAYKOBHWU MMAPK «<HAYKA TA BE3INEKA»

, “..

P Y APKIBCbKKyy
O HAL\lOHAJ'IbHMM

MATEPIAJIN

V Mi:kHapOAHOI HAYKOBO-NPAKTUYHOI KOH(epeHIii

«ABIALIIA, MPOMUCJIOBICTD, CYCHIJIBCTBO»

(mocBimuenHst Jlep>kaBHOT HAYKOBOT YCTAaHOBH « Y KPATHCHKHM IHCTUTYT HAYKOBO-
TEXHIYHOI eKkcnepTu3u Ta iHdopmailii» MiHicTepcTBa OCBITH 1 HAyKH Y KpaiHU
BiJ 15 BepecHs 2023 poky Ne 371)

JlaTa npoBeaeHHs1 koH(epeHuii — 16 TpaBusa 2024 poky

%,

16 mpaens 2024 poky
M. Kpemenuyk



MINISTRY OF INTERNAL AFFAIRS OF UKRAINE
KHARKIV NATIONAL UNIVERSITY OF INTERNAL AFFAIRS
KREMENCHUK FLIGHT COLLEGE
SCIENCE PARK «SCIENCE & SECURITY»

il

NS X APKIBCbKi ;&
08" WAUWOHANBHyY

PROCEEDINGS

of the V International scientific and practical conference

«AVIATION, INDUSTRY, SOCIETY)»

(Certificate, 1ssued by State scientific institution «Ukrainian Institute of Scientific and
Technical Expertise and Informationy» of MinictepcTBa 0CBITH 1 HAyKH YKpaiHu
No 371 of September 15, 2023)

Date — May 16, 2024

‘c{—'

May 16, 2024
Kremenchuk



VYK 62(33:34:37:61:65:80)
A20

Pexomenoosano 0o Opyky opekomimemom 6i0no8ioHo 00 OOpyUeHHs
Xapxiecbk020 HAYIOHAILHO2O0 YHIBEpPCUMEmY 6HYMPIUHIX CNPA8
8i0 08 nromozo 2023 poxy Ne 12

Pepakmniiina koJjeris:

Coxypenko B.B., pektop XapKiBCbKOT0 HAI[IOHAIBHOTO YHIBEPCUTETY BHYTPIILIHIX CIIPaB, TeHEPa
HOJIiLIT TPETHOTO PaHTy, 3aCy>KeHUI IOpUCT YKpaiHH, YieH-KopecnoHaeHT HalioHanbHoi akagemii
IIPABOBUX HAyK YKpaiHU, JOKTOP IOPUAUYHUX HAYK, Ipodecop (rosioBa peaKonerii);

My3uuyk O.M., npopektop XapKiBCBKOTO HAI[IOHATBFHOTO YHIBEPCUTETY BHYTPIIIHIX CIIpaB,
MOJIKOBHUK TOMIIIT, 3aCTy>KEHUH IOPUCT YKpaiHu, JOKTOp IOPUINUHUX HAYK, Tpodecop (3aCTyMHUK
TOJIOBU PEIKOJICTIi);

AxoBaes P.II., nupextop KpemMeHUynbKOro JbOTHOIO KOJIEAKY XAapKIBCBKOIO HAalllOHAJIBLHOTO
YHIBEpCUTETY BHYTPIIIHIX CIIpaB (WICH peIKoIerii);

Baanos C.I., HauanpHuK BiAgiTy oprasizanii HaykoBoi poOOTM Ta TEHICPHUX MUTaHb
KpemeHuybKOro JbOTHOIO KOJEMKY XapKiBCbKOIO HAIllOHAJIbHOIO YHIBEPCUTETY BHYTPIILHIX
CIpaB, KaHIUJAT TEXHIYHUX HAYK (WICH pEeaKoerii);

Pyas FO.JL., ctapumii HaykoBuii criiBpoOITHUK BIIIUTY OpraHi3anii HayKoBOi poOOTH Ta TeHJACPHUX
nuTaHb  KpeMeHYyIbKOro JIbOTHOTO KOJEIKYy XapKiBCbKOIO HAI[IOHAJIBHOIO YHIBEPCUTETY
BHYTPIILIHIX CIIPaB, KAHAUJAT CKOHOMIYHUX HAyK (UWICH PEAKOJICrii, BIAMOBIJaIbHA 32 BUITYCK)

ABiartis, TPOMHCIIOBICTh, CyCTIJBCTBO : MaTepianu V MixkHapoaHOT HAYKOBO-NTPAKTUYHOT KOH(DEpeHIii
(M. Kpemenuyk, 16 tpaBus 2024 poky) / MiHicTepcTBO BHYTpIIIHIX cnpaB YKpainu, XapKiBCHKUH
HaliOHAIBEHUH yHIBEpCHUTET BHYTPIMIHIX crpaB, Kpemenuynbkuii TboTHHI KoJe/K., HaykoBuit mapk
«Hayxka ta 6e3neka». Xapkis : XHYBC, 2024. 530 c.

ISBN 978-966-610-282-2

A20

VY 30ipHHKY ONPWIIOMHEHI PEe3yJbTaTH HAYKOBUX JOCHTIDKCHb YUCHUX, 3700yBadiB BHUIIOI OCBITH,
MIPaKTHKIB 3 MMTaHb CyYaCHNUX TEH/CHIIN 1 IEPCTIEKTHB PO3BUTKY aBiallii, MPOMHCIOBOCTI, CyCITLILCTBA
B YMOBAaX ChOTO/ICHHS.

VK 62(33:34:37:61:65:80)

JlonoBiai APpyKyHThHCS B AaBTOPCHKii peaakiii!
OprkomirteT He 3aBAIAU MOJLIsAE TYMKY Ta NOLJIsiAM aBTOPiB. BinnoBigaapHicTs 3a

AOCTOBIPHICTH (paKTIiB, BJIACHUX iMeH, Ha3B, IUTAT, HUQP Ta IHIINX BiIOMOCTEH HeCyTh
aBTOpPHU MyoOaiKamiii.

ISBN 978-966-610-282-2 © XapxiBcbKHit HAI[IOHATBHIH YHIBEPCUTET BHYTPITHIX cripas, 2024



UDC 62(33:34:37:61:65:80)
A20

Recommended for printing by the organizing committee in accordance with the mandate of Kharkiv
National University of Internal Affairs
No 12 of February 08, 2024

Editorial board:

Valerii Sokurenko, Rector of Kharkiv National University of Internal Affairs, Police General of the
3-rd rank, Honored Lawyer of Ukraine, Corresponding Member of the National Academy of Legal
Sciences of Ukraine, Doctor of Legal Sciences, Professor (head of the editorial board);

Oleksandr Muzychuk, Vice-Rector of Kharkiv National University of Internal Affairs, Police
Colonel, Honored Lawyer of Ukraine, Doctor of Legal Sciences, Professor (deputy head of the
editorial board);

Ruslan Yakovliev, Head of Kremenchuk Flight College of Kharkiv National University of Internal
Affairs (member of the editorial board);

Serhii Vladov, Head of Department of Scientific Work Organization and Gender Issues of
Kremenchuk Flight College of Kharkiv National University of Internal Affairs, Candidate of
Technical Sciences (PhD in Engineering) (member of the editorial board);

Juliia Rud, Senior Research Fellow of Department of Scientific Work Organization and Gender
Issues of Kremenchuk Flight College of Kharkiv National University of Internal Affairs, Candidate
of Economics Sciences (PhD in Economics) (member of the editorial board, responsible for the
release)

Aviation, industry, society : proceedings of the V International scientific and practical conference
(Kremenchuk, Ukraine, May 16, 2024) / Ministry of Internal Affairs of Ukraine, Kharkiv National
University of Internal Affairs, Kremenchuk Flight College, Science park «Science & Security». Kharkiv,
2024, 530 p.

ISBN 978-966-610-282-2

A20

The proceedings publish the results of scientific research by scientists, students of higher education, and
practitioners on the issues of modern trends and prospects for the development of aviation, industry, and
society in today's conditions.

UDC 62(33:34:37:61:65:80)

Reports are printed in the author's editorial office!
The organizing committee does not always share the opinion and views of the authors.

Authors of publications are responsible for the authenticity of facts, proper names, names,
quotes, numbers and other information.

ISBN 978-966-610-282-2 © Kharkiv National University of Internal Affairs, 2024



CEKIIA 10
IHHOBaANIMHI METOAM B HAYII, TeXHIilll TA
OCBITI

338



CEKIIA 10. IHHOBALIHI METO/IY B HAVIII, TEXHIIII TA OCBITL

UDC 621.315

Nerubatskyi V.P., PhD, Associate Professor

ORCID ID: https://orcid.org/0000-0002-4309-601X

Hordiienko D.A., Postgraduate

ORCID ID: https://orcid.org/0000-0002-0347-5656

Ukrainian State University of Railway Transport, Kharkiv, Ukraine

METHOD OF DETERMINING INFLUENCE OF THE SKIN EFFECT IN
TRACTION ELECTRICAL SUPPLY SYSTEM

Abstract: A study of the harmonic composition of traction currents in the railway DC power supply system was
conducted. On the basis of the determined harmonic composition in the contact network, a study of the influence of the
skin effect on the distribution of the current density in the cross section of the contact wire is given

Keywords: harmonic composition, power supply system, skin effect, traction substation

For traction railway power supply systems of DC a fairly broad harmonic
composition is characteristic [1, 2]. The reason for the occurrence of higher harmonics
1s: distortion and asymmetry of the voltage in the three-phase general industrial power
supply network; higher harmonics caused by the operation of six-pulse and twelve-
pulse rectifiers of traction substations; higher harmonics caused by diode and pulse
semiconductor converters of electrical rolling stock.

Higher harmonics cause negative effects on electromagnetic compatibility with
rail circuits of railway power supply (they can cause malfunctions in the railway
automation system) [3, 4]. In addition, higher harmonics lead to an increase in power
losses in the railway power supply system due to an increase in the equivalent
resistance of the network under the influence of the skin effect.

In addition to the influence of higher harmonics of traction substations, the contact
network is affected by higher harmonics of the current consumed by electric rolling
stock [5, 6]. Traction rolling stock with a rheostat-contactor control system practically
does not cause the emission of higher harmonics of consumed currents to the power
supply system. However, more modern electric rolling stock includes pulse-width
converters (when working with DC motors) or three-phase autonomous voltage
inverters (when working with asynchronous traction electric motors).

The traction substation model consists of the following components: rectifier,
filter, network RL parameters, input filter, autonomous voltage inverter, equivalent LC
resistance of an asynchronous motor. According to the model, the amplitude-frequency
characteristic of the traction substation filter, shown in Fig. 1.

From the given amplitude-frequency characteristic of the traction substation filter,
it can be seen that the rejection links are set to frequencies of 300 Hz, 600 Hz, 900 Hz,
1200 Hz. However, this filter practically does not suppress non-canonical harmonics
associated with the asymmetry of the three-phase supply voltage.

At the same time, the normally permissible and maximally permissible value of
the coefficient of voltage asymmetry in the reverse sequence at the points of common
connection to electrical networks is equal to 2 % and 4 %, respectively. The filter of
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the traction substation causes an overvoltage of 18 % of the set value with a step change

in the input voltage.
Meagnitude, dB

=135

780 ; R BEEEL : 1 N
100 1000 10000
Frequency, Hz

Figure 1 — Amplitude-frequency characteristics of the traction substation filter

In railway power supply systems, the contact wire of the MF type, having the
configurations MF-65, MF-85, MF-100, MF-120, MF-150, is widely used. Studies
describing the influence of the skin effect on the distribution of current density, the
increase in equivalent resistance and, as a result, the increase in power losses are valid
only for cylindrical wires, and are not suitable for wires with non-standard geometry.
Accordingly, analytical expressions give false values.

In the Ansys / Maxwell program, a model of the contact wire type MF-65, MF-
85, MF-100, MF-120, MF-150 was developed. In Fig. 2 shows the distribution of
current density with a frequency of 50 Hz, 300 Hz, 1000 Hz.
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Figure 2 — Distribution of current density with a frequency:
a) 50 Hz; b) 300 Hz; ¢) 1000 Hz
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As can be seen from Fig. 2, a, an electric current with a frequency of 50 Hz
practically does not cause a significant effect of current displacement from the center
of the wire. More precisely, in the center of the contact wire, the current density with
a frequency of 50 Hz will be 1.5 % lower than on the surface.

As can be seen from Fig. 2, b, an electric current with a frequency of 300 Hz
causes a more significant effect of displacing the current from the center of the wire.
More precisely, in the center of the contact wire, the current density with a frequency
of 300 Hz in the center will be 40 % lower than on the surface.

As can be seen from Fig. 2, ¢, an electric current with a frequency of 1000 Hz
causes a more significant effect of displacing the current from the center of the wire.
More precisely, in the center of the contact wire, the current density with a frequency
of 1000 Hz in the center will be two times lower than on the surface.

Thus, the skin effect causes an increase in the equivalent active resistance of the
conductor, which leads to an increase in additional power loss in the contact wire of
railway power supply systems, caused by higher harmonics of traction substations and
higher harmonics of electric rolling stock.
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