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Juceprailisi npucBAYeHa CTBOPEHHIO HAyKOBHUX OCHOB BHOOPY ONTHUMAaJIbHUX
rapaMeTpiB Ta PEXKUMIB POOOTH CUCTEMU KOMIICHCAIlli PEaKTUBHOI MOTYXHOCTI Ha
€JIEKTPOBO3aX 3MIHHOTO CTPyMY.

[IpoananizoBaHi (pakTopH, 110 MarOTh HAWOLIBIIMN BIUIMB Ha SIKICTh TSTOBOTO
€JIEKTPONOCTAa4aHHA 300Ky €JIEKTPOPYXOMOTo CKIaay 3MiHHOTO cTpymy. Jlo dakropis,
10 BHOCATH HAWOLIbIIE CHOTBOPEHHS (OPMHU HAMPYrd KOHTAKTHOT MEPEXi CIiJ
BI/IHECTH BHWIIl TapMOHIMHI CKJIaJ0Bl, $KI BHOCSITHCSI B CHCTEMY TATOBOIO
€JIEKTPONIOCTAYaHHSA €JIEKTPOPYXOMUM CKJIaI0M.

[loka3aHo, 1m0 Taki YMHHHUKH, SIK HESKICHE CTPYMO3HIMAaHHS, MPOXOJKEHHS
EJIEKTPOPYXOMUM  CKJIaJIoM (DiIepHOI 30HMU, HASABHICTh JEKUIBKOX  OJUHUIIb
EJICKTPOPYXOMOTO CKJIaJly Ha OJHIN (pimepHil 30H1, peKUMHU POOOT EIEKTPOPYXOMOTO
CKJIaZly MPU3BOJATH JO TOr0, LIO MPOIEC 3MIHM HANPYrd B KOHTAKTHIA MEpexi €
HE/JIEeTepMIHOBAHUM, HEEPTOAMYHUM HErayCOBUM IPOLIECOM, MPU SIKOMY JUIsl aHANTI3y
CHEKTPAJIbHUX CKJIAJIOBUX TATOBOIO CTyMY €JEKTPOBO3Y 3aCTOCYBaHHS KIIACUYHUX
MeTO1B nepeTBopeHHs Dyp e € HEKOPEKTHUM.

AHami3 CXEMOTEXHIYHHUX PINICHb I0JAO0 KOMIICHCAIlll PEaKTUBHOI MOTYXHOCTI,
AKa CHOXKHMBAETHCS EIEKTPOPYXOMHUM CKJIAJJOM 3MIHHOTO CTPyMy, IOKa3aB, II0 Ha
CHOTOAHIIIHIN I€Hb HAWOLIbII ONTUMAJIBLHUM PIIICHHSIM € 3aCTOCYBaHHS TlOpHUIHUX
KoMrieHcatopiB peaktuBHOi noryxkHocti (['KPIT). B Taknx xommeHcaTtopax macuBHA
yacTMHA 3MeHIIye (a3oBUM 3CyB MK HANpyrol BTOPUHHOI OOMOTKH TSTOBOTO

TpaHchopMaropa Ta TATOBHUM CTPYMOM, aKTHBHA YaCTHHA — BUAJISIE BUII TApMOHIHHI
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ckianoBl Tsrooro crpymy. IlacuBHoro wactunHoro I'KPII e LC-¢dinbtp, a
aKTUBHOIO - ABTOHOMHHUN 1HBEPTOp CTPYMy 1 CHCTEMa KepyBaHHS 1HBEPTOPOM.
Cucrema KepyBaHHS BUKOHYE CHEKTPAJIbHUN aHalli3 TATOBOTO CTpyMy, (Gopmye
ITOPUTM JUIsl TeHepallii aBTOHOMHUM 1HBEPTOPOM BHUIIUX TapMOHIK, OJHAKOBUX IO
aMIUTITYyl ajne mpoTU(asHUMH 10 BHUIIKUX TAPMOHIK TATOBOTO CTpyMy. B icHyroumx
CUCTeMax KEpyBaHHS ISl BU3HAYCHHS CIEKTPAJbHUX CKJIAJOBUX TATOBOTO CTPYMY
BUKOPUCTOBYIOThCS MeToAM rmepeTBopeHHs Dyp‘e, sAKi B pealbHUX YMOBax
eKCIUTyaTallii  eJeKTPOPYyXOMOTo  CKJaay  /JaloTh  HEKOPEKTHI  pe3yJbTaTH.
3anponoHOBaHO Ui BHU3HAYEHHS CHEKTPAJbHUX CKJIAQIOBUX TITOBOIO CTPyMY
3aCTOCYBATHU METOJIU KOPEJSALINHOTO CIIEKTPAIIbHOTO aHaII3Yy.

CTBOpeHO MaTeMaTH4HI Ta MPOTPAMHO-OPIEHTOBAHI MOJEIl poOOTH TATOBOIO Ta
JOMOMDKHOTO TPUBOAY €JIEKTPOBO3Y 3MIHHOTO CTPYMy (Ha MNPUKIAAL €JIEKTPOBO3Y
BJI-80k). BigMiHHUMH OCOOJMBOCTSIMHU LMX MOJEJIEH € MOMKJIMUBICTb BpaxyBaHHS
B3a€MHOT'0O BIUIMBY POOOTH TSTOBOrO Ta JONOMIXKHOIO IMPUBOJIB, @ TAKOX PEXKUMIB
poOOTH €JIEKTPOBO3Y.

JloompaiiboBaHO METOAMKY PO3PAXyHKY IMapaMeTpiB aCHHXPOHHUX JBUTYHIB MpPHU
HECUMETPUYHUX 0OMOTKax crtaropa. [loka3aHO B3a€MO3B‘SI30K TaKMX MapaMmeTpiB, K
IHAYKTUBHICTh PO3CIIOBAaHHS Ta B3a€MHA IHJIYKTUBHICTh 13 T€OMETPUUYHUMU
napamerpamMu  oOMOTOK. [lg Meroanka BUKOPHCTOBYBaJlaCh IIPH CTBOPEHHI
MaTeMaTUYHOI MOJEJN NPUBOJY JOMOMDKHMX MAIlIMH, 30KpeMa JUJIsi MOJEIIIOBaHHS
poboTu pozuiritoBaya as.

3anponoHOBAHO ISl JOCHIJDKEHHS €JIeKTPOJMHAMIUYHUX TPOIECIB B MPHUBOAAX
JOTIOMDKHUX MAIlIMH Y CTajJoMy pPEeXHMi poOOTHM 3aMiHUTH po3viruioBad ¢a3
HECUMETPUYHOIO CHUCTEMOIO HAMIPYTH, KA >KUBUTh MOTOP-BEHTHIISITOPH.

JlocikeHo B3a€EMHUIN BILUTUB POOOTH TSATOBOTO MPUBOTY 1 MPUBOY TOMOMIMKHUX
MammH. Pe3yapTat HOCHiIKEHHSI TO3BOJIMIN YTOYHUTH CIIEKTPATIBHHUMA CKJIall CTPYyMY
B JIAHIIIOTaX TSATOBOIO Ta JIOMIOMI)KHOTO MPUBOIIB.

PospaxoBano enementn macuBHOi Ta akTuBHOI uyactuH ['KPIL. Po3pobneno

cucTteMy KepyBaHHS akTHBHOIO yacTuHO ['KPII, ocHOBOIO sIKOTO € GJIOK BU3HAUYCHHS
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TFapMOHIMHUX CKJIAJJOBUX TSATOBOTO CTPYMY Ta BUIAJICHHS 13 CIIEKTPY CTPYMY HYJIbOBOT
Ta BULIUX TAPMOHIMHHUX CKIIaJJOBUX.

3anmponoHOBAaHO HOBUHW MIAXiA OO0 BU3HAYCHHS CIEKTPATBHUX CKJIAJOBHX
TATOBOTO CTPYMY, B OCHOBI $IKOTO JIEXHTh 3aCTOCYBaHHS METONY JIIHIMHOIO
nporHo3yBanHs  JleBiHcona-JlapOina. Takuii miaXim 0O3BOJISE  BpaxOBYBaTH
BUIAJKOBUI XapakTep 3MIHM Hampyrd Ha CTPyMOIpHUiiMadi €IeKTPOBO3Y 1, SIK
HACI/IOK, TSATOBOIO CTPyMy, Ta aJanTyBaTh poOOTYy KOoMIeHcaTopa JI0 MapaMeTpiB
HAIPyrd KOHTAaKTHOT MEpeXi. 3aCTOCYBaHHS 3a3HAYEHOTO MIAXOAY J03BOJSE TaKOXK
BpPaxoOBYBaTH Taki (HaKTOpH, SIK XapaKTep PEeKUMY POOOTH €IEKTPOBO3Y, MPOXIJ MEX
JUISTHOK KOHTAaKTHOT MEPEXi, TOIIO.

CkoperoBaHa MaTeMaTuyHa MOJIEJIb TSTOBOTO NMpUBOAY npu 3actocyBanHi ['KPII,
pO3paxoBaHO Ta MOOYIOBAHO AMILIITY/IHO-4acCTOTHI Ta ()a30-4aCTOTHI CHEKTPaIbHI
XapaKTEPUCTUKH HAMPYyrd Ta CTPYMy TATOBOI OOMOTKH  TpaHcopMaropa.
Po3paxoBaHo koe]illieHT NOTY>KHOCTI MOJIEPHI30BAHOTO TSATOBOIO MPUBO/LY.

OOrpyHTOBAaHO 3aCTOCYBaHHS B CHCTEMI JKHBIIGHHS JIOMOMDKHMX MAIWH
CTaTUYHOI'O MEPETBOpIOBayYa 3aMicTh (pazopo3uiruioBaya. BUKOHAHO MaTreMaThyHe
MOJICJIIOBAaHHSI CHUCTEMH JIOTIOMDKHOTO TMPHUBOAY €JIEKTPOBO3Y, PO3PAXOBAHO Ta
MoOyJJOBaHO aMILIITY/THO-4aCTOTHI Ta (a304acTOTHI CHEKTPalbHI XapaKTepUCTUKU
Hanpyru Ha oOMOTIII BJIacCHUX MOTped TpaHc(opMaropa Ta CTpyMy, IO MPOTIKAE IO
oOMoTIIl BiacHUX MOTped. Po3paxoBaHo Koedili€EHT MOTYXHOCTI MOJEPHI30BAHOTO
JOTIOMI>)KHOTO TTPUBOJTY.

Po3paxoBaHo BTpaTu axkTMBHOI Ta TOBHOI TMOTY)XHOCTI B TSATOBOMY Ta
JOTIOMDDKHOMY TPUBOJIAX €JIEKTPOBO3Yy JO Ta Ticias MojaepHizalii. Po3paxoBaHo
sanexHocTi KKJ[ 1 koedilmieHTy MOTY>KHOCTI MPUBOAIB A0 Ta Micid MOAEpPHI3allli.
OtpuMmani pesynbTaTd cBigyaTh npo Te, mo KKJ[ TsaroBoro mnpuBomy Imicis

3acTocyBaHHS KommeHcaropa 3Hm3uBcs Ha 0,6%, a koedirmieHT TOTYXHOCTI
30impimuBes Ha 3,2% . KKJI momoMi>kHOTO MPUBOY ITICHs MOJAEpHi3alii 301IbIIHBCS

Ha 1,5%, a koedinient nory;xuocti — Ha 26,4%.
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ABSTRACT

Goolak S.O. Increasing the energy performance of AC electric locomotives
through reactive power compensation adapted to the power supply system. -
Qualifying research paper as manuscript.

Thesis for a Candidate Degree in Engineering (Doctor of Philosophy) in specialty
05.22.09 - "Electrotransport” 141 - Electric Power Engineering, Electrical Engineering
and Electromechanics) - National Technical University "Kharkiv Polytechnic
Institute”, MES of Ukraine. Kharkiv, 2020.

The dissertation is devoted to creation of scientific bases of a choice of optimum
parameters and operating modes of system of compensation of reactive power on
electric locomotives of alternating current.

The factors that have the greatest impact on the quality of traction power supply
from the side of the electric rolling stock of alternating current are analyzed. The
factors that cause the greatest distortion of the voltage form of the catenary include the
higher harmonic components, which are introduced into the traction power supply
system by electric rolling stock.

It is shown that such factors as poor current collection, passage of electric rolling
stock of the feeder zone, the presence of several units of electric rolling stock in one
feeder zone, modes of operation of electric rolling stock lead to the fact that the
process of voltage change in the catenary is nondeterministic for the analysis of the
spectral composition of the traction current of an electric locomotive, the application
of classical Fourier transform methods is incorrect.

The analysis of circuit solutions for the compensation of reactive power
consumed by the electric rolling stock of alternating current showed that to date the
most optimal solution is the use of hybrid reactive power compensators (HRPC). In
such compensators, the passive part reduces the phase shift between the voltage of the
secondary winding of the traction transformer and the traction current, the active
part - removes the higher harmonic components of the traction current. The passive
part of the HRPC is LC-filter, and the active stand-alone current inverter and control

system of inverter. The control system of inverter performs spectral analysis of the
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traction current, forms an algorithm for the generation of autonomous inverter higher
harmonics, the same amplitude but antiphase to the higher harmonics of the traction
current. Existing control systems use Fourier transform methods to determine the
spectral components of the traction current, but in real operating conditions of the
electric rolling stock they are incorrect. It is proposed to apply the methods of
correlation spectral analysis to determine the spectral components of the traction
current.

Mathematical and program-oriented models of operation of the traction and
auxiliary drive of the AC electric locomotive (on the example of the VL-80k electric
locomotive) were created. Distinctive features of these models are the ability to take
into account the mutual influence of traction and auxiliary drives, as well as modes of
operation of the electric locomotive.

The method of calculating the parameters of induction motors with asymmetric
stator windings has been improved. The relationship between parameters such as
scattering inductance and mutual inductance with the geometric parameters of the
windings is shown. This technique was used in the creation of a mathematical model
of the drive of auxiliary machines, in particular for modeling the operation of the phase
release.

It is proposed to replace the phase release with an asymmetric voltage system that
feeds the motor-fans to study the electrodynamic processes in the drives of auxiliary
machines in steady-state operation.

The mutual influence of the work of the traction drive and the drive of auxiliary
machines is investigated. The results of the study allowed clarifying the spectral
composition of the current in the circuits of traction and auxiliary drives.

The elements of the passive and active parts of HRPC are calculated. A control
system for the active part of the HRPC has been developed, the basis of which is a unit
for determining the harmonic components of the traction current and removing zero
and higher harmonic components from the current spectrum.

A new approach to determining the spectral components of traction current is

proposed. This approach is based on the application of the Levinson-Darbin linear
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prediction method. This approach allows to take into account the random nature of the
voltage change at the current collector of the electric locomotive and, as a
consequence, the traction current, and to adapt the operation of the compensator to the
voltage parameters of the catenary. The application of this approach also allows taking
Into account such factors as the nature of the mode of operation of the electric
locomotive, the passage of the boundaries of the catenary, and so on.

The mathematical model of the traction drive when using HRPC is corrected, the
amplitude-frequency and phase-frequency spectral characteristics of the voltage and
current of the traction winding of the transformer are calculated and constructed. The
power factor of the modernized traction drive is calculated.

The use of a static converter instead of a phase breaker in the power supply
system of auxiliary machines is substantiated. Mathematical modeling system of
auxiliary drive of the electric locomotive is performed, amplitude-frequency and
phase-frequency spectral characteristics of the voltage of the winding of the
transformer's own winding and the current flowing in the winding of the own needs are
calculated and constructed. The power factor of the modernized auxiliary drive is
calculated.

The losses of active and full power in the traction and auxiliary drives of the
electric locomotive Dbefore and after the modernization are calculated. The
dependences of factor efficiency and factor power of drives before and after
modernization are calculated. The obtained results show that the factor efficiency of
the traction drive after the application of the compensator decreased by 0,6%, and the
power factor increased by 3,2%. The factor efficiency of the auxiliary drive after
modernization increased by 1,5%, and the power factor - by 26,4%.

The developed scientific provisions are an effective tool for modernization of the
existing fleet of electric locomotives of the VVL-80t and VL-80k series and the creation
of a new electric rolling stock of railways. The results of the dissertation were
implemented at the Scientific Research Design and Engineering Institute of Railway
Transport of OJSC «Ukrzaliznytsya» (Kyiv), SE «Ukrainian Research Institute of
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Carriage» (Kremenchuk) and in the educational process of the State University of
Infrastructure and Technology (Kyiv).

Keywords: electric rolling stock, electric transport, traction actuator, auxiliary
actuator, system of traction power supply , power factor, efficiency, higher harmonic

components of voltage, phase splitter, nonlinearity, non-sinusoidal, asymmetry.
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