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Hucepraliiss  IpUCBAYECHA  aKTyaJdbHIM  HAYKOBO-TEXHIUHINH  mpoOiiemi
MIJBUIIEHHS EHEPreTUYHOi e(QEeKTUBHOCTI EJIEKTPOPYXOMOTO CKJIAJAy 3MIHHOTO
CTPpyMY 3 KOJIEKTOPHUMH TATOBHMH JBUTYHAMH 32 PaXyHOK BIOCKOHAJICHHS TSATOBUX
MIEPETBOPIOBAYIB.

OcCHOBY MapKy BaHTQXHHUX Ta MACAKUPCHKUX €JIEKTPOBO31B 3MIHHOTO CTPYyMY
«YKp3aJli3HUID» CKIAJAI0Th €JIEKTPOBO3U 3 KOJEKTOPHUMH TSITOBUMHU JBUTYHAMHU.
Taki enexkTpoBO3M MalOTh TMOPIBHAHO HU3bKUH  KOEPIUIEHT MOTYKHOCTI.
st enektpoBo3iB 3 miongnumu Bunpsmistaamu (BJISOK, BJISOT) ioro BemmuunHa
cranoButh 0,65...0,85, a s €neKTPOBO3IB 3 TUPUCTOPHUMH IE€PETBOPIOBAYAMU
(29C5K, 2EJI5) — 0,3...0,84. CykynHICTb €HEPreTUYHUX  HEIOJMIKIB
€JIEKTPOPYXOMOTO CKJIZy 1 TSITOBOTO €JIEKTPONOCTayaHHS OOYMOBIIIOE TMOPIBHSHO
HU3BKUN KOCPIIIEHT MOTYKHOCTI €NEKTPU(PIKOBAHUX 3aTI3HUIL 3MIHHOTO CTPyMy —
npubnuzHo 0,7, Ipu HbOMY 3a Cy4aCHUMHU CBITOBUMHU HOPMaMH BUCOKHM BBaXKa€ThCS
koedimieHT noTyx)HOCTI He Hmwkue 0,95. ToMy NIIBUIIEHHS EHEPreTUYHOI
€(EeKTUBHOCTI TSTOBOT'O HABAHTAKEHHS € aKTyaJIbHOIO 33]1a4€IO.

Ha cporosani BITUM3HAHUMHU Ta 3apyOIKHUMH CHEL1aiCTaMU PO3POOJICHO Pl
TEXHIYHUX pIllleHb, Kl 3a0€3MeUyl0Th MIJBUIIECHHS CHEPreTUYHUX XapaKTEPUCTHUK
€JIEKTPOBO31B 3MIHHOTO CTpyMy. L1 pilieHHsI MOKHA YMOBHO 00’ €/THaTH B TPU TPYINH:
1) ynockoHalleHI CXE€MHU TSITOBUX IE€PETBOPIOBAYIB Ta aJTOPUTMHU IX yIPABIIHHS;

2) macuBHI 1 AaKTUBHI KOMIIEHCATOPH PEAKTUBHOI MOTYXKHOCTi, BCTaHOBJIEHI
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Ha eJICKTPOPYXOMOMY  CKJafi; 3) mepeTBOpIOBavl HA TOBHICTIO  KEPOBAHHX
HAIIBMIPOBITHUKOBUX Mpuiiafax (aKTWBHI TepeTBOproBadyi). He3pakaroum Ha BUCOKI
€HEepPreTUyHl XapaKTepUCTUKHU AaKTUBHUX TIE€PETBOPIOBAUiB, pOOIT, MNPUCBIYCHUX
JOCHIHDKEHHIO PEXKUMIB POOOTH TaKMX MEPETBOPIOBAYIB MPU IKUBICHHI TSATOBHX
JIBUTYHIB TMOCTIMHOTO CTPyMy, Ha CBOTOJIHI HEIOCTaTHbO. OTXKe, MNOAAIBIINMA
PO3BUTOK IILOTO HAMPAMKY JOCTII)KEHb MOKHA BBAXKATH aKTYaJIbHHUM.

ba30Bot0 JaHKOIO TIepeTBOPIOBaYA VIS )KUBIICHHS ABUTYHA MOCTIHHOTO CTPYyMY
€ onHO(a3HUM aKTUBHUN BUIPSAMIISY CTPyMy. Y poOOTI OTPUMAHO MaTeMaTHUYHUUN
omuc PpoOOTH aKTHBHOTO BHUOPAMIIAYA CTPyMy B peXUMax BUIPSIMIICHHS
Ta IHBEpPTyBaHHA. Ha OCHOBI MareMaTH4YHOrO amapaTy ajareOpu JOTiKH po3poOJEHO
yHi(iKOBaHUI OTIUC aJTOPUTMIB HIUPOTHO-IMITYJIBCHOT MOTYJISALIIT
3 CHHYCOIHQJIbHUM, TpameneinaJibHUM Ta MPSIMOKYTHO-CTYIIHYATUM MOIYJISIIIIHHUM
curHasioM. JlocimiiKeHHsI eJIEKTPOMAarHiTHUX MPOILIECIB 1 MOPIBHSIHHS €HEPreTUYHHUX
XapaKTEPUCTUK AaKTUBHOTO BHUIpSMIIAYA CTPyMy HpH oOpanux anroputmax LM
1 gactoTi Momyssiii 900 ', 1200 I'p 1 1800 I'm mpoBeaeHO NMUISAXOM IMITAIlIHHOTO
monemtoBanHss B MATLAB. JlocmimkeHHs TMOKa3aiu, IO MPU BCIX TPHOX
anroputmax rnpu koedimienti moaynsii 0,2...1,0 koedilieHT TOTYXHOCTI Ha BXOI1
aKTUBHOTO BHUIpsAMIIsYa cTpyMy ckianae 0,6...0,99 HesanexHO BiJ YacTOTH
MOTYJISIIII.

3anpomnoHOBaHO CUJIOBY CXEMY 3 JBO3OHHHUM PETYIIOBAHHSM BUIIPSMIICHOT
HAMpPYTH 1 aITOPUTM YIPABIIIHHS aKTUBHOTO TSATOBOTO MEPETBOPIOBAYA €JIEKTPOBO3A.
OOrpyHTOBaHO  BUKOpPUCTaHHS  mpsiMOKyTHo-ctymindatoi IIIIM 3 gactoToro
moayJssani 1200 ', PerymtoBaHHST BUIIPSMIIEHOT HATIPYTH 3 KOE(IIIIEHTOM MOTYJISIIIT
MmentIe 0,5 BUKOPUCTOBYETHCS JIUIIE B KOPOTKOYACHUX PEKUMAX POOOTH.

Po3pobiieHo MaTemMaTH4HY MOJI€Nb CUCTEMHU EJIEKTPUYHOI TSITU 3MIHHOTO
ctpymy Hampyru 25 kB, 50 I'm 3 ypaxyBaHHSIM [BOX BaplaHTiB TSTOBOTO
NepeTBOpoBaya — TUPHUCTOPHOIO Ta AaKTHBHOTO MEPETBOpIOBaya 3 IIMPOTHO-
IMITyJIbCHOIO MOIYJSALIE0. 3 TOYKH 30pY MOJEIIOBAHHA CHCTEM YIPaBIIIHHSA
[EepEeTBOPIOBAYaMH pO3pO0JIEHa MOJENb € YHIBEPCAJIbHOIO, OCKUIBKM Ha OCHOBI

JoriyHuX (PyHKIIH GopMyBaHHS Ta PO3MOUTY IMITYJIbCIB PO3poOIEHO YHI(DiIKOBAHUMA
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MaTeMaTUYHUN OMHC AJITOPUTMIB YIPABIiHHS TUPUCTOPHUM Ta aKTUBHUM TSTOBUM
neperBoproBaueM. Llst Mmonens peanizoBana B mporpamuomy maketi MATLAB.

KoM toTepHe MozenoBaHHs €J€KTPOMArHiTHUX MPOLIECIB B CUCTEMI «TSATOBa
Mepeka — EJIIEKTPOBO3» JO3BOJWIO JOCHIIUTH EHEPreTUYHy eQEeKTUBHICTh
€JIEKTPOBO3a 3 aKTUBHUM TSITOBUM IEepeTBOproBaYeM. Tak, Koe(dillieHT MOTYKHOCTI
enexTpoBo3a cranoBuTh 0,839...0,991, a itoro 3naueHHs Ounbie 0,9 3abe3neayeThes
npu koedirieHnti Moxyisamii Outemie 0,5. Y HOMIHAIBLHOMY peXHUMI KOE(illieHT
MOTY>HOCT1 €JIEKTPOBO3a 3 aKTMBHUM TSITOBUM IepeTBOproBadeM Ha 19,4 % Buiie,
HIX y €JIEKTPOBO3a 3 THPUCTOPHUM MEPETBOPIOBAYEM.

Koedoirmient CIIOTBOPEHHS CUHYCOiJaJIbHOCTI KpUBOI1 HaIpyTH
Ha CTpyMONpHiiMadi €JeKTPOBO3a 3 AaKTUBHHM TSATOBUM TMepeTBoproBaueM Ky
B yChOMY JIlamla3oHl PEeryJIOBaHHS 3MIHIOEThCA B Mexax 3...11 %, a xoedimieHT
CIIOTBOPEHHSI CUHYCOi1aJIbHOCT1 KpUBOi cTpyMy K; — B Mexax 9...17 %. IIpu 3mini
BIICTaH1 BIiJl €JIEKTPOBO3a JO TATOBOi MijcTaHilii B Aianazoni 0...10 kM koediieHT
CIIOTBOPEHHSI CHHYCOIJAIbHOCTI KPHUBOI HANpPYrd €JIEKTPOBO3a B HOMIHAJIHLHOMY
pexxumi cknagae S...9 %.

[IpoBeneHi €KCIEpUMEHTH TMOKa3aliM, II0 AKTUBHUM TATOBUM NEpEeTBOPIOBAY
€ JDKEPEJIOM IIHUPOKOTO CIEKTPY TapMOHIK HAMpyrd Ta cTpymy. HalimeHin BurigHuM
pu 1IbOMY € pekuM 3 koedimienrom moxysmii 0,5...0,6. Pe3ynasraté rapMOHIUHOTO
aHaji3y JO3BOJIMJIM BCTAHOBUTH XapaKTE€pHI TPYNH TapMOHIK, SKI B OCHOBHOMY
BU3HAYAIOTh HECHHYCOIJAJIbHICTh (DOPMHU BIAMOBITHUX KPUBHX HANPYTH Ta CTPyMY.
Tomy mnopmanbli JOCHIIKEHHS aKTUBHOTO TSATOBOTO IIEPETBOPIOBAaYa €JIEKTPOBO3a
MOBMHHI BPaxOBYBAaTH HEOOXIHICTh KOPEKIii (JOpMHU HAMNPYyrd Ta CTpyMmy. Y IUIOMY,
pe3yibTaT MPOBEJACHUX JOCIIIKEHb TTOKa3alu, [0 aKTUBHUM TSATOBUN MEPETBOPIOBAY
3a0e3rneuye OUTBII BUCOKI €HEPreTHYHI XapaKTEPUCTUKU, HIK TPAIUIIAHI BUIPIMIIIUL
Ha OCHOBI JIOJJHUX 1 TUPUCTOPHHUX CXEM.

Knouosi cnosa: enexTpuyHUIl TPaHCIOPT, €JIEKTPOBO3 3MIHHOTO CTPYMY,
TATOBUH TIEPETBOPIOBAY, AKTHBHUN BHNPSAMIIAY CTPYMYy, HIIHPOTHO-IMIYJIbCHA

MOMYJIALIS, KOe(PIIIEHT MOTY>KHOCT1, MAaTEMaTUYHA MO/IEb.
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ABSTRACT

Krasnov O. O. An active traction converter for AC electric locomotives with
DC traction motors. — Qualification research work as a manuscript.

Thesis for candidate degree of technical sciences of specialty 05.22.09 — Electric
transport. Joint-Stock Company “Ukrainian zaliznytsia”, Branch “Design and survey
institute of railway transport”, Ministry of Infrastructure of Ukraine, National Technical
University “Kharkiv Polytechnic Institute”, MES of Ukraine. Kharkiv, 2020.

The dissertation is devoted to the actual scientific and technical problem
of increasing the energy efficiency of the AC electric locomotives with DC traction
motors due to the improvement of traction converters.

The basis of the park of freight and passenger AC electric locomotives
of “Ukrzaliznytsya” are electric locomotives with DC traction motors. Such electric
locomotives have a relatively low power factor. For electric locomotives with diode
rectifiers (VL80OK, VL80T) its value is 0.65...0.85, and for electric locomotives with
thyristor converters (2ES5K, 2EL5) — 0.3...0.84. The aggregate of the energy defects
of the electromotive force and traction power causes a relatively low power factor
ofthe AC electrified railways — about 0.7, while according to modern world
standards the power factor is not lower than 0.95. Therefore, increasing the energy
efficiency of the traction load is an urgent task.

Today, Ukrainian, Russian and foreign specialists have developed a number
of technical solutions that provide an increase in the power characteristics of electric
locomotives. These solutions can be conventionally grouped into three groups:
1) improved schemes of traction converters and control algorithms; 2) passive and
active reactive power compensators installed on the electric locomotives;
3) converters on fully controlled semiconductor devices (active converters). Despite
the high energy characteristics of the active converters, investigations of the
operation modes of such converters with DC traction motors, today is not enough.
Consequently, further development of this research direction can be considered

relevant.
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The base element of the converter for DC motor is a single-phase active current
source rectifier. In the paper a mathematical description of the active current source
rectifier in the rectifier and inverter modes is obtained. On the basis of the
mathematical apparatus of logic algebra, a unified description of pulse-width
modulation algorithms with sinusoidal, trapezoidal, and rectangular-step modulation
signals is obtained. Investigation of electromagnetic processes and the comparison
of the energy characteristics of the active current source rectifier with selected PWM
algorithms and modulation frequencies of 900 Hz, 1,200 Hz and 1,800 Hz is carried
out by simulation in MATLAB. Studies have shown that for all three algorithms, at a
modulation index of 0.2...1.0, the input power factor of the active current source
rectifier is 0.6...0.99 regardless of the modulation frequency.

The power circuit with two-zone regulation of DC voltage and the control
algorithm of the active traction converter of the electric locomotive are proposed.
The use of rectangular-stepped PWM with a modulation frequency of 1,200 Hz has
been substantiated. The regulation of the DC voltage with a modulation index of less
than 0.5 is used only in short-term operating modes.

A mathematical model of the AC electric traction system (25 kV, 50 Hz) was
developed, taking into account two variants of the traction converter — a thyristor
and active converter with pulse-width modulation. From the point of view
of modeling of converters control systems, the developed model is universal because
on the basis of logic functions of pulse formation and distribution a unified
mathematical description of algorithms of thyristor control and active traction
converter is developed. This model is implemented in MATLAB.

Computer simulation of electromagnetic processes in the “traction network —
electric locomotive” system has allowed to investigate the energy efficiency of an
electric locomotive with an active traction converter. So, the power factor
15 0.839...0.991, and its value is more than 0.9 provided with a modulation index
of more than 0.5. In nominal mode, the power factor of an electric locomotive with
an active traction converter is 19.4 % higher than that of an electric locomotive with

a thyristor converter.
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The THD of the contact wire voltage of the electric locomotive with the active
traction converter in the whole range of regulation varies within the range
of 3...11 %, and the THD of the contact wire current is within the range of 9...17 %.
When changing the distance from the electric locomotive to the traction substation
in the range 0...10 km, the THD of contact wire voltage in nominal mode is 5...9 %.

The virtual experiments showed that the active traction converter is the source
of a wide spectrum of voltage and current harmonics. The least advantageous is the
mode with a modulation index of 0.5...0.6. The results of harmonic analysis allowed
to establish characteristic groups of harmonics, which basically determine the non-
sinusoidal form of the of voltage and current waveforms. Therefore, in further
research works of the active traction converter we must focus on correction of the
voltage and current waveforms. In general, the results of the research showed that
the active traction converter have higher energy characteristics than traditional
rectifiers based on diode and thyristor schemes.

Keywords: electric transport, AC electric locomotive, traction converter, active

current-source rectifier, pulse-width modulation, power factor, mathematical model.
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