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Kputnyeckun oyenmnBaetcs cywecteyioLlasi
cuctema pacLyernsieHns ogHoQpa3HoOro
rnepemMeHHOro Toka B TPExga3Hbiu,
npuMeHsieMasi Ha OTe4eCTBEHHbIX FPY30BbIX
B8J1eKTPOBO3ax repeMeHHOIro Toka Ans
NMUTaHUs BCIIOMOraTeJibHbIX LEerneu.
lMoka3aHbl HefoOCTaTKN TaKoW CUCTEMbI,
YCTaHOBJIEHO, YTO HU3KOE Ka4YeCTBO NUTaHusl
SIBJISI€TCS OCHOBHOWU NMPUYNHOV BbICOKOIO
Yyucsia OTKa30B BCITIOMOrarTeJsibHbIX MaLUviH,
a ucnosb3yemMsbie crocobbl peLueHns:
croxuBLUelics Npob1eMbl He OT/INYalTCS
BbICOKOM 3(p(pEeKTUBHOCTbIO U MPOCTOTOM
peanusauun. lpeasoxxeH BapuaHT,
MO3BOJISIOLLNI CYLLEeCTBEHHO COKPaTUThb
YMUCJI0 OTKA30B 3a CHEeT CTaTU4eCKoro
pacwenutens ¢as.

Knrovesbie cnosa: xeneaHas 4opora,
3/1EKTPOBO3, BCIOMOraTesibHbl€ MallnHBbl,
cucTema 3/1eKTPONUTaHs, NePemMeHHbIN TOK,
pacLyenutesb ¢as.
|
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HAYKA 1 TEXHWKA

Cucrtema nutaHna BCrOMOrarteJsibHbIX
MaLUVH 3J1IEKTPOBO30B
C cMuMMeTpUupoBaHmem TpexdasHoro
Hanps>XeHus

Jlumogsuenxo Buxmop Bacuavesun — xanoudam
mexHuveckux Hayk, doyenm Mockoeckoeo
20Cy0apcmeeHH020 yHugepcumema nymeti coooujeHus
(MHHUT), Mockea, Poccus.

Maaromun Apmeém FOpveeuu — acnupanm kageopul
«Dnexmponoeszoa u arokomomuevr> MUHUT, Mocksa,
Poccus.

a3zpaboTKa OTEUYECTBEHHBIX BJIEK-

TPOBO30B MEPEMEHHOTO TOKA HaJa-

Jlach B TISATHAECCSIThIC TOABI ABaAlIa-
TOTO BeKa. YKe TOTJa B KauecTBe IIPUBOIA
BCIIOMOTATEJIbHBIX MAIIMH Ha JAHHOM THUIIE
MOABUXHOIO COCTaBa OBIJIO PEIIeHO HC-
MOJb30BaTh Tpex(a3Hble aCUHXPOHHBIE
nsuratenu (AJl) ¢ KOpOTKO3aMKHYTBhIM
pOTOPOM M3-3a UX CYIIECTBEHHBIX IpEeU-
MYIIeCcTB (HU3Kass CTOMMOCTB, IMpocTas
KOHCTPYKIHS, JIETKOCTh B M3TOTOBJICHUN
W NPUMEHEHUHU, BBICOKAST HaJAEXHOCTh).
OmHaKO JOCTOMHCTBA aCMHXPOHHBIX Ma-
IIMH B TTOJIHOM Mepe PacKphIBAIOTCS JINIITb
B OOIIETTPOMBIIIUICHHOM ITPUMEHEHU M, TaK
KaK TOJBKO B 3TOM cJiydae UMeeTCs TPEX-
¢a3Has cuyoBasi ceTh, cltocobHas obecrne-
YUTh UM KauyeCTBEeHHOE MuTaHue. Ha amek-
TPOMOIBUKHOM COCTaBe MCIOJb30BaHME
AJl OCTIOXXHSIETCSI OTCYTCTBHEM Tpexda3Hoi
CeTH, MINPOKUM AMAa30HOM M3MEHEeHUS
HanpsisKeHUs B KOHTAKTHOM CETH, a TaKXKe
HU3KUM eTo KauecTBoM. [lepen mHkKeHepa-
MU ¥ KOHCTPYKTOPAMU CUTYyallusl TOCTaBU-
Jla BeChbMa CJIOKHYI0 3amady. [IpymyeM cTouT
OTMETUTh, YTO CUJIOBAsT JIEKTPOHUKA Ha-
XOOWJIaCh B TO BpeMsI Ha HU3KOM yPOBHE
pa3BUTHUSI, MO3TOMY TpebOOBaJOCh HANTH
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TeXHUYECKOe pellleHrue 0e3 MPUMEHEHUS
3JIEKTPOHHBIX KOMITOHEHTOB.

OmHUM M3 TIePBBIX BAPMAHTOB PEIICHUS
npobyiembl uTaHus A/l Ha 2JIEKTPOBO3ax
MEPEMEHHOI0 TOKa CTajlo MCIOJb30BaHUE
Bpalapuxcst paciienureieit ¢pasz (PD).
Takue MalIMHbBI TPEACTABIISIIOT COOO OObIY-
HbBI aCUHXPOHHBII ABUTATEIh C KOPOTKO3a-
MKHYTBIM POTOPOM, BKJTFOUEHHBII B 0fHO(a3-
HYI0 ceTb (0OMOTKa COOCTBEHHBIX HYK)
¢ KOHAeHcaTopHol Oarapeeit (puc. la); mo-
no0Has cxeMma MUTAHUSI XapakKTepHa AJs
aJ1IeKTpoB0o30B cepuu BJI-80 1 BJI-85.

OCHOBHBIM «MHUHYCOM» HOBOI CHCTEMBbI
ObLIO HaJIMUKMe caMoro ha3opacuiernuTels,
He TTPOU3BOISIIETO MMOJIe3HOM paboThl. B uc-
caenoBanum 0. A. @emrokosa [1] oTMedeHoO,
4TO0 0J1eBoe yyacTre PM B muTaHUU BCIIOMO-
raTeJIbHbIX MalluH SIBJISIETCSI He3HAYMTE b~
HbIM — 0K0J10 90-95% sHepruu B yCTAHOBUB-
IIUXCS peXXrMMaXx OTPeOIsSIeTCsI HEMOCPEICT-
BEHHO M3 ogHO(Aa3HOW CeTH NP Yy4acTUU
KOH/ieHcaTopHoi 6atapeu. To ecTh Hamparim-
BaJICS BBIBOJL O TOM, 4TO Hajuuue PP ornpas-
JIAHO TOJIBKO B ITYCKOBBIX U TIEPEXOMHBIX pe-
JKMMax paboThl BCITOMOTATEIbHBIX MAalllWH.
B utore cnenpanucTaMy IPUHATO pellieHre
OTKa3aThCsl OT pacllenuTesieil ¢a3 B MoIb3y
KOH/IEHCATOPHBIX CXEM paclIeTUIeHUs (3J1eK-
TpoBo3bl cepun DI11, 2DC5K). B Hux acuH-
XPOHHBIW ABUTATEb MOAKIIOYACTCS ABYMSI
¢azamu K 06MoTKe codcTBeHHbIX HYX 1 (CH)
HETOCPECTBEHHO, a TPEThell — Yepe3 KOH-
JneHcatopsl (puc.10).

AHanu3 paboThl MOTOpP-KOMIIpeccopa
(MK) Ha anekTpoBo3ax 2DC5K ¢ KoHaeHca-
TOPHBIM pacIIeNUTeIeM MOKa3bIBaeT, YTO
KO3 MUILIMEHT HECUMMETPUU HATIPSIKEHUST
ACMHXPOHHOTO JBUTaTeNsl J0OXOAUT 10 76%
npu nycke MK, a KkoapduuneHT HecuMMe-
Tpuu TOKOB — 110 91%. HecumMmeTpust Tpex-
(bazHOIT cCTeMBbl TUTAHUS IPUBOAUT K BO3-
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HUKHOBEHMIO TOKOB OOpaTHOI MocjenoBa-
TEJbHOCTU, MOSIBJIEHUIO HEXapaKTEePHbBIX
rapMOHMK TOKa U IPYTrUX HETaTUBHBIX SABJIE-
Huii [2]. B koHeuHOM cueTe HabJitogaeTcs
COKpallleHUe CpoKa CIY>KObl U3OJSILUU, U3-
MEHEHUE CBOMCTB CMa3KM, pa3pylIeHUE po-
TOPHBIX MOJAIIUITHUKOB, BbITIJIaBJIEHUE CTeP-
KHel potopa, cHukeHue KIT/. IMpuiinoch
BEPHYThCS K BpalllalolIeMyCsl paclenUTe o
(a3, Ha3BaB €ro «IIYCKOBBIM» JBUTATEJIEM.
K coxaneHuw, caejlaHHbIe MOMBITKUA
He yCTpaHUJIM OCHOBHOU MPUYMHBI OOJIBIIOTO
YyucJia 0TKa30B BCIIOMOTaTEIbHbIX MAllUH —
HU3KOro KayecTBa MUTAIONIEr0 HANPSDKEHUs
U 3HAYUTEJIbHON HECUMMETPU U HATIPSIKEHU S
B cucteme nutanust A/l [3].

Huskas Han€XXHOCTh CUCTEMbI BCIIOMOTa-
TeJbHBIX MAlllMH [JIABHBIM 00pa3oM CBsI3aHa
CTEM, YTO CXEMBbI C BpalllalolIUMCs U KOHICH -
CaTOPHBIM pacllielieHHeM NalT BO3MOX-
HOCTb MOJIyYeHUsI CUMMETPUYHOU Tpexdas-
HOM CUCTEeMBbI HANTPSIKEHU I TOJIBKO JUTS1 OTHO-
ro pacy€THOro pexuma (HOMUHaJIbHOE Ha-
MpsKeHUE B KOHTAKTHOM CETU, HOMMHaIbHas
E€MKOCTh (ha30CABUTAIOINIETO KOHAEH cAaTOPa,
CTPOro ompeaesieHHass Harpy3ka, a Takxke
COOTBETCTBYIOIIEE KAUYeCTBO MUTAIOIIETO Ha-
npstkeHus ). O4eBUAHO, YTO COOTBETCTBUE
pabounx mapaMeTpoB pacuyeTHbIM HEBO3MOX-
HO 13-3a U3MEHEHUs1 EMKOCTU KOHIEHCAaTOPOB
M0 MPUYMHE CTapeHUs], Pa3TUYHbIX 3HAUSHU I
Harpy3ku 1 0COOEHHO M3-3a IIMPOKOIo Aua-
Ma3oHa U3MEHEHUsI HallPSKeHUsI B KOHTAKT-
HOM CeTu.

IToMmumo mepeyucieHHbIX PaKkTOPOB
Ha KauyecTBO MUTaHUSI CUCTEMbI BCIIOMOTra-
TEJbHBIX MALIUH CYLIECTBEHHO OKa3bIBAIOT
BJIMSIHUE MPOLECCh KOMMYTallMU, MPOUC-
XOIsIIIMEe B CUJOBBIX Mpeodpa3oBaTessix
9JIEKTPOBO3a. DKCILTyaTalus 2JIeKTPOBO30B
BJI-85 nokomotuBHoro neno HuxxHeynuH-
ckoe B nepuoa ¢ 2011 nmo 2013 rox cBuae-

JiuTtoB4yeHko B.B., ManiotuH A. 0. CucTtema nuTaHns BCOMOraTesibHbIX MalUWH 3JIEKTPOBO30B
C CUMMETPUPOBaHNEM Tpexda3HOro Hanps>KEHNS




Puc. 2. Cucrema
CUMMeETPUPOBaHUS
Tpexga3HOro HanpPsHKeHus.

{H M

Vi3 vrt

&L K&
K E e KB i

viz

All

(]

r

1

7

TEJIbCTBYET O BBICOKOM YMCJIE OTKa30B
BCIIOMOTATEJIbHBIX MAIlWH MO MPUYUHE
BBIIJIABJICHUSI CTEPKHEW poTopa, Ipobos
M30JISILUM CTaTOpa, a TakKXKe IMOBPEXICHUS
MOJAILIUITHMKOB. Pe3yibraT: BBICOKOE YMCIIO
BHEIJIAHOBBIX PEMOHTOB 3JIEKTPOBO30B
BJI-85 — 238 cayuaeB B 2010 romy, 253 cny-
yas B 2011-Mm, 237 cnyyaeB B 2012-M.

CerofHsi Ha CETU POCCUMCKUX KeJIe3HbIX
Jopor aKcrryatupyetcst okojio 4000 anexTpo-
BO30B IEPEMEHHOI0 TOKa, Ha KOTOPBIX IPK-
MEHSIIOTCSI ONMCAHHbIE CUCTEMBbI IMUTAHUS
BCIIOMOTaTeJIbHBIX MaIliiH. M 0 Heobxoaumo-
CTU MOJEPHU3AIIMU TAKUX BJICKTPOBO30B HE-
OJITHOKPATHO IMOAYEPKMBAIOCh B HAayYHBIX
paborax [cMm., Hamp.: 4, 5].

J171s1 BBIXO/IAa U3 CJIIOXKUBIIEHCS CUTYaLlUU
cneunanuctaMu OAO «DIeKTPOBBITIPSIMU-
Tellb» OblIa pa3paboTaHa CUCTEMa MUTAHUS
BCIIOMOTAaTEJIbHbIX MallMH, MOJY4YMBIIas
HasBanue LUITIBM-250-Y2. Bto pemeHue
obecreyrBaeT Ka4YeCTBEHHOE ITUTaHUE C BO3-
MOXXHOCTBIO PEryJIMPOBaHMS YaCTOThI Bpallle-
Hus aBurareseii. OqHaKo ycTaHOBKa arapa-
TOB Ha 3JICKTPOBO3bI OCIOXHSIETCS PSIIOM
(aKTOpOB: MOBLILIEHHBIE MaccorabapuTHbIE
nokaszatenu LLITIBM-250-¥Y2, 3aTpynHsioniye
€ro pacroyioKeHue B Ky30Be 2JIEKTPOBO3a;
CJI0XHAsl KOHCTPYKIIMSI, IPUBOISIIAS K CY-
LIECTBEHHOMY YIOPOXAaHMIO, U BBICOKME
TPYI03aTPaThl HA MOJCPHMU3ALINIO IOKOMOTH -
BOB.

HawnbGonee npuemneMbIM ObLJIO ObI TaKOE
TEXHUYECKOE pellleHHe, KOTOPOe MO3BOJUT
MaKCUMaJbHO 3¢ (GEKTUBHO PELIUTH ITPOOIIe-
MBI ITPYM MUHUMAaJIbHbIX (DMHAHCOBBIX BIOXKE-
HUSIX 1 0€3 CYIIECTBEHHBIX U3BMEHEHMIA B CXE-

M€ MMTaHUS BCIIOMOTATEJbHBIX LIEIICH.
B pabGote [6] nmpemyioxkeHa cucteMa CUMMe-
TPUPOBaHUS Tpexda3zHOro HaMpPsIKEeHUS
Ha 06a3e MaJIOBEeHTUJILHOTO Mpeodpa3oBaTesst
C IPUMEHEHMEM BCEro YeThIpeX TPaH3UCTOP-
HBIX Kitoueii. Cxema Takoro rpeodpa3oBaTte-
JIsI TIOKa3aHa Ha puc. 2.

MopepHu3aLMs 3JI€KTPOBO30B C MPUME-
HEHUEM MOoJ00HOTO Mpeodpa3oBaTe s O3BO-
JIAT B 3HAYUTEJIBHOM CTEIIEHU CHU3UTh HECH -
HYCOUIAJbHOCTU TOKOB U HAIPSKEHMUIA,
3HAYUTEJIbHO OOJIETYUT MYCKOBBIE PEKMMbI
AJl, 4TO, B KOHEYHOM CUYETE, COKPATUT BbICO-
KO€ YMCJI0O OTKAa30B BCIIOMOTATEJIbHbIX Ma-
IIIMH, a TAKXXe TOBBICUT KO3(MGULIMEHT DKC-
IUTyaTallMOHHOM FOTOBHOCTH 3JICKTPOBO3a.
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POWER SUPPLY SYSTEM OF AUXILIARY MACHINES OF ELECTRIC
LOCOMOTIVES WITH BALANCING OF THREE-PHASE VOLTAGE

Litovchenko, Viktor V., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Malyutin, Artem Yu., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

ABSTRACT

The article critically evaluates the current sys-
tem of splitting a single-phase alternating current
into a three-phase current, applied on Russian
freight electric locomotives of alternating current
to power auxiliary circuits. The drawbacks of this
system are shown, particularly it was found that

the low quality of supply is a major reason for the
high number of failures of auxiliary machines and
methods used to solve existing problems are not
characterized by high efficiency and ease of imple-
mentation. The variant is offered, which allows
significantly reducing the number of failures using
to static phase splitter.

Keywords: railway, electric locomotive, auxiliary machines, power supply system, AC, phase splitter.

Background. The development of Russian do-
mestic made AC electric locomotives started in the
fifties of the twentieth century. Even then, as a drive
of auxiliary machines for this type of rolling stock, it
was decided to use three-phase asynchronous mo-
tors with short-circuited rotor (hereinafter — AM) due
to their significant advantages (low cost, simple
construction, ease of manufacture and use, high reli-
ability). However, the advantages of asynchronous
machines are fully revealed only in general industrial
applications, as only in this case there is a three-phase
power system that can provide them with qualitative
supply. On electric rolling stock the use of AM is com-
plicated by the absence of three-phase systems, a
wide range of voltage changes in the contact network,
as well as its low quality. This situation put a very dif-
ficult task in front of engineers and designers. And it
is worth noting that the power electronics was at that
time at a low level of development, so it was necessary
to find a technical solution without the use of elec-
tronic components.

Objective. The objective of the authors is to study
supply systems of auxiliary machines.

Methods. The authors use comparative method,
simulation, analysis.

Results. One of the first solutions to the problem
of AM supply on AC electric locomotives was the use
of rotating phase splitters (hereinafter — PS). Such a
machine is a standard asynchronous motor with a
short-circuited rotor included in a single-phase net-
work (winding of auxiliaries) with the capacitor bank
(Pic. 1a); such a power supply circuit is typical for
electric locomotives VL-80 and VL-85.

The main shortcoming of the new system was the
presence of phase splitter without producing useful
work. The study of Yu.A. Fedyukov [1] noted that the

Si

ngle-phase network
L Y

PS

X Y
three-phase load

a)

share of PS in the power supply of auxiliary machines
is small, equal to about 90-95% of the energy in es-
tablished modes is consumed directly from the single-
phase network with the participation of the capacitor
bank. That is, the conclusion is that the presence of
PS is justified only during starting and transient modes
of auxiliary machines. As a result, experts decided to
abandon phase splitters in favor of capacitor splitting
schemes (electric locomotives EP1, 2ES5K). In them
the asynchronous motor is connected via two phases
to the winding of auxiliaries (hereinafter — A) directly,
and to the third — through the capacitors (Pic.1b).
Analysis of operation of the compressor motor
(hereinafter — CM) on electric locomotives 2ES5K with
the capacitor splitter shows that the coefficient of
asymmetry of voltage of asynchronous motor reach-
es 76% at the start of CM, and the coefficient of
asymmetry of currents — up to 91%. The asymmetry
of the three-phase power supply system leads to
negative sequence currents, the appearance of un-
characteristic harmonics of currents and other nega-
tive phenomena [2]. Ultimately, there is a decrease
in lifetime of isolation, changing the properties of lu-
brication, failure of rotor bearings, smelting of rotor
rods, reducing efficiency. It was decided to go back
to the rotating phase splitter, calling it «starting» mo-
tor. Unfortunately, these attempts did not eliminate
the main cause of the large number of failures of
auxiliary machines that were the poor quality of the
supply voltage and primarily large asymmetry [3].
Low reliability of auxiliary machines is mainly as-
sociated to the fact that the schemes with rotating and
capacitor splitting allowed to obtain a symmetrical
three-phase voltage system only for one design mode
(nominal voltage in the contact network, nominal
capacity of the phase-shifting capacitor, well-defined

AM

)

b)

Pic. 1. Block diagram of switching of a phase splitter (a) and capacitor splitting (b).
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Pic. 2. Balancing scheme
of three-phase voltage.

load, as well as consistent quality of supply voltage).
Itis obvious that the compliance of operating param-
eters with design is impossible without changing ca-
pacitance due to aging, various loads and particu-
larly because of the wide range of voltage change in
the contact network.

In addition to these factors, the quality of the sup-
ply of auxiliary machines is significantly affected by
the switching processes occurring in the power con-
verters of electric locomotives. Operation of electric
locomotives V-85 of alocomotive depot Nizhneudin-
skoe in the period from 2011 to 2013 indicates a high
number of failures of auxiliary machines because of
melting of rods of the rotor, stator insulation break-
down, or damage to the bearings. The result: a high
number of unplanned repairs of electric locomotives
VL-85 — 238 cases in 2010, 253 cases in 2011, 237
casesin 2012.

Today, on the Russian rail network about 4000 AC
electric locomotives are operated, which use de-
scribed supply systems of auxiliary machines. And the
need for modernization of these electric locomotives
was repeatedly emphasized in scientific works [see.
e.g.: 4, 5].

To go out of this situation, experts of JSC «Elec-
trovypryamitel» developed a supply system of auxil-
iary machines, called SHPVM-250-U2. This solution
provides high-quality supply with the possibility of
control of motors’ speed. However, installing devices
onlocomotives is complicated by several factors: the
increasedweightand size parameters SHPVM-250-U2,
complicating its location in the body of an electric
locomotive; complex design, resulting in a significant
rise in price, and high labor costs for the moderniza-
tion of locomotives.

Conclusions. The most appropriate would be a
solution that would allow solving the problems as ef-
ficiently as possible with minimal financial investment
and without significant changes in the supply scheme
of auxiliary circuits. The work [6] proposed a system
of balancing of three-phase voltage based on little-
valved converter with the application ofl four transis-
tor switches. The scheme of this converter is shown
in Pic. 2.

Modernization of electric locomotives using such
transducer will significantly reduce the non-sinusoidal
currents and voltages, will greatly facilitate start-up
modes of AM, which will ultimately reduce the high
number of failures of auxiliary machines, as well as
increase the rate of availability of electric locomotives.
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