@K 629.4.06

Anexcei LYPNAJNb
Alexey E.TSURPAL
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Haercs oyeHka cywjecryowei
CUCTEMbl AKCITyaTaLun N peMOoHTa
NOABMKHOIro COCTaBa XeJle3HbIX 4OpPor.
0O603Ha4eHbl OCHOBHbIC €€ He[OCTaTKu
M CNoco6bl vix yCTPaHEeHVs, OAHUM

13 KOTOPBIX ABAETCA OPraHn3ayns
HaeXxHoro MOHUTOPUHIa TEXHUYECKOro
COCTOSAHNSI HAnBGoJIee OTBETCTBeHHOro
obopynoBarna. MpueeneHs! onucaHue
N 0coBEeHHOCTY (bYHRKUMOHUPOBaHNS
AIeKTPOMAaLLINHHOIO rpeob6pa3osarerisi.
Mpegnoxexa merognka
AnarHocTuposaHus peodpaszoBaTtens
DAIEKTPOBO3a 10 NapamMeTpamM crnekTpa
Tpexga3Horo NepeMeHHoOro Toka, B Tom
Yucsie NCrPasHoOro u NpenasapuiHoro
cocrosHus arperavos. lIposepeta

Y NoOATBeRXAeHa afeKkBaTHOCTh
MeTo4uKu, 3TO CAesIaHO Ha OCHOBE
AAaHHBIX, NONYYEHHBIX MPY 3KCIIAyaTaLyin
IKCNEPUMEHTAJIBHON YCTAHOBKMU.

Knioyessle cnoBa; 2/1eKTpoBoa3,
TeXHu4Yeckas QNarHocTuka,
SNIEKTPOMALIVHHEIA MPpeobpasoBaresis,
aucbanaHc, CnekTp nepemMeHHoro
TOKka, 6OPTORASI CUCTEMA MOHUTOPUHT A,
BKCNEPUMEHTAJIbHAA yCTaHOBKaA.

OuarHocTnpoBaHue 3NeKTPoOMaLUUHHOrg
npeoobpa3oBaTesqa 3ieKTponoesna
B YCJIOBUSIX 3KCyaTauumu

Kocmroxee Baadumup Huxoaaesuq — dokmop mex-
HUYECKUX HAYK, hpogeccop, 2enepanbiblil Qupekinop
000 HI 1 <Junasura» (Hayuno-npouseodcmeennuii
uenmp «quuznocmura, HUdelCHOCHTb MArIUN U KoM -
naexcras uemosamusauuas ), Oxick, Poceus.
Iypnaas daexcedi Egeenvesuy — nayunuiii compyonux
Q00 HITI <Tunamurxa», Omck, Poccus.

OBBLILIEHWE SKCIUTYaTallMOHHON Ha-
JEXHOCTH MOTOPBATOHHOTO TIOABITK-
noro coctana (MBTIC) nyrem coes-
PEMEHHOTO OOHAPYKEHUS W YCTPAHEHUS Je-
(hekTOB Ha HAYATBHOW CTAINU WX Pa3BUTHS
BCErga CYUUTAJIOCh MPUOPUTETHON 3agauei
CHCTCMBI TEXHUUECKOTO OOCTYXKUBAHUS 1 pe-
MONTA JKeJIE3ROAOPOXKHON TeXHIKN [1].
CylLuecTBYIOWIEE TIONOXEHUE, TIPH KOTO-
pOM MOABHXHON COCTaB MOLAEPKUBAETCS
B HATEXKalleM TEXHUYECKOM COCTOAHUM
3a CYET CUCTEMBI! MIAHOBO-TIPEAYTIPEIUTEN b=
HBIX OOCITY;KUBAHHST U PEMOHTA, TIpeJIIoNiara-
eT pacxoJi 60Jb1UI0OTO 06BheMa PeCypcoB
Ha MpOBeAeHIE PETTAMEHTUPOBAHHBIX PAbOT
BHE 3aBUCUMOCTU OT (QaKTHIECKOFD COCTOS -
HUI51 TOTO MTW MHOTO arperata cexunu MBTIC.
Tosopst uHaue, CKPLITHII XapakTep 3apoXxie-
HUS He(eKTOB U TTOSBIIEHUS HEUCTIpABHOCTEH
NPUBOAUT K BIECTI2ZHOBOMY PEMOHTY U KaK
CHAEACTBUE — K JOMOTHUTELHBIM 3aTpaTaM.
Perwreniio 0603HaUEHHBIX TIPOBIIEM MOXKET
noMoub 6OPTOBAst CUCTEMAa MOHUTOPUHTA
TEXHUGECKOTO COCTOSAHMS, oheciieduBarouas

OLIEHKY B PEalbHOM BPEMEHN KaXKI0To arpe-
rara u (popMIpoRaHue 00bEKTUBHOH HHBOP-
MalUuy O BO3MOXHOCTH ero falbHelweil 5K-
cruryaTaunu. SP@ekTUBHOCTL TAKOMH cucte-




Jbl 3AKIUOYAETCS B ee HEMpepsIBHOR padoTe,
70 €CTh MOCTAHOBIE MarHO3a ¢ MEPROAOM,
30 MHOFO Pa3 MEHBUINM MEPHOA PA3BUTHS
{eMCTTPABHOCTH JI0 KPUTHHECKOTO (npenenb-
1{Or0) COCTOSHUS |2], 4TO KAET BOZMOXHOCTH
OpUCHTHPOBATLCH Ha (paKTUYECKOE TEXHHYEe-
(cKOE COCTOSIHHE JTOABIKHOTO COCTaBA C yXO-
JIOM OT PECYPCOEMKOR TTAHOBO-NPERYTPENN-
TeIbHOM CUCTEMBI PEMOHTA.

OJHOM U3 33134 MPU BHEAPEHNUU YITOMSI~
HyTO# CHCTEMBI DKCILIyaTAlUU SBJISIETCS
paspaboTKa METOMMKY INArHOCTUPOBAH S
TeXHUYECKOro COCTOAHMA 0B0O0NYyIoBaH Usl
scrioMoratesibHbix uenet MBITC.

Cy1iecTBYyIOLMEe METOAMKHU DYHKUMO-
HaJILHOTO [MarHOCTUPOBAHUS 3NEKTPOOOOPY-
JOBaHU TIO fIapamMeTpam CIEKTPA DAEKTPU-
yeCKOro TOKa MpeJrnoflaratoT, YTo B XOJe
1pOBEPKM 0OOPYIOBAHUE PABOTACT B YCTAHO-
BUBLUEMCS PEXUME, a CTPYKTYpa NEKTPUUE-
CKOMt UETIM He U3MeHseTCs BO BpeMeHu |3].
Mexay TeM, BCNOMOoraTe/ibHbi¢ UENU COBpE-
MEHHbIX 2NIEKTPONOE3A0B 0013 1a10T CIIOKHOM
TONOJIOTUEN M MIEPEMEHHOU CTPYKTYPOU, CO-
CTOSIEN U3 BLICOKOBOJILTHON YacTu — LETH
MOCTOSTHHOMO TOKa ¢ HanpsikeHuem 3,3 kB,
KoTOpast 00ECeYnBaeT Ayck, MUTAHWE U 3a-
LIATY DAEKTPOMALLIMHHOTO [TPpeodpa3oBaTes,
a TAKXe MUTAHUE BbiCOKOBOJILTHLIX MEYeit
OTOTUIEHUS, U HU3KOBOABTHOM YacTu — Tpex-
(hasHOM LIET U IEPEMEHHOIO TOKA C IMHERHbIM
nanpsokeHuem 220 B u vactoroit 50 Ty, reHe-
PUPYEMOTO DJIEKTPOMALIMHHBIM [1peobpas3o-
BaTeseM ISl TUTAaHUSt BCNROMOTATEILHOIO
000pYNOBAH WS IJIECKTPOIOE31a, 3aPAAKN aK-
KYyMYyJITOPHOM OaTaper W MUTAHUS Lencit
yIpaBaeHUs.

[popeneHuble UccaeoBanmst [4], a Takxke
TEXHUYCCKM I aHANU3 TTOPY, HEUCTTPABHOCTEH
U HETIAHOBOIO PEMOHTA REKTPON0e310B | 5|
NOKA3bIBAIOT, YTO B CUCTEME BCITOMOTaTEb-
HBIX LEeneid NoctossHHOTO ToKa, Hauboee
MOABEPKEHHBIM BHE3aTHBIM OTKA3aM SIBJISI-
ETCSl DNEKTPOMAIMHHBII MTPeodpa3oBaTesb
(1anee — npeoOpaszoBaTesib).

[MpcobpazoBaresib — HTO ABYXMALLWAHH b
arperart, COCTOSIUIMI U3 3JNEKTPUUCCKOTO
IBUTATeIs MOCTOSTHHOTO TOKA U CUHXPOHHO-
r0 reHepaTopa, PacrosOXeHHbIX HA OAHOM
Bajy. Ha anexrponoesnax cepun D14M na-
ymHast ¢ 2011 rona Bbinycka ycTaHOBJEH
npeoodpaszosatess 1TIB.7. [IBurarens ero
NpencTasisieT codboit ABYXKOJIIEKTOPHYIO

MalWMuHy NOCTOSTHHOIO TOKA CO CMEeUfaHHbBIM

BO3OYXUeHMEM. OllHA 13 06MOTOK BO3BYK)Ie-
HUS (CepuecHas) BKIoUCHA MOCHEN0BATE b-
HO ¢ OOMOTKOMR siKopst, npyrast (He3asucu-
Mast) B IPOLECCe TIYCKa [OAYYAET NUTAHUC
OT aKKYMYJISITOPHOM Batapeu, a npu ycraHo-
BUBLIEMCS PEXUME PAOOThl — OT BLITIPSHMU-
TENLHOK YCTAHOBKU, NMUTAEMON B CBOKO
ouepPeib TpeX(Pa3zHbiM HAMPIKEHUEM I'eHe-
patopa. [enepaTop rpeodpaszoBatens — ye-
THIPEXNONIOCHASI CUHXPOHHAS MaliuHa
C ABHO BbIPAKEHHBIMU [TONHOCAMU, PACTIOINO-
KEHHBIMUA Ha BaNy. Bo30Oyxnenue reHepato-
pa — HE3aBUCUMOE, OOMOTKA BO3OYXICHUS
Moay4yacT NMUTAHUE aHAIOTUYHO HEe3aBUCU-
MO OOMOTKE BO3OYXKICHUS ABUTATENS.

K BbiBogaM TpexdaszHoit cTaToOpHOMi 00-
MOTKM TEHEPATOPA TTOCTOSTHHO MOLKIIOYEHBI
BBUTPSIMUTESIbHAS YCTAHORKA AJs1 TIUTAHUS
00OMOTOK BO30YyXKACHUS Ipeobpa3zoBaTens
v Tpex(asHbli TpaHchopmaTop, OT KOTOPOro,
B CBOIO OYEPEND, MOAYIaeT MUTAHUE [ICCTH-
NMYJIbCOBHIN HEYIPABASIEMBI BBIMPAMUTEND,
00ecneynBaIOUMRA HUBKOBOJLTHLIE LENU
YIPABNEHUS BEIIPSIMIICHHBIM TOKOM HaNp4-
sxeHunem 110 B v 3apsin akkyMyasiTopHoit 6a-
Tapeu. OcTasibHble NOTPEOUTENN NONb3YIOTCS
Tpex(PazHo LieMNhIo NepeMeHHOTO TOKA [O He-
00XOAMMOCTU — KOMIPECCOPHBIA arperar
NOJKIIIOYAETCA TIPU MTAJEHMU NABIEHUS B [TH -
TaTeJIbHOM MarMCTPay AEKTPONOE31a HUXKE
6,5 Kre/cM? M OTKIHOYAETCSI TPH TOCTUKEHU U
JlaBaeHusl 8 Kkrc/cM?, a aneKTpUIecKue aBu-
raTesiu BEHTHIISIHUM TaMOYPOB U KJIMMaTHYe-
CKOM YCTaHOBKM, KaK U OCBEUIEHUE CajloHa
W JIOTIONIHUTEJILH b 000rpeB KaOUHbL, BKITIO-
YAIOTCST TOKOMOTHBHOM Hpuramoit [6].

Yenosus paboTel NpeoOpa3oBATENs Xapak-
TEPU3YIOTCS CYUIECTBEHHBIM KOJIEDaHMEM
TUTAIOUIETO HAMPSKEH WS B peaenax ot 2,7—
4 kB, aTakke 4acTblM UBMEHEHWUEM BEMUUH bl
HArpy3ku o1 5—7 A Ha a3y B pexxuMe nura-
HUSL COOCTBEHHbBIX OOMOTOK BO3OYXKAEHUSI
u uene#t ynpasiaedus no 170 A B pexume
BEKTPOLUNHAMUYECKOTO TOPMOXKEHMSI, KOIJ1a
TOK OT FeHeparopa rpeodpasoBaTesis moayya-
ET YNPAaBJIEMbIA OAYTIPOBOAHUKOBLIA Bhi~
NPSIMUTESIb, TUTAIOIL M 0OMOTKU BO30OYXK -
HUS TITOBBIX 3neKTpojaBuratencii. Ha ycio-
BUST PAaOOTHE TPeobpazoBaTELsi BAUSIIOT, KPOME
TOr0, KOJIeDaHUsT TeMTIEPATYPhl U BIAXHOCTH
OKPYKAIOLLE] Cpefbl, 3HAYUTEIIbHbIE 3HAKO-
MePeMEHHbIE [IMHAMUYECKME Harpy3ku | 7] u,
YTO HEMANIOBAXHO, HECOONIONCHUE TPaBUII
aKcIuryatauuu. Hanuuue nepedmnciaeHHbIx
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Puc. 1. Cxema BcriomorateibHbiX Lenei 3/1eKTponoesfa nocToaHHoro Toka
npu patore ¢ MUHNMANLSHON HAr PY3KOR.

$HaXTOPOB CYMECTBEHHO CHUXKAET pecypce
arperata u MOXET ABUTLCH MPUYUHON ero
MPEXAEBPEMEHHOTO BHE3AMHOIO BRLIXOAA
U3 CTPOS Y CBSI3AHHEIX C 3TUM MATEPUATIBHBIX
norepsh.

s 3bheXTUBBOIO AMArHOCTHPOBAHUS
npeobpazoBaTens 1Mo napamMerpam CriekTpa
Tpexda3zHoTo TIEPEMEHHOTO TOKA CleayeT
OCYUIECTBIIITh AHAIU3 CIIEKTPa TPeXha3zHoro
TlepeMeH Ooro ToKa npu padoTte npeodpasona-
TEH ¢ MUHUMATLHOI HArpy3Koit. DTo T03B0-
JISIET UCKITIOYUTh BIUAHUE TOKOB TTOTpeSuTe -
jelt Ha dopMy CUTHANA TIEPEMEHHOTO TOKa
reHeparopa npeodpaszoBarensd. B HaHHOM
pexXMMe, KaK yKe OTMEYanoch, ITOUTH BCd
reHepupyeMast MOLHOCTb PACXONYETCS HA TTU -
TaHUEe OOMOTOK BO30YXKIEHUS U LeTIeH YTIpas-
neuusa. Ha puc. | TipuBeLeHa ynpoucHHays
3NIEKTPHYECKAsT CXEMA BCMOMOTFaTENbHEIX

HevIel DMEKTPOTIOE31a TP paboTe ¢ MUHMU-
MAaNbHOM HATPYIKOW.

Crrextp hazHoro Toxa npeobpazoBarens
MpU TAKOM pexXuMe (PUC. 2) IOCTaTOYHO HIN-
pox. TIpUCYTCTBYIOT BCE TAPMOHWKU OCHOB-
HOM 4acTOThl, HATUYUE KOTOPBIX BBI3BAHO
BIJTIOYEHMEM B TPeX(DAZHYIO 11T ONHOTTONY-
TIEPUOLHBIX BRIMPAMUTENEH LIS TUTAHU
0BMOTOK BO3OYXIEHWS TipeobpazoBaTeiist. Ux
YPOBEHb BOJIHOOOPa3HO YOBIBACT C yBETHUE-
HUEM YACTOTHI TTOA0BHO HYHKIMH [sin (x) |/X.
UcknroueHneM 30eCh SBIISTIOTCH TAPMOHUKH
ropapka 6-kxl (k — HaTypanbHOE YUCHo),
reHepupyemble TPeXxGasHelM MOCTOBBIM Bbi-
MPAMUTEAEM, CIYXKALIUM [UTS 3aPAAKH aKKY-
MYJIATOPHOW 6aTapen W MUTAHUS Uelei
yIpaBjIeHusl.

Dusnuyeckuit MPUHILAI, MOJOXEeHHBI
B OCHOBY CIEKTP-TOKOBOU AUATHOCTUKN,
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Puc. 2. Mogens cnexipa a3woro Toka npeobpa3osatens npy pabove BCOMOTATENIbHbIX Lerneti
C MUHUMATILHON HArPY3KOM.
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Puc. 4. Criextp ¢pa3aHoro Toka ucnpaBHoro npeobpas3osarens Npu pabore ¢ MUHUMATILHOA HATPY3KOU.

3aKITIOYACTCS B TOM, YTO JHOOBIE BO3MYIIEHUS
B paboTe 3JEKTPUYECKON /WK MexaHu4e-
CKOW YacTH 3JIEKTPUYECKON MALLIMHbL TIPHUBO-
JIA9T K M3MEHEeHUIM MaTHUTHOTO NMOTOKaA
B 3330p¢ ACKTPHYECKON MALLIWHEI U, CITEHO-
BaTENBHO, K MOAYIALUNN TOTPEOASTIEMOTO WU
TEHEPUPYEMOTO TOKa.

AHRanu3 CreKTpa Toka — crnocod AuarHo-
CTUKH, TIPM KOTOPOM B TeyeHUe 3aJaHHOTO
VHTEepBaNa BPEMEHU 3aMUChIBAIOT MTHOBEH-
HbIe 3HAYEHMS] TOKOB, MOTpebasieMblX WU
TEHEPUPYEMBIX MALIVHOM, MPOU3BONST ObI-
cTpoe ripeodpazonaHme Mypbe U BEIMONHSIIOT
CpaBHeHWe 3HAYEeHNW aMITJIMTYR Ha YacTOTax
TIPOSTBNEHUS J1e(DeKTOB C YPOBHEM CUTHAJIA
Ha OCHOBHOW YACTOTE TOKA.

Kak moxasmiBaeT MpakTHKa dKCITyaTauun
TipeoOpa3oBaTeneit, OCHOBHBIMU IpUUUHAMU
BBIXOJA WX M3 CTPOST OCTAIOTCSI Pa30aHIa)m-
poBKa sikopeit U aedexTbl MOAUWUTHUKOB,
Pa3BUTHE KOTOPBIX MMPOUCXOAUT HAMHOTO
ObICTpee MpY NOSTBIIEHUN AycOaiaHca poTopa.

[ToaTomy Ut paHHETO BBIIBIIEHUS «IIPODIEM-
HBEIX» MaUTWH CTOUT YAEASITh 0C000C BHUMA-
HUE NMOABIEHUIO B CITEKTPE TOKA COOPOTHOIM
YaCTOTHI B BUIE MOLYILTUU M TAPMOHHUK OCHOB-
HOU yacToThl. Tak Kak reHepaTop rpeodpaso-
BATENS ABJIAETCH YETHIPEXTOJIOCHON Malln-
HOW, YacTOTa BpalleHUs Bajia npeobpazosa-
TeJs BCETIA paBHA [TOTOBUHE OCHOBHOM va-
CTOTHI TOKa&, W fIpU HaNUUuK aucbanaHca
poTOpa B CITEKTPE TOKA HOJUKHBI TIOIBUTHCH
BOKOBEIE IMONOCH! Ha paccTostHuu 25 T11 cnera
W CcTIpaBa oT 0BODOTHOI 11 e¢ rapMOHUK. Ta-
KUM 0DOpa3oM, TIPU BpallleHW M BaJ1a ifpeobpa-
30BaTend co ckopocTeio 1500 06/MUH 1 cOOT-
BETCTBYIOIHEH YACTOTE TEHEPUPYEMOTO TOKA
50 T HaAEKHBIM AMATHOCTHIECKMM TIPU3HA-
KOM IuchajiaHca OyHaeT HaTugue B CeKTpe
TOKa COCTaBRSAIOUINX HA yacToTax 235, 75, 125
MivTn

MeTomMKa IMarHoCTHpoBaHUs npeodpa-
30BaTeIei, OMUPAIOIIAACS Ha aHATK3 CTTEKTPA
Tpex(ha3Hero NePeMEeHHOTO TOKa, B JAHHBIT
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Puc. 5. CriexTp ¢a3Horo Toka NpesasapuiiHorc npeobpasosatens Npyv paboTe ¢ MAHRMANbHON HarpyaKon.

MOMCHT pPEanM30BaHa B BULE BKCITEPUMEH-
TanbHOW YCTAHOBKHU {puc. 3), COCTOSAHLIEH
u3 TpaHchopMaTopHbix TipeobpasoBareneit
TOKa, NMOJKTIOUEHHBIX K AHAJIOTOBBIM BXOLAM
U3MEPUTENILHOTO MOAYNA Ha Gase §-KaHamb-
Horo 16-6utHoro geiista-curma-AllIl u 06b-
eNMHEHHOTO C HUM B JIOKATILHYIO CETh HOYT-
OyKa co CHeuMnaIu3upoBasHbLIM IporpamM-
MHBIM 00ecredeHueM.

C 1enLIo MOTyHeHUS DKCTIEPUMEHTAIbHBIX
JAaHHBIX OBLTY 3aTWCaHbl CUTHANIBL Tpexdas-
HBIX MEPEMEHHBIX TOKOB Nipeodpaszopareiici
Ha CTaJIM¥ BBOJIA B 3KCTUIVaTALIUIO U Tipeobpa-
30Bateiet, 6TpadoTABILIMX OT OJIHOIO 0 ABYX
JIET, B TOM YMCJIe U HaxXOLUBLIVIXCS B Mpef-
aBAPUUHOM COCTOSIHU M.

B xauecTBe mpuMepa Ha pyuc. 4 mpuselieHa
criekTporpaMma (ha3Horo TOKa WCTPABHOTO
nipeobpaszorartesist, a Ha puc. 5 — upeobpaso-
BaTesl, HAXOMAUIErocs B npenaBapHitHOM
cocTostauu. M3 pic. 5 BUAHO, 4TO B CAEKTPE
TOKa ITPENABAPHUITHOTO NPeoHPAZ0BATENL APKO
BBIPAXKEHbI COCTABJISTIOUINE C YACTOTOM 251 75
Tz — 2To MOAYISIUS OCHOBHOW WACTOTHI,
BBI3BAHIAsl YACTOTOW BPALLEHUS Bajia Mpeo-
Opazoatend. Hanuurie Tako#t cocrasnsonei
rOBOPUT 0 mucbamaHce poropa [2] npeodpa-
3oBarens. IlpuyemM B pe3ynbTate 0CMOTPA
BEISICHUIOCH, UTO MPUUMHON mucbdasianca
SABUNACH PA30AHIAXKHPOBKA IKOPHOM 0HMOT-
KU IBUTATENS Mpeodpa3oBaTesns.
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TROUBLESHOOTING OF TRANSVERTER OF ELECTRIC TRAIN UNDER
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ABSTRACT

The authors assess the existing system of
operation and maintenance of railway rolling stock
in Russia; identify its main disadvantages and
challenges. They argue that it is crucial to organize
reliable monitoring of technical state of the most
critical equipment. Following the description of the
features of transverter of electric train, they suggest
a method of its {roubleshooting which is based on
monitoring of parameters of spectrum of three-
phase alternating current. The method refers to both
operational and pre-accident conditions of devices.
Adequacy of the procedure is tested and confirmed
on the basis of data obtained during the operation of
the experimental plant.

ENGLISH SUMMARY

Background. Improvement ofoperational reliability
of muiltiple units ( hereinafter refered to as MU) by early
detection and elimination of defects has always been
a priority task for maintenance and repair system of
railway technics [1).

The current situation, in which the rolling stock
is maintained in good technical condition due to
the system of preventive maintenance and repair,
involves a large amount of resources spent to carry
out regulated works, regardless of the actual state of
a device of MU section. In other words, the hidden
nature of nucleation of defects and malfunctions
leads to unplanned repairs and as a consequence - to
additional costs.

The identified problems can be solved with the
help of on board monitoring system of technical
condition, providing real-time evaluation of each
device and compiling of objective information
about possibility of its further operation. The
effectiveness of such a system is ensured by in
its continuous operation, i. e. diagnosing with
the period, which is many times smaller than the
period of development of the fault to the critical
(limiting) state [2], which makes it possibie to focus
on the actual technical condition of the rolling
stock instead of resource-intensive planning and
preventative repair system.
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Objective. The objective of the authors is to
introduce a method of diagnosing the parameters of
transverter of electromotive rolling stock with the help
of data obtained during the operation of experimental
plant.

Methods. The authors used mathematical
method, analysis and experimental method using
special experimental plant.

Results. One ofthe tasks forthe implementation of
the mentioned system of operation is the development
of methods of troubleshooting of the technical
condition of equipment of MU auxiliary circuits.

Existing techniques for functional troubleshooting
of electrical equipment based on parameters of the
spectrum of an electric current imply that during the
inspection equipment is operating in a steady mode,
and the structure of the electrical circuit does not
change over time [3]. Meanwhile, auxiliary circuits of
modern trains have a complex topology and variable
structure, consisting of a high-voltage part - DC
circuit with 3,3 kV voltage, which provides start, supply
and protection of arotary converter, as well as supply
of high-powered heating furnaces and a low-voltage
part - three-phase AC circuit with linear voltage of
220 V and frequency of 50 Hz generated by rotary
converters or transverters for electric power supply
of auxiliary equipment, battery charging and supply
of drive circuits.

Studies [4], as well as technical analysis of
spoilage, malfunctions and unplanned repairs
of electric trains [5] show that in the system of
auxiliary DC circuits rotary converter or transverter
(hereinafter — converter) is the most susceptible to
sudden failures.

Converter is a two-machine unit, composed of
a DC electric motor and a synchronous generator
disposed on the same shaft. Electric trains of ED4M
series are equiped wth converter 1.PV.7 since 2011.
Its engine is a double-collector DC machine with
compound excitation. One of drive windings (series)
is connected consistently with the armature winding
and the other (independent) during start is powered
by a battery, and at a steady mode of operation — from
the rectifier unit, powered in turn by three-phase
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Pic. 1. Auxiliary circuit diagram of an DC eiectric train during operation with a minimum load.
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Pic. 2. Mode! of phase current spectrum of the
converter during operation of auxiliary circuits with
minimal load.
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voltage of the generator. Generator of a converier is
a four-pole synchronous machine with salient poles
located on the shaft. Excitation of the generator is
independent; drive winding is powered similarly to
independent drive winding of the engine.

The ends of three-phase generator stator
winding are permanently connected with rectifier
unit to power drive windings and three-phase
transformer, from which 6-pulse unconirolled
rectifier is powered, which provides low-voltage
control circuits with rectified current of 110 volts
and the battery charge. Other consumers use
three-phase AC circuit as needed — compressor unit
turns on with a pressure drop in the feed network of
electric train below 6,5 kgf/cm? and it turns off when
the pressure reaches 8 kgf/cm 2. Electric motors of
enclosed platforms’ ventilation and air conditioning
system, as well as interior lighting and additional
cabin heating, are turned on by locomotive crew [6].

Working conditions of a converter are
characterized by a significant variation in feed
voltage in the range of 2,7-4 kV, as well as frequent
changes in the load from 5-7 A per phase in the mode
of feeding of own drive windings and control circuits
up to 170 A in the electrodynamic braking mode
when controlled semiconductor rectifier receives
the current from converter’s generator, feeding
thus drive windings of traction motors. Working
conditions of a converter are influenced, moreover,
by fluctuations in temperature and humidity of the
environment, significant alternating dynamic loads
[7] and, importantly, mishandling. The presence of
these factors significantly reduces the resource of a
device and may cause jts premature sudden failure
and related material losses.

Pic. 3. Block diagram of experimental piant.

To effectively diagnose the converter within the
framework of the parameters of the spectrum of
three-phase alternating current, analysis of three-
phase alternating current should be carried out when
converter operates with a minimum load. It allows to
exclude influence of consumers’ currents on the AC
waveform of a converter’s generator. In this mode, as
already noted, almost all of generated power is spent
on power supply of drive windings and control circuits,
Pic. 1 shows a simplified circuit diagram of auxiliary
circuits of an electric train with minimal load.

Spectrum of phase current of a converter in this
mode (Pic. 2) is quite wide. There are all harmonics
of the basic frequency, the presence of which is
caused by inclusion of a single-wave rectifier in a
three-phase circuit for power supply of converter’s
drive windings. Their level decreases wavily with
increasing frequency similar to function |sin (x) | /x.
The exceptions here are harmonics of the order 6-k+1
(k is a natural number) generated by a three-phase
bridge rectifier, which serves to charge the battery
and supply control circuits.

The physical principle as a principle of spectrum-
current diagnosis, is that any disturbance in operation
of electrical and / or mechanical part of the electric
machine leads to changes in magnetic flux in the
gap of the electric machine, and consequently to a
modulation of the current consumed or generated.

Current spectrum analysis is a diagnostic
method in which within the specified time interval
instantaneous values of currents, consumed or
generated by the machine, are recorded. a fast
Fourier transform is produced and the values of the
amplitudes at frequencies of defects’ appearance
are compared with the signal level at current’s basic
frequency.

For early detection of «problem» machines
special attention should be paid to the appearance
of rotational frequency in the current spectrum in
the form of modulation of harmonics of the basic
frequency. Since the converter’s generator is a
four-pole machine, speed of converter shaft is
always equal to half of the basic frequency of current
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Pic. 4. Spectrum of phase current of
a converter in working order during
operation with minimal ioad.
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Pic. 5. Specirum of phase current
B of a converter in pre-accident staie
during operation with minimal load.
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and if there is an imbalance of the rotor, sidebands
should appear in the current spectrum at 25 Hz on
the left and right of the rotational frequency and its
harmonics. Thus, when converter shafit rotates at
1500 rev / min and the corresponding frequency
of generated curreni is 50 Hz, reliable diagnostic
feature of the imbalance is the presence in the
current spectrum of components at frequencies of
25,75, 125 Hz, etc.

Technique of converters’ troubleshooting, based
on spectrum analysis of three-phase alternating
current, is currently implemented in the form of
experimental plant (Pic. 3), consisting of transformer
converters connected to the analog inputs of the
measurement module based on 8-channel 16-bit
delta-sigma ADC and a laptop within a local network
with specialized software

In order to obtain experimental data signals of
three phase alternating current of converters were
recorded at the commissioning stage, as well as the
signals of the converters, which were in operation
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from one to two years, including those, which were
in pre-accident state.

As an example, Pic. 4 shows spectral recording
of the phase current of a converter in working order,
and Pic. 5 does the same for a converter in pre-
accident state. Studying Pic. 5 one can easily see the
pronounced components of a pre-accident converter
with a frequency of 25 Hz and 75 Hz. It is the basic
frequency modulation due to the frequency of rotation
of the converter. The presence of such a component
confirms rotor unbalance [2] of the converter.

Conclusions. 1. The most common cause of
failures of rotary converters is connected to rotor and
bearing defects.

2. Rotational frequency is clearly identified within
the current spectrum of the generator.

3. Itis established that ifthere is a rotor imbalance
of a converter, then one can observe components at
rotational frequency within the three-phase current
spectrum in the form of modulation of basic frequency
harmonics.

Keywords: electromotive, technical diagnostics, troubleshooting, transverter, imbalance, AC spectrum,

on board monitoring system, experimental plant.
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