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AHHOTauuA

Lenb: PaccmoTpeHbl ABa BO3MOXHbIX BaPUAHTA UCTOYHUKOB NUTAHUA: ynpaBasemasn TpexdasHaa mocToBas
CXeMa BbINPAMNAEHUA C MOHMMKAOWMM TPAHCHOPMATOPOM M MMMYAbCHbIV NpeobpasoBaTesib, NOAYHAOLLNIA
NUTaHMe OT CeTU Yepes HeynpaBaaemblii TpexdasHbli MOCTOBOM BbiNpaMUTENb (cxema JlapvoHoBa) a4na npu-
BeAEHUA BO BpaLLeHne ¢ Tpebyemoit YacToTON KONeCHO-MOTOPHbIX 6/10KOB 31€KTPOBO30B W 3N1EKTPONOE340B
Ha No3numn 6e3pasbopHON ANArHOCTUKM NOALWMNHMKOB. B 060MX ciyyasx npeanonaraercs, YTo UCTOYHUKM
MUTaHMA MOYHAIOT N1EKTPOIHEPrMIO OT Aenosckon cetn 380/220 B, 50 lu. BbinosiHEHO cpaBHeHWe npeasia-
raembliX BapUAaHTOB UCTOYHMKOB MUTAHUA HA OCHOBAHUWN OLEHKM 3DEKTUBHOCTM aHepronoTpebneHusa. B Ka-
yecTBe Kputepmes 3GPeKTUBHOCTM 3HepronoTpebaeHma NCnonb3yTca KO3IPPULMEHT MOLLHOCTU U NOTEPU
MOLLHOCTM B UCTOYHMKaAxX NUTaHuA. MeToabl: MIcnonb3yoTca aHaIUTUYECKME METOAbl ONpeaenieHma notepb
MOLLHOCTM B TpaHchopmaTope, ynpaBaaemom TpexdasHOM TUPUCTOPHOM BbINMPAMUTENE, HEYNPABAAEMOM
TpexdbasHOM ANOAHOM BbiNpAMUTENE, BXOAHOM GUIbTPE MMNYNbCHOTO NpeobpasosaTens, IGBT-TpaH3ucTope
n obpaTHOm gmoae nmnynbcHoro npeobpasosatena. Pe3ynbratbl: Bbinn onpeaeneHbl sHepreTMyeckue no-
KasaTenn: NoTepPM MOLLHOCTU B TpaHchopmaTope, ynpasaseMom TpexdasHOM TUPUCTOPHOM BbiNpAMUTENE,
HeynpaBaaemom TpexpasHoOM AMOLHOM BbINpAMUTENE, BXOAHOM GUNLTPE MMMNYAbCHOTO NpeobpasosaTtens,
IGBT-TpaH3ncTope 1 0bpaTtHOM gmoae MMnyabCcHoro npeobpasosatend. Ha ocHoBaHWM NPOBEAEHHOM OLLEH-
KM 3HEepreTMYecKnx nokasatenen AByxX BApUAHTOB MCTOYHMKA NMUTAHUA CAENaH BbIBOA O LenecoobpasHocTm
npumeHeHuAa 6ecTpaHcHOPMATOPHOM CXEMbI HA MO3MLLUKN BUOPOAKYCTUYECKOM ANArHOCTUKM NOALMNMHUKOB.
MpaKTuyeckaa 3HaYMMOCTb: [peasioKeH BapuMaHT 3HeEPro3IdpPeKTUBHOIO MCTOYHMKA NMUTAHWUA 1A NO3ULUK
6e3pa3bopHoO BUOPOAKYCTUYECKOM AMArHOCTMKM, BKAOYALOLWMIN B cebs HeynpasasemMblii NoyNpPOBOAHMKO-
BbIi BbINPAMUTEb U UMMYNbCHbIN Npeobpa3oBaTenb, BbIMOAHEHHbIN C UCNOAb30BaHMeM IGBT-TpaH3ucTopa.

KnioueBble cnoBa: IN1eKTPONOABUNKHOWM COCTaB, BUBPOaKyCTMYECKasa AMarHOCTUKA, NO3MLMKU BUBPOAKYCTU-
YeCKOW AMArHOCTUKM MOALIMUMHUKOB, UCTOYHUKM MUTAHUSA, BbINPAMUTENDb, MMMYAbCHbIN Npeobpa3oBaTens,
NMOHMMKaoWMn TpaHchopmaTop.

Ucrounuk nutranus (UI1) nmpenHaszHaueHn aJisi MpuBEIACHUSI BO BpallleHUE C Tpe-
OyeMOl 4aCTOTOW KOJIECHO-MOTOPHBIX OJIOKOB 3JIEKTPUYECKOIO MOJBHUKHOIO COCTaBa
(OI1C) na no3unmu BUOPOAKYCTUIESCKON JUATHOCTUKH TTOMITUITHUKOB [ 1-9].

PaccmarpuBaroTcst 1Ba BOBMOXKHBIX BapUAHTA UCTOYHUKOB MTUTAHMUSL:

— ynpasisieMasi TpexdazHasi MOCTOBasi cxema BhInpsMieHus (MocT JlapuoHosa) ¢
noHXarouuM Tpancdopmaropom (puc. 1, I);
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Puc. 1. Ynpasnsemsrii Tpexda3zubiii TpanchopmaTopHblil BeIpsmMutens (1)
u Oe3TpaHcopmMaTopHbIN Tpex(da3HbIi BHITPSIMHUTEH
C UMITYTBCHBIM TTpeoOpa3zoBarenem (I11):
® — ¢uneTp; H — Harpyska

— IMITYJIbCHBIN IPeoOpa3oBaTelib, MOJIyYAIOLUIUI MTUTAaHUE OT CETH Yepe3 HEyIIpaB-
JsieMblid Tpex@azHblil MOCTOBOM BhIIpsiMuTens (puc. 1, II).

B 00oux ciydasax npennonaraercs, uro NI nomyyaroT 35eKTpO3HEPrUI0 OT CETH
380/220 B, 50 I'n.

OmnbiT 3kcruryaraunu UIT Ha nmo3unusx BUOPOAKyCTHUECKOM AMAarHOCTUKU JIOKO-
MOTHBHBIX JIEIIO ITO3BOJIWJI ONPEAEIIUTD apaMeTPhl UX HATPY3KU:

— TOK JyIUTeIpHOrO pexxnuma — 100 A;

— MaKCUMAaJIbHOE HalpsKEHUE Ha CTOPOHE BBIIPSAMIIEHHOTO Toka — 180 B.

Lenbio crarbu SBISIETCS PAaCCMOTPEHHE IMpelaraéMbIX BapHAHTOB MCTOYHUKOB
NUTaHUS Ha OCHOBAaHUU OLIEHKH 3(h(PeKTUBHOCTH 3HEpronoTpedaeHus. B kauectse kpu-
TepueB 3(H(PEKTUBHOCTH SHEPrONOTPEOICHUS UCTIONIB3YIOTCS KOA(P(GUIIMEHT MOLTHOCTH
u nnorepu MoutHocTu B UII.

Ornenka xod(ddummenTa MOMHOCTH TPaHCPOPMATOPHOTO HMCTOYHUKA TUTAHMUS,
cnenanHas B [10], mokazana, uro oH He nipeBbimaet 0,73.

OnbIT MPOEKTHPOBAHUS MOMYNPOBOIHUKOBBIX IpeoOpa3oBaTesiel MOKa3bIBAET,
YTO PaJUKaIbHBIM IIyTEM yBEJIUYEHUs KO3(PPUIIMEHTA MOITHOCTHU ABJISETCS IIPUMEHE-
HUSI CUCTEM UMITYJIbCHOTO PETYJIMPOBAHUS.

[IpumeHeHne coyeTaHusi HEYyNPaBISEMOIO BBIIPSIMUTENS U IIUPOTHOUMITYJIb-
CHOTO IMpeoOpazoBaresi MO3BOJSAET NOMYYUTh Koddhduiuent mourHoctu UII, mpakTu-
YECKH paBHbIi 1.

[Torepu momrHocTH B TpanchopmaropHom UII onpexnensitorcs cymmon noreps B
TpaHc(opMaTope U yIpapiasieMOM BBITPSIMUTEIIE.
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OneHka noTepb MOIIHOCTH B MOHIKaroleM TpaHcpopmarope UII BoinonHeHa Ha
OCHOBaHMM TEXHUYECKHUX JaHHBIX Tpex(azHOro mpeoOpa3oBaTebHOIO TpaHc(hopMma-
topa TC(3)II — 40/0,7 — V3.

ITorepu momHOCTH B 00MOTKaX P pasuel, Br [11, 12]:

P, =P -K>=1100-0,89> =871,31,

rae P_— MOLIHOCTb KOPOTKOTO 3aMbIKAHUS;
K. = 0,89 — kosdduirent Harpy3ku Tpancdopmaropa.
[Totepu B cTanmm onpeaeNsiFOTCs MOTEPSIMHU XOJIOCTOTO X0O/1a U PaBHBI, BT:

P, =280.

Torna ob1iue moTepu B MOHMKAOIIEM TpaHC(HOPMATOPE COCTABIISIOT Py, BT:
Pr,=F + B, =280+871,31=1151,31.

[Totepu B THpHCcTOpax (AMOAAX) BHIIPSIMUTEIHHOIO OJ0KA ONMPEEISIIOTCS BhIpa-
xenuem [11]:

2 2
PT=U0'Icp+R£l'K¢>'Icp’

rne U, = 1,05 B — noporoBoe HanpspkeHHe Ha TAPUCTOPE;
I o= 33,3 A — cpeHMil TOK, TPOTEKAIOIINI Yepe3 TUPUCTOP;
R =0,56 - 10 OM — auHAMHUYECKOE COMPOTUBIEHUE THPUCTOPA;
K o= 1,1 — xoaddunreHt hopMbl TOKA.
Torma moTepu B BBIIPSIMUTEILHOM OJIOKE COCTABSIT:

P=6-P=6:(1,05-33,3+0,56-107 1,17 -33,3% | =214,3,
O6mue norepu MoirHOCTH B TpanchopmatopHom UIT pasubl, BT:

[Torepn MomHOCTH B OecTpaHC(HOPMATOPHOM MCTOYHUKE MUTAHUS BKIHOYAIOT B
cebsi: MoTepH MOILTHOCTH B HEYNPABIAEMOM Tpex(ha3HOM BBITPSIMHUTENE, TOTEPH MOIII-
HOCTH B KOHJIEHCATOpE BXOMHOTO (GmiibTpa, motepu MoitHoctr B I[GBT-Tpan3ucrope u
HOTEPU MOIIHOCTH B OOPAaTHOM JIMOJI€ UMITYJIBCHOTO NPeodpa3oBaressl.

[Torepu B BBIIPSAMUTEIILHOM OJIOKE ONpEIEIeHbI PU
U,=0,8 B; Ry = 4,623 - 1073 Om;
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Icp =333 A; K(b = 1,1 u cocrasistoT, BT:

P, =197,05.

[TynbcaloHHbIE OTEPH B KOHIECHCATOPE BXOMHOIO (hriIkTpa P, ¢ PABHSIOTCS, Br[13]:

2 2
0,83-AU .
Prgy = 21fCy | ——— tgs=2-3,14-200-250-10‘6(M) .0,1=1,69,
22 22

rme AU o 25 B — pelicTByrollee 3HAYEHUE IEPEMEHHON COCTABJISIIONIECH HaIpsKe-
HUU Ha KOHJIeHcaTope QUIbTpa;
/=200 't — vacroTa peryJMpoBaHus UMITYJbCHOTO MPEPHIBATEIS;
tgd = 0,1 — TaHreHc ymia norepsb;
C - 250 Mk® — eMKOCTh KOH/IEHCATOpa BXOTHOTO (QUIIBTPA.
MoIItHOCTh TTOTEPh B UMITYJILCHOM TIpephiBarene, oopaszoBanHoM [GBT-tpan3u-
CTOpOM paBHa, BT:

P, =(Eyen + Eyprn ) S + 1c - U - honax =14,25-107-200+100-1,76 - 0,25 = 46,85,

e E . =6,20 107 Jl:x — sueprus Bxmodenus IGBT-TpansucTopa;

E, ..=38,05 107 JI:x — sneprus Beikmodenus IGBT-TpansucTopa;
U-g=1,76 B — nanpsikenue ctok — uctok IGBT-tpansucropa;
Ao = 0,25 — MakcuMasbHas CKBaKHOCTh MMITYJIbCOB [ 1];

I.= 100 A — 3na4yenune Toka croka [GBT-TpansucTopa.

ITorepu MOIIHOCTH B 0OPAaTHOM AMO/IE UMITYJILCHOIO IIpeoOpasosarens P, onpe-
JICJICHBI

npu U, = 0,78 B; R;=2,12 - 1073 Om;
I =75A; Kq)= 1,1 u paBnsl 72,93 BT.

cp
O61ue notepu MommHocTH B 6ectpanchopmaropuom UII cocrasmstor, Br:

Pyps=P,+ Pyt Pyt Pppy=197,1 + 1,69 + 46,85 + 72,93 = 318,57.

Taxum oOpazom, rpu K03 HUIIMEHTE MOIIIHOCTH, MPAKTUYECKH PaBHOM 1, o01ue
OTEPU MOIIHOCTU B OeCTpaHCPOpPMATOPHOM HCTOYHHUKE MUTAHUS MOYTH B 4 pasa
MEHbIIIe, YeM B UCTOUYHMKE MUTAHUsI, COJEpKalleM TpaHChOopMaTrop U yIpaBisieMblil
BBITIPSIMUTEb.

[TonyueHHbIe pe3yabTaTbl CPABHEHUS MMO3BOJISIIOT CAEJIATh BBIBOJ O 00J1e€ BHICOKOM
sHeproddhdexTuBHOCTH OecTapHCHOPMATOPHON CXEMBI.

Ha ocHOBaHnM MpoBEECHHON OLIEHKH SHEPTETHUECKUX MOKA3aTeNIeH IByX BAPUAHTOB
UCTOYHUKA ITUTAHUSI MOYKHO CJIEJIaTh BHIBOJI O 11€71€CO00PA3HOCTH MPUMEHEHHS OECTpaHC-
(bopMaTOpHOI CXeMbI Ha MO3UIIMU BUOPOAKYCTUUECKOM JUArHOCTUKY TIOALIUITHUKOB.
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Summary

Purpose: Two possible variants of power sources are considered: controlled three-phase bridge rectifier
circuit with a step-down transformer and a pulse converter, getting power from the mains via uncontrolled
three-phase bridge rectifier (Larionov circuit) for bringing into rotation with the required frequency of wheel-
motor units of electric locomotives and electric trains at the position of indiscriminate diagnosis of bearings.
In both cases, it is assumed that power sources receive electro-energy from a depot circuit — 380/220 V,
50 Hz. The comparison of proposed power supply options based on the assessment of energy consumption
efficiency is carried out. A capacity coefficient and capacity loss in power supplies are used as measures
for energy-consumption efficiency. Methods: Analytical methods are used to determine capacity losses in a
transformer, controlled three—phase thyristor rectifier, uncontrolled three-phase diode rectifier, input filter
of a pulse converter, IGBT transistor and reverse diode of a pulse converter. Results: Energetical indicators
were determined: power losses in a transformer, a controlled three—phase thyristor rectifier, an uncontrolled
three-phase diode rectifier, an input filter of a pulse converter, an IGBT transistor and a reverse diode of
a pulse converter. Based on the pursued assessment of the energetical indicators of power supply two
options, it is concluded on feasibility of transformer-free circuit application in bearings’ position of vibration-
acoustic diagnosis. Practical importance: A variant of an energy—efficient power supply for the position of
indiscriminate vibroacoustic diagnosis is proposed, which includes an uncontrolled semiconductor rectifier
and a pulse converter, accomplished using an IGBT transistor.

Keywords: Electric rolling stock, vibroacoustic diagnosis, positions of bearing vibroacoustic diagnosis, power
sources, rectifier, pulse converter, step-down transformer.
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