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Conepxanue
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I[IapupoBaHme cTATHYECKHX HATPY30K B ACHHXPOHHBIX MAIIMHAX IBOMHOI0 MUTAHUS NPH
YaCTOTHOM YNPABJICHUH CO CTOPOHBLI POTOPA

KOJIKHWH B.JI. BAJIIEHKOB A.A.

[TpuBeneHbl pe3ynbTaThl SKCIEPUMEHTAIBHBIX UCCIIEOBAHUM BO3MOXKHOCTH 3PPEKTUBHOTO
[IapUpOBAHMS U3MEHEHUM HAIlOpa U CKOPOCTU BETpa IIyTEM MEXAHUYECKUX BO3ICHCTBUN,
dbopMupyeMbix B MamuHax nBoiHoro nuranus (M/IIT) co croponst poropa. MccnenoBansl
0COOCHHOCTH YIIPaBJICHUS TaKUX MAIllMH MPU BO3JEHCTBUN MEXaHUYECKUX HArpy30K, U
c(hOopMyJIHPOBAaHbBI MPEUIOKEHHS 110 TOBBIIICHUIO () (PEKTUBHOCTH MAPUPOBAHUSI MOMEHTHBIX
BapHaluii. DKCepuMeHThI okazanu, yto B M/III npu ynpaBieHnu co CTOpOHBI poTOpa
dbopMupyeTcsl 3HAYUTENbHBIN BPAIIAIOIINNA MOMEHT, CIIOCOOHBIN YITy4IIUTh CTAOUITH3AIUIO
Bpamenuss M/II1 npu Bapuanusix CKOpocTH ¥ mopbiBax BeTpa. [lokaszaHo, 4TO MOMEHT,
co3naBaeMbiii M1, onpenensieTcsi B 3HaYUTEIBLHOM MEPE TOKOM CTaTopa, YTO HE TpeOyeT
0ombII0l MolTHOCTH TIpeoOpazoBatens yactoThl (ITH) B mensix potopa. Y cTaHOBIEHO, YTO
JMHAMUYECKas MOJ0KUTENbHAS CBA3b 110 JEHCTBYIOLIEMY 3HAUEHUIO TOKA CTaTOPa, BBEJICHHAS B
anroputm ynpasneHus [IH poropa, CyliecTBEHHO ylIydlIaeT peryJInpoBOYHbIE TOKA3aTENN
CHUCTEMBI 3JIEKTPOIIPUBO/A.

Knroueswvie cnoga: BeTporeHeparop, MallliHa JBOMHOIO MUTaHMs, YACTOTHOE yIPaBIEHUE,

MaprupoOBaHUC CTATUUCCKUX HAT'PY3O0K.

The results of experimental studies of the possibility of effective parrying of changes in the head
and wind speed by mechanical influences formed in dual-power machines (MDP) from the rotor
side are presented. The features of the control of such machines under the influence of
mechanical loads are investigated, and proposals are formulated to improve the efficiency of
parrying moment variations. Experiments have shown that in the MDP, when controlled by the
rotor, a significant torque is formed that can improve the stabilization of the rotation of the MDP
with speed variations and wind gusts. It is shown that the moment created by the MDP is
determined to a large extent by the stator current, which does not require a large frequency
converter (FC) power in the rotor circuits. It has been established that the dynamic positive

coupling according to the effective value of the stator current, introduced into the control



algorithm of the FC rotor, significantly improves the adjustment parameters of the electric drive
system.

Key words: wind generator, dual power machine, frequency control, static load parrying.
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JKCINepUMEHTAIbLHOE HCC/IeI0BAHNE ACHHXPOHHOI'0 3JIEKTPONPUBO/A ¢ YACTOTHBIM
ylpaBJ/ieHHeM

BAJIIEHKOB A.A., JOTMHOBA H.A., KOAKHWH B.JI.

BrImosHeH aHanu3 MpoLeccoB B AJIEKTPOIPUBO/IE TPAHCIIOPTUPOBOUHBIX BAJIKOB JIMHUU OKPACKU
JHMCTOBBIX MaTepuasioB. B mpuBoze ObUIM IPUMEHEHBI JIOKATbHbIC THHAMHYECKHUE
MOJIOXKUTENbHBIE 00paTHbIe CBs3H (JJOC+) mo akTHBHOMY TOKY CTaTOpa aCHHXPOHHOTO
AEKTPOABUTATENS — CUTHATY, OJTM3KOMY K 3HAaUEHHIO MOMEHTA, Pa3BUBAEMOT'0 JIBUTATEIIEM.
TokoBbIE AUarpaMMBbl, TOJTyYE€HHBIE BO BpeMs pabOUHX IIMKJIOB B IPE0Opa30BaTENSIX YaCTOTHI
IPUBO/IOB TPAHCTIOPTUPOBAHUS JIUCTOBBIX MAaTEPHAIOB, OKA3aJIi MPEUMYIIIECTBA 3TOr0 crocoda
yIOpaBIeHUS TI0 CPABHEHUIO CO CKAISIPHBIM U BEKTOPHBIM 0€34aTYMKOBBIM YIIPABICHUSMHU.
DKCHEepUMEHTHI U MOJIETMPOBaHHE MTOKA3alli, YTO B CTATUYECKUX PEeKUMaX MPHU MapupOBaHUN
Harpysku B mpuBoze ¢ JJOC+ tpebyemblit MEXaHMYECKHI MOMEHT (POPMHUPYETCS IPH MEHBIIIUX
3HAUEHUSX aMIUTUTY/bI CTATOPHBIX TOKOB. AHAIIN3 JAHHBIX, MOJYYCHHBIX MTPH IKCILTyaTalluu
ACMHXPOHHBIX MTPUBOJIOB U UCCIEIOBAaHUS UX MOJIEH MOKa3anu, 4to koppekius JOC+ B
MEePEXOHBIX MpoIleccax CrocoOHa aeMiupoBaTh KojieOaTeIbHbIE CBOMCTBA CUCTEMBI
AIIEKTPOTIPUBOIOB, BEI3BAHHBIC BHEITHUMU YIIPYTUMHU CBSI3SIMU WJIH BHYTPEHHEH
KOJIE€0ATEIbHOCTBIO CUCTEMBI.

Knroueswvie cnoea: acHHXpOHHBIHN 3JIEKTPOIPUBO/I, YACTOTHOE YIIPABIICHUE, TOJIOKUTEIbHAS

oOpaTHas CBsI3b, IeMII(pUpOBaHUE KOJICOAHUH.

The analysis of processes in the electric drive of the transport rolls of the sheet material coloring
line is carried out. Local dynamic positive feedbacks (DOS+) were applied in the drive by the
active current of the stator of an asynchronous electric motor - a signal close to the value of the
torque developed by the motor. Current diagrams obtained during operating cycles in frequency
converters of sheet material transportation drives have shown the advantages of this control

method compared to scalar and vector sensorless controls. Experiments and simulations have



shown that in static modes, when parrying the load in a drive with DOS+, the required
mechanical moment is formed at lower values of the amplitude of the stator currents. Analysis of
the data obtained during the operation of asynchronous drives and studies of their models have
shown that the correction of DOS+ in transients is able to dampen the oscillatory properties of
the electric drive system caused by external elastic bonds or internal oscillation of the system.
Key words: asynchronous electric drive, frequency control, positive feedback, vibration

damping.
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TenuioBast MoJeJIb 3JIEKTPHYECKOH MAIIMHBI IPOKATHOI0 CTAHA

|VCI:IHI/IH 10.C, TPUT'OPBEB M.A.

[Ipennosxena TeroBast MOJEIb OOMOTKH SIKOPSI, YIUTHIBAIOIIAS B MIEPEXOIHBIX MPOIIECCax
TEIUIOBBIC XapaKTEPUCTUKU TPEX TTABHBIX KOMIIOHEHTOB SIKOPS: OOMOTKH, €€ N30SI ’
CepJIeYHHKA SIKOPS. DKCIIEPUMEHTAIILHO OIpeieeHbl IepeaTouHble KOAPUIIUEHTHI
M30JSIHOHHOTO TPOMEXKYTKA, YTO MTO3BOJISIET JOCTATOYHO TOYHO ONUCATh U3MEHEHHUE
MPEBBIIICHUS TEMIIEPATYPBI U30JIALIUHA Ha HAYAIBHOM CTa/IMU MEPEXOHOTO MpolLecca.
[Tomy4ens! rpaguku JOMyCTUMOTO BPEMEHH MEPETPy3KU MPOKATHOTO JIBUTATENS B 3aBUCHMOCTH
OT KPaTHOCTH Ieperpy3ku. J[aHbl peKkOMEHAAIMHU 110 Harpy3Ke MMPOKAaTHOTO ABUTATENs, KOTOPbIE
oQopMIIeHbI B BUI€ IpaduKa, yIUTHIBAIOIIETO HEPABHOMEPHOCTh HAarpeBa pa3IMuHbIX YYaCTKOB
MIOBEPXHOCTHU CEKIIMHA OOMOTKH SIKOPS B IIEPEXOTHBIX MPOLIECCAX.

Knroueeswvie cnosa: mpokaTHBIN CTaH, 3JIEKTPOABUTATENb, IEPEXOIHBIE IPOLIECCHI, TEIIOBAS

MOJENb.

A thermal model of the armature winding is proposed, which takes into account the thermal
characteristics of the three main components of the armature in transient processes: the winding,
its insulation and the armature core. The transfer coefficients of the insulation gap have been
experimentally determined, which makes it possible to accurately describe the change in the
excess of the insulation temperature at the initial stage of the transition process. Graphs of the
permissible overload time of the rolling motor depending on the multiplicity of overload are
obtained. Recommendations are given on the load of the rolling motor, which are designed in the

form of a graph that takes into account the uneven heating of various sections of the surface of



the armature winding section in transients.

Key words: rolling mill, electric motor, transients, thermal model.
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DJIEKTPONPHUBOJ CHCTeMbI BEPXHEro NPpUBOa 0ypOBOii YCTAHOBKH

BEJIOYCOB E.B., 'PUT'OPBLEB M.A., XPYOKHMH /1.1O.

Cratbs MoCBsIIeHa BO3MOKHOCTH YBEIMUEHHUS JUAa30Ha PEryINPOBAHUS MOMEHTA CUCTEMBI
BepxHero npuBoa (CBII) OypoBoii ycTaHOBKH 3a CYET MCIIOIB30BAHUS B MEXaHUYECKOM KaHaje
TPEXPSAIHOTO MIIAHETAPHOTO peayKkTopa. [locpecTBOM 311EeKTpOMArHUTHBIX My ()T BO3MOKHO
HAIPABUTh MEXaHUYECKYIO YHEPTHUIO WM Yepe3 BCe TPH PsAa, WK Yepe3 BTOPOU U TPETUH PsIbI
peaykropa. Tem caMbIM CTaHOBUTCSI BO3MOKHBIM U3MEHSTH MEPEAATOYHOE YHCIIO TUIAHETAPHOTO
peayKTOpa TUCTAaHIIMOHHO, uyTO KpaitHe BaxHO 111 CBII. B pesynbrate ynaércs nodutbces Oonee
BBICOKHX DHEPreTHUECKUX MOKa3aTellel 2IeKTPOYCTAHOBKY MpH OYpeHHH U Ha MaJlOi, U Ha
Oonboi TmyonHe. B o0oux ciydasx nBurarenb paboTaeT B peKuMe, OJIU3KOM K
HOMMHAJIbHOMY. Vcrionbp30BaHNe MOHMKEHHOH Mepeaauy MO3BOJIUT TaKKe CHU3UTH TUKOBBIE
TOKH MPU pacKperyieHuH KoJoHHbI TpyO. ['unoresa [IpoBepka BbInosHEHA HA MaTeMaTHYECKON
MOJIEIH, T/I€ AJIEKTPONPUBO/L OBUT MIPECTABICH CUCTEMOM «IIpeoOpa3oBaTellb — ABUTaTeIb C
BEKTOpHOM crcTteMoit yrpasneHus. [lorpebisemast MOIIHOCTD U3MEPSIIACh HA BXOJIE
npeoOpaszoBaTetst YaCTOThI MPU UMHUTALIMK OOJIBIION M MaJloi Harpy3KH U U3BMEHEHUU
nepesaToyHoro yucia peaykropa. Ilyrem ontuManbHOTo BHIOOpa HOMUHAIBHON TOYKU U
COOTHOILIEHUS MePeaTOYHBIX YHCEN PEAYKTOpa IpU paboTe B OOBIYHOM pPEKUME U Ha
MOHIDKEHHOM Tiepeiade yaaloch TOOUTHCs MOBBIIICHHS SHeprodgdektuBHOCTH Ha 48,5 % B
3aBUCUMOCTH OT TTyOUHBI OypeHHS.

Knroueeswvie cnoea: OypoBas yCTaHOBKA, CUCTEMa BEPXHET0 NMPUBO/IA, TUIAHETAPHBIN PEIyKTOp,

MaTeMaTH4ecKas MOJIeTb, SJHEPTod((HEKTUBHOCTD.

The article is devoted to the possibility of increasing the torque control range of the upper drive
system (SVP) of the drilling rig due to the use of a three-row planetary gearbox in the

mechanical channel. By means of electromagnetic couplings, it is possible to direct mechanical
energy either through all three rows, or through the second and third rows of the gearbox. Thus,

it becomes possible to change the gear ratio of the planetary gearbox remotely, which is



extremely important for SVP. As a result, it is possible to achieve higher energy indicators of the
electrical installation when drilling at both shallow and deep depths. In both cases, the engine
operates in a mode close to the nominal. The use of a reduced transmission will also reduce peak
currents when loosening the pipe column. The hypothesis was tested on a mathematical model
where the electric drive was represented by a converter —motor system with a vector control
system. The power consumption was measured at the input of the frequency converter when
simulating a large and small load and changing the gear ratio. By optimal selection of the
nominal point and ratio of gear ratios when operating in normal mode and in reduced gear, it was
possible to achieve an increase in energy efficiency by 4-8.5%, depending on the drilling depth.
Key words: drilling rig, upper drive system, planetary gearbox, mathematical model, energy

efficiency.
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YcrpoiicTBa CHHXPOHU3AIMU AKTHUBHbBIX BBIIPAMUTEICH

AYJIKWUH M.M., KYHIHAPEB B.A., 'PUT'OPLEB M.A.

PaccMoTpeHs! IPUHIMIIBEI CHHXPOHU3ALNUN aKTUBHBIX BBIIPAMUTEICH BEHTUIIBHBIX
npeoOpa3oBaTelieil ¢ MUTAOMIEH ceThIo Ha Oa3e yCTpOWCTBAa CHHXPOHU3ALUH CO CIeIsIIeh
¢duKcanment TOYeK ecTecTBeHHONW KommyTanuu HanpspkeHus cetu (Y C-C®P) u npuHIMIIBI €ro
MHTEPBAIILHO-KOIOBOW JUATHOCTUKH. [IpuBEcHBI BpEMEHHBIC TUarpaMMbl CUTHAJIOB JJIS
ucrpaBHoro coctostHusl Y C-CD u npu pa3auvHbIX KaTaCTPOPUIECKUX OTKa3ax, B TOM YHUCIIE,
MCUE3HOBEHM (Ha3HOTO HANPSHKEHUS U HETIPABUIBLHOTO YepeoBaHus (a3 HANPsHDKEHUS CETH, a
TaK)e HEUCIPaBHOCTH, Bo3HUKatommue B camoM Y C. IlpuBenena cBoHas Tabauma ecaTHIHbIX
coctossHnM YC-C®D, Ha ee OCHOBE ITOKa3aHa BO3MOKHOCTh JHArHOCTHKH OTKA30B JIEMCHTOB
KaHaJla CHHXPOHM3AllUH, a TAK)Ke IPU UCUE3HOBEHHU (Pa3HOTO HAIPSKEHUS U HEITPABUILHOM
yepenoBaHuu (a3. BeimorHeHa MUHUMH3AIIMS YHCIAa KOJOBBIX COCTOSTHHM, 00eCTIeYMBAIOIINX
nocToBepHOCTh nuarHocTuku Y C-CD ¢ nokanuzanueil Mmecta HeucnpaBHocTH. [IpuBeneH
(parMeHT PYHKINOHAIBHON CXEMBbI, MOSICHAIOLIEH MPUHLIUI TIOCTPOEHUS KaHAJIOB
pacno3HaBaHus 0TkazoB B YC-CO.

Knrouesvie cnosa: ak TUBHBINA BBIIPSIMUTEND, YCTPONCTBO CUHXPOHU3ALIUMH, TUArHOCTUKA.



The principles of synchronization of active rectifiers of valve converters with a supply network
based on a synchronization device with a tracking fixation of points of natural switching of the
mains voltage (SD-TF) and the principles of its interval-code diagnostics are considered. The
time diagrams of signals for the serviceable state of the SD-TF and for various catastrophic
failures, including the disappearance of phase voltage and incorrect alternation of phases of the
mains voltage, as well as malfunctions occurring in the SD itself, are given. A summary table of
the decimal states of the SD-TF is given, based on it, the possibility of diagnosing failures of the
elements of the synchronization channel, as well as when the phase voltage disappears and the
phase alternation is incorrect is shown. The minimization of the number of code states ensuring
the reliability of SD-SF diagnostics with localization of the fault location was performed. A
fragment of a functional diagram explaining the principle of constructing fault recognition
channels in the SD-TF is given.

Key words: active rectifier, synchronization device, diagnostics.
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AJITOPUTM KOHTPOJISI KA4eCTBA HANPSIXKeHUs Tpex(a3Hoil ceTH

XPUCTHUY U.0., KOHCTAHTHUHOB K.B., EBCTA®bBEB A.M., TEPEXVH N.A.,
CbhIYYI'OB A.H.

[Tpencrasien moaxoa K pa3paboTKe CHCTEMBI YIIPaBIEHUS UMITYJIbCHBIM ITpeo0pa3oBarTesem,
MO3BOJIAIOIINN CBOJIUTH 33J]auy JI€TEKTUPOBAHUSI B PEAIbHOM BPEMEHU OTKJIOHEHUI
HATPSDKEHUS DJIEKTPUIECKON CETH K MapaMeTPUIECKON HACTPOWKE KOMIIOHEHTOB ITPOTPaMMBI.
[IpencraBieHa cTpyKTypa mapaMeTpru3yeMbIX KOMIOHEHTOB aJITOPUTMA U CITOCO0 UX
KOMOMHHMPOBAHUS /17151 BBITOJIHEHUS [TOCTaBlIeHHOM 3a1aun. [lokazana npuHIMnuagbHas
BO3MOXXHOCTh HCIIOJIb30BaHUS PE3yIbTaTOB Pa0OThI alTOPUTMA JUISl BHIPAOOTKU AUCKPETHBIX U
HENPEPBIBHBIX CUTHAJIOB YIIPABJICHUS UMITYJILCHBIM IPeo0pa3oBaTesieM B peaTbHOM BPEMEHH.
[IpennaraeMsblii anrOpUTM KUCIIONB3YET AJIS ACTEKTHPOBAHUS OTKIIOHCHUN HATIPSKEHUS
JIEKTPUUYECKOMN ceT HabOop JaHHBIX, UCIIOJIb3YEMBbIX IS BEKTOPHOTO YIPaBICHUS UMITYJIbCHBIM
npeoOpaszoBaresieM, B TOM YUCIIe, MTHOBEHHBIE 3HAUEHUS JIMHEWHOTO HAMPSKEHUS
AIEKTPUYECKOMN CETH.

Knwoueewie cnosa: kauecTBO 3IEKTPOIHEPTUH, UMITYJIbCHBIE TPe0Opa3oBaTeNIn, METO
CUMMETPHUYHBIX COCTABJISIONINX, (ha30Basi aBTOMOACTPOHKA YaCTOThI, OecriepeOoiiHOe MUTaHKE,

CUCTEMBI peajbHOTO BpEMEHH, IETEKTUPOBAHNE COOBITUH.



An approach to the development of a pulse converter control system is presented, which makes it
possible to reduce the task of detecting voltage deviations in the electrical network in real time to
parametric tuning of program components. The structure of the parametrizable components of
the algorithm and the method of combining them to perform the task are presented. The
fundamental possibility of using the results of the algorithm to generate discrete and continuous
control signals of a pulse converter in real time is shown. The proposed algorithm uses a set of
data used for vector control of a pulse converter, including instantaneous values of the line
voltage of the electrical network, to detect voltage deviations of the electrical network.

Key words: power quality, pulse converters, method of symmetric components, phase frequency

auto-tuning, uninterruptible power supply, real-time systems, event detection.
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Mopnesb Tena0BOro NnOToka 0OMOTKH CTATOPA ACHHXPOHHOIO TATOBOI 0
JEeKTPOJABHUTATESA

I'PAYEB B.B., 'PUILIEHKO A.B., KUCEJIEB N.I'., KYPWUJIKMH /I.H., [LIPAVIBEP M.A.
[IpennoxkeHa TemIoBast MOJIEIh ACHHXPOHHOTO TATOBOTO 3JIEKTPOJIBHUTATEIS C
COCPEIOTOUYSHHBIMHU TTapaMETPaMH, MTO3BOJISIFOIIAS OBICTPO U TOYHO OIICHHUTH paclpeaeiicHue
TEMIEPATYPHI B OTACIBHBIX YaCcTAX OOMOTKH cTaTopa ABUTaTeNs. TOUHOCTh pacueTa TaKou
MOJICNI 3aBUCUT OT TOYHBIX 3HAHHWH TETTOBBIX KOA(DPHUITMEHTOB U, 4TO O0JIee BaXKHO,
pactipeaenenus moreps. [Ipennioskern MoauUIIMPOBaHHBIA METOI ONPEACIICHUS TEMIIEPATYPhI
0OMOTKH CTaTopa ¢ UCTOIH30BAHUEM TEIIOBOW MOJIETH ACHHXPOHHOTO TATOBOTO
AIIEKTPOJABUTATEINS C COCPETOTOUCHHBIMU TapaAMETPAMH.

Knroueswvie cnosa: acCHHXpOHHBIHN TATOBBIN AJIEKTPOIBUTATENIb, 0OMOTKA CTaTOPA, TEILIOBAs

MoJieJb, TeIIoNepeiaya, pacipeesieHue TeMrepaTyphl, TEIIOBOM ko3 pUIIMeHT.

A thermal model of an asynchronous traction electric motor with concentrated parameters is
proposed, which makes it possible to quickly and accurately estimate the temperature
distribution in certain parts of the motor stator winding. The accuracy of calculating such a
model depends on accurate knowledge of the thermal coefficients and, more importantly, the

distribution of losses. A modified method for determining the temperature of the stator winding



using a thermal model of an asynchronous traction motor with concentrated parameters is
proposed.
Key words: asynchronous traction electric motor, stator winding, thermal model, heat transfer,

temperature distribution, thermal coefficient.

Onexkmpomexuuka, 2022, Ne2, cmp. 40-45

MopenupoBaHue 31eKTPONPHBOAA ¢ ACHHXPOHHBIM JIBUTaTeJIeM B ABAPUITHBIX H
HeIITATHBIX Pe:KUMAaxX NMpeodpazoBaTesisi YaCTOThI

IIYTAYEB A.A., MOPO30B C.B., TPETBAKOB A.B., BUKVYJIOB WN.II.

[IpuBeneHbI CTPYKTYpPHBIE CXEMBI IBYXYPOBHEBOT'O HHBEPTOPA U TPEXYPOBHEBOTO HHBEPTOPA C
buKCHPYIOMKUMHU AUOJaMH, TPOAHATN3UPOBAHBI IPUHIUIIBI UX PAOOTHI U OPSAOK
dbopMupOBaHUS BEIXOAHOTO HanpskeHus. [Ipoananu3upoBaHbl TUTIOBBIE HEUCTIPABHOCTH
npeoOpazoBaTeNeil YacTOThI; MOKA3aHO, YTO OOJBITMHCTBO aBAPUIHBIX U HEIITATHBIX PEKUMOB
CBSI3aHO C KOPOTKHUM 3aMbIKAHUEM OJMHOYHOI'O TPAH3UCTOPA MHBEPTOPA HJIM OTCYTCTBUEM
YOPaBISIOIIUX UMITYJIBCOB Ha ero 3aTBope. MccnenoBano BIHMSHNE STUX HEMCIPABHOCTEH Ha
JUHAMUKY 3JeKTpornpuBoaa. [IpuBeaeHs! pe3yabTaTbl MOJASIUPOBAHUS SJICKTPOIIPUBOJIOB C
paccMaTpuBaeMbIMU TUITAMHU AaBTOHOMHBIX MHBEPTOPOB HANPSHKEHUS. Y CTAHOBIICHO, YTO TIPU
MCYE3HOBEHHH YIIPABJISIOIUX UMITYJIHCOB C 3aTBOPA TPAH3UCTOPA MEPEXOAHBIE MTPOLIECCHI B
MHBEPTOPAX C pa3IUYHBIMU TOIMOJIOTUAMU KaYE€CTBEHHO U KOJIMYECTBEHHO MPAKTUUECKH HE
pa3IUYaloTCs; KOPOTKOE 3aMbIKaHUE OJJUHOYHOTO TPAH3UCTOpa B TPEXYPOBHEBOM HHBEPTOPE
MMEET MEHEee HEraTUBHBIE TTOCIIECTBUS 110 OTHOLIEHHUIO K ABYXYPOBHEBOMY HUHBEPTOPY —
MaKCHUMaJIbHOE 3HAaUeHHE TOKa B IEPEXOAHOM IPOIIECCE MOUYTH B YETHIPE pa3a MEHBIIIE,
MaKCHMaJIbHOE 3HAYEHUE MOMEHTA — MPUMEPHO B 2,5 pa3a MEHbIIIE.

Knroueeswvie cnoea: acHHXpOHHBIN IBUTaTeNb, aBTOHOMHBIA HHBEPTOP HAIPSHKEHUSI, KOPOTKOE

3aMbIKaHHe, OOPBIB, IEPEXOAHBIH MPOIECC, MOJCTUPOBAHHE.

The structural diagrams of a two-level inverter and a three-level inverter with locking diodes are
given, the principles of their operation and the order of formation of the output voltage are
analyzed. Typical malfunctions of frequency converters are analyzed; it is shown that most
emergency and abnormal modes are associated with a short circuit of a single inverter transistor

or the absence of control pulses on its gate. The influence of these malfunctions on the dynamics



of the electric drive is investigated. The results of modeling electric drives with the considered
types of autonomous voltage inverters are presented. It is established that when the control
pulses disappear from the transistor gate, transients in inverters with different topologies
practically do not differ qualitatively and quantitatively; a short circuit of a single transistor in a
three-level inverter has less negative consequences in relation to a two—level inverter — the
maximum value of the current in the transient is almost four times less, the maximum value of
the moment is about 2.5 times less.

Key words: asynchronous motor, autonomous voltage inverter, short circuit, breakage, transient,

simulation.
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3aBUCHMOCTH ITMHAMUYECKON YCTOMYMBOCTHU JUHUM IJEKTPoONepeIadYu OoT
CTeNeHH KOMIEHCAIMU MPOMEKYTOYHOI0 CHHXPOHHOI0 KOMIEeHCcATOpa

KM K.HU., KUM K.K., CALIYK T.I1., AHUC1MOB I'.H.

B craThbe uccnenoBana nponyckHasi CliocOOHOCTb JTMHHUH 3JIEKTPONepe aun MPH HETIOIHOM
KOMITEHCAMH. J{71s1 ciryyast OTHOM JIMHUM JIEKTPONEPEIaun ONpeIeieHa 3aBUCUMOCTb MEXTY
MPEAEIbHON MOIIHOCTBIO IO YCIOBUSIM THHAMUYECKON YCTOMYUBOCTU U CTEIIEHBIO
KOMITCHCAIIMHU POMEXYTOYHOTO CHHXPOHHOTO KoMIieHcaropa. [Ipu aTom crenano nonyiieHue,
yto D/IC reHepaTopa U KOMIIEHCATOPA 32 UX NMEPEXOIHBIM PEAKTUBHBIM COITPOTUBICHUEM —
BEJIMUMHBI IOCTOSIHHBIE. DTO MO3BOJIMIIO UCIOIb30BaTh SHEPTeTUYECKUE (PYHKIUH JUTsl OLEHKU
YCTOMYMBOCTH CUCTEeMBI. 110Kka3aHo, 4TO IIpU TaKOM YCIIOBUU MPEAEI JUHAMUYECKOU
YCTOMYHMBOCTH CYIIECTBEHHO 3aBHCHUT OT CTENIEHU KOMIIEHCAIIMKM KOMIIEHCATOpa, YTO B
OCHOBHOM HaO0JTt0/1aeTcs B 001acTH OONBIINX CTeneHel koMrercanuu. [Ipu Masoit creneHu
KoMIeHcanuu (He npesblmaronieit 50 %) ypoBeHb KOMIIEHCAIIMH MPAKTUYECKH HE BIUSET Ha
npeaen IMHaMUYEeCKOM YCTOMYMBOCTH.

Knrouegvie cnosa: nunus 31eKTponiepeiadn, CTEIEHb KOMIIEHCALUU, JUHAMUYECKas

YCTOWYMBOCTD, IEPEXOTHOE PEAKTUBHOE COMPOTHUBIIEHUE, TOTEHIMAIbHAS (YHKLIHUS.

The article examines the transmission capacity of the power line with incomplete compensation.
For the case of a single power transmission line, the dependence between the maximum power

under the conditions of dynamic stability and the degree of compensation of the intermediate



synchronous compensator is determined. At the same time, it is assumed that the EMF of the
generator and the compensator behind their transient reactance are constant values. This made it
possible to use energy functions to assess the stability of the system. It is shown that under this
condition, the limit of dynamic stability significantly depends on the degree of compensation of
the compensator, which is mainly observed in the region of large degrees of compensation. With
a small degree of compensation (not exceeding 50%), the level of compensation practically does
not affect the limit of dynamic stability.

Key words: power transmission line, compensation degree, dynamic stability, transient reactance,

potential function.
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PaznenuresibHbIN BLICOKOYACTOTHBIN TPpaHcopMmaTop 1Jis npeodpazoBareliei
cO0CTBEHHBIX HYK/ JIOKOMOTHBOB C ABTOHOMHBIMH 3HEPIroyCTAHOBKAMHU

[NbAH3WUHA U.A., [IbAH3U1H /1.B.

Pa3zpaboTan cuiioBoi pa3aenuTeNbHbINA TpaHchopMaTop aJis IpeoOpazoBarenieil COOCTBEHHBIX
HY’K/]] JIOKOMOTHBOB C aBTOHOMHBIMU YHEPIOyCTAHOBKAMH — TETLJIOBO30B U Ia30TypOOBO30B,
paboTaromuii Ha MOBBIIEHHOH YyacToTe. PaccMOTpeHbl 0COOEHHOCTH KOHCTPYKTHBHOTO
UCTIOJIHEHUS TpaHc(opMaTopa ¢ y4eToM TpeOyeMbIX MaccorabapuTHBIX TapaMeTPOB.
[IpencraBieHsl pe3yabTaThl TEIIOBOTO pacueTa sl pa3InyHbIX 3HAaUeHUN paboueil MHAYKIINUU C
y4eTOM BBIOPaHHOTO MaTepuaia u TUIa MarHUTOIIPOBO/A, a TAKKe OIMUCAHbl 0COOCHHOCTH
oOecrieyeHus TpeOyeMOro COMPOTUBICHUS U30JSIIMU MEKIYy 0OMOTKaMu TpaHc(opmaTopa u
0o0MOTKaMu M KopirycoM. [IpuBeieHb! pe3ynbTaThl UCIBITAHUN TpaHC(POpMaTOpa B COCTaBE
npeoOpazoBarens cooctBeHHBIX HYk 1 [ICH350 mpu monHoit Harpy3ke 350 kBt. Pe3ynbrarh
WCIIBITAaHUH TTOKa3aJid paboTOCIIOCOOHOCTH TpaHchopMarTopa.

Knrwoueegwte cnosa: BBICOKOUACTOTHBIN TpaHC()OpMATOp, MAarHUTHBIE MaTepUabl, padouas

UHIYKIUS, HarpeB TpaHchopMaTopa.

A power separation transformer has been developed for converters of the own needs of
locomotives with autonomous power plants - diesel locomotives and gas turbine locomotives,
operating at an increased frequency. The features of the design of the transformer are considered,

taking into account the required weight and size parameters. The results of thermal calculation



for various values of working induction are presented, taking into account the selected material
and type of magnetic circuit, and the features of providing the required insulation resistance
between the transformer windings and the windings and the housing are described. The results of
testing of the transformer as part of the converter of own needs PSN350 at full load of 350 kW
are presented. The test results showed the operability of the transformer.

Key words: high frequency transformer, magnetic materials, working electromagnetic induction,

heating the transformer.
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MopepHu3anus TeNJI0B03a H PeCypc TAT0OBOI0 3J1eKTPOABUIATEJIs

JIOTMHOBA E.1IO0., BAXPOMEEBA T.O., HE®EJIOB P.A., ITYIOBHUKOB O.E.

Ha npumepe TemnoBo3a, mpomeaero MoI€pHU3aIUIO 10 YBEJIMUYEHUIO MOITHOCTH AU3€b-
TE€HEpAaTOPHOM YCTAaHOBKH, BBIIIOJHEH PAacyeT HAIPy30K IITATHOTO TATOBOTO AJIEKTPOABUTATENS
O/1-118A u Temmieparyp ero oOMOTOK B 3KcIuTyartauu. [lokasano, 4To y31moM, Onpeaessonim
pecypc U30JISLUH, SBIsETCS J000Basi 4aCTh OOMOTKH SIKOPS CO CTOPOHBI TpUBOJa. BrinonHexn
CPaBHUTEIBHBIN aHAIN3 U3HOCA N30JISIIIMKM 0OMOTOK Ki1accoB F 1 H npu mtaTHeIX Harpyskax
JIEKTPOJIBUraTEINs U HAarpy3Kax, COOTBETCTBYIOUINX MOBBIIIEHHONW MOIIHOCTH JU3ENb-
reneparopa. [lomyueHo, 4To /i coXpaHeHHs 6a30BOT0 pecypca TSArOBOTO AJIEKTPOABUTaTENs
JIOITYCTUMOE YBEIIMYEHUE MOITHOCTH Ju3eib-reHeparopa 212116 npu MoaepHu3anuu
TEIJIOBO3a HE JOJLKHO MpeBbImath 10%.

Knroueeswvie cnoea: TAroBbIi 31EKTPOABUTATEND, TATOBBIN pacdy€T, pecypc N30SI,

TEeMIIepaTypa U30JISLHUH, HANEKHOCTD.

Using the example of a diesel locomotive that has undergone modernization to increase the
power of a diesel generator set, the loads of the standard traction electric motor ED-118A and the
temperatures of its windings in operation are calculated. It is shown that the node determining
the insulation resource is the frontal part of the armature winding on the drive side. A
comparative analysis of the insulation wear of the windings of classes F and H is performed at
regular loads of the electric motor and loads corresponding to the increased power of the diesel
generator. It is found that in order to preserve the basic resource of the traction electric motor,

the permissible increase in the power of the 2TE116 diesel generator during the modernization of



the locomotive should not exceed 10%.
Key words: traction electric motor, traction calculation, insulation life, insulation temperature,

reliability.
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OnpenesieHne NapaMeTpoB cXeMbl 3aMeLeHUsI H OCHOBHBIX XapaKTepPUCTHK
KOPOTKO3aMKHYTBIX ACHHXPOHHBIX IBUraTe/ieil MaJIoil MOIIHOCTH HA OCHOBE AaHAJIH3A
CUTHAJIOB TOKA M HANIPSIKEHHU S

Epmos M.C., KomkoB A.H., 'amugos O.M.

B pabote npezacraBieHa METOIMKA ONPENIEICHUS TAPAMETPOB CXEMBbI 3aMEIIEHUSI 1 OCHOBHBIX
XapaKTePUCTHK KOPOTKO3aMKHYTOT'O aCHHXPOHHOI'O ABUTaTENsl, OCHOBAHHAS Ha aHAJIU3e
OCLMJUIOTPaMM TOKa U HAIPSKEHUS MO pe3ysibTaTaM U3MEPEHUS B PEXKUME ITycKa U
XOJIOCTOT0XO0/1a ¥ IOTIOJIHUTENIEHOTO U3MEPEHUSI CKOPOCTH B YCTAaHOBUBIIIEMCS PEKUME
XO0JIOCTOro Xo1a. /s peanusanuy METOAUKH UCTIOIB3YIOTCS JOCTYITHBIE POMBIIIUICHHBIE
CPEICTBA U3MEPEHUSI U PETUCTPALIUU NEKTPUUECKUX CUTHAIIOB M CKOPOCTHU. Pe3ynbraThl
anpoOHpoBaHbl HA IPUMEPE ACHHXPOHHOTO JIBUTATENS MaJIOi MOITHOCTH.

Knrwoueewie cnosa: acHHXpOHHBIN IBUTATENb, CXEMa 3aMEIICHHUS, OCIIIIIIIOIPAMMbI TOKOB U

HaIpPSKCHUN.

This work presents a method for determining the parameters of the equivalent circuit and the
basic characteristics of squirrel-cage induction motor, based on the analysis of oscillograms of
current and voltage measurement in the trigger mode and galactogogue and an additional
measure of speed in a steady idle. To implement the method, available industrial means of
measuring and recording electrical signals and speed are used. The results are tested on the
example of a low-power asynchronous motor.

Key words: induction motor, equivalent circuit, oscillograms of current and voltage.
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IIpou3BoACTBO CHIOBBIX MOJIYIPOBOIHUKOBBLIX MPUOOPOB U3 Kapouaa kpemHus B Poccun
— BBI30BBI U BO3MOKHOCTH

APT'ACLIEB A.10., TEM®MAH E.M., )KJTAHEEB O.B.

Kapbun kpemHus kak MaTepuai ajsi CUJIOBOM 3JEKTPOHUKY MHTEHCUBHO UCCIEAYETCS B TEUEHUE
MOCIIEAHUX ABYX JCCATUICTUN U B HACTOSIIEE BPEMSI UMEETCSI MHOKECTBO KOMMEPUECKH
JOCTYITHBIX YCTPOMCTB, KOTOPBIE MOTYT paboTaTh mpu O0jiee BBICOKOM HampsiKeHuu, 0ojee
BBICOKOU YacTOTE MEPEKII0UeHUs U 00Jiee BRICOKOM Temmneparype. B ctaTee omrcano
HE0OXOAMMOE TEXHOJIOTHYECKOE 000pyA0BaHHE JIJIsI TPOU3BOICTBA KapOuIa KPEMHUS,
oTpeieNIeHbl KPUTUYECKH BaXKHBIE TEXHOJIOTUU M MEPBI TOCTIOIJIEPKKH, & TAKXKE [1eJICBBIC
MPOrpaMMBbI Pa3BUTHUS MTOT0OHOTO TTPOU3BOICTBA.

Knroueswie cnoea: cunoBbie MOITYyIPOBOIHUKOBEIE PUOOPHI, CUIIOBBIE ITPe0Opa3oBaTei,

KapOu KpeMHUs, 0030p.

Silicon carbide as a material for power electronics has been intensively researched over the past
two decades and there are currently many commercially available devices that can operate at
higher voltage, higher switching frequency and higher temperature. The article describes the
necessary technological equipment for the production of silicon carbide, identifies critical
technologies and state support measures, as well as targeted programs for the development of
such production.

Key words: power semiconductor devices, power converters, silicon carbide, overview.
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