Onexmpomexuuxa, 2022, No5, cmp. 1-1

Conep:xanue

Inexmpomexuuxa, 2022, N5, cmp. 2-2
I'eopruii [1aBaoBu4 JIbIIUHCKUT

(K 100-ntetuto co qHs pOXKICHUS)

Dnekmpomexnuxa, 2022, Ne5, cmp. 3-8

MeToapl pacueTa HMNeJAaHCA MAKETA MPSMOYTOJbHBIX IIHH PYIHOTEPMUYECKOMH NMeYn
['OPEBA JLII., CEPUKOB B.A.

PaccmoTpeHsI cyniecTBYIOMIME METOIBI pacueTa UMIIeIaHCca MaKeTa MPsIMOYTOJIbHBIX [IHH —
MeTo 0000IIarOIINX BEIPAXKEHUH, TO3BOJISIONINN PACCUUTHIBATH TOJILKO HHIYKTHBHOE
CONPOTHBIIEHUE NIMHOMAKETOB C PETyJISIPHON MEPEUIMXTOBKOW IIIMH; METO/ KaCKaJHBIX CXEM,
MIO3BOJISIIOIINH OMPENENATh UMIIEJAHC ITAKETOB MPSMOYTOIBHBIX IIIHH, PACIIOJIOKEHHBIX B PSI U
METOJ YHCICHHOTO MOJICIMPOBAHUS dJIEKTPOMArHUTHOTO TOJIsl IPOBOJHUKOB C TOKOM.
CpaBHEHHE 1T0Ka3aJI0, YTO METO/ KaCKaTHBIX CXEM JaeT pe3yJIbTaThl, OJIM3KHE K pe3yIbTaTaM
yuciaeHHoro MojenupoBanus B nakere ANSY'S, kotopoe yunTsiBaeT Bce 3G HEKTHI,
BO3HHKAIOIIKE MPU MPOTEKAHUH IEPEMEHHOI0 TOKA B CUCTEME IPOBOTHUKOB.

Knrwoueewie cnosa: pynnorepMuyeckast nedb, KOpOTKasi CeTh, MHAYKTUBHOE CONPOTHBIICHHE,

AKTUBHOC COITPOTHBIICHUC.

The article considers the existing methods for calculating the impedance of a rectangular busbar
package — the method of generalizing expressions, which only makes it possible to calculate the
inductive resistance of busbar packs with regular interleaving of busbars; the method of cascade
circuits, which makes it possible to determine the impedance of packs of rectangular busbars
arranged in a row and method of numerical simulation of the electromagnetic field of conductors
with current. Comparison showed that the method of cascade circuits gives results that are close
to those of numerical simulation in ANSYS software, which takes into account all the effects
that occur when an alternating current flows in a system of conductors.

Key words: ore-thermalfurnace, short network, inductive resistance, active resistance.
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K BbI0OpPY OCHOBHBIX reOMeTpPHUYECKHX Pa3MepPOB 3JIEKTPOMATHUTHOIO IPUBO/A €O
CKBO3HBIM 0CEBBIM KAHAJIOM

HEMMAH B.1O.

Paccmotpena 3aaua ornpeeneHus ONTUMAIbHBIX OTHOLICHUH MEXAY pasMepaMu
MarHUTOIPOBO/IA BTSHXKHOTO 3JIEKTPOMArHuTa Co CKBO3HBIM OCEBBIM KaHAJIOM, HCIIOIb3yEeMOI0O B
MPUBOJC YIAPHBIX MaIIMH. MeTogaMu KOHEYHO-3JIEMEHTHOTO MO/ICIIMPOBAHUSI MAarHUTHOTO
MOJIsI YCTAHOBJICHO BJIMSIHUE Pa3MEPOB CKBO3HOT'O OCEBOT0 KaHaJla Ha CYIIECTBYIOIINI AHana3oH
9KCTpPEMalIbHBIX COOTHOILIEHUI OCHOBHBIX pa3MEPOB MarHUTOIIPOBOA, UCXOS U3 IKOHOMUU
AKTHUBHBIX MaTEPHUAJIOB. 32 OCHOBY SKOHOMUYHOCTHU IPUHAT KPUTEPUN JOOPOTHOCTH, PABHBIIH
OTHOIIIEHUIO MAaCChl 3aHATOr0 00BbeMa aKTUBHBIX MAaTEPHAJIOB K MOJIE3HOM MEXaHUYECKOU padboTe
BTSDKHOTO 3JIEKTPOMArHuTa. Y CTaHOBJIEHA 3aBUCHMOCTh MEK/Ty OCHOBHBIMU pa3MepaMu
MarHMTONPOBO/IA U pa3MepaMu CKBO3HOTO OCEBOT0 KaHaa.

Knroueswvie cnoea: >nexTpoOMarHUTHBIN MPUBOJ, BTSHKHOM 3JIEKTPOMArHuT, CKBO3HOM KaHall,
MOKa3aTe b SKOHOMHUYHOCTH, MAacca aKTUBHBIX MAaTEPUAIIOB, TI0JIE3HAST MEXaHUYEeCKas padoTa,

COOTHOHICHUSA TCOMETPUICCKUX pa3sMECPOB, MOACITINPOBAHUC MATrHUTHOI'O ITOJIA.

The problem of determining the optimal ratios between the magneto-wire dimensions of a
retractable electromagnet with a through axial channel used in the drive of impact machines is
considered. The influence of the sizes of the through axial channel on the existing range of
extreme ratios of the main dimensions of the magnetic circuit, based on the economy of active
materials, has been established by the methods of finite element modeling of the magnetic field.
The criterion of Q-factor, equal to the ratio of the mass of the occupied volume of active
materials to the useful mechanical work of the retracted electromagnet, is adopted as the basis of
economy. The dependence between the main dimensions of the magnetic core and the
dimensions of the through axial channel is established.

Key words: electromagnetic core, plunger electromagnet, open-ended channel, efficiency factor,

active materials mass, useful mechanical work, ratios of dimensions, magnetic field simulation.
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PacueT BUOPALMOHHBIX XapaKTEPUCTUK MO/IeJIM JBYXMACCOBOH TEXHOJIOrH4ecKoii
YCTAHOBKH € 3JIEKTPOMATHHUTHBIM BO30Y:KIeHHeM

HEMMAH JI.A., HEMUMAH B 10., MAPKOB A .B., JIAIIIIH C.IO.

PaccmoTpen pacuer TMHAMHUYECKUX MPOIIECCOB IBYXMACCOBOM TEXHOIOTHYECKOM
BUOPAIIMOHHON YCTAHOBKH C JIEKTPOMArHUTHBIM Bo30ysk1eHreM. OCHOBHBIE Pe3yJIbTAThI
MO/JICJIMPOBAHMSI [10JTy4YeHbl HA OCHOBE COBMECTHOTO pelieHUs U pepeHInaIbHbIX YpaBHEHUH
3JIEKTPUUECKOT0 U MEXaHUYECKOT'O PABHOBECHS HJIEKTPOMEXAHUUECKOM CUCTEMBI
TEXHOJIOTUIECKOHN YCTaHOBKH, OTPAXKAIONIHE €€ TUHAMUYECKOE COCTOSTHUE B MIEPEXOAHBIX U
YCTaHOBUBILUXCS peKUMax padoThl. Pe3ynpTaTsl MosenupoBaHus noiay4yeHsl B cpeae MATLAB
Simulink metomamu CTpyKTYpHOTO MOJICTHPOBaHKs. PaccMOTpeH mpumMep TMHAMUYECKOTO
pacueTa BUOpPAILIMOHHBIX XapaKTEePUCTUK cO3aHHON Mojienu. 1o pe3ynbraraM UMUTAMOHHOTO
MOJICJIMPOBAHMSI [10JTy4YeHbl BPEMEHHbIE TUarpaMMbl, OTpakaroIue AMHAMUYECKue
XapaKTePUCTHKHU MOJICIH C IByMsI cTenieHsMu cBoOo kL. [Ipeacrasiensr paboune
XapaKTEPUCTHKHN MOJICITH TEXHOJIOTHIECKON yCTaHOBKH, MOITBEPKICHHBIC
HKCIIEPUMEHTATBHBIMH JJAHHBIMU.

Knrwoueegwie cnosa:. nByxmaccoBasi TEXHOJIOTHYECKAsl yCTaHOBKA, DJIEKTPOMarHUTHOE
BO30YKIIEHHE, DJIEKTPOMArHUTHBIA MPUBO/I, TUHAMHYECKAsT MOJEIh, TMHAMUYECKHE TIPOIIECCHI,

BUOpPALIMOHHBIE XaPaKTEPUCTUKH.

The calculation of dynamic processes in the two-mass technological vibration unit with
electromagnetic excitation is considered. The main simulation results are based on the joint
solution of the differential equations of electrical and mechanical balance of the
electromechanical system of the technological unit. They reflect the electromechanical system
dynamical state in transient and steady-state operation modes. The simulation results are
obtained in MATLAB Simulink by the structured modeling method. The example of the
dynamic calculation of the vibration characteristics is considered. The simulation gives time
diagrams describing dynamic characteristics of the model with two degrees of freedom. The

technological unit model operation characteristics approved by experimental data are presented.



Key words: two-mass technological unit, electromagnetic excitation, electromagnetic drive,

dynamic model, dynamic processes, vibration characteristics.
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Be3ynapHblii mepeBoj Harpy3Ku ¢ OCHOBHOM CeTH HA Pe3epBHYIO C IPUMEHEeHHeM
OBICTPOIEHCTBYIOLIET0 ABTOMATHYECKOT0 BBO/IA pe3epBa

YEPBOHEHKO A.Il., KOTHUH I.A., JOMAXHWH E.A.

PaccMoTpeH noaxo/ K HIOCTPOEHUIO CUCTEMBI YIIPABIEHUSI ObICTPOICHCTBYIOIIUM
aBTomMaTtuyeckuM BBoaoM pesepBa (BABP). Cucrema BbINOIHAET BaKHbIE aJITOPUTMUUYECKUE
3aJjauyl — MepeBO/] Harpy3KU Ha PE3epBHYIO CETh C JOCTATOUYHOM CTENEHBIO ObICTPOIeCTBYS,
yueT coriacoBanus (a3 3aryxatomeid /1C nBurarens u HanpsHDKEHUS pe3epBHOIO UCTOYHMKA,
MUHUMU3ALMs BO3ZHUKAIOIIEro OpOCKa TOKa B MOMEHT IepeBoJia Harpy3ku. CpencTBom s
IIPUHATHUSA PELICHUS CUCTEMOM yripaBieHuss bABP o BKiITOUeHNH B pa3pelIeHHbII MOMEHT
BPEMEHU CIIYXKHUT MOJIeJIb BbIOera acCHHXpOHHOTro Burares. [loctpoenne uMUTalMOHHON
Mozenu cucteMbl BABP, cHATHE XapaKTEpUCTHK U IIEPEXOJHBIX MPOLIECCOB OCYIIECTBIEHO B
cpene MATLAB. OrnbIThl, CBSI3aHHBIE ¢ BOBHUKHOBEHUEM aBapUMHOMN CUTYallMH — OTKJIFOUEHUEM
ceTH o0IIero Ha3HAUCHMSI, IPOBEICHBI C YUETOM CIIEAYIONMX (PaKTOPOB: YPOBEHH MTPOBAIOB
MUTAIOLIETO HANPSKEHUS, BPEMsI BOSHUKHOBEHMS aBApUIHOW CUTYAllUH, TUANIa30H
JIOITyCTUMOTO paccoryiacoBanus ¢a3, BpeMs cpabaThIBaHUS KOMMYTHPYIOLIUX YCTPOMCTB.
Pesynpratom siBisieTcsl ycTpaHeHue psjia HEJOCTAaTKOB cyliecTByommnx ABP, rimaBHbIM U3
KOTOPBIX SIBJISIETCSI HECOTJIAaCOBAHHOCTh MOMEHTOB BKJIIOUEHHUS (Da3bl HANPSHKEHUS 3aTyXarolien
OJ1C nBurarens u ¢a3bl HAIPSHKEHUS CETH, K KOTOPOH OCYIIECTBIISETCS MOAKIIOUCHHE.
Pe3ynbTaThl MOAETMPOBAHUS IOKA3AIHU IOCTATOYHYIO TOYHOCTb Pa3pabOTaHHOM CUCTEMBI
yIpaBIeHUS.

Knrouegvie cnosa:. ObICTpOCHCTBYIONNN aBTOMAaTHYECKUIM BBOJI pe3epBa, Oe3yaapHoe

MEPCKIOUYCHUC HAI'PY3KH, ITPOBAJIbI HAIIPSKCHUS.

An approach to the construction of a control system for high-speed automatic reserve input
(BAWR) is considered. The system performs important algorithmic tasks — transferring loads to
the backup network with a sufficient degree of speed, taking into account the phase matching of
the damped EMF of the motor and the voltage of the backup source, minimizing the resulting
current surge at the time of load transfer. The asynchronous motor run-out model serves as a

means for making a decision by the BAVR control system about switching on at a permitted



time. The construction of a simulation model of the BAVR system, the removal of characteristics
and transients was carried out in the MATLAB environment. Experiments related to the
occurrence of an emergency - disconnection of a general-purpose network were carried out
taking into account the following factors: the level of supply voltage failures, the time of
occurrence of an emergency, the range of permissible phase mismatch, the response time of
switching devices. The result is the elimination of a number of shortcomings of the existing
AVR, the main of which is the inconsistency of the switching moments of the voltage phase of
the damped EMF of the motor and the voltage phase of the network to which the connection is
being made. The simulation results showed sufficient accuracy of the developed control system.

Key words: high-speed automatic reserve input, shockless load switching, voltage dips.
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CurHajbHo-aJanTHBHAS CHCTEMa YIIPaBJIeHHUs ACHHXPOHHBIM 3J1eKTPONPUBOIOM
KYYEP E.C., BJIMHOB A.A., CUIOPOBI'.C.

PaccMoTpena MeTouKka CTpyKTypHOTO B ITapaMEeTPUIECKOT0 CHHTE3a MHOTOKOHTYPHOMN
CHCTEMBI BEKTOPHOTO YIIPABIICHHUS ACHHXPOHHBIM 3JICKTPOIIPUBOJIOM, KOTOpasi 00eCIieYnBaeT
CHUTHAJIBHYIO aJIalTaIUIO 110 OLEHKE MPUBEICHHBIX BO3MYIIICHUIA. MeTo]1 CHTHAJIbHO-
aJaNTUBHON OOPATHOM MOJIENIN TTO3BOJIMI BKIIOYUTH B CTPYKTYPY KOHTYpa PETyITHPOBAHUS
CKOPOCTH aCHHXPOHHOTO JIBUTATENISI AJITOPUTMBI CUTHAIILHOM afantanuu. [IpemmoxeHHas
CUTHAJbHO-aJJalITUBHAS CHCTEMa BEKTOPHOTO YIIPABJICHUS ACHHXPOHHBIM JIBUTaTelIeM
MO3BOJIIET YUECTh HCTUHHBIE HaYallbHbIE U TEKYIIHE COCTOSHUS 00BEKTa, a TaK)Ke 00eCreunBaeT
MI0JIaBJICHUE CUTHAIBHBIX BHEIITHUIN BO3MYIIICHHIA.

Knroueswvie cnosa: aCHHXpOHHBIHN 3JICKTPOIPHBO/I, CHCTEMA BEKTOPHOTO YITPABJICHUS,

CUTHAJIbHAs ajanTarius, HabJtoaTeNb BO3MYIIEHUH, AuddepeHInpy i GuibTp.

The method of structural and parametric synthesis of a multi-circuit vector control system of an
asynchronous electric drive, which provides signal adaptation for the evaluation of the above
disturbances, is considered. The signal-adaptive inverse model method made it possible to
include signal adaptation algorithms in the structure of the asynchronous motor speed control
circuit. The proposed signal-adaptive vector control system of an asynchronous motor allows
taking into account the true initial and current states of the object, and also provides suppression
of signal external disturbances.

Key words: induction motor drive, vector control, signal adaptation, perturbation observer,

differentiating filter.
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Biusinue CKpyYMBaHHsA BaJila HA YMeHbIIIEHHE 3JIeKTPOMATHUTHOTO MOMEHTA JIBUTaTe sl
NMOTPYKHOT0 He(pTeT00BIBAIOIIET0 HACOCA

BAJIBLIEB I'.b., HUKVJIMH P.O., YYT'YHOB B.B., UECTIOHUHA T.B.

Oco0eHHOCTBIO IBUTaTeNel MOrpyKHBIX HE(PTeT0OBIBAIOIIMX HACOCOB SIBJISIETCS OOJIBIION
0CEBOI pa3Mep U CIIeJIOBATEeILHO OoJbIas ITiHa Basia. [lockonbKy Ha OOJbIIeH JyTHHE
CKpyYHMBaHUE Bajia MPOSBIISIETCS] CHIIBHEE, 3TO MOYKET HEraTUBHO CKa3aThCs HA BEITMYMHE
3JIEKTPOMArHUTHOTO MOMEHTa. B cTaThe paccMaTpuBaeTcs BIUSHUE CKPYYMBAHUS Basa
JBUTATENS IOTPYKHOTO He(TeAOOBIBAIOIIET0 HACOCAa HA YMEHBIICHHE 3JI€KTPOMAarHUTHOTO
MOMEHTA, pACCMaTPHUBAIOTCS Pa3IMIHbBIC JIOMYIIEHUS, IPU KOTOPBIX 3TOT 3P(HEKT MPOSBIIICTCS
MO-pa3HOMY, a TAKXKEe OMHUCHIBACTCS MAaTEMATUYECKast MOJIENb, IIO3BOJISIFOIIAs BBITIOIHATD
M0/I00HBIE pACUETHI.

Knroueswie cnoea: maiivta ¢ IOCTOSITHHBIMU MarHWTaMu, CKpy4YHBaHHE BaJla, MaTeMaTH4YecKas

MOJEJIb, IOTPYKHOU JIBUTaTEb.

A feature of submersible oil production pump motors is the large axial dimension and
consequently large shaft length, and since the torsion of the shaft is stronger at longer length, it
can negatively affect the value of electromagnetic torque. In this paper consider influence of
torsion of a submersible oil pump motor shaft on reduction of electromagnetic moment, consider
different assumptions at which this effect is manifested differently, and describe mathematical
model allowing to make such calculations.

Key words: permanent magnet electrical machine, shaft torsion, mathematical model,

submersible motor.
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BinsiHue TeMnepaTypbl NOCTOSIHHBIX MATHUTOB M KOHCTPYKIMU MATHUTHOM CHCTeMBbI

POTOPAa HA BHCIIHIOIO XaPAKTEPUCTUKY IreHeEpaTopa ¢ MArHUTOJIEKTPUYCCKUM



BO30Y KIeHueM, padoTaronero Ha aBTOHOMHYI0 HATPY3KY

BABULIKUM J1.10., TOIIOPKOB JI.M.

HeBo3M0XHOCTE peryjmpoBaHus IMOTOKa B036y)KI[eHI/I$I reHepaTopoOB C NOCTOAHHBIMU
MarHuTaMu SIBJISI€TCS] IPUYMHOM, 10 KOTOPOU K BHEUTHEH XapaKTepUCTUKE TAaKUX MalTUH
MPEIbSABISAIOTCS 0cOObIe TpeOOBaHUS MTPH pabOTe Ha aBTOHOMHYIO Harpy3ky. B cratbe
pPaccMOTPCHO BIIUAHUC KOHCTPYKIHUU MAarHUTHOMN CUCTEMEI poTOopa U TEMIICPATypPhbl IOCTOAHHBIX
MarHuTOB Ha BHELIHIOKO XapakTepucTuky. [IpuBenena Mmeronmka pacuera BHEIIHEH
XapaKTePUCTHKU C MCIIOJIb30BAHUEM BEKTOPHOM AUarpaMMsl. JlaHbl peKOMeH Iy 110
MPOEKTUPOBAHUIO T€HEPATOPOB C MATHUTOIICKTPUUECKUM BO30YKICHUEM.

Knrouegvie cnosa: renepatop ¢ NIOCTOSHHBIMA MarHUTaMU, MarHUTORJIEKTPUUECKOE

B036y71([[€HI/I€, BHCHIHAA XapaKTCPpUCTUKA.

The impossibility to regulate the excitation flux of permanent magnet generators is the reason of
applying particular requirements to the external characteristic of these machines when working
on stand-alone load. This paper considers the effects of permanent magnets’ temperature and
rotor’s magnet system design on the external characteristic. The external characteristic
calculation method using a vector diagram is presented. The design recommendations for
permanent magnet generators is given.

Key words: permanent magnet generator, permanent magnet excitation, external characteristic.
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JIBeHAAAaTH30HHAsA 00MOTKA MAIIMHBI IEPEMEHHOI0 TOKA

[HAHIIYPOB I'.A., UHECTIOHUHA T.B., BAJIBLIEB I'.b.

[IpenioxkeH MpUHIMT MOCTPOCHUS Tpex(a3HOW, CHMMETPUYHOM JIBEHAAIATH30HHOW OOMOTKH
HepeMeHHOTo ToKa. [IprBeeHbI KpUTEpUN KauecTBa OOMOTOK, HA OCHOBAaHHH KOTOPBIX MOKHO
BBITIOJTHUTH CPAaBHEHUE PA3TUYHBIX TUIIOB OOMOTOK MO KPUTEPHIO BBITOJIHEHUS UMH OCHOBHBIX
¢byuxuii. [Ipu moMomy MaTpUYHOTO METO/1a UCCIIEJOBAaHMSI IPOBEIEHO CPAaBHEHUE
JIBEHAAIIATU30HHON 0OMOTKH ¢ Hanbosee pacnpocTpaHEHHBIMU IECTU30HHBIMU OOMOTKaMU U

MOJIFOCONICPCKIIIOYACMbIMU 00MOTKaMH JABYXCKOPOCTHBIX JBUTATEIICH 10 CXeMe Z[anaHzLepa.



OnucaHbl JOCTOMHCTBA JBEHAATU30HHON OOMOTKH, TPUBEICHBI PEKOMEHJAlIUU 10
BO3MOKHOMY €€ IIPUMEHEHMUIO.
Knwoueswie cnosa: malnHa NepeMEHHOTO TOKA, ABEHAIATU30HHAs OOMOTKA, IIECTU30HHAs

06MOTKa, IIOJIFOCOIICPCKIIrOYacMas O6MOTKa, ManI/I‘IHHﬁ MCTOA UCCIICAOBAHMA.

The principle of constructing a three-phase, symmetrical twelve-zone alternating current winding
Is proposed. The quality criteria of the windings are given, on the basis of which it is possible to
compare different types of windings according to the criterion of their performance of basic
functions. Using the matrix method of research, a comparison of the twelve-zone winding with
the most common six-zone windings and pole-switched windings of two-speed motors according
to the Dalander scheme was carried out. The advantages of the twelve-zone winding are
described, recommendations for its possible use are given.

Key words: alternating current machine, twelve-zone winding, six-zone winding, pole-switchable

winding, matrix research method.
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MopennpoBaHue MeKBUTKOBOT0 KOPOTKOI'0 3aMbIKAHHS B 00MOTKE POTOPA ACHHXPOHHOI'0
ABUraTEIA

JJABPEHOB E.O., BUJIBEEPT'EP M.E., TEMJIZIKOBA 3.C., MOPO30B I1.B., TEMJISIKOB
AA.

CraThs MOCBSIICHA PacyeTy U MOJICTUPOBAHUIO ACHHXPOHHBIX ABUTATENeH MPH MEKBUTKOBOM
KOPOTKOM 3aMbIKaHUH B IIeTH poTopa. [IpeacraBiiena KkpaTkas XapaKTepUCTUKA aHATUTHIECKUX
Y YHCJICHHBIX METOJIOB pacyeTa TaKuX peKUMoB. OTMEUCHA HECOBMECTHMOCTh aHATUTUISCKUX
METOJIOB pacyeTa HECUMMETPUIHBIX PEXKMMOB C 33]Ja4aMi ydeTa HeJIMHEHHBIX TPOIIECCOB B
anekTpudeckux MamrHax. OO0CHOBaH BEIOOD B MOJIB3Y MIPUMEHEHUS TpeX(a3HOW eCTeCTBEHHOMN
CUCTEMbI KOOPAMHAT MPUMEHUTEIHHO K KOHKPETHOM 3a/lauye pacueTa HECUMMETPHUYHOTO peKuMa
paboThI B COBOKYITHOCTH C YYE€TOM HEJTMHEHHBIX CBOHCTB CTAJIM MarHUTOIIPOBO/IA.
[Tpencrariena Moau(HUIIMPOBAHHAS OTHOCHTEIHHO KJIACCHUSCKOM 3aITMCH MaTeMaTHIecKast
MOJIeJIh ACHHXPOHHOTO JIBUTATENs B TpeX(Pa3HOU eCTECTBEHHOM CUCTEME KOOPIUHAT st
pacueTra TOKOB U DJIEKTPOMAarHUTHOTO MOMEHTA B YCIIOBUSAX MEKBUTKOBOTO KOPOTKOTO
3aMbIKaHus B (haze 0OMOTKH POTOPA, IPUBEICHBI PE3yJIbTAThl YHCICHHOTO MOJICITUPOBAHUS
TaKOTO peKUMa. BBIMOIHEH aHAJIN3 OTIIMYUTEIIEHBIX 0COOCHHOCTEH BHIOPAHHOTO PeXUMa 110
CPaBHEHHIO C CHMMETPUYHBIM PEKUMOM padOThI U €r0 BIUSHUS Ha MOBEJCHHE

SJICKTPOABUT aTenen IIpU 3KCILTyaTaluu. BrinonHeHa olieHKa MUHHUMAaJIbHOTO IMPOLUCHTHOI'O



COOTHOHICHUS KOPOTKO3aMKHYTBIX BUTKOB, ITPHU KOTOPOM BHGKTpOMaFHI/ITHHﬁ MOMCHT
JABUTATCIIA B obnactu IMpoBaJia OKa3bIBACTCA MCHBIIC HOMHUHAJIbHOT'O MOMCHTA HAarpy3KHu.
Knrwuesuvie cnoea. aCI/IHXpOHHHﬁ ABUTATCIIb, DJICKTPHUYCCKAsA HCCUMMCTPUS, MC)KBUTKOBOC
KOPOTKO€ 3aMbIKaHHNEC, MaTEMATUYCCKasA MOAECJIb, YUCIICHHOC MOJCIIMPOBAHNE, HACBIILICHUE

CTallu, 3J'IeKTp0MaFHHTHBIfI MOMCHT, TpeX(l)aBHaH CUCTCMa KOOpAUHAT.

The article is devoted to the calculation and modeling of asynchronous motors with an inter-turn
short circuit in the rotor circuit. A brief description of analytical and numerical methods for
calculating such modes is presented. The incompatibility of analytical methods for calculating
asymmetric modes with the problems of accounting for nonlinear processes in electric machines
is noted. The choice in favor of the use of a three-phase natural coordinate system is justified in
relation to the specific task of calculating the asymmetric mode of operation in combination with
the nonlinear properties of the magnetic core steel. A modified mathematical model of an
asynchronous motor in a three-phase natural coordinate system for calculating currents and
electromagnetic torque under conditions of an inter-turn short circuit in the phase of the rotor
winding is presented, the results of numerical simulation of such a mode are presented. The
analysis of the distinctive features of the selected mode in comparison with the symmetrical
mode of operation and its influence on the behavior of electric motors during operation is carried
out. The estimation of the minimum percentage of short-circuited turns, in which the
electromagnetic torque of the motor in the area of failure is less than the nominal load torque, is
performed.

Key words: induction motor, electrical asymmetry, turn-to-turn short circuit, mathematical
model, numerical simulation, steel saturation, electromagnetic moment, three-phase coordinate

system.
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NMutanuoHHass MOJe/Ib TATOBOM CeTH JIEKTPU(PHUIMPOBAHHOIO TPAHCIIOPTA
SPOCJIABILEB M.B., CITMPUZIOHOB E.A.

IIpenyioxkeHa UMUTAMOHHAS MOJIEIIb TATOBOM CETH, OTIIMYAOIIASACS YYETOM HEJIMHEMHBIX
CBOWCTB TATOBBIX MOJICTAHLIUI U TATOBBIX NPeoOpa3zoBaTesiell AEeKTPONOIBHKHOTO COCTAaBA,
BIIMSTHUS HAMPSDKEHUS HA TOKOTIPUEMHHUKE Ha €T0 TATOBbIE XapaKTEPUCTUKH, 0OMeHa SHepruen

MCKAY CCKIUAMU TATOBOM CETH YUCpe3 HIMHBI TATOBBIX HO)ICTaHHI/Iﬁ, H CIIOCOOOM



MOZIETTMPOBAHHS JOPOKHOTO IBIDKCHHS. BrInonHeHa BepuduKanus MOJICIH 110 PacHpeIeIeHHUIO
(uIepHBIX TOKOB TATOBBIX MOJICTAHLIUH, 3aIMCAHHBIX CIEIUATU3UPOBAHHBIM peructparopom. C
IIOMOMIBIO MPEATI0KEHHOI MOJIEITN UCCIIEI0BAHO BIMSHUE HANIPSDKEHUS XOJIOCTOTO X0
TATOBBIX MOACTAaHIMI HA YPOBEHB IOTEPh YIHEPTHH B TATOBOW CETH TPaMBasi © METPOIOJINTEHA,
HOJTy4eHBI pacIipeieJIeHNs] TOKOB (DMIEPOB TATOBBIX MOJCTAHIINH, & TAKXKE UCCIIEOBAHBI
daxTopsl, BIusionye Ha 3P(HEKTUBHOCTh PEKYIIEPATUBHOTO TOPMOKEHHS Ha TOPOJCKOM
3IIEKTPUUECKOM TpaHCcHopTe. Mozaenb MOXKET ObITh HCIOIb30BaHA AJIS ONPEICIICHUS
IPOITYCKHOM CIIOCOOHOCTH JIMHUI, pacdyeTa TOKOB KOPOTKOTO 3aMBIKaHUS, a TAKXKE MIPU
pa3paboTKe 3HeprocOeperarX MEPOIPUATHIA O COKPAIIEHHUIO TOTEPh YHEPTHU B TATOBOU
CeTH, Iepeiayi U HAKOIUICHUS SHEPTUH IEKTPHUECKUX TOPMOKECHUN U IPYTUX 3a]1a4.
Kniouegvle cnosa: 31eKTpUYeCKUil TPAHCIIOPT, TATOBAs CETh, UMUTAI[IOHHOE MOJIETMPOBAHHUE,

CHUCTCMa BHCKTpOCHa6)KCHI/IH.

A simulation model of a traction network is proposed, which is characterized by taking into
account the nonlinear properties of traction substations and traction converters of electric rolling
stock, taking into account the influence of voltage at the pantograph on the traction
characteristics of a train, taking into account the energy exchange between sections of the
traction network through the tires of traction substations, the possibility of using experimental
records of the rolling stock driving modes. The model was verified using the time distribution of
the feeder currents of traction substations measured with special recorder. Using the proposed
model, the study of the influence of the open circuit voltage of traction substations on the amount
of energy losses in the traction network of tramway and metro was performed, distributions of
feeder currents of traction substations were obtained, and a study of factors influencing the
efficiency of recuperative braking in urban electric transport was carried out. The developed
model can be used to find the capacity of lines, short circuit currents, as well as to develop
energy-saving measures reducing energy losses in the traction network, by transferring and
accumulating energy of electric braking and other tasks.

Key words: electric transport, traction network, simulation model, power supply system.
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[Tpobnema HanEXHOTO PYHKIMOHUPOBAHUS 3aLUT (PUIEPOB TATOBOM CETH MOCTOSIHHOTO TOKA
BO3HHUKJIa C MOMEHTA HayaJla pa3BUTUS IEKTPUUECKOTO TPAHCIIOPTA, POCTa MOIIIHOCTH
ANEKTPOIIOABHKHOIO COCTaBA U CKOPOCTEMN ABMKEHUSA. sl €€ peleHus npeajioKeHbl COTHU
YCTPONCTB, HAIIPABJIEHHBIX HA MOBBIIIEHUE HAJAECKHOCTH (PYHKIIMOHUPOBAHMSI, HO TIOJTHOCTBIO
3aJa4a O HaCTOAILErO BPEMEHH HE PELIEHa, 8 MHOTHE MPEUI0KEHHS TaK U OCTAINCh
Hepeaan30BaHHBIMU. [[prunHa B TOM, 4TO BCE TUIIBI 3AIIUT PEArUPOBAIM HA OJIUH IIapaMeTp:
TOK, HaIpsKEHHUE, COIPOTUBIICHUE, HATPEB TOKOBEAYIIMX YacTel U apyrue. Co3naHue
IU(PPOBBIX YCTPOUCTB MO3BOJIMIIO CO3/1aTh KOMIUIEKTHI 3aLIUT, PEarHPYIOLIMX Ha HECKOJIBKO
IIPU3HAKOB IIEPEXOJHOTO IIPOLEcca B TATOBOU CETH, @ UX OJHOBPEMEHHOE BOSHUKHOBEHHE
MOJKET XapaKTepHU30BaTh aBaAPUITHBINA PEKUM U BbIJaTh KOMaHly Ha OTKJIFOUEHUE JIMHUN
(unepa). OnBIT FKCIITyaTallMi KOMILIEKTOB B COCTaBe KJIACCHYECKOW TOKOBO-UMITYJILCHOM
3alIUThl U MHOI'OKQHAJILHOTO U(POBOI0 TEPMHUHAJIA BBISIBUII CIIOKHOCTH B BBIOOPE TUIIOB
3alUT HUPPOBOro TEPMHUHAJA, ONIPEICIIEHUH 30HbI UX ACHCTBUS U YCTABOK, a TAKXKE
COTJIACOBAHUHU C TOKOBO-MMILYJIbCHOM 3aIUTON. B pe3yibrare nuccineqoBaHui IpeiioKeH
QITOPUTM HAaCTPOMKH YCTaBOK 3alIUT TEPMHUHAJIA U TOKOBO-UMITYJIbCHOM 3aIUThI, ONIPEIEICHUS
30H UX JACUCTBHS HA OCHOBE MAaTEMATHYECKOTO MOJAESIIMPOBAHMSI U UCIIOJIb30BaHUsI MOHUTOPHUHIA
PEKUMOB PaOOTHI TATOBOM CETH, UTO ITO3BOJIMIIO 3HAUYUTEIHHO IIOBBICUThH HAJIe)KHOCTh
(YHKIIMOHUPOBAHMS KOMITJIEKTA 3aIUTHI.

Knroueesvie cnoga: taropasi ceTb IOCTOSHHOTO TOKA, U(PPOBOI TEpMUHAII, TOKOBO-UMITYJIbCHAs

3aluTa, HaJEXHOCTh (I)YHKI_II/IOHI/IPOBaHI/IH, MOHUTOPHUHT.

The problem of reliable functioning of the protection of feeders of the DC traction network has
arisen since the beginning of the development of electric transport, the growth of the power of
electric rolling stock and traffic speeds. Hundreds of devices aimed at improving the reliability
of functioning have been proposed to solve it, but the problem has not been completely solved to
date, and many proposals have remained unrealized. The reason is that all types of protections
reacted to one parameter: current, voltage, resistance, heating of current-carrying parts and
others. The creation of digital devices made it possible to create sets of protections that respond
to several signs of a transient process in the traction network, and their simultaneous occurrence
can characterize the emergency mode and issue a command to disconnect the line (feeder). The
experience of operating complexes as part of classical current-pulse protection and multi-channel
digital terminal has revealed difficulties in choosing the types of digital terminal protections,
determining their zone of operation and settings, as well as coordination with current-pulse

protection. As a result of the research, an algorithm has been proposed for setting the terminal



protection settings and current-pulse protection, determining the zones of their action based on
mathematical modeling and using monitoring of the traction network operating modes, which
significantly increased the reliability of the protection Kkit.

Key words: DC traction network, digital terminal, current-pulse protection, reliability of

operation, monitoring.
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