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YTouHeHHbIii aHAJIN3 MPUMEHEeHHUs COBMEIIeHHBIX 00MOTOK 3Be3/1a-TPeyroJibHUK B
Tpex(a3HbIX IEKTPOABUTATEISIX

KA3AKOB 10.b., CMHMPHOB /1.C., KUCEJIEB M.A., HOBUKOB 1N.A., 3AXAPOB A.B.
[IprMeHeHne COBMEIIEHHBIX 0OMOTOK 3B€3/1a-TPEYroJbHUK B TpeX(a3HbIX 3JIEKTPOABUTATEIAX
MOJKET 00eCTIeUUTh CHIDKCHHE TU((EePEHIIMATEHOTO PACCESIHIS, HHIYKTHBHOTO COMPOTHBIICHHUS,
JOTIOTHUTEIBHBIX TIOTEPh U AJIEKTPOMATHUTHOTO IITyMa OT BBICIIMX MPOCTPAHCTBEHHBIX
rapMOHHMK MarHUTHOTO 1oJs. Vcronb30BaHne COBMEIIEHHBIX 0OMOTOK C YBEJIUYEHHBIM B JBa
paza 4KucIoM MapajljiesIbHbIX CTPYKTYP MO3BOJISIET B OOJIBIIIEM JUana3oHe U3MEHSITh YUCIIO
napauIeIbHBIX BETBEH 00MOTKH. TeopeTuieckre MpeuMyIiecTBa COBMEIIEHHBIX OOMOTOK HE
BCEria JOCTHKUMBI B TpeX(a3HbBIX AIEKTPOJABUTATENSAX HA MPAKTUKE, TaK Kak st 3hPexTHBHOIM
COBMECTHOM paboThl 0OMOTOK 3B€34a-TPEYrOJIbHUK HEOOXOAMMO BBIMOJIHATH YCIOBUS
napajuieIbHON padoThl. HecoOmonenne ycioBuil IpUBOUT K YXYIIIEHUIO () PEKTUBHOCTH
paboThl 31eKTpoBUTaTENel. BEIOOP COBMENIEHHBIX 0OMOTOK B TpeX(a3HbIX
AIIEKTPOBHUTATENSIX HEOOXOAUMO OCYIIECTBISITH HA OCHOBE YTOYHEHHOT'O AJIEKTPOMArHUTHOTO
aHanuza. [IpeanoxkeH alropuTM pacuera COBMEIIEHHBIX 0OMOTOK € MOCIIEA0BATEIbHBIM
COCTMHEHHEM OOMOTOK 3BE3/1a-TPEYTOJbHUK. Y TOUHEHHBIN TrapMOHUYECKUIN aHATN3
MarHUTOABIKYIIUX CHII, MU PEpeHIINaTHHOTO PAaCCeSHUS U PACTIPEACTICHUS HHIYKIIUN
MarHUTHOTO TIOJISl B 3230P€ MOATBEPANII CHIKCHUE BIMSIHAE BBICIIMX MPOCTPAHCTBEHHBIX
TapMOHHK IIPU HUCIIOJIb30BAHNU COBMEIIEHHBIX 00MOTOK. [IpsiMoii myck 31eKTpoABUraTess ¢
COBMEILIEHHO 0OMOTKOM BCJIEICTBUE MOBBIIIEHHOTO MTYCKOBOTO MOMEHTA M CHUYKEHHOTO
BIIUSTHUS BBICIITUX MTPOCTPAHCTBEHHBIX TAPMOHUK MarHUTHOTO TOJISI OCYIIECTBIISIETCS OBICTPEE U
C MEHBIIIMMU MyIbCAIIUSIMU CKOPOCTH BO BPEMsI pa3roHa.

Knroueeswvie cnoea: TpexdazHblil 371€KTPOABUTATENb, ACHHXPOHHBIN ABUTaTeNlb, COBMEIIEHHAS
00MOTKa 3B€3/1a-TPEYTOJIbHUK, MTapajIeIbHOE U MOCJIEI0BATEIbHOE COeTMHEHNUS,

3IIEKTPOMArHUTHBIE MTPOLIECCHI, JOMOJHUTENbHBIE TOTEPH, 3P (HEKTUBHOCTD.



The use of combined star-triangle windings in three-phase electric motors can reduce differential
scattering, inductive resistance, additional losses and electromagnetic noise from higher spatial
harmonics of the magnetic field. The use of combined windings with a doubled number of
parallel structures makes it possible to change the number of parallel branches of the winding in
a larger range. The theoretical advantages of combined windings are not always achievable in
three-phase electric motors in practice, since for effective joint operation of the star-triangle
windings, it is necessary to meet the conditions of parallel operation. Failure to comply with the
conditions leads to a deterioration in the efficiency of electric motors. The selection of combined
windings in three-phase electric motors must be carried out on the basis of a refined
electromagnetic analysis. An algorithm for calculating combined windings with a serial
connection of star-triangle windings is proposed. The refined harmonic analysis of
magnetomotive forces, differential scattering and magnetic field induction distribution in the gap
confirmed the decrease in the influence of higher spatial harmonics when using combined
windings. Direct start of an electric motor with a combined winding due to the increased starting
torque and the reduced influence of higher spatial harmonics of the magnetic field is carried out
faster and with lower speed pulsations during acceleration.

Key words: three-phase electric motor, asynchronous motor, combined star-triangle winding,

parallel and serial connections, electromagnetic processes, additional losses, efficiency.
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CHHKeHHE MOTEePb B POTOPE MOIIHBIX CHHXPOHHBIX MATHUTOJJIEKTPHUYECKHUX
reHepaTopoB

MBAHHHWKOB 10.H., 3YBKOB 10.B., MAKAPHUYEB 10.A.

PaccMoTpeHna BO3MOXHOCTh CHU)KECHHUS J00aBOUYHBIX MOTEPh B MOCTOSHHBIX MarHuTax
NyTEM YMEHbIICHUS BIUSHUS BHICIIUX TAPMOHUYECKUX HAa MAarHUTHOE MOJIE B
BO3JYIIHOM 3a30pe. PaccMOTpeHBI pa3NuuHbIe TUIIBI 0OMOTOK CTaTopa u
NPEeAT0KEHB KOHCTPYKTUBHBIE MEPHI 1O BRIOOPY ONTUMAaIbHON GOPMBI MATHUTOB B
panuanbHO BO30YyXXIaeMbIX T€HEpaTOpax C MO3UIUN CHUXKCHHS BBICIIUX
FapMOHHYECKUX U, CJIEA0BATEIbHO, MOTEPh B poTope. [Ipu pemeHnn nocTaBieHHbIX
3aJ]a4 UCMOJIb30BaJMCh METObl YUCIEHHOTO MOJAEIUPOBAHUS CTAllTUOHAPHOTO U
HECTAIIMOHAPHOTO MAarHUTHOTO TMOJICH.

Kniwoueswle cnosa: BeTpodHepreTuueckass yCTaHOBKA, CHHXPOHHBIM TeHepaTop ¢



NOCTOSHHBIMU MarHUTaMu, CHHXPOHHBIN Te€HEepaTOp C MPSIMBIM MPUBOJOM, MOTEPH B

MarHuTax, MOBBIIICHHE dYHEProdphexTuBHOCTH.

The possibility of reducing additional losses in permanent magnets by reducing the influence of
higher harmonic ones on the magnetic field in the air gap is considered. Various types of stator
windings are considered and constructive measures are proposed to select the optimal shape of
magnets in radially excited generators from the position of reducing higher harmonic and,
consequently, losses in the rotor. Methods of numerical simulation of stationary and non-
stationary magnetic fields were used to solve the tasks.

Key words: wind power plant, synchronous generator with permanent magnets, synchronous

generator with direct drive, losses in magnets, energy efficiency improvement.
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ITyabcanum MOMEHTAa B MAIIMHAX C APOOHBIMH 3yOLOBBIMU 00MOTKAMM M MOCTOSTHHBIMHU
MArHUTAMH

BABULIKMIA J1.10., TOTIOPKOB .M, TEMHPUX T".O.

BrinonHeHo nccienoBanue myabcanuii MOMEHTA B AJIEKTPUYECKUX MAlIMHAX C JPOOHBIMU
3yOLIOBBIMU OOMOTKaMH U MOCTOSIHHBIMUA MarHuTaMu. PaccMoTpeHa KOHCTPYKLIMSI MAarHUTHOM
CHUCTEMBI C PACIIOJIOKEHUEM TIOCTOSIHHBIX MAarHUTOB HA MJIMHIPUYECKON IIOBEPXHOCTH POTOPA.
AHanu3 IpoBEJCH C UCIOJIb30BAHUEM METOJ]a TAPMOHNYECKUX COCTABIAIOMUX. PaccMoTpeHo
o0pa3oBaHNe MOMEHTA NP B3aUMOACHCTBUN FAPMOHUK MAarHUTOIBUKYILEH CHUIIBbI, CO3/JaBAEMOM
JIpOOHBIMU 3yOITOBBIMH OOMOTKaMH, TAPMOHUK MarHUTOABIKYIIEH CHIIBI BO3OYXKICHUS,
00pa30BaHHOM MOCTOSTHHBIMU MarHUTaMH, IPU MTOCTOSTHHOW U MEPEMEHHON YKBHUBAJICHTHOU
MarHuTHON NPOBOIUMOCTH. [1oirydeHsl aHaNUTHYECKUE BBIPAXKCHUS, OITMCBIBAIOINE
BO3HUKHOBEHUE ITyJIbCAllUii MOMEHTA.

Knrwoueswvie cnosa: npobHast 3yo110Basi 0OMOTKA, MOCTOSIHHBIE MAarHUTHI, MATHUTOABIKYIIAS

CuJjia, MaroHuTHass IpOBOJUMOCTD, ITyJIbCalliud MOMCHTA.

A study of moment pulsations in electric machines with fractional tooth windings and permanent

magnets has been carried out. The design of a magnetic system with the arrangement of



permanent magnets on the cylindrical surface of the rotor is considered. The analysis was carried
out using the method of harmonic components. The formation of a moment during the
interaction of the harmonics of the magnetomotive force created by fractional tooth windings,
the harmonics of the magnetomotive excitation force formed by permanent magnets, with
constant and variable equivalent magnetic conductivity, is considered. Analytical expressions
describing the occurrence of moment pulsations are obtained.

Key words: fractional tooth winding, permanent magnets, magnetomotive force, magnetic

conductivity, moment pulsations.

Inekmpomexnuka, 2024, Ne3, cmp. 28-33

TpéxmepHas aHAIMTHYECKAS] MOJEJb MATHATOIIEKTPUYECKOT0 BEHTHJILHOIO IBHTaTe s
ADPAHACBHEB A.A.

PaccMoTpena matemaTnyeckas MOJIEb MATHUTOAIEKTPUUECKOTO BEHTUIIBHOTO IBUTaTENs,
OCHOBaHHas Ha pelIeHUH TpEXMEPHOro ypaBHeHus Jlamaca B 4aCTHBIX MPOU3BOIHBIX METOJIOM
pazaeneHus MepeMeHHbIX ISl BIOKEHHBIX APYT B Apyra MOJBIX HUIMHIPOB KOHEUHOMN JJTUHBI,
IPaHUYHBIE YCIOBHS ISl KOTOPBIX COBNAJAIOT C TPAHUYHBIMU YCIOBUSMHU MarHUTHOTO I10JIS,
BBI3BAHHOTO MIOCTOSTHHBIMU MAarHUTAaMH B 3aKpPBIThIX KaHaJIaX POTOpa, TOKAMU OOMOTKHU CTaTopa
Y HaBEeJICHHBIMU HAMAarHMYEHHOCTSIMU B 000uX cepaeuHukax. [locTossHHbIE MeTO/Ia pa3aesieHus
MEPEMEHHBIX HaXOATCS U3 PELICHHs] CUCTEMbI TMHEHHBIX anreOpanyeckux ypaBHEHHH,
MaTpuLia KOTOPOH B pacCMAaTpUBaEMOM IIpUMeEpPe nMeeT pasMep 24 x 18. DiaemMeHTaMu MaTpULIbL
apisitorest pyHkuun beccens, Madensaa u MaknoHaabia ¢ COOTBETCTBYIOIIUMHU COOCTBEHHBIMU
yHucliaMd. AHaJIM3UPYETCs pacnpeiesieHne MarHUTHOM MHAYKIIMY B BO3YILIHOM 3a30pe€
neurarens. [lokasaHo, 4To pajualibHas COCTABIAONIAS UHAYKIIUN HA OTPAHUYEHHOM y4acTKe
BOJIM3M Kpast CepJICUHUKOB UCIIBITHIBAET BCIUIECK. [IpH paBHOM YKOPOUEHUH JITHHBI
CepACYHHKOB CTAaTOPa U pOTOpa HAOMIOACTCS YBETUUECHUE PaiialbHON MarHUTHON MHYKIIMU B
BO3/YILITHOM 3a30p€ U3-3a POCTa INIOTHOCTH MarHUTHOTO MOTOKA B HEM, BBI3BAHHOTO
noctosiHcTBOM M/IC MarHuToB poTopa M CTaTOpa B YKa3aHHOU MPOLEAYpE.

Knroueevie cnoea: MarnnTo3aeKTPUUECKUN JBUTATE b, UHAYKIUS B BO3AYIIIHOM 3a30p€,
JIEKTPOMAarHUTHBIA MOMEHT, TPEXMEPHAsI AaHATUTUYECKAsI MOJIENb, Pa3/JIICHUE IEPEMEHHBIX,

HENU3BCCTHBIC ITOCTOAHHBIC, TUIIMHAPUYICCKHEC (1)YHKI_[I/II/I beccens.



A mathematical model of a magnetoelectric valve motor based on the solution of the three-
dimensional Laplace equation in partial derivatives by the method of separation of variables for
nested hollow cylinders of finite length, the boundary conditions for which coincide with the
boundary conditions of the magnetic field caused by permanent magnets in the closed channels
of the rotor, stator winding currents and induced magnetizations in both cores, is considered. The
constants of the method of separating variables are found from the solution of a system of linear
algebraic equations, the matrix of which in the example under consideration has a size of 24 x
18. The elements of the matrix are the Bessel, Infeld and MacDonald functions with
corresponding eigenvalues. The distribution of magnetic induction in the engine air gap is
analyzed. It is shown that the radial component of induction in a limited area near the edge of the
cores experiences a surge. With an equal shortening of the length of the stator and rotor cores, an
increase in radial magnetic induction in the air gap is observed due to an increase in the magnetic
flux density in it caused by the constancy of the MDS of the rotor and stator magnets in this
procedure.

Key words: magnetoelectric motor, induction in the air gap, electromagnetic moment, three-
dimensional analytical model, separation of variables, unknown constants, cylindrical Bessel

functions.
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IIpsimoe ynpaBjieHHe MOMEHTOM YeThIpeX()a3HOIr0 BEHTHJIbHO-UHAYKTOPHOI'O ABUIaTe I
JJIS IPMBO/IA JIEKTPOMOOHJIEei

KPACOBCKUI A.B., THUXOHOB A.1, BACIOKOB C.A., CHUTHKO U.C., BOCTOPI'MTHA
E.C.

BenTtunbHo-unaykTopHbsie Asuratenu (BUJ) aBisitoTcs KOHKypeHTaMH TPaAUIIMOHHBIM
JBUTATENISIM B 3JIEKTPUYECKOM TPAHCIIOpTE OJ1arofaps UX BHICOKUM yJEIbHBIM MOKa3aTeNsIM U
OTCYTCTBHIO TIOCTOSTHHBIX MarHUTOB U 0OMOTOK B KOHCTPYKIIMM POTOPA, YTO MOBBIIIAET UX
HAJIS)KHOCTh M CHMIKAET 3aTPaThl HA MPOU3BOJCTBO. B CHITy CUIIBHO BBIPA)KEHHOW HETMHEHHOCTH
UX MarHUTHBIX XapaKTEPUCTUK U IUCKPETHOCTHU B ynpasienuu ais BUJ[ xapaktepHsl
3HAYUTEINIbHBIC MYJIbCALIMA MOMEHTA, IIIyM 1 BUOpaIiy, sl TOAAaBJIEHUS KOTOPBIX
11eJI€CO00pa3HO MCTIOIB30BaTh MPSIMOE yrpaBieHrne MrHOBeHHbIM MoMeHTOM (DITC), oHo
HIMPOKO HUCIIOJIb3YETCS B TPAULIMOHHBIX leKkTponpuBoaax. Onnako BU/I otinuarorcs ot
TPAAUIIMOHHBIX ABUTATENIEH, TOITOMY K HUM HEJb3sl IPUMEHUTh U3BECTHBIE TEXHUYECKUE
pemienus. IMuTanmoHHOe MOIETUPOBAaHUE ABISETCS YIOOHBIM U YHUBEPCAIbHBIM CPEJCTBOM

JUTSL ICCIIEIOBAHUS M pa3pabOTKH METOI0B U anropuTMoB yrpasienus BUJ, a cpena MATLAB



Simulink mo3BosseT ero ycnemHo peann3oBaTh. B cTaThe MpUMEHUTEIBHO K YeThIpexpazHoMy
BU/I paccmoTpens! 1Ba Hanbosiee U3BECTHBIX M MPUHLIUIHAIBHO OTIMYAIOIIUXCS MEXTy COOOH
BapuanTa DITC, 000cHOBaHBI M IPOMILTIOCTPUPOBAHBI MX HEJOCTATKH U MPEIOKEH HOBBIN
BapuanT DITC, nan6onee moaxoasmuii ais ynpasiennst BU/ B coctae TsAroBoro
JIEKTPOIIPUBOAA HIEKTPOMOOHIIEH.

Knrouegvie cnoea: BEHTUIbHO-UHAYKTOPHBINABUTATEND, IIPSIMOE YIIPABIECHUE MOMEHTOM,

MyJbCallul MOMCHTA, MOBBIICHUC YACIbHBIX HOKaSaTeJ'IGI\/JI, MOZACIINPOBAHUC.

Valve-inductor motors (VIM) are competitors to traditional motors in electric transport due to
their high specific characteristics and the absence of permanent magnets and windings in the
rotor design, which increases their reliability and reduces production costs. Due to the strongly
pronounced nonlinearity of their magnetic characteristics and discreteness in control, they are
characterized by significant moment pulsations, noise and vibrations, to suppress which it is
advisable to use direct instantaneous moment control (DITC), it is widely used in traditional
electric drives. However, the VIM differs from traditional engines, so well-known technical
solutions cannot be applied to them. Simulation modeling is a convenient and versatile tool for
the research and development of methods and algorithms for data management, and the
MATLAB Simulink environment allows it to be successfully implemented. In the article, with
regard to the four-phase VIM, two of the most well-known and fundamentally different DITC
variants are considered, their disadvantages are justified and illustrated, and a new DITC variant
is proposed, the most suitable VIM for control as part of an electric traction drive of electric
vehicles.

Key words: valve-inductor motor, direct torque control, torque pulsations, increase in specific

indicators, modeling.
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AJITOPUTM CHHXPOHM3AIMHU CUCTEMBI YIIPABJIEHHUSI MHOTOKAHAJIHLHOTO
3J1eKTPOMEXaHHMYECKOr0 PyJIeBOro NpuBoaa

KY3HELIOB B.E., IVKNYEB A .H., HI'YEH /I.X., BOT TAHOBA C.M., DUJIATOB JI.M.

B crathe paccmaTpuBaeTcs pacipocTpaHEHHBINH CIOCOO MOCTPOCHHSI MHOTOKAHATLHOM CUCTEMBI
yIIpaBJICHUS PYJIEBBIM OPTaHOM aBUAIIMOHHON TEXHUKH. J[JIs TOBBIIICHNS HA/IS)KHOCTH OpTraHa
yIIpaBJICHUS MCIIOJIb30BaHa CTPYKTYpa FTMOPHUIHBIX PYJICBBIX IPUBOJIOB, COCTOSIIIAS U3
AIIEKTPOMEXAHUYECKOTO U THIIPABIMYECKOTO MPUBOAOB. Mcrionb30BaHue pa3HBIX MPUBOIOB

OnpeaCIsICT MOCTPOCHUC aJAIITUBHOI'O AJITOPpUTMA CUHXPOHU3AIHUHU TTOJIOKCHUS PA3HOPOAHBIX



IIPUBOJIOB JIJIs1 YMEHBIICHHS CHJI B3aUMOHATPYKCHHSI CHCTEMBI IIPUBOJIOB OPTraHa yIPaBJICHMUS.
[IpuBeneH MeTo1 CUHTE3a alallTUBHOTO AJITOPUTMA CUHXPOHU3ALUH TOJIO0XKEHUS U CUJIBI JJIs
JIBYX KaHaJIOB IIPUBOJOB C y4E€TOM UX HEJIMHEWHOI'O TPEHUS U HEJITMHENHON CKOPOCTHOM
XapaKTePUCTHKH TMIpaBIndecKkoro kianaHa. CpaBHeHue 3()(peKTHBHOCTH aJIrOPUTMOB
CHHXpOHM3aIuu BeimoyiHeHb! B cpene MATLAB Simulink.

Knrouegvie cnoea: >neKTpoMeXaHUUECKUN PyJIEBON IPUBOJI, CHHXPOHHBIN JBUTATENb C
NOCTOSIHHBIMM MarHUTaMH, aJITOPUTM CUHXPOHU3ALIUHU, aalITUBHBIN allTOPUTM, TPEHHUE,

BbIpaAaBHUBAHUEC CUJI B3AUMOHAIPY>KCHUA.

The article discusses a common way to build a multichannel control system for the steering body
of aviation equipment. To increase the reliability of the control body, the structure of hybrid
steering drives, consisting of electromechanical and hydraulic drives, is used. The use of
different drives determines the construction of an adaptive algorithm for synchronizing the
position of dissimilar drives to reduce the forces of mutual loading of the drive system of the
control body. A method for synthesizing an adaptive position and force synchronization
algorithm for two drive channels is presented, taking into account their nonlinear friction and the
nonlinear velocity characteristics of a hydraulic valve. The comparison of the efficiency of
synchronization algorithms was performed in the MATLAB Simulink environment.

Key words: electromechanical steering drive, synchronous motor with permanent magnets,

synchronization algorithm, adaptive algorithm, friction, alignment of forces of mutual loading.
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YnpasjieHue KOMIIEHCHPYIOIIUM YCTPOMCTBOM B JJIEKTPUYECKON CeTH FTOPHOT0
npeanpusTus

MAJIA®EEB C.1., MAJTA®EEBA A.A.

B snexTpuueckux ceTsx rOpHbIX MPEANPUATHI MHTaHUE MOLIHBIX Harpy30K, HallpuMep,
KapbePHBIX SKCKaBaTOPOB, OCYIIECTBIISIETCS C OMOIIBIO KOHCONBHBIX JUHMH. [Ipu paboTe
[UKJIMYECKOW MOITHOW PE3KOTIEPEMEHHOM Harpy3Ky U PEKyNepaii Y HEPTruu HaOII0ar0TCS
OTKJIOHEHUS U KosiebaHus HanpspkeHus. PaccMoTpeH crioco0 CHIKEHHS KosleOaHui HanpsHKeHUs
B TAKOW CETHU C MOMOIIIbIO KOMIEHCUPYIOIIETO YCTPOUCTBA, AITOPUTM PAOOTHI KOTOPOTO
peycCMaTpUBAET PEryIMpOBaHUE eMKOCTHOTO/MHAYKTUBHOIO TOKA B MUTAIOIIEH JINHUN

MIPOTIOPITMOHAIIBHO aKTHBHOM COCTaBIISIONICH TOKa Harpy3ku. Koadpurment



MPOMOPLUUOHATIEHOCTH MEX/1Yy PEaKTUBHBIM TOKOM JIMHUH U aKTUBHBIM TOKOM Harpy3ku
MPUHUMAETCS PAaBHBIM OTHOLIEHUIO AKTUBHOT'O U MHYKTUBHOT'O COMTPOTUBIICHUM MUTAIOIIEH
nuHuU. KoMIiekcHOe CONMPOTUBIIEHHE MTUTAIOIIEH 3IEKTPUUECKOM CETH MPEAIoIaraeTcs
M3BECTHBIM WU UACHTU(ULIpYETCs B mpoliecce padboTsl. [IpuBenensl popmyssl 1id pacuera
TOKOB B CICTEME JIEKTPONUTAHUS ISl Pa3IMUHbIX PEKUMOB. BBINOIIHEHO KOMITBIOTEPHOE
MOJICIIUPOBAHHE JIEKTPOIHEPTETUUECKUX MPOLIECCOB MPHU pabOTEe TUPUCTOPHO-PEAKTOPHOTO
KOMITIEHCHPYIOLIETO YCTPOMUCTBA CO CIEIUATBHBIM PETYISTOPOM.

Knrouesvie cnoea: snekTpuyeckas CeTb TOPHOTO MPEANPUATHS, KOMIIEHCUPYIOIIUE YCTPOUCTBA,

KoJIeOaHMs HAIps>KCHUA, MOICTIUPOBAHUC.

In the electrical networks of mining enterprises, powerful loads, such as quarry excavators, are
powered using cantilever lines. During the operation of a cyclic high-power alternating load and
energy recovery, voltage deviations and fluctuations are observed. A method for reducing
voltage fluctuations in such a network is considered using a compensating device, the algorithm
of which provides for the regulation of capacitive/inductive current in the supply line in
proportion to the active component of the load current. The proportionality coefficient between
the reactive line current and the active load current is assumed to be equal to the ratio of the
active and inductive resistances of the supply line. The complex resistance of the power supply
network is assumed to be known or identified during operation. Formulas for calculating currents
in the power supply system for various modes are given. Computer simulation of electric power
processes during operation of a thyristor-reactor compensating device with a special regulator
has been performed.

Key words: electric network of a mining enterprise, compensating devices, voltage fluctuations,

modeling.
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'apMoHMKH HanpsiZKeHUH B CeTH, CO31aBaeMble HHIYKIMOHHBIM HATrpeBaTeJseM,
NUTaeMbIM TPAH3UCTOPHBIM F'€HEPATOPOM

BYKAHHH B.A., UBAHOB A.H., BOJIOI'IH B.B., BOJIOT'IMH BJI.B.

PaccmoTpens! mpo0eMbl 3JIeKTPOMarHUTHOM COBMECTUMOCTH, CBSI3aHHBIE C HAJIMYHUEM B CETH
00I1ero Ha3HAYCHUS UCKAKEHUH CHHYCOUJAIBHOTO HAPSHKEHUS TIPU TTOJIKITIOUEHUH CHCTEM
MHJYKIIMOHHOTO HarpeBa MeTayioB. OTHUM U3 UCTOUHUKOB YMUCCUU TAPMOHUK HANPSIKEHUS

ABJISIETCS IPOEKTUPYeMasi MHAYKLIMOHHAs YCTAaHOBKA BBICOKOM YacTOTHI JJIsl HArpeBa



rpaduTOBOTO IMWIMHAPA HA Oa3e TpaH3uctopHoro renepatopa BI'T 8-50/10. PaccmoTpensl
pOo0OJIeMbl HU3KOYAaCTOTHBIX KOHIYKTHUBHBIX IIOMEX, CO3aBAEMBbIX MPHU pad0Te MHAYKIIMOHHOU
YCTaHOBKH JIJIsl HArpeBa rpauTOBOTroO MUJIMHAPA HA BRICOKOW yacTtoTe. [IpuBeneHs! pe3yabTaThl
SKCHEPUMEHTAIBHBIX UCCIIEIOBAHNN UCKAXEHUSI CUHYCONJAIbHOCTH KPUBOM HANIPSDKEHUS B
nuTarouiei cetu. BrinonHensl n3mepenns kodduimeHTa HECUHYCOUIAIbHOCTH HAMIPSKEHUS U
K02(pPHULIMEHTOB #-if rapMOHUYECKON cocTaBisitoliel. [loaydeHbl KpuBbIe HANPSHKEHUS ¥ TOKA B
CETH Ha BX0JI€ TpaH3ucTopHoro ucrounuka nutanust BI'T yacroToit 10 k"1 npu noaxtoueHUn
€ro K MHIYKTOpY MOIIHOCTHIO 12 1 20 kBT. BeInogHEeHbI H3MEpPEHUs] TAPMOHUK HANPSHKEHUS U
CpPaBHEHHE UX C Mpe/eIbHBIMU HOPMAaTUBHBIMU MTapaMeTpamu. 3adhuKCUpOBaHbI HOMEpa
FapMOHHUK, HAa KOTOPBIX UMEIOTCS IIPEBBILICHUE JOMYCTUMbBIX 3HAUYEHUN HAIPSKEHUH.
Knrouegvle cnosa: VHIYKIIMOHHBIN HarpeB, TPAH3UCTOPHBIA TeHEPATOP, JIEKTPOMArHUTHas

COBMCCTHUMOCTb, KOHAYKTUBHBIC IIOMCXHU, TaPMOHHUKHA HaHpH)KeHI/If/'I.

The problems of electromagnetic compatibility related to the presence of sinusoidal voltage
distortions in the general-purpose network when connecting induction heating systems for metals
are considered. One of the sources of voltage harmonic emission is a projected high-frequency
induction installation for heating a graphite cylinder based on a transistor generator VGT 8-
50/10. The problems of low-frequency conductive interference created during the operation of an
induction installation for heating a graphite cylinder at high frequency are considered. The
results of experimental studies of the distortion of the sinusoidal voltage curve in the supply
network are presented. The non-sinusoidal voltage coefficient and the coefficients of the nth
harmonic component were measured. The curves of voltage and current in the network at the
input of a transistor VGT power supply with a frequency of 10 kHz when connected to an
inductor with a power of 12 and 20 kW are obtained. Voltage harmonics were measured and
compared with the maximum regulatory parameters. The numbers of harmonics that exceed the
permissible voltage values are recorded.

Key words: induction heating, transistor generator, electromagnetic compatibility, conductive

interference, voltage harmonics.
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Oco0eHHOCTH OXJIAKAEeHUS TOKOBBOA0B (KOHIIEBBIX YCTPOMCTB) CHJIOBBIX Kaldesel Ha

OCHOBE BbICOKOTEMIIEPATYPHBIX CBEPXNPOBOJHHKOB

BYAHOB I0.JI.



PaccMOTpeHBI KOHCTPYKTHUBHBIE CXEMBI M CIIOCOOBI OXJIaXKI€HHSI BEICOKOBOJIBTHBIX KOHIIEBBIX
YCTPOMCTB (TOKOBBO/IOB) CHJIOBBIX CBEPXIPOBOISIINX Kabenei Ha OCHOBE
BBICOKOTEMIIEPATYPHBIX CBEPXIPOBOIHUKOB. Ha 6a3e TeopeTHuecKuX TEIIOBBIX MOJIENEH,
OITMCBHIBAIOIIMX pacIpe/ielIeHne TEMIIEPAaTyPhl U TEIIOBOTO TIOTOKA BJIOJIb TOKOBBOJOB IIPH
UJICATFHOM H PEATFHOM TEII00OMEHE, MPOBEAEH aHAIN3 X PAOOTHI B YCIOBHAX OXJIAXKICHHS
ra3o00pa3HbIM a30TOM WK renreM. [loka3zaHo u3MeHeHHue COOTHOLICHUS ONITUMAIIBHBIX
IUIOTHOCTEW TOKA U YAEIbHBIX TEIUIONPUTOKOB K MCTOYHHKY X0JI0/a B 3aBUCUMOCTH OT pacxoja
Y TIPUPOBI OXJTAXKIAromero raza. KonmndyecTBeHHO onpeenéHo, 4To NpuMEeHEHHE
ra3000pa3HOro Teyus IS OXJIAKICHUS TOKOBEIYIINX 3JIEMEHTOB KOHIIEBOTO YCTPONUCTBA AaéT
CYIIECTBEHHBIN A (HEKT M0 CPaBHEHUIO C A30TOM.

Knrwueswvie cnosa: BTCII cunoBblie kabenu, ra300xJ1axjaeMble TOKOBBOIBI, KOHCTPYKIIHS

KOHIIEBBIX YCTPONCTB, CIOCOOBI KPHOTE€HHOTO OXJIaKIACHHUS.

Design schemes and methods for cooling high-voltage terminals (current leads) of power
superconducting cables based on high-temperature superconductors are considered. On the basis
of theoretical thermal models describing the distribution of temperature and heat flow along the
current leads under ideal and real heat transfer, an analysis was made of their operation under
conditions of cooling with gaseous nitrogen or helium. The change in the ratio of optimal current
densities and specific heat inflows to the cold source is shown depending on the flow rate and
nature of the cooling gas. It has been quantitatively determined that the use of gaseous helium for
cooling the current-carrying elements of the terminals gives a significant effect compared to
nitrogen.

Key words: HTS power cables, gas-cooled current leads, design of terminals, cryogenic cooling

methods.
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