Onexmpomexnuxa, 2021, Nel, cmp. 2-7
K pacuyéry MAarHuTHOro peyKTopa MeToI0M pa3/ejieHus nepeMeHHbIX Dypbe
ADAHACBEB A A.
MarHuTHbIC PeIyKTOPhI MOXHO MOJIPa3/IC)IUTh Ha JIBE TPYIIIBI: HEYIPaB/IsiIeMbIe, BBITOJIHCHHBIC
Ha TIOCTOSTHHBIX MarHUTaX, ¥ YIpaBIIIeMbIe, COJIepiKalue, KpoMe MarHuTOB, 0OMOTKY CTaTopa ¢
npeoOpa3zoBaresieM 4acToThl. [lepBbie UMEIOT (HUKCHPOBAaHHBIN KO (HUITMEHT MAarHUTHOM
PEAYKIIMH, Y BTOPBIX OH MOXET U3MEHATHCS Omaroaapst mpeodpazoBaTento 4acToThl. PaccMoTpeH
MOJIEBOM aHATMTUYECKHUI METOJ pacueTa, KOTOPbIA MOKET UCIOJIb30BATHCS JJISl OLIEHKHU
(YHKITHOHATBHBIX CBOWCTB 000MX THIIOB 3TUX YCTPOMCTB, ONICPUPYS IBYMS JIEKApTOBBIMU

KoOpAMHATaMu X, Y . B Kax1oil n3 akTUBHBIX 00JacTeil MArHUTHOTO PEeIyKTOpa (BO3IYLIHBIX

3a30pax, MarHUTax, sipMax cTaTopa U poTopa, pOTope CO CKBO3HBIMU 3yOllaMU U TIa3aMH —
MOJIYJIATOPE) UCKOMbIE TIepeMEHHbIE (MAarHUTHBIE MOTEHIIMAIBI U MATHUTHBIE WHIYKIIMH )
MPEJICTABIISIIOTCS B BUE MPOU3BEACHUS NBYX (DYHKIUH, IepBasi U3 KOTOPHIX 3aBUCUT OT
KOOPJAMHATHI X , BTOpasi — OT KOOPAUHATHI Y. DTH (HYHKIIMHM YMHOKAIOTCSI HA HEKOTOPHIE
HCHU3BCCTHBIC ITOCTOAHHBIC, 3HAUCHUA KOTOPBIX HAXOAATCA U3 I'PAaHUYHBIX YCJIOBI/Iﬁ MarduTHOI'O
IMOJIA HAa JIMHUAX CONPSKCHUS aKTHBHBIX O6HaCTeﬁ. MarHutHbIe MMPOHUI[ACMOCTH
(dbeppoMarHuTHBIX 00JIacTel MpeArnoaraoTcs (GUKCHPOBAaHHBIMH, HX 3HAUYCHUS
KOPPEKTUPYIOTCA MO JaHHBIM pacu€Ta MarHUTHOM LIEH peayKTopa. Takoi moaxo Jaet
BO3MOXHOCTb pCAJIM30BaTh MPUHIUIT CYIICPIIO3UTTUN MATHUTHBIX HOHGﬁ, CO3JaHHbIX
HCTOYHHUKaMHU pOTOpa U CTaTOpPA. HpI/I 3TOM pvaéT HEU3BECTHBLIX ITOCTOAHHBIX BBITIOJIHACTCS
JBAX/IbI — IPUMEHUTEIBHO K KOKJOMY UCTOYHHKY, TaK KaK IMOCIEIHUE UMEIOT MPUHIIUITHAIBHO
pa3HbIe YUCIIA MOJIFOCOB U, CIIEA0BATEIbHO, UMEIOT Pa3HbIN CIEKTP rapMOHUYECKHUX
COCTAaBJIAIOMIUX MATrHUTOABUXKYIIUX CHUJIL. HpeHHO)KGHHBIﬁ MCTO/] MO3BOJIACT OMIPECACTIATH
MarHUTHBIE HMHIYKIUU B pab0unX BO3AYIIHBIX 3a30pax PEAYKTOPA U 3JIEKTPOMAarHUTHbIE
MOMEHTbI, BO3/IEHCTBYIOIINE HAa POTOPHI U cTaTtop. [lonyueHHble pe3ynbTaThl MOATBEPHKACHbI
OTNBITHBIMU JaHHBIMU. J[J1s1 peanu3ainuy MeToa JOCTaTOYHO Habopa (pYHKIINI, UMEIOIIUXCS B
nporpamme Mathcad.

Knroueevie cnoea: MarHuTHeIA peLyKTOpP, OCTOSIHHBIE MAarHUTBI, CKAJISIPHBIE MATHUTHBIE

NMOTCHUUAJIbI, MArHUTHBIC MHAYKIIUU, SJICKTPOMArHUTHBIC MOMCHTHBI.

Magnetic reducers can be divided into two groups: unmanageable, made on permanent magnets,
and controlled, containing, in addition to magnets, the stator winding with a frequency
Converter. The first have a fixed coefficient of magnetic reduction, the second it can be changed

thanks to the frequency Converter. The proposed field analytical calculation method can be used



to evaluate the functional properties of both types of these devices using two Cartesian
coordinates . In each of the active regions of the magnetic reducer (air gaps, magnets, yoke of the
stator and rotor, rotor with through teeth and grooves (modulator), the required variables —
magnetic potentials and magnetic induction — are represented as a product of two functions, the
first of which depends on the coordinate , the other — on the coordinate . These functions are also
multiplied by some unknown constants whose values are from the boundary conditions of the
magnetic field on the interface lines of the active regions. Magnetic permeability of
ferromagnetic regions (yoke, modulator rods) are assumed to be fixed, the values of which are
adjusted according to the calculation of the magnetic circuit of the reducer. This approach makes
it possible to implement the principle of superposition of magnetic fields created by the rotor and
stator sources, respectively. In this case, the calculation of the unknown constants is made twice
for each source, since the latter have fundamentally different numbers of poles and,
consequently, have a different spectrum of harmonic components of the magnetomotive forces.
The considered method makes it possible to solve such applied problems as finding magnetic
inductions in the working air gaps of the reducer, determining the electromagnetic moments
acting on the rotors and the stator. The results were confirmed by experimental data. To
implement the method, a set of functions available in the Mathcad mathematical program is
sufficient.

Key words: magnetic gear, permanent magnets, scalar magnetic potentials, magnetic induction,

electromagnetic moments.
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MaremaTudeckasi MOJeJIb ACHHXPOHHOT0 TPex(a3Horo ABUrarTeis ¢ (pasHbIM POTOPOM
KOPIIYHOB A.H.

[Tpu 0OBIYHBIX JOMYIIECHHUSIX TOCTPOCHA MaTeEMaTHUECKasi MOJIETIb ACHHXPOHHOTO JBUTATENs C
¢azuasiM poTopom (A/l), He UCTIONB3YIOMIAs MPEANOI0KEHUE O KPYTOBOM BpAIAIOIIEMCs T10JIE B
€ro BO3YLIHOM 3a30pe U pa3InyHble IpeoOpazoBaHus KoopAnHAT. MoJens cripaBeiiiBa Kak B
NEPEeXOAHBIX, TAK U B YCTAHOBUBILUXCS PEKUMAX U IIPH Pa3INYHBIX CIIOCO0aX yINpaBICHUS
IyTeM U3MEHEHUS MapaMeTpoB Tpex(a3Hoil cuCTeMbl HAIPSDKEHUH MUTaHusE OOMOTKH CTaTopa
A/l. Tloka3aHo CylIeCTBOBaHME B IOCTPOCHHOM HEMMHENHHOU Moaenu A/l mpy MOCTOSIHHBIX
napaMeTpax HanpspKEHUS MUTaHWs CTaTOpa U MOMEHTE HArpy3KH JKEJIaTeJIbHOTO CTALIMOHAPHOTO
pexnuma paboTbl, COOTBETCTBYIOIIETO OCTOSIHHBIM JIEKTPOMarHUTHOMY MOMEHTY U 4acTOTe

BpaIlIEHHsI POTOPa IPU CHHYCOMIAIBHBIX TOKaX poTopa u ctaropa. B cucreme Mathlab Simulink



nocTtpoeHa 1udposas moaenp AJl. [TomydeHo aHATUTUYECKOE PEIICHHE CHCTEMBI JTHHEHHBIX
Qg depeHIMaIbHbIX ypaBHEHUH, onuchIBatomield AJl mpu 3aTOpMOKEHHOM pOTOpE U
MO3BOJISIONIEH OLEHUTh KOPPEKTHOCTh HENMHEHHOM nndpoBoit Moxenu. IlpuBeaeHs mpuMepsl
npuMeHeHus Mojienn AJl K aHaIu3y NepexOAHbIX U YCTAHOBUBILUXCS PEKUMOB €ro paboThl.

Knroueevle cnosa. acHHXpOHHBIN BUTATENH, (pa3HBIN POTOP, MaTeMaTUYECKasi MOJICIb.

At usual assumptions the mathematical model of the asynchronous engine with a phase rotor
(AE) which is not using the assumption of the circular rotating field in its air gap and various
transformations of coordinates is constructed. The model is fair both in transitional, and in the set
modes and at various ways of management by change of parameters of a three-phase system of
supply voltages of a winding of the AE stator. Existence in the constructed nonlinear AE model
at constant parameters of supply voltages of the stator and the moment of loading, the desirable
stationary operating mode corresponding to constants to the electromagnetic moment and
frequency of rotation of a rotor at sinusoidal currents of a rotor and the stator is shown. In the
Mathlab Simulink AE digital model is constructed. The analytical solution of a system of the
linear differential equations describing AE at an fxed rotor, the correctness of nonlinear digital
model allowing to estimate is received. Examples of application of the AT model to the analysis
of the transitional and set modes of its work are given.

Key words: asynchronous engine, phase rotor, mathematical model.
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Pacuyer cucrem C 3J1eKTPUYECKUMH MAIIMHAMHU M MOJYNPOBOIHMKOBBIMU
npeodpazoBare;IAMU HA ObICTPOAEHCTBYHOIIMX CABOECHHBIX MOJEJISAX

BOPOHIIOB A.T"., [TPOHVH M.B.

st cokpaliieHust 3aTpaT MAIMHHOTO BPEMEHH Ha PAaCYeThl CUCTEM C IEKTPUUECKUMHU
MalIuHaMH 1 TTOJTYITPOBOTHUKOBBIMH MPE0OPa30BATEISIMU IIPEITI0KEHO UCITOIH30BaTh
OTIMCaHUE TIPOIIECCOB IO «TJIAJIKUM» COCTABIISIONINM TOKOB M HanpsbkeHuH. [Ipemoxkeno Takxe
HCII0JIb30BaTh CIBOEHHBIE MOJIEIHN CUCTEM, B KOTOPBIX COYETAIOTCS METO MOJICTUPOBAHUS 110
«TIAJAKAMY COCTABJISIIOLIUMM KPUBBIX M METOJT MOACIIMPOBAHUS CUCTEM I10 B3aMMOCBSI3aHHBIM
MOJICKCTEMAaM, YTO MO3BOJISIET COTIACOBATH TPEOOBAHUS 110 CKOPOCTH U TOUHOCTH PAacuETOB

JUTUTEIIBHBIX TIpolieccoB. [IpuBeaeH npumep co3ianusi CIIBOSHHON MO TPAH3UCTOPHOTO



IPUBOJA C IBUTATETIEM Ha OCTOSHHBIX MarHUTAaX.
Knrwoueswvie cnosa: >nekTpuyueckasi MalinHa, MOJIYyIPOBOJHUKOBBIN ITpeodpa3oBarensb,

MOZACIINPOBAHUC, PACUCT, 3aTPAThl MAIIMHHOTO BPCMCHU.

To reduce the cost of computer time for calculating systems with electric machines and
semiconductor converters, it is proposed to use a description of the processes according to the
«smooth» components of currents and voltages. It is also proposed to use dual models of
systems, which combine the modeling method using «smooth» components and the method of
modeling systems using the interconnected subsystems which allows matching requirements for
the speed and accuracy of calculation of long-term processes. An example of creating a dual
model of a transistor electric drive with the permanent magnet synchronous motor is given.

Key words: electric machine, semiconductor converter, simulation, calculation, simulation costs.
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DJIeKTPOMATHUTHBI MOMEHT M €ro MyJibCAlUM B YHUIIOJISIPHOM 0€CKOHTAKTHOM
MOMEHTHOM JJIEKTPOJABUraTe/Ie ¢ MOCTOSTHHBIMH MATHUTAMHU

EIMM®AHOB O.K., TPEYVYIIKHNH 10.B., CAJIOBA N.A.

Paccmotpens! mporeccsl 00pa3oBaHus 3IEKTPOMArHUTHOTO MOMEHTA U €ro MyJbCcaluii B
YHUIIOJISIPHOM UHAYKTOPHOM MOMEHTHOM 3JIEKTPOABHUTATENE C 3JIEKTPOMArHUTHON pelyKIuen u
BO30Y)KICHHEM OT MOCTOSTHHBIX MarHUTOB. [IpuBenens pusnko-mareMaTudeckast MOJENb U
pacueTHO-aHATUTHYECKOE OMMCaHue PU3NIECKUX MTPOLIECCOB U B3aUMOCBSI3ei
3JIEKTPOABUTATENS HCCIEAYEMOTO TUIIA C TIOCTPOSHUEM CXEM 3aMEIICHHUS €T0
3JIEKTPOMArHUTHOM LIETH, OIpe/ieJIeHbl ICTOYHUKHU U HCCIIE0BaHbl B3aUMOCBSI3U IIPU
BO3HUKHOBEHUH IYJIbCAIIUHN 3JIEKTPOMAarHUTHOTO MOMEHTA, MOJYyYEHbI X aHATUTUYECKUE
3aBUCHMOCTH C YYETOM XapaKTepa MarHUTHON MPOBOAMMOCTH €0 BO3YIIHOIO 3a30pa U
MPOTEKAIONINX TOKOB B €r0 COCPEIOTOYECHHBIX (pa3HbIX 0OMoTKax. [lokazaHo, YTO UCTOYHUKAMU
YKa3aHHBIX MyJbCAIUH SBJISIFOTCS BBICHINE TAPMOHUKHA MarHUTHOM MPOBOJIMMOCTH BO3TYLITHOTO
3a30pa, MPU ATOM IYJIbCAIUU COACPKAT TPU COCTABISIONINE: MYJIbCAIIUU OCHOBHOTO,
100aBOYHOTO ¥ OCTATOYHOTO MOMEHTOB. OTIIPEIeIeHO, YTO aMITUTYABI U (ha3bl COCTABIISIFOIINX
MyJbCAI[Mil OCHOBHOTO U JO0ABOYHOTO 3JIEKTPOMAarHUTHBIX MOMEHTOB CBSA3aHbI C YTJIOM

OIICPCIKCHUA BEKTOPA TOKA B 0OMOTKAX OTHOCHUTEILHO BCKTOpPA MarHuTHOT'O IIOTOKaA,



IPOXOISIIETO Yepe3 MOT0ca CTaTopa 3JIeKTpoABHrarTess. [lomydeHHbIe pe3yabTaThl
HOATBEPK/ICHBI YACICHHBIM MOJICTUPOBAHHEM HJIEKTPOMArHUTHON CUCTEMBI 3JICKTPOIBUTATEIIS
MeToJIoM KoHeuHBIX 1eMeHTOB B ANSYS Maxwell. Dtu pe3ynbratel MOTYT OBITH
MCTIONIB30BAHBI JIJIsl COBEPIICHCTBOBAHHS KOHCTPYKIIMHI 3JIEKTPOABUTATENICH PACCMOTPEHHOTO
THIIA, a TAKXKE MTPH Pa3pabOTKE CXEMOTEXHUYECKUX PEIICHUH M alNTOPUTMOB YIPABJICHHS
NPEUU3NOHHBIMU O€3pEAyKTOPHBIMH 3JIEKTPONIPUBOAMU aBTOMATHUECKUX CUCTEM YITPABICHHS.
Knrwoueswvie cnosa. yHUTIONAPHBIN HHAYKTOPHBIA OECKOHTAKTHBI MOMEHTHBIN
IIEKTPOJIBUTATENb, HOCTOSHHBIE MATHUTHI, ITYJIbCALIUH YIEKTPOMAarHUTHOTO MOMEHTA,

yIrpaBieHue, 6e3pe1yKTOPHBII 3JIEKTPOIPUBO/I.

A physical and mathematical model and a computational and analytical description of physical
processes and the relationship of the electric motor with the construction of equivalent circuits of
its electromagnetic circuit are given. The sources are determined and the relationships are
investigated when the electromagnetic moment ripples occur. The analytical dependences of the
ripples are obtained taking into account the nature of the air gap magnetic conductivity and the
currents in the phase windings. It has been shown, that the sources of these ripples are the higher
harmonics of the air gap magnetic conduction function. The ripples contain three components:
ripples of the main, additional and residual moments. It was determined that the amplitudes and
phases of the ripple components of the main and additional electromagnetic moments are related
to the lead angle of the windings current vector relative to the magnetic flux vector passing
through the stator poles of the electric motor. The results were confirmed by numerical
simulation of the electric motor electromagnetic system by the finite element method in ANSYS
Maxwell. These results can be used to improve the designs of this type of electric motors, as well
as in the development of circuit solutions and control algorithms for precision gearless electric
drives of automatic control systems.

Key words: inductor unipolar brushless torque motor, permanent magnets, electromagnetic

torque ripples, control, gearless electric drive.
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IIpumeHeHNne CIEKTPATBHOT0 AHAJIHU3a TOKOB POTOPA ISl OLeHKH 3(P(PEeKTUBHOCTH PAdOThI

CHCTEeM yNpaBJieHHs ACHHXPOHHBIX 3J1eKTPONPUBO/IOB

KOJKVH B.JI., AHUKHWH A.C., BAJJAEHKOB A.A.



B cratbe 060cHOBBIBaeTCs 3PEKTHBHOCTH aHAJIM3a POTOPHBIX TOKOB ACHHXPOHHBIX
AJIEKTPOIIPUBOJIOB C YaCTOTHBIM yIpaBieHueM. [Ipeanaraercst uCnoib30BaTh CEKTPATbHBIN
aHAJIU3 3TUX TOKOB M OCHOBHYIO TAPMOHUKY, KaK HabO0JIee TOUHOE «OTOOpaKECHHE)
CKOJIb)KEHUSI B aCHHXPOHHOM JIBUTaTelle — KaK METOJ] OLIEHKH KauecTBa (OPMUPOBAHUS MOMEHTA
B ABUraresie. MoenupoBaHUE U SKCTIEPUMEHTHI TOATBEPKIAIOT Mpe/laraeMble TEOPETUUECKHE
MOJIOKEHHUS. DKCIIEPUMEHTBI, OTPAKAIOIIUE padOTy SIEKTPOIPUBO/IA IIPU MATBIX HArpy3Kax,
COOTBETCTBYIOIIUX CKOJBXEHUIO 3% U MU Harpy3Ke, OJIM3KOW K HOMUHAIBHOM,
COOTBETCTBYIOLIEH CKOIbXEeHHIO 8—10%, mokazanu, 4To peain30BaHHbIN B CTAHIAPTHBIX
mpeoOpazoBaTesiX YacTOThl AITOPUTM (OPMUPOBAHNUS BPAIIAIOIIETO0 MOMEHTA HE SIBISETCS
Hauy4dmuM. [IpennoxkeHo CTpykTypHOe pelieHre, yaydllaolnee JMHAMUKY PUBO/Ia TOYTH B
JIBa pas3a v JeJarollee €€ COU3MEPUMON C JUHAMUKOW JIBUTATENEN C TOCTOSTHHBIMA MarHUTaMH.
3T0 perieHne Mo3BOIUT IPUMEHATh ACHHXPOHHBIE 3JIEKTPOIIPUBO/IbI B TOUHBIX TEXHOJIOTHSIX.
Knrouesnie cnoea: acuHXpOHHBIN AJIEKTPONPUBO/I, HACTOTHOE YIIPaBJICHHUE, POTOPHBIE TOKH,

CIIEKTpaJbHbIM aHAJIN3, BPALIAOILNIl MOMEHT.

The article substantiates the effectiveness of the analysis of the rotor currents of asynchronous
electric drives with frequency control. It is proposed to use the spectral analysis of these currents
and the main harmonic, as the most accurate "display" of slip in an asynchronous motor — as a
method for assessing the quality of torque formation in a motor. Modeling and experiments
confirm the proposed theoretical position. These experiments reflecting the operation of the
electric drive with low loads corresponding to a slip of 3% and at a load close to the nominal,
corresponding to a slip of 8-10%, convincingly showed that the algorithm for generating torque
implemented in standard frequency converters is not the best, however, proposed a structural
solution that improves the dynamics of the drive almost twice, making it comparable with the
dynamics of permanent-magnet engines. This solution will allow the use of asynchronous
electric drives in precise technologies.

Key words: asynchronous electric drive, frequency control, rotor currents, spectral analysis,

torque.
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CpaBHHTeJIbHAS OI[EHKA YHEPTroNnoTpedIeHnsl ACHHXPOHHOT0 U CHHXPOHHOTO PeaKTHBHOIO

NPHBOJI0B B HACOCHOM NPHJIOKEHHUH C Y4eTOM NOTepPb B Ipeodpa3oBaTtesie YacTOThI



KA3AKBAEB B.M., [IPAXT B.A., IMUTPUEBCKIH B.A., OIIYPBEKOB C.X., H.
UBPATUM MOXAME/]

BrinonHeH cpaBHUTENBHBIA aHATU3 SHEPTETHUECKUX XapaKTEPUCTUK ACUHXPOHHOTO U
CHHXPOHHOI'O PEAKTUBHOTO 3JIEKTPOIPUBOJIOB MAJIOM MOIIHOCTH. PaccmaTpuBaroTcs
acuHxpoHHbIH (AJl) 1 cuaxpoHHBIN peakTuBHBIN ABUTatenu (CP/I), BeImosHEHHBIE B
OJIMHaKOBOM Kopmyce. [IpuBeneHbl pe3yabTaThl HCIBITAHUM PEryIUPYEMOro 3JIEKTPOIPUBOJIA C
Al u CPJl B mupokoM auara3one pexxumoB padbotel. Pacuer KIIJ] aBurarens B ToYkax, Juist
KOTOPBIX HEMOCPEACTBEHHO HE UMEETCS OMBITHBIX JTAHHBIX, BHIITOJIHEH C [IOMOIIbIO
MOJIMHOMHUAJIBHOM MHTEPHOJSAUNA. PaccMOTpEeHO BIMSIHUE TUIIA IBUTATENS HA TOTEPH B
JIBYX3BEHHOM MPeoOpa3oBarese 4aCTOThI C UCIIOIb30BAHNEM aHAIMTUIECKOTO U YHCIEHHOTO
meTo0B. [TokazaHo, 4To, HECMOTPS Ha PsiA AONMYLUICHUN, aHATUTUIECKUIA MeTo1 001agaer
CPaBHUTEIHHO HEOOJBIION MOTPEUTHOCThIO. Takke NMpeAsioKeH albTepHATUBHBIA MOIXO IS
orpezeNeHus: 3HaYeHUs TOKa U KO3 PUIIEHTa MOIIIHOCTH JBUTATENS, HEOOXOAUMBIX IS
pacdera oteph B mpeodpazoBaTeiie 4acToThl. Ha mpumepe mpuBoaa MomHOCTHIO 1,1 KBT
nokaszaHo, yto npuMmenenne CPJ] no cpaBHenuto ¢ A/l Mo3BosisieT 3HaUUTEIbHO CHUZHUTD
SHepromnoTpedIeHre HaCOCHOTO arperara.

Knwueswvie cnosa: perynupyeMblil IPUBOJI, ACUHHXPOHHBIN JIBUTATENIb, CAHXPOHHBIM pEaKTUBHBIN

JIBUTATElb, IOTEPHU B IPeoOpa3zoBaTese YacToThl, SHEPT03(PPEKTUBHOCTS.

This paper presents a comparative analysis of the energy consumption of induction and
synchronous reluctance electric drives of low rated power used in the water supply system of a
large building. The induction motor (IM) and synchronous reluctance motor (SynRM) were
manufactured using a similar motor housing. Test results of the variable speed drive employing
IM and SynRM are presented in a wide range of operating modes. The calculation of motor
efficiency in points where there is no experimental data was carried out using polynomial
interpolation. The influence of the motor type on the losses in a two-stage frequency converter is
investigated using analytical and numerical methods. It is shown that despite a number of
theoretical assumptions the analytical method used has a relatively small error. In addition, an
alternative approach is proposed for determining values of the current and the power factor of the
motor that is needed for calculating the losses in the frequency converter. Considering an
example of a 1.1 KW drive, it is shown that using SynRM, as compared to 1M, can significantly
reduce energy consumption of the pump unit.

Key words: adjustable drive, asynchronous motor, synchronous jet engine, frequency converter

losses,. energy efficiency.
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MeToab! onpeneieHUsi pEAKTHBHOTO COMPOTHBIICHUSI PAcCesTHUsI 00MOTOK
TpaHncopMaTropa

[TOITOB N.II.

Cy1ecTByIOI#e METOBI HE MO3BOJISIOT H3MEPSTh PEAKTHBHBIC COTIPOTUBIICHUS PACCESTHHS IS
KaXJ10ii 0OMOTKH TpaHc(hopMaTopa B OTACILHOCTH, TO3TOMY YacTO JUIsl TPOCTOTHI MOJIAraroT X
PaBHBIMH YT APYTy. B AeHCTBUTENILHOCTH, TPUMEHUTEIBHO K PACCMATPUBACMOMY CITyUalo,
OHH CYIIECTBEHHO HE paBHbBI. PacdyeT MOTOKOCIHEIIICH s BHEIITHEH OOMOTKH TIOKa3bIBACT, UTO €€
PEaKTHBHOE COTIPOTHUBIICHHE PACCESTHUS OOJIbIIIE CYMMAPHOTO COMTPOTHBIICHUS paCCEsTHUST 00SHX
00MOTOK, OTKY/Ia CJICIyeT, YTO PEAKTUBHOE CONPOTUBIICHUE PACCESHUS BHYTPEHHEH 0OMOTKH
UMEET EeMKOCTHBIN Xapakrtep. L{esb cTarbu — 000CHOBaHUE BO3MOXHOCTH SKCIICPUMEHTATIBHOTO
OTIPEICIICHUS] PEAKTUBHBIX COTIPOTUBIICHUHN PACCESTHUS ISl KXo 0OMOTKHU TpaHcopmaropa B
OTIENbHOCTU. PeakTHBHOE CONTPOTHBIICHUE pacCesHUS K10 0OMOTKH TpaHCPopMaropa B
OTIEILHOCTH MOXKET OBITh OTPENIEIICHO, M0 KpaiiHel Mepe, TpeMsl IKCIIEPUMEHTATbHBIMH
METO/IaMH, TAIOIIMMHU YJOBJICTBOPUTEIBHOE COBMAICHHE Pe3yiIbTaToB. [IpeacTaBicHHbIC
IKCIIEPUMEHTAIBHBIC METOIbl HE TPUBSI3AHbI K XapaKTePy PEaKTUBHOCTH CONPOTUBIICHUIN
paccesinusi. OHU SIBJISFOTCSl YHUBEPCAITBHBIMH — UX MOKHO MCIIOJIB30BATh IPH JIFOOBIX THUITAX
o0moTok. [ToryueHHbBIE pe3yabTaThl PEKOMEHAYETCS HCIIOIB30BATh IPU POCKTHPOBAHUH H
UCCIICIOBAaHUH TPAHC(HOPMATOPOB.

Knroueswie cnosa: Tpanchopmarop, 0OMOTKa, paccestHie, MHAYKTUBHBINA, EMKOCTHOM,

IIOTOKOCHCIIJIICHUC, MarHUTHBIM ITOTOK.

The existing methods do not allow measuring the scattering reactances for each winding of the
transformer separately, therefore, for simplicity, they are often considered to be equal to each
other. In fact, as applied to the case under consideration, they are not substantially equal. In fact,
the calculation of the flux linkage of the external winding shows that its dissipation reactance is
greater than the total resistance to scattering of both windings. Two circumstances follow from
this. The first is that the internal winding of the transformer absorbs the magnetic flux to a
greater extent than it dissipates (dissipates its magnetic flux, absorbs from the external winding).
The second is that its (equivalent) reactive dissipation resistance is capacitive. The purpose of the
study is to substantiate the possibility of experimentally determining the scattering reactances for



each winding of the transformer separately. The scattering reactance of each winding of the
transformer separately can be determined by at least three experimental methods that give
satisfactory agreement of the results. The presented experimental methods are not tied to the
nature of the reactivity of scattering resistances. They are universal — they can be used in all
types of windings. The obtained results are recommended to use when designing and researching
transformers.

Key words: transformer, winding, scattering, inductive, capacitive, flux linkage, magnetic flux.
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KoabueBoii JeHTOYHBINE MATHUTONPOBO/ € JIJTHICO0OPA3HBIM MONEPEYHbIM CeYeHHEeM
OLIEB IO.A.

[IpencraBieH HOBBIN KJIACC MAarHUTOIIPOBOAOB — KOJIBIIEBOM JICHTOUHBI MArHUTOMPOBO/I C
AILTUTICOOOPA3HBIM MOMEPEYHBIM CEYCHHUEM, COJEPIKAIINM MPSIMOYTOIBHYIO YaCTh U JIBE
MPOTUBOTOJIOKHBIC MTOJIYKPYTOBBIE YacTH. BriBenena napamerpuueckas Gopmyna GpacoHHOM
PE3KH UCXOIHOM MOCTOSHHOM IINPHUHBI JICHTHI JUIS [TOJIy4€HUS pa3BepPTKU, HABUBKA KOTOPOM Ha
oIpaBKe 00ecTeynBaeT MOoJIyYeHHe KOJIbIEBOT0 JIGHTOYHOTO MarHUTOIIPOBO/A C
AILTUTICOOOPA3HBIM MOMEPEYHBIM CEYCHHEM 3a/IaHHBIX pa3MepoB. DacoHHas pe3Ka JICHTHI U
HABMBKAa MarHUTOIIPOBOIA OCYIIECTBISIFOTCS OJJHOBPEMEHHO, B OJTHOM YCTPOHCTBE.
PaccmoTpena coctaBHasi KOHCTPYKIUSI MarHUTONPOBO/1A, MO3BOJISIONIAs COOMPATh Pa3IUuyHbIE
0 pa3MepaM MarHUTOIIPOBOIbI U3 TUIIOBBIX TOTOBBIX A1eMeHTOB. [Ipeanaraembrii kinace
MarHUTOIPOBOIOB 00JIa/1aeT MPECIbHBIM, PAaBHBIM €IUHUIIE, KOd(D(PHUIIMEHTOM 3aTOTHEHHS
OKHAa OOMOTOK.

Knroueesnie cnoea: xonplieBOI IGHTOUHBIM MarHUTOIIPOBO/, AJLTUIICOOOpA3HOE MOIIEPEUHOe
cedyeHue, pacoHHas pe3Ka JICHThI, HABMBKA Ha OTpaBKe, KOA(PPHUIIMEHT 3amoJTHEHNS OKHA

00OMOTOK.

A new class of magnetic cores is presented — an annular tape magnetic core with an elliptical
cross-section containing a rectangular part and two opposite semicircular parts. The parametric
formula of shaped cutting of the initial constant width of the tape is derived to obtain a sweep,
the winding of which on the mandrel provides an annular tape magnetic core with an elliptical
cross-section of the specified dimensions. Shaped cutting of the tape and winding of the
magnetic circuit are carried out simultaneously, in one device. A composite design of a

magnetic circuit is considered, which allows assembling various sizes of magnetic circuits from



standard ready-made elements. The proposed class of magnetic cores has a limit, equal to one,
the filling coefficient of the windings window.
Key words: annular magnetic tape, elliptical cross-section, shaped cutting of the tape, winding

on the mandrel, filling factor of the windings window.
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Bausinue TepMOMATHUTHOM 00pPa0dOTKHU CepAeYHUKOB U3 aMOP(PHBIX MATHUTHBIX
MATepHaJIoB HA METPOJIOTHYeCKHE XapAKTEPUCTUKH 3J1eKTPOMATHUTHBIX
TpaHcGoOpMaTOPOB TOKA

MUPOHIOK H.E., CAMATOB M.B.

PaccmarpuBaetcst MeTo1 TEPMOMArHUTHONW 00pabOTKH CEPACUYHUKOB M3 aMOP(PHOTO
MarHUTHOTO MaTepuaa B MONEePEeYHOM OCTOSHHOM MarHUTHOM TI0JI€, TPeIHa3HAUYEHHBIH TS
yIAYYIIEHUS! METPOJIOTMYECKUX XapaKTEPUCTUK TPaHCHOPMATOPOB TOKA. DPPEKTUBHOCTD
METO/1a CBSI3aHa C CYIIECTBEHHBIM YBEJIMUYEHUEM MAarHUTHON IPOHUIIAEMOCTH CEPJICYHUKOB
TpanchopmaTopoB Toka. Mcnonb3oBanrue MeTo1a TEPMOMArHUTHON 00pabOTKH IMO3BOJISIET
MOBBICUTH KJIACC UX TOYHOCTH.

Knrwoueswie cnosa: >nekTpoMarHuTHbIE TpaHC(hOpMaTOpHI TOKA, aMOp(HBIE MarHUTHBIE
MaTepHalbl, METPOJIOTHYECKIE XapaKTEPUCTHKH, MAaTHUTHBIE XapaKTEPUCTUKHY,

TepMOMarHuTHas o0paboTKa.

The method thermomagnetic processings of cores from an amorphous magnetic material in a
cross-section constant magnetic field is considered. Thermomagnetic processing is applied for
improvement of metrological characteristics of transformers of a current. Efficiency of a
method is connected to essential increase in magnetic permeability of cores of transformers of a
current. Use of a method thermomagnetic processings allows to raise(increase) a class of
accuracy of transformers of a current.

Key words: electromagnetic current transformers, amorphous magnetic materials, metrological

characteristics, magnetic characteristics, thermomagnetic processing.

Onexmpomexuuxa, 2021, Nel, cmp.60-63
Biansinne kKapOOHMTPAIMH HA MATHUTHBIE CBOMCTBA JJICKTPOTEXHHMYECKOM CTAJIH

NCAKOB /I.B., KOPOTKOB B.A.



HccnenoBano BiusHEE KapOOHUTPALIMKM HA MAarHUTHBIE CBOICTBA, TBEPAOCTD U
MU3HOCOCTOMKOCTh HEJIETUPOBAHHOM JIEKTpOTeXHUYecko ctanu Mapku 10895. VcranosineHo,
YTO KapOOHUTpAIUs yBeIuymia TBepaocts nosepxuoctu ot HV140 no 580. Oto He cTonb
CYIIIECTBEHHO, KaK MpU HaHeceHUH 00pu10B 1 HuKens00puaoB (HV2015) Ho Bce e BecbMa
3HaUUTENHHO (B 4,1 pasa), mpu 3TOM U3HOCOCTOMKOCTH TIPU TPEHHUH O AHUCK «(pepamor»
yBenuuuBaetcst Ha 90%. brnaronapst ynydIieHnio MarHUTHBIX CBOWCTB CTAIHM KPYTAIIMA MOMEHT
marHuTHON MypTel MWU yBenuuuincs na 40%.

Kntouegvie cnosa: 31eKTpoTEXHUYECKAs CTANb, KAPOOHUTPALHS], MATHUTHAS TIPOHUIIAEMOCTD,

N3HOCOCTOUKOCTD.

The influence of carbonitration on the magnetic properties, hardness and wear resistance of
unalloyed electrical steel grade 10895 was investigated. It was found that carbonitration
increased the surface hardness from HV=140 to 580. This is not so important as when applying
the borides and nickelborides (HV=2015) but still very significantly (4.1 fold) that produced an
increase in the wear resistance at 90% of the friction of the drive letter «Ferodo». Due to the
improvement of the magnetic properties of steel, the torque of the magnetic coupling MWU
increased by 40%.

Key words: electrical steel, carbonitration, magnetic permeability, wear resistance.
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ABTOpBI HOMepa

Onexmpomexuuxa, 2021, Nel, cmp. 66-67

Pynonsd TeonopoBuu lllpeiinep (Hexposor)



