Inekmpomexnuka, 2024, Ne2, cmp. 1-1

Conepxanue

Onekmpomexnuka, 2024, Ne2, cmp.2-11

KommieKT TAroBoro 3JeKTpoodopy10BaHus 31eKTPOMEXaHMYeCKOH TPAHCMHUCCHH IS
IHEPrOHACHIIIEHHBIX CeJIbCKOX03SHCTBEHHBIX TPAKTOPOB

®JIOPEHIIEB C.B., BAIJIA C.B., ’)KYPOB 1.O.

B cratbe ocBemaeTcs HCTOpHs CO3AaHM M HOBEHIIast pa3paboTKa AIEKTPOMEXaHUIECKOM
TPAaHCMMCCUU I KOJIECHOTO AHEPIOHACKIILIEHHOr0 TpakTopa MouHOCThI0 300 J1.c. [IpuBeneHs!
(GyHKIIMOHATBHBIE CXEMbI KOMILIEKTA TATOBOTO AJIEKTPOOOOPYIOBAHHS B COCTaBE
IIEKTPOMEXAHUYECKOM TPAHCMHUCCHUU U OJI0KA CUIIOBOM 3JIEKTPOHUKH, TApaMETPhI TSITOBOTO
3IEKTPOABUTATENS] U MOTOP-T€HEPATOpa, PACCUYUTAHHBIE JIJISl peaTn3aliH TATOBBIX
XapaKTePUCTHUK TpakTopa. OnmucaHbl 0COOCHHOCTH MPOIIEYyp HACTPONKHU U MPUBEICHBI
PE3yNbTaThI UCTIBITAHUN KOMIUIEKTA TSATOBOTO JIEKTPOOOOPYIOBaHUS B BUIE CTATUIECKUX
XapaKTEPUCTHK.

Knwuesvie cnoea: >HEPTOHACHIILICHHBIN CEILCKOX035IMCTBEHHBIN TPaKTOP,
AIIEKTPOMEXAHUYECKasi TPAHCMHUCCHSI, KOMIUIEKT TSATOBOTO 3JIEKTPOOOOPYI0BAHUS,

AQCUHXPOHHBIN T'€HEPATOP, TATOBBIM ACUHXPOHHBINA JBUTATENb, CUJIOBAs JJICKTPOHUKA.

The article highlights the history of creation and the latest development of an electromechanical
transmission for a wheeled energy-saturated tractor with a capacity of 300 hp. Functional
diagrams of a set of traction electrical equipment as part of an electromechanical transmission
and a power electronics unit, parameters of a traction electric motor and a motor generator
designed to realize the traction characteristics of a tractor are presented. The features of the setup
procedures are described and the test results of a set of traction electrical equipment in the form
of static characteristics are presented.

Key words: energy-saturated agricultural tractor, electromechanical transmission, set of traction

electrical equipment, asynchronous generator, traction asynchronous motor, power electronics.
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HccaenoBanue 1 MaTeMaTH4ecKOe MOAeJMPOBAHUE UCTIOJHUTEIbHBIX 3JIEKTPOABUIraTe el
MOCTOSTHHOI'0 TOKA CJIeJSIIUX AJANTHBHBIX 3JIeKTPONPUBOAOB IPH ONTUMU3AIUA
yIeJIbHbIX IapaMeTPoB

AT'ATIOB A.A., KPbIJIOB [0.M., YEPHbIX T.E., IMCAPEBCKU 10.B., JUTBUHEHKO
AM.

beckoHTaKTHBIE 3JIEKTPOIBUTATENN OCTOSIHHOTO TOKA HAILIM MPUMEHEHUE B Pa3TUUHbIX
OTpacysX 0TEYECTBEHHON TEXHUKH, B TOM YHCIIE B BBICOKOOTBETCTBEHHBIX aBUAIIMOHHBIX
MPUIIOKEHUAX, (POPMUPOBAHHE HIIEKTPOTEXHUUECKUX KOMIUIEKCOB KOTOPBIX TpeOyeT
MUHHMH3AIHUNA MacCOTabapUTHBIX MOoKa3arenel Bcex eMeHTOB. OHAKO BBUIY TOTO, YTO TAKOTO
po/ia CUCTEMBI 3a4acTyIO MOCTPOCHBI HA OCHOBE CIOKHBIX YHUKAJIbHBIX MEPEIaTOUHBIX
MEXaHU3MOB, UX ONITUMHU3AIMS CBOJUTCS K KOHCTPYKTHUBHOM MPopabOTKe CIOTHUTEIHHOTO
aneKkTpoaBUraTens. /s anekrpomexaHudeckux rnpeodpa3oBarenell ¢ HenepeKpPhIBAIOLIMMHUCS
COCPEI0TOYCHHBIMU MHOTOCEKIITHOHHBIMU OOMOTKAMH, TPUMEHSIEMBIMI B MHOTOTIOJTFOCHBIX
MaIlMHaX, BO3MOYKHO JIOCTUYh 3HAYUTEIHHOTO CHUKEHUS O0IIEH MacChl ITyTeM BapbUPOBAHUS
BBICOTOM 3yOIIOB ¥ JUTMHOW MAIIIMHBI C YY€TOM MPUHATHIX 00BEMHBIX OrpaHudeHnid. Takoro poma
MOJXO K MTPOEKTUPOBAHUIO AIEKTPUUECKUX MAILIUH C APOOHBIM YKCIIOM 1a30B Ha MOJIoC U (azy
MO3BOJISIET CPOPMHUPOBATH MATHUTHYIO CHCTEMY, OOECIICUMBAIOIIYI0 MUHUMYM MACChI H3/ICITHS
MIPU COXPaHEHUH TPEOYEMBIX AIEKTPOMEXaHNYECKHUX TTOKa3aTeleH, 3a CUeT N3MEHEHHS 3yO0I[0BOi
30HbI. [loyueHHbIe pe3yNbTaThl MO3BOJIAT €lle Ha dTarne (OpMHUPOBAHUS ICKU3HOTO 00JIMKa
MarHUTHON CUCTEMbI UCTIOJIHUTENLHOTO 3JIEKTPOABUTATENs ONPEACTUTh ONTUMANIbHbIE
COOTHOILIEHUS TApaMeTPOB MarHUTOIIPOBO/IA C YYETOM BO3MOKHOW MUHUMAIBHONU MacChl, UTO
aKTyaJIbHO B paMKaX MPOEKTUPOBAHUS KOHCTPYKTUBHO CJIOKHBIX JIEKTPOMEXAHUUECKUX
ABUAIIMOHHBIX CUCTEM.

Knrouesvie cnoea: cnefsmuii aJanTUBHBIN 3JIEKTPOIIPUBO/I, UCTIOJHUTEIbHBIE
AJIEKTPOJIBUTATENIA TOCTOSIHHOTO TOKA, ONITUMU3ALIUS YACIbHBIX TapaMEeTPOB, MATEMATUYECKOE

MozenupoBanue, MKO.

Contactless DC electric motors have found application in various branches of domestic
technology, including in highly responsible aviation applications, the formation of electrical
complexes of which requires minimizing the weight and size indicators of all elements.
However, due to the fact that such systems are often built on the basis of complex unique
transmission mechanisms, their optimization is reduced to the constructive elaboration of the
executive electric motor. For electromechanical converters with non-overlapping concentrated

multi-section windings used in multi-pole machines, it is possible to achieve a significant



reduction in the total mass by varying the height of the teeth and the length of the machine,
taking into account the accepted volume restrictions. This kind of approach to the design of
electric machines with a fractional number of slots per pole and phase allows you to form a
magnetic system that provides a minimum of the mass of the product while maintaining the
required electromechanical parameters by changing the tooth zone. The results obtained will
make it possible, even at the stage of forming the sketch appearance of the magnetic system of
the executive electric motor, to determine the optimal ratios of the parameters of the magnetic
circuit, taking into account the possible minimum mass, which is relevant in the design of
structurally complex electromechanical aviation systems.

Key words: tracking adaptive electric drive, DC actuators, optimization of specific parameters,

mathematical modeling, FEM.
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NHBapuaHTHAs CHCTEMa BEKTOPHOTO YIIPAaBJIeHHs CHHXPOHHBIM JIBUTATeIeM, 3aMKHYTast
yepe3 HA0JI0/1aTe)Ib AKKepMaHa

KVYYEP E.C.

PaccmoTpeH cuHTe3 MHBapUAHTHOM CUCTEMBI BEKTOPHOTO YIIPABJICHUS! CKOPOCTHIO CHHXPOHHOTO
JIBUTATEIS C IOCTOSTHHBIMU MarHUTaMU 110 METOy Jokanu3anuu. [Ipennoxennas cucrema
ABTOMATHUYECKOTO YIPABJICHUS ABUTATEIIEM 0O0ecTieunBaeT 00paboTKy U MaTyro
YYBCTBUTEIHHOCTD K aITUTUBHOMY BO3MYUICHHIO. J{J151 HCKIIIOUEHUS U3 CTPYKTYPhI
AIIEKTPONPUBOA TATIUKA CKOPOCTH pa3padOTaHHBIC aITOPUTMbBI HHBAPUAHTHOTO YIIPABICHUS
CUHXPOHHBIM JIBUTATEJIEM 3aMKHYTHI uepe3 HaOmogarens AkkepMmaHna. [IpuBeneHsl pe3yabTaTsl
(G pPOBOro MOJIETUPOBAHUS CUCTEMbI BEKTOPHOTO YIIPABIICHUSI CHHXPOHHBIM JIBUTATEJIEM C
MOCTOSTHHBIMM MarHUTaMHU U BBIIMOJIHEH CPAaBHUTENbHBIN aHaIu3 paboThl MPeNI0KEHHbIX
QITOPUTMOB YIIPABIICHUS MAIIMHOM.

Knwouesvie cnosa: CMHXpOHHBIN IBUTATENb C TOCTOSHHBIMU MarHUTaMH, BEKTOPHOE

yIpaBJICHUE, METO/I JIOKAIM3AIIMHY, HA0JIF01aTeslb AKKepMaHa.

The synthesis of an invariant vector speed control system of an asynchronous motor with
permanent magnets by the localization method is considered. The proposed automatic engine
control system provides processing and low sensitivity to additive perturbation. To exclude the
speed sensor from the structure of the electric drive, the developed algorithms for invariant
control of the synchronous motor are closed through the Ackerman observer. The results of

digital modeling of the vector control system of a synchronous motor with permanent magnets



are presented and a comparative analysis of the proposed machine control algorithms is
performed.
Key words: synchronous motor with permanent magnets, vector control, localization method,

Ackerman observer.
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MarHuToaBHKyIIIHE CHJIbI 0€CMa30BbIX 3JIEKTPHUYECKUX MAIIUH ¢ IPOOHBIMH 00MOTKAMM C
YHCJIOM KaTylleK Ha noJitoc u ¢asy <1

T'EMHPUX I'.0., IIEBYEHKO A.®., BABULIKWH [1.1O.

[MpuBenen kpatkuii ananu3 MmarautoaBwKymwmx cui (MJIC), cozmaBaeMbix APOOHBIMU
KaTyIIEYHBIMA OOMOTKaMH C YHCJIOM KaTyIleK Ha Mmoiroc U ¢azy q<l B 6ecma3zoBbIX
CHHXPOHHBIX 3JIEKTPUYECKUX MAIIMHAX C IOCTOSITHHBIMU MarHutamu. [IpuBenen rapmoHnuecKui
coctaB M/IC, co3naBaemMslii 3TuMu oOMoTKaMu. [lokazaHo BIMSIHUE IUPUHBI KATYIIKU Ha
amMruTyay pabounx rapmonuk MJIC.

Knroueswvie cnoea: 6ecnia3oBbie AIEKTPUUYECKUE MAILIMHBL, MATHUTORJIEKTPUUECKOE

BO30yX/IeHHe, TpoOHbIe 00MOTKH, TapMoHuku MJIC.

This paper briefly analyzes the magnetomotive forces generated by fractional coil windings with
the number of coils per pole and phase <1 in slotless electric machines excited by permanent
magnets. The harmonic structure of the MMF produced by these windings is given. The
influence of the coil width on the magnitude of the amplitude of the working harmonics of the
MMF is shown.

Key words: slotless electric machines, magnetoelectric excitation, concentrated windings, MMF

harmonics.
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CTradnau3aTop nepeMeHHOr0 HANMPSIKEHWsI HA OCHOBe peryiasTopa Yyka ¢ cucremoid
yIpaBjeHUs B OMH UK

ATIAJIBKOB P.I"., KUCEJIEB M.I'., IIEPKOBCKHU [O.b.

HMnynibCHBIE PETYNIATOPHI OCTOSIHHOTO TOKAa XapaKTePU3YIOTCS BHICOKUMHU YAECIbHBIMU
MOKa3aTesIMU U BbICOKOU 3¢ (eKTUBHOCTHIO. [IprMeHeHne AByHaIpaBIeHHbIX KIIoUYei

IMMO3BOJIACT UCIIOJIBb30BATH TAKUC PCTYJIATOPLI B HCIAX MEPCMCHHOTI'O TOKA U BBIIIOJHATH UX



pacyeT aHAJIOTMYHO PacyeTy PEryJsITOPOB MOCTOSHHOIO TOKa. PaccMoTpeHo npuMeHeHue
peryisTopa o tornonoruu Yyka s cTabMIn3aluy HalpspKeHUs B 0THO(a3HON CeTH.
ANTOPUTM CUCTEMBI YIIPABJICHUSI PETYIISITOPA OCHOBAH HA METOJIE YIIPABJICHUE 33 OJIUH LIUKJI.
[IpencraBien anroput™ ynpasieHusl, pa3paboTaHa KOMIIbIOTEpHAsi MOJI€Nb, BBITIOJIHEH pacyeT
MOJIEJIN PETYIATOPA ¢ AKTUBHOM M AKTUBHO-UHAYKTUBHON Harpy3kamu Ipy U3MEHEHUH
aAMIUIMTY/1bl HANIPSKEHMSI CETH, a TAK)KE B YCIOBUSAX UCKa)KEHHOTO HAIIPSKEHUSI CETH.
Pe3ynbraThl mokasaau BHICOKYIO 3()(peKTUBHOCTD CTAOMIIN3ALINU BBIXOAHOTO HAMIPSKEHHS.
Knroueswvie cnoea: MnynbCHBINA TpeoOpa3oBaTeb HAMPSHKEHUS, CTAOUIN3aTOp HAPsIKEHUS,

npeobpazoBarenb Uyka, IByHANpaBICHHbIN KITI0Y, KAYE€CTBO SHEPTHUU.

DC pulse regulators are characterized by high specific characteristics and high efficiency. The
use of bidirectional keys allows the use of such regulators in AC circuits and perform their
calculation in a similar way to the calculation of DC regulators. The application of a regulator
based on the Chuk topology for voltage stabilization in a single-phase network is considered.
The algorithm of the controller's control system is based on the one-cycle control method. A
control algorithm is presented, a computer model is developed, a model of a regulator with active
and active-inductive loads is calculated when the amplitude of the mains voltage changes, as
well as under conditions of distorted mains voltage. The results showed high efficiency of output
voltage stabilization.

Key words: pulse voltage converter, voltage stabilizer, Chuk converter, bidirectional key, energy

quality.
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PesxkxuMbl ynipaBjieHUsl 3aps/IHBIM YCTPOMCTBOM Ha 0a3e MOJyMOCTOBOI0 TPAH3UCTOPHOI 0
npeodpa3zoBareJisi ¢ 103UPYIOIIMMHA KOHIEHCATOPAMU

ACABVH A.A., BAHSIEB B.B., KOIIEJIOBUY E.A., TPOULIKMI M.M.

PaccMoTpeHbl OCHOBHBIE peXUMBI YIIPaBICHUS 3apsIHBIM YCTPOMCTBOM €MKOCTHOTO
Hakormrenst sHeprun (EHD) Ha 6a3e mosryMocTOBOTO TPaH3UCTOPHOTO MpeoOpa3oBaTess ¢
JIO3UPYIONIMMHU KOHJEHCATOPAMHU — C TIOCTOSIHHOM U IIepeMeHHOM Ha nukie 3apsaku EHD
paboueii yacToToil mpeodpazosarens. [lokazaHo, 4TO C MOMOIIEI0 MATEMATHIECKOTO
MOJIETTMPOBAHUS MOKET ObITh HaliJIeH ONTUMAJIbHBII 3aKOH U3MEHEHHsI paboyeil 4aCcTOThI
npeoOpazoBares B nporecce 3apsaaku EHD, obecneunBaromuii paboTy 3apsgHOTO YCTPOMCTBA

IIPU TIOCTOSIHCTBE 3aJaHHOW MAKCUMAJIbHOM TEMIIEPATYPbl KPUCTAIUIOB CUJIOBBIX TPAH3UCTOPOB B



npoiiecce 3apsiaku. [Ipennosker u 000CHOBaH pexuM KOMOMHUpOBaHHOM 3apsaku EHD ¢
NOCTOSIHHOM paboueil yacToToit npeobpazoBaresi, 00eceunBaOINi MUHUMAaIbHYIO
TEMIIEPATYPY KPUCTAJUIOB CUIIOBBIX TPAH3UCTOPOB.

Knroueevie cnosa: 3apsiiHOE yCTPONCTBO, TPAH3UCTOPHBIN TPeoOpa3oBaTeb, T03UPYIOITHE
KOH/ICHCATOPbI, PEKUM YIPaBIEHUS, IEpErpeB KpUcTalia TPaH3UCTOpa, PEryJIUpOBaHHE

pabodeii 4aCTOTHI.

The main modes of control of the charger of a capacitive energy storage device (CESD) based on
a half-bridge transistor converter with metering capacitors — with a constant and variable
operating frequency of the converter during the charging cycle of the CESD are considered. It is
shown that with the help of mathematical modeling, an optimal law can be found for changing
the operating frequency of the converter during the charging of the CESD, which ensures the
operation of the charger at a constant set maximum temperature of the crystals of power
transistors during charging. The combined charging mode of the CESD with a constant operating
frequency of the converter, which provides a minimum temperature of the crystals of power
transistors, is proposed and justified.

Key words: charger, transistor converter, metering capacitors, control mode, transistor crystal

overheating, operating frequency regulation.
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Hepapxudeckoe pacnpeeéHHOe YIPaBJIeHNe MOAY/IbHOM CHCTEMOM JIeKTPOCHADKEHU S
KOCMHMYeCKOro anmnapara

CEBOCTBAHOB H.A., XAPUTOHOB C.A.

B craTthe paccmaTpuBaercs nmpobiieMa HU3KOro KauecTBa HaNpPsKEHHsI 001l IMHBI CHCTEMBbI
anekTpocHabxkeHus: kocmudeckoro anmnapara (COC KA) ¢ pacnpenenéHHbBIM TPEXYPOBHEBBIM
HepapXuuecKuM yrpasieHueMm. Mepapxudeckoe yrnpaBieHHEe MPEANoIaracT CMAr4eHue
BHEITHUX XapaKTEPUCTUK MapajIebHO COETUHEHHBIX CUIIOBBIX MOYJEH, (hOpMHUPYIOMIUX
o0u1yro MUHY, A 00ecredeHnss paBHOMEPHOTO TOKOPACIIPEIETICHHUS, YTO YBEIUYUBACT
UMIIEAAHC ATOU IIMHBI 10 3HAYCHHSI, HECOBMECTUMOTO C TPEOOBAHUSMHU K KAUECTBY HAIPSHKCHUS
O6opTtoBoit anmapatypsl KA. [y pemeHust mpoOieMbl peaiaraeTcss IPUMEHHUTh PETyJINPOBAHUE
¢ Tpems creneHssMu ¢cBo0o bl (3-DOF) st pazHecenust 1Mo ObICTPOICHCTBHIO TIPOLIECCOB
perynupoBaHusl JIOKATbHBIX HAMPSKEHUN CUIIOBBIX MOJYJIEH U CMSTYEHHUS MX BHEUTHUX

XapaKTEePUCTUK, HEUTPAIM30BAB BIIMAHUE CMATYCHUs BHEIIHUX XapaKTEPUCTUK MOYJIEH Ha



umrenanc oomei muHbl COC KA, a kak ciencTBre, 1 Ha Ka4eCTBO HAIIPSIKEHUS.
PaboTocnocoOHOCT PEIOKEHHOTO PEIIeHU BepUPUIIUPYETCs CepUeii YKCIIEPUMEHTOB Ha
71a00paTOPHOM CTEHJIE.

Knroueevle cnosa: KOCMUYECKH amnmapar, CUCTeMa 3JIEKTPOCHAOKEHUSI, pacipeieIEHHOe

yIpaBlieHUE, HEPAPXUUECKOE yIIpaBICHHE.

The article deals with the problem of low voltage quality of the common bus of the spacecraft
power supply system (SC PSS) with distributed three-level hierarchical control. Hierarchical
control involves softening the external characteristics of the power modules connected in
parallel, forming a common bus, to ensure uniform current distribution, which increases the
impedance of this bus to a value incompatible with the requirements for the quality of the
voltage of the onboard equipment of the spacecraft. To solve the problem, it is proposed to apply
regulation with three degrees of freedom (3-DOF) to speed up the processes of regulating local
voltages of power modules and softening their external characteristics, neutralizing the effect of
softening the external characteristics of modules on the impedance of the common bus of the SC
PSS, and as a consequence, on the quality of voltage. The operability of the proposed solution is
verified by a series of experiments on a laboratory stand.

Key words: spacecraft, power supply system, distributed control, hierarchical control.
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Mertonbl pacdyera cOnpoTHBJICHHSI 00bEMHBIX IPOBOJIHUKOB € MAJION IVIOLIAIBIO IEKTPHYECKUX
KOHTAKTOB

MATIOXWH C.1., MYPKO A.C., CTABLIEB A.B.

Metoaamu KOMITBEOTEPHOTO MOJEIMPOBAHNS U3YYEHA 3aBUCHMOCTB MIEKTPUUYECKOTO COPOTUBIICHHS
00BEMHOTO OTHOPOTHOTO POBOTHHKA OT TUIOIIA/IH NEKTPUUECKUX KOHTAKTOB. [IpesioxeHs! mpocThie
AQHATIMTUYECKUE MOJIEITH, ONIMCHIBAIOILHE 3TY 3aBUCUMOCTh, KOTOPBIE YIOOHBI IPH MPOBEACHIN
VMH)KEHEPHBIX pacueToB. PaccMoTpeHa 1 pellieHa 3a1a4a O CONPOTUBRIEHNH MHOTOCTIONHOM CTPYKTYpBI C
MaJIbIM KOHTaKTOM.

Knrouegvie cnosa: oHOPOIHBIN IPOBOTHUK, MHOTOCIIONHASI CTPYKTYPa, AEKTPUUECKOE COIIPOTHUBIIEHHE,
TOKH pacTeKaHusl, IUIOIIA b JEKTPHYECKUX KOHTAKTOB, KOMIIBIOTEPHOE MOJIENIMPOBAHHUE, AHATUTUUECKAS

MOZET.



The dependence of the electrical resistance of a volumetric homogeneous conductor on the area
of electrical contacts has been studied by computer modeling methods. Simple analytical models
describing this dependence are proposed, which are convenient for engineering calculations. The
problem of the resistance of a multilayer structure with a small contact is considered and solved.
Key words: homogeneous conductor, multilayer structure, electrical resistance, spreading

currents, area of electrical contacts, computer modeling, analytical model.
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