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1. luceprauiiiHe NOCHiIKEHHS IPUCBSYEHE NOCIIIKEHHIO Ta BUPIMIEHHIO aKTyaJbHOIO HAYKOBOTO 3aBIaHHS, 110
II0JISITa€ B PO3POOILi CUCTEMY NIEPETBOPEHHS HU3bKOIIOTEHIia/IbHOI MEXaHIYHOI eHeprii B eJIeKTPUYHY Ha OCHOBI
MAarHiTHOI niepefadi y CKazi aBTOHOMHOI BITPOYCTAHOBKY ILJIIXOM MAaT€MaTUYHOIO Ta iMIiTalliiHOrO MOZETIOBAHHS.
[TpoBeneHO OLiHKY iCHYIOUMX THUIIIB MEXaHIYHUX Ilepeiad Ta Ha OCHOBI LIbOI'O aHaJIi3y BUOPaHO ONTUMAIbHUI
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[IOCTIMHUX MArHiTiB, HIX y iHIINX NIEPCIEKTUBHUX TOMOJIOriAX. LIMKII0igHa MardiTHa nepegada 3aCTOCOBHA
[IPaKTUYHO JIMIlIe Y ABOCTYIIIHYaCTOMY BUKOHAHHI (IIJIaHeTapHa Iepejayda 3a cxeMolo 2k-h), mo 3Hmxye ii minbHicTh
MOMEHTY [I0 ABOX pa3. [IpMHIMIIOBA HAIBHICTb EKCLEHTPUCUTETY B LIMKJIOILHOI MarHiTHOI nepegadi opoaxXye
Bibpallii Ta HEKOMIIEHCOBAHi pajiiajibHi €JIeKTPOMAarHiTHI CHJH, IO 3MEHIIYIOTh PECYPC MiAIMIHUKIB. MarHitHi
nepezayi KoakciaabHOI [1JIaHETAPHOI TOMOJIOTIi MOXKYTb OyTH BUKOHAHI 3 MiHIMaJIbHUMU paJiaIbHUMU
€JIEKTPOMarHiTHUMU CUJIaMH, a CIIiBBiCHe pO3TalllyBaHHS YaCTHH, 1I0 06€pTaloThCs, LO3BOJISIE HE BAABATUCS 10
IOLATKOBUX IIPUCTPOIB [JIS1 3HATTA MOMEHTY 3 ii BUXiZJHOTO BaJly K y LMKJIOIGHOI Ilepenayi. [i Hemosikamu e
HasIBHICTb ITyJIbCAllill MOMEHTY i CKJIaJJHa TEXHOJIOTisl BUTOTOBJIEHHS IIPOMIPKHOI'O MAarHiTHOTO KoJjieca (MOOyJsaTopa).
[cHyIO4Yi METOOMKY NPOEKTYBaHHS MATHITHUX Nepenad BigHOCAThCS 00 1970-X pOKiB i BUMAraroTb 3Ha4HO]
IepepoOKU 3 ypaxyBaHHSIM OCTaHHIX JOCSTHEHD SIK Y rajlysi MaTepiaslo3HaBCTBA, TaK i B rajy3i METOiB pO3paxyHKy
MarHiTHUX CUCTEM. ICHYyIOUi Cy4acHiI METOIMKN MOJIEJIIOBAHHS Ta BilOMi Pe3yJIbTaTy LOCIiIKEHb MarHiTHUX
nepeznay He JalTh [IOBHOTO YABJIEHHS PO CKJIAHI €JIEKTPOMArHiTHUX Ta MEXaHIYHUX MIPOLIECIB IIPY NIEPETBOPEHHI
€Heprii Ta He JO3BOJISIOTh IPOBOJUTY [IPOEKTYBAHHS MAarHiTHUX [I€peJay Ta JOCTOBIPHO OLHIOBATH iX
eeKTUBHICTb. B pob0Ti po3p06s1€HO MaTEMAaTUYHY MOJIEJIb Ta METOAUKY PO3PaXyHKy MakKCHMaJIbHOTO MOMEHTY
MAarHiTHOI lepeadi Ta rpaHUYHUX CTaHiB MarHiTHOI CUCTEMU B CTATUYHOMY PEKUMI, SIKi JJO3BOJISIIOTh OOIPYHTOBAHO
BHUOpaTH OCHOBHI pO3Mipy MarHiTONpPOBOIB Ta IIOCTIHHUX MarHiTis. Po3po6yeHo MaTeMaTuyHi MOJieJli Ta METOIUKY
aHaJIi3y rapMOHIMHOrO CKJIaly MartiTHOrO I10JI B HEMarHiTHUX MPOMIXKKax MarHiTHoOI niepepadi, Ha MiJICTaBi SIKAX
OOI'PYHTOBAaHO BUMOTH 100 KOHCTPYKTUBHOT'O BUKOHAHHSI €JIEMEHTIB MarHiTHOI CUCTEMH, & TAKOXX MaTeMaTU4Hi
MOJeJIi, IO 103BOJISIOTh IPOBOUTH PO3PAaXyHOK MarHiTHOI CUCTEMH 3 ypaxyBaHHSAM KpailoBux edeKTiB, Ha MifcTaBi
SIKOTO OOI'PYHTOBaHO BUMOTH II0ZI0 PO3TalllyBaHHSI KOHCTPYKTUBHUX €JIEeMEHTIB MarHiTHUX Nlepenay oo ix
MarHiTHUX cucTeM. Po3po06sieHO aHaMiTUYHY METOJMKY Ta YACEJIbHI MaTeMaTU4Hi MOZEJ 17151 BUBHAUEHHS
OCHOBHOI 4aCTOTHU 3y64aCTOr0 MOMEHTY MarHiTHOI epezadi, a TaKOX IJ1s1 PO3PaxyHKy MarHiTHUX BTPAaT y MArHiTHIN
nepepayi Ta OTPMMAaHO KiJIbKICHI OL[iHKY BIIJIMBY Pi3HUX KOHCTPYKTUBHUX pillleHb Ha ii e(peKTUBHICTb. B pesysbpraTi
BMKOHAaHHSI IOCJIiIKEHHS, 1110 6a3yI0ThCs Ha pe3yJibaTax M0JIbOBOTO Ta YUCEJIbHOTO iMITalliiHOTO MOJIEe/II0BaHHS
3aIPONOHOBAHO LJISIXM IIOKPAllleHHS [1I0Ka3HMKIB MarHiTHOI Ilepefadi: - KOXKeH I0JII0C CTaTopa Mae 6yTu
BiZIOKpEMJIEHUI BiJ] CyCiIHbOTO MOJII0CA €JIEKTPOI30JISLiIHOI0 BCTABKOIO; - IIOCTiMHI MarHiTy cTaTopa OBUHHI 6yTH
MOZi/IEH] Ha €JIEKTPUYHO i30JIbOBaHi CETMEHTU B OCbOBOMY HAIPAMKY; - IIOCTiMHi MarHiT BUCOKOMWBUIKICHOTO
pOTOpa NOBUHHI O6yTH NOJiJIeHi HA CETMEHTH 5K B OCbOBOMY, TaK i B pa/liaJIbHOMY HaIlPSIMKY; - CETMEHTH
HU3bKOIIBUIKICHOTO POTOPA MOBMHHI OyTH €JIEKTPUYHO i30JIbOBAHMMU OJMH BiJl OTHOTO Ta MaTu (packu. B
IUCEPTALiMHOMY AOCJiIPKEHHI 3alIPOIIOHOBAHO MiJXiM 40 CKIaJaHHS AMHAMIYHOI MAaKPOMOJIEJIi MarHiTHOI epefadi
Ta METOUKY BU3HAYEHHS il IapaMeTpiB Ha OCHOBI JAHUX [10JIbOBOTO PO3paxyHKy. Ha mifcrasi 3anpornoHoBaHoO1
METOJIMKU [IPOBEJIEHO MOJEJIOBAHHS Pi3HUX PEXXUMIB MarHiTHOI nepenadyi npy po6oTi Ha HABAaHTAKEHHS B

Matlab /Simulink. 3anporioHoBaHO crpolIeHy JiHeapu30BaHy AUHAMIYHY MOJIeJIb MarHiTHOI repejadi, o 103BOJIsSE
IIPOBOJVTH OLiHKY BJIACHUX YaCTOT KOJIMBAHb Ta [TIAPAMETPIB 3raCaHHs Ha [NOYaTKOBUX €TaIax IPOEKTYBaHHS. 3a
pe3yJbTaTaMu MOJIEJIIOBaHHS BUSIBJIEHO Psif, 0COOJIMBOCTEN MarHiTHOI nepepadi nif, yac pob0oTH y NepeXigHuX
peXuMax: ® MMyJibcalii MBUAKOCTI HA BUCOKOIIBUIIKICHOMY POTOPI 6i/IbII HIX y NepelaTHe BifHOIIEHHS pa3iB
MEHIIle, Hi’K Ha HU3bKOIIBUIKICHOMY POTOPI; ® IOYaTKOBI (pa3u mysibcaniil IBUIKOCTI HA HU3bKO- Ta
BHACOKOIIBUJIKICHOMY POTOpPax BiZIpi3HSIOTHCS, BHACIILOK YOTO CIIOCTEPIraeThCs MiHJINBICTD MUTTEBOTO 3HAYEHHS
[epeaBayIbHOTO BiIHOLIEHHS Y IEPEXiAHUX PEXXUMAX; ® YACTOTH KOJIMBAHb Ta KoeillieHTU 3araca”Hs 6ijIbLIO0
MipOIO BU3HA4aIOTLCS IIapaMeTpaMy HU3bKOLIBUIKICHOIO POTOpa MarHiTHOI nepenadyi. Kiaro4osi ciosa.
HusbkonoTeH1ianbHa MexaHi4Ha €Heprisl, €JIEKTPOMEXaHIYHA CUCTEMA, [IEPETBOPEHHS €HEPTii, peAYKTOP, MarHiTHA
nepenaya, MarHiTHUM peyKTop, MOCTiHI MarHiTyH, BiIHOBJIIOBAHI JI’)KEpeJjla eHePrii, BITPOeJIEKTPUYHA YCTAaHOBKA,
6e3MyJIbTUILIIKALIIHA BiTPOYCTAaHOBKA, aBTOHOMHA BiTPOYCTAaHOBKA, BiTPOEJIEKTPHUYHA CTaHIIis, BiTpOTYpOiHa,

a7IbTEPHATUBHI JKepeJia €Heprii, peryioBajibHa XapaKTepUCTHKA.

2. The dissertation study is dedicated to investigating and solving the current scientific problem of developing a

system for converting low-potential mechanical energy into electrical energy based on magnetic gears as part of
an autonomous wind turbine through mathematical and simulation modeling. An assessment of existing types of
mechanical gears was carried out, and based on this analysis, the optimal option of magnetic gears was selected.



The most promising topologies of magnetic gears are planetary, coaxial planetary, and cycloidal. In planetary
gears, approximately 50% more permanent magnets are used than in other promising topologies. The cycloidal
magnetic gears is practically applicable only in a two-stage design (planetary gears according to the 2k-h scheme),
which reduces its torque density by two times. The presence of eccentricity in the cycloidal magnetic gears
generates vibrations and uncompensated radial electromagnetic forces, reducing the bearing life. Existing design
methodologies for magnetic gears date back to the 1970s and require significant reworking in light of the latest
developments in both materials science and methods of magnetic system calculation. Existing modern
methodologies for modeling and known research results of magnetic gears do not provide a complete
understanding of the complex electromagnetic and mechanical processes during energy conversion and do not
allow designing magnetic gears and reliably assessing their efficiency. A mathematical model and calculation
method for the maximum torque of a magnetic transmission and the limiting states of the magnetic system in
static mode were developed in the work, which allow substantiating the selection of the main dimensions of the
magnetic cores and permanent magnets. Mathematical models and a method for analyzing the harmonic
composition of the magnetic field in non-magnetic clearances of the magnetic transmission were developed, based
on which the requirements for the constructive design of the elements of the magnetic system are substantiated,
as well as mathematical models that allow calculating the magnetic system, taking into account edge effects, on
the basis of which the requirements for the arrangement of constructive elements of magnetic gears regarding
their magnetic systems are substantiated. An analytical methodology and numerical mathematical models for
determining the fundamental frequency of the toothed torque of the magnetic transmission, as well as for
calculating magnetic losses in the magnetic transmission, were proposed, and quantitative estimates of the
influence of various design solutions on its efficiency were obtained. As a result of the research based on the
results of field and numerical simulation modeling, ways to improve the performance of the magnetic transmission
are proposed: - each stator pole should be separated from the adjacent pole by an electrically insulating insert; -
the permanent magnets of the stator should be divided into electrically isolated segments in the axial direction; -
the high-speed rotor permanent magnets should be divided into segments both in the axial and radial directions; -
low-speed rotor segments should be electrically isolated from each other and have chamfers. In the dissertation
research, an approach to the compilation of a dynamic macromodel of a magnetic transmission and a method for
determining its parameters based on field calculation data was proposed. Based on the proposed methodology,
modeling of various modes of a magnetic transmission during operation on the load in Matlab /Simulink was
carried out. A simplified linearized dynamic model of a magnetic transmission was proposed, which allows
evaluating natural frequencies of oscillations and damping parameters at the initial stages of design. Based on the
modeling results, a number of features of the magnetic transmission during operation in transient modes were
revealed: * speed pulsations on the high-speed rotor are more than times less than in the transmission ratio, than
on the low-speed rotor; ¢ the initial phases of speed pulsations on the low- and high-speed rotors differ, which
leads to variability of the instantaneous value of the transmission ratio in transient modes; ¢ vibration frequencies
and damping coefficients are determined to a greater extent by the parameters of the low-speed rotor of the
magnetic transmission. Keywords. Low-potential mechanical energy, electromechanical system, energy
conversion, gearbox, magnetic transmission, magnetic gearbox, permanent magnets, renewable energy sources,
wind turbine, direct-drive wind turbine, standalone wind turbine, wind power station, wind turbine generator,
alternative energy sources, control characteristic.
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KBasigikanis: g.1.1., c.H.c.

InenTudikarop ORCHID ID: 0000-0002-1114-1218

JoparkoBa iHdopmamist:

IloBHe HaﬁMeHyBaHHﬂ IOpI/I,I[H‘IHO'l' 0COO0M: [HCTUTYT enekTpoauHaMiku HanioHanbHOI akagemii HayK
YKkpainu

Kog 3a €IPIIOY: 05417236

Micue3HaxoaKeHHS: np. bepecreiicekuii, 6yg. 56, Kuis, 03057, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujoHanbHa akazemis HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkafeMivHuit

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. 'epackin Osiekcanap AHaTOJINOBAY

2. Oleksandr A. Geraskin

KBasigikamis: k. . u., gou.

InenTudikarop ORCHID ID: 0000-0003-4651-4579
JoparkoBa iHdpopmamnist:

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0CO0M: HarionanbHuil TexHiyHMi yHiBepcuTeT YKpainu "KuiBchKuii

MOJIITEXHIYHU IHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IJPIIOY: 02070921

Micue3HaxoaKeHH: npocrnekt bepecreiicekuit, 6y, 37, Kuis, 03056, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH | HayKy YKpaiHu

InmenTudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUIL

BaacHe IlpizBume Im's I10-6aTbKOBI:
1. T'angenko KOpiit AHTOHOBUY

2. Yuri A. Gaydenko

KBasigikanis: x.r.u., gor,

Imentudikarop ORCHID ID: 0000-0001-5862-2812



JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COOHM: HauioHnanbHuii TexHiuHMIA yHiBepcuTeT YKpainu "KuiBchkuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcekoro”

Koz, 3a €JIPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiichkuii, 6yx. 37, Kuis, 03056, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCUTETChKUI

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI

roJIOBH pagu

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOrO Ha 3acigaHHi

BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTparop

KepiBHuKk Bigginy YKpIHTEI, mpo €

BiZIOBiZasIbHUM 3a peeCTpallilo HAayKOBOIi

OisIIBHOCTI

llnukapenko Bacunap Penoposud

[llnukapeHnko Bacunabs Penoposud

Tkauyk Irop BanepiitoBuy

VKpIHTEI

FOpuenko TetsiHa AHaToJiiBHA



