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1. InceprauiiHe OOCJIIKEHHS IIPUCBSIYEHE AOCIIIKEHHIO Ta BUPILIEHHIO aKTyaJIbHOTO HAYKOBOTO 3aBHAHHS, 110
I10JISITa€ B pO3pOOILi CUCTEMY IIEPEeTBOPEHHS HU3bKOIIOTEeHIia/lbHOI MeXaHiYHOi eHeprii B eJIeKTpUYHY Ha OCHOBI
MAarHiTHOI lepefadi y CKazli aBTOHOMHOI BiTPOYCTAHOBKY IIJIIXOM MaT€MaTUYHOIO Ta iMIiTal[iiHOrO0 MOJEIIOBAHHS.
[IpoBeneHO OLiHKY iCHYIOUMX TUIIiB MEXaHIYHUX [I€pefay Ta Ha OCHOBI LIbOTO aHaJli3y BUOPAHO ONTUMAaIbLHUIN
BapiaHT MarHiTHOI nepenadvi. Hai6isnpm nepcreKTMBHUMY TOIIOJIOTiSIMY MAarHiTHUX Ilepesad € IjlaHeTapHa,
IIJIaHeTapHa KoakciajbHa Ta UUKIIOiAHA. Y [JIaHeTapHil epeayi BUKOPUCTOBYETbCS NPU6IM3HO 50% 6isblue
[TOCTIMHUX MarHiTiB, HIXK y iIHIINX NIEPCIEKTUBHUX TOMOJIOTiAX. LIMKII0iAHA MarHiTHa nepenada 3aCTOCOBHA
IIPAKTUYHO JIMLIE y ABOCTYIiHYaCTOMY BUKOHAHHI (IIJlaHETapHa nepegaya 3a cxemoro 2k-h), mo 3Hmxkye ii minbHIiCTh

MOMEHTY IO IBOX pa3. [[puHIMIIOBa HAsBHICTh €KCLEHTPUCUTETY B IMKJIOIAHOI MAarHiTHOI epenadi HopoIKye



BiOpallil Ta HEKOMIIEHCOBAHi pajiiajibHi €JIeKTPOMArHiTHI CHJIH, IO 3MEHIIYIOTh PECYPC MiAIMITHUKIB. MarHiTHi
nepepayi KoakciasbHOI IJIaHeTapHOI TOIOJIOTiI MOXXYTh O6YyTU BUKOHAHI 3 MiHIMaJIbHUMMU pafialbHUMU
€JIEKTPOMarHiTHUMU CUJIaMH, a CIIiBBiCHE PO3TalllyBaHHS YaCTHH, 10 06€pTal0ThCS, AO3BOJISIE HE BAABATUCS 10
IOATKOBUX IIPUCTPOIB [J151 3HATTA MOMEHTY 3 ii BUXiZIHOTO Bajly K y LMKJIOIGHOI Iepenayi. fi Hegonikamu e
HasBHICTb MyJIbCALlill MOMEHTY i CKJIaJJHa TEXHOJIOTiSl BUTOTOBJIEHHS IIPOMIPKHOI'O MAarHITHOTO KoJjieca (MOOyJsTOpa).
[cHyIO4i METOOMKY IPOEKTYBaHHS MArHITHUX Mepenad BigHOCAThCA 00 1970-X pOKiB i BUMaraoTh 3Ha4HO]
IepepoOKU 3 ypaxyBaHHSIM OCTaHHIX JOCSTHEHD SIK Y rajly3i MaTepiaslo3HaBCTBA, TaK i B rajly3i METOJIiB pO3PaxXyHKy
MarHiTHUX cUCTEM. [CHYI0Yi Cy4acHi METOIMKUA MOZEJIOBAHHS TA BiIOMi pe3yJIbTaTH LOCIII)KEHb MATHITHUX
nepenayd He [a0Th [IOBHOTO YSIBJIEHHS PO CKJIAHI €JIEKTPOMArHiTHUX Ta MEXaHIYHUX MIPOLIECIB IPY IEPETBOPEHHI
€Heprii Ta He JO3BOJISIOTh IPOBOJUTHY [IPOEKTYBAHHS MAarHiTHUX [I€peay Ta JOCTOBIPHO OLiHIOBATH iX
e(eKTUBHICTb. B po60Ti po3p06s1€HO MaTEMATUYHY MOJIEJIb TA METOAUKY PO3PAXyHKy MaKCHMaJIbHOTO MOMEHTY
MAarHiTHOi nepejayi Ta rpaHUYHUX CTAHIB MAarHiTHOI CUCTEMHU B CTATUMHOMY PEKMMI, SIKi I03BOJISIIOTh OO PYHTOBAHO
BUOpATH OCHOBHI pO3Mipy MarHiTONpoOBOIiB Ta IOCTIHHUX MarHiTis. Po3po6yieHo MaTeMaTuyHi MoJieJli Ta METOIUKY
aHaJIi3y rapMOHIMHOrO CKJIaZly MartiTHOrO I10JI B HEMarHiTHUX NMPOMIXKKax MarHiTHoOI nepepadi, Ha MiCTaBi SKAX
OOI'PYHTOBAaHO BUMOTH I107J0 KOHCTPYKTUBHOTO BUKOHAHHS €JIEMEHTIB MarHiTHOI CUCTEMHU, a TAKOXXK MAaTEMATUYHI
MOJeJIi, IO L03BOJISIOTh IIPOBOIUTH PO3PaXyHOK MarHiTHOI CUCTEMHU 3 ypaxyBaHHSM KpailoBux edeKTiB, Ha MifcTaBi
SIKOTO OOI'PYHTOBAHO BUMOTH 1100 PO3TalllyBaHHS KOHCTPYKTUBHUX €JIEMEHTIB MarHiTHUX Nlepejay oo ix
MarHiTHUX cucTeM. PO3p0o06yIeHO aHAITUYHY METOJMKY Ta YACEJIbHI MAaTEMAaTU4HI MOZEJ 1151 BUBHAYEHHS
OCHOBHOI 4aCTOTH 3y64aCTOr0 MOMEHTY MarHiTHOI nepejadyi, a TaKoX /1J1 PO3PAXyHKY MAarHiTHUX BTPAT y MarHiTHil
nepepayvi Ta OTPMMAaHO KiJIbKiCHI OLIiHKY BIJIMBY Pi3HUX KOHCTPYKTUBHUX pillleHb Ha ii e(peKTUBHICTb. B pesysbraTi
BMKOHAHHSI JIOCJIiIKEHHS, 1110 6a3yI0ThCsl HA pe3yJibaTax M0JIbOBOTO Ta YUCEJIbHOTO iMITalliiHOTO MOJIE€/II0BaHHS
3aIPONIOHOBAHO LISIXM MOKPAILl€HHS [TI0Ka3HMKIB MarHiTHOI Ilepefadi: - KOXKeH IO0JII0C CTaTopa Mae 6yTu
BiZJOKpeMJIeHHUI! Bifl CyCiIHBOTO [10JII0CA €JIEKTPOi30JISILiIHOI0 BCTABKOIO; ~ TIOCTiIHI MarHiTy cTaTopa MOBHHHI OyTH
MIOZiJIEH]I Ha €JIEKTPUYHO i30JIbOBaHi CETMEHTU B OCbOBOMY HAIPSMKY; - IIOCTiMHi MarHiTy BUCOKOMWBUIKICHOTO
POTOpa NOBUHHI OyTH NOJiJIEH] HA CETMEHTH 5K B OCbOBOMY, TaK i B pa/liaJIbHOMY HaIlPsIMKY; - CETMEHTH
HU3bKOIIBUIKICHOTO pPOTOpA NOBUHHI OYTU €JIEKTPUYHO i30JIbOBAHUMU OJIMH BiJl OHOTO Ta Matu ¢acku. B
IUCEPTALiMHOMY AOCJiIPKEHHI 3alIPOIIOHOBAHO MiJXi[ 40 CKJIaJaHHS AMHAMIYHOI MAaKPOMOIEJIi MarHiTHOI epepadi
Ta METOJUKY BU3HAYEHH i IapaMeTpiB Ha OCHOBI JAHUX I10JIbOBOTO PO3paxyHKy. Ha mifcrasi 3anpornoHoBaHo1
METOJIMKHU [TPOBELEHO MOJIEJIIOBAHHS Pi3HUX PEXXMMIB MarHiTHOI nepeaavi npu po6oTi Ha HaBaHTAKEHHS B

Matlab /Simulink. 3anpornoHoBaHO crpolIeHy JiHeapu30BaHy AUHAMIYHY MOJIeJIb MarHiTHOI riepefadi, mo 103BOJIsSE
IIPOBOJVTH OLiHKY BJIACHUX YaCTOT KOJIMBAaHb Ta [1APAMETPIB 3racaHHs Ha [N0YaTKOBUX €TaIax [IPOEKTYBaHHS. 3a
pe3yJbTaTaMu MOJIEJIIOBAHHS BUSIBJIEHO Psif, 0COOJIMBOCTEN MarHiTHOI nepenadi nif, 4ac poob0oTH y NepexigHuX
peXXumax: ® myJbcallii IBUIKOCTI Ha BUCOKOMBUIKICHOMY POTOPi 6i/IbLI HIXX y NepeJjaTHe BifHOLIEHHS pa3iB
MeHIIIe, HDK Ha HU3bKOUIBUAKICHOMY POTOPI; ® [104aTKoBi $asy mysbcaliiil IIBUAKOCTI Ha HU3bKO- Ta
BHACOKOIIBUJIKICHOMY POTOpPax BiZlpi3HAIOTLCS, BHACIIILOK YOTO CIIOCTEPIraeTbCs MiHJINBICTD MUTTEBOTO 3HAYEHHS
[epelaBaIbHOTO BiIHOMIEHHS Y IEPEXiAHUX PEXXUMAX; ® YACTOTH KOJIMBAHb Ta KoeillieHTU 3araca’Hs 6iIbLIO0
MipO10 BU3HAUAIOTHCS NTapaMeTPaMu HU3bKOIIBUIKICHOTO POTOpA MarHiTHoOI nepenadvi. Kito4doBi cyosa.
HusbkonoreH1ianbHa MexaHi4Ha €Hepris, €JIEKTPOMEXaHIYHA CUCTEMA, [IEPETBOPEHHS €HEPTii, peAyKTOP, MarHiTHA
nepenaya, MarHiTHUM peyKToOp, OCTiMHI MarHiTyH, BiIHOBJIIOBAHI JJKEpeJjla eHePrii, BITpOeIeKTPUYHa YCTaHOBKA,
6e3mysbTUIIIIKALiiHA BITPOYCTaHOBKA, aBTOHOMHA BITPOYCTAHOBKA, BITPOEJIEKTPUYHA CTaHLisl, BITPOTYpOiHa,

aJIbTEPHATUBHI JKepeJia €Heprii, peryioBajabHa 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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JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOM: [HCTUTYT eleKTpoauHaMiku HarioHanbHoi akaziemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 05417236

Micue3HaxoaKeHHS: np. bepecreiicbkuii, 6y, 56, Kuis, 03057, Vkpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR:

PeuenseHTu

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. I'epackin Osekcanap AHATOJINOBUY

2. Oleksandr A. Geraskin

KBasigikanis: . r. u., gou., 05.09.01
InenTudikarop ORCID ID: 0000-0003-4651-4579
JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: HanjioHanbHuit TexHiuyHuil yHiBepeuteT Ykpainn "KuiBchKuit

MOJITEXHIYHUI IHCTUTYT iMeHi Irops CikopcpKoro”

Kog 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiicekuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

BaacHe IlpizBume Im'st I10-6aThKOBI:
1. l'anigenko KOpiit AHTOHOBUY

2. Yuri A. Gaydenko

KBasigikanis: k.r.u., nou,, 05.09.01
Imentudikarop ORCID ID: 0000-0001-5862-2812
JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: HanjioHanbHu# TexHiuHuil yHiBepcuTeT Ykpainu "KuiBchKuit

MOJITEXHIYHU IHCTUTYT iMeHi Irops Cikopcekoro”
Kog 3a €IPIIOY: 02070921
Micue3HaxoaKeHHS: npocnekT Bepecreiicekuii, 6yg. 37, Kuis, 03056, Ykpaina

dopma ByacHOCTI: [lepxasna



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI [lunkapenko Bacumb Qenoposny
rOJIOBH pajgu

Biacue IpizBume Im's I1o-6aThKOBI [lnnkapenko Bacumb Penoposuy
rOJIOBYIOYOTO Ha 3acCiiaHHi

BiagmoBizasibHUM 32 MiATOTOBKY Txauyk Irop BanepiiioBid

00JIiKOBUX JOKYMEHTIB

Peectpartop YkpIHTEI

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




