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1. AHOTAIIIS IcaeB €.B. Brparu B 6€311a30BMX MarHiToeJIeKTPUYHUX MalllMHaX — KBaJlipikaliliHa HayKoBa Ipalls Ha
mpaBax pykonucy. JlucepTanis Ha 3M06yTTsI HAyKOBOTO CTyIIeHsl JoKTopa ¢inocodii 3a cnenjanbhicTio 141
«EnexTpoeHepreTuka, eJIeKTPOTEXHIKA Ta €JIEKTPOMEXaHiKa». — [HCTUTYT enekrpoaguHamMiku, HAH Ykpainny, Kuis,
2026. B nucepraliiiHiil po6OTi po3B's13aHO aKTyaJbHi HAYKOBi Ta TPaKTUYHi 3a/ay4i 3 Ipo6y1eMU po3poOKU Ta
IIPOEKTYBAaHHS 6€311a30BMX MArHiTOENIEKTPUYHUX JBUTYHIB 3 MACUBHUM SIPMOM CTaTOPA a TAKOX TaKUX ABUTYHIB 3
IIBOMa 06EPTOBUMHU SIPMaMy, IO BUKOPHUCTOBYIOTHCS Y €JIEKTPOIIPUBO] CrielialbHOrO ITpu3HaYeHHs!. [IpruuynHamu
MOIIVPEHHS MArHiTOEJKTPUYHUX MAIIVH € BUHANEHHS MarHiTOTBEPIUX MaTepiajliB Ha OCHOBI HEOJMY, & TAKOXK
PO3BUTOK CUJIOBO] €JIEKTPOHIKM. BUCOKa KOEPLMTHBHA CMJIa HEOAMMOBUX MArHITiB B CBOIO Yepry 3pobusia
MO>KJIMBUM CTBOPEHHS €(PEKTUBHOIO 6€311a30By KOHCTPYKIIiI0 MarHiTOeJIeKTPUYHOI MaIlIMHU. X04a MallllHa TaKoi

KOHCTPYKIii 32 eHepreTMYHUMH NIOKa3HUKAMU IIOCTYIIA€ThCS TPAOULINHIN MallnHi 3 3y0YacTUM MarHiTOIIPOBOLIOM,



BOHA Ma€ KOPUCHI SIKOCTi — Habarato HIK4y aMIUILTyly IyJbcallii 00epTOBOrO0 MOMEHTY, Kpallly JIiHiHICTb
XapaKTEPUCTUK Ta IPOCTOTY KOHCTPYKLi. Y 3B'3Ky 3 Cy4aCHMM CTaHOM, 3'SIBUJIaCh NIOTPeHA y 3/€LIeBIeHH]
BUPOOHMIITBA €JIEKTPUYHUX JIBUTYHIB Ta IPUCKOPEHHI NPOLECY MiArOTOBKY BUPOOHUIITBA 3aBJSKHU 3i CIIPOILEHHSIM
KOHCTpPYyKLii. Take CrpoleHHs MOXJIUBE 1711 MOMEHTHUX JIBUTYHIB, pOO0OUNI1 PEKUM SIKUX OOMEXYETHCSI HU3BKOIO
IIBUAKICTIO 06epTaHHS POoTOpa. B Takux 3 IBUTyHAX MOKIMBO BUTOTOBUTH OCEPJsl CTATOPA MAaCUBHUM, 110 HabaraTo
MIPUCKOPIOE MPOILIeC MiIrOTOBKY BUPOOHUIITBA. 1]e BUKIMKae HeOOXimHICTh O6UMCIIEHHS BTPAT Bifl BUXPOBUX
CTPYMIB Ta iX BIZIMBY Ha 0OEPTOBUI MOMEHT. Pa3oM 3 aHasi30M BIJIMBY MAaCHUBHOTIO sIpMa CTaTOPa Ha 06€pTOBUI
MOMEHT € 3aBIAHHS OLIHIOBATY BTPATH Bijl BUXPOBUX CTPYMIB B MarHitax i TENJI0BMI CTaH MArHiTIB, IKUH €
KPATAYHVM [TOKa3HUKOM. [HIIMM 3aX00M, IO JO3BOJISI€ CTBOPIOBATYU HE TiJIbLKM MOMEHTHI ABUTYHH, a 1
BMCOKOOOEPTOBI MaIlIMHY € BUKOHAHHS 6€311a30BOi MAlIMHHU 3 JBOMA 00EPTOBMMY MAaCMBHUMU SIDMaMM. SIKIIO B y
BUIAJIKy 3 MACMBHUM SIPMOM CTaTOPa KJIIOYOBUM MOMEHTOM € BTPATU B HbOMY, TO Y BUIIAAKY 3 IBOMa 00€PTOBUMU
SpMaMU Ha [epIInii IJIaH BUXOJATh BTPATH B OOMOTLi Ta MarHirax. Tomy gociigkeHHs AuceprauiiiHoi po6oTu
CIIPSIMOBAHO Ha JOCJIiIPKEHHS BTPAT B 6€311a30BUX MArHiTOEIEKTPUYHUX MOMEHTHUX JIBUTYHAX i iX BIJIMBY Ha
00€epTOBUII MOMEHT Ta TEIJIOBUI CTAH MArHiTiB a TAKOXX OOMOTOK B YMOBaX iHTEHCUBHOT'O PEXKUMY
pob6oTtu.llpoBenenuii B IepUIOMY pO37ii aHali3 MarHiTOeJEKTPUYHUX ABUTYHIB pafiiajibHOI Ta aKCiasbHO]
KOHCTPYKIIiii II0Ka3aB, 10 Oyb-5IKa 3 HUX MOXKe OyTH BUKOHAHA 06€3M1a30BOI0 i, B TOMY YMCJIi, 3 MACUBHUM
MAarHiTOIIpOBO/IOM CTaTOPa 32 YMOB POOOTH B PE€KMMi MOMEHTHOTO JIBUrYHA. [IpoBeieHO TaKoX [IoNepeiHii aHai3
BIUJIMBY BEJINYMHU TOBITPSIHOIO IIPOMIXKKY 06€311a30BOi MarHiTO€JIeKTPUYHOI MalIHU Ha OCHOBHUI MarHiTHAN
IOTIK. B Ipyromy po3zini nepeniveHo MaTeMaTHU4Hi MOAEi, SKi TOTPiOHO BUKOPUCTATH [1JIS1 MOZEJIIOBAaHHS
€JIEKTPOMarHiTHOIO 10JISI B PyXOMOMY €JIEKTPOIIPOBiIHOMY CepelOBUIIi, HAa OCHOBI SIKUX CJIifl 00YMCIIIOBATH
€JIEKTPOMArHiTHUM MOMEHT Ta BTPAaTU B MarHiTONpPOBOAAX i BifMi4€HO, 110 MArHiTONIPOBIJ] € HEJIIHINHUM
CEpEeNOoBUIIEM, A ITIOCTIMHUIN MarHIT MOXKHA MOJIEJIIOBATH, SIK JIiHIIHE cepefoBulle. PO3TIISIHYTO TAKOXK MAaTEMATUYHi
MogeJii Terionepenayi B TREpIOMY T'OMOT€HI30BAaHOMY CEPEeIOBUIL, SKUM MOKHA MOZEIOBATH 6araTOBUTKOBY
06MOTKYy. [TpoaHanizoBaHo BiioMi MOZeJsli roMoreHisalii Ta o6paHo HaibiibIl afeKkBaTHi. HapemTi, po3risHyTo
MOJ€JIb TENJIOOOMiHY HAarpiTUX €J1eMEHTIB KOHCTPYKIii 3 PyXOMUM OXOJIO[KYIOUMM IOBITPSIM. 3p006JIEHO BUCHOBOK
IIPO Te 110 BCi NOTPi6HI MoAesli MOXKYTb OyTH peasli3oBaHi B cepeoBullli IporpamHoro kommiekcy «COMSOL
Multiphysics». [Ipu LboMy IpUZiNeHO 3HAUHY yBary 3aZlaBaHHIO Ta allpoOKCUMallii aHuX XapaKTepUCTUKU
HaMarHiuyBaHHs CTaJli MarHiTOIIPOBOJY 3 METOK OTPHMMaHHS 6akaHOi TOYHOCTI Ta HafiHOi 301KHOCTI aJIrOPUTMY
PO3PaxyHKY MarHiTHOTO I10JIs1 B HeJIiHIHHOMY cepepoBuli. [is peanisauii TpuBUMIpHOI Mozesi T06yL0BaHO
CKJIaJIHy HEPIBHOMIPHY CiTKy, 110 3a6e3IevyyBasa aieKBaTHe BiloOpa)KeHHS IIOBEPXHEBOIO e(PeKTy y CTaJIEBOMY
SpMi cTaTopa i 3abesrevuyBaso 30DKHICTb iTepalifiHoro rnpouecy. Takoxx 6yJ10 HaroJoueHo Ha HeOOXiIHOCTI
arpokcuMalii XxapakTepuCTUKY HaMarHidvyBaHHS CTaJli i MifibpaHo anrpokcMMaLiiHy (QYHKIIO, Mo 3abe3neydye
TOYHICTb alIPOKCUMAllii XapaKTePUCTUKM HAMarHiuyyBaHHS IpY 3HAaY€HHSX MarHiTHOI inaykuii 1,5 ... 2 Ti He Ginblne
1,5 ... 1,8%. PesysnbTaTy po60TH LO3BOJIUIM OTPUMATH HOBI 3HAHHS IIPO NTOKA3HUKY TaKi HOBI KOHCTPYKILii
MAarHiTOeJIeKTPUYHUX JIBUTYHIB, IK MOMEHTHI ABUTYHU 3 MACUBHUM OCEPJsIM CTAaTOpa Ta ABUTYH 3 060Ma
00€pTOBMMH SIPMaMMU. BilbIIiCTh pe3ysbTaTiB, OTPMMAHUX y POOOTI HAaBEIEHO B BiIHOCHUX OOVHULSX, 1O A€ 3MOTY
OLIiHIOBAaTH [MOKa3HMKY MarHiTOE€JIE€KTPUYHUX MAIIMH 6JIM3bKUX 32 TUTIOPO3MipaMy B TOMY YMCJIi 32 JOTOMOTOI0
PO3pO6JIEHNX HAGIMKEHOI METOJMKOIO PO3PaxXyHKy 06€PTOBOTO MOMEHTY Ta OL[iHOYHUMM CIIiBBiIHOIIEHHSIMU.
Ki04u0Bi cy10Ba: MarHiToeneKTpUYHNN 6€311a30BUI [IBUTYH, ITOCTilIHI MarHiTU, BUXPOBi CTPyMH, TiCTepe3uc, BTPaTH,

06€PTOBUIT MOMEHT, ITyJIbCallii MOMEHTY, MACUBHE SIPMO.

2. Isaiev Ye.V. Losses in Slotless Magnetoelectric Machines — a qualifying scientific work submitted as a
manuscript. A dissertation submitted in fulfilment of the requirements for the degree of Doctor of Philosophy
(PhD) in specialty 141 “Electrical Power Engineering, Electrical Engineering and Electromechanics”. — Institute of
Electrodynamics of the National Academy of Sciences of Ukraine, Kyiv, 2026. The dissertation addresses relevant
scientific and practical problems related to the development and design of slotless magnetoelectric machines with
a solid stator yoke, as well as such machines with two rotating yokes used in special-purpose electric drives. The
widespread adoption of magnetoelectric machines is due to the invention of hard magnetic materials based on
neodymium, as well as the development of power electronics. The high coactivity of neodymium magnets has, in



turn, made it possible to create an efficient slotless design of magnetoelectric machines. Although such machines
are inferior in energy performance to conventional machines with a slotted stator, they possess important
advantages, namely significantly lower torque ripple, better linearity of characteristics, and structural simplicity.
Given current trends, there is a need to reduce the cost of electric motor manufacturing and to accelerate
production preparation through simplification of the design. Such simplification is feasible for torque motors
operating at low rotational speeds. In such machines, the stator core may be manufactured as a solid body, which
considerably accelerates production preparation. This necessitates the calculation of eddy-current 9 losses and
their effect on torque. Along with analysing the influence of a solid stator yoke on torque, it is also necessary to
evaluate eddy-current losses in the magnets and the thermal state of the magnets, which is a critical factor.
Another approach enabling not only torque motors but also high-speed machines is the implementation of a
slotless machine with two rotating solid yokes. While in the case of a solid stator yoke the dominant issue is the
loss within it, in machines with two rotating yokes the primary concern shifts to losses in the windings and
magnets. Therefore, this dissertation focuses on investigating losses in slotless magnetoelectric machines and
their impact on torque, as well as on the thermal state of magnets and windings under intensive operating
conditions. The analysis of radial and axial magnetoelectric motors carried out in Chapter 1 has shown that either
configuration can be implemented in a slotless form, including with a solid stator core, under torque-motor
operating conditions. A preliminary analysis of the effect of the air-gap length on the main magnetic flux in slotless
magnetoelectric machines was also performed. Chapter 2 presents the mathematical models required for
simulating the electromagnetic field in a moving electrically conductive medium, which are used to compute
electromagnetic torque and losses in magnetic cores. It is noted that the magnetic core is a nonlinear medium,
whereas the permanent magnet may be modelled as a linear medium. Heat transfer models in a solid homogenised
medium, suitable for modelling multiturn windings, are also considered. Known homogenisation models are
analysed and the most appropriate ones are selected. Finally, the model of heat exchange between heated
structural components and a moving cooling airflow is discussed. The first investigated machine is an axial-flux
torque motor with a solid stator yoke. In accordance with the concept of reducing eddy-current losses, the
introduction of concentric slots in the yoke is considered. Accurate magnetic field calculation for axial machines
requires a full three-dimensional model, which significantly complicates the problem and leads to poor
convergence. Therefore, a two-dimensional approach was developed, enabling an approximate method for
estimating eddy-current losses in a slotted solid yoke. Experimental validation of the proposed methods was
carried out using a calibrated machine. A key issue in torque calculation was the selection of a method for
estimating hysteresis losses, which are computed using approximate formulas based on magnetic flux density. The
Steinmetz equation was used as a first approximation and provided torque values with an accuracy within 2%,
provided that the magnetic properties of the steel were carefully determined. The results of the work provide new
insights into the performance of novel magnetoelectric machine designs, including torque motors with a solid
stator core and machines with two rotating yokes. Most results are presented in per-unit form, enabling evaluation
of machines with similar frame sizes, including through the developed approximate torque calculation method and
derived scaling relationships.
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