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Pedepar:

1. Incepralist NpUCBsY€HA BUPIIEHHIO HAYKOBO-TEXHIYHOTO 3aBJAHHS PO3PO0JIEHHS KOHDIrypalill eHepreTuyHo-
tsiroBux cuctem (ETC) 3 pisHuMU BapiaHTaMy MOZIYJIBHOCTi 60PTOBUX CUCTEM €JIEKTPUYHOrO KUBJIEHHS Ha 6a3i
MOZYJiB aKyMYJIITOPHUX 6aTapeil Ta CyllepKOHIeHCaTOoPiB, 6e311iTKOBUX ABUTYHIB nocTiiiHoro ctpymy (BAIIC) 3
noctifinumu marsaitamu (IIM) Ta cus0BUX HaNiBIPOBiTHUKOBUX [1€PETBOPIOBAYIB Pi3HUX TOIOJIOTIH, SIKi BAKOHYIOTb
(YHKLii KEPDYBaHHS TATOBUM €JIEKTPOIPUBOIOM Ta €HEPIETUYHOTO MEHEIKMEHTY MOZYJIB €JIEKTPUYHOTO
xuBseHHs. Yci ETC pocnimpKyBanucs MasXoM KOMITIOTEPHOTO CUMYJIIOBAHHS, @ TAKOXK €KCIIEPUMEHTAJIBHO Ha
CTBOPEHUX MaKeTHUX B3ipLsx. Po3ain 1 «AHasi3 BifoMUX pillleHb 1070 MOJYJIbHOTO KOHQIrypyBaHHS €HepreTU4HO-
TATOBUX CUCTEM €JIEKTPUYHUX TPAHCIIOPTHUX 3aCO0iB» MPUCBSIYEHUH aHali3y Cy4aCHOTO CTaHy Ta TEHAEHIIN
PO3BUTKY CUCTEM €JIEKTPONPUBOZA Ta 6OPTOBOTO KMUBJIEHHS €JIEKTPUYHMX aBTOHOMHUX TPAHCIIOPTHUX 3aC00iB
(EAT3). Y ubomMy po3ziii 06IpyHTOBAHO [IOL/IbHICTb 3aCTOCYBAHHS MOAYJIBHOTO IiAXOMY IJIs1 I00YA0BU



eHepreTnyHO-TAroBux cucrem (ETC) Ta npoBeneHo aHami3 Nigxofis 10 N0OYAOBY CUCTEMU €HEPreTUYHOrO
meHemxMeHTy (CEM) monynpHux Ta riopuaaux ETC EAT3. Po3sgin 2 «Po3po6ieHHsI MOLYJIBHUX CUCTEM
€JIEKTPUYHOTO KMBJIEHHS HA OCHOBI aKyMYJIITOPHUX 6atapeil i cynepkoHgeHcaropis ans EAT3 3 BTIC» 6yso
IIPUCBSIYE€HO MOAYJIBHOCTI O0PTOBUX JKEPEJI )KUBJIEHHS, & TAKOX €JIEKTPOHHMM CUCTEMaM JJ1s1 CUJIOBOTO
iHTepdeiicy MoayJIiB KUBJIEHHS. 3alIPONIOHOBAHO Ta JOCIIKEHO IUISIXOM iMiTaliliHOr0 KOMITIOTEPHOTO
CHMYJIIOBaHHS HU3KY KOHQIrypauiit MoAyabHUX KaCKaIHUX Ta iHIINX eHepreTHYHUX CUCTEM, CKIIa[eHUX 3
aKyMyJISITOpHUX 6atapeit (AB) uu ribpupgHux cucreM HakonndeHHs eHeprii (CHE), siki micTsTe AB Ta
cynepkonaeHcatopHi (CK) mogysi. IIpoBeneHo HOoCiIKeHHS IIISIXOM KOMITIOTEPHOTO iMITal[iliHOr0 MOJeJIi0BaHHS
MIEPILIOTO TUIY iHTErPOBAHOI €eHEPreTUYHO-TAroBoi cuctemu EAT3, y axkiit kackaguuit DC-DC nepeTsBoproBay
o6'enHye eHepreTuyHi moayni Ab uu riopunsi AB-CK Momyti >KUBJIEHHS Ta OJHOYAaCHO (POPMYE KijIbKapiBHEBO
peryaboBany 60pToBy DC-Mepexy, Bif, sSIKOI JKUBUTbCS CUJIOBUM TPAaH3UCTOPHUM iHBepTOp Hanpyru BATIC.
Po3po61eHO anropuT™Mu Ta Mporpamu 1j1st 6araToPyHKIiHOro aBTOMaTUYHOTrO KepyBaHHs KackagHum DC-DC
IIepeTBOPIOBAYEM, SKi 3M1iICHIOIOTh eeKTUBHE KepyBaHHS MOMEHTOM Ta mBuKicTio BITIC, a Takox 3a6e3nedyioTsh
BUPiBHIOBAaHHS 3apsziB Ab-mopnyiiB. Po3zin 3 «Po3pobsienHs Ta fociikeHHs HoBoi KoHirypauii riopunnoi AB-CK
CHACTEMU €JIEKTPUIHOTO XUBJIeHHS EAT3 3 nepeMuKaHHSIM CTPYKTYpU» MPUCBSIYEHO CTBOPEHHIO Ta aHAJI3y
HaniBakTuBHOI cTpyKTypu I'CHE 3i cTpyKTypoIo 3 nepemukanHsam Ab ta CK-6110ka. TeopeTuyHO 06I'pyHTOBAHO, 110
Taka KOH@pirypaiis nae 3Mory 3MEeHIIMTH BCTaHOBJIEHY eMHicTh CK-06J10Ka Ha 54,7% Ipu 36epekKeHHi TOro CaMoro
PiBHS JOCTYNHOI eHeprii NOPiBHSIHO 3 BifoMUMH aHajsioraMyu. CUHT€30BaHO AJITOPUTM POOOTU CUCTEMU
€HepreTuYHoro meHepkMeHTy (CEM), K1l 0XOIIIOE BiCiM PeXXUMiB po6OTH (5 TSATOBUX Ta 3 rajbMiBHi),
3a0e3Me4youy OlAgHY eKcIlyaTalio AB Ta nigTpumaHHs onTuMasnbHoro piBHa 3apsay CK. Pozgin 4
«IHTerpyBaHHs MOJlyJIbBHUX CUCTEM €JIEKTPUYHOTO XXUBJIEHHS Ta ABoMonyibHOro BATIC 3 TpudazHumu o6MoTKaMu
KOps1» QOKYCyeThCsl Ha JOCHIIPKEeHH] cucTeM Ha 6a3i moaysnpHux BITIIC i3 1Boma Habopamu TpudasHUX 0OMOTOK
sxops (2x3 BITIC) acumeTpuyHoi KoHPiryparii. O6IpyHTOBaHO BUKOPUCTAHHS APOOOBUX KOHLIEHTPUYHUX OOMOTOK
17151 MiHiMi3alii B3a€MOIHAYKTHBHOIO 3B’13Ky MK MOZYJISIMA OOMOTKU SIKOPSL Ta IyJbcalliil MOMeHTY. Po3po6ieHo
BIJOCKOHAJIEHy MaTeMaTUYHy MOZEJIb MAIllMHY, SKa 6a3yeThCsl HA PEe3yJIbTaTaX MOJEJIOBAHHS MAarHiTHOTO M0JIS
MeToioM cKiHueHHUX eneMeHTiB (FEM - anri. Finite Element Method). [IpoBefieHO OLiHKY MyJbcalliii
€JIEKTPOMarHiTHOro MOMEHTY 32 YMOB He30aJlaHCOBaHOI'O HaBaHTaKE€HHS MOJYJIiB, [ie JOBEIEHO, 1110 HasIBHICTb
MAarHiTHOro 3B’I3Ky B aCHMETPUYHUX MalllMHaX CIPUsie€ B3aEMHIl KomneHcalii nysabcaniii. Po3zin 5 «IHTerpyBaHHS
MOJYJIBHMX CUCTEM €JIEKTPUYHOrO kuBjieHHS Ta BATIC 3 po3iMKHEHUMU KiHLISIMU OOMOTKU SIKOPSI» BOCJIKY€E
MO€ITHAHHS MOIyJIbBHUX CUCTEM aKyMYJISITOPHOTO >XUBJIeHHS 3 npusBogamu BJI1C, mo MaTh pO3iMKHEHI KiHIIi
o6MoToK sikopst (OEW - anrs. Open End Winding). Y pospini npoaHasnizoBaHo IPOCTOPOBUII PO3IIOLiI BEKTOPIB
Hanpyru g4 120-rpagycHoro Ta 180-rpasyCHOro 3aKOHiB KOMyTallii, 10 a0 3MOr'y peai3yBaTH, BiZllTOBiZHO,
4OTHUPHU- Ta TPMPIBHEBE KEPYBAHHS HAIIPYTOIO SIKOPS IBUTYHA 32 JOIIOMOTOI0 IBOX MOCTOBUX TPAH3UCTOPHUX
iHBepTopiB Harnpyru. Po3po6seHo eHeproepeKTUBHY CTPATETilo KepyBaHH4, e B pexkuMi Tsaru IIIM-perystoBaHHs
3aCTOCOBYETBCS JIMILE [0 OJHOTO 3 iHBEPTOPIB, a 1151 6aslaHCyBaHHS €Heprii MK IBOMa He3aJIesKHUMU
AKyMYJIITODHUMU MOZYJISIMU 3aCTOCOBAHO ABONO3ULiIIHE IEPEMUKAHHS 3 FiCTEPE3UCOM. Y MPOL,ECi BUKOHAHHS
IVCepTaLifHNUX OCIIiIKeHb 32 00PaHOI0 TeMOIO OyJI0 06PaHO BioMi Ta 3alIPOIIOHOBAHO BJIACHI IE€PCIIEKTUBHI
koHirypauii ETC gys EAT3 Ta po3po06s1€HO alrOpUTMU KEPYBAaHHS HUMU. Y pe3yJibTaTi KOMITIOTEPHOTO
MOJEJIIOBaHHS 0yJI0 TOKa3aHOo poOOTO3AATHICT AocaimkyBaHux ETC i3 po3pobieHuMy cucTeMaMy KepyBaHHS
TSTOBUM eJleKTponpuBogom Ta CEM MoIy/siMu € HEPreTUYHOTO KUBJIEHHS], 0 6yJI0 TaKOX MiJTBEPAXKEHO

€KCIIEPUMEHTAJIbBHUMU ,lLOCJIiIL)KeHHHMI/I.

2. This dissertation addresses the scientific and technical challenge of developing configurations energy-traction
systems (ETS). These systems feature various modular options for onboard power supplies based on battery and
supercapacitor (SC) modules, permanent magnet (PM) brushless DC (BLDC) motors, and power semiconductor
converters of various topologies. These converters manage both the traction electric drive control and the energy
management of the power supply modules. All proposed energy-traction systems system configurations were
investigated through computer simulation and experimentally validated using custom-built physical prototypes.
Chapter 1 "Analysis of known solutions for modular configuration of power and traction systems of electric



vehicles" is devoted to the analysis of the current state and trends in the development of electric drive and on-
board power supply systems of electric autonomous vehicles. This section substantiates the feasibility of using a
modular approach to building power and traction systems of Electric Autonomous Vehicles (EAVs), which allows
increasing their reliability due to fault tolerance, ensuring safe operation at low voltages of individual modules and
improving overall energy efficiency. Chapter 2 “Development of modular power supply systems based on batteries
and supercapacitors for EAVs with BLDC” is devoted to the modularity of on-board power supplies, as well as
electronic systems for the power interface of power modules. A number of configurations of modular cascade and
other power systems composed of batteries or hybrid energy storage systems (HESS), which include batteries and
SC modules, are proposed and investigated by means of computer simulation. A study is conducted by computer
simulation modeling of the first type of integrated power and traction system EAV, in which a cascade DC-DC
converter combines battery energy modules or hybrid B-SC power modules and simultaneously forms a multi-
level regulated on-board DC network, from which the power transistor voltage inverter of the BLDC is powered.
Algorithms and programs for multifunctional automatic control of the cascade DC-DC converter have been
developed, which effectively control the torque and speed of the BLDC, and also ensure equalization of battery
modules charges. Chapter 3 “Development and research of a new configuration of the hybrid EAV electric power
system with switching structure” is devoted to the creation and analysis of a semi-active structure of the HESS
with a structure with switching sources. It is theoretically substantiated that such a configuration allows reducing
the installed capacity of the SC block by 54.7% while maintaining the same level of available energy. An EMS
algorithm was synthesized, covering eight operating modes (5 traction and 3 braking), ensuring economical
operation of the battery and maintaining the optimal charge level of the SC. Chapter 4 “Integration of modular
electrical power systems and two-module BLDC with three-phase armature windings” focuses on the study of
systems based on modular BLDC with two sets of Dual Three-Phase (DTP) armature windings of an asymmetric
configuration. The use of fractional-slot concentrated windings to minimize mutual inductive coupling and torque
ripple was justified. An improved mathematical model of the machine was developed, which is based on the results
of magnetic field modeling by the Finite Element Method (FEM). An assessment of electromagnetic torque ripple
under conditions of unbalanced module loading was carried out, where it was proven that the presence of
magnetic coupling in asymmetric machines contributes to mutual compensation of ripples. Chapter 5 “Integration
of modular power systems and BLDC with open end winding” explores the combination of modular battery power
systems with Open End Winding (OEW) BLDC motor drives. The chapter analyzes the spatial distribution of
voltage vectors for 120-degree and 180-degree commutation laws, which allows for the implementation of four-
and three-level motor armature voltage control using two bridge transistor voltage inverters, respectively. An
energy-efficient control strategy is developed, where in traction mode, PWM control is applied to only one of the
inverters, and two-position switching with hysteresis is used to balance the energy between two independent
battery modules. In the process of carrying out dissertation research on the chosen topic, both known and newly
proposed promising configurations of power and traction systems for EAVs were selected and algorithmic control
for them was developed. As a result of computer modeling, the performance of the studied power and traction
systems with the developed traction electric drive control systems and EMS energy supply modules was shown,
which was also confirmed by experimental studies.
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