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Pedepar:

1. Y puceprauiiiHiil po60Ti BUpillyeThCs 3a4a4a PO3BUTKY METOJiB CUHTE3Y Ta aHasli3y TSITOBUX €JIEKTPOMEXaHIUHUX
cucrem (EMC) Ha 6a3i BEKTOPHO-KE€POBAaHUX ACUHXPOHHUX JBUTYHIB (All) i CHHXpOHHUX ABUTYHIB 3 MOCTIMHUMUA
marsitamu (CAIIM) 3 riopugnHumn gxepenamu xusienHs (I'IDK) Ha ocHOBI akymysisiTopHUX 6atapeit (AKB) i 610Ky
cynepkonaeHcaropis (CK), cnpsiMoBaHa Ha MifBUIIEHHS iX CTaTUYHUX, AUHAMIYHUX Ta €HepreTUYHUX
XapaKTEPUCTHUK 32 PaXyHOK PO3POOKH i BIPOBAIKEHHS METOJiB HEJIIHIMHOrO i ajaTUBHOTO KEPYBaHHSL. Y EPIIOMY
PO37iJii IPOBENEHO aHaJli3 iCHYIOUNX METOLIB KEPYBaHH TATOBUMU €JIEKTPOMEXaHiYHMMU cuctemamu 3 I'JDK 3

METOI0 OOI'PYHTYBaHHS HEOOXiHOCTI BUpilIeHHSI HAYKOBO-TIPUKJIAIHOI 3375a4i, SIKa pO3IJIsIaeThCs B poboTi. 3a



pe3yJsibTaTaMU aHAJIITUYHOTO OIJIsly BCTAHOBJIEHO, 10 CUCTEMU OCJIabieHHs 1101 AJl He 3a6e31e4yloTh I0BHE
BUKOPUMCTAHHS OTYXKHOCTI JIPKEPEJa; 14 )KUBJIEHHS TUNoBUX ET3 BUKOPUCTOBYIOTHCS Tisbku AKB, mo cripuynHse
ix mpuckopeHne crapinHg. Tunosi cucremu kepyBaHHs ['JIDK Ha 0CHOBI JIiHITHKMX IPONIOPLIMHO-IHTErPATIBHUX
peryasaropis (I1I-perysnsTopiB) cTpyMiB i Hanpyru 3 QinbTpom HU3bKUX yacToT (DHY) He MalOTh CTPOroro
TEOPETUYHOTO OOIPYHTYBAHHS, CTiKiCTh CYTTEBO HEJIIHIMHMX CUCTEM He OBeJeHO. SIK HACTiOoK, migcucremMu
kepyBaHHs ['IDK i TaroBum enekrpornpuBonoM (EIT) € B3aeMo3B's13aHUMM i UyTJIMBUMMU [10 KOOPIMHATHUX i
IapaMeTprUYHUX 30ypeHb, OCHOBHUMM 3 SIKUX € Bapiallii akTUBHOTO o1iopy poropa All, eIeKTPUYHUX [1apaMEeTPiB
CIIIM i napamerpiB DC-DC nepetBopioBauiB. BkasaHi 30ypeHHS B iCHYIOUMX CUCTEMaX IIPU3BOJISATH 10 Aerpajarliii
IVHaMiYHUX TIOKA3HUKIB SIKOCTI KepyBaHHS i 3HM)KEHHS eHepreTUYHoi e(peKTUBHOCTI IIpolLieciB
€JIEKTPOMEXaHIYHOr 0 [IEPETBOPEHHS €HEPTii. Y pyroMy po3ziii po3po6sieHO HOBi aJIFTOPUTMU OCJIabJIeHHS! 110715 B
CHACTEeMax BEKTOPHOTO KepyBaHHS All, gKi 3a6€31e4yI0Th 6iJbIlI IOBHE BUKOPUCTAHHS MIOTY>KHOCTI IKEpeJIa, a TAKOX
CHHTE30BAHO 3 BUKOPUCTAHHAM JPYroro Merozy JIanyHoBa aganTUBHUN CIIOCTEPIray akTUBHOTO O1opy poropa All i
anroputMmu inentudikauii napamerpis CIIIM, siki 3a6e3euyoTh 7106a1bHO CTiMKMIL TPOLleC OLiHIOBAHHS i €
[IPOCTIIMMY Y BUKOPUCTAaHHI, HiK iCHY104i aHaJIoru. Y TPETbOMY PO3/iJli BAKOHAHO TEOPETUYHUI aHaJli3 Ta
IOCIIiIKEHHS BJIACTUBOCTEN CTIMKOCTI i XapaKTEPUCTUK CUCTEM KEPYBaHH Ki1acoM pesepcuBHux DC-DC
[IepeTBOPIOBAYIB K HeJIiHINHNX HeMiHiManbHO-(a30BUX 00'€KTIB KepyBaHHS B CTaHAAPTHIN KoHOirypauii 3
niHiiHuMu [I-peryngropamu cTpyMy Ta Hanpyru. Po3po6sienuii MeTon CUHTe3y i aHasizy cucteM KepyBaHHs DC-
DC nepeTrBoproBauamMu 6a3yeThbCsl HA BUKOPUCTAHHI 4aCTKOBO] JliHeapu3allii 3BOpOTHUM 3BS13KOM. Briepiie rokasaHo
SIKMM YAHOM CTPYM HaBaHTaXEHHs BIUIMBAE HA CTPYKTYpy cucTtem KepyBaHHs DC-DC nepeTBoproBayaMu Ta ix
napaMeTpH, 110 J03BoJIsie 3iiCHIOBaT pOOACTHE HaJIAITyBaHHS PEryJsTOPIB 115 MifBUILIEHHS HaBaHTaKyBaJIbHOI
31aTHOCTI IepeTBOPIOBauiB. [Ioka3zaHo, M0 3aBIsKM KOMIIEHCallii CTpPyMY HaBaHTaXXEHHSI 320€3I1€4yEThCsI
MigBUIIEHHS AMHAMIYHOI TOYHOCTI CTabisi3alii Hanpyru. Y 4eTBEpTOMY PO3[ijii BIieplle TEOPETUYHO OOIPYHTOBAHO
CTPYKTYpPY KOMIIO3UTHOI cuctemu kepyBaHHsI ['JIK, mo ckiamaeTbes 3i 38'13aHUX MiICUCTEM peryioBaHHS BUXiTHO]
Hanpyry, ctpymiB AKB i CK, ¢inbTpy posnoginy yactot (OPY) i nincucremu perymosanHs Hanpyru CK. JloBeneHo,
LIJIIXOM PO3IJISy JUHAMIKY CUCTEMU 3HIKEHOTO NOPSAKY, 0 MaclITabyBaHHs 3aBaaHHs cTpymy CK y ¢yHkuii
crniBBigHOmeHHs Hanpyr AKB i CK y cknani ®PY (nineapu3aliisi 3BBOpPOTHUM 3B'SI3KOM), @ TAKOXK (POPMYBaHHS
PO3JisIeHHs Y Yaci AuHaMIK1 Y KOHTypax peryJlloBaHHs 3a0€31e4y0Th aCUMIITOTUYHE Peryyl0BaHHS HaIlpYyry JIaHKU
IIOCTIMHOTO CTPYyMYy i po3rnogin nuHamidyHux ckiagosux ctpymiB AKD i CK. [Toka3aHo, 110 KOMIIEHCALlisl CTPyMY
HABAaHTAXEHHS MiJBUIIY€E TMHAMIYHI IOKa3HMKUY SIKOCTI PETYJII0BAaHHS HaNpyru. Po3po6y1eHo HOBUIT alTOPUTM
perymoBaHHs HaNpyru (3apsaay) 6;1oky CK i HamaHO pekoMeHAalii 3 HOro HaMamTyBaHHS, SIKE TapaHTYE, L0 MIPOoLecC
3apsy He BIUIMBA€E Ha peryiloBaHHs BuxigHoi Hanpyru ['JDK. V m’aToMy po3sfiii o6rpyHTOBaHO KOHIIEMILI0
€KCIIEPMMEHTAIbHUX Jociigkens Taropux EMC 3 I'IIDK, sika 1,o3BosIsie po3po06sIsiTy YHi(IKOBaHI €KClIepUMEHTAJIbHI
YCTQHOBKHU /17151 TOBHOMACIITAOHMX TECTYBaHb IIMPOKOT0 CIIEKTPY aJrOPUTMIB KEPYBaHHS B YMOBAX, SIKi HAOJ/IMKeHi
1o icHyouux B peanbHux ET3. Po3po6s€HO CTPYKTYpPY, BATOTOBJIEHO i HAJIarOJ KEHO CTAHLIiI0 HIBUAKOTO
IIPOTOTUITHOTO TECTYBAaHHS IJIs BocaimKeHHs Taroeux EMC, sgka ckiagaersca 3 All motysxHicTtio 0.7 kBt, CIAIIM 3
KBT, niTili-ionHux i cBuHLEBO-KUCAOTHUX AKE i 610Ky CK 3 DC-DC nepeTBopioBayamy, sika J0O3BOJINIIA TPOBECTU
[IOBHOMACIITa0H] eKCIIepUMEHTAaJIbHI TeCTyBaHHS PO3PO0IEHUX CTPYKTYP KEPYBaHHS 3 METOIO g TBEPIPKEHHS
TEOPETUYHUX BUCHOBKIB POOOTU Ta BUSIBJIEHHS €(EKTIB, 5IKi He BPaXOBYIOTbCS IIPU CUHTE3] Ta MOJI€/IIOBAHHI.
KepyBaHHS yCTaHOBKOIO 3[1iICHIOETBCS 3 BUKOPUCTAHHSIM KOHTPOJIEPA Ha OCHOBI IM(POBOTO CUTHAJIBHOTO

npouecopa TMS320F28335 i po3po6sieHOro mporpaMHoro 3abe3neyeHHs..

2. The thesis is devoted to design methods development of traction electromechanical systems (EMS) based on AC
vector-controlled electric drives (ED) with batteries-supercapacitors (SC) hybrid energy storage systems (HESS)
aimed at improving static, dynamic, and energy characteristics through the development and implementation of
nonlinear and adaptive control methods. The first section analyzes the existing traction EMS with HESS control
methods to substantiate the importance to solve the scientific and applied problem considered in the thesis. Based
on the results of the analytical review, it was found that the induction IM field-weakening systems do not ensure
the full utilization of the primary source power. The batteries-only energy sources are typically applied to power
modern electric vehicles (EV) which causes their accelerated aging. Typical HESS control systems which are based



on linear proportional-integral controllers (PI-controllers) of currents and voltages with a low-pass filter (LPF) do
not have a rigorous rationale, and the stability of significantly nonlinear systems has not been proven. As a result,
the HESS and traction ED subsystems are interconnected and sensitive to coordinate and parametric
disturbances. The main of which are variations of the IM active rotor resistance, PMSM and DC-DC converters
electrical parameters. These perturbations lead to degradation of dynamic control quality indicators and reduction
of energy efficiency of electromechanical energy conversion processes in existing systems. In the second section,
new field-weakening algorithms in IM field-oriented control systems are developed, which provide a more
complete usage of the source power. Also an adaptive observer of the IM active rotor resistance is designed, as
well as identification algorithms of PMSM parameters, using the second Lyapunov method. They provide a globally
stable estimation and are easier to use than existing analogues. In the third section, a theoretical study of the
stability properties and characteristics of bidirectional DC-DC boost converters control systems were performed.
Note that they are nonlinear non-minimum-phase control plants. The standard configuration with linear PI
current and voltage controllers was considered. As a result of the theoretical analysis, it was found that: the
resulting structure of the control system is in the form of a sequential connection of two linear asymptotically
stable subsystems in a nonlinear feedback loop with bilinear properties. For the first time, the structure of the
control system provides linearization with respect to a physically determined manifold, which is the power balance
equation. The form of the linearized system allows the use of the theory of cascaded systems with the time-scale
separation such that the internal (current) control loop is several times faster than the external (voltage) control
loop. For the first time the mechanism of the load current affecting the structure of DC-DC converter control
systems and their parameters is shown. It provides more robust tuning of the controllers to increase the
converters load capacity. It is shown that the load current compensation in a controller improves the dynamic
voltage stabilization accuracy. In the fourth section, for the first time, the structure of composite HESS control
system is theoretically substantiated. It consists of coupled DC-link voltage, battery and SC currents subsystems, a
frequency distribution filter (FDF), and a SC voltage control subsystem. It is proved, by considering the reduced-
order system dynamics, that the SC current reference scaling as a function of the battery and SC voltages ratio in
the FDF (feedback linearization), as well as the time-scale separation of control loops provide asymptotic DC link
voltage control and the battery and SC currents components dynamic distribution. It has been shown that the load
current compensation improves the dynamic quality indicators of DC-link voltage regulation. A new SC voltage
controller has been developed. Tuning recommendations ensure that the SC charging process does not affect the
DC-link voltage regulation. In the fifth section, a concept of EMS with HESS experimental studies is substantiated.
It allows to develop unified experimental installations for full-scale testing of a wide range of control algorithms
under conditions close to those existing in real EV. The rapid prototyping station for the study of traction EMS was
designed, manufactured and commissioned. It consists of a 0.7 kW IM, a 3 kW PMSM, lithium-ion and lead-acid
batteries, and a SC unit with DC-DC converters. The full-scale experimental testing of the developed control
structures were performed on the rapid prototyping station to confirm the theoretical conclusions and identify
effects that are not taken into account during design and in simulation. The setup is controlled by a controller
based on TMS320F28335 DSP and designed software.
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IIoBHe HaﬁMeHyBaHHﬂ IOpPI,uH‘{HOi 0COOM: [HCTUTYT enekTpoauHaMiku HanioHanbHOI akagemii HayK
YKpainu

Kopg 3a €IPIIOY: 05417238

Micue3Haxoa KeHHS: np. [lepemoru ,56, Kuis, 03057, Vkpaina

dopma BiracHoCTI:

Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaitu

InenTudikarop ROR: He zacrocosyerscs
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IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0C00H: HanjionanbHuii yHisepcuteT "UepHiriscbka nositexHika"
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IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHu#t TexHiuyHuil yHiBepeuteT Ykpainu "KuiBchKuit

MOJITEXHIYHMI IHCTUTYT iMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921



Micue3HaxoaKeHHS: npocnekt bepecreiicekuit, 6y, 37, Kuis, 03056, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu
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IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuyHuil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iIHCTUTYT imMeHi Irops Cikopcpkoro”
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VIII. 3aKkJII04Hi BiZOMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBi
TOJIOBH paju

ByacHe IlpizBume Im's ITo-6aTbKOBI
TOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUI 3a HiATOTOBKY

00JIiKOBHX JOKYMEHTIB

PeecTpaTtop

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peeCcTpallilo HayKOBOi

OisSIABHOCTI

Aupynbcekuil Onexcanap CraHiciaBoBAY

Supynsceknil Onexcanap CraHiciaBOBAY

Hikonenko €sren OseKkcilioBUY

VKpIHTEI

Opuenko TersHa AHaTosIiiBHA



