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Pedepar:

1. Y puceprauiiiHiii po60Ti BUpilIyeThCs 3a7a4a PO3BUTKY METO/IiB CUHTE3Y Ta aHaJli3y TATOBUX €JI€KTPOMEXaHIYHUX
cucreMm (EMC) Ha 6a3i BEeKTOPHO-KE€POBaHUX aCUHXPOHHUX ABUTYHIB (All) i CHHXpOHHUX [ABUTYHIB 3 OCTITHUMU
marhitamu (COIIM) 3 riopunaumu pxxepesamu xxusieHHs (I'71DK) Ha ocHOBI akymysigaTopHUX 6atapeil (AKB) i 6510Kky

cynepkoHaeHcaropis (CK), cipsiMoBaHa Ha HiiBUILIEHHS iX CTaTUYHUX, JUHAMIYHUX Ta €HePreTUYHUX



XapaKTEPUCTHUK 32 PaXyHOK PO3POOKH i BIIPOBAIKEHHS METOiB HEJIHIMHOrO i aJaTUBHOTO KEPYBAHHSL. Y NIEPIIOMY
PO37iJi TPOBENIEHO aHaJli3 iCHYI0UNX METOLIB KEPYBaHHS TATOBUMU €JIEKTPOMEXaHiYHMMU cuctemamu 3 ['JDK 3
METOI0 OOI'PYHTYBaHHS HEOOXiTHOCTI BUpIillleHHSI HAYKOBO-TIPUKJIAAHOI 33a4i, SIKa pO3IJIsiIaeTbes B po6oTi. 3a
pe3ybTaTaMy aHAJiTUYHOTO OIJIsIly BCTAHOBJIEHO, 10 CUCTEMHU OCJIabyeHHs o Al He 3a06e311euyloTh TIOBHE
BUKOPUMCTaHHS NOTYXKHOCTI IPKEPEa; I KUBJIEHHS TUNoBux ET3 BUKOopuCTOBYIOTHCS Tisbku AKB, 1m0 cripuyunHse
ix mpuckopeHne crapinHg. Tunosi cucremu kepyBaHHs 'K Ha 0CHOBI JIiHITHUX IPONIOPLIIHO-IHTETPATBHUX
perysstopis (I1l-perysnstopis) cTpyMiB i Hanipyru 3 ¢inbTpoM Hu3bkux yactoT (DHY) He matoTh cTpororo
TEOPETUYHOTO OOI'PYHTYBaHHS, CTIMKICTh CYTTEBO HEJIHIHMUX CUCTEM He JOBENEHO. SIK HACiTOK, MiICUCTEMU
kepyBaHH4 ['IDK i TaroBum enexkrpornpuBonoM (EIT) € B3aeM03B'sI3aHUMM i UyTJIMBUMMU [10 KOOPIUHATHUX i
IapaMeTpUYHUX 30ypeHb, OCHOBHUMM 3 SIKMX € Bapiallii akTUBHOTO oriopy poropa All, e1eKTPUYHUX [1apaMeTPiB
CIIIM i napametpiB DC-DC nepeTtBopioBauiB. BkasaHi 30ypeHHS B iCHYIOUMX CUCTEMaX IIPU3BOJSATH 10 Aerpajaliii
IVHAMIYHUX IOKAa3HUKIB SIKOCTi KepyBaHHS i 3HIDKEHHS €HepreTUYHoi e(peKTUBHOCTI MTPOLIECiB
€JIEKTPOMEXaHIUHOr 0 [IeEpeTBOPEHHS €HePrii. Y pyromy po3ziii po3po6sieHO HOBi aITOPUTMU OCJIabJIeHHS! 110715 B
CHACTEeMax BEKTOPHOTO KepyBaHHS All, sKi 3a6€31e4yI0Th 6iJbIll IOBHE BUKOPUCTAHHS MOTY>KHOCTI IKEpeJIa, a TAaKOX
CHHTE30BaHO 3 BUKOPUCTAHHSIM JPYroro Mmetony JIamnyHoBa aJaliTUBHUI CIIOCTEpirad akTUBHOTO onopy poropa All i
anroputMmu inentudikaunii napamerpis CIIIM, ski 3a6e311euyoTh r7106a7bHO CTIHKMIL ITPOLIeC OLiHIOBAHHS i €
[IPOCTIMIMMY Y BUKOPUCTAHHI, HiK iCHYI04i aHasIoru. Y TPETbOMY PO3[1iJli BAKOHAHO TEOPETUYHUI aHAJIi3 Ta
IOCIIiIPKEHHS BJIACTUBOCTEN CTIMKOCTI i XapaKTEPUCTUK CUCTEM KEPYBaHHs KilacoM pesepcuBHux DC-DC
IIEPETBOPIOBAUIB SIK HEJiHITHMX HeMiHiMasIbHO-()A30BUX 00'€KTiB KepYBaHHS B CTAaHIAPTHIl KOHQIrypauii 3
siHitHuMu [1I-peryngaropamu cTpyMy Ta Hanpyru. Po3po6sienuil MeTo cCUHTe3y i aHasizy cucteM KepyBaHHs DC-
DC nepeTrBoproBauamMu 6a3yeTbCsl HA BUKOPUCTaHHI 4aCTKOBO] JliHeapu3allii 3BOpOTHUM 3B513KOM. Briepiie 1okasaHo
SIKMM YAHOM CTPYM HaBaHTaXEHHS BILUIMBAE HA CTPYKTypy cucTteM KepyBaHHs DC-DC nepeTBopioBayaMu Ta ix
napaMeTpu, 110 JO3BOJIsE 3MiHICHIOBAaTA pOOACTHE HaJIAMITYBaHHS PETYJISATOPIB 115 MiIBUILIEHHS HaBaHTaKyBaJIbHOI
3/1aTHOCTI IepeTBOPIoBauiB. [IokazaHo, 110 3aBsIKM KOMIIEHCallii CTpyMy HaBaHTaXXEHHS 3a6€3I1e4yeThCsl
NiABUILEHHS IMHAMIYHOI TOYHOCTI cTabinisanii Hanpyru. Y 4eTBepTOMY pO3iji BIEpIle TEOPETUYHO OO PYHTOBAHO
CTPYKTYpPYy KOMIIO3UTHOI cuctemu kepyBaHHsI ['JIDK, mo ckiamaeThes 3i 38'93aHUX MiICUCTEM PeryIioBaHHS BUXiTHO]
Hanpyry, ctpymiB AKB i CK, ¢inbtpy posnoginy yactrot (OPY) i mincucremu perymosannsg Hanpyru CK. JloBeneHo,
IIJISIXOM PO3IJIly JUHAMIKY CUCTEMU 3HIKEHOTO NIOPSAKY, 10 MaciiTabyBaHHs 3aBaaHHs cTpymy CK y ¢yHKii
crniBBigHOmeHHs Hanpyr AKB i CK y cknaai ®PY (iHeapu3aliisi 3BBOpPOTHUM 3B'SI3KOM), @ TAKOXK (POPMYBaHHS
PO3IiZeHHs y Yaci AuHAMIK/ Y KOHTYpax peryJIloBaHHSI 3a0€31e4YyI0Th aCUMIITOTUYHE PeryI0BaHHS HAIIPYTy JIAHKU
IIOCTIMHOTO CTPYyMYy i po3nofin nuHamidHuX ckiagosux ctpymiB AKD i CK. [Toka3aHo, 110 KOMIIEHCallisl CTPyMy
HABaHTAXEHHS MiJBUIIy€e TMHAMIYHI [I0Ka3HMKU SKOCTi PETyJII0BaHHS HaNpyru. Po3po6yieHo HOBUI alTOPUTM
peryJiloBaHHS Hanpyru (3apsny) 6;1oky CK i HazaHo pekoMeHalii 3 HOro HajalTyBaHHS, sIKe TapaHTye, 10 NpoLec
3apsy He BIUIMBA€E Ha peryiloBaHHs BuxinHoi Hanpyru ['JDK. V m’aTomy po3fini o6rpyHTOBaHO KOHIIEMII0
€KCIIEpPMMEHTa/IbHUX fJociifkenb Taropux EMC 3 I'IIK, sika 1,03BosIsie po3po06sIsiTy YHiI(pIKOBaHI eKCllepUMEHTAJIbHI
YCTQHOBKHU /17151 TOBHOMACIITAOHUX TECTYBaHb IIMPOKOT0 CIIEKTPY aJTOPUTMIB KEPYBaHHS B YMOBAX, sIKi HAOJIMKeHi
10 icHyouux B peanbHuX ET3. Po3p06s1€HO CTPYKTYPY, BUTOTOBJIEHO i HAJIarOJKEHO CTAHLIiI0 MIBUAKOTO
IIPOTOTUITHOTO TECTYBAHHS IJIs BoCaimkeHHs Tarosux EMC, ska ckiagaerscs 3 AJl motyxHicTio 0.7 kBt, CIIIM 3
KBT, stiTili-ioHHux i cBUHLEBO-KUCaA0THUX AKB i 6510Ky CK 3 DC-DC nepeTBoproBadamy, siKa J0O3BOJIMUA IPOBECTU
IIOBHOMACIITa0Hi €KCIIEPMMEHTAIbHI TECTYBAHHS PO3PO0JIEHUX CTPYKTYP KEPYBaHHS 3 METOIO MiiTBEPIPKEHHS
TEOpPeTUYHUX BUCHOBKIB POOOTU Ta BUSIBJIEHHS €(EKTiB, 5IKi He BPaXOBYIOTbCS [TPU CUHTE3i Ta MOJIe/II0OBaHHI.
KepyBaHHS yCTaHOBKOIO 3[1iICHIOETbCS 3 BUKOPUCTAHHSIM KOHTPOJIEPA Ha OCHOBI IM(POBOTO CUTHAJIBHOTO

npouecopa TMS320F28335 i po3po6sieHoro mporpaMHoro 3a6e3neyeHHs..

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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contributions /VM-Mykhalskyi-2031231743



IIoBHe HaﬁMeHyBaHHﬂ IOpI/I,quI‘{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

CeKTop HayKH: AkaneMivHuil

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:

1. Ilpuctyna AnaTonii JleoHigoBUY

2. Anatoliy Prystupa

KBasidikamis: x.r.u., nor,

Imentudikarop ORCHID ID: 0000-0001-9412-2698

JoparkoBa iHpopMmamist: https://www.scopus.com /authid /detail.uri?authorld=57190807222,
https:/ /www.webofscience.com /wos /author /record /F-5507-2014,

https:/ /www.researchgate.net /profile /Anatoliy-Prystupa,

https:/ /scholar.google.com/citations?user=aiO03D8AAAAJ

IloBHe HaliMeHYBaHHS IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBEpCUTET "UepHIriBCchbKa MOIiTeXHIKa"
Kopg 3a €IPIIOY: 05460798

Micue3HaxoaKeHHS: ByJ. llleByeHka, 6yz. 95, UepHiriB, YepHiriBcbkuii p-H., 14035, Ykpaina

dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

Baacue IlpizBumie Im's Ilo-6aThKOBI:
1. OctpoBepxoB Mukosa SIkoBr4

2. Mykola Ostroverkhov
KBasigikamis: x. 1. 1., npodecop
Imentudikarop ORCHID ID: 0000-0002-7322-8052

HoparkoBa iHpopmamist: https://www.scopus.com/authid /detail.uri?authorld=6504805660,
https: / /www.webofscience.com /wos/author /record /H-3144-2015,

https:/ /www.researchgate.net /profile /Mykola-Ostroverkhov,

https:/ /scholar.google.com /citations?user=7pTRQQ8AAAAJ

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuHuil yHiBepcuTeT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iHCTUTYT imMeHi Irops Cikopcpkoro”



Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHH: npocnekT Bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

Baacue IlpizBuuie Im's I1o-6aThbKOBI:
1. Yymaxk Bagyum BosogumupoBruy

2. Vadim Chumack
KBasigikamis: . . 1., gou.
InenTudikarop ORCHID ID: 0000-0001-8401-7931

JoparkoBa iHpopmanist: https://www.scopus.com/authid /detail.uri?authorld=57191833069,
https:/ /www.webofscience.com /wos /author /record /1981028, https: / /www.researchgate.net /profile /Vadim-
Chumack, https:/ /scholar.google.com.ua/citations?user=AZFafXoAAAAJ

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COO0HM: HauioHnanbHuii TexHiuHMIA yHiBepcuTeT YKpainu "KuiBchkuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicekuil, 6yg. 37, Kuis, 03056, Ykpaina
dopma B1acHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUIL

VIII. 3aKkJII04Hi BiZoMOCTi
BiacHe IIpizBuie Im'sa ITo-6aTbKOBI SIupynbepkuit Onekcanap CraHiciaBoBUY

roJIOBH pagu

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI Slupynsepkuit Onekcanap CraHicIaBoBUY

roJIOBYIOYOro0 Ha 3acigaHHi

BiznoBigansHUI 3a MiATOTOBKY Hikonenko €sren OsyiekciioBud

00JIIKOBHX JJOKYMEHTIB

PeecTparop VYKpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZAIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

IisiIbHOCTI




