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2. Synthesis of energy-shaping control of electrical complexes with the use of decomposition

Pedepar:

1. luceprarnis npucBsYeHa BUPILIEHHIO HAYKOBO-TEXHIYHOTO 3aBJIaHHS PO3BUTKY CUCTEM KEPYBaHHS Ha
€HEPreTUYHi OCHOBI CKJIAJHUMU €JIEKTPOTEXHIYHUMU KOMIJIEKCAMU B HAIIPSIMKY I€KOMIIO3U1ii IIOPT-
raMiJIbTOHOBUX CUCTEM, L0 ONMUCYIOTh POOOTY LIMX KOMILJIEKCIiB. 3pOCTaloye YCKIAJHEHHS €JIeKTPOTEXHIYHUX
KOMIUIEKCIB YCKJIAIHIOE MATEMATUYHU ONMC TAKUX CUCTEM, & HEJIIHIMHICTb TAKMX CUCTEM 3yMOBJIIOE CKIIQHE
3aBJIaHHS 3 CUHTE3Y CTilIKMX CUCTeM KepYyBaHHs TaKUMU 00’ekTaMu. Tomy, 3 OrJIsy 3a7ja4 €JIeKTPOTEXHIKU Ta
€JIEKTPOMEXaHiKH, aKTyaJIbHUM € BUBUEHHS MO>KJIMBOCTI 3aCTOCYBaHHSI IEKOMIIO3ULIii 1O IOPT-TaMiJIbTOHOBUX
CHCTEM, SIKi OIIUCYIOTh IIPOLIECU B CKIIQJHUX €JIEKTPOTEXHIYHMX KOMIIJIEKCAX, 3 METOIO CIIPOLIEHHS OA/IbIIOTO
CHHTEe3y CUCTeM eHeproopmMyouoro KepyBaHHs. [IpoBeeHo aHai3 iTepaTypHUX IpKepeJl 32 TEMaTUKOI0 pOOOTH.
3IilICHEHO OIJIA] CKIAHUX €JIEKTPOTEXHIYHUX KOMIIJIEKCIB Ta IXHIX CKJIafoBUX. PO3IJIIHYTO TEOPETHUYHI 3acafu
IIOZO0 CUCTEM KEPYBaHHS, 110 6a3yI0ThCSI HA €eHEPreTUYHUX MiX0JaX, iX METOIUKY Ta IPO6JIEMATHKY IOA0 CUHTE3Y
CHCTEM KEPYBaHHS CKIASHMMU €JIEKTPOTEXHIYHMMU KOMILJIEKCAMU. 3IIMCHEHO aHaJli3 iICHYIOYMX METO/IIB

IEKOMITO3ULIil CKJIaJHUX HEJIIHIMHUX CUCTEM Ta MOXKJIMBOCTI IXHPOTO 3aCTOCYBAaHHS [0 IOPT-TaMiJIbTOHOBUX



cucrem (III'C). CpopMmoOBaHO OCHOBI 3a1a4i AUCEPTALIMHOIO AOCTIIKEHHS. 3IiCHEHO KIacu(iKaLilo
[IepCIIeKTUBHUX CI10c06iB gexkommoautii I1I'C, 1o onucyoTs Ha eHepreTUYHiil OCHOBI POGOTY CKIIAIHUX
€JIEKTPOTEXHIYHNX KOMILJIEKCIB, Ha JIBi TPy — CTPYKTYpHA IEKOMIIO3MLis Ta PEKMMHA JEKOMIIO3HULIisl. Y CBOIO
4EPry, CTPYKTYPHY JE€KOMIIO3ULI0 PO3[iJIeHO Ha KaCKaJIHy, IapajlejIbHy Ta KOMOIHOBaHY. 31iICHEHO aHaJli3
HaBe[leHUX CIIOCOOIB IeKOMIIO3UILii, PO3TJIIHYTO OCOGIMBOCTI iX peasnidalii Ta O6rpyHTOBAHO IepeBaru i HeJloiKu
KOXKHOTO 3 MigXoAiB. [yl KOXXHOTO i3 3aIIpONIOHOBAHUX CIIOCOOIB HaBe€HO IIPUKJIaZ, I0ro 3aCTOCYBaHHS 10
€JIEKTPOTEXHIYHOT'O KOMIIJIEKCY Ta BUHAYEHO CIEeLUPiKy 10JalbIIOr0 CUHTE3Yy CUCTEMU €HEPrOOPMYIOUOTro
kepyBaHHd (CEQK). 3xilicHeHO 3acTOCyBaHHSI CTPYKTYpHOI Aekommno3autii 1o [1I'C ck1aiHOro aBTOHOMHOTO
€JIEKTPOTEXHIYHOTO KOMILIIEKCY, KUY F€HEPYeE eJIEKTPOEHEPTIIO 3 BiJHOBJIIOBAHUX JKEPeEJI BiTPY i COHIIA Ta
Harpomagpkye ii B ri6puaHiil akyMyJIsITOPHO-CYIIEPKOHIEHCATOPHIl cucTeMi 36epiraHHs eHeprii. OTpuMaHo
MaTeMaTU4HYy MOJI€JIb CbOMOTO MOPSIKY AJ1s1 3arayibHOi [1I'C KOMILZIEKCY Ta CUCTEMU IT'STOTO Ta IPYroro NopsiKiB
171 TPOX IIOPT-TaMUJILTOHOBUX TIiICHCTEM, Ha SIKi JEKOMIIOHOBAHO 3arajibHy CUCTEMY. 3IiMCHEHO CTPYKTYPHI
cuHTte3u CEDK 3aranbHOIO Ta IEKOMIIOHOBAHOIO CUCTEMaMU, B pe3yJIbTaTi 4oro 6yj10 OTPMMaHO MHOXXUHU
dopmyBauiB kepytouux BIMBiB (DKB). B cepenosuii Matlab /Simulink 31ificHEHO KOMITIOTEpPHE MOJEJII0BAaHHS
IOCJIiIPKyBaHUX KOMILIEKCIB i3 cunTe3oBanumu CEQK, 3naiineHo kpaui ctpykrypu ®KB Ta npoBeseHo ixHiit
alanTUBHUM MapaMeTPUYHUN CUHTE3. 3AiliCHEHO NOPiBHSIbHUE aHasi3 pobotu CEQK 3aranbHoi Ta
IIEKOMIIOHOBAHOI CUCTEM, IKMU [TOKA3aB [TPAKTUYHO OJHAKOBY iX SIKiCTb KepYBaHHA. Tak, y pPO3IJIIHYTIN B po3ziii
3a/1aui CTPyKTypHa JEeKOMIIO3MLIisl €JIEKTPOr€HEPYI0YOro Ta EHEPrOHArPOMAIKYI0U0Tr0 KOMIIEKCY 3 OTPUMaHHSIM
Tpbox CEQK nazna 3mory 3MeHIINTH KiJIbKiCTb He3a/IeXKHUX B3a€MO3B'13KiB Ta gemn@ysanb 3 28 y CEQK Bcim
KoMILIekcoM 1o 15 y Haibinbmii i3 CEOK nincucrem, Ha ski jekomnoHosaHo 3aranbhy [1I'C, mo Ha 46% meH1le.
3nilicHeHo 3acTocyBaHHs pexkuMHOi gekomnosuii [1I'C esiekTponpruBoja TPaHCIIOPTHOrO 3aco0y Ha 6a3i gBUryHa
IIOCTIMHOTO CTPYMY Ha OCHOBI AgBoHanpsamienoro Zeta-SEPIC DC-DC nepetsopioBada. Zeta DC-DC nepeTBoproBay
3a0e31e4yyBaB KepyBaHHS IIPUBOIOM B TSATOBOMY pexxumi poboTy, a SEPIC DC-DC nepeTBopioBay — B TrajibMiBHOMY.
B pesysibTaTi 3acTOCYBaHHS pE>KUMHOI Aekomno3ulii 6ysio orpumaHo I1I'C aBox mifcucteM, sIKi IpaliooThb y
BKa3aHUX PEXMMAX, [JIs1 SIKUX OYyJI0 peasnizoBaHo cTpyKTypHuUil cuure3 CEOK. I1pu uboMy 6yy10 PO3IJISIHYTO TPpU
CTyIeHi eHepro(OpMyBaHHS — HAIIPYTH SIKOPSI, CTPYMY SIKOPSI IBUTYHA Ta MOTO KyTOBOi IIBUAKOCTI. JIJ1s1 KOKHOTO 3
I[MX BUMNAJKiB 3[iliICHEHO MapameTpuyHuil cuures Kpauux OKB Ta aganTaniio ix mapaMmeTpiB [j1st 3a6e3neYeHHs
O/IHAKOBOTO PiBHS IIBMUIKOZAIi ccTeMM 3a pisHuX ii cTaHiB. [IpoBeieHe KOMITIOTEPHE MOJIE/IIOBAaHHS Ta
CHMYJIIOBaHHS pOOOTU HOCIiIKYBAHOI CUCTEMU €JIEKTPOIIPUBOJIA B PI3HMX PEKMMaxX POOOTH Ta I10Ka3ayl0
eeKTUBHICTb 3aCTOCYBaHHS PEKMMHOI IeKOMNO3KLii. 3aiiicCHEHO Bepu(iKaliio TEOPETUIHUX [OCIIiI>KEHb.
CKOHCTPYIOBAaHO MaKeTHUI B3ipelb IPUBOJA Ta PO3IJISIHYTO MOr0 CKJIaZoBi: MOLYJIb aKyMyJISITOPHOI 6aTapei, DC-
DC nepeTBoproBad Ta €J€KTPOMAIIMHHNN KOMILIEKC. 3xilicHeHo peanizauiio CEOK 3 eHepropopmyBaHHSIM CTPyMy

SIKOpS1 IBUT'YHA Ha 6a3i MiKDOKOHTPOJIEPA 3 3aCTOCYBaHHSIM PEKMMHO]I JeKOMIIO3ULii.

2. The dissertation is devoted to solving the scientific and technical problem of developing energy-based control
systems for complex electrotechnical complexes in the direction of decomposing port-Hamiltonian (pH) systems
that describe the operation of these complexes. The increasing complexity of electrotechnical complexes
complicates the mathematical description of such systems, and the nonlinearity of such systems causes a
challenging task of synthesizing stable control systems for such objects. Therefore, from the perspective of
electrical engineering and electromechanics tasks, it is relevant to study the possibility of applying decomposition
to port-Hamiltonian (pH) systems that describe processes in electrotechnical complexes to simplify the
subsequent synthesis of energy-shaping control systems (ESCS). An analysis of literature sources on the topic of
the work was carried out. A review of electrotechnical complexes and their components was made. The theoretical
foundations of control systems based on energy approaches, their methodology, and the challenges related to
synthesizing control systems for electrotechnical complexes were considered. An analysis of existing methods for
decomposing complex nonlinear systems and their applicability to pH systems was carried out. The main
objectives of the dissertation research were formulated. A classification of prospective methods for decomposing
pH systems describing the operation of electrotechnical complexes based on energy principles was conducted.
These methods were divided into two groups: structural decomposition and mode decomposition. In turn,



structural decomposition was divided into cascade, parallel, and combined types. The presented decomposition
methods were analyzed, their implementation features were considered, and the advantages and disadvantages of
each approach were substantiated. For each proposed method, an example of its application to an electrotechnical
complex was provided, and the specifics of the subsequent synthesis of the ESCS was determined. A structural
decomposition was applied to the pH system of a complex autonomous electrotechnical complex that generates
electricity from the renewable wind and solar sources and stores it in a hybrid battery-supercapacitor energy
storage system. A seventh-order mathematical model was obtained for the general pH system of the complex and
fifth- and second-order systems were obtained for three pH subsystems, into which the general system was
decomposed. Structural syntheses of the ESCSs for the general and decomposed systems were carried out
resulting in sets of control influence formers (CIF). In the MATLAB /Simulink environment, a computer modeling of
the investigated complexes with synthesized ESCSs was performed, the best CIF structures were found, and their
adaptive parametric syntheses were conducted. A comparative analysis of the operation of the ESCSs of the
general and decomposed systems showed almost identical control quality, with a significant simplification of the
synthesis process by approximately 46% due to the application of decomposition. A comparative analysis of the
operation of the general and decomposed ESCSs systems was carried out, which showed almost the same quality
of their control. Thus, in relation to the problem, the structural decomposition of the electric generator and the
energy storage complex for the production of three ESCSs will allow reducing the number of independent
interconnections and damping from 28 in the ESCSs in the entire complex to 15 in the largest of the ESCSs
subsystems, into which the general pH is decomposed, which is 46% less. A mode decomposition of the pH system
of a vehicle electric drive based on a DC motor with a bidirectional Zeta-SEPIC DC-DC converter was applied. The
Zeta DC-DC converter provided drive control in the traction mode, while the SEPIC DC-DC converter handled the
braking mode. As a result of the mode decomposition, the pH subsystems were obtained for the respective modes,
for which structural synthesis of the ESCS was implemented. At the same time, three levels of energy shaping were
considered: the armature voltage, the armature current, and the angular velocity of the motor. For each of these
cases, the parametric synthesis of the best CIFs was carried out, and their parameters were adapted to ensure the
same level of system speed under different states. Computer modeling and simulation of the electric drive system
in various operating modes were conducted, demonstrating the effectiveness of modal decomposition. The
verification of theoretical studies was conducted. A mock-up model of the drive system was constructed, and its
components were examined: the battery module, DC-DC converter, and electromechanical complex. The ESCS for
armature current of the motor was implemented based on a microcontroller using mode decomposition.

Jep>kaBHU peecTpaniiinuii Homep JiP:
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