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1. OnTMi3allig KepyBaHHS 3apsIHUMU CTaHIIisIMU €JIEKTPOMOOIIIB B peaJlbHOMY 4aci Ha OCHOBi HEYIiTKOi JIOTiKU B

yMOBax OOMESKEHOTO €JIEKTPOIIOCTAaYaHHA

2. Optimization of real-time control of electric vehicle charging stations based on fuzzy logic in conditions of
limited power supply

Pedepar:

1. HocnimkeHHs akLieHTye yBary Ha BUKJIAKY €(EKTUBHOTO YIIPaBJliHHS €HEPreTUYHOI0 IPOAYKTUBHICTIO MTAPKY
€JIEKTPOMOOIJIiB aBTOTPaHCIIOPTHOTO MiAIIpUeMCTBa 200 3apsIHOI CTaHllii, 110 ollepalioHye B YMOBaxX BEJIUKOTO
MiCTa, 3 ypaxyBaHHSM BUMOT CTaJIOi €JIeKTPOMOGINIBHOCTI Ta 0OMEXXEHb €HEPreTUYHOI cucTeMu. Jlucepraliis

CKJIaJA€ThCS i3 BCTYIy, YOTUPHOX PO3/iJiB, BACHOBKIB Ta 1OJaTKiB. Po60Ta BuKianeHa Ha 146 cTopiHkax



IPYKOBAaHOTO TEKCTY, MiCTUTb 76 PUCYHKIB, 15 Tabnuup Ta 4 qomatku. Po3pobieHnii 11aH 3apsaikKaHHs
esiekTpoMo6iniB (EV) npu obMeskeHii OTY>XHOCTI 3apsiHOI CTaHIIii 6a3yeThCs Ha aIrOpUTMI 3apsiIpKaHHS
koedinienTa EV. Llell anroputm 3[1ifiCHIOE KOHTPOJIb HAJ, IPOLLECOM 3apsIKY LIJISIXOM HaZlaHHSI BaroBOrO iHIIEKCY
3apspkaHHs (BI3) KoskHOMY MiIK/IIOU€HOMY [I0 CTaHLii TPaHCIIOPTHOMY 3aco6y. OnTuMizanis eJ1eKTpUYHOro
HaBaHTAKEHH$ CTaHLlii peasli3oBaHa 3 METOIO 3HIDKEHHSI BUTPAT Ha €JIEKTPOEHEPTilo Ta 3a0€3I1€4eHHS 3a/10BOJIEHHS
IONUTY Ha 3apsaKy EV 6e3 nopyueHHs ooMesxeHb Mepexxi. [IpoBeieHO KOMIT'IOTepHE MOJIeJII0BaHHs IIPOLeCy
3apsOKY €JIeKTPOMOOITIB Ta HaBaHTaXEHHS 3apsiAHoi cTaHii. OTprMaHi pe3ysbTaTy €1IeKTPUYHOTO HaBaHTAXKEHHS
MepexXi Ta CTaHLii, OTpPMMaHi 3a JOIIOMOTOI0 3aIIPOIIOHOBAHOr0 AJITOPUTMY, ITIOPIBHIOIOTHCS 3 PE3yJbTaTaMU
MO/JIEJIIOBAHHS, OTPUMAHUMU 3 BUKOPUCTAHHSIM aJITOPUTMY KOHTPOJILOBAHOI 3apSAIKU Ta aJITOPUTMY
HEKOHTPOJIbOBAHOI 3apsIKU. 3aBepllajbHi pe3ysIbTaT MOJEJIOBaHHS 3apsIKU €JIeKTPOMODiJiB 3a JOTIOMOI0OI0
3aIPONIOHOBAHOIO AITOPUTMY [OPIBHIOIOTHCS 3 PE3YJIbTaTaAMU MOJEIIOBAHHS, OTPUMAHMMU 32 JOIIOMOTOIO
aJIrOPUTMY KOHTPOJILOBAHOI 3apAIKU. BUABIEHUN MiAXin CIpUse 3MEHIIEHHIO €JIEKTPOEHEPTETUYHUX BUTPAT IIif,
Yac MiKOBUX HABAaHTAKEHb €JIEKTPUYHOI MepeKi, a TaKOK MOKJIMBOCTI 3apsIPKaTy eJ1eKTPOMOOiJi BifITOBIAHO 10
3aNUTY PiBHA 3apsAy aKyMyJIITOpa Maibke [1Jis BCiX MiAK/II0UYEeHUX eJIeKTPOMOOiiB. B nepmomy po3zini focaimpKeHo
PHHOK €JIeKTPOMOOGiIiB B YKpAiHi, 11J0 B CBOIO Y€Pry CIPUYMHSIE PO3LIMPEHHIO MEPEXi eJIeKTPO3apsIHUX CTaHLIi Ta
30iIbLIIEHHIO HAaBaHTaXXE€HHS Ha eHeprocucTeMy. BUHMKIIA akTyasibHA IOTpeba BIPOBAIKEHHS 3aCO0iB yIIPaBIIiHHS
IIPOLIECOM 3apsKaHHs eJIEKTPOMOOIJIiB NPy 0OMEKEHUX IOTYKHOCTSIX €HepreTuyHoi iHppacTpyKTypu Ta
0OME>XEHOMY €JIEKTPOIIOCTaYaHHi eJIeKTPO3apsiiHMX CTaHLill. OCHOBHI IPUHLMIY NiJKII0YEHHS 3apSAHUX CTaHLiN
10 Mepexi Ta HeOOXigHICTb IPAaBUJIbHOI Y€PrOBOCTI 3apsA’KaHHSI €JIeEKTPOMOOIIIB MiIKPECIIIOI0Th BaXKJIMBICTD
PO3POOKU METOy YIIPaBJIiHHS €JIeKTPO3apsAHUMU CTaHILiSIMU B peasibHOMY yaci. CIPUSATIIMBUM HaIIPSIMKOM 1715
PO3POOKU TAaKOTO METOAY BBaKA€ThCSI BAKOPUCTAHHS NIPMHLMIIIB Ta NIPOLEypP HEUiTKOi JIoriku. B jpyromy posgini
BU3HAYEHO BXi[HI [aHi 111 CUCTEM KEPYBAHHS €JIEKTPO3APSAHMMY CTAHLISIMU BKJIIOYAIOTh KPUBi 3MiH IIOTYKHOCTI
CIIOKMBaHHS HA 3apsJIKy, HAlIPyTU Ta CTPYMY, 3aJI€KHO Bif, piBHS 3apsamkeHocTi AKDB i 4acy MOBHOTrO 3apsify.
ExcriepuMeHTasbHi XapaKTepPUCTHUKU 3aPsiIHOTO NPOLEeCY BUKOPUCTOBYIOTHCS 1171 (POPMYBaHHS BUXiTHUX JAHUX,
IKi CTAaHOBJISITb OCHOBY [1J151 (PYHKIIil HAJIEXKHOCTI METOAY YIIPaBJiHHS i CTBOPEHHS IPOPiIo 3apsaKu
esiekTpoMo6isnisa B Matlab Simulink. Tperiit po3zin nokasye, 10 I10JI03KEHHS T METOY HEYiTKOI JIOTiKY € Hano6ibII
BiZJTOBIIHNMU MaT€MaTUYHUMU IHCTPYMEHTAaMMU. [I711 BU3HAYEHHS [IPiOPUTETHOCTI BUKOPUCTOBYETHCS BarOBUN
iHHeKc 3apsIpKaHHs, IKUH 6a3yeTbCsl Ha PYHKLISIX HalesXXHocTi. OnTuMizaliliHa 4acTuHA METOLY I'PYHTYETbCS Ha
rpaBiTal[ifHOMY METO/]. 3alIpONIOHOBAHUI aJITOPUTM IIPALIIOE B PEAJIbHOMY 4Yaci Ta BpaxOBye OOMEXKEHHS SIK
Mepexi, Tak i iHTepecH BIaCHUKIB TPAaHCIIOPTHUX 3aCO0iB P 0OMEXKEHiH MOTYXHOCTI eJIEKTPOCIIOKUBAHHS.
EdexTHBHICTb 3alIpONIOHOBAHOTO aJITOPUTMY KOHTPOJIIO 3apsIKM Y PeajIbHOMY 4aci B IOPiBHSHHI 3 TUIIOBUM
JITOPUTMOM 3 OOMEKEHHSIMU MiATBEPAKEHA Y YeTBEPTOMY po31ii. OyHKIiOHANIBHICTh HEYITKOrO KOHTPOJIEPa Ha
OCHOBI 3aIIPOIIOHOBAHOI METO/0JI0Tii BUIIPOOyBaHa Ha MiKpPOKOHTpoJiepi Ha miati Arduino Mega 2560. [TpocroTta
BIIPOBAJI)KEHHS JAHOTO METOAY MiIKPECJIEHA CXEMOIO MiAKIIIOYEHHS KOHTPOJIEpa HEYiTKOI JIOTIKU [0 iCHYIYNX
CHCTEM YIIPAaBJIiHHS €JIEKTPO3aPSAHUAX CTaHLIiM, 1110 KePYyIOTh IIPOLIECOM 3aPSIKU BifITIOBIIHO 0 3alIpOIIOHOBAHOTO
MeToqy. Pe3ysbTaTi BKa3yloTh, O rpadiku MOIENI0BAHHS CUCTEMU Ha OCHOBI HEUITKO] JIOTiKM B CEPELOBUIL
Matlab na IIK i Ha nziati Arduino npakTUYHO ifeHTUYHi. Y IbOMY X Y€TBEPTOMY PO3ZiJi ONMCAHO NPOLELYPY
BIIPOBA/I’)KEHHsI HEUiTKOT'O KOHTPOJIEPA B IIPollec 3apsaipKaHHs. Y MOPiBHSIHHI 3 iHIIMMU pOO6OTaMU, OCHOBHUN
BHECOK Liiei poOOTH I0JISITa€ B I€TAILHOMY OIMCI €JIEMEHTIB IPOrpaMyBaHHsI Ta peasizallii KOKHOTO eTaIy
HEYIiTKOro KOHTpoJIepa y IporpaMHOMy abo aniapaTHOMY 3ab6e3rnevyeHHi. Lle nae MOXINBICTb OL[iHUTY ONTHMAaJIbHI
rnapameTpy, HEBU3HAUYEHOCTI Ta HEeJTiHIMHOCTI cucteMu 6e3 MaTeMaTU4YHOi Mojiesti. HaperTi, mokazaHo
MOJ€JIIOBaHHS Ta peasisallilo Ha MiKpOKOHTpoJiepi Ha miati Arduino Mega 2560 17151 nepeBipKu JieBOCTi

BaHpOHOHOBaHO'l. MeTOILOJIOI“i'l', d TaKOXX TEOPETNYIHUX Td EKCIIEPUMEHTAJIbHUX pesyanaTiB.

2. The study focuses on the challenge of effective management of the energy productivity of the fleet of electric
vehicles of a motor transport enterprise or a charging station operating in a large city, taking into account the
requirements of sustainable electromobility and the constraints of the energy system. The thesis consists of an
introduction, four chapters, conclusions, and appendices. The main text is set out on 146 pages of printed text,
contains 76 figures, 15 tables and 4 appendices. The developed plan for charging electric vehicles (EVs) with a



limited capacity of the charging station is based on the EM coefficient charging algorithm. This algorithm controls
the charging process by assigning a Charging Weight Index (WCI) to each vehicle connected to the station.
Optimization of the station's electrical load is implemented in order to reduce electricity costs and ensure that the
demand for EV charging is met without violating network restrictions. Computer simulation of the process of
charging electric vehicles and loading the charging station was carried out. The obtained results of the electrical
load of the network and the station, obtained with the help of the proposed algorithm, are compared with the
simulation results obtained using the controlled charging algorithm and the uncontrolled charging algorithm. The
final results of the simulation of charging electric vehicles using the proposed algorithm are compared with the
results of the simulation obtained using the controlled charging algorithm. The discovered approach helps to
reduce electricity costs during peak loads of the electrical network, as well as the ability to charge the EM in
accordance with the request of the battery charge level for almost all connected electric vehicles. In the first
section of the study, it is investigated that the market of electric vehicles in Ukraine is expanding rapidly, which in
turn leads to the expansion of the network of electric charging stations and an increase in the load on the power
system. There is an urgent need to introduce means of controlling the charging process of electric vehicles with
limited capacities of the energy infrastructure and limited power supply of electric charging stations. The basic
principles of connecting charging stations to the grid and the need for the correct charging sequence of electric
vehicles emphasize the importance of developing a real-time control method for electric charging stations. A
favorable direction for the development of such a method is the use of the principles and procedures of fuzzy
logic. In the second section, the crystallized inputs for electric charging station control systems include curves of
changes in charging power, voltage and current, depending on the level of charge of the battery and the time of
full charge. The experimental characteristics of the charging process are used to generate the initial data, which
form the basis for the functions of belonging to the control method and the creation of an electric vehicle charging
profile in Matlab Simulink. The third section shows that the propositions and methods of fuzzy logic are the most
appropriate mathematical tools. A charging weight index is used for prioritization, which is based on membership
functions. The optimization part of the method is based on the gravitational method. The proposed algorithm
works in real time and takes into account the constraints of both the network and the interests of vehicle owners
with limited power consumption. The effectiveness of the proposed real-time charging control algorithm in
comparison with a typical algorithm with limitations was confirmed in the fourth. The functionality of the fuzzy
controller based on the proposed methodology was tested on the Arduino Mega 2560 microcontroller. The
simplicity of implementation of this method is emphasized by the diagram of connecting the fuzzy logic controller
to the existing control systems of electric charging stations that control the charging process in accordance with
the proposed method. The results indicate that the fuzzy logic-based system simulation graphs in the Matlab
environment on the PC and on the Arduino board are virtually identical. The same section describes the procedure
for introducing a fuzzy controller into the charging process. Compared to other works, the main contribution of
this work lies in the detailed description of the programming elements and the implementation of each fuzzy
controller step in software or hardware. This makes it possible to estimate the optimal parameters, uncertainties
and nonlinearities of the system without a mathematical model. Finally, simulation and implementation on the
Arduino Mega 2560 microcontroller are shown to test the validity of the proposed methodology, as well as
theoretical and experimental results.
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