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€JIEKTPOMODIIS

2. Improving the efficiency and safety performance of the individually controlled electric drive of an electric
vehicle

Pedepar:

1. Incepranifina po60Ta IpUCBsIYeHa BUPIlIEHHIO aKTyabHOI HAyKOBO-TIPUKJIAIHOI 3aja4i iIBUIIEeHHS
e€(EeKTUBHOCTI Ta [I0Ka3HUKiB 06€3MeKU IBOKOHTYPHOTO iHJIUBiyaJIbHOTO PErYJIbOBAHOIO €J1IEKTPOIIPUBOLY
€JIEKTPOMODIJIS IIJISIXOM PO3POOJIEHHS, aHai3y Ta IePeBipKY alrOPUTMIB KEPYBaHHS, aJallTOBaHUX 10 YMOB
eKCIUlyaTalii TPaHCIIOPTHOrO 3aCO0y B MiCbKOMY LIMKJIi 32 PI3HUX THUIIIB LOPO>KHbOTO IIOKPUTTSL. MeTo1o
IyicepTaLifiHOi poOOTH € MifiBUIIeHHS ePEeKTUBHOCTI Ta IOKA3HUKIB 6€3I1eKM IBOKOHTYPHOTO iHJIUBiyaJlbHOTO
PEryJabOBaHOrO €JIEKTPOIPUBOLY €JIEKTPOMOOLIS MIJISIXOM YIOCKOHAJIEHHS aITOPUTMIB KEPYBaHHSI KDYTHUMU
MOMEHTaMU Belyuux KoJiic. O6’eKT AOCIiIKEHHS — €JIEKTPOMEXaHiuHi MPoLecH y IBOKOHTYPHOMY

iHIMBiAyaIbHOMY PEryJIbOBAHOMY €JIEKTPOIIPUBO/Ii €JIEKTPOMOOIISl B yMOBaX 3MiHHOTO IOPO>KHBOT'O TIOKPUTTSI.



[IpenMeT moCiI)KeHHs — MaTeMaTU4YHi MOJeJli, aITOPUTMHU KePyBaHHS1, KPUTEPIi OLiHIOBaHHS €(PEKTUBHOCTI Ta
3acobu BipTyanbHO-(}i3NYHNX BUIIPOOYBAHb ABOKOHTYPHOI'O iHAUBIIyaJIbHOTO PEryJIbOBAHOTO €JIEKTPOIIPUBOLY
€JIEKTPOMOOisIsl. 3a pe3ysbTaTaMy JOCIiIKEHHS] OTPMMaHO TaKi HayKOBi pe3ysIbTaTy: — BIIE€plle BCTAHOBJIEHO
0CO6IMBOCTI MIPOTUOYKCYBAJIbHUX ITPOLIECIB Y IBOKOHTYPHOMY iHIMBiIyaJIbHOMY PEryJIbOBAaHOMY €JIEKTPONPUBOL]
€JIEKTPOMOOIJISI TP PETry/I0BaHHI CTPYMIB TSATOBUX €JIEKTPOMAIINH, 110 103BOJIsie POPMYBATH KPYTHI MOMEHTU Ha
BeJlyynX KoJjlecax 06e3 peakTHBHOIO BUKOPUCTaHHS poO04oi rajbMiBHOI cCTeMU, 3MEHIIYBAaTU €HePreTUYHi BTpaTu
Ta MiJBUIYBaTH €(PEKTHUBHICTb peasisallii TAry; — BIeplie 3allpOIIOHOBAHO METOJMKY KOMILJIEKCHOTO OLIiHIOBAaHHS
€(EeKTUBHOCTI ABOKOHTYPHOTO iHAMBiyaJIbHOTO PETYJILOBAHOTO €JIEKTPOIPUBOLY €JIEKTPOMODIIS, SIKA TIOEHYE
MaTreMaTHU4He MOJIeJII0BaHHS Ta BipTyasbHO-(i3nyHi BUNIPOOYyBaHHS B MeXaX €IUHOI CUCTEMU €HepPreTUYHNX
KPUTEPIiB, 0 J03BOJISE MiABUIIUTY BiITBOPIOBAHICTb | KOPEKTHICTb IOPIBHSAHHS KEPYBAJIbHUX CTPATETI; —
YIOCKOHAJIEHO MiAXin 00 (pOpMyBaHHS PEXUMIB pyXy aBTOTPAHCIIOPTHOTO 3aC00y IIJISIXOM MTO€QHAHHS MiCBKOTO
IOPOSKHBOTO LIMKJTY 3 iIMOBIPHICHUM PO3IOAIIOM TUIIB JOPOKHIX IIOKPUTTIB, 1110 JO3BOJISIE Gi/bII a7J€KBATHO
BiZITBOPIOBATY YMOBU peai3allil TATOBUX i EHEPreTUYHUX IIPOLECIB €JIEKTPOIIPUBOY B PeasIbHIl €KCILTyaTalii; —
PO3p061eHO BUIIPOOYBaNIbHUM iMiTalliiHUI CTEHT, 17151 JOCJIiIKEHHS €JIeKTPOMEXaHIYHUX NIPOLECIB Y
JIIBOKOHTYPHOMY iHJIMBilyabHOMY PEryJIbOBaHOMY €JIEKTPOIIPUBOJ 3 BiATBOPEHHSIM PEKMMiB HaBaHTa)K€HHS Ta
B3a€MO/Iii KOJIIC i3 JOPOKHIM MOKPUTTSM. [IpakTUYHE 3HAUYEHHSI OTPUMAHUX PE3YyJIbTATIB M0JIAra€ B HACTYITHOMY: —
PO3p06JIEHO KOMIIJIEKC MAaTEMATUYHUX i KOMITIOTEPHUX MOJEJeN 1J1s1 TOCTiIKeHHS IBOKOHTYPHOTO
iHOMBiAYyaIbHOTO PEryIbOBAHOIO €JIEKTPOIIPUBOAY €JIEKTPOMOO1IS B YMOBAX 3MiHHOTO JOPOXHBOTO MOKPUTTSI; —
c(POPMOBAHO METOMKY MOPIBHAIBHOIO OLiHIOBAaHHS €(PEKTUBHOCTI KEPYBAJIbHUX CTPATETiH €J1eKTPONPUBOAY Y
BipTyasIbHUX i BipTyasbHO-(Pi3NYHUX BUIIPOOYBAHHSIX; — OTPUMaHi pe3ysIbTaTh MOXXYTb OyTH BUKOPUCTaHI AJIs
HaJIarOPKEHHS, [1IEPEBIPKY Ta IOPiBHSIHHS aJITOPUTMIB KEPYBAHHS €JIEKTPONPUBOJAMU €J1IEKTPOMOOIIIB i3
iIBUIIEHMMU BUMOTaMU 10 €HeproeeKTUBHOCTI Ta 6e311eKU pyxy. 3a pe3yabTaTaMu JOCTiIKEeHHS MigTBePIKEHO
TEOPeTUYHY Ta MIPAaKTUYHY LiHHICTb PO3PO0JIEHNX aJITOPUTMIB KePYBaHHS, METOIUKY OL[iHIOBAaHHS Ta 3aC00iB

IIepeBipKU JBOKOHTYPHOTO iHIMBiAyaIbHOTO PEryIbOBaHOIO €JIEKTPOIIPUBOAY €J1€KTPOMOOis.

2. The dissertation is devoted to solving a relevant scientific and applied problem of improving the efficiency and
safety indicators of a dual-channel individual regulated electric drive of an electric vehicle by developing, analyzing
and verifying control algorithms adapted to vehicle operation in an urban driving cycle under different road-
surface conditions. The purpose of the dissertation is to improve the efficiency and safety indicators of a dual-
channel individual regulated electric drive of an electric vehicle by enhancing torque-control algorithms for the
driving wheels. The object of research is electromechanical processes in a dual-channel individual regulated
electric drive of an electric vehicle under variable road-surface conditions. The subject of research is mathematical
models, control algorithms, efficiency assessment criteria and means of virtual-physical testing of a dual-channel
individual regulated electric drive of an electric vehicle. The following scientific results were obtained: - for the
first time, the features of anti-slip processes in a dual-channel individual regulated electric drive under traction
electric-machine current regulation have been established, which makes it possible to form torques on the driving
wheels without reactive use of the service braking system, reduce energy losses and improve traction
implementation efficiency; - for the first time, a methodology for comprehensive efficiency assessment of a dual-
channel individual regulated electric drive of an electric vehicle has been proposed, combining mathematical
modeling and virtual-physical testing within a unified system of energy criteria, which improves the
reproducibility and correctness of comparing control strategies; — the approach to forming vehicle driving modes
has been improved by combining an urban driving cycle with a probabilistic distribution of road-surface types,
allowing a more adequate reproduction of traction and energy processes of the electric drive under real operating
conditions; - a simulation test bench has been developed for studying electromechanical processes in a dual-
channel individual regulated electric drive with reproduction of load modes and wheel-road interaction. The
practical significance of the obtained results is as follows: - a set of mathematical and computer models for
studying a dual-channel individual regulated electric drive of an electric vehicle under variable road-surface
conditions has been developed; - a methodology for comparative assessment of electric-drive control strategies in
virtual and virtual-physical tests has been formed; - the obtained results may be used for adjustment, verification



and comparison of control algorithms for electric vehicle drives with increased requirements for energy efficiency
and driving safety. The results of the research confirm the theoretical and practical value of the developed control
algorithms, assessment methodology and verification tools for a dual-channel individual regulated electric drive of

an electric vehicle.
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rOJIOBH pagu

BaacHe IlpizBume Im's I10-6aTbKOBI Jiobapcpkuit Bopuc I'puroposuy

rOJIOBYIOYOrO Ha 3acigaHHi



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 peECTpallil0 HAyKOBOIi

OisIIBHOCTI

JlixHo flpocnas BianneHoBuY

IOpuenko TeTsHa AHaTOJIiBHA

FOpuenko TetsHa AHaToJiiBHA



