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Hepiinyn

Ot epappoyés tov Tvotnuatov Hiektpikng Avayevwntikng I1édnong (Electric Regenerative
Braking Systems, ERBS) oto cuyypovo oyediocud kot mapaywyr Hiektpokivntov kot YPpidkdv
onuateov  givor Kepaioudoovg onuaciog, kafdg mapéyovv TNV duvatdTnTa Yo Pei®on TOv
OTOTVTIMUATOG AvOpaKa Kot exékTact TG avtovopiog kivnong. Ta ERBS avikouv ot yevikdtepn
KaTNYyopio T®V GUOTNUATOV OVAKTNONG EVEPYELNS Kot 1 apyn Aettovpyiog Tovg Paciletar otn xpnon
TOV NAEKTPIKOD KvNTipa TPOMONGNS TOL OYNUATOG MG YEVVATPLY KOTA TN dtodikacio Tng médnong,
napéyoviag £tol pio pEBOdO Yo TNV OVAKTNON KOl LETATPOTY| LEPOLG TNG KIVNTIKNG EVEPYELNS TOV
OYNUOTOG G€ MAEKTPIKY| EVEPYELD, 1) OO0l OTN GLVEYEWD UTOPEL VO AmoBNKELTEL GTOVG NAEKTPLKOVG
GLGGMPEVTES TOV OYNUATOG Y1 LETETELTO YPNOT). TE APKETES OPMG TEPIMTOCELS, Ta cuoThpata ERBS
dgv €YOLV TN JLVATOTNTA TANPOLS ATOPPOPNCTG TOV POPTIOV TEINOTG, EMOUEVOC Etval avaykaio 1
GLVOLOGHEVT AELTOVPYIDL TOVG UE KATO0 GLUPATIKO (UMYOVIKO) cOGTNO TEOMONC, Y10 TAUPASETY LN
epéva TpIPnc. O kevipikdg 6TOX0G TNG Tapovoag epyaciog eival 1 epappoyn piag acaeovg uebddov
y1o ToV £Aeyy0 TNG AErTovpying evoc Telplakod Zvothuatog Avayesvvntikng ITédnong (Series-ERBS) og
eumpochokivnto niektpokivnto dynua e€omiiouévo pe Xoyypovo Kivnripo Movipov Ecwtepikov
Mayvntov (Internal Permanent Magnet Synchronous Motor). T to okomd 0vTtd, TPOYUOTOTOLEITOL
avantuén evog Aemtouepoic LOVTEAOL NAEKTPOKIVITOL OYALATOG LE ¥prion Tov Aoyioukod Simulink,
UE EUQOOT OTOV MAEKTPIKOL KIVNTAPW, TN OOUNKT SUVOUIKT TOL OYNUOTOS Kol TOV EAEYXO TOL
UNYOVIKOD GUGTNHOTOC TEOMONE LEGH NAEKTPO-VOPULAIKDY EVEPYOTOINTAOV. [d1aiitepn onuacio divetat
EMIONC GTOV TPOTO KOTAVOUNG TOV POopTiov mEdNoNG netald tov eunpochiov kai omebev dEova tov
oynuatog, ue ™ depevvnon tpwdv (3) katavoumv wédnong (I-Curve, Fixed Ratio ko Composite I-
Curve/ECE Curve). O dopolpacpog g pomng médnons tov eunpochiov d&ova og avayevvntikn
(mAextpikn) kon unyovikr| (pe gpron @pévov Aickov -Zuoydvog) vAomoleitol pe Tov oxedlaotd evog
Acapotg Eleyktn, o onoiog ypnoiponotet 1peig (3) acapeic petafAntéc e16000V, GUYKEKPIUEVO: TV
TOYVTNTO TEPIGTPOPNG TOV NAEKTPIKOV KIVNTAPO, TO POPTIO TESNONG KOl TO EMMEDO QPOPTIONG TOV
UTOTOPLOV Y10 TV TUPOYOYN oG aoapods LeTafAnTig £660v, 1) OTTOi0 AVTITPOCSHOTEVEL TO TOGOGTO
PO TEIMONG OV avorapPavel To NAEKTPIKO cOOTNHO (KIVNTAPOS) OE GYECT UE TI GLVOALKN
amortovpuevn pomn médMong. H oavdkmon evépyelag Kot 1 0mdd0om, TOL  avOTTLYOEVTOC
NAEKTPIKOV/UNYOVIKOD GLGTHOTOG TEGNONG VTOAOYILETAL UE TNV TPOCOUOIMGT) TNG CUUTEPLPOPHS TOL
LOVTELOL TOV MAEKTPOKIVIITOL OYNLOTOC KOl TOL TPOTEWVOUEVOD OGOPOVS GUOTAUATOG EAEYXOV GE
TPOTLTOVG KOKAOVG 001YNGONG, AVTITPOCMITEVTIKOVS TOIKIA®Y GLUVON KOV TEdNONG.
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Abstract

The deployment of Electric Regenerative Braking Systems (ERBS) in the contemporary
Electric Vehicle (EV) and Electric - Hybrid Vehicle (EHV) industries as a method of reducing the
carbon footprint of these vehicles and extending their range is prevalent. ERBS are a type of energy-
recovery systems that work by operating the electric motor that is normally used for propulsion as a
generator during braking, thereby providing a way of harvesting a part of the vehicle’s kinetic energy
and converting it to electric energy which can be used to charge the battery. In most applications,
conventional braking systems (CBS), for example, friction brakes, are used in conjunction with ERBS
because of the power-absorbing limitations of the electric motor and the battery. A properly designed
ERBS can help achieve multiple objectives crucial for the energy efficiency and overall performance
of EVs/HEVs. More specifically, electric regenerative braking can extend the driving range by
capturing and storing some of the kinetic energy that is normally converted into heat when conventional
friction brakes are used, as well as prolong the lifetime of the battery and the mechanical braking system
that is required to assist the regenerative braking system. The primary goal of this study is to develop a
fuzzy rule-based method for the control of a Series Electric Regenerative Braking System (Series —
ERBS) for a Front-Wheel-Drive (FWD) Electric Vehicle (EV) driven by an Internal Permanent Magnet
Synchronous Motor (IPMSM). A comprehensive electric vehicle (EV) model is developed for this
purpose, incorporating IPMSM powertrain, Electronic-Hydraulic Braking (EHB), and Longitudinal
Vehicle Dynamics (VD) modules. This is accomplished using the MathWorks Simulink system
modeling software. The distribution of braking load on the vehicle’s front/rear axles is taken into
consideration by examining three (3) distinct braking allocation methods: the Ideal Curve (I — Curve)
method, the Fixed Ratio method, and a Composite (I — Curve, ECE Curve) method. The key objective
of distributing the front axle braking load between the ERBS and the conventional braking system
(which uses Disk Brakes) in a way that provides both adequate braking performance and optimal energy
recovery is realized through the design of a Fuzzy Logic Controller that uses the motor speed, the
required braking strength and the battery state of charge (SOC) as fuzzy inputs and yields a braking
allocation factor as its output, which is then used to calculate the portion of the braking force which will
be assigned on the CBS and the ERBS. The energy-recovery performance is evaluated by testing the
proposed EV model and associated control system on a variety of standardized driving cycles that
correspond to different braking requirements (urban or high-speed braking scenarios).
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