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B oannoii cmamwve paccuumeieaemcs 3Hepeus peKynepamueHO20
MOPMOIICEHUS NPU OBUINCEHUU INEKMPULECKO20 ABMOMOOUTISL 8 €3008bIX
yukaiax XaHosi ¢ UCNONb308AHUEM  NPOSPAMMHO20 obecheuenus
FASTSim. Hdaemcsa oyenxka 06 a¢pghexmusnocmu pexynepamuHozo
mopmodiceHusi 6 cHudcenuu nompeonenus suepeuu (EC) 6 paznuumvix
ez006bix yuraax (DC), maxux kak eopoocxue u wocceinvie DC. Ilpuse-
OeHHbl pe3ynbmamsl pacyema peKynepamueHol SHEPHUU Npu mopmo-
JHCEHUU U UX GIUAHUSL HA CHUDICEHUE 00Well nompedaamMou asmomoouiem
snepeuu EC, ocobenno 6 ycrogusax 08uUdiCeHuUs ¢ YacmulMu OCMAHOBKA-
Mu. B uccnedosanuu maxosice nooyepkusaemcs 8ax*CHOCMb NOBEOeHUs
gooumens U OOPOJCHBIX YCAO8Ull OJid onpeodeneHus 3¢@exmusHocmu
cucmemul pekynepamueno2o mopmodcerus (RBS). Ananuzupyemcs no-
menyuan RBS 0na nogviuenus snepeospexmusnocmu s1eKmpuieckux
asmomoouel, 4mo MoxHcem cnocodOCmeos8ams COKPAUeHUr 8blOPOCo8
NAPHUKOBBIX 24308 U YIVHUEHUIO KAYecmea 030YXd.

This paper calculates the amount of regenerative braking energy
when the vehicle is traveling in Hanoi’s driving cycles by using the
FASTSim software. The study aims to evaluate the effectiveness of re-
generative braking in reducing energy consumption (EC) in different
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driving cycles (DCs), such as urban and highway DCs. The results
demonstrate that regenerative braking can significantly reduce EC, es-
pecially in traffic conditions with frequent stops. The study also high-
lights the importance of driver behavior and road conditions in deter-
mining the effectiveness of regenerative braking system (RBS). Overall,
the analysis provides valuable insights into the potential of RBS to im-
prove the energy efficiency of vehicles, which can contribute to reducing
greenhouse gas emissions and improving air quality.

Kntoueswvle cnosa: ynpasienue osudiceHuem asmomoous, OUHAMUKA
pyJZGGOMV cucmembnl, ajicopummbsl ynpaeierusl ynpaeiidemoblMu Koaecamu.

Keywords: regenerative braking, FASTSim, city and highway driving.

INTRODUCTION

EVs are cleaner and kinder to the environment than their fossil fuel-
powered counterparts since no exhaust fumes are produced, meaning
there are fewer dangerous greenhouse gases such as carbon dioxide be-
ing expelled from the vehicles into the atmosphere. Promoting the devel-
opment of BEVs is considered one of the promising solutions for treating
severe air pollution in metropolises [1]. Moreover, the drivetrains of EVs
can operate at over 80 % efficiency, which shows they have great poten-
tial to reduce the transportation energy demand [2]. Many countries
worldwide offer a series of incentive schemes (such as subsidies and tax
credits) to promote the adoption and use of EVs, lowering the cost to the
consumer due to those benefits mentioned above [3]. However, the low
driving range, generally, is the main reason that halts the widespread use
of EVs.

RBS is an excellent solution for enhancing the driving range of EVs.
Various studies have been conducted to calculate the recovered energy
by RBS. However, there are a few studies conducted in the Vietnam traf-
fic scenarios and on EVs manufactured in Vietnam. Thus, this paper fo-
cuses on calculating the regenerative energy generated by RBS using
FASTSIim (The Future Automotive Systems Technology Simulator).
Vinfast VF e34 specification and dynamics are the input parameters of
the simulation. Four real-time driving cycles are chosen to assess the
recovered energy on VF e34. These driving cycles represent different
driving conditions, including the rush-hour and pre-peak hour urban
road, urban road during both peak and off-peak hour, and the highway.
METHODOLOGY
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FASTSim (Future Automotive Systems Technology Simulator) is a
high-level advanced vehicle powertrain systems analysis tool supported
by the U.S. Department of Energy's Vehicle Technologies Office.
FASTSim has been validated for hundreds of vehicles and most existing
powertrain options [4]. The input data for most light-duty vehicles can
be automatically imported. Those inputs can be modified to represent
variations of the vehicle or powertrain. The vehicle and its components
are then simulated through speed-versus-time DCs. At each time step,
FASTSim accounts for drag, acceleration, ascent, rolling resistance, each
powertrain component's efficiency and power limits, and regenerative

braking.
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Vinfast VF e34 specification and vehicle models are imported into
the input data of FASTSim. Those parameters are presented in Table 1.

Table 1 — Vinfast VF e34 specs

Parameter Value Unit Parameter Value | Uni
t

Curb weight 1490 kg | Wheelfrictionof | 4
coefficient

Wheelbase 2.611 m RO"'UQ resistance 0.008
coefficient

Mass centre height 0.58 m | Frontal area 2.424 | m?

Tire radius 0.32535 m Motor power 110 kW
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End of the table 1

Wheel’s rotational kg. - 0
inertia 0.815 m? Motor efficiency 95 %
Transmission efficiency 95 % Battery energy 445 k?]N
Charger efficiency 86 % | Battery efficiency 95 %

The vehicle and its components are then simulated through four real-
time DCs. The simulated DCs can be shown in Fig. 2.
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For electric vehicles, it is possible to recover some kinetic energy
during braking using the motor as a generator. The amount of regenera-
tive power, Prege, is defined as (1), where megen = regenerative braking
efficiency:

Pregen = I:irac “Mregen = Ftrac V- Tregen (1)

In which the Fy4 is the traction force (W), v is vehicle speed (m/s),
and megen 1S the regenerative energy coefficient. The components and the
vehicle's speed limit the regenerative braking energy achievable. The
battery power, usable SOC range, and motor provide the ultimate regen-
erative braking power limits. The regenerative braking energy that can
be captured is defined as a function of vehicle speed, as seen in Fig. 3.
The value of negen iN FASTSim is calculated using equation (2):

0,
_ Joregen, . RA=500, RB=0,99 )

1+ RA. e_RB'[V{%M

n regen

In which: %regen,,, is the percentage of maximum attainable re-

generative energy, v is the vehicle velocity (measured in mile/h), RA and
RB are experimentally determined constants.

The regenerative braking power can also be calculated by using these
equations:

I:)regen = Max ( Min ( I:)motorm “Mtrans » F)Wheel Req " Mregen )’ 0) (3)
R R +P,
Pmomrin —if (PWhee| Req > 0, Wheel Req , WheelReq FricBrake ) (4)
Ntrans * Moat Mirans * Mbat
PWheel Req = I:>R0II + I:)InertiaWheeI + Pdrag + I:)slope + Paccel (5)
PFricBrake =-min ( IDWheeI Req + I:)regen '0) (6)

where: Fqo IS the input power of the electric motor (W), Rynecireq 1S
the wheel required power (W), Py, is the rolling resistance power (W),
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Preriawnesr 15 the inertia system power (W), By, is the aerodynamic

power (W), Pyqpe is the road gradient power (W), P, is the accelera-

tion power (W), n,.. IS the transmission efficiency, n,,, is the battery
efficiency.

RESULTS AND DISCUSSION
Simulation results are presented in Table 2.

Table 2 — EV component’s EC and regenerative energy percentage

Driving cycle
Parameter Urban cycle .
Urban cycle at Off-Peak hours Highway
Input power (Wh) 4170.15 7478,5 11795,56
Regenerative power (Wh) 1225.7 1409,21 1808,12
Regenerative energy percentage (%) 29.93% 18,84 % 15,33 %

The results indicate that the energy efficiency of a vehicle can
vary significantly depending on the DC. The highest EC was ob-
served in the Highway DC, while the two Urban cycle DCs had low
EC. This can be explained by the fact that vehicles must produce high
energy to meet the demand for high-speed travel on the highway.
However, in the urban cycle, the traffic volume is high, and vehicles
frequently stop and start at low speeds; hence there is no need for
high energy generation.

RBS was found to collect and store less energy in the battery when
driving on highways, as indicated by the lower percentage of regener-
ated energy. Meanwhile, the Urban cycle requires harsher accelera-
tion and deceleration, making RBS more effective in this case, as
demonstrated by the higher percentage of regenerated energy ob-
served in these cycles.

Overall, these results highlight the importance of understanding
vehicles' energy consumption and recovery models in different driv-
ing scenarios and the role that RBS can play in improving their ener-
gy efficiency. In order to improve the energy efficiency in EVs, opti-
mizing the strategies and algorithms to control the electric motor in
the braking process is essential to achieve high recovered energy [1].
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CONCLUSION

This study introduces the EC calculation for a widely used EV in Ha-
noi by using FASTSim. RBS recuperates more energy in urban cycles
than on the highway. This research provides potential insights into EV
energy use. It should be expanded to include many different EV models
and driving conditions to indicate the feasibility of EV in Vietnam traffic
conditions.
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