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Battery electric vehicles

Renewable EMR’25, Lille, July 2025

Battery Electric Vehicles (BEVs)

c e . . . energy

The goal of minimizing the environmental

impact of personal transportation for a . ~n

sustainable transportation future. Zero CO,

G e Zero emissions of carbon
e Short driving range : dioxide
per chakgs n  Oil independence

* Limited top speed * High efficiency
* Battery lifetime OP ¢ Reduced  maintenance

costs

Battery-only issue
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Bat/SC hybrid energy storage system
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Objectives and means of the study << %6
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* Objectives: Analyze the impacts of the battery/SC HESS on the battery voltage for
off-road applications

* Tools:
v' EMR for modeling and control

v MATLAB/Simulink™

* StePS: e-TESC 4WD platform
v"Modeling and control using EMR

v Implement different scenarios (cut-off frequency and the SCs size)
v'Evaluate battery voltage drop

v'Evaluate frequent charge/discharge rate
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Modeling the EV system in EMR
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Modeling the EV system in EMR

EMR’25, Lille, July 2025
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Modeling the EV system in EMR
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Modeling the EV system in EMR
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Inversion-based control

- Pi{allel connection Traction system % EMR’25, Lille, July 2025
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Modeling the EV system in EMR
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Case Studies

30
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Velocity [km/h]

................ | ST

v
veh,ref

Battery (Lithium-ion LG Chem ICR2 cell)

veh,mea

Cell capacitance 2500 mAh
Ns/Np 12/48
Maximum voltage 51V

SCs (Maxwell BMOD0058 E016B02 modules)

SCs module capacitance 58 F
SCs module nominal voltage 15V
Ns/Np 3/3 or 3/6
DC-DC converter efficiency  95%

(nsesc X n’pasc)

Case 2 Case 3 Case 4
fe 20 mHz 20 mHz 40 mHz 40 mHz
SCs Sizing 3x3 3% 6 3x3 3% 6
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Case Study #1
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Case 1: f.=20 mHz,
NSCneXNSCpa=3X3

HESS currents [A]
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N

The battery is used only

49 ) Battery voltage [V] 1 | |

The battery current accordingly hits the
peak of the traction current leading to
corresponding large voltage drops
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Case Study #2
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HESS currents [A]
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SCs voltage [V]

Case 2: f.=20 mHz,

Ngc XN SCpa =3x6

Increasing the number of parallel
branches means a greater capacitance

~~

Avoid the SC’s potentially full charge or
discharge

_____________________________________
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s

Peak currents in case 1 are eliminated

~~

ip is about 11% lower than case 1
a rms

s

iba ., feduced by 53.4%, Auy,q;
increased by 52.6% compared to case 1

EMR’25, Lille, July 2025
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Case Study #3

18

EMR’25, Lille, July 2025
Case 3: f.=40 mHz,

300 F

HESS currents [A]

Nscne XNscpa=3x3

200

Ipat,n, reduced by 11.6% compared to
battery-only storage

-100 ¢ . @
0 500, I 1000 I 1500 2000

Higher cut-off frequency —
higher-frequency fluctuations of the
output battery current/voltage

N

. . | Similar to case 1, when the SCs is fully
0 500, B . 10010t ; [EV] 1500 2000 discharged, the power demand will be
! attery vo €| .
A supplied by the battery only

~

. | | High battery voltage drops hence can
appear

100 |-
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Case Study #4
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HESS currents [A]

300 F

Case 4: f.=40 mHz,

200

NSCneXNSCpa=3XG

100

Higher charging/discharging capability
of the SCs

@

Remove the peak points in the battery
current/voltage

0 500 1000 1500 2000

Battery voltage [V] The reduction of the peak point is about

| 32.8% for the battery current and 33.3%

for the battery voltage drop compared to
case 3

0 500 1000 1500 2000
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* Off-road EV !odel equipped with the semi-active HESS is developed by using

EMR.

* Study different cases associated changes in the cut-off frequency and the SCs size.

* The peak current, the voltage drops, and current/voltage fluctuations of the battery are
evaluated.

* With the appropriate SCs model and cut-off frequency, the HESS can effectively
reduce and smooth the battery current/voltage

* Develop a real-time algorithm for optimal energy management in the HESS with

predefined SCs sizing and considering it in the EMS development.
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