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Battery electric vehicles
Renewable 
energy

Zero CO2

Battery Electric Vehicles (BEVs)
The goal of minimizing the environmental
impact of personal transportation for a
sustainable transportation future.

Battery-only issue

• Short driving range
per charge

• Limited top speed
• Battery lifetime

• Zero emissions of carbon
dioxide

• Oil independence
• High efficiency
• Reduced maintenance

costs

Pros Cons
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Bat/SC hybrid energy storage system

Long driving range

Peak power during 
transient driving

High energy density (Bat.)

High power density (SCs)

Bat.

SCs

AND

Hybrid energy storage 
system (HESS)

e-TESC off-road EV

Extend the Bat. lifetime 

SCs reduces the high peak battery 
current

Battery voltage drop reduction

Research 
GAP

Research 
GAP
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Objectives and means of the study

• Objectives: Analyze the impacts of the battery/SC HESS on the battery voltage for
off-road applications

• Tools: 
EMR for modeling and control

MATLAB/Simulink

• Steps:
Modeling and control using EMR

Implement different scenarios (cut-off frequency and the SCs size)

Evaluate battery voltage drop

Evaluate frequent charge/discharge rate

e-TESC 4WD platform
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« Modeling and control the EV system in EMR »
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Modeling the EV system in EMR
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Modeling the EV system in EMR

1 Module[Messier 2024] 
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Modeling the EV system in EMR

[LeBel 2022] 
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Modeling the EV system in EMR
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Inversion-based control

Accumulation element Controller

Energy conversion

Direct inversion

Inversion rules
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Modeling the EV system in EMR

Current controller 
(PI controller)
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𝜏௅௉ி is the time constant of the LPF and computed by

Low-pass filter (LPF) is employed for the battery current control

[Nguyen 2022] 
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Case Studies

Case 4Case 3Case 2Case 1

40 mHz40 mHz20 mHz20 mHz𝒇𝒄

3 x 6 3 x 33 x 63 x 3
SCs Sizing

(𝑛௦௘ೄ಴
 x 𝑛௣௔ೄ಴

)

Battery (Lithium-ion LG Chem ICR2 cell)

2500 mAhCell capacitance

12/48Ns/Np

51 VMaximum voltage

SCs (Maxwell BMOD0058 E016B02 modules)

58 FSCs module capacitance

15 VSCs module nominal voltage

3/3 or 3/6Ns/Np

95%DC-DC converter efficiency
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Case Study #1

Case 1: 𝒇𝒄=20 mHz, 
𝑵𝑺𝑪𝒏𝒆

x𝑵𝑺𝑪𝒑𝒂
=3x3

𝑖௕௔ ೝ೘ೞ
reduced by 12.5% compared to 
the sole battery source

At 635 s, and 1148 s, the SCs are 
completely discharged

The battery is used only

The battery current accordingly hits the 
peak of the traction current leading to 

corresponding large voltage drops
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Case Study #2

Case 2: 𝒇𝒄=20 mHz, 
𝑵𝑺𝑪𝒏𝒆

x𝑵𝑺𝑪𝒑𝒂
=3x6

𝑖௕௔ ೝ೘ೞ
is about 11% lower than case 1

Avoid the SC’s potentially full charge or 
discharge

Peak currents in case 1 are eliminated

Increasing the number of parallel 
branches means a greater capacitance 

𝑖௕௔ ೘ೌೣ
reduced by 53.4%, ∆𝑢௕௔௧

increased by 52.6% compared to case 1
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Case Study #3

Case 3: 𝒇𝒄=40 mHz, 
𝑵𝑺𝑪𝒏𝒆

x𝑵𝑺𝑪𝒑𝒂
=3x3

𝑖௕௔௧ೝ೘ೞ
reduced by 11.6% compared to 

battery-only storage

Similar to case 1, when the SCs is fully 
discharged, the power demand will be 

supplied by the battery only

Higher cut-off frequency → 
higher-frequency fluctuations of the 

output battery current/voltage

High battery voltage drops hence can 
appear 
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Case Study #4

Case 4: 𝒇𝒄=40 mHz, 
𝑵𝑺𝑪𝒏𝒆

x𝑵𝑺𝑪𝒑𝒂
=3x6

Higher charging/discharging capability 
of the SCs

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

Remove the peak points in the battery 
current/voltage
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Case Study #4

Summary

• Off-road EV model 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

Future works

• 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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Thanks for your attention !


