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Context and objective

Vehicle and battery model

Impact of user charging habits on EV Batterie ageing
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Context and objective
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Important definitions 4
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» Cell : Battery elementary component * Module « Battery pack
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o
« State of Charge SoC (%) = Remaining energy
-
SoC = 0% ==» Battery empty = SoC = 100% ==J» Battery fully charged
I -
- State of Health SoH (%) ==» Degradation level « Full Equivalent Cycle ==§» charge/discharge cycles
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Objective
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Any EV is used in different modes

2| &’\

Driving Charging Parking

Ageing impact SoC variation + Self Heating SoC variation + Self Heating

factors + Mechanical power + Charger power SoC Constant + Ty,

Objective: integrate a battery ageing model into an electric vehicle model

» EMR is used as a tool :
to couple different domains
*to switch between modes
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Global model of the vehicle
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Multi-domain battery and vehicle modelling
Organisation by EMR
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Different models to interconnect
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Traction model 7 LL=6F @Z. Battery ageing model /|
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Battery ageing model

Model formulation

Ageing results

/
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A\ 4

SoC, T, et time (t) dependance

\

—

A 4

{SoC : Linear | | Tz,

- Arrhenius law

\ [Grolleau 2014] [Schimpe 2018]
A 4
\ 4

(Aﬁ%@\ = -

ekB TBat

\ 4

t : Fractional exponent

[Wang 2014]

Model expression

[Redondo-lglesias 2020]

_—

/Cﬁles ( ) dependake\

A 4

: Fractional exponent

Coupling of aging effects

[Sarasketa-Zabala 2016
[Li 2023]

—Ea

dclOSSt—>t+dt =d l(A + BSOC)ekBTBatt + kFEC

o

t
Closso_yc = j;) dCioss wesl  SoH = 100 — Closso ¢

SoH : State of Health
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Battery ageing model
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Model formulation
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Ageing results
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SoC, T, et time (t) dependance

/Cﬁles ( ) dependake\

A 4

{SoC : Linear

\ 4 A 4
15, : Arrhenius law t : Fractional exponent + : Fractional exponent
[Grolleau 2014] [Schimpe 2018] [Wang 2014] [Sarasketa-Zabala 2016
v ! [Li 2023]
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ems ra S Coupling of aging effects
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Model organization of the vehicle 11
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Using the Energetic Macroscopic Representation formalism

4 subsystems: battery, traction, charger, parking Traction
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Model organization of the vehicle 12
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Using the Energetic Macroscopic Representation formalism
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Impact of user charging habits on EV Batterie ageing
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Study of the impact of charging habits
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Charging scenarios

Speed cycle: WLTC

S1, 82, S3 == Daily charge
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Study of the impact of charging habits

Model organisation in Simulink

SIMULATION MODELING FORMAT
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Inputs
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Study of the impact of charging habits

100

50

Daily charging scenarios over 10 years

S1, 52,83 === Daily charge
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_____ 53 (SoC.__, =30%)
~ - =S2(S0C,__ =60%)

S1(SoC.__, =100%)

[
S
.
—

-24.1%

2 4 6
Time (year)

Up to — 24.1% degradation

m=) Lower SoC helps to extend the battery's lifespan

[Ndiaye 2024]



EMR-based Battery Ageing Model for Electric Vehicles

Conclusion
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EMR
- coupling different vehicle modes
- extend battery model with ageing

- organisation of the simulation

Valuable results obtained from this methodology

- low SoC will increase battery lifetime



Thank you for your attention!
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