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Outline

0 Context of the work
0 Objectives

o Work in progress
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Context of TIM

CFVs NEVs
~ L5 —— 60 - ~ 06 _
E (a) NEDC f E a)NEDC = weak regenerative strong regenerative L 60 =
£ * (902 2 044 L 40 -2
- 3 2 024 | z
z &OF : Al  f20 g
- il q)‘(].-—-—AZ.A_J,_ “,A_nf...._,A_.r.“,j\.‘ Ly
0 200 400 600 800

~ 1.5 80 .. ~ 06 wcrver 80
s (b) CLTC S B (b) CLTC =
% F60 £ @ -60 =
1.0 E Z 041 \ £
U 0 S = [F0 S

- 1 o - ).2 | ( ' 5
3 0.5 08 3 0.2 LA 4
= 00 ke L . Sy AEAAMEDAL ) 2 T 004 . A L.pLJL_JA._ )'V\L A Lo @

200 400 600 800 1000 1200 0 200 400 600 800 1000 1200

~ LS - e 08 - =
E 3 (¢) WLTC - 80 £ E (c) WLTC - 80 -
2 1.0 -60 £ 2 0.4 »ﬁgé
= 40 5 F40

= 5 < = 0.2 o
X, 0.5 L20 8 =2 2 20 H
0.0 — : P 0 Lo 7

0 200 400 600 S00 1000 0 200 400 600 800 1000

T'ime (s) lime (s)

Mass concentration emission characteristics of BWP from CFVs and NEVs under standard
test cycle [Zhang 2024]

e Using mechanical braking leads to pollutants emissions such as
noise and fine particles

e Security norms impose the usage of mechanical brakes
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* Not using enough mechanical brakes leads to instabilities

()



Brake-by-wire and electrical braking

Braking pedal

Numerical controller

Electrical braking Mechanical braking

Pollution emission: fine
particles, noise, and
vibrations

Battery charging



Working schedule

1. Energetic model on a real battery EV (Nissan Leaf) eV platform / L2EP

2. Tribological characterization on the brakes of the Leaf AMAAT-Tribo »
platform / LaMcube ,-

“bat

3. Multi-physical modelling and EMR of the Leaf by taking into account @
both models

4. Multi-objective braking strategy: battery regeneration / particle
emissions

strategy

LEAF EMR

5. Validation of the strategy using multisite distributed
Hardware-in-the-Loop (Hil) testing eV platform (L2EP) & 4MAAT-Tribo
platform (LaMcube)

6. Strategy modularity : use of the previous work on other vehicles
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Multisite distributed HiL (Hardware-in-the-Loop) testing

Method from [Tournez 23]
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Braking strategy
Braking

Numerical
controller

* The braking strategy is unique to each vehicle /
manufacturer

* Several problematics
o Influence of the driving patterns
o Influence of the acceleration and velocity
o Importance of the regenerative braking

Electrical/
Regenerative
braking

Mechanical
braking

Bus CAN of the Nissan LEAF: data measured (with SARA
project) such as:
* Speed of the vehicle
e Accelerator pedal position
e Voltage and current of the battery
* Traction machine speed (estimated value)
@ * Not enough information on mechanical braking

Nissan LEAF of L2EP



Estimation of the resistive forces to motion

Electrical Mechanical
drive transmission

Wheel Chassis

Fenv = I'slope + Froll + Faero

Fslope = Myepg sina

v A 4

Pgp Piract Fron = C-Myepg cos a
. . 1 5
During traction : nPgp = Pirget Fioro = EpambACx(vveh)




Electrical

Mechanical
transmission

Energetic validation of the model

strategy
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Error on energy consumption at the end of the cycle: <1%
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Power validation of the resistive forces to motion during

[During traction : NPgp = Prrgct ]
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cycle
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The model chosen for the resistive force cannot be used for
power applications, especially at low velocities.



Data measured

Measures of velocity : GPS or irh
board sensors

Initialisation of slope sensor

Acceleration data : measured or

calculated /

Why is it not working?

Hypothesis on behaviours

* Constant efficiency of the
mechanical transmission

of the rolling

 Wind influence

\ of turns ignored

* Constant resistance coefficient

e Straight-line travel, influence

Choices for certain values

.

Aerodynamic values : frontal
area of the vehicle, drag
coefficient

/

( Mass of the vehicle

)




Next step: using a neural network

~

4 .
Equation:
dv
Fon = Fenv — F/E<= Mveha
o
/Measured data (SARA project):
" VUyen
= «:slope
" Tem

= Tyre pressure
\_ " GPS coordinates

/Others values:
" Myen
= Wheel radius
= Efficiencies
\_ = Wind velocity and angle

/

Neural network
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stimation of the

motion during traction

tresistive forces to

Estimation of the
mechanical braking force
during braking
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Annex



Model of the Nissan Leaf

Electrical Mechanical

drive transmission Wheel
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