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MEGEVH network n

Development of modeling &
ﬂj energy management methods

' MEGEVH
French network on HEV

independently

(Energy management of of the kind of vehicle

Hybrid and Electric Vehicles)

Coordination: ‘
2005-2019 A. Bouscayrol*z
2019-Present S. Jemai
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6 projects
4 PhDs in progress
11 PhDs defended

8 industrial partners
10 academic Labs

http://www.megevh.org/

EMR as
common tool
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Support IEEE VTS

IEEE - Institute of Electrical & Electronics Engineers

3
< IEEE

Non-profit professional organization for advancing technological innovation

and excellence
400,000 members from 160 countries (30 % students)
38 societies on technical interest

Activities

— database IEEE Xplore, 3.5 millions documents, etc

— scientific workshop, conferences, publications, standards

IEEE VPPC’'24, Washington DC 2024
300 attendees from 28 countries

IEEE - Vehicular Technology Society

 Technical topics
— land, airborne and maritime services EmNs
— mobile communication, vehicle electro- technology

Covvpr ey reg dlnbap it

Prof. A. Bouscayrol
* HIL simulation

« 2 publications and 4 annual conferences ¢-

* EMR formalism

« Distinguished Lecturer Program &-

* EVs and HEVs




0 Electric & Hybrid Vehicles




o Electric & Hybrid Vehicles

0 Example of a HEV



Green Houses Gase in Europe “

EU emissions by sector, megatons of carbon dioxide equivalent
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[McKinsey 2020]

The GHG of all
sectors are
decreasing....

except
transportation



Green Houses Gases in Europe

EU-28 CO, emissions Transport CO, emissions Road transport CO,
=~ 3.64GtCO, =~1.17GtCO, emissions = 0.85 GtCO,
0.5%i

Transport >

32%

H Rail
m Aviation

» Road
B Marine S

Light commercial
B Heavy-duty
B Light-duty

[Rodriguez 2018]



Comparison of thermal and electric vehicle “

Thermal vehicle A 3

* local pollution

* engine losses > 70%

* driving range > 600 km
 energy charging < 5 min

thermal
engine

Electric Vehicles

electric * no local pollution
Battery PE machine « e-motor losses < 10%
» driving range < 300 km
* energy charging > 5-10 h

EVs require a new mobility!

MT = Mechanical Transmission
PE = Power Electronics




Hybrid vehicles 9

engine [1 - a@vantage of each technology
electric [ - hlgher Ccost Toyota Prius 3
| machine - complex control
! ‘ http://www.toyota.com/
Peugeot 3008 HY4

Various configurations:
* different power ratios P;-/Ppg,
» different component organization

http://www.mpsa.com




S pT—— 0

Fuel cell vehicle : A
—| electrical M = EV with battery

m HondalCla

| machine replaced by a fuel cell
and a H2 tank
http://www.honda.com/
S NN _ Toyot in
@E_' FC vehicle with ;‘;‘” )
H electrical hybrid storage . :

PE

| machine = another kind | M
of HEV http://www.toyota.com/




Other vehicles “
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Ragone plot

unidirectional

1000
Power density sog
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Hybrid topologies

Series HEV

EM =

ICE

electrical node

EG

ICE

Parallel HEV

o

power flows

T

mechanical node

EM

EG

ICE

Series Parallel HEV

FucD




Hybridization rate “

(power ratio associated with functionalities)

TV e thermal traction ICE
e internal charge of battery ce |+ [EM]
wHEV — * Stop & Go

icE |+ |[EM]

e regenerative braking

mild HEV —— _
* clectrical boost ICE

full HEV —— ° electrical traction ICE

Plug- HEV o external charge



Control challenge “

ICE S
LOO 0O OJ clucth GB =|><_| Bat [ power. N Electf’lc rans.=|>_<|
* i T —electronic§—{ machine N
TV control |«— pedals - * l l CANAA
v P BEV EV control <«— pedals
Controls of TVs and BEVSs:
mono-objective (no optimization) to ensure the driving cycle
l; th — power [ Electric DAL
Controls of HEVs: at. — felectronicg—{ machine p i
» multi-objective: ensure driving cycle A ower —Trans =X
: ICE coupling
AND reduce fuel consumption arallel
e various modes: pure electric, P Fuel 000 O]= A
(pure thermal, hybrid, etc.) HEV T T

HEYV control <«— pedals




Charging challenge “

e slow charge at home
/ at work (4-10h?)

(plug or induction)

» ultra-fast charge at specific
station (1/2h?)

e battery swap station
(5-10 min?)

D http://france.betterplace.com/

New technologies and developments? “Smart” charge?
but also
A new way to manage our energy charge?




Grid connection challenge

http://my.epri.com

Using Off-Peak Power
40
38
38
. . 34
(Vehicle to Grid) T al— -_
% 28 |
@ 26 [ e Typical California System Lood
24 |— = | oad with 4 Million PHEVs on the System
22
New concepts for sl e G |
grid management? i W A
but also

A new way to manage
our energy prize?



Life Cycle Assessment challenge “

Raw materials Manufacturing

Life Cycle Assessment (LCA): — S PP\

“From cradle-t-o-grave”
Methodology for estimation of the

environmental impacts of a product . m @ é T
all along its life time _
(pollutant emissions, water, air |

toxicity, soil pollution, energy...) i R

Use Distribution

LCA for vehicles

“for fair comparison”
Well-to-wheel

Manufacturing Usage m waste
\ recycling /




Life Cycle Assessment & GHG “

¥ Electric vehicles’ climate impact in different energy mixes

Thermal
240 Vehicle
<> Manufacturing Powertrain
+ end'Of-Iife I Lithium battery
200 Glider
Tank-to-whee
I Well-to-tank
160 usage
15
2 120
.UEJ
8
40
0
120 €O, /km

Diesel

=== TRANSPORT {
I= environmeN



0 Electric & Hybrid Vehicles

0 Example of a HEV



Simplified EV

Objective:
control of the traction system in straight lines

Simplifications:
 a permanent magnet DC machine 1s considered 1n a first step

 an equivalent wheel 1s considered (no curve)
>

l ts

N

P

gear




Modelling and EMR

Structural —>-
. N I
Representation
Upar i

Functional Description

Upa uchop

>
Battery |
lchop /F Larm

m

chop

{uchop = mchop I/bat

1chop — mchop larm



Modelling and EMR 23

T / f._._

Upar uchop Laem T, dem Q gear

Battery

lchop arm €dem shaft gear
mchop / \
Tgem = kdcmldcm d

d J—0 =T
L I = e I gear — tdem — gear - 12 gear
arm’ g, dem = Uchop — €dem — arm dcm e dem = k de gear dt




Modelling and EMR

T / f._._

Upar uchop Laem I dem 10 shaft Q gear

—> > —> —>
Battery < ’E: '! ! '!24

ichop /F Larm €dcm 0 shaft T gear T diff / TWh F wh

m chop

{Tgear = kgear Ta’iﬁr {Tdif = kdif T {Twh = Ryp oy

0 gear — k gear Qshaft Qdif = ka’if 9 gear Vev = RWthiﬁp



Modelling and EMR 25

T / f._._

Upar Uehop  Laem  Taem L2 shatt £ gear iy Vey Fop o Vey
P v Qe e [ e [ e B = =
chop T tam — Cam  aap Tgewr  Tay Ly F, Ve Fres
M chop

d
M Evev =Ftot _Fres



Modelling and EMR 26

A i> ;
I ! Tim .
Hbat T {TL Q}T._._

Upar Uehop  Laem  Taem L2 shatt £ gear iy Vey Fop o Vey
Pone i Q) < e I e ) e ] e
chop T tam — Cam e Tgewr  Tay Ly F, \ Ve Fres
Moy L & W~ S
permutations

Conflict of association:
Q0 haft and v,, state variables but Vey = Ry kdiﬁ” k gear Qshaft

S



Modelling and EMR

e
A

Upar uchop ldcm T dem T gear T, diff F wh Vv F wh Vey
— |} > >

Battery P ’E: O: — < k& ’!Z{ - ’!24

lchop /F Larm €dem Q shaft Q gear ‘(Qah'ﬁr Vev F res Vev F res

|\ J
mchop Y
d merging
Conflict of association: Meq = Vev = Fror = Fres
a unique state variable 1s required! M =M+ J shap
e 2 2 2
ki R



Modelling and EMR 28

ubat uchop ldcm Tdcm Tgear leﬁ’ th VvV

>< ): —» >
Battery < % , ¢ < ’E < Env.

lchop /F Larm €dem 10 shaft “Qgear ‘Qdiﬁ” Vev F res

chop

1
Fros =k, oyMg cos a + EpairAvagv + Mg sina



chopper = DC machine gearboxes wheel  chassis

Objective: control the EV velocity

Tuning variable: modulation ratio of the DC-DC converter



0 Electric & Hybrid Vehicles

0 Example of a HEV



Maximal Control Structure “

chopper = DC machine gearboxes wheel  chassis

uchop—ref idcm—ref T, dem-ref T gear-ref T, diff-ref F wh-ref vev—ref

Maximum Control Structure:
* inversion of each element step-by-step
e all variables are assume measurable



Practical Control Scheme “

chopper = DC machine gearboxes wheel  chassis

uchop—ref ! dem-ref F wh-ref vev—ref

- J

merging

Example of simplification:
* merging of gains k,, =k k,k;k,



Practical Control Scheme

chopper = DC machine gearboxes wheel  chassis

uchop—ref ! dem-ref F wh-ref vev—ref

Example of estimation:
e estimation of velocity



Simulation using a functional software

Ldar - 14 I T T o v
8 e e e =
- : [ -~ ‘ ¥
:1,:_-,&;.;. Laan Fi ﬂgﬂr 51@’ ﬂ-ﬂ& ¥y :FI:'"E'J
i
i
i

2
r
4

E

L ohoppef Tdeve T.:z‘m-rﬁ" Tm—rﬁ" Tgew—;'ﬁ" 2 whref  Veovrd

File Edit View Simulation Format Tools Help

\\\\\\\\\\\\\\\\

Arm,
Chopper winding conversion  Gearbox Differential ~ Equivalentwheel ~  Chassis
g > > » | > | >
™
”’ ] ’-. —‘ I ’-. Bk —‘ I ’—. l
L —‘ —‘

Ready

Matlab-Simulink ©, using the EMR library




Implmentation on the real vehicle

Electronic
Control Unit

SENSOors




0 Electric & Hybrid Vehicles




CVT-based HEV

Parallel HEV using a Continuous Variable Transmission (CVT)

fuel
tank ). |IC Engine

porraanieryy
. . Tice Tot  Tee CVT R
HO000 —£— >
) o e N 7 B NN T
T P cvt
'Qice Qice th ™S /'
. Y NN
Inverter
I /Z-em 0 wh
= 1 \
battery G ‘ — [ Ny belt o
. Qice v (e b e
T PM electrical

machine

CVT: gearbox with a continuous ratio
Interest: accurate adaptation of the ICE speed
Drawback: efficiency max of 85%




EMR and MCS of the CVT-based HEV

<______% belt
<> .
“bar em clutch CVT wheels chassis
(battery ) e R >
ivsi T, blt T, tc T, cvt F wh F tot Vhev
_> _’ _’ A
P [ e e R e e
Tice / ‘th ? ‘cht ? ‘Qwh Vhev hev F’res

Techn hU
TU/e i
tyfThlgy

2L 2P
‘kv Seniase depaant 30 e |
<
[Chouhou 13] <+
<
T, blt-ref T feqref T, cvt-ref F wh-ref F tot-ref vhev-ref

EMS for fuel reduction:

» choice of the CVT ratio (u,,)

* energy distribution between e-drive and ICE (kp,)

* brake distribution between e-brake and m-brake (k)



EMR and MCS of the CVT-based HEV 39

Example of a part of the strategy: braking management

modelling F,

ot=FwntFok

v

control F wh-ref kD1F tot-ref
F bk—ref= (1'kD1)F tot-ref

|

Kp—~1 traction

Kp.~0.5 50% e-braking (front wheels)
50% mech-braking (rear wheels)

Kp.~0  100% mech-braking when SoC is 100%

Strategy Strategy

< vhev



Performances of the CVT-based HEV “

120 torque (Nm)
o I ST e NN
80 ] ol TN
o0 iy ol SFfp ATH ﬁwhﬁm;
wo ! 1cE° thj 1 point A ‘""
W 100/% AT /
TN A A S
t(s P
% 500 1000 1500 60 % o %"m/r XZ\
P T e \
Technische Uni t 20 2’ g :0;1:
TU/e b dh thy of Technology 3 0%@@:.: é/ém
, L 100 300 400 500
' ALLCEP \J speed (rad/s)
A G oniaue 6 punsance e Lite 1
1(s) -
(Mayet 16] 0 . o ruled-based EMS:
08— * /7 imposed by the CVT
U I AT imposed by the e-drive
0.3 ﬁ‘
/
02 Jchargeat
01 r_’-/ standstill
: t
4-gear Thermal Vehicle: =" w—w— u

5.04 L/100 km
CVT-based HEV:
4.02 L/100 km
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> Research @ L2EP

> Control team

o eV activities

> Examples



Objective of the eV group _

Validation of new concepts of electrified vehicles for more sustainable transport
Originalities:
» from real components to real vehicles

« graphical formalism (EMR) for model and control organisation
« Hardware-In-the-Loop testing (coupling hardware & software)

Off-line simulation (vehicle model) 5;3%0"/;';([05;
=
ene

L @igse Yaleo

Hardware
to be tested

EMR-based
organisation

l ’ ~ —J~
Loizrer Tgb2-rer Funzrer

Plug-in Hybrid
Software ug-in Hybrid demo car



Objective of the “eV” group _

Validation of new concepts of electrified vehicles for more sustainable transport

Originalities:
« from real components to real vehicles
« graphical formalism (EMR) for model and control organisation
« Hardware-In-the-Loop testing (coupling hardware & software)

real e-motors

under test Power Real-time simulator (vehicle model) Example from
\ —y - " . H2020 PANDA
; 2 Interface BN o a7 EMR-based
=
cmo

\|{/\

Power
Amplifiers

Electronic Digital .

physical Control Unit connection
&/ connections

de Lille

L Université
LL niversité V("eo

thI-ref

safety

[]

I~
Top2orer Fohoore

process

e Plug-in Hybrid d
Hardware Software ug-in Hybrid demo car



“eV” experimental platform “

e e-storage workplace (R. German)

e e-charging workspace (P. Delarue)

e e-drive workspace (N. K. Nguyen)

e e-transmission workspace (W. Lhomme)
e e-vehicle workspace (A. Bouscayrol)

Virtual visit @
https://It360.site/ce2i/l2ep/ev-ulille.php



https://lt360.site/ce2i/l2ep/ev-ulille.php

eV collaborations & education “

National LaEs),

/“Industry SIEMENS

NeXTer PSA PEUGEOT cmzoE?l 0R|5tA|—
- SR @ ) IFSTTAR
(o renauer ’ femto-st
Typhoon HIL i RENAV
ThalesAler% Valeo S

MEGEVH
F/"eﬂch network on HEV'S, V"/

sty Valeo

International La\g

VRIJE
UNIVERSITEIT
BRUSSEL e

@ducation 1. Pl SN
Master ULille / A&M ParisTech, etc.

7//\3~s >

. < um-ﬂ:a
International h — w piiid hant : UNIVERSITE DE
summer T - E SHERBROOKE

GHENT A
schools: UNIVERSITY
EMR . .
ACES ol @ L)\ eCAMPUS 7L =P
QL Demo & driving/ K IRH International Lab |5 /
we=r=  (France / Canada) Sl
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> Research @ L2EP

> Control team

> eV activities

o Examples



Double-parallel diesel HEV 3008 HY4
— |
THV battery frontEM -Q

rear EM

i

Diesel HEV: increase of the ICE efficiency
Double parallel: increase the energy recovery

PSA PEUGEOT CITROEN l



Control of the Double-parallel diesel HEV “

Vbat-
Bat.HT)

/ bat-HT

[v=[=o ] [eo=T=n]

strategy PSA PEUGEOT CITROEN l

EMS for fuel reduction:

L : 4
e energy distribution between EM1, EM2 and ICE Ffenc/;'effﬁ/‘fﬁiwzj
e brake distribution between e-brake and m-brake L L2E
. 'l' Geietoniaue de pusanca da cils
e management of the balance of batteries

e management clutches and gear ratio [Letrouvé 13]



Validation of the Double-parallel HEV control

Validation on prototype

Test driving cycle
at PSA Poissy

Ruled-based
EMS

Fuel consurmption [ml]

PSA PEUGEOT CITROEN l

French network on HEV's,

V'  mesevn J
y

NL&&F’

[Letrouvé 13]



European Project s

Coordination RIA H2020
Powerful Advanced N-level Digital Architecture for models of EVs and components
Grant Agreement 824256 - 3,5 M € - 3 years — 11 partners — 6 countries

time
PANDA concept Cloud of models
ILevel of details -20%
< ]

system < virtual prototype

specifications prototype testing
subsystem 2 virtual subsystem
specifications subsystem testing
components components
‘ design < testing

GA 824256 %r% a

component
realization
[ |
Universitte  SIEMENS ML w EEEEE H
de Lille ligenuity for life ‘m ggb\éEEE”ElT N——  UNIVERSITATEA UNIRESEARCH W47 RENAULT » BLUWAYS
TEHNICA Typhoon HIL o

Unified model organization of electrified vehicles and their components
For virtual and real testing (EMR at the core of the project)
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Cloud of

Virtual testing of electrified vehicles

BEV (Renault Zoe)

Accuracy 97%

-
ande)

SUHHnun L

H P 1D
‘,@tﬂﬂ R S fe s =)
D e E}Mﬁ e %; E; R j

wSEB A a e _u. R ;g

m,«xi?j,_rilﬁ-:,.n,,_,n.:‘ il

FCV (Mobipost)
Accuracy 95%

f-siz%hi‘;zséé%éé?;i‘i L

P-HEV (Valeo Demo Car)
Accuracy
97%



SIEMENS
fnami&,-ﬁarh‘fq_

Real-timep =
simulator ity

Typhoon HIL

> BLUWAYS

1000 Speed on Rear e-drive test bench [RPM]

—Speed reference
800 - - -speed measured

600 -
400 -
200 |
0
tomps 51

HIL testing the battery HIL testing the e-drive HIL testing the e-subsystem

‘II, Université y sy ¢ ;
UNI\/ERSITEIT Université 4 Université )
de e UNIVERSITATER delile delille

ERa

German 24]
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(3) Y

Main subsystems of an EV _ Habitacle g$
1. Electric powertrain Lhvac 0
2. Energy storage _~<hvac

Ohab

3. Comfort subsystem (HVAC)
4. auxiliaries >—¢

Driving range (%)
A

|
|

l€
|
/
|

/ |

|

|

|

|

0°C 15 °C 30 °C

[Mansour 18]




| | [Allen 14]
Best range, [Mansour 18]
< >

I
/: Ambient temperature &

|
|
|
/ : : must be considered
| |
| |

>
0°C 15°C 30 °C T (°C)

3% France Canada
85%

OlLessthan 15°C 0O15°C-30°C 0OMore than 30 °C



(3 EMR (Energetic Macroscopic Representation)
HVAC formalism to interconnect multi-physical
wt i models of different subsystems
(1) ub xb‘ < it’,
Ly iy, " -
e ar . Management of the complexity
aux b Loy . . : L
v (5) while ensuring high flexibility
(4)CAux.

| Abs. Sol. Rad.
/ CV _ Vents Cabin air | Cony., Int.mass  Rad., b ; S(()8) u \
HVAC am QT TeOTTe g, Oy @ , O 7 ]
A D |

[sz
im Tes
Subsystem @ 1

Tim Sim—in

Tev Sair—in TC Scab/im Ssol—absim [SSOI—absim]
Jprc, B} ) [Tis] ©) ZSim/iS T: [Sml*abses] Ssol-abses
15) 13) 5 i
“p “p pic Rad.
[Tes]| | Rad .

[Sis/im) Windows

,,,,,,,,,,

|
|
|
|
. : | =Ocab/is . .
) SptC*ref $. . it | O *S'c—ou'l‘_’I Teeil '_S|roof—out .
Shp-ref air=in ! ‘ ! Conv — ——= ®)
Eﬁ; : Teeit o Sceila'? Troo{2 : Sroof-in “Conv.
iy A Kghae |, Tev—ref Shvarref I G Int. surfaces Ceiling Cond. Roof Ext. surfaces
Sev—in—ref Teab—ref ' coupling coupling

[Ramsey 2022]
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New topology for a e-bus? _

Classical “e-drive”

ALTAS interurban mini bus
(5800kg / 20 seats / e-drive 160 kW /

Li-lon NMC Bat. 115 kWh)
https://www.atlasautobus.com
CE2I e-drive (40 kW):

(Integration of 5-phase machine
+ GAN converter) Piewze® 5 L7
New e-bus topology: #

e 2inthe rear axle I “e-drives” CE2I >[

* 2inthe front axle
» specific energy management

Which benefit?

e-machine



https://www.atlasautobus.com/docs/catalogoatlas_fr.pdf

Simulation of the different e-buses _

Digital tools:

EMR (model
organization)

T, ed4_ref

/

Inversion based Tedl,efL

control e [

4 CE2I e-drives

K,| K K Kbk_CEZI

Energy Management Srategy

Optimal EMS
(Dynamic Programming)



e-drive static models _

____________________________________________________________________________________________________

From
MotorCAD
3-phase MSAP
160 kW
) 400 Nm max
CE2I electrical machine - From CE2|
o . program
T 10-phase MSAP
2 40 KW
100 Nm max

0 1000 2000 3000 4000 5000 6000




Driving cycles for test _

NewYorkBus

From
ADVISOR2022

M/\ VLI carabase

LondonBus

Velocity(km/h)

Velocity(km/h)
N
o o
=
[4)]
8 §
>
S
|

eeeeeeeee

T it g

Velocity(km/h)




Simulation results _

« Braking strategy : 60% a I'avant et 40% a l'arriére (stabilité)

Consumption (kWh/100km)

Driving cycles New York London Denver
Classical e-drive 77.0 43.8 66.1

4 CE2| e-drive 58.4 32.0 48.3
Energy savings 25.2 % 26.9 % 27.0 %

Energy savings despites 30 kg surplus:
1) Braking energy recovery

2) Energy distribution (4 e-drive)

3) Better efficiency

[Li 25]



Hybrid locomotive “

_____________________

bus - -=--=="o =2 N Experimental demonstrator PLATHEE:

ICEHSMHVSI| [} = ||[TCh[ {pmM)[|Bog i X4 (BB 63 000 diesel electric locomotive)
"""""""""""" e diesel engine (215 kW)
w BatT@D(CT_‘ battery subsystem e batteries NI.Cd (194 kWh) @
S — e supercapacitors (7 kWh)
X8 SC——l_CKDJC_h\ﬁ supercapacitor subsystem e fuel-cell system
i I s i
o —ma— Fuel-cell subsystem ICE Fuel-Cell SuperCapacitors

Interest of Hybrid locomotive:

(switching and shunting and locomotives)
e reduction of fuel consumption

e reduction of emission in railway stations
e reduction of noise in railway stations

batteries



Control of a Hybrid locomotive “

electric C bus tractio bogie hassis
N\ < enerator ~ > S e > € > <59
: T[ce ice nlsm N itot‘ ud;:\ udc tm F, bogk F tot F loc vlo
- QIO fipscal s e @y vma I » Y e
1 9 %ice T. o N : Uge Uge s Lim bog Vio Vioe Vioc '3 res
1 ! ! . ' '
: : .B 7y ! F
EMR 1 Tedy || Lot %c]ilalg;})é? i lu ’ Brake
- : ] . | LHae rake
( SVSt em ) : : Undro Hpar he hrog i Y Viee
: GO [ i Fasr
| E 15 E Iy, A Ug Uge !
1 1 i . i
: E | 21“1"; Sg Lsetor :
I : ; chopper
! Uscod Use Lsce Uge
1 > > 1
\V | GC z : 00 . P 8 i
/:\ i Lge E E
] ! ' =7 !
: s L\
: i F, loi:-ref vloc-ref
| i i
local : :
1 i 1
control ! i i
and | | §
1 R 0 U = B A . . S -
Strategy : "
: z_& Uie-ref S0Cqest
I O
A\

EMS for fuel reduction:

e energy distribution between Bat, SCap, FC, ICE
e braking management

e DC bus regulation

LER VL seeen VJ [Mayet 12]

(N Lopereore geiecrorecmique oc French network on HE
d'élect e e Lille




Interest of a Hybrid locomotive

o |
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‘ R beam |njectlon __ supply system for e

each bumper: =

4 classicaﬁn\agnets + 1 with pulsed transformer 7 °

Control of SIRIUS FP2P2S of CERN “

Diodes rectifiers _ Boost choppers _ 1.1kV DC bus 1GBT-Inverters HF filters

CERN acceleratoncomplex s
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20 X o
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Bumper magnets control requirements

« complex supply system

« Y2 sine wave up to 2.5 kA (classical)
and 20 kA with transformer

* 1ms period

« repetition every 1.2s 24h/24h

» instantaneous error < +/- 3 A

2500
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EMR-based control & experimental results

Control derived from EMR formalism of L2EP Univ. Lille
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EV and P-HEV are key vehicles
for reduction of the GHG of transport

HEV is complex to control
EMR methodology is useful in that aim

Extensions to other vehicles
trucks, subways, trains, ships, airplanes...

Tt | e | i eV platform of L2EP of Univ. Lille

Université
de Lille

Nissan Leaf of CUMIN Univ.Lille
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