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- MEGEVH philosophy -

Theoretical level _
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- Experimental platform, and vehicles -

platform « eV » platform platform « propulsion »
Real-time energy management  « storage devices »
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1. Context of EVs & HEVs

* Global warming
e Petroleum resources
e Thermal Vehicle

y Université
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- Source of Green House Gases -
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ndustrial Process I |
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for environmental concern
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- Petroleum consumption -
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- Thermal Vehicle -

1

low efficiency A
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- Gasoline engine -
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- Power of athermal vehicle -

ICE Power (kW) Example of an urban drive cycle
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- Pollution of athermal vehicle -

Example of a highway drive cycle
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- Operation of an ICE -

Urban drive cycle / iso-consumption map

E.--ms-\\

SE ~_
P

A
g | (B ~
% v N

/,,«/

_250— 219

RN

---__\

Speed

O 500 1000 1500 2000 2500 3000 3500 4000 4500

http://www.inrets.fr/

(rpm)

@® mean efficiency ~12% @
(88% of losses!!)

Paris, 2011



150

100

50

-850

http://www.inrets.fr/

Operation of an ICE
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- Future Vehicles? -

Thermal vehicle with bio-fuels N
(coupling energy & food? water requirement? Etc)

e Electric Vehicles

. ST ion? :
(production of electricity? autonomy reduction? Etc) No ideal

« Hybrid Electric vehicles > and unique
(increase of prize? need of fossil fuel? Etc) solution

* Fuel Cell Vehicle
(increase of prize? hydrogen production? Etc)

e EtC. /

but also

A more reasonable mobility!
(reduction of travels? Increase of common transport? Etc.) @
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2. Different kinds of EVs & HEVs

e Electric Vehicles
* Hybrid Electric Vehicles
e Fuel Cell Vehicles

y Université
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- Electric vehicle -

high efficiency
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hermal and Electric Vehicles -
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- Hybrid Electric Vehicles -

A

thermal
engine

electric
machine

™

U

Various configurations:

e Different power ratios P, /Py,
* Different component organization

Hybrid vehicle:
- advantage of each technology

- higher cost
Toiota Prius 3

- complex control
T

. . -
http://www.toyota.com/
Peugeot 3008 HY4
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- HEVSs or EVS? -

electrical
machine

IC 2
engine [

electrical H

machine

MT

Kangoo electroroad RE
Range extender EV
= EV + ICE for
higher mileage
range
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+ plug
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- Fuel Cell vehicles? -

A .
Fuel cell vehicle :
electrical :[><| = EV with battery replaced by

L a fuel cell and a H2 tank
Honda Clarity FX
=L la
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- HEV classifications -

» Architecture classification (power flow)
- series HEVs (electric power node) iﬁ \
- parallel HEVs (mechanical power node)

.}
- series/parallel HEVs Q>Wheeld
(electric and mechanical power node)
q+—>Wheels
‘

« Power ratio classification (thermal and electric power)

electrical power
micro | mild | full i
L - HEV | HEV | HEV ; EVJ
therm:;il power | |

[Chan 07] [Emadi 07]



- Architecture bases -

Parallel HEV

power flows

T

ICE ICE
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- Operation modes -

TV ICE
e Thermal traction
* Internal battery charge (from ICE) CE |T [EM
o Stop and Go (electrical starter) more ICE |+ |EM
» Regenerative brakin electric
J J power ICE | + | EM
 Boost (electric support)
. . . ICE| + | EM
e Electric traction (Zero Emission)
v EM
EV

 External battery charge (Plug-in HEV)
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- Consumption reduction -

source: VALEO (http://www.valeo.com/)
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3. Key issues of EVs & HEVs

 Energy Storage Subsystems
 Energy Management
e Societal changes

y Université
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- Prius, success story -

Complexi)ntrol Battery Ni-MH

}'rgh energy density
e Mechanical power path ECU

Generator
Inverter H Boost H Battery

m—= Electrical power path

Engine

High efficiency
Power electronics

e

Véhicule PRIUSTI .
hitp-//www.toyvota.com/  Synchronous Machines
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- Well to Wheel analysis -

Megane 1.6 115ch
Essence
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- Energy sources -

hybrid storage?

no recovery
energy

1000
Power density 5qp
(W/kQ)

~ acceleration,
charge time 100

50
201

wob L v 4 v
-5 10 20 50 100 200 500 1000

Energy density (Wh/kg)
[Chan 2008] ~ mileage range
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- Energy charge -

* slow charge at home
/ at work (4-8h?)
(plug or induction)

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

* battery swap station
(5_10 min?) http://france.betterplace.com/

U

New technologies and developments? “Smart” charge?

but also

A new way to manage our energy charge?

Paris, 2011



- Impact on the grid -

http://my.epri.com

Using Of-Peak Power
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o Load with 4 Million PHEV: on the System /
\".J

22

T e P ] W A LG e 0 P T T T
5:00 12:00 6:00 12:00 600
A FM AM

New concepts for grid management?

but also @

A new way to manage our energy price?
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- Day trip Analysis -

daily trip > 60 km

Average values of
daily trips In
Europe in 2007

20 km < daily trip < 60 km
daily trip <20 km

@ Mileage range of a classical EV =100 to 150 km

Possible uses of EVSs?

but @

A new way to manage our mobility?
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4. Examples of research projects

 Energy Storage Subsystems
 Energy Management
e Societal changes

y Université
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- Double parallel HEV -

Front electric Rear electric
machine machine

+ HV Battery

new concept

—

energy
management? ==
LV load
-+- LV Battery
PSA PEUGEOT CITROEN l
- - 1— - Y et -
: : : A @ EMR and
Simulation of various cases @ control
and energy management

implementation @

on prototypes —

[Letrouvé & al. 2011]
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- Double parallel HEV -

Modelling

Control

Simulation

v
Prototype [«------- ’
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- High-redundancy HEV -

MEGEVH @ Wheel Wheel Wheel
French network on HE Vs‘ Motor Motor Motor
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- High-redundancy HEV -
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- Electric Variable Transmission -

s

udl

EM1 EM2

Enable a continuous variation Optimization of ICE
of rotation speeds and torques j> speed and torque
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- HEVs using EVT -

P DeS|gn Of an PM_SM EVT for Toyota Prlus II HARBIN INSTITUTE OF TECHNOLOGY
* Control of the EVT-HEV
e Comparison with Toyota Prius Il

.
v teen | BAE KLY

DCbus  Parallel Inverters Induction machines Mechanical Trans. Chassjs Envirog.
>< ><&>

PM-SM EVT

IS ST SIS

A0S Energetic Macroscopic Representation

[Cheng & al. 2()]_]_]o and control of the EVT-HEV
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EV suing
batteries

P massig.
E
massig.
Durée
de vie
Sécu.

- EVs using hybrid ESS -

@ 5

EV using EV using
Scaps. batteries and Scaps.

~ i
P massig. ? P massiq.

Codt E Colit ¢ E Codt
@ massidq. massid.
Durée Durée
Recyclab. de vie Recyclab. de vie Recyclab.
Sécu.

V' mesevH J [Allegre 2010]

French network on HEV'S,
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- EVs using hybrid ESS -

Velocity (m/s)

u 'II e ‘?\-/oitla-gé?(\/)-; =

MEGEVH J

French network on HE V‘s‘

Scap chargin
At standstill

Test only for Z

EV mode The simplest strategy
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Paris Conclusion French network on HEV
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Technology will not save Automotive industry!
The mobility concepts have to be changed!

HEVs and EVs could be valuable complementary vehicles

a limited mileage range could be...
a chance...
... forward a more reasonable use of our mobility!




Séminaire ASPROM
Paris
Nov. 2011

y Universite

Ak
‘ﬁ’ , ]S::‘ilr-!t;le;cet1Technologies

References

' MEGEVH
French network on HE Vﬂ




- References (1) -

[Allegre 09] A. L. Allégre, A. Bouscayrol, R. Trigui, “Influence of control strategies on
battery/supercapacitor Hybrid Energy Storage Systems for traction applications”, IEEE-
VPPC’09, Dearborn (USA), September 2009,(common paper L2EP Lille and LTE-INRETS in
the framework of MEGEVH network)

[Boulon 09] L. Boulon, D. Hissel, M. C. Pera, A. Bouscayrol, O. Pape, “Energy based modeling of a
6 wheel drive hybrid heavy truck", IEEE-VPPC’09, Dearborn (USA), September 2009 (common
paper FEMTO-ST, L2EP Lille and Nexter Systems in the framework of MEGEVH network)

[Bouscayrol 03] A. Bouscayrol, "Formalismes de représentation et de commande des systemes
electromécaniques multimachines multiconvertisseurs”, HDR de I'Université de Lille 1,
décembre 2003.

[Chan 07] C.C. Chan: "The state of the art of electric, hybrid, and fuel cell vehicles®, Proc. of the
IEEE, April 2007, Vol. 95, No.4, pp. 704 - 718.

[Chan 09] C.C. Chan, Y. S. Wong, A. Bouscayrol, K. Chen, "Powering Sustainable Mobility:
Roadmaps of Electric, Hybrid and Fuel Cell Vehicles", Proceedings of the IEEE, to be published
in vol. 97, no. 4, April 2009, (common paper University of Hong-Kong and L2EP Lille).

[Chan 10] C. C. Chan, A. Bouscayrol, K. Chen, “Electric, Hybrid and Fuel Cell Vehicles:
Architectures and Modeling", IEEE transactions on Vehicular Technology, vol. 59, no. 2,
February 2010, pp. 589-598 (common paper of L2EP Lille and Honk-Kong University).

[Chen 08] K. Chen, A. Bouscayrol, A. Berthon, P. Delarue, D. Hissel, R. Trigui, “Global modeling
of different vehicles, using Energetic Macroscopic Representation to focus on system functions
and system energy properties”, IEEE Vehicular Technology Magazine, vol. 4, no. 2, June 2009,
pp. 80-89 (common paper L2EP Lille, FEMTO-ST and LTE-INRETS according to MEGEVH
project)

[Cheng 09] Y. Cheng, K. Chen, C.C. Chan, A. Bouscayrol, S. Cui, “Global modelling and contrg O

( 44

strategy simulation for a Hybrid Electric Vehicle using Electrical Variable Transmission”
Vehicular Technology Magazine, vol. 4, no. 2, June 2009, pp. 73-79 (common paper
Institute of technology and L2EP Lille)

Paris, 2011



- References (2) -

[Emadi 05] A. Emadi, K. Rajashekara, S. S. Willaimson, S.M. Lukic, “Topological overview of
Hybrid Electric and Fuel Cell vehicula power systems architectures and configurations”, /IEEE
Trans. on Vehicular Technology, May 2005, Vol. 54, No. 3, pp. 763-770.

[Eshani 05] M. Eshani, Y. Gao, S. E. Gay, A. Emadi, "Modern electric, hybrid electric and fuel cell
vehicles", CRC Press, New York, 2005.

[Lhomme 08] W. Lhomme, R. Trigui, P. Delarue, B. Jeanneret, A. Bouscayrol, F. Badin, "Switched
causal modeling of transmission with clutch in hybrid electric vehicles”, IEEE Transaction on
Vehicular Technology, Vol. 57, no. 4, July 2008, pp. 2081-2088, (common paper L2EP, LTE-

INRETS in the framework of MEGEVH network)

[Mi 09] C. Mi, “Plug-in hybrid electric vehicles - Power electronics, battery management, control,
optimization, and V2G”, IEEE-ISIE’09, Seoul, July 2009.

[Salmasi 07] F. R. Salmasi, "Control strategies for Hybrid Electric Vehicles: evolution,
classification, comparison and future trends", IEEE Trans. on Vehicular Technology, September
2007, Vol. 56, No. 3, pp. 2393-2404..

[Scordia 2009] J. Scordia, R. Trigui, M. Desbois-Renaudin, B. Jeanneret, F. Badin, “Global
Approach for Hybrid Vehicle Optimal Control”, Journal of Asian Electric Vehicles. Volume 7,
Number 1, June 2009.

[Vinot 08] E. Vinot, J. Scordia, R. Trigui, B. Jeanneret, F. Badin, “Model simulation, validation and
case study of the 2004 THS of Toyota Prius”, International Journal of Vehicle System
Modelling and testing,

Vol. 3, No 3, pp. 139-167, 2008.

Paris, 2011



