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OBJECTIVE AND OUTLINE 2718

Objective: definition of the control scheme of a Hybrid Electric Vehicle
(HEV) using a Continuously Variable Transmission (CVT)

1. Studied CVT-based Hybrid Electric Vehicle
2. Energetic Macroscopic Representation of the CVT-based HEV
3. Inversion-based control of the CVT-based HEV

4. Simulation results



CONTINUOUS VARIABLE TRANSMISSION (CVT)

CVT = gearbox with continuous evolution of the gear ratio
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Different (friction-based) technologies of CVT:
* pulley-based CVT

* roller-based CVT

» cone-based CVT
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Example of pulley based CV'T



CVT-BASED HYBRID ELECTIC VEHICLE (HEV) a1

Parallel HEV using a CVT
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ENERGETIC MACROSCOPIC REPRESENTATION . s/1s

Energetic

Macroscopic ﬁ, : — :Gl \_ :
| 1 I

Representation

(EMR) }
F

Organisation of
control schemes
of complex systems

=/

N

Strategy

\EI/ power control




CVT MODEL AND REPRESENTATION . e/1s

CVT = gearbox with continuous evolution of the gear ratio
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Assumptions: constant efficiency and no stiffness and dynamic shift



EMR OF THE CVT-BASED HEV B VA
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electric _
drive belt TC CVT wheel chassis
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The control has to define all tuning variables to impose the desire velocity v, ..



INVERSION-BASED CONTROL OF THE HEV B VU

electric _
drive belt TC  CVT wheel chassis
€------------ >» €------3 >» €----- >» €----- >» €----- > €-------------->
Upye ; Tém
ivsi let T, blt T, tc ]-;:vt F wh F tot Vhev
—> —> —> —p > v
Tem-ref +— 4+— — 4— — (-9-—
Tice ‘(21‘6 A cht ﬁ Qwh Vhev Vhev :‘ res
ICE | :
I
T;'ce—ref :
:
I
] )
<
—————— > h

F tot-ref Vhev—ref



STRATEGY OF ENERGY MANAGEMENT . w0/15

The strategy aims to reduce the fuel consumption by:
« the energy distribution between e-drive and ICE (kp,)
* the brake distribution between e-brake and m-brake (kp,)
» the choice of the CVT ratio (u,,)

u,,, T, « the connection of the ICE (k)
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PRINCIPLE OF THE STRATEGY VAL
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The strategy aims to put the ICE in its best consumption area



PRINCIPLE OF THE STRATEGY /s
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SIMULATION USING SIMULINK o w15

Matlab-Simulink© + EMR Libary

New European Drive Cycle

W e P
File Edit View Simulaion Format Tools Help 1 20
DSBES8 fae[Esd|D@r stn m BBy RERE® V k : :
= 100} - - -~ e (KOO ol REEEEEEEES
1 T,_em_ref | |
[ 8OF - O EEREREEEEE o R SREEEEEEE
| |
L |
‘ 60—~ SR S I
| |
ol kR
| |
| |
20 AW
| | 1(s)
OO 500 1000 1500
30 i i 0
Ver (km/h) R
e 250 e o 7 A
I 7
=) . A
I \/a’ I
| P |
15F - - - - Z Vies 1
[ e S o T R e — : I S— /," / | hev
T A ]
I/ | |
5 - - R A L ____ ]
7 e
800 805 810 815

the requested velocity
is wheel achieved



FUEL CONSUMPTION o w15
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* A CVT-based HEV is a complex vehicle to manage because of the high number of
tuning variable to achieve the velocity by reducing the fuel consumption

« EMR and the deduced inversion-based control is a valuable way to organize the
control of this complex vehicle

* The interest of the CVT has been demonstrated in term of fuel consumption but the
gain between a CVT thermal vehicle and a CVT hybrid vehicle is not relevant using a
rule-based strategy for energy management

4

A optimal energy management should now be used to develop a more efficient
strategy and to improve the fuel saving for a CVT-based HEV



\YWZalnsYmmYalVy
e s

IEEE Vehicle Power and Propulsion Conference |

“Spreading E-Mobility Everywhere”

Coimbra - Portugal
UNESCO Wold Heritage
October 27-30, 2014
Digests deadline: 31t March 2014
Notification deadline: 18" May 2014
Final paper deadline: 01" July 2014

http://www.vppc2014.org

o @ o ﬁ

Instituto

P . PD'I:i:tecngcc

Connectin_g the Mobile World NIVERSIDADE DE COIMBR de Coimbra

(>

—e,
\ \\(/

Supported by: m
S R [@lEEE} [ D ‘”] A -
We will be pleased to Welcome you in

Coimbral

Conference in a Carbon Care Philosophy



EVS’27, Barcelona, November 2013

EVS

« Energetic Macroscopic Representation and
Inversion-Based control of a CVT-based HEV »

27

M. Chouhou, F. Grée, C. Jivan, A. Bouscayrol, T. Hofman

(Univ. Lillel, France and Tech. Univ. Einhoven, The Netherlands)

I e&p { i UanETSité TU 'E;Zhg::'fu versiteit |
Labo . e 4 L]"E]T e e versity of Technology
ogle

ue e
\‘;W diéle e e L



STRATEGY FOR A CVT-BASED THERMAL VEHIC.
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As a CVT can only act on torque ratio OR speed ratio,
the optimal operation line is the preferable operation line



