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L'optimisation mecatronique dans la boucle d'air et 'EGR
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(*) Optimisation dans la Conception de SYstemes embarq  ués d’admission de Gaz d’Echappement et d’air pour la
Norme Euro 6
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OCSYGENEG6

Optimization in Alr Intake and EGR Systems to Euroé Standard and CO, reduction

Project summary:
Develaping a new air intake and FGR systern forturbo engine that impeeves volurmetric efficiency o fow BFM which reduce emissions.

Main objectives and alms:
= Shudypresiiee waves of air infioke Sysiams in hunbochanged engines to use them fo moease the volumetnic efficiency of low mom a5 o result decrease 00
EMHEEANTE,
= Dlesigry an innovotive mukfmction modile with o shuitar that raguives small ormount of pover o manoge low pressare EGR for diessf angines with will
redue mivogen odes (NG emissions

= Devalon a methiod o minimize the energy requiernants of an octive fidem used i air and 008 path. This geveloped method sl beusad to design
e compact and low cost actugtor with o smaler slachrioal consumption whioh will meet the needs of mew ermizsons stomdards.
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Main expected Impact:

= Craate mew jobs warh new pvoduct fnes of MANNEHLAMEL Fronce and Blecinichil

= New resgarcher posthions in Aaborsiones.
= Dievalop g batter understamading of pressune waves plenormerid in take eterms ured for lerbochanoed engines

» fieguce (0, and Mow wath indermal combusiion engines

Progress status (September 2010):
= Proyect kick aff

FProject pariners:
Foon e Cantrole de Ly i fe Cantrale oe Nantes LMF, Hectrichl Automative, ESTAC
Duration [ 3 years (beginning October 2010} ':me SRR oAt i M.-'c ey M 'Imf-"'-" m'.::m':.:'w." b ;
; ; G REGIENOV Renault Recherche ef Innovation, Sherpa Engineering, Supéiec / Département Enengie,
Budget [3 211 k€ {Public Funding:1 286 k€} Urivorsite Paul Sohatier, Mann+-Hurmmel France

Contact [ Jéréme MIGAUD [ MANN+HUMMEL France [ jerome.migaud@mann-hummelcom [+33(0)2 43 49 73 31
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?_S__Gi.._. ))%EvsuEl_nLDmE (m Prject artifed by /IIOV @D and TDEF:_G&H

L ]

B



OCSYGENE 6 / Partners

Large Companies
Small Companies
Labs / Univs.

Technical Plastic Parts Manuf.

Electronic Parts Manuf.
OEMs

Mechatronics
Optimization
Control

CFD simulations
Turbo Chargers
Air intake systems

Measurement / Engine bench
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OCSYGENE 6 consortium description 7
=
FUI10, 3 years, 9 partners, 3.2 M €
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OCSYGENE C : Composm
Plastic module for LP EG
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MANN+
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Next Euro regulations
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General architecture for LP EGR

MAF Sensor

Intake Throttle

EGR Inlet Mixer

Comp.
~ ~Omp Intercooler

E-Actuator HP EGR Cooler
EGR Valve
Filter Elemen
_ : EGR Filter
Fresh Air Air Cleaner
Inlet

Condensate Separator

Condensate
Dump Valve

Exhaust

HP EGR
Valve
LP EGR
Cooler
Exhaust
Throttle Turbo
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OCSYGENE C : a modular & compact approach
Integrating Mechatronics

MANN-+HUMMEL Vision

EGR-inlet

Condensate separator
Condensate outlet
EGR pariculate filter
EGR-valve

Actuator

EGR inlet mixer
Air-inlet

. Air intake throttle

10. Blow-by inlet

11. Outlet to compressor housing
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OCSYGENE C — From system tio gmaabluctt deessimn

Driving cycles / Duty cycle from OEMs

System simulations il bR |
OEMs specifications ] b et gl
Benchmark activities
i % Systeme Model
rLi i = g L 4 Engine Test
Control model ;_‘

Component Model

Organic test bench

SubSystem Specifications
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Position Control Strategy + ECU
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From thermodynamics tao mechatironics

Valve Force (N) o -

O Messurements
— Test interpolation
= CFD
— CFD interpolation
AP (mbar)
.

50

Admission moteur

0 A compensation chamber has been
designed to reduce torque requirement

O A prototype has been built and tested

L CFD simulation has been made in same
conditions for correlation

O Simplified model has been built and
used for mechatronics simulation
(Simulink)

NnA

p{TF piston (m) D weegis)

Valve lift (mm)
0,0 f T T T T T T T
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Valve

Torque Vs
position

Vehicle

Battery voltage
Harness resistance
Ambient T®
Position setpoint

Transport ;
Im réel (A)

Delay > Ay
Theta réel ()

montant Tension de
[ Theta consigne ()

Manual Switch Temps 1C

@  Commande

descendant
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Transmission

Friction vs. load

4

Friction Oscillation vs. position and load
Return spring torque vs. position

Inertia

Motor

Resistance & Inductance
Torque constant
Regulation constant
Cogging torque
Inertia
+

Temperature derating

Gain raideur ressort

Couple de
charge (N.m)

Temps (s)

Sensor

Response curve
Response delay

Température
extérieure

Motoréducteur Ocsygene

Electronics

Resistive losses

Control

Control loop calculation
Sampling rate
Parameters
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Motor + | Total load
Dynamics
X
need
Mission
X :
profile

In order to improve transmission efficiency spur ge

Increasing reduction ratio is suitable for lower cu

dynamics.

Energetic approach is the best way for system optim

Analytical method has been built for transmission o
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Transmission
concept and
reduction ratio
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ar is preferred.
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0 to 80°travel time vs reduction ratio
for different values of max current

Dynamics
compliance
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Reduction ratio

40

Energy
consumption

5 10 15 20 25 30 35
Reduction ratio

40

rrent consumption and higher torque margin but not

ization and reduction ratio choice.
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O From Single actuator to EGR Valve
O Position control strategy synthesis

O Rapid Prototyping

O Set-up and Calibration
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Position Control Strategy optimization

Position de la vanne EGR

L L
Erreur position
T T
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Temps (s) Temps (s)

12 Optimization on Response time 6016 m



Conclusion

O Thanks to IDACARS, Regions Pays de la Loire and FUI / OSEO for their Help and financial
support to this project

O A network of competencies around Engine knowledge, fluid dynamics and mechatronics
activities has been founded.

O In OCSYGENE 6 program, Focus is to meet new challenges in air loop on New Engines to
meet next Euro 6 regulation.

O A methodology has been created to optimized mechatronics concerning packaging, future
functions, electrical consumption and cost.

O Durability and engines tests are in progress on prototypes based on concrete work
achieved with OCSYGENE 6.
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