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Research fields

« Engines, hybrid powertrains
» Non-conventional energy technologies (Fuel Cells) In

 Simulation models for control, diagnosis, design and
optimization

Facilities

Fully equipped engine test bench
Indicating equipment

Emissions analyzers (HC, CO,,
NO,)

Cambustion fast NOx analyzer
Smoke meter

ICE Modeling & Control
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Adapted from http://ralph-dte.eu

CI/S| combustion/emissions

modeling _ _
Dynamic modeling of vehicle/ Eco-Innovation Technologies
powertrains * Hybrid and hybrid solar vehicles
Emissions’ virtual sensors « WHR technologies (TEG, E-

turbo, ORC)
* Vehicle ibridization
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Pressure based control/diagnosis
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SMPS system for nano-particulate
dSpace MicroAutobox & Etas INCA
Two solar hybrid vehicle prototypes
Two Fuel-Cells test benches




Control Oriented Modeling



Suited methodologies to
meet the trade-off
between computational
burden, experimental
efforts and model
accuracy.

Different modeling

approaches depending
on the final purpose.
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Presented Topics

» Model based Combustion Control

» Pressure based Modeling / Control
» Virtual Sensing of O, and NO,

» Eco-Innovation Technologies
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Model based Combustion
Control



Model based Combustion Control Dipartimento d
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1. Meet stringent emissions standards, retain fuel economy benefits of
Diesel engines, efficient operation of after-treatment devices (DPF, LNT/

SCR);
2. Find optimal combination(s) of control variables for given Driver request

(Speed and Torque);
3. Reduce the experimental effort for control strategies development to

limit time and costs.

Control Variables CONTROL DESIGN VIA MULTI-ZONE MODEL
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Results / Applications
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Experimental Validation

Diesel Common-Rail

EGR/HP - VGT
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The optimization algorithm could explore engine operating
conditions far from the conventional ones.

2000 It is worth checking the effective behaviour of the model.
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= Deadening materials (glass
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Optimal Combustion Tuning

Operating Plan
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Emissions & Performance (Exp. Data)
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Pressure based Control



Pressure based Control o
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1. Improvement of feedback control by reducing time delays;
2. Implementation of tighter cylinder-by-cylinder control;
3. Development of more reliable observers for emissions;
4. Achievement of more precise strategies for fuel flexibility;
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Air-Fuel Ratio Estimation

O AFRis fundamental to operate Corr. Cosf = 09782
. o | . 1 -
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In-Cylinder trapped Mass

Motivations for PBC:

* The in-cylinder trapped mass allows
estimating the EGR effective mass by
using the air-flow meter with
improvements for:

= Combustion control
= After-treatment management
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Engine Thermal State = Ingegneria :

The in-cylinder wall temperature (T, ,,) affects the engine heat flow, efficiency
and emissions.

Motivations for PBC:
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Virtual Sensing
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> Estimation of effective EGR ratio I

» Enhancement of conventional and advanced combustion
control (PCCI, HCCI,LTC)

» Improvement of NOx prediction during engine transients,
suitable for both dynamic adjustments of EMS strategies and
management of after-treatment devices.

Engine parameters NOx Virtual Sensor

DOC DPF SCR

NOX Virtual NOx Vitual AdBlUe T,
Sensor Ta. Sensor Injector

'1..&. £

LNT DPF

Intake 02

Adaptativity concepts:
BCs on-board appl.

LT

Intake O2 estimation = Mean Value Modeling

» Mass and energy equations to Intake/Exhaust manifolds




Experimental results

Common-Rail Diesel 1.3 — EGR/HP - VGT
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Common-Rail Diesel 2.3 - EGR/HP - VGT In
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Modelling Approach /Results =NEPC = .
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Eco-Innovation Technologies dl,, AR, e

Need to fullfil European CO, targets from innovative technologies: ‘eco-innovations’. I n

achievable in reducing CO, emissions, depending on WHR/Hybrid technology, components sizing
and system management.
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Results

CO, reduction:

ETC: 4,9 5,3 %;
TEG: 1,5+ 1,9 %;
ETC + TEG: 5,6 = 6,6 %;
ORC: 3,7 + 4,0 %.
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