/
/

/
m innovation E;Z:Ig\fgﬁ Universiteit
for life e

University of Technology

The Self-Learning

Powertrain:

towards smart and
green transport

LINK-SIC Workshop 2019
ABB CRC, Vasteras
19 November 2019

Frank Willems

Where innovation starts



/
Technische Universiteit
Eindhoven
University of Technology

My activities in LINK-SIC

Visiting professor LiU ISY/Vehicular Systems
August — November 2019

Collaboration with Prof. Lars Eriksson,
Kristoffer Ekberg, Robin Holmbom, Olov Holmer

Guest lectures on Model-based powertrain control
Company visits:

Scania (Erik Hockerdal)
Atlas Copco (Nils Dressler)

ISY guest lectures on Model-Based Powertrain Control

Outline

This 1s¥ ill give an ion i i odel

design for advanced tion engines wit and wit

system. The aim is to give those who are interested in or work with powertrain control systems a
common reference frame. The sequence consists of five interactive lectures, which highlight the applied
modeling and control methods. The presented approaches are lustrated with relevant, practicalcase
studies. be followed I ion is required.

hould attend?
The guest lectures are intended for automotive and control engineers that have a basic background in
physics-based modeling and control. Especially, PhD students are encouraged to attend. By following
these lectures, the awtendess getan into the #-the-art in modeling, vi
‘and model-based control approaches for future powertrains

™ Frank is visiting the Vehicular atthe
Electrical Engineeri :ISY] - Asa G  he
il collaborate with Prof. Lars Erksson within the & compstence center LINK-SIC.

Frank obtained his MSc [1995) and PhD (2000) in Mechanical Engineering from
‘the

2007, he lﬂshmzpﬂ{mzmﬂmmlﬁ( of the [‘allhulSvstEv\T echn: it of
Mechanical Engineering at TU/e. In this group, Frank holds a pusmun;smn Professor. His main research
interests are control-oriented modeling of internal combustion engines and aftertreatment systems,
cylinder pressure-based combustion control, and integrated energy and emission management.

INVITED LECTURE SCANIA TECHNICAL CENTER
SCR Modeling and Control

Frank Willems
Senior Scientist — TNO
Professor— Eindhoven University ofTechnoIogy
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Invited lecture ATLAS COPCO

MODEL-BASED CONTROL DEVELOPMENT
LESSONS LEARNED FROM POWERTRAIN APPLICATIONS

4 Prof. Frank Willems

- TNO Automotive >
Eindhoven Uniyersity of Technology (TU/e)m mnovanon
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Still research to be done on powertrain control?
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Historic real-world fuel consumption
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http://www.eurotransport.de
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How to
e bridge the
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= 16.1 Gt CO, gap*
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Estimated target for global warming less than 2 °C . 2050 target:
; -60% CO,
compared to
0 ‘ 1990

https://www.iea.org
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Tank-to-wheel CO, reduction
No single, silver bullet

CO; intensity of transport transport demand
A

EUNeEgisiation focus:

4 F ™

co 1 gCo, i v.km xtﬂﬂ.kmx ton et
gLt =E: M] :tﬂn_km ton = product proguets
:: FUEL : b d PRODUCTION SYSTEM
/l-----\
Electricit Powertrain electrification (x-EV, E-AUX)
L EC rlctl)_y tuel Ultra efficient engine (RCCI, PPC)
oW carbon (bio)fuels Enable High efficient aftertreatment
Sustainable fuels :
Hvd Energy recovery (e.g. regen. braking, E-WHR)
ydrogen Advanced control

Powertrain research topics
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Tank-to-wheel CO, reduction
Growing complexity

CO; intensity of transport transport demand
A
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Growing importance of powertrain control

Robust
performance

Development
time
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Map-based control is facing turning point
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Integrated Powertrain Control

Cost-based
optimization

Powertrain
state

Control settings

t

Diesel AdBlue Running cost Emission

= constraints
o a .
_ ‘6

Torque Powertrain Preview
request sensor information information




Technische Uni

e Elndhoven
rsity of Technology

Integrated Powertrain Control
On-road energy and emission trading

Emission
management

Control settings

t

Diesel AdBlue Running cost Emission
constraints

Energy
management

Torque Powertrain Preview
request sensor information information
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Towards Self-Learning Powertrains

Increasing role of auto-calibration
100%; Map-
A On-road
Switching Hybrid Electric Vehicle (0 ptl mization
emission | Energy management

Integrated On-road
Emission energy &

emission
Desk or laboratory . Self- l

learning
powertain 4

optimization

0%

Frank Willems, Inaugural lecture, 2017



Emission management
Case study

15  The Self-Learning Powertrain
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WHAT IS EMISSION MANAGEMENT?

i
73
O
A
AMOx

EGR-SCR balancing ‘ Thermal management
a A
Nscr

PM Engine out

N /

Nscr
b I\on,tailpipe - TSCR

EUrGEVI

© 2019 Copyright TNO | all rights reserved
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INTEGRATED EMISSION MANAGEMENT

Engine control system

Supervisory control Constraints

Requested
torque

-

sensor information

Engine and aftertreatment

Air HC Urea
path dosing dosing
control control control

Fuel
control

© 2019 Copyright TNO | all rights reserved

= Supervisory control
determines optimal
references for low level
controllers

= From fixed maps towards
on-line adaptation based
on actual engine state

= Deal with
= (Varying) constraints

= System uncertainties /
disturbances
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INTEGRATED EMISSION MANAGEMENT
ON-LINE COST-BASED OPTIMIZATION
Test stand automation
CAN 1_ T Torque Sensor
”I‘; ; ¥ ( Notebook: IEM ‘ request information
TNO MACS — : l =
DOC catalyst SCR catalyst
= e Engine
W < state

Diesel AdBlue Running cost

o - Emission
minimize ﬁ A= 6 -

— constraints
-
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EXPERIMENTAL DEMONSTRATION
WORLD HARMONIZED TRANSIENT CYCLE (WHTC)
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Comparison of:

= Production Euro-VI baseline strategy

= Two IEM strategies (different A5 calibrations)
= |[EM-1: NO, EURO-VI compliant
= |EM-2: low BSFC

Focus on hot start WHTC

© 2019 Copyright TNO | all rights reserved
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INTEGRATED EMISSION MANAGEMENT
EXPERIMENTAL RESULTS

By software only &)
100% g
o
|_8
i i I i i i i
99% 0 200 400 600 800 1000 1200 1400 1600 1800
! ! ! | ! !
98% T ||—baseline| : : j
97% ' i : f
0 200 400 ! 400 1600 1800
EGR-SCR balancing
96% - 5 ; | f : f
’ © | | f ’ V= ;
OX
95% <7 _ : |
: _ _ f I i i i i I i
Baseline IEM-1 IEM-2 0 200 400 600 800 1000 1200 1400 1600 1800
B Fuel costs W AdBlue costs Time [s]

© 2019 Copyright TNO | all rights reserved



m innovation
- for life m— b
POWERTRAINS

OUTLOOK

= Challenges for hybrid-electric vehicles: integrated energy & emission management
= Frequent engine on/off -
= Low temperature operating conditions for SCR system
= |EM approach can easily be extended:
= Hybrid Electric Vehicles (HEV)
= Waste Heat Recovery (WHR)

= Opportunities for autonomous vehicles
= How to benefit from route, traffic, weather info?

" PredICtlve ContrOI lroulte‘and r%'affff:lc .ligfhtcoo.rdinales Jreal-hfe drive cycle
- Self—learning powertrain M1: performance: anticipate on future driving situation Hybrid electric vehicle

I | Predictive Cycle

} Generator

Feed Forward
Controller

— —— A
{ M2: robustneks: react to large SOC Egv?atinﬁ \‘
| L §soc” |
| Feedback |
| Controller |
i ~ ] soc, ‘
ffffffffffffffffff ! soc,

Source: Bouwman et al., IFAC-PapersOnLine, 2017
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New, exciting chapter for powertrain control
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Thank you
for your attention

Prof. Frank Willems
Visiting professor

= S Vehicular Systems
o B-huset, Room 227:178

| franciscus.willems@liu.se




