
PAICE 2028 
BMW v. Paice 

IPR2020-00994

1

Lino Guzzella

Christopher H. 0nder 
1 PAICE 2028

BMW v. Paice

|PR2020-00994

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Introduction to Modeling and Control of Internal
Combustion Engine Systems

2f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Lino Guzzella and Christopher H. Onder

Introduction to Modeling
and Control of Internal
Combustion Engine
Systems

ABC
3f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Prof. Dr. Lino Guzzella
ETH Zürich
Institute for Dynamic Systems & Control
Sonneggstr. 3
8092 Zürich
ETH-Zentrum
Switzerland
E-mail: lguzzella@ethz.ch

Dr. Christopher H. Onder
ETH Zürich
Institute for Dynamic Systems & Control
Sonneggstr. 3
8092 Zürich
ETH-Zentrum
Switzerland
E-mail: onder@ethz.ch

ISBN 978-3-642-10774-0 e-ISBN 978-3-642-10775-7

DOI 10.1007/978-3-642-10775-7

Library of Congress Control Number: 2009940323

c© 2010 Springer-Verlag Berlin Heidelberg

This work is subject to copyright. All rights are reserved, whether the whole or part of the mate-
rial is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilm or in any other way, and storage in data banks. Dupli-
cation of this publication or parts thereof is permitted only under the provisions of the German
Copyright Law of September 9, 1965, in its current version, and permission for use must always
be obtained from Springer. Violations are liable to prosecution under the German Copyright Law.

The use of general descriptive names, registered names, trademarks, etc. in this publication does
not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

Typesetting: Data supplied by the authors

Production: Scientific Publishing Services Pvt. Ltd., Chennai, India

Cover Design: WMX Design, Heidelberg, Germany

Printed in acid-free paper

9 8 7 6 5 4 3 2 1

springer.com

4f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Contents

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1 Notation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Control Systems for IC Engines . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

1.2.1 Relevance of Engine Control Systems . . . . . . . . . . . . . . . . 4
1.2.2 Electronic Engine Control Hardware and Software . . . . . 5

1.3 Overview of SI Engine Control Problems . . . . . . . . . . . . . . . . . . . 6
1.3.1 General Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.3.2 Main Control Loops in SI Engines . . . . . . . . . . . . . . . . . . . 8
1.3.3 Future Developments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

1.4 Overview of Control Problems in CI Engines . . . . . . . . . . . . . . . . 11
1.4.1 General Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
1.4.2 Main Control Loops in Diesel Engines . . . . . . . . . . . . . . . . 14
1.4.3 Future Developments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

1.5 Structure of the Text . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

2 Mean-Value Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
2.2 Cause and Effect Diagrams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

2.2.1 Spark-Ignited Engines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
2.2.2 Diesel Engines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

2.3 Air System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
2.3.1 Receivers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
2.3.2 Valve Mass Flows . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
2.3.3 Engine Mass Flows . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
2.3.4 Exhaust Gas Recirculation . . . . . . . . . . . . . . . . . . . . . . . . . 37
2.3.5 Supercharger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

2.4 Fuel System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
2.4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
2.4.2 Wall-Wetting Dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
2.4.3 Gas Mixing and Transport Delays . . . . . . . . . . . . . . . . . . . 63

2.5 Mechanical System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

5f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
	� Keep your litigation team up-to-date with real-time  

alerts and advanced team management tools built for  
the enterprise, all while greatly reducing PACER spend.

	� Our comprehensive service means we can handle Federal, 
State, and Administrative courts across the country.

Advanced Docket Research
	� With over 230 million records, Docket Alarm’s cloud-native 

docket research platform finds what other services can’t. 
Coverage includes Federal, State, plus PTAB, TTAB, ITC  
and NLRB decisions, all in one place.

	� Identify arguments that have been successful in the past 
with full text, pinpoint searching. Link to case law cited  
within any court document via Fastcase.

Analytics At Your Fingertips
	� Learn what happened the last time a particular judge,  

opposing counsel or company faced cases similar to yours.

	� Advanced out-of-the-box PTAB and TTAB analytics are  
always at your fingertips.

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

WHAT WILL YOU BUILD?  |  sales@docketalarm.com  |  1-866-77-FASTCASE

API
Docket Alarm offers a powerful API 
(application programming inter-
face) to developers that want to 
integrate case filings into their apps.

LAW FIRMS
Build custom dashboards for your 
attorneys and clients with live data 
direct from the court.

Automate many repetitive legal  
tasks like conflict checks, document 
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks 
for companies and debtors.

E-DISCOVERY AND  
LEGAL VENDORS
Sync your system to PACER to  
automate legal marketing.


