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IN THE UNITED STATESDISTRICT COURT

FOR THE NORTHERN DISTRICT OF ILLINOIS

EASTERN DIVISION
 

)
VELOCITY PATENT LLC, )

)
Plaintiff, ) Civil Action No. 1:13-cv-08419

)
Vv. )} Hon. John W. Darrah

)
CHRYSLER GROUP, LLC ) JURY TRIAL DEMANDED

)
)
)

Defendamt. )
)

 

VELOCITY PATENT LLC’S INITIAL INFRINGEMENT CONTENTIONS PURSUANT
TO LOCAL PATENT RULE 2.2

 
 

Plaintiff Velocity Patent LLC (“Velocity”) hereby provides, pursuant to N.D.Ill. Local

Patent Rule 2.2 of the Northern District of Illinois, the following Initial Infringement

Contentions. Velocity contends that each of the identified claimsis infringed by Chrysler Group,

LLC (“Chrysler”). The following contentions are based on knowledge and information in

Velocity’s possession, custody and control after a reasonable investigation of publicly-available

sources and the limited number of documents produced by Chrysler pursuant to Local Patent

Rule 2.1. The accused Chrysler products implement some of the infringing functionality in

whole orin part using circuitry and associated programs, whichare neither publicly available nor

described in Chrylser’s production to date. Therefore, Velocity reserves the right to revise,

amend and supplement these contentions as discovery progresses and new information becomes

available.
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A. Identification of Infringed Claims and Applicable Statutory Section of 35 U.S.C.
§ 271

Claims 1-2, 4-5, 7-8, 10, 12-13, 15, and 17-32 of U.S. Patent No. 5,954,781 are directly

infringed under 35 U.S.C § 271 (a) by the accused Chrysler vehicles identified below.

B. Identification of Accused Instrumentalities By Claim

As set forth in the accompanying claim chart, the Dodge Challenger (including SRT

models), Dodge Charger (including SRT models), Dodge Dart (including SRT models), Dodge

Nitro, Dodge Magnum (including SRT models), Dodge Grand Caravan, Dodge Durango, Dodge

Aspen, Dodge Aspen Hybrid, Chrysler Sebring, Chrysler Town & Country, Chrysler 300

(including SRT models), Jeep Wrangler, Jeep Commander, Jeep Grand Cherokee(including SRT

models), Jeep Cherokee, RAM 1500/2500/3500, RAM Promaster, RAM Chassis, and RAM

Cargo Van vehicles that include the identified features, infringe one or more of the claims

identified above. On a claim-by-claim basis, the following Chrysler vehicles are accused of

infringement by Velocity:

Claim 1 - Dodge Challenger, Dodge Journey, Dodge Dart, Dodge Nitro, Dodge Magnum,
Dodge Grand Caravan, Dodge Charger, Dodge Durango, Chrysler Sebring, Chrysler
Town & Country, Chrysler 300, Jeep Wrangler, Jeep Commander, Jeep Grand Cherokee,
Jeep Cherokee, RAM 1500/2500/3500, RAM Promaster, RAM Chassis and RAMCargo
Van;

Claim 2 - Dodge Challenger, Dodge Journey, Dodge Dart, Dodge Nitro, Dodge Magnum,
Dodge Grand Caravan, Dodge Charger, Dodge Durango, Chrysler Sebring, Chrysler
Town & Country, Chrysler 300, Jeep Wrangler, Jeep Commander, Jeep Grand Cherokee,
Jeep Cherokee, RAM 1500/2500/3500, RAM Promaster, RAM Chassis and RAM Cargo
Van;

Claim 4 - Dodge Challenger, Dodge Journey, Dodge Dart, Dodge Nitro, Dodge Magnum,
Dodge Grand Caravan, Dodge Charger, Dodge Durango, Chrysler Sebring, Chrysler
Town & Country, Chrysler 300, Jeep Wrangler, Jeep Commander, Jeep Grand Cherokee,
Jeep Cherokee, RAM 1500/2500/3500, RAM Promaster, RAM Chassis and RAM Cargo
Van;

VEL00005739
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Claim 5 - Dodge Challenger, Dodge Joumey, Dodge Dart, Dodge Nitro, Dodge Magnum,
Dodge Grand Caravan, Dodge Charger, Dodge Durango, Chrysler Sebring, Chrysler
Town & Country, Chrysler 300, Jeep Wrangler, Jeep Commander, Jeep Grand Cherokee,
Jeep Cherokee, RAM 1500/2500/3500, RAM Promaster, RAM Chassis and RAM Cargo
Van;

Claim 7 - Dodge Challenger, Dodge Journey, Dodge Dart, Dodge Nitro, Dodge Magnum,
Dodge Charger, Dodge Durango, Chrysler Sebring, Chrysler 300, Jeep Wrangler, Jeep
Grand Cherokee and Jeep Cherokee;

Claim 8 - Dodge Challenger, Dodge Journey, Dodge Dart, Dodge Nitro, Dodge Magnum,
Dodge Charger, Dodge Durango, Chrysler Sebring, Chrysler 300, Jeep Wrangler, Jeep
Grand Cherokee and Jeep Cherokee;

Claim 10 - Dodge Challenger, Dodge Journey, Dodge Dart, Dodge Nitro, Dodge
Magnum, Dodge Charger, Dodge Durango, Chrysler Sebring, Chrysler 300, Jeep
Wrangler, Jeep Grand Cherokee and Jeep Cherokee;

Claim 12 - Dodge Challenger, Dodge Journey, Dodge Dart, Dodge Nitro, Dodge
Magnum, Dodge Charger, Dodge Durango, Chrysler Sebring, Chrysler 300, Jeep
Wrangler, Jeep Grand Cherokee and Jeep Cherokee

Claim 13 - Dodge Challenger, Dodge Joumey, Dodge Dart, Dodge Nitro, Dodge
Magnum, Dodge Charger, Dodge Durango, Chrysler Sebring, Chrysler 300, Jeep
Wrangler, Jeep Grand Cherokee and Jeep Cherokee;

Claim 15 - Dodge Challenger, Dodge Journey, Dodge Dart, Dodge Nitro, Dodge
Magnum, Dodge Charger, Dodge Durango, Chrysler Sebring, Chrysler 300, Jeep
Wrangler, Jeep Grand Cherokee and Jeep Cherokee;

Claim 17 - Dodge Challenger, Dodge Journey, Dodge Dart, Dodge Nitro, Dodge
Magnum, Dodge Grand Caravan, Dodge Charger, Dodge Durango, Chrysler Sebring,
Chrysler Town & Country, Chrysler 300, Jeep Wrangler, Jeep Grand Cherokee, Jeep
Cherokee and RAM Cargo Van;

Claim 18 - Dodge Challenger, Dodge Journey, Dodge Dart, Dodge Nitro, Dodge
Magnum, Dodge Grand Caravan, Dodge Charger, Dodge Durango, Chrysler Sebring,
Chrysler Town & Country, Chrysler 300, Jeep Wrangler, Jeep Grand Cherokee, Jeep
Cherokee and RAM Cargo Van;

Claim 19 - Dodge Challenger, Dodge Journey, Dodge Dart, Dodge Nitro, Dodge
Magnum, Dodge Grand Caravan, Dodge Charger, Dodge Durango, Chrysler Sebring,
Chrysler Town & Country, Chrysler 300, Jeep Wrangler, Jeep Grand Cherokee, Jeep
Cherokee and RAM Cargo Van;

Claim 20 - Dodge Challenger, Dodge Journey, Dodge Dart, Dodge Nitro, Dodge
Magnum, Dodge Grand Caravan, Dodge Charger, Dodge Durango, Chrysler Sebring,

VEL00005740
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Chrysler Town & Country, Chrysler 300, Jeep Wrangler, Jeep Grand Cherokee, Jeep
Cherokee and RAM Cargo Van;

Claim 21 - Dodge Challenger, Dodge Journey, Dodge Dart, Dodge Nitro, Dodge
Magnum, Dodge Grand Caravan, Dodge Charger, Dodge Durango, Chrysler Sebring,
Chrysler Town & Country, Chrysler 300, Jeep Wrangler, Jeep Grand Cherokee, Jeep
Cherokee and RAM Cargo Van;

Claim 22 - Dodge Challenger, Dodge Journey, Dodge Dart, Dodge Nitro, Dodge
Magnum, Dodge Charger, Dodge Durango, Chrysler Sebring, Chrysler 300, Jeep
Wrangler, Jeep Grand Cherokee and Jeep Cherokee;

Claim 23 - Dodge Challenger, Dodge Journey, Dodge Dart, Dodge Nitro, Dodge
Magnum, Dodge Grand Caravan, Dodge Charger, Dodge Durango, Chrysler Sebring,
Chrysler Town & Country, Chrysler 300, Jeep Wrangler, Jeep Grand Cherokee, Jeep
Cherokee and RAM Cargo Van;

Claim 24 - Dodge Challenger, Dodge Journey, Dodge Dart, Dodge Nitro, Dodge
Magnum, Dodge Grand Caravan, Dodge Charger, Dodge Durango, Chrysler Sebring,
Chrysler Town & Country, Chrysler 300, Jeep Wrangler, Jeep Grand Cherokee, Jeep
Cherokee and RAM Cargo Van;

Claim 25 - Dodge Challenger, Dodge Journey, Dodge Dart, Dodge Nitro, Dodge
Magnum, Dodge Grand Caravan, Dodge Charger, Dodge Durango, Chrysler Sebring,
Chrysler Town & Country, Chrysler 300, Jeep Wrangler, Jeep Grand Cherokee, Jeep
Cherokee and RAM Cargo Van;

Claim 26 - Dodge Challenger, Dodge Journey, Dodge Dart, Dodge Nitro, Dodge
Magnum, Dodge Charger, Dodge Durango, Chrysler Sebring, Chrysler 300, Jeep
Wrangler, Jeep Grand Cherokee and Jeep Cherokee;

Claim 27 - Dodge Challenger, Dodge Journey, Dodge Dart, Dodge Nitro, Dodge
Magnum, Dodge Charger, Dodge Durango, Chrysler Sebring, Chrysler 300, Jeep
Wrangler, Jeep Grand Cherokee and Jeep Cherokee;

Claim 28 - Dodge Challenger, Dodge Journey, Dodge Dart, Dodge Nitro, Dodge
Magnum, Dodge Grand Caravan, Dodge Charger, Dodge Durango, Dodge Aspen, Dodge
Aspen Hybrid, Chrysler Sebring, Chrysler Town & Country, Chrysler 300, Jeep
Wrangler, Jeep Commander, Jeep Grand Cherokee, Jeep Cherokee, RAM
1500/2500/3500, RAM Promaster, RAM Chassis and RAM Cargo Van;

Claim 29 - Dodge Challenger, Dodge Journey, Dodge Dart, Dodge Nitro, Dodge
Magnum, Dodge Grand Caravan, Dodge Charger, Dodge Durango, Dodge Aspen, Dodge
Aspen Hybrid, Chrysler Sebring, Chrysler Town & Country, Chrysler 300, Jeep
Wrangler, Jeep Commander, Jeep Grand Cherokee, Jeep Cherokee, RAM
1500/2500/3500, RAM Promaster, RAM Chassis and RAM Cargo Van;

VEL00005741
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Claim 30 - Dodge Challenger, Dodge Journey, Dodge Dart, Dodge Nitro, Dodge
Magnum, Dodge Grand Caravan, Dodge Charger, Dodge Durango, Dodge Aspen, Dodge
Aspen Hybnd, Chrysler Sebring, Chrysler Town & Country, Chrysler 300, Jeep
Wrangler, Jeep Commander, Jeep Grand Cherokee, Jeep Cherokee, RAM
1500/2500/3500, RAM Promaster, RAM Chassis and RAM Cargo Van;

Claim 31 - Dodge Challenger, Dodge Journey, Dodge Dart, Dodge Nitro, Dodge
Magnum, Dodge Grand Caravan, Dodge Charger, Dodge Durango, Chrysler Sebring,
Chrysler Town & Country, Chrysler 300, Jeep Wrangler, Jeep Grand Cherokee, Jeep
Cherokee and RAM Cargo Van;

Claim 32 - Dodge Challenger, Dodge Journey, Dodge Dart, Dodge Nitro, Dodge
Magnum, Dodge Grand Caravan, Dodge Charger, Dodge Durango, Chrysler Sebring,
Chrysler Town & Country, Chrysler 300, Jeep Wrangler, Jeep Grand Cherokee, Jeep
Cherokee and RAM Cargo Van.

C. Claim Chart Comparing Each Element of the Asserted Claims to the Accused
Instrumentalities

A claim chart identifying where each element of each asserted claim is found within each

Accused Chrysler vehicle is attached.

D. Identification of Whether Each Element of Each Asserted Claim is Present in the

Accused Instrumentalities Literally or Under the Doctrine of Equivalents

Unless otherwise noted in the attached chart, Velocity asserts that all of the asserted

claim elements areliterally present in the Accused Chrysler vehicles. Where applicable, Velocity

has identified alternative doctrine of equivalents assertions in the attached claim chart.

At this time, sections (e)-(f) of Local Patent Rule 2.2 are not applicable. Velocity

expressly reserves the right to revise, amend and supplement these contentions as discovery

progresses and new information becomesavailable.

VEL00005742
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Dated: March 12, 2014 Respectfully submitted,

/s/ James A. Shimota 

James A. Shimota

James A. Shimota (IL Bar No. 6270603)

Howard E. Levin JL Bar No. 6286712)
Adam R.Brausa (IL Bar No. 6292447)
Aaron C, Taggart (IL Bar No. 6302068)
MAVRAKAKIS LAW GROUP LLP

180 North LaSalle Street, Suite 2215
Chicago,Illinois 60601
Telephone: 312-216-1620
Facsimile: 312-216-1621

jshimota@mavllp.com
hlevin@mavllp.com
abrausa@mavllp.com
ataggart@mavllp.com

Counselfor Plaintiff Velocity Patent LLC
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PROOF OF SERVICE

The undersigned hereby certifies that a tre and correct copy of the above and foregoing
documenthas been served on March 12, 2014, by electronic mail to:
 

  
DICKSTEIN SHAPIRO LLP SWANSON, MARTIN & BELL, LLP

Marla H. Kanemitsu P. Stephen Fardy
Frank C. CiminoIr. Brian W.Bell

Charles J. Monterio,Jr. 330 North Wabash, Suite 3300
1825 Eye Street NW Chicago, IL 60611
Washington, DC 20006-5403 (312) 923-8247
(202) 420-4859 (312) 321-8424
(202) 420-3601 sfardy@smbtrials.com
(202) 420-5167 bbell@smbtrials.com
kanemitsum@dicksteinshapiro.com
ciminof@dicksteinshapiro.com Served by Electronic Mail
monterioc@dicksteinshapiro.com

Served by Electronic Mail _ -
 

Attorneys for Defendant
Chrysler Group, LLC

(sf James C. Rally

Project Assistant
Mavrakakis Law Group LLP
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-IN THE UNITED STATES DISTRICT COURT

FOR THE NORTHERN DISTRICT OF ILLINOIS

 

|

EASTERN DIVISION |
|

) |

VELOCITY PATENT LLC, ) |
) |

Plaintiff. ) Civil Action No. 1:13-cv-08421 |
)

v. ) Hon. John W. Darrah |
)

JAGUAR LAND ROVER NORTH ) JURY TRIAL DEMANDED i
AMERICA,LLC ) :

) |
) i

Defendant. )
)

 

VELOCITY PATENTLLC’S INITIAL INFRINGEMENT CONTENTIONS PURSUANT
TO LOCAL PATENT RULE 2.2

 

  
Plaintiff Velocity Patent LLC (“Velocity”) hereby provides, pursuant to N.D.Ill. Local

Patent Rule 2.2 of the Northern District of Illinois, the following Initial Infringement

Contentions. Velocity contends that each of the identified claims is infringed by Jaguar Land

Rover North America, LLC (‘JLR”). The following contentions are based on knowledge and

information in Velocity’s possession, custody and control after a reasonable investigation of |
publicly-available sources and the limited number of documents produced by JLR pursuant to |
Local Patent Rule 2.1. The accused JLR products implement some of the infringing

functionality in whole or in part using circuitry and associated programs, which are neither

publicly available nor described in JLR’s production to date. Therefore, Velocity reserves the

right to revise, amend and supplement these contentions as discovery progresses and new
information becomesavailable.
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A. Identification of Infringed Claims and Applicable Statutory Section of 35 U.S.C.
§ 271

Claims 1-2, 4-5, 7-8, 10, 12-13, 15, and 17-32 of U.S. Patent No. 5,954,781 are directly

infringed under 35 U.S.C § 271(a) by the accused JLR vehicles identified below.

B. Identification of Accused Instrumentalities By Claim

Asset forth in the accompanying claim chart, Jaguar X150, X250, X351 and F-Type and

Land Rover L319, L320, L322, L405, L494 and L538 vehicles that include the identified

features, infringe one or more of the claims identified above. On a claim-by-claim basis, the

following JLR vehicles are accused of infringement by Velocity:

Claim 1 — Land Rover’s L405, L494 and L538;

Claim 2 - Land Rover’s L405, L494 and L538;

Claim 4 - Land Rover’s L405, L494 and L538;

Claim 5 - Land Rover’s L405, L494 and L538;

Claim 7 - Land Rover’s L405, L494 and L538;

Claim 8 - Land Rover’s L405, L494 and L538;

Claim 10 - Land Rover’s L405, L494 and L538;

Claim 12 - Land Rover’s L405, L494 and L538;

Claim 13 - Land Rover’s L405, L494 and L538;

Claim 15 - Land Rover’s L405, L494 and L538;

Claim 17 - Land Rover’s L405, L494 and L538;

Claim 18 - Land Rover’s L405, L494 and L538;

Claim 19 - Land Rover’s L405, L494 and L538;

Claim 20 - Land Rover’s L405, L494 and L538;

Claim 21 - Land Rover’s L405, L494 and L538;
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Claim 22 - Land Rover’s L405, L494 and L538;

Claim 23 - Land Rover’s L405, L494 and L538;

Claim 24 - Land Rover’s L405, L494 and L538:

Claim 25 - Land Rover’s L405, L494 and L538;

Claim 26 - Land Rover's L405, L494 and L538;

Claim 27 - Land Rover’s L405, L494 and L538;

Claim 28 - Land Rover’s L405, L494 and L538;

Claim 29 -Land Rover’s L405, L494 and L538;

Claim 30 - Land Rover’s L405, L494 and L538:

Claim 31 - Jaguar’s X150, X250, X351 and F-Type; Land Rover’s L319, L320, L322,
L405, L494 and L538;

Claim 32 - Jaguar’s X150, X250, X351 and F-Type; Land Rover’s L319, L320, L322,
L405, L494 and L538.

C. Claim Chart Comparing Each Elementof the Asserted Claims to the Accused
Instrumentalities

Claim charts identifying where each element of cach asserted claim is found within each

Accused JLR vehicleis attached.

D. Identification of Whether Each Element of Each Asserted Claim is Present in the

Accused Instrumentalities Literally or Under the Doctrine of Equivalents

Unless specifically noted in the attached claim charts, Velocity asserts that all of the

asserted claim elementsareliterally present in the Accused JLR vehicles.

At this time, sections (e)-(f) of Local Patent Rule 2.2 are not applicable. Velocity

expressly reserves the right to revise, amend and supplement these contentions as discovery

progresses and new information becomesavailable.
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Dated: March 12, 2014 Respectfully submitted,

/8/ James A. Shimota 

James A. Shimota

James A. Shimota (IL Bar No. 6270603)
Howard E. Levin (IL Bar No, 6286712)
Adam R. Brausa (IL Bar No. 6292447)
Aaron C. Taggart (IL Bar No. 6302068)
MAVRAKAKIS LAW GROUP LLP

180 North LaSalle Street, Suite 2215
Chicago,Illinois 60601
Telephone: 312-216-1620
Facsimile: 312-216-1621

jshimota@mavllp.com
hlevin@mavllp.com
abrausa@mavllp.com
ataggart@mavllp.com

Counselfor Plaintiff Velocity Patent LLC
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PROOF OF SERVICE

 

The undersigned hereby certifies that a true and correct copy of the above and foregoing
document has been served on March 12, 2014, by electronic mail to:

LATHAM & WATKINS LLP

Kristopher R. Davis
233 South Wacker Dr. Suite 5800

Chicago, IL 60606
(312) 876-7653
Kris.davis@lw.com

Cassius K., Sims

Clement J. Naples
885 Third Avenue

New York, NY 10022
(212) 906-1794
(212) 906-1331
Cassius. sims@lw.com
Clement.naples@lw.com

Matthew J. Moore

555 Eleventh Street NW Suite 1000

Washington, DC 20004-01304
(202) 637-2278
Matthew.moore@Iw.com

Served by Electronic Mail

Attorneys for Defendant
Jaguar Land Rover North America, LLC

/S/ James C. Rally

Project Assistant
Mavrakakis Law Group LLP
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PATENT NO. PATENTEE  LIST OF DOCUMENTSCITED BY THIRD|5,954,781 Harvey SLEPIANetal.
PARTY REQUESTER IN EXPARTE

REEXAMINATION PATENT DATE
September 21, 1999

   
 

U.S. PATENT DOCUMENTS

PATENT/ PATENT/ CLASS|SUBCLASS FILING
PUBLICATION PUBLICATION DATE

NUMBER DATE

[ereae

es
a

SS
Ss
Ss

FOREIGN PATENT DOCUMENTS

EXAMINER DOCUMENT COUNTRY DATE NAME SUBCLASS TRANSLATION
INITIAL NUMBER

2926 70" January 19, 1981 Pte
po 96/02853 February 1 1906PFtT

* - Certified English-languagetranslation is provided.

 
 

OTHER DOCUMENTS

“First Amended Complaintfor Patent Infringement”filed on January 30, 2014 in VELOCITYPATENT LLC v. AUDI OF AMERICA, INC., Case No.
1:13-cv-08418-JGB (N_D.Tl.)

EXAMINER DATE CONSIDERED

 
 

  
EXAMINER:Initial if citation considered, whether or notcitation is in conformance with M.P.E.P. 609; draw line through citation if
not in conformance and not considered. Include copy of this form with next communication to applicant. 
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PATENT NO. PATENTEE  LIST OF DOCUMENTSCITED BY THIRD|5,954,781 Harvey SLEPIANetal.
PARTY REQUESTERIN EXPARTE

REEXAMINATION PATENT DATE
September 21, 1999

   
 

U. $8. PATENT DOCUMENTS

PATENT/ PATENT/ CLASS|SUBCLASS FILING
PUBLICATION PUBLICATION DATE

NUMBER DATE

FOREIGN PATENT DOCUMENTS

XAMINER DOCUMENT COUNTRY DATE SUBCLASS|TRANSLATION|

~~ _— sy
OTHER DOCUMENTS——————

 
 

“Automotive Electronics Handbook,” pgs. 2.5-2.9, 3.16, 7.6-7.8, 7.21-7.26, 11.3-11.4, 11.24-11.31, 11.55, 12.1-12.36, 13.1-13.21, 14.1-14.9, and
22.1-22.20, published in 1995, by Ronald Jurgen

Certified English-language translation of German Patent Application Publication No. 29 26 070

EXAMINER DATE CONSIDERED

 
 

  
EXAMINER:Initialif citation considered, whether or not citation is im conformance with M.P.E.P. 609; draw line through citation if
not in conformance and not considered. Include copy of this form with next communication to applicant. 
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LibraryofCongress Cataloging-in-PublicationData

Automotive electronicshandbook 7 Ronald.Jurgen,editor in chief.
Pp om . oes

Inchides index;

ISBN 6:07-033189-8
1, Automobiles—Flectroni¢ equipment. I. Jurgen, Ronald K.

TL272.5.A982. 1994 :
:629.25'49—de -94-39724
. ‘CIP:

Copytight © 1995: by McGraw-Hill, Inc. All rights:-reserved, Printed. in the
UnitedStates of America, Except as. permitted underthe: United States

“Copyright Act of 1976;n0part’of this publication may be reptoduced ordis:
iributedin any. formor.by:-any.means, or stored ina:data base or retrieval
system,without the:priorwrittenpermissionof thepublisher.

234567890 AGMIAGM 9098765

ISBN 0-07:033189-8

The sponsoring:editorforthis book was. Stephen.S.-Chapman,:the editing
supervisor wasVirginia Carroll,andthe productionsupervisor was:
Suzanne W. B, Rapcavage;Ifwayset in Times Roman by-North Market
Sireet:Graphics,

Printedand boundby Arcata:Graphics/Martinsburg.

McGraw-Hill booksare:availableatspecial quantity: discotintsto-use:as:pre=
imiumsand gales promotions;orfotuse in corporate. training programs. For
more information, please: write tothe. Directorof Special Sales; McGraw-

Hill,Ine, 11 West 19thStreet, New York,NY10011. Or. contact yourlocal
‘bookstore:

 

Intotmation cotitainedin thisis worehas‘beet obtainedby.McGtaw-
‘Hill, Inc, from'sources believed: to be: reliable. However;neither.
McGraw-Hill norits authors guaranteetheaccuracyorcomplete-
‘ness of anyinformationpublished herein, and neitherMcGraw--
‘Hill nor-its authors, shall beresponsible*for-any etrors, omissions,
or damages:arising out of useofthis. information. This work.is
‘publistedwith the,understanding: thatMcGraw-Hilland its authors
are supplying:information; but drenot attemptingto rendercrigi-
neering or Other professional. .services: Ifsuch services. are. |

required,the:assistance of.an appropriate:professional should be

   
  
  
  
  
  
  

  
 

This:bookisprinted on acid-freepaper.
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PRESSURE SENSORS 2.5 ee
‘Typically; the pressure:differentialis only ¢asmall percentageofthetotalline pressure and a
systemfault canexposeoneside ofthesensortothefullline.pressur This must be takeninto
account when choosing the sensor anddetermining the ratedpressure range that will be
required. Differential pressure is frequentlyindicated bypsid.

AA Liquid Level Measurements
Theheightofacolumn of liquid’canbe ineasuted by a pressuresensorThe term headiig fres
quently used:in hydraulics to denote pressure. Measurementsof inchesorfect of water and
centimeters ofmercury aredirect indications ofthe effect ofpressure on liquid level, Other:
liquid levelsare.dependent otitheir specific weight and canbecalculated by h=(Pi — Pudi,
where(Py,— P;) is thepressuredifferential caused by)theheieht.ofthefluid -column.and iyis.
thespecific weight ofthe liquid:The vapor pressure:in a séaled enclosurewillhave an effect
on themeasurentenitof liquid:height. Returning the refererice-side of a differential }Pressure ie
sensorto'thetopof ihe enclosurewillcompensatefor vapor pressure. :

  

2.1.5 Pressure Switch

A pressureswitchis typicallyachievedby mountinganélectric contact ona diaphragm(nubs
ber or-any. elastic material).‘The application ofsufficient‘pressure: (or vacuum)on oneside of
the diaphragmcauses themovablecontact to:meeta’stationary contact andclose thecircuit,

A:pressure switchcan-alsobeachievedby any ofthe previouslydescribed techniques
merely by establishinga reference thresholdvoltagethatis calibrated to. indicate the. point
that thepressurechanges{fromanacceptable tounacceptable (or lowtohigh) level, Oncethe
threshold voltage is achieved, additional electroniccircuits can he: used to produce anélec-
tronic switch: thatcan control loads such as‘anindicatotlamp.

 

            

Automotive:requirementsforpressuremeasurements rangefromthebasic—oilpressure—to
the sophistiedted:airpressiire differential,from oneside ofthevehicle {fo the other.ThisSec:
 aborator ‘pha 5 of. the vehicle,toactual volumeproduction.Table22.
listsa nuniber ot poteiitial pressure measurements Versus vehicle sysfemis and provides an
indication of thepressurerange.andtype ofmeasurement,

Automotivespecification.and testing. guidelines.have beeti devcloped and published, bythe:
Society of Automotive Engineers, (SAB) specifically for manifold absolute pressure: (MAP),
sensors, These documentsareintendedto assistin establishingtestmethods and specifications
forothersensors, OtherSAEdocumentsthatmay apply'to sensorsaresummarizedinTable 2.3.

‘The packagingand testing requirementitsforautomotive sensorscan represent 50to 80per-
cent of thesensor costandaver 90 percentofthe warranty and in-service problems. Thepres-
sure-sensing applicationsthat are presentedinthe.followingsections:will include packaging
requirements tabsareof particularconcern.

 

  

 

2.2.1 Existing Applicationsfor Pressure Sensors :

Alate twentiethcentury production. vehicleis likely.to haye a numberofpressure sensorsfor
Measurements: suchas manifold pressure and engineoi) pressure, and hasthe potential for
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2.6 SENSORSANDACTUATORS

TABLE 22:2. Pressure Sensing. Requirements fforor Variouss Vehicle Systems:
"$y8stem Parameter        

Engine. control.

Electtransmission.
(continously variable
“transmission}

‘Idlespeed control

:Blect.power steering
(alsoelectassisted):

‘Antiskid brakes/’
tractioncontrol,

Airbags.
Suspension

 

-Security/keyless entry:
HVAC(climatecontral)
Driver:information

semen§seat

Matlfoidabsolutepressure -
‘Turbo boostpressure:
Barometric pressure(altitude).
EGR pressure
Ruel pressure:
Fuel vapor pressure

Mass air flow
combustionpressure:

Exhaust gas‘pressure
Secondary airpressure

 

"Transmissionoil pressure.
Vacuuntmedulation:

AEclutchsensor/switch
Power steeringpressure
Hydraulic pressure

Brakepressure
Bluid-level

Bagpressure
Pneumatic springpressure:
Passenger, compartmentpressure:
Air flow (PC), Compressorpressure
Oil'pressure:

Fuelileyel:
Oillevel
Coolantpressure:

“€oolant-level
‘Windshield washerlevel ;
Transmission oil level
‘Tire-pressure..
Battery:fluidlevel:

LumbarPressure

-Pressure ratipe’
100 kPa,
300-kPa

100 kPa
7:5. psi,
45psi—450 kPa:
1SinH,0

100 Bar, 16.7. Mpa
100-kPa
100-kPa
80 psi.

100kPa

300-500psi 

500-psi:
500psi

500psi
12in HO
7.5 psi
1 MPa

-100.kPa
-300-500'psi.
80 psi,
181Hy H,0
15 in.20.
200-kPa
24in. {0
12in: FEO
12in30
5O0.pst
1-2.in-below:

AS Psi

  

Type
Absolute
‘Absolute:
Absolute
Gage.
Gage:
Gage
Differential
Differential

‘Gage:
Gage.
Gage.
Absolute

‘Absolute*
Absolute*
Absolute*

Absolute*
Gage.
“Gage.
Absolute*
Absolute
Absolute*
Gage.
Gape-
Gage.
Gage.
Gape.
‘Gage.
Gage.
Gape/absolite
Optical
‘Gage

 
*Gagemeaicementbut absolutexsensors: used for failsafe.

TABLE? 3 SAE:Specifications That‘Bilect‘Pressure Sensors
  
  

 
Recommendedeivironrhentalpractices’for:éleetronic equipthent design
Perfarmancelevels and-metlods of méasurément-ofelectromagnetic radiationfrom.

vehicles and devices:

Performance levels andmethods-of measiremicntofEMRfrom.-vehiclesanddevices
(narrowband RF).

Blectromagnetiesusceptibility procedures for vehicle components (exceptaircraft)
Vehicle electromagnetic radiated susceptibilitytesting usinga largeTEMcell
Open-field whole-vehicle radiated susceptibility 10 kHz+18 GHz,electricfield.
Class Bdata coriimiunication networkinterface

Diagnostic acronyms, terms, anddefinitions for electri¢al/electronic components,Failuremodeseverity:classification 
Guidc'tomanifold absolute pressuretransducerrepresentative test method
Guideto:manifold absolute pressure.ttransducer Tepresentative'sspecification |.

SAESAET1211
‘SAEI551

SAEJ1816,
SAEJ1113
SAE J1407
SAE 11338
SAE J1850
SAE J1930
SAE J1812
SAE 31346

SAE11347 
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‘PRESSURE:SENSORS. 2.7

several other pressure measurements.Tighter emissionscontrol and improvedefficiencymay

 
 

te focthersensoruse'infuture systems.

 s syst v ASO
(MAF) control becauseit’s less expensive, butstricteremission standards: are’causing more:
manufacturers to:use mass. aitflowfor futuremodels.

 
formedthe A/D conyers on. aduns timer aterrupt order to maintain abalancewith
othercontrols, withthe resulting 1,1-mslag time(worstcase) during periodsofoverlapping
interrupts.The16-bit‘microcontroller performsthi A/Dcotiversion every Zms,which reduces:
the lag: time to 0.3:ms.Theactualsystem improvementsthat can result from.usingthehigher
performingmicrocontrolunitsis a resultofothérfactors suchas:moreprecise andfastercon-
‘trol of fuel:injectors:and. sparkplugs, andadditional and/or moreaccurate-sensorsand control
algorithms, :

 

 Analog Signal.  

 

 
 
 

Analog Signal actinRe
 

 nealpdandGs liaia
“aoyneBiggs

Bi sifications ‘allow tolerances to increase as
associated multiplier(s).

able in MAF systems: to provide altitude
B iG baronietricpressurerange:is typically from

‘ percentover the Operating pressurerange,The¢ertor‘band toleranceiincreasesby a temperaturemultiplier of up to 2Xoutside the0to
85 °Crange:MAP and. barometricpressuresensorsare frequently mountedinside control.
modules‘making: the mountingtechniqueakey. consideration for manufacturability. The.
increased:usageofsurface mount technology,andthe needtoreducespacesothat additional
fedtures.canbeincludediin centralmodules are factors that willaliect next-generation,sensor

 designs.
A, typicalturbochargercanprovideboost,pressureinthe rangeof 80.kPa over the natu-

rally aspiratedinternal combustion‘engine.Thisiricreasesthemaximbnirating for the setisor
to 200 kPaabsolute, but otherrequirements are:scaledappropriately. 
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MPX4100 « MPX4101.SERIES

Transfer Function
Nominal Transfer Value: Vout'= Vs (0.01089 x P’- 0.1618)

“+/—(Pressuré Error x Temp; Mult. x 0.01059»xVs)
Vg 251 VEb%Fin hPa: -

“MPX4100 Serles”

Break Poials

Error:Limits (oe Pressure

EqorinkPa:

 
 

FIGURE23 Exrorband for MAPsensor.

- Pressure’ in kPa’

* “BreakPoitis:

Oil Pressure. Oilpressure on automobiles has traditionally been measuredbythe deflec-
tion of a rubber diaphragm whichcloses a set ofcontacts.(switch) providing.a lampindication
‘with low oil pressure or moves apotentiometerto provideananalogsignalfor a gage.

A replacementfor theconventional clectromechanicaloil“pressure sendingunitis anelec-

tronic device 'such-as the one designed by Chrysler’$ Acustar Division. Inaddition toa silicon:
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PRESSURESENSORS 2.9.

Be piezoresistive pressure sensor; the unit containstransientprotection.circuitry, signal. amplifi- F
cation for the sensor output, andoutputdrivers for both an electromagnetic gauge anda fuel
pump:‘The FET output drivers are capable ofhandling 10 Abaséd on. the heat dissipated |thoughaheatsinkthatisintegralto the sensor package:Theunitutilizesa:supplyvoltagefrom.9 to 16 Vandoperates overa edie: temperature

‘range of—40 to +150 °C.The overall accuracyis +3.25percent withlinearity < 40.25 percent
overthe entire operatingpressurerangeaf200psi.Theswitchpointforthe low pressure indi-
cationis4psi t.15psi.

Thesensorpackagewas speciallydesignedforéasy. assembly.Thehousing interfaces ‘to.the |
sensorwithanextremelyréliableO-ringseal thatcanwithstanda burstpressureover 400psi,
Special materials wereused forboththe packagé and théprotective gelthatcovers the sen-
sor, whichallowit to survive qualification tests with over 1 millionpressurecycles, including
portions conducted at high temperatures. This. éxceeds the number of:‘cycles that can: be
achievedwith traditional diaphragm-drivenpotentiometers that havebeenused forprovid-
ingtheindicationofoil pressure,The:sensorhasbeendesignedfora1 10-year/100,,000-snilelife
that could berequiredforfuturevehicle warranties.
Media Compatibility.in ‘Auvomaitve Measurements... Pressure sensors frequently_haveto |
interfacewithanenvironmientthat is more demanding thanother electronic components, For
example,themeasurementofengineoil|pressure, transmissionoil pressure, fuel pressure,and
SO On,.OFfhuidlevel(oil,gas,coolant,etc.) requires thesensor packagetobe exposedtto.oneor
morefluids thataredetrimentaltotheOperationof semiconductorcircuitry,Eachofthese
media:interface problemsiig addressed separately, dependingonthe: application.Automotive
costrequirements usually limit theusage ofstainless steel astheisolationtechnique.Instead,
more cost-effective protective polymersand chemicallytolerantplastic and.tubber materials
have been developed forsensort packalpes,  

2.2.2 NewApplications for Pressure Sensirig.
The listof potentialapplications forsensing pressurein the automobile includesseveralnew.
applications. Thesemeasurementsare.frequently:made.during thédevelopmentof 'newvehi-
 
requirements,need:fordiagnostics,andvalue addedto thesystem.Applicationsinthissection
-will identify areas: of concern,'range-of pressure measurement, and. factors thataffect-the
usage ofa presstire sensor...

 

TransmissionOil Pressure and Brake.Pressire, ‘Transinission, pressure is required as an
input-incomputercontrolled transmissionshift points. This: pressure can be measured with
sensors sitnilarto thosedevelopedforengineoil pressure.

___Pressureinahydraiilicsystem, such ds. themastercylinder.of an antilock brake’system.
(ABS),.ismuch higherthantransmissionoil:pressure typically:Tequitingasensor with minimum
rating of500psig. ressuresin other locations in theABS systemcan be lower, The dynamic
pressuresimbrake:tubingcan.beofinterest during the developmentphaseof passenger vehicles
andmay be.ofinterestinheavy dutycommercialvehicles.These:pressurescan be below 150 psig,

The ABSsystemcontrols frontandteartire slip.Tradeoffs thatexist in developingan ABS
systemfora particular-vehicleinclude stopping deceleration toachieve thé shortestpossible
stoppingdistance: versus moresteering control. Increased yawstability can be obtainedby
reducing the.decelerationrateoftherear wheels, Theadditionof traction control tothe sys-
tem improves:stability during acceleration andprovides independent control ofeach. wheel
during a variety ofdriving maneuversfor improvedvehicle performance.

Passenger vehicles mayhavea single pressure: sensor .to. monitor: the pressure: in the
hydrauli¢: system: One system, General Motors’ABS-VI,providesinformation on thé brake
pressureby-detecting thecurrentgoing to motors'in thesystem.FartheABS-VI system, ‘apres:
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stripes of aluminum at 45° to the long axis.Two series-connectedelements, which are mirror
-jmages of eachother(reflected about thelongaxis), form apotentialdivider,Magnetoresis-.
tivesensorsgenerallyexhibit highsensitivity,but this leaves them prone to interference from
unwantedfields and,therefore, they are unsuitable forsome applications. -

Magnetostriciive:_Magnetostriction is a property of materials that respondto a changeof
magnetic flux bydeveloping anelastic deformation oftheir crystalstructure.Magnetostrictive
linear displacementsensors utilize this phenomenon by launching a compression wave down
a cylindrical waveguideusing electromagnetic:means, usually a currentpulse.’The waveguide
passesthrough a movable. permanent magnetringat somedistance from a receiversite. The
compressionwave generatedat themagnetposition travelsto the receiversite at approxi-
-mately2800m/swhereit causes achangeofflux and generates a voltagepulse in a'sensecoil.
‘Thetimeofflightof the pulse can be measured to determitie the distanceofthe movablering
magnet downthé-wire;Transducerswith stroke lengthsinexcess of7.5m ate available that
use, this technique. ea ,

 

3.3.5 OtherTechnologies
A numberof other technologies can beappliedtoposition-sensing problems,limited only by
engineering ingenuity. Some,like capacitive-sensing techniques, are nottoleratit ofthe auto-
motive environment due tosensitivity to: humidity, vibration, or temperature:orpressure
extremes:Others, like resolversof traditionalconstruction,aresufficiently. rugged but pro-
hibitively expensiveunlesslow-cost manufacturingtechniques canbe found. Occasionally,a
nonebvious methodfindsaniche.An example isafuel-levelsensor disclosedby workersat
Bosch.” which, in principle, could beappliedas a position. sensor. The. device operates by

_exciting.a metal rodwith acousticwaves such:thatit resonates, One ‘endof the rod isimmersed
in thefuel. The resonant frequencyis a function of thedepth of immersion andthe fuellevel
can be determiriedby suitable electronics. a oO

- A-significaintinfluence in theselection oftechnologies for automotive use is themanda-
tory inclusionofsafety systems, Microwaye-orlaser-rangingtechniquescan beappliedto anti-

collision systéms toanticipate obstaclesatnighttime or in poor-visibilitydriving conditions:
"These will be:a ubiquitous:component of automobiles in years to come.

       

All sensors, whether they have digital or analog outputs, provide measurementof real-world
_phénomenathatare theninterpreted by another system to. eitherindicate-a value, a warning,
or closea.controlloop.Itisvitallyimportantthat theintegrityof the dataismaintained by the
proper choiceof interface... . .
“Cost andreliability in automotive systems.areprimary drivers inthe choice of interface.
For agiven performance, the sensorthat requires the fewer connectionswill always be
selected. Insomecases, suchas LVDTswhere the basic’sensor requires5or6 wires, itmay be
advantageousto locate the signal-conditioningelectronics with the sensorand communicate
the processed datato a remote controller:via a simple serial interface:Interfacing incremen-
tal or serial binary data to a microcontroller isstraightforward. In the caseof incremental
data, typically the mechanical system being monitored is moved until some.limitor index is
detected. Knowledgeof the absoluteposition ofthe mechanical componentisthen known. A
counter or register can be set to-an iitialnonzero value. or reset to zero, As the motion is:
detected, pulsesfrom the incremental sensor canbe counted andstoredas ameasure ofposi-
tion,The indexingcycle must be performed each time powerisapplied,Binaryserial datacan
be readinto aregister and useddiréctly with no further processing.
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 7.6: SENSORSAND ACTUATORS:
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FIGURE-7.5 Opticalsensor.

 Optical and: lesfrequency(RF) devices are'usedfor object:detection,lingar approach.
“speed, anddistance: measurements. in crashavoidance:systems wheredistances greater than:

about10mare involved. These devicesuse the sameprinciples astheultrasonic devices: Opti-
eal devices normally:lise laser'soxinfrareddevices forthe transmitting sourcearid opticalsen-
sorsfor the receivers, RF devicesusegalliumarsenideor Gunndevices.to obtainthe power:
andhigh frequency’ (about 100 GHz)required:in the transmitter. The high operating fré-
quencyis set to.a large extentbytheneed for a small antentia.These: applicationsareunder
developmientandaré discussedin-Séc.7.7.2. ,

 

  
cA3 AUTOMOTIVE.APPLICATIONS FORSPSPEEDSENSING 

   

 enginespeed.This information|isusedfortai ission control,erigineeofitrol,eruise:contol,
-and.possibly. for atachometer: Electronics. andelectronicsensing’ in theautomobile were.
brought aboul the nepd for higher-efficiency engines, betterfueleconomy, increased.‘power:

ji fic speed sensing, is required for, tse, in tr ANSMMISsi Ins, Cruis control, speedometers,antiloc -
(ASR), tiableratiopowersteeringassist,four-wheelsteering, andpossibl yin
gationandair bag:deployment applications. :

Linear.speed sensingcanbe used'tomeasurethegroundspeed:This measurement also:has
the:possiblyofuse inABS,ASR,and inertial navigation. Similar types ofsensors.can beused

‘in. crashavoidance,,proximity,andobstacle détection applications.

 

7.3.1 Rotational Applications

The high timing accuraéy thaticaz beobtainedwithfuel injection systems andreplacementof
points by sensors have-madecost-effective engine control and: lowmaintenance. a reality,
Adjustment ofthe stoichiometricratio-ofairtofuel, accurateignitiontiming, and oxygen.sen=
sors in, the exhaust system, havevastly improvedengine performance and greatly teduced
enilissiotis-over widely. varyltig Operating conditions. ‘The two important factors-iinengine con
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trol are thé.engine.speed in rpm and the crank:angle,“Thesesignals are:used by thé engine con-
{rol MCUfordetermination offuel injection andignitiontiming. The engine rpm-measure-
ment rangeis from 50 to (say) 8000 rpm. A resolution of about 10rpm is required for. an

-aecuracyof about0.2percent.For injection‘and ignition.control in asix-cylinder engine, the
interval between combustion at maximum rpmis 2.5ms, so-thatthis. time sets the injection
period. Inpractice, a crank angle accuracy of between 1 and 2 degrees. per’ revolution is
required.Newer systems with sequentialfuel iinjection, may also require information onTDC:
(top dead center) for each cylinder. to determine. the timing. With. the low frequencies
involvedinthis application, cither Hall effectorMREdevicesean be usedfor monitoring
both the-engine rpmandcrank angle. “_-- Vehicle speed measurements arcin the rangeto. 180km/h (120 mph) and digitaldisplays.
must have an acctracyof 1 km/h.Some systems havea’ mechanical pickoff from the drive
shaft,which can then use optical sensors for themeasurementof road speed.However, newer

systems havea pickoif locateddirectly on thedrive shaft, which makes optical devicesless
practical. It is preferredtoeliminate the remote-sensing via mechanicalcoupling to save the
costof the associated mechanical-components,seals,maintenance,and soon. One methodof
pickoffis a ring magnetwith between4 and20magnetic poles (depending on the required
resolution).Figure 7.6.shows such a system usinganMRE sensing device.Themagnetic flux
changes: are sensed by an MRE bridge sensor when the magnet. discis rotating: Thebridgeiis
supplied froma voltage:referencecircuit, andits.outputis amplified-and shapedtogivea fre-
quencyoutput that is proportional toshaft rotationspeed. A ferrous toothedwheel pickoff
‘with magnetandflux concentrator’canalsobe used(seeFig.7.2).Vehicle speedsensingcan
be performed with Hall effect,MRE, orVRdevices. ThenumberofpulsesPper second from
the detectorare.counted to measure‘speed:S,from ‘the following relationship:

P=N&SXK . (7.2)
where:Nethé numberof magnetic poles‘on ring magnetorwheel teeth

K=a constant determined byaxle ratio andwheelsize:

SUPPLY

 
GROUND

FIGURE7.6 MREspeed-sensing médule:
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‘Theresolution in'vehicle speedis then:

an =NxK | (73)
The typical gysteni requirements are.art vtite temperatureof40 to: 120 °C,yotational
speed detectionof 5.to 3000 rpm (1000p/s),and a dutycycle ratio of 50+10%.

Inapplications such as ABS, ASR, andfour-wheel steering, additional. speed :sensors are
ttached to'all four wheelsso that theslipdifferential between the wheels can bemeasured:VR:

devices have. been used and areverycost effectivein this application. Butthecost of other
devices isdroppingandas they becomecost effective, theyare‘being designedintoHew-systems.:

* In eléctronic transmission applications, informationfrom theroad and engine speed:SeNSOrs, as
well as torque dataandthrottlepositionare requiredfortheMCUto selectthe optimumgear
ratio. Electronic control:canensuresmooth transitionbetween gearratios.‘Transmissions1using
electronic control are: also:smaller than conventional automatic transrhissions, thus enabling
moregearratios forbetter performance,higher torque,efficiency,andacceleration. .

Cruise’contralsystems:requireinformationfrom theroadand engine speedssensors to:con=
. trol. the ‘throttle position, and possibly the optimum :selection‘oftransmission.ratios. Variable

ratio. assisted. powersteering also requires. information from the wheel speéd sensors for
it-ofthe steeringratios: for ease ofturning at low.speeds atid good road controlat

i eds, Jf automatictirepréssuré: adjustment.becomes.a reality, this system may also
; require information from thew cel speedsensors,nf Another applicationforrotational speed Sensingis to control the speedofthe radiator
coolingfan,Thespeed of thefanis:determinedby the coolant femperattire. Hall effect devices

‘(MREcanalso'beused) havebeénusedto monitorthe position.of the armatureand speedof
the:cooling: fan motor. The.motorcontroller uses this information to modulatethe powerto
the motor thronga thtee:phatebridgeswing:circuitforthe.controlofthefanmotor speed,

  

 

732 Linear Applications, .
Underlineat applications;ate the detection of obstacles clove ta the vehicle; crash: avoidance,
distanceofthe chassis relative tothe groundfor ride-control, measurementof ground.speed for
ABS,ASR,andinertial navigation. Ultrasonic:devicesaré normally used for short distance
measurements (<10m)-andRFdevicesforlongdistance measurements (seeSec,7.6.2). For the

_ measurementofobjects from0.5 to 2musingultrasonics,a pulse repetitionrateof about15Hz
4s used.The reflected pulses:take from3:to 12ms: to return,The returntimeTisgivenby

  

Lecxt5 (mm)- : (7.4)
~ where Lsdistance:totarget

io the:transmissionspeed[given By C=33140.6t(m/sec)]
T= temperature fat 15°C), the speed ofultrasonicwavesis 340 mi/s,
 

ii the: case of chassis-to-ground measurements for ride control and ground spéed mea-
surements,thedistance to be measured is from15:'to 50 emvand a higher pulse.repetition rate
canbéused (up to 50:Hz). Inthiscase, thereflectedpulse takes from0.9to 3 mstoreturn. For
ride controlapplications,an accelerometerhas anadvantageover distance measurement,in
thatit is unaffected by varyingdistancemeasurements over rough terrain.

 74 ACCELERATIONSENSINGDEVICES.ce  
 

 
 

Acceleration. sefisorsvary widely iin their constructionand ‘operation. In applications such as
crash.sensors for air bag deployment, mechanical. devices(simple mechanical, switches) have
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 £18 cnjor | After theobjécthasbeentraversed,oilispumped back:

idair bag. lishthe static ad conditions:
wenthe air: ionJsthe;adaptive:s pension:‘system.intthis case,Sa piezo-

halve Dungselrearenyoilis. also:eaninto thereout
side:wheela Oo minimize roll.angle” /

 usedforcnSoavetheclevelof the pistons iink the,wheelstations.oll ders:

753 WihestionApalicetons: 
  
 

 

dards, Lean-|

theseratios, ¢/
 

 
 

 
 
 

  

that?it can adjust th‘theinjjectedfuel amountandipudionttiming‘forcaneover.‘widelyie MCL
eauditions.. oe

Thereare:two.types:of solidstate.sensors thatcanbe used in thisapplicati
e tbr: Actypical vibrations  bero f finger :quer jesare. cnicou! itered. The esonanceis capacitive iy‘coupled to inp ci

a8 8b areobtained. Optical seasotshavealsobeenusedas ‘antiknoc  2s overils
tired buss: Inthis case,theignition spectrum. is’monitored for the detection of mi i
aimprove: Vibration sensors.can-also ‘be ised-forvibration.monitoringinmaintena: ce applications.
alérometer

75:4 Antilock Brake System Applications: Tn antilock brake-systemis; speedsensors-areattachedto-all wheels to determiné-wheeltota=
tion. spéedand.slipdifferential:betweenwheels. VRdevices,as well as’Ha effect andMRE.:' temipera-

 
 

 

   ‘ythe: crash... ss, canbeused in this. application,:aszerospeed sensingis.notrequi 2hown tobe"cost. effectiveim‘this application,‘butHall effect aadMRE.devices
pressure;anda
chariges tin th vehicular‘speed.

four wheel:
ad cylinder”
 
 jonessurfacesandwith fourwohold ‘

‘ABSsystemsisrequiredbytheMCUforASR appli‘thconven [

° engine ‘speedand throitle:angle. Inthis:application, servofeedbackto the throttle’mayaalso be,
‘tmcreasesi   
 

“totransfer. ary,
‘ter. Conse- A more.cost-effective;butless accurate, system for ABS.and ASRis theadaptive control:
‘elevel-and systeminwhich ‘accélerométersare’‘normallyusedto:measiire deceleration whenbraking,and
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yy|ei,aAeedWASBs 
  

~SuerteaEPIN -

FIGURE 7,21. Cross-section’ ofa‘field-assisted PNP magnetic:transistor.

76.2 New Linear Speed-Sensing Devices
A number ‘of different sensing technologies can beused fordistance; object detection,and
approach speed measurements. ShowninFig..7.22.are theareas covered by blind-spot,rear,
and.forward-looking sensors. Ultrasonics; infrared; laser, and microwaves (radar) canbe used
in thedetectionofobjects behind vehicles and inthe blind areas,From practical standpoint,
no‘technology}has come. to the forefront. However, with new innovations intechnology:the
degradewith inclement’weather conditions suchas ice, rain, snow,yandthe accumulation of
road grime. Infrared devices are also color:sensifive, in that thesefisilivity to shiny black
objects:1s-very low compared:to other colors:Microwave devices appear-to have the edge

‘COLLISION
AVOIDANCEse 

FIGURE7.22 Collision-avoidancepatterns.
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‘on theX axis. The sensingof
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when considering:environmental conditions,>butareexpensive,and radar can beaffectedby.
false return signals andclutter: © :

For the detectionof obstacles: and vehicles in front’ofa wehicle; thecheiceis between laser
andmicrowavesdueto the distances involved(upto.90:m1).Microwaves have thedisadvan:
tage ofhigh costand large aritennasize when consideringavailable: devicesin the 60 GHz
range.Frequenciesgreater than 100.GHzaré preferred foracceptableantennasize. However,
collision avoidance radar in the 76/77-GHz bandhas’been developediin. Europe. Collision
avoidanceradarin the77,94,and 144 GHzis beingconsideredinthe UnitedStates.Atypical
system:uses a 38,5-GHz VEO: (voltage controlled oscillator)with frequency-doublingto.
obtainabout40 mWofpowerat’ 77-GHz.A frequency-modulated continuous wave or pulsé-
modulated system. can beused. The system uses GaAs devices to meetthe frequency:and
power requirements.Laserscan be costeffective inthis application,butalsohavetheirdraw-
backs: depradation of performance by: fop, reflectionsfromotherlight sources(sun,, ete,),
build-upofroad grime: on sensorsurfaces, andpoorreflectingsurfaces atlaser frequencies,
suchas grimy andshinyblack surfaces.

7.6.3 New Inertial andAedclrtion-Senaing DeDevices |
Recentdevelopmentsiin.solid state technology have niadepossible verysmall cost-effective:

“devicestosenseangular1rotation. The implemetitation, of one such gyroscopic:deviceiAs.shownabri 

vibrates about theZaxis. Theseforcesare pro-
: fixed combfingers and thecombfingersof thesecond

polysilicon. Capacitorplates as! shown areformed betweenthe:first andthird polysiliconon
the X and ¥axes, and the second layerof polysilicon, Differential capacitivesensing tech=
niques can thenhe used tO Setiseany displacementof the vibrating¢disc caused.aeangulit“rotation, Forexample, ifange. frotation.takesplac 5  
 
 
 

 
Vccommon sensing cir-

cuit that. alternatively senses1 tion.Thegyroscopeis
designed’tohave-a resolution’ of < LQ degrees per hour forangular rate measurements, and an
acceleration resolution of 0.5mg,

7.a PUTURE APPLICATIONS        
New applications to.increasécreature comfort.and safetyare’constantlybeingdeveloped, but
theirrateofintroduction.will.dependonthe cost‘effectivenessofthetechnology,demand, and:
government mandates,Other.concernsofautomotivemanufacturersaresize, weight, power
requirements, andadverseeffects on styling and:appearance.Manyofthenew sensortech-
nologies are in their infancy; and thus are notyet cost-effective on medium:.and low-priced
automobiles, butarebein# made. availableas options onluxurycars.

7.7.1 Future Rotational Speed-Sensing Applications.

Afutureapplicationfor speed-sensing devices willbe in1 continuously variabletransmissions
In this application,engine andwheel speed,aswell as torque, will be‘measured,and.the infor-
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FIGURE'7.23 Solid state gyroscope:

“mation processedby-anMCUtooptimize transmission ratios for engineperformance and effi-
ciency, All-wheel. steering is also under development, and requiresspeed-sensinginformation,
in additionto steering; front-, andrear-wheelangle position dataforprocessing and control.

‘7.1.2. Future LinearSpeed-Sensing Applications
Another application that has been developed is the use of speed- and distance-measuring
devices for collision avoidance: These devices fall into three categories;neat-obstacle detec-
tion (fear), blind-spot detection, and semiautomatic frontal object: detection and control?
(see Fig.7.22). 7 . .

Near-obstacle detection is usedto preventaccidentsduring reversing:Blind-spotdetection
is used to prevent accidents due to-careless lane changing, and when backing out ofa drive-
way,garage,or alley into traffic. The semiautoniatic frontal detectionis a. long-rangesystem.
‘Thedistance and closing speed between vehicles,orbetween a vehicle anda fixedobject, can
be measured and the speed adjusted as necessaryto avoid a-collision;'° or the driver can be
warmedof impendingdanger..An addition to this is to. monitor. road surface conditions for
friction—for example,dry roads compared to wet or icy roads—and also to use this informa-
tion toadjust approachspeeds anddistance.Withoutcollisionayoidance, road condition mon-
itoring can be uséd to caution vehicle operators. Collision avoidance systemis can be used to
‘minimizecollisions, or can be used to operate protectionsystemsbefore an unavoidable col-
lision happens toprotect the automobile passengers. In this case,vehicles closing at or
approaching an obstacle at 80km/h will be less than.7 m apart before’a collision-is-imminent
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eeBee
Befedetermination can be made. This gives200 ms decision-making.timeforthe system MCU.This

is,however,long comparedtotoday’sairbagdeployment systems, which have20msdecision-
-makingtime-after the event. In the future,an’ idealistic system maybe a combinationofthe

two systems.

ob7.3 Future AccelerationApplications
Oneofthefuture applications being considered is the. expansion. ofthe air bag system to
includeside impactprotection. The sensor used forcrash sensingis unidirectional,sothatit
can onlydetect forward impact, A.similarsensor, mountedperpendiculartothe air bag sen-
sor, can:beaddedto thesystemto detectside: impactand todeploy pretectionforthepassen-

‘gers, This. device-will typically requirea. 250-8 accelerometer.Another applicationfor:
-accelerometersisto detect slippageduring.cormeringin advanced steering:systems.These SYS
temswill employ a low.praccelerometer (1-2 8).

“LILA Inertial Navigation Applications
Atiumberofinertial navigation systemsarebeing developedforshort- andJong-tange travel.
Long-rangeinertial navigation systems normallyobtain theirlocationby usinga triangulation
method. This methodreferencesthreénavigationsatellites with knownlocations infixed
orbits.-However, thereare certain conditionsunderwhich. contact withallthree satellites is:
lost.This o¢curs whenthe yehicleis in the shadowoftall buildings orhigh.hills, andtriangula-
tionis notpossible, Underthese conditions,the guidance systemhasto rely on suchdevices as:
BY SCOPES:which.‘sense: angular rotation or change: in direction, and/or monitor.vehicular: to:

 
ficationfor thisSeoheton Ast42gfull-scaleoutput, accuracy0.3 percent overtemperature,
bandwidthdeto20Hz,and’a cross-axis sensitivity<0.5:percent.A.centrallylocated IMUcan
be expandedto coverother“applications such’as suspension, ABS,ASR and working.with
 

 providelocation data for intelligent vehiclehighway
Amtics!”)improvetravel.efficiencyand‘reducefuel

consumption andpollution byselectingthe optimumrouteto a given «destination: The route
is chosento avoid traffic congestion,road construction,and accidents (see Chap.29).

future.The IMUcan alsobe dosioned
systems, Thesesystems(Prometheps,' 

Z,a._SUMMARY| 

In:this. ‘chapter, a: number‘of apeeacsenslig devices, both otary and: linear; have been
described,togetherwith potential applications.VR,MRE,Halleffect, and opto-devices. (pos- :
sibly magnetictransistor in future. applications)canbe: used-inrotational applications for
engine control,transmission, andwheel speedsensing. Ofthesedevices, Hall effect, VR, and.
opto have beénwidelyused,Withthetendencyfor directpickoff, optical devices:may become
impractical, MRE devices are being designedinand will become.a serious contenderto the
Halleffect device. In linear applications for crash avoidance, microwave devices have the.
edge. Overperformaticeatid optical devices in terms ofcost. However, .as. the: cost of
microwavedevices declines,theycouldbecomecosteffective, Forblind-areaalert andrevers-.
ing ‘obstacle detection, ultrasonicsand infrared devices are costeffective, but performance.
degrades during inclementweather,
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CHAPTER11

AUTOMOTIVE
  MICROCONTROLLERS

’ David S. Boehmer

Senior Applications Engineer
Intel Corporation

A microcontroller can be foundat the heart of almost any automotive electronic control mod-
ule or ECUin production today. Automotive systems such as antilock braking control (ABS),
engine control, navigation, and vehicle dynamicsall incorporate at least one microcontroller
within their ECU to perform necessary control functions. Understanding the various features
and offerings of microcontrollers that are available on the market today is important when
making a selection for an application. This chapter is intended to provide a look at various
microcontroller features and provide someinsight into their characteristics from an automo-
tive application point of view.

11.1 MICROCONTROLLER ARCHITECTURE AND PERFORMANCE
CHARACTERISTICS 

A microcontroller can essentially be thought ofas a single-chip computer system and is often
referred to as a single-chip microcomputer. It detects and processes input signals, and
respondsbyasserting outputsignals to the rest of the ECU, Fabricated upon this‘highly inte-
grated,single piece of silicon are all of the features necessary to perform embeddedcontrol

- functions. Microcontrollers are fabricated by many manufacturers and are offered in just
about any imaginable mix of memory, I/O, and peripheral sets. The user customizes the oper-
ation of the microcontroller by programming it with his or her own unique program. Thepro-
gram configures the microcontroller to detect external events, manipulate the collected data,
and respond with appropriate output. The user’s program is commonly referred to -as code
and typically resides on-chip in either ROM or EPROM.In somecases where an excessive
amount of codespace is required, memory may exist off-chip on a separate piece ofsilicon.

_ After power-up, a microcontroller executes the user’s code and performs the desired embed-
ded control function.

Microcontrollers differ from microprocessors in several ways. Microcontrollers can be
thought of as a complete microcomputer on a chip that integrates a CPU with memory and
various peripherals such as analog-to-digital converters (A/D), serial communication units
(SIO, SSIO), high-speed input and output units (HSIO, EPA, PWM), timer/counterunits, and ~

11.3
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standard low-speed input/output ports (LSIO). Microcontrollers are designed to be embed-
ded within event-driven control applications and generally have all necessary peripherals
integrated onto the samepiece of silicon. Microcontrollers are utilized in applications ranging
from automotive ABS to householdappliances in which the microcontroller’s function is pre-
defined andlimited user interface is required.

Microprocessors, on the other hand,typically require external peripheral devices to per-
form their intended function and are not suited to be utilized in single-chip designs. Micro-
processors basically consist of a CPU with register arrays and interrupt handlers. Peripherals
such as A/D and HSIOarerarely integrated onto microprocessorsilicon. Microprocessors are
designed to process large quantities of data and have the capability to handle large amounts
of external memory. Although microprocessors are typically utilized in applications which are
much more human-interface and /O intensive such as personal computers and office work-
stations, they are beginning to find their way into embedded applications.

Choosing a microcontroller for an application is a process that takes careful investigation
and thought. Items such as memory size, frequency, bussize, /O requirements, and tempera-
ture range are all basic requirements that must be considered when choosing a microcon-
troller. The microcontroller family must possess the performance capability necessary to
successfully accomplish the intendedtask. The family should also provide a memory, I/O, and
frequency growth path that allows easy upgradability to meet market demands. Additionally,
the microcontroller must meetthe application’s thermal requirements in order to guarantee
functionality over the intended operating temperature range. Items such as these must all be
considered when choosing a microcontroller for an automotive application.

41.1.1 Block Diagram

Usually thefirst item a designer will see when opening a microcontroller data book or data
sheetis a block diagram. A block diagram provides a high-level pictorial representation of a
microcontroller and depicts the various peripherals, 1/O, and memory functions the micro-
controller has to offer. The block diagram gives the designer a quick indicationif the particu-
lar microcontroller will meet the basic memory, 1/O, andperipheral needs of their application.
Figure 11.1 shows a block diagram for a state-of-the-art microcontroller. It depicts 32 Kbytes
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i 11.24 CONTROL SYSTEMS

Ambient temperature underbias (TA)refers to the temperature range that the microcon-
troller is guaranteed to operate at within a given application. While powered-up or operating,
a microcontroller must not be subjected to temperatures that exceedits specified ambient
temperature range. The most common ambient temperature ranges in industry are:
Commercial 0 to +70 °C

Extended —40 to +85 °C , .
ut : Automotive —40 to +125 °C

11.2 MEMORY 

Microcontrollers execute customized programsthat are written by the user. These programs
are storedin either on-chip or off-chip memory andare often referredto as the user's code. On-

: . chip memory is actually integrated onto the same pieceofsilicon as the microcontroller andisif accessed overthe internal data bus. Off-chip memoryexists on a separately packaged piece of
silicon andis typically accessed by the microcontroller over an external address/data bus

‘ A memory map shows how memory addresses are arranged in a particular microcon-
troller. Figure 11.19 shows a typical microcontroller memory map.
 

 

         
  
   
   

| Address | Memory Function
oFFFFh External Memory
oAocOoh

OFFFh Intamal ROM/EPROMor Extemal Memory
sn

; 207Fh Intemal ROM/EPROMor External Mamory
2000h (interrupt vectors, CCB’s, Security Kay, Reserved locations, etc.)

i |i |

i UpperRegisterFile (Address
with indirect or indexed ©

{ooo Le ee ee modes orthrough wiIndows.) -| Register
Lower RegisterFile -
(Address with direct, File

oe eee eee ee indirect or Indexed
; CPU SFRs modes.)

   
 

FIGURE 11.19 Microcontroller memory map.
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AUTOMOTIVE MICROCONTROLLERS 11.25

Memory is commonly referred to in terms of Kbytes of memory. One Kbyte is defined as
1024 bytes of data. Memory is most commonly arranged in bytes which consist of 8 bits of 2
data. For instance, a common automotive EPROMis referredto as a “256k x 8 EPROM”. This
EPROMcontains 256-Kbytes 8-bit memory locations or 2,097,152 bits of information.

11.2.1 On-Chip Memory

On-chip microcontroller memory consists of some mix of five basic types: random access mem-
ory (RAM), read-only memory (ROM), erasable ROM (EPROM),electrically erasable ROM
(EPROM), and flash memory. RAM is typically utilized for run-time variable storage and
SFRs. The various types of ROM are generally used for code storage and fixed data tables.

The advantages of on-chip memory are numerous,especially for automotive applications,
which are very size and cost conscious. Utilizing on-chip memory eliminates the need for
external memory and the “glue” logic necessary to implement an address/data bus system.
External memory systems are also notorious generators of switching noise and RFI due to |
their high clock rates and fast switching times. Providing sufficient on-chip memory helps to :
greatly reduce these concerns, : |

|

RAM. RAM maybe defined as memory that has both read and write capabilities so that the
stored information can be retrieved (read) and changed by applying new information to the
cell (write). RAM found on microcontrollersis that of the static type that uses transistorcells
connected asflip-flops. A typical six-transistor CMOS RAM cell is shown in Fig.11.20. It con-
sists of two cross-coupled CMOSinvertersto store the data and two transmissiongates, which / A
provide the data path into orout of the cell. The mostsignificant characteristic of static mem- Hy
ory is that it loses its memory contents once power is removed. After power is removed, and ":
onceit is reapplied, static microcontroller RAM locations will revert to their default state of
a logic “0”. Because of the numberof transistors used to construct a single cell, RAM mem-
ory is typically larger per bit than EPROM or ROM memory.

Although code typically cannot be executed from register RAM,a special type of RAM
often referred to as code RAM is useful for downloading small segments of executable code.
Thedifference between code and register RAM is that code RAM can beaccessed via the
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memory controller, thus allowing codeto be executed from it. Code RAM is especially usefulfor end-of-line testing during ECU manutacturing by allowing test code to be downloaded via
the serial port peripheral.

ROM. Read-only memory (ROM), as the nameimplies, is memory that can be read but not
written to. ROM is used for storage of user codeor data that does not change since it is anon-
volatile memory that retains its contents after power is removed. Code or data is either
entered during the manufacturing process (masked ROM,or MROM)orby later program-
ming (programmable ROM,or PROM);either way, once enteredit is unalterable.A ROM cell byitself (Fig. 11.21) is nothing more than a transistor. ROM cells must be used
in a matrix of word andbit lines (as shown in Fig. 11.22) in order to store information. The
word lines are connected to the address decoderand thebit lines are connected to output
buffers. The user’s codeis permanently stored by including or omitting individual cells atwordand bit line junctions within the ROM artay. For MROMs,this is done during wafer fabrica-tion. For PROMs,this is done by blowing a fuse in the source/drain connection of eachcell.'To
tead an address within the array, the address decoder applies the addressto the memorymatrix. For any given intersection of a word andbit line, the absence of a cell transistor allows
no current to flow and causesthe transistor to be off. This indicates an unprogrammed ROM
cell. The presence ofa complete cell conducts and is sensed as a logical “0”, indicating a pro-
grammedcell. The stored data on the bitlines is then driven to the output buffers.~ -MROMsSare typically used for applications whose code is stable and in volume produc-tion. After the developmentprocess is complete and the user’s program has been verified, theuser submits the ROM codeto the microcontroller manufacturer. The microcontroller manu-
facturer then produces a mask that is used during manufacturing to permanently embed the
program within the microcontroller. This mask layer either enables or disables individualROMcells at the junctions of the word andbit lines. An advantage of MROMmicrocon-
trollers is that they come withuser code embedded,which saves time and money since post-
production programming is not necessary, A disadvantage of MROM devicesis that, since themask with the user code has to be supplied early in the manufacturirig process, throughput
time (TPT)is longer. ._ Someversions of ROM(such as Intel’s Quick-ROM)are actually not ROMs, but ratherEPROMs, which are programmed at the factory. These devices are packaged in plastic
devices, which prevents them from being erased since ultraviolet light cannot be applied tothe actual EPROM array. Throughput time fot QROMsis faster since the user code isn’t
required until after the actual manufacturing of the microcontroller is complete. As with

ElectricalSymbol

FIGURE 11.21 ROM memory cell.
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WORDlines from address decoder

0 1 2 3

BITlinestooutputbuffers   
FIGURE 11.22 Simplified ROM memory matrix. i

 MROMs,the user supplies the ROM code to the microcontroller manufacturer. Instead of
creating a mask with theROM code,the manufacturer programsit into the device just prior
to final test.

EPROM. EPROM devicesare typically used during application developmentsincethis is .
when user code is changed often. EPROMsare delivered to the user unprogrammed.This "
allows the user to program the code into memory just prior to installation into an ECU mod- 4
ule. Many EPROM microcontrollers actually provide a mechanism for in-moduleprogram- ‘i
ming. This feature allows the user to program the devicevia the serial port whileit is installed
in the module. EPROM devices come assembled in packages either with or without a trans- EE
parent window. Windowed devices are true EPROM devicesthat allow the user to erase the Z
memory contents by exposing the EPROMarrayto ultraviolet light. These devices may be
reprogrammed over and over again and thusare ideally suited for system development and
debug during which code is changed often. EPROM devices assembled in a package without a
window are commonlyreferred to as one-time programmable devices or OTPs, OTPs may only 4
be programmed once,since the absenceof a transparent window prevents UV erasure. OTPs
are suited for limited productionvalidation (PV) builds in which the code will not be erased. |

t

  
A typical EPROMcell is showninFig. 11.23.It is basically an N-channeltransistor that has

an added poly1floating gate to store charge. This floating gate is not connected andis sur-
roundedby insulating oxide that prevents electron flow. The mechanism used to program an
EPROMcell is known as hotelectron injection. Hotelectroninjection occurs when very high
drain (9-V) andselect gate (12-V) voltages are applied. This gives the negatively chargedelec-
trons enough energy to surmountthe oxide barrier and allows them to be stored onthegate,
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CONTROL SYSTEMS

This has the same effect as a negative applied gate voltage and turns thed, it can be turned onlike a normal transistor by applying 5 V to the
poly2 select gate. Whenit is programmed, the 5 V will not turn onthecell.The state of the celljs determined by attempting to turn on the cell and detecting if it turns on. Erasure is per-
thecell is unprogramme

formed throughthe application of ultr
energy necessary for negative
floating gate.

Diagram

* ATE)

 
(SOURCE)

FIGURE 11.23 EPROM memory cell.

Flash. Flash memory is the newest nonvolatile memory technology and is very similar toEPROM.Thekeydifferenceis that flash memory can beelectrically erased. Once programmed,tact until an erase cycleis initiated via software. Like EEPROM,flash memory contents remain int
flash memory requires a programming and erase voltage of approxim:regulated 12-V reference is not readily available in automotive environments, this needis oftenprovided for through the incorporation of an on-chip charge pump. The charge pump produces
the voltage and current necessary forvoltage. The advantage of flash is in its capability to be programmed and erased in-module with-
out having to be removed. In-module
testing doesn’t always allow for easy
minute code changes,

high device density capable with EPRfor an on-chip charge pump and special program and erase circuitry, which adds cost.A flash memorycell is essentially the same as an EPROM cell, with the exception of the
floating gate. The difference is athinThe mechanism usedto erase data is known as Fowler-Nordheim tunneling, which allows the
charge to be transferred from the floating gate when a large enoughfieldis created, Hot elec~tron injection is the mechanism used to programacell, exactly as is done with EPROMcells:Whenthe floating gate is positively charged, the cell will read a “1”, when negatively charged,
the cell will read a “0”.

FEPROM. EEPROM(electrically
as E2ROM)is a ROM thatcanbe electrically erased andpr
ROM contents remainintact until an erase cycle is initiated via software.Li
and erase voltages of approximately 12,V are required. Since a clean,
not readily available in automotive environments, this requirementis satisfied using an oncharge pump as is done for flash memory arrays. Like flash, the advantage of EEPROM

1664

ly charged electrons to surmount the oxide barrier andleave the

data table upgrades, and general code customization during ECU assem-
bly. Sincea flash cell is nearly identical in size to that of an EPROMcell, the high reliability and.

transistor off, When

 
 
 

   
  

aviolet (UV) light, which gives just the right amountof

“
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ately 12.0 V. Since a clean,

programming and erasure from the standard 5-V supply
reprogrammability is desirable since in-vehicle validation
access to the microcontroller. Flash also allows for last- —

OM is retained. The main disadvantage of flashis the need

oxide layer which allowsthe cell to be electrically erased.
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capability to be programmed and erased in-module.This allowsthe userto erase and program the
device in the module without having to remove it. EEPROM’s mostsignificant disadvantageis
the needfor an on-chip charge pump.Special program anderasecircuitry also addscost.

An EEPROMcell is essentially the same as an EPROM cell with the exception of the
floating gate being isolated by a thin oxide layer. The main difference from flash is that
Fowler-Nordheim electron tunneling is used for both programming and erasure. This mecha-
nism allows charge to be transferred to or from the floating gate (depending uponthe polat-
ity of the field) when a large enoughfield is created. Whenthe floating gate is positively
charged,the cell will read a “1”; when negatively charged, the cell will read a “0”.

11.2.2 Off-Chip Memory

Off-chip memory offers the mostflexibility to the system designer, but at a price; it takes up
additional PCB real estate as well as additionalI/O pins. In cost- and size-conscience applica-
tions, such as automotive ABS, system designers almost exclusively use on-chip memory.
However, when memory requirements grow tosizes in excess of whatis offered on-chip (such
as is commonin electronic engine control), the system designer must implementan off-chip
memorysystem, Off-chip memory is flexible because the user can implement various memory
devices in the configuration of his choice. Most microcontrollers on the market today offer a
wide variety of control pins and timing modesto allow the system designerflexibility when
interfacing to a wide range of external memorysystems.

Accessing External Memory. Ifcircuit designers must use external memory in their appli-
cations, the type of external address/data bus incorporated onto the microcontroller should be
considered. If external memory is not used,this will have,if any, impact upon the application.
There are two basic types of interfaces used in external memory systems. Both of these are
parallel interfaces in which bits of data are movedin a parallel fashion and are referred to as
multiplexed and demultiplexed address/data buses.

Multiplexed Address/Data Buses. As the name implies, multiplexed address/data buses
allow the address as well as the data to be passed over the same microcontroller pins by mul-
tiplexing the twoin time. Figure 11.24illustrates a typical multiplexed 16-bit address/data bus
system as is implementedwith Intel’s 8XC196Kx family of microcontrollers.

cs

HIGH ADDRESS HIGH ADDRESS

EPROM

DATA (Low)

EPROM DATA
(High)

ADO-7 LOW ADDRESS LOW ADDRESS

BXC196Kx 
FIGURE 11.24 Multiplexed address/data bus system.
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ing the first half of the bus cycle and then

read (RD#) or a write (WR#)signal to the external memory device.

 
TLRLL 7,

TLAL TALRH RH

TAVLL TALAZ TRHDZ
TULAX TRLOV

nus {7oessaat__¥{oremPYNY))

WA

BUS
(16-Bit Mode} ADDRESS OUTTWHBX of TRHBX

BHE, INST
TWHAX or TAHAX

ADE~15
(@-8it Mode)

16-bit bua cycle

FIGURE 11.25 Multiplexed buscycle and timing diagram.
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During a multiplexed buscycle (refer to Fig, 11.25), the address is placed on the bus dur-
latched by an external address data latch, The sig-

nal to latch the address comes fromasignal generated by the microcontroller, called address
latch enable (ALE). The address must be present on the bus for a specified amount of time
prior to ALE beingasserted. After the addressis latched, the microcontroller asserts either a

 
Fora read cycle, the microcontroller will pull its RD#output pin low andfloat the bus t

allow the memory device to output the datalocated at the address latched onits address pin
The data returned from external memory mustbe on the bus andstable for a specified setu)
time beforethe rising edge or RD#, which is when the microcontroller latches the data.

For a write cycle, the microcontroller will pull its WRi#pin low and then output data ont
bus to be written to the external memory. Aftera specified setup time, the microcontroller
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telease its WR# signal, which.signals to the memory device to latch the data on the businto
the address location present on its address pins.

Advantages of multiplexed address/data bus systems are that fewer microcontroller pins
are required since address and data share the same pins. Foratrue 16-bit system,this trans-
lates into a multiplexed system requiring 16 fewer pins (for address and data) than would be ;
required by a demultiplexed system. A disadvantage is that an external latch is required to I
hold the address during the second halt of the bus cycle; this adds to the componentcount.

     
Demultiplexed Address/Data Buses. Microcontrollers with demultiplexed address/data
buses implement separate, dedicated address and data buses as shown in Fig. 11.26.

 
ADORESS ADDRESS

Microcontroller 
FIGURE 11.26 Typical demultiplexed address/data bus system.

The operation of a demultiplexed address/databusis basically the sarneas the multiplexed
type with the exception of not having an ALEsignal to latch the address for the second half

’ of the buscycle. The operation of the RD#,WR#, address, and data linesis essentially the same 7
as for that of a multiplexed system.

During a demultiplexed bus cycle, the microcontroller places the address on the address :
bus and holdsit there for the entire bus cycle. For a read of external memory, the microcon- i
troller asserts the RD# signal (or WR# for a write signal) just as would be done for a multi-
plexed buscycle.The memory device will respond accordingly by either placing the data to be
read on thedata busor bylatching the data to be written off of the data bus. Figure 11.27 illus-
trates a simplified demultiplexed buscycle. ii

Anadvantage of multiplexed address/data bus systems is that external data latches are | |

  
not necessary, which saves on system componentcount. A disadvantage, as mentionedearlier,
is that more microcontroller pins must be allocated for the interface, which leaves fewer pins
for other I/O purposes.

11.3. LOW-SPEED INPUT/OUTPUT PORTS

Low-speed input/output (LSIO)ports allow the microcontroller to read inputsignals as well as
provide output signals to and from other electronic components such as sensors, power drivers,      
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Program status word (PSW) A microcontroller register that contains a set of boolean flags
which are used to retain information regarding the state of the user’s program.

Pulse-width modulation (PWM) The precise and timely creation of negative and positive
waveform édgesto achieve a waveform with a specific frequency and duty cycle.

Random Access memory (RAM) A memory device which has both read and write capabili- |
ties so that the stored information (write) can be retrieved (reread) and be changedbyapply- |
ing new information to the inputs.

Read-only meniory (ROM) A memory that can only be read andnotwritten to. Data is
either entered during the manufacturing process or by later programming; once exiteréd,it is
unalterable.

Register/arithmetic logic unit (RALU) A component of register-direct microcontroller
architectures that allows the ALU to operate directly upon the entire register file.
Serial input/output (SIO) A method of digital communication in which a group of data bits |
is transferred one ata time, sequentially over a single data line.
Special function register (SFR) A microcontroller RAM register which hasa specific, dedi- i
cated function assignedtoit. |
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The electroni¢-engine:contrasystem consists‘ofssensing devices which cdatindtalyqneasure:
theoperating conditionsof the engine, anelectronic control unit(ECU)whichevaluatesthe
gserisorinputsusing’data.tables and calculationsand.determinés thé outputto: the: actuating
devices, and actuating devices:which are commanded by. the ECU‘to perform an action: im.
tesponse-tothesensorinputs, ©

‘The motive forusiig anelectronic-enginecontrol systemiis to._provide the needed¢accuracy |
and. adaptabilityiin order to minimizeexhaustemissions andfuel consumption, provideopti- |
mal-driveabilityforalloperatingconditions;minimizeevaporative emissions, and provide:sys: : |||

 
_temdiagnosis when malfunctionso¢eur.

Inorderforthecontrolsystemto meetthese objectives, conéiderable developmenttimeiis
: required foreach engineand vehicle application,‘A substantialamountof developmentmust:
occurwithanengineinstalled onan engine dynamometerundercontrolled conditions.Infor-
mation’gatherediis used todevelop theECUdatatables. Aconsiderable amount ofdevelop
ment effort'is also required withtheengineinstalledinthe.vehicle. Final determination of the
data tables occurs during vehicle testing.

12.1.1 Exhaust Emissions. ; : Eo

Exhaust Components, ‘Theengine:exhaust.consistsofproducts:fromthe combustionof the
airandfuel mixture, Fuelis a mixtureofchemical compounds, termedhydrocarbons (AC).
The various fuel compounds-are a combinationof.hydrogen and-carbon. Underperfect com
bustionconditions, thehydrocarbonswould combinein athermalreactionwiththeoxygenin
the.airto formcarbon dioxide (CO,)and water (1,0). Unfortunately; perfect.combustion
doés:not occur andin-additionta CO,atid H,O,carbon monoxide(CO), oxidesofnitrogen |
(NO,),andhydrocarbons (HC) oecnr in the exhaust as-a’result of fhe combustionreaction,
Additives: and impurities in-the fuel also-contribute minute. quantities of pollutants such: as
lead oxides, lead halogenides,and sulfur oxides. In compression. ignition: (diesel), erigines,
thereis.also.anappreciableamountofsoot (particulates) created,Federalstatues regulatethe
allowable amountof HC,NO,, and CO-emitted in a vehicle’s exhaust. On diesel engines,‘the
amountof‘particulates einitted is also regulated..

12.1
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12.2. .CONTROL-SYSTEMS:

Spark Ignition Engines
Alr/fuel Ratio; The greatest effect. on: the combustion: process, ‘and. therefore on. the

exhaust emissions,is the massratio ofair to fuel; The air/fuelwnmtureratiomust lie withina
céttain range for:optimalignition. and.conibiistion. For a spark ignitionengine; themassratio
for:reomplete fuelcombustion i8 14,Tayi. 14.7ke of ait tol kp offuel,‘This ratiois‘knownas
required for 1 liter of fuel,‘The air/fuel fatioisoffendescribed|interms:ofthe¢excess-air fac.
torknown as lambda (A).Lambdaindicates thedeviation ofthe actualair/fuel ratio from the
theoreticallyrequired ratio:

 
 
  

for-gasoline),~ there

Alstoichiometry: ’=1
For-amixture withexcess air (lean): 2.>.

Fora mixturewith deficientair (rich):4<1.

 

EffectofAu/Fuel Ratio onEmissions
COemissions. In the rich: opératingyay
With-an. increasing amountoffuel. Inthele
est, Withan engine operating at (hel
derdistribution,Ifsomecylinders ai étatin On
achieving. A=1,the average:CO emissions will behipherthancf all cylinders.were operat-
ingat Wet. ~ .

HCemissions. As-with COemissions, HE emissions increasewithanincreasing amount
of fuel; The minimumHCemissions occurat A= 1.1... 1.2.-At verylean air/fuelratios, the
-HC emissions again-increase-due to. lessthan optimal‘combustion conditions résulting. in
: unburned fuel. :
NO, emissions. The éffectof the ait/fuel ratio. on NO,emiissionis is the opposite ofHC
and COon therichside ofstoichiometry..As'the aircontentincreases, the oxygen content
‘inereases and theresult is more NO,. Ontheleanside of stoichiometry, NO,emissions.
decreasewithincreasingair becausethedecreasing density lowers the combustion cham-
ber temperature: ‘Themaximum NO, emissions:occur at’ = 1,05... 11.

 
 

 
 
 
 

Catalytic Converters, "Yo feducethe exhaust:gas'emission concentration,a catalytic con-
verteris installed in the exhaust system..Chemiealreactionsoccur in the converterthat trans-
formtheexhaust emissions to less harmful chemical.compounds.The mostcommenlyused
converter for a sparkignition erigineis thethrec-way. converter (TWC).As the namic implies,
it Simultaneouslyreduces the concentrationofall three regulatedexhaustgases;HC a
NO,, The catalyst promotes reactionsthat oxidize HC and CO, converting them into CO;and
HO,while reducing.NO,ertisstons inte Ns.‘Theactual chemical reactions that accurare:

 

2ICO+0, 9 2COy.

20H+ 70,3 4COp + 60
2NO+2CO > Ny+2C0;
 

 
 
 

i/fuelratio must be maintained withinless than

tangeis shown as. the lambda window Orcat
‘Beh before a converte Up to 90 percentoff the exhaustpases aré con-
vetted to less harmful. compounds bythe catalyticconverter,
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FIGURE:121 Lambda effect on exhaust emissions priortoand’after'datalysttreatment, im

_ Toremain within. the: catalytic conyerter window,the: air/fuel ratio is‘controlled by.the
lambda closed=ileopfuelcontrolsystem,whichj1spart fth electronicengine controlsystem.ome ; i nbd nsory sensor isinstalled iin the exhaust:

ne oxygencontentiinthe exhaust
 
 
 
 

 
 

  SebiTiming. gn défi sora aft Seerbelare.top dead;
center(TDC) at: whichthe ignitionsparkoccurs.The: ignit omtiming oftheair/fuelmixture-
has.adecisive influence ontheexhaust emissions,

Effect ofignition timingon exhaust emissions.” | 

* COemissions arealmost completely:indépendent of the ignition:‘timing,and.aré primarily‘a.
funetionofthe air/fuelratio:

o-In general, themore th ignition is advanced,the higher ‘theemissions’of HCs:Reactions :
“initiated inthecombustion chambercontinueto occurafter the exhaust;valve opens, which
depletesthe remaining H With advancedtiming dueto:lowerexhaust temperatures,
thesepostreactionsdonot téadily.ocour.

“#Withincreased timing:advatice, the combusti “chamber temperatures increase.The tem- C
perature increase causés anincrease inNO,emissions regardlessofait/fuel ratio;

 

 

“To provide the ‘optimal, ignitiontimingforexhaust emissions, precisecontrol:‘of the:ignition Ll
timing:is required.Itis imperativethatthe ignition timing’|be. coordinated withtheair/fuel. ci
‘ratio.sincethey have.a combinedeffecton exhaustemissionsaswellasfuel consumption.and
driveability, Ignition:timingis generally controlledby the ECU. Ignition.timing:controlisdis-
cussedin detailin'See: 1221, .

Exhaust GasRecirculation(EGR). Exhaust'gas‘recirculation (EGR) isamethodofreduc:
ing emissionsof oxidés‘of:nitrogen.Aportion:oftheexhaustgasis tecircillated backtothe Com-
bustionchamber,Exhaust gas.is aninertgas and,in the:combustion chamber, itlowets the peak
‘combustiontemperature. Dependingonthe amount ‘ofEGR, NO, emissions can be reduced by
‘up'to 60percent,althoughanincreaseinHC emissions wouldoccurat suchhighlevels ofEGR.

SomeinternalEGRoccursdueto theoverlapofthe exhaust:andintakevalves, Additional.
quantities aré-supplied‘bya sepatatesystemlinkingthe exhaust manifold tothe intake mani-.

 

 
 

iii
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fold.The quantity ofEGR.flowto theintakesystem is metered byapneumaticorelectronic
-yalve,The EGRvalveis controlledby theECU. The maximum flowofEGRislimited by.an

increase in HCemissions,fuel consumption,and engine‘roughness, EGRcontrolis discussed
indetailin.Séc.12.2.1. :

Compression Ignition. (Diesel) Engines.
engineanda C]engine.The Clengine useshigt
to ignite the combustible. air/fuelmixture. T
in the rangeof21:1,as opposed to roughly
injected directly into'thecylinder nearthe t
and.air, therefore, occurs directlyiinthe:cylinder.

Air/fuel ratio. Diésel engines: always operate with éxcessair(A > 1). Wheres

 
 
 

 

 
theoretical requirement

The excess aif(A= 11.....;1.2) reducesthe amountofsoot(particilates), HG,and COemissions.
Catalytic Converters Anoxidizing catalystisused that converts COandHCto CO,and

HyO. The NO,reduction that occursfor an SL-engine three-way catalyst (TW) is not possi-
ble with'a diesel because. the diesel operates withexcess air. The optimal coriversionofNO,
requiresa stoichiometric tatio (A=A). oradeficiency fair (X <4),

__ InjectionTiming. . Inacompressionignitionengine, the start.ofcombustion:is determined
by. the start of fuel injection. In general, retarding |the injection timingdecreases NO;emis-sions,while ovetretardingresultsin.anincrease. in HCemissions. A 1° (crankshaftangle) devi-
ation m injection timingcan. increase NO, emissions ‘by.§percentandHC emissionsby as:
muchas 15percent. Precise. controlof injection timingis critical. Injection timing on‘somesys-
tems is controlled bythe ECU. Feedback on injection. timing.can be.provided bya sensor
installed on the injector.nozzle. Further discussion oninjection timingoccurs in Sec, 12.3.1.

ExhaustGasRecirculation (EGR), AswithanSL engine, exhaustgas can be-recirculated
to the combustion chamber: to significantly: reduce NO, emissions. The quantity of EGR
allowedtoenterthe intakeis metered bythe EGR:valve.If the quantityis too high, HC emis-
sions, CO emissions, andsoot (particulates)§increase as:a result ofari insufficlent-quantity of
air, The EGRvalveis:controlled by the ECU,which determines how much EGRistolerable
under thecurrentengine operating conditions.

12.1.2. Fuel Consumption
Federalstatutes are- currentlyin effectthat require each automobile manufacturer toachieve
acertain averagefuel-economyforall their modelsproducedin one modelyear.Therequire-
mentisknownascorporate averagefuel. economy:or CAFE.The fuel.cconomyfor éach-vehi-
clé'typéis detetminédduringthe federal test procedure,the sameas for exhaust emissions
determination, conducted on a chassis dynainométer, Becauseof theCAFE requirement, it is
eriticalthat fuel consumption be minimizedforevery vehiclettype produced.

Theelectronic engine.controlsystemprovides thefuel metering and ignition timingpreci-
sioti requiredto minimizefuel: consumption. Optimumfuel economy occurs near X=1.1.
However,.a8 discussed.previously, lean engine operationaffects exhaust emissions and: NO,is
attsmaximumat A=1,

_ During coasting and braking, fuel consumptioncanbefurtherreduced by. shuttingoff thefuel
until the enginespeed decreases to slightly:higherthan:thesetidle speed.The ECU determines
whenfuelshutoffcan occur byevaluatingthetthrottleposition,engine. RPM,and vehicle. speed,

‘The influence.ofignition timing onfuel consumptionis the opposite ofits influence on:
exhaust emissions: As. theair/fuel ‘mixture becomesleaner, the ignition timimg must be

advanced to compensatefor a.slower combustion speed, However,asdiscussed previously,
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advancing the ignition: timing|increasestheemissions ofHCand.NO,A:sophisticatedignition,
control strategy.permitting optimizationoftheignitionat each opetatin pointsnecessary to
re chi the compromise betweenfuel consumption: andexhavst emissions. The electronic
enginecontrolsystemcanprovidethis sophisticated.strategy.

 

12.1.3 Driveability
 Anotherrequirement ofthe electronic:engine controlsystem.isto provide acceptable drive-

ability underall operatingconditions. Nostalls, hesitations, or other objectionable roughness
shouldoccurduringvehicle operation, Driveabilityisinfluencedby:almostevetyoperation of
thé etigine-control systeitial I itsured..A significant contribution: “driveabilityiis determined bythefuel:theteringandigni-
tion timing.‘When.determining thebest fuel and ignition compromisesforfuelconsumption
  
 

 
driveability arethe idle speed control,EGR conti‘al, and evaporative:emissions control.

12:1 4, ‘Evaporative Emissions.
HydrocaibonQ
repulatedbyfedere ource. Of these-:ambient heating of the: fueland the.return of unused ho Pionthe engine;
generatedinthetank. Theevaporative emissions: control oS)"
the-éevaporative HCemissions, Thefuel vapors aré: routedfothe intake:
EECSandthey areburried inthe combustionprocess. The quantity offuelvapors delivered —
to theintake manifold rust beméteredsuch thatexhaust.emissions and driveabilityarenot
adverselyaffected.Themeteringisprovided by 4purge contro]valve whose:functioniscon-
trolledbythe ECU.Furtherdiscussion on theoperationoftheevaporativeemissionscontrol
system occursin Sec..12:2.1.

 

 
 

ie Vehicle areclosely
tank: Due to
 fuel-vaporis.

/uséed'to:control
naitifold via the
 

 

 

‘12.1.5 System Diagnostics.

The purposé ofsystérndiagnostics isto:provide:a warningto the-driver whenthe-control‘SYS
temdetermines.amalfunction ofacompénént:or.‘System, and toAssist: thesérvice technicianan identifying andcorrectingthe failure (seeChap.
‘to: be operating correctly,but excessive amounts: «
determines: ‘malfunction has occurred:whenasensor signal received.during normal engine
‘Operation Or:during asystemtest indi¢atésthereis a problem. Foricriticaloperations:stichas
fuel metering andignition control, if a’‘requiredsensor-inputis faulty, asubstitute value may
‘bétised by theECUsothat the engine willcontinuetooperate.

Whenafailure occurs, théralfunctionindicator light (MIL), visibl
minated..Information onthe failureiis stored. inthe ECUZA: se he
information onthe failure from:the ECUandcorrectthe problem. Detailed examples of sys-
temdiagnosticsarediseussedin Sec. 12.2.3.

  

    

 to thedriversis illu-

 

122._SPARH GNITIONENGINES  
         

12.2.1 Engine Control Functions

Fuel‘Control. For thepur‘pose of discussingfuel control.strategies, a multipoint pulsed fuel
injection. system is asstimec Additionaldiscussionsoffuel¢oritrolfordifferent:typesof fuel
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: Aw
requested air-fuel ratio

en 3

where:Fy =fuelmass: flow rate:
AWS air‘massflow rate.

Theairmassflowrate can becalculated from;

AnaAla

whereA,=volumeflow rate of intake air
AgAltdensity

_ Thereare three:methodscommonlytused for det
flow measurement,and airmass méasurement,I
calculated:by the engine. electronic controlnit,
perature,intake manifoldpressure, and en; E eto determine:theair density. and the RPMis‘usedto5 determine thevolume flowtrate. ‘The

 
 

 
engineactsas anairpump ditingthe intakestroke:Thecalculated. volumeflow rate can’be
_determinedasfollows: -

where RPM == engine speed.
D) enginedisplacement
Ve=volumetric efficiency

Tt.anengine dising: exh:aust gas recirculation (EGR), the volume’flowrate‘of EGR must be
subtracted from the. calculated’volume flow. rate.

Ay =Ajo—Ancr
The volume flow rate ofEGR:canbedeterminedempirically based ontheEGR valveflow
rate andthe EGR controlstrategy: beingused.

In theair flow'méasurement method,theairflowismeasuied usinga-vanetype meterand
air-density changes aré compensated for byanair inlet temperature sensor.The vanemeter
USES the forceof the incomingair to move.aflap through ¢a defined angle, This:angular move-
mentis: converted bya potentiometer to.avoltageratio, Because onlythe fresh air chargeis
measuréd,no. compensation isrequired forEGR.

‘In theair massmeasurement method, the all
or hot-film air massflowserisor.The: :

elementis partofabridge circuit tha
dnlet air temperature. Bymeasuringthet i
converting this to a voltagevia a resistor, the ait mass flow
mined. Again, because: only the fr rl
required. However,sensing. Ss
which o¢cur' under certainoperat
determined andapplied.

 

 
 

argeis measureddirectly using a hot-wire
heated element,either‘wireorr film. The 
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Calculation ofInjector Pulse Width, Thebase pulsewidth is determinedfrom the re-
quiredfuel mass flowrate (Fn) and-an empirical injector constant. The injectorconstant, is
determined by the design.ofthe injéctorandis Maiaof thecaetimeversus the
 
 

  

‘theinjector(fromfu L railte
“remain ‘constant(i. ESSentire'mapof.injector constantsfor different mani iid pressures.maybe required.

Theeffective injector pulse: width is a modification ofthe base pulse-width, The basé pulse
width is adjustedby a number of correctionfactors depending OD.operating:conditions.For
example, a battery voltage correction. is requiredto compensateforthe electromechanical
characteristicsof the fuel:injectors,Injectoropeningandclosingratesdiffer dependingonthe.
voltageappliedto the injector, which affects the amountoffuelinj f
‘width, Othercommoncorrectionfactors may: include hotrestart,cold operationand transient
eperation:corrections; Figure12.2ts-aflowchartofa typicalinjectoreffective pulse--widthcal-
:culation method. ‘

 
 

 1 "BASE= PULSEWIDTH¢GALGULATED|1
___ FROM (Fie) LOAD SIGNAL

 
 
 

 

  

 

|LaMeDACONTROL CORRECTION
| __ WITHACTIVE LAMBDACONTROL

  

“COASTING -RPM(VEHICLE
SPEED LIMIT REACHED?
 

  
 

     

“CORRECTIONFOR
NO LOAD- LOAD

TRANSITION
  

 
        

 
    

   

    
FIGURE:A2.2 Detetminationof effective. injector pulse-width.

1675

ted for a given pulse’.

 

bes

a
»



1676

12.8: CONTROL SYSTEMS

infection: Strategies. ‘Thereare three commonly used fuel injection strategies for multi-
pointfuel metering systems:simultaneous injection, group injection, andsequential injection.
Figure12.3 is adiagram.ofthedifferent strategies. Some engines usesimultaneousinjection
during crankand switch overto sequential.after the engine:isrunning.Thisallows for shorter
startingtimes since no synchronization, with the camshaftis necessary before fuel injection
begins. A description of each.strategy follows. : :

Crankshaft Angie

eer . 0 360° 8 720° {080°ToC Cy.t

 
FIGURE123. Fuel injection stratedies: (a) simultaneous: injection; (b) group injection,
‘atid (c): sequentialiinjection.

Sipuultanéors injection. - Injection offuel-ocours at the sametimé for all cylinders every
revolution ofthecrankshaft. Therefore, fuelis injected twice within each four-stroke cycle.
Theinjection timingis fixed ‘with respect to crank/canishaftposition,

Group injection. Theinjectors aredivided into twe groupsthat are controlledseparately.
Eachgroup injects onceper four-stroke cycle, Theoffset between the groups isone crankshaft
revolution. This arrangement allows for-injection timing selection that eliminates spraying
fuel inte an open‘intake valve.

Sequential injection. Rach injector-is-controlled. separately, Injection: timing, both with
reference to crank/camshaftposition andpulse width, caibeoptimized foréachindividial
cylinder:
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Eambda Control. Asubsystem. of the fuel control system.is lambda closed-loop control.
Lambda,{A) is defi heexcess-air factor that indicates thedeviation of. the actual air/fuel
ratio fromthe: theoretically.required fatio:,

 

  

 

virement (44,7 forgasoline) ~‘theoretical

Thelambdasensor,orexhaust gas Oxygensensor,.isinstalledin ‘the engine exhaust stréam.
upstreamofthe catalytic converter.
gas.Thesignalfromthelamibda.sensor Servesasfeedbackto. thefuelcontr

videsthe fine-tuningnéeded to.remainwithin thelimited catalytic converter wind wfor opti:
“ mal-catalyst performance, (SeeSec, 12.1.1 for Morédiscussionon thecatal

 

 

   

& mixture), thesensor switches rapidly‘between. the‘TWO voltages, Theinputfrom. the tambda. 

- sensor isu“used tosodifythebasepulse-widthto.achievéA: 

 

 

 

‘ECU.todeterminewhenthe sensoris: upplying ‘usable information, /
along:with other.requirements, suchas engme temperature, mist beach
closed.oopscontrolwillbe:activated,

 

 

 

 
 

lefinedas the allowableincrease. of

: eqided bytthemanifold preésstire sensor forspeed densitysystems.‘andvd byttheair
 

 
rr flow. andair:mass measurementsystems andbythethrottlevalve’positionsen- 

 allows for.rapidtesponse.to:changesin operating conditigiis,TheJambdasensorstill.‘provides
‘the feedbackcorrection for each load/RPM- point. The: datausedfor.thesedatatablesare
Jargelydevelopedfromsystem, mode. ing and engine.development testing:

Dueto. productionvariations in ‘engines,variationsinfuel‘and changes due to:wearand
-aping,thecontrolsystemmustbeable fo adaptto function properly fe reveryengine overthe
engine’slife, Therefore,theele qitrol unithag afeature. fc ig changesin the
fuel required for'the.load/RPM points. At eacl : ensorcontinu-
ouslyprovides informationthat allows: the system. to adjustthefuel to the commanded A/F

  

 

 

 
 

 

 

 

qratio..The corrected informationisis tored| RAManaemaccesseae80 that the next

 willthe!correction ‘be lost: In thaticase, the alectronie controlunitwill revertbackttothe otig-
inal production: valuesthat arewritten inROM(read-only tnemory):

‘Lambdasensorsdonotswitchsymmetricallyfrom leanto richand richto lean:Because-of
‘this, thecontrol strategyis modified to accountfor the asymmetry. This-can, be’accomplished.
either by delaying the:modificationby thécontrol factorafter the sensor switches or by using
control factors ofdifferent:magnitudes for rich-to-leanandlean-to-richswitching.
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ystem.This pro- :

window.)Fora.lean,mixture(1 >1),sensorvoltageiis approximately 100 mV,For arichmix:
it

losed-loop control requires'an operationallyready lambdasensor,; typicallyonewhichhas eached anope ting temperature threshold. Sensor outputis monitored by the:

nsor | sor puke. width3is:
agiusted bythea‘amountt determinedsbacontrolfactoruntilthe lambdasensorswitches again|

ae:oaneof oscillation|1s.deter- :

ontrol unitcontains data:tables: for combinationsofload-and RPM. This
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42.10 CONTROL SYSTEMS

IgnitionTimingControl. The goalof theengine control‘system for.ignition timing is to prox
vide spark. advance ‘which optimizes engine torque, exhaust‘emissions, fuel economy, and
driveability, and. which minimizes engineknock: Data, tables with. the base ignitiontiming,
depending onengineload and RPM,arestored in ROMintheelectronic control unit.The:
valuesinthese:tables are’ optimized {forfueleconomy, exhaust emissions, andengine torque.
Theyare developed through engineexperimefitation,usually with anenginedynamometer.
Corrections tothebase timing valuesare neededfor température effects, EGR, hot réstart,.
barometric pressuré, and.enging.knock, In addition,some systems useignition timing to-vary
the engine torque for improvementin automatic transmissionshift qual ty-or for idle speed
control.Higute,42,41a flawchart/ofa, typical ignition timing calculation method.

 
 

  
  

 : “BASE= IGNITION TTIMING:FROM .
aim LOAD. AND.APMSIGNAL, ms
 

 
  
 

 

TEMPE Lf TURECORRECTION

(AFTER STARTAlAND
feck: WARM:UE.CORRECTION ea
 
  
  

 
  
 

 

 

CORRECTION FOR
"|_NOLOADFUEL CUT:OFF! 

 

~CORRECTION FOR| IGNITIONCORRECTIONBASED|.
| NO LOAD=LOAD.ON OPERATIONCONDITION  
 

[anionTIMINGFOR, “CORRECTIONFOR |
[IDLECONTROL
    

FIGURE 12.4 Determiina lion 0of effective:ye ignitiontiming

DwellAngle Control... The dwellangle performance map storedinthe eléctronic: control
unitcontrols the chargingtimeof the ighition coil, depending on RPMandbattery voltage:
Thedwell angleis-controlledso that the desiredprimarycurrentis reachedat the end ofthe
chargingtimejust prior to theignition, point.This assures the necessaryprimarycutrent, even
‘with quick transients in RPM.A limiton the chatge time iin the: upper RPMrangesallows for.
the necessary sparkduration.
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Knock Control, Theignition timing ‘for optimization of torque, fliel economy, and
exhaust emissionsis in’ close ‘proximity.to the ignition timingthat resultsin engine knock.
Engineknockoccuis ‘when‘the: ignition. timing is advanced too far for the engineoperatinig
conditionsandcauses Unecatrolled¢combustionthat canleadto:engine« damage,depending¢oneb

 

 
 

 Fromni thissignal theenginecontrol unitalgorithm determines which eslinderoF- aylinders areknocking.Ignition
timingismodified (retarded) for thosecylinders. until the knockis no longerdetected: The
ignitiontimingis then advancedagainuntil knockis detected.(SeeFig. )Information on,the amount of spark retard required toeliminate the knock for Sich cylinder undereach
load/RPM condition is'saved intheelectronic.controlunitRAM.Thisallows forquickaccess’
to the. appropriate “learned”ignitiontiming for'éach Condition;With this.control system, the
base timing can be more advanced for improvedfuel:economy and torque. ,

 
 

 
   

@
or:eS
<=.
OL
@:
c:
cSi

Oo
<=ec
8
2
2.

Cyl.T 1 * 1 ¢t 4
Combustion Cycles In Individual Cylinders:

FIGURE 12.5 Knock-couitiol. Control algorithm for ignition.
elustoea fora foureylinder: engine. Ky 3 (knock in cylinders:,3), cylinder numberfour (io knock); (a) (ignition retard), (b)(delay before returnto. original ‘point,(c) (sparkadvance).

Evaporative Emissions Control. Hydrocarbon(ac)emissionsin the formof fuel vapors
eseaping from the veliicle, primarily from. the: fuel tank, are closely regulated byfederal
statutes.Thereare two principal causes offuelvaporinthefueltank: increasingambienttem-
perature and returnof unusedhotfuel fromtheengine. In orderto control the release of
‘theseemissionsto the atmosphere,theevaporative.emissions:control system was developed:

Evaporative Emissions ControlSystem. A-vaporventilationline exits'‘the fuel-tankand
entersthe fuel vapor canister. The canister consists'ofan. active charcoal element which
absorbs thevapor andallows only air to escapeto the atmosphere. Only. a certain,volume of
‘fuel vapor can be contained by the canister. The vapors ‘in. thecanister must therefore be
purgedfromand burned by the engine so that thecanister can. continue tostore ‘yaporsas
they are generated: To accomplish this, anotherline leads from the charcoal canister to the
intake manifold. Included inthis lineisthe canisterpurge:‘solenoid valve. Figure12,6 showsa,
layoutoftatypicalevaporative emissionscontrol system, -

 

  

canister Recalise thecanistervent opening, atthe‘charcoal|filterend, is ateecokee pres-
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1242 CONTROL SYSTEMS:

 
Pu

FIGURE12.6 ‘Evaporative emission’controlsystein:fuel”vapor froin fuel'tank (1), charepalcanister (2), ambient,air (3),
canister purge control'valve(4),purge dine to intakemanifold(5), throttle-valve (6); Beis intake manifold vacuum, andpi,
is atmospheric pressure;

sure.Thecanisterpurgevalve metersthe amountofflowfromthecanister. The amountof
fuel vapor in the canister and, therefore,containedintheflow.stream,is not known. These-fore,it is critical that the lambda control system:is operating and adjusting thefucl require-
ment.as.the vapors are being,purged.Purge vapors could otherwise'resuit in uptoa 30 percent
increase in air/fuel mixture richnessin the engine.

Purge Valve: Control. Control ofthe purge valvemust allaw for.two criteria?
@ “There must be enough vaporflowso that the charcoal canister doesrot become saturated

and leakfuel vapors to theatmosphere.

* Purge flowmustgenerallyoccur uriderlambdaclosed-loopcontrol so thattheeffect of the
‘purge ‘vapors on_A/Fratiocan bedetected andthefuel meteringcorrected

- Whentheeléctronic controlunitcommands thé purgevalveto meter vaporfromthé cah-
isted,it requests a. duty-cycle. (ratio: of ONtime: tototalONand OFF time). Thisallowsthe
amountof yapor flow to be regulated dependingon the engine operatingconditions, When
lambdacontrol isnot operating,onlylow duty cycles’ and,therefore, smallamounts ofpurge:
vapors,are: allowed.Under decelerationfuel cutoff,the purgevalveis closed entirely tomin=
imize the possibilityof inburned HCs in the exhaust.

TurbochargerBoost Pressure-Control. “Theexhaust turbocharger consistsofa compressor
and anexhaust:turbine arranged on a common shaft: Energy from theexhaust gas is con-
vertedtorotational energybythe exhaust turbine, which then drives: the compressor. The:
compressed air leaves the compressor and passes throughthe aircooler (optional), throttle
valve; intake manifold, and into theeylitidérs..In order to achievé near-constant air charge
pressute-over'a wide RPM range, the turbochargerusesa circuit that allowsfor the bypassof
the-exhaustgases awayfromtheexhaust turbine.The valvethat regulates the bypass:opensat
a‘specified. air charge pressure:andis known. asthe wastegate:
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-ENGINECONTROL 12.13

Engines that have.turbochargers benefit significantly fromelectronic boost pressure con-
 trol. Tf only 4|pueumaticmechanicalwastegateis used, only one boostpressure: point for the

entire operating rangéis used to divert the exhaust gas. This creates acompromise forpart--
loadconditions, whichresults in increased exhaust backpressure, more turbocharger work,
moréresidualexhaust gasin thecylinders, and higher-chargeairtemperatures,”

‘By. controllingthe: wastegatewithapulse-width modulated solencid valve,differentwaste:
gateopeningpressurescanbe:specified, depending on theengine operatingconditions (Fig,
12.7). Therefore, only the level ofair chatgepressuré requiredis-developed.The electronic
controlunit uses information onengine load from:eithermanifold pressureof the ait meter
and RPM:andthrottle: position. From:this information,adata tableisreferenced ‘andthe
properboost pressure‘(actually aduty cycle of thecontrol valve)is determined, Omsystems
usingmanifold pressure sensors, a closed--loopcontrol system canbe developedfo compare.
thespecified value with the méasuredvalue.

 
FIGURE 12,7 Electronic turbocharger:boost control: solencid..
valve'(1);contro) signalfromECU(2),boost-pressure(pp);volume
‘flow through turbine(V7), volumeflow throughwastegate. (Viva):
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12.14 ‘CONTROL SYSTEMS

The boost pressure control system. is usually 1usedin combinationwithknock controlfor
turbocharged engines.Whentheignitiéntimingis retarded due to. knock, an increasein
already high exhaust temperaturesfor turbocharged enginesoccurs. To counteract thetem-
peratureincrease;the boost pressure, is réduced whentheignitiontimingis retarded past a

| predetermined threshold.

Engine/Vehicle Speed Control, Usingtheputs ofengine RPM andvehicle speedto the
electronic control unit,thresholdscanbeestablished for limitingthesevariables'with fuel.cut-
‘offWhenthe maximum speedis achieved, thefuelinjéctorsareshutoff;When.the speed
decreases belowthe threshold, fuel. injection,resumes.

EGR Conittol.. By mixing a portion of the exhaust gas with the frésh intakeair/fuel mixture,
oxidesofnitrogen -(NO,).can be reducedby lowering ‘the peak combustion. temperatures.
However,the: addition of exhaust gas can.degradedriveability by causing combustion. insta-
bility, especially:atidle and low speeds andwith a coldengine, TheECUreferences an:engine
RPM/load table of optimal EGRvalve openings, ‘Thedata tableis developedonthe engine:
dynamometer by analyzing the. exhaust emissions. With increasingEGR, a point is reached

“where hydrogarbon (HC):emissions begin to increase. The. optimal percent of EGRis just
“priorto thatpoint...

Theelectronic controlunit regulates. a pneumatic: or solenoid-type valve to: mitera cer:
tain quantity. of exhaust gas.back to the intake manifold.Typically, anenginecoolanttemper-
ature threshold is:also required before EGRisactivated to avoid poor driveability. Under
accéleration andatidle, EGRis deactivated.

Camshaft Control, Thete are two types of camshaft controls: phasing Gi.&,, overlap: or
intake/exhaustValve Opening point)andvalve lift aiid opening duration.

CamshaftPhasing Contrel. Valveoverlap. is a function. of the rotationof the intake
camshaft with respect to the exhaust camshaft.Overlap can becontrolled by an electrohy-
draulicactuator. At idleand at high RPM,itis desirable to have the intake valves open and.
closelater, whichreduces the.overlap.Foridle, this reduces the residual exhaust gases that
returnwith the fresh charge air and improvesidlestability.At high RPM, late closingofthe
intakevalveprovidesthe bestconditionfor maximum.cylinderfilling and, therefore, maxi-
numoutput, For partial loads, alarge-valve.overlap;where the intake opens early,iis desirable.
This allows for'anincreaseinresidual exhiaustgasfor improvedexhaust emissions (Fig. 12.8).

ValveLift and OpeningDuration Control. Controlof the valve lift and opening duration
is accomiplished by switchingbetween:two camshaftprofiles. An,initial cam specifies. theopti--.
mallift and-durationfor the low.to middle RPMrange..Asecondcam profile controlsahigher
valve lift and duration for high-RPMoperation, By monitoring engine load and RPM,the
ECU actuates the electrohydraulic devicethat switches from, one camprofile to the other
(Fig. 12.9).

Variable Intake Manifold Control. ‘The goalof the engine design is to achieve the.highest
possible torque at-low. engine RPMas well ashigh output at high engineRPM..Thé torque
curve ofanengineis proportional to theair: chargeat anygiven enginespeed. Therefore,apri-
maryinfluenceonthetorqueis theintake-manifold geometric design. The simplest typeofair
charging uses the dynamicsofthe drawn-in air. The standard intakemanifolds for multipoint
enginés-consist ofseveral intakerunners andcollectorsconvergingat the throttle valve.

Tn general,-short intake runnersresult ina high outputat high RPM witha simultaneous:
loss of torqueat lowRPM.Long intakerunnershave the opposite effect, Due to intake valve.
and piston dynamics, pressure wavesoccurthat oscillate within theintake manifold,Proper
selection ofrunner lengths andcollectorsizes canresultin the pressure,waves arriving at the
intake valves just before they are ¢losing.Thishasa supercharging effect. The limitationof
thismethodis that, fora piven intake.manifold configuration, the tuning peak can only occur
at one operatingpoint. :
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122.2 EngineControl Modes

  
Engine CrankandStart, During:engine cranking, the:goalis to gettthe:enginestarted.‘withtheminimal amount:ofdel. InTp this, fuel be de
requirementsforstarting for any combinati

Fora vol:d engine, an increase nt 
  

 
 

ting occur;itmay beimpossible.tost tthe ongne.: ~
_ Fueliedoa aeboolthe ECUROM there arere apciteddata tablestoestablishcold-

 (fuel rati eeuiedeeoutside the lambdasensor; control window.
Manystartingsequencesuseafront-loading strategy forfueling whereby the quantityof:

‘tions¢orata defined time.aftertheinitialqrank. Some systems also.switch.overfrom simulta-
neous injéction to. sequential. injection after a,speed threshold is achieved. Forcold
tpmperatitesstariting,the fuelmixturemay remain,richer than=1 after starting,duethe con-
 TimingRequirement. ygnitiontiming:ig controlledbythe ECU,during crankand
is determinedby.engine coolant temperature and.cranking speed.Fora-cold engine withlow
crankingspeeds, ideal timingis near TDC, For highercranking’ speeds, aslightly more.
advanced.timings:optimal. ‘Timinigadvance must be limited duringcranking toavoidigniting
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FIGURE 12.10 Variable configuration intake manifold.

the‘air/fuel mixture beforethecrankshaft reaches top:dead.centers+ (EDC),. Aedamaging torque
reversal could occtir that we ag arter, After the engine starts,ignitiontiming is
advanced toiimprovecold enginerunning as.well as to reduce theneed forfuel enrichment.

 

Engine Warm-Ups. During the warm-up’phase; there are three conflicting objectives: keep
‘the engine operatingsmoothly (i,¢.,nostallsor:driveability problems),‘ineréase exhausttem-:
perature to quickly achieve:oy tional temperature. forcatalyst (light-off) and: lambda‘sen-
sorso that‘closed--loop fuelcontrol can begin:operating, andkeepexhaust emissions and fuel

 
 

‘consumption te a minimum.The:best methodfor achieving,theseobjectives is-very dependent
onthe specific engine.application. .

Ifthe engineis ‘still cold,fuel enrichment ‘will be requiredto keepthe engine running
smoothly:due,again,topoorfuelvaporizationandwall wetting effects.The amountofenrich-
mentis dependent on.enginetemperature‘and iis a correction.factor. tothe injector. pulse
width. This enrichment,combined withsecondaryair injection, alsohelpsachieve the’ desired
increase in catalyst temperature, Toprovide secondary: air injection, an, externalair pump
delivers fresh ait:downstreamof the exhaustvalvesfor a shorttimeafter start.The excess air

causes oxidation (burning) of the excess HCand COfromthe rich mixturein, the exhaust:
manifold, which rapidly. increases the temperatureof the.catalytic converter. Theoxidation

- alsoremoves harmful pollutants:fromthe éxhauststream.
Itis possible to ihereasethe exhaust tethperature by increasing théidlé speed during warm

up.Theincreased idlespeed may: also be combined withaslightly retarded ignition.timing,
which increases temperatures.in the-exhaust, thereby promoting rapid.warm-upofthecatalyst.
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Transient Compensation. During.transitionssuchasaccelerationor deceleration,the:objec-
‘tive ofthe engine Controlsystem is toprovide a smoothtransition from one engine operating
conditionto another (ie., no hesitations,stalls,bumps, orotherobjectionabledriveability con-
cerns),and keep.exhaustemissions and fuel consumption.to a minimum.

Acceleration Enrichment. When an increasein engine loadandthrottle angleoccurs,a
correspondingincrease in fuel mixture richness. is requited to-compensate for the increased:
wall we ing. The.suddenincrease inairresults in aleanmixturethatmust becorrected swiftly

odtransitional response,The rateofchange ofengineloadandthrottleangle areused io.‘determine the-quantityof fuelduring acceleration enrichment. The amount of fuel
mustbe enough toprovide the désiredperformancé, butnotsomichas to deprade exhatist
emissions ‘andfuel economy...

During acceleration enrichment, the ignition timing ‘is-set for maximurti torque without
knocking.Additionally, whena largechange in‘engine loadoccurs, some’systemsdelay.the
ignitiontiming advancebriefly to.prevent engine knock, which mayarisefrom amomentary

Jean mixture orfromtransient ignition timingerrors,
Deceleration. Enleanment. Duringdeceleration modes, such ascoasting or braking, there

is10 torque requirement. Therefore, thefuelmaybe shut off until eitheran increase in throt-
tleangleisdetected or theenginespeedfalls to.a speedslightlyabovetheidle RPM. Fuelshut-

off or.cutoff‘can decrease exhaust emissionsibyelim i atingunburned.HCand CO andamay

 

 
tre high.temperatures during: extended|overrun‘conditionsDutingtransition to fuel cut:

off the ignition timing isretarded fromils current settingto reduce engine torque and to:assist
 if erigine: braking.Thefuel is then shutoff.Duringthé transition,théthrottle’bypass valithe:mainthrottle valve.may‘teniainopenfor'a'short periodto allowfreshairto oxidize the

temaining unburnedHCandCOtofurther reduce exhaust-emissions.Duringdevelopmentof ©
the fuel cutoff strategy, the advantage: of reduced. emissioneffects and catalysttemperature:
controlmust be balanced against driveabilityréquirements:‘Theuseoffuel cutoff:say change
the perceived amount ofenginebrakingfelt bythe driver. In:‘addition, care mustbe taken to
avoid.a““bump”feel whei:enteringthe fuel cutoff mode; due'to the:change in torque: 

ey

FullLoad,|Understeady:statefull-load.conditions,suchasfor climbing a-pradé, ilis desir-ableto: controlthe: ixfure.and ignition timing to.obt i wer andto-also:
‘limit engineandexhaust temperatures.The bestengine torqueis typically delivered atabout
A= 0.9.to 0.95, WhentheECU determines the engine is operatingat full loadviathethrottle
valve sensor (atWOT),thecommandedait/fuel mixture, if required, can be enriched. The
lambda sensor signal cantiot be used ta provide:-correction to the air/fuelmixture because the
rich operating point lies‘Outside the lambda-controlwindow:

‘Theignition timingatfullload is set'to. achievethe maximumtorquewithoutknocking. This
jnitial valueis:determined through enginedynamometertesting, With’a.knockcontrol system:
(seeSec; 12,2,1),.the ignition timing is modified.(retarded) whenengine knockoceurs.Themod:
ification requiredto eliminate the knockmaybe savedintheECUsothatthenexttime that
engineRPMAoadpointoccurs,lessknockingwilloccurand less correction will be required;

 

 

Idle Speed Control. Theobjectivesof theengine-controlsystem. duringidle ate:
« Provideabalazicebetween the engine torque.produced.and thechangingengineloads,thus
achievingaconsistent idlespeed evenwithvarious loadchangesdue to accessories (i.c., ait

conditioning, power steering, and: électrical loads)being turned onandoff and: during
engagementofthe automatictransmission, In addition, theidlespeed control mustbeable
to-compensatefor. long-term changes inengine load, suchasthereductionin enginefriction
{hat-oectitswithenginebréak-in,

® Provide the lowést idle speed. that allows smoothsrunningto achieve thelowest exhaust :
‘emissions andfuelconsumption (up: to 30percentof a vehicle’s fuel consuniptionin city
drivingoccursduring.idling),
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Tocontrol theidle spoed,the ECU usesinputs fromthe throttleposition sensor,air condi-
tioning,automatictransmission, powersteering,charging system,engine RPM,and vehiclespeed,
‘Thereate currently two strategies usedto:controlidle speed:air control and ignition control:

Air Control, The amount.of air éntéring theintakemanifold is controlled. either by a
bypassvalveorbyan actuatoracting directlyon the throttle valve.Thebypassvalveuses, for
example,an electronicallycontrolled motor controlled. by the ECUthat-opensorcloses a
fixedamount; Forlargethrottle: valves,’it maybe desirableto use.a bypassvalve because a
small changeinthrottleanglemiayresult inalarge change in-air flowand, therefore, idle
speed may bedifficult to control.Using engineRPMfeedback input, the ECUadjusts the air
flowto‘increaseor decrease theidle speed,A.disadvantage to:air control is'that the: response
toloadchangesisrelatively.slow.Toovercomethis,aircontrolis often combined with ignition
timing control to provide acceptableidle speed control.Thefuel quantity.required.atidle ‘is
determined by engine loadandRPM. During closed-loop operation;this value is optimized
by the lambda sensorclosed-loepcontrol.

ignition Timing Control.-Engine torque may be increased: or'decreased byadvancingor.
retarding theignition timingwithin.anestablishedwindow.This principlecan beemployed to
help control idle:speed. Ignition timing:controlisparticularly.desirable for.respondingtoidle
load.changes because.engine. torque output:changes morerapidlyin response toa changeIn

: ignition timing thanto.a change tmair valve position. Usingthesameinputsas for air control,‘
the ECUadjusts thesparkadvanceto either raise orlowerthe idle speed.

Anticipating Accessory.Loads. Specific.electric inputs to the ECU,such as'a ‘pressure:
switch locatedin thepower'steeringsystem,are usedto anticipate accessory loadsso thatthe
idiecontrol systemcancompensate more quickly:This “feedforward”strategy allows better
idlecontrol thana strictly feedbacksystem which does not responduntiltheidle speed begins
tofall.When.an accessory:can be controlled. by the ECU,further improvementin idle speed
control is obtained, By- delaying: the load.briefly afteritis requested, the compensation’
sequencecan begin:before:theload is actuallyapplied. Sucha load delaystrategy is effective.
for controlling air conditioning compressor: loads,for ‘examiple. In this:¢ase,whentheair con-.
ditioneris requested,the ECU: begins toincréase.the:idle. speedfirst-and thenactivatesthe:
A/C compressor.

12.2.3 Engine.Control Diagnostics.
The purpose of system diagnostics iisto provideawarning to ‘thedriver whenthe control sys-
tem-determines that amalfunctionof a componentorsystem. has occurred andto. assist the
service technician in identifying and correcting thefailure(see Chap. 22). Inmany casés, to.the:driver,the engine mayappearto be operating correctly, but excessiveamounts of pollutants
may beemitted.TheECU. determines thatamalfunction-has occurred-when:a sensorsignal
receivedduring normal engine operation or duringa systemtest indicatesthereis a problem.:
For‘critical operations such asfuelmetering andignitioncontrol,if a requiredsensor inputis.
faulty,asubstitute value may beused bythe ECUsothat the enginewill continueto operate,
butlikely not'at optimal.performance. Itisalso possible. to apply an.emergency measureif the
failureof a component mayresult in engine or emission system damage, For example, if
repeated misfires are detected in one cylinder, perhaps dueto an-ignitionfailure, the. fuel
injéctor-feedingthatcylindercanbe shutoff to avoid damage to the catalyticconverter.When
a failure ocurs, the malfunction indicatorlight (MIL), visible to the driver, is illuminated.
Information onthe failure is storedin theECU,Aservice technician can_tetrieve-the infor-

mationon thefailure from the ECUandcorrect the problem,

 

 

calculatediintheECUfromtheair masssensor‘input:AS a comparison,n, theeowidthis also
calculated fromthethrottlevalvesensorand the engine RPM.Ifthe pulsewidthvalues devi-
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ate by aprédété#minedamotint;the discrepancyis storediin theECU.Then,whilethe-vehicle
isbeing driven,plausibilitytests determine which input isincorrect. When:this hasbeerdeter-
qminéd,the appropriatefailure codeiis-saved inthe ECU.
MisfireDetection, Misfiringis the.lackofcombustionin thecylinder. Misfiringcanbe caused
‘byseveral factorsincluding‘fouledor wornsparkplugs, poorfuel metering,orfaulty electrical:

sult iin excesst exhaustemissions due:to: connections. Evenasmall numberof misfires1
the unburnedmixture. Incr dmisfire rates ¢ a talyticconverter,

"To determineifthe:engines:experiencing amisfire, the crankshaft speedfluctuationis mon-
itored.Ifa misfireoccurs, no torqueis createdduring thepowerstroke of the cylinder(s)that:is
misfiring.A-smalldecreaseintherotational speédofthecrankshaft6 irs. Becausethe.change

‘inspeééd is verysmall, highly accurate:sensing of the:crankshaft speed is required,Tnaddition,a
fairly complicated calculation: processis required in.ordertodistinguish.misfiring from other
influenceson crankshaft speed.As was lentioned previously,if a cylinderrepeatedly misfirés,

“itis possible,te:shut off the: fuel to that:‘cylinder,toprevent damage to the catalytic converter. -

 
 

ayTe 
 

  
 

 

 

Catalytic Converter Monitoring. ‘During the useful life: of a catalytic: converter, its ‘effi-
ciencydecreases.If‘subjected’‘to enginemisfire, the decrease:in efficiency occursmorerapidly;
Aloss‘in’ efficiency results in.an incréasein exhaust’ pollutants.For: this.teasoni,thecatalytic
converter is monitored.A properlyoperating:catalytic:corivertértransforms Os, HC, CO,and
NO,intoH3O,CO,,and No:‘The incomingair/fuel ratio oscillates, frommrichtoleandue-to the

 

lambdaclosed--loop controlstrategydiscussedin See. 12.2.1.Only.a properlyfunctioning cal--
alytic-converterisableto.dampentheseoscillations bystoringand converting’ theincoming,

: components, Asthe’ catalystages, this storage effect is: diminished,To monitorthe eatalytic
ér, an additional lambdasensoris installed d reamofthe¢atalyst.TheECUcom=

pares ignal ‘ofthe: lambda. sensor upstream with the lambda sensor downstream and
determines ifthe catalyticconverteris operatingproperly. If not, theECUilluminates the
malfunction indicator light (MIL)-and’stores4failure code,

 
 

To minimize exhaust ‘missions, the engine must. opérate.rfor air/fuel ratio Sec, 12, 1.1for a detailed descrip- 
 
 
 

 

 
Fambda Sensor.Monitoring.

: the:  

1 to control the fuel within that window.When a Jambda sensor is exposedto high,
Lye} . . thi ae : elt

“This: cant ‘causea eviation in‘the air/fuel quixture from the window, which wouldaffect-the
exhaust emissions,

Ifthe upstreamJambda sensoroperation is determined to betoo slow, which canbedetected
 

bytthepeaoperatorrequaney:theyeECUcomparthe malfunctionindicatoreae (MIL) :

 
Fuel System Moatiartag Toprovidethe correctair/fuel ratio, the,ECUuses a presetdata
mapwith the optimalfuel required foreack loadand RPM point. Thelambdaclosed--loop
controlsystem (see Sec. 12.2. ovides feedback’totheECU onthe nécessarycorrectionto
thepresetdatapoints.The corrected.informationisstoredintheECU’sRAM'sothatthenext
fimethat operatingpointis reached,lesscorrectionofthe-air/fuelratiowill be required, If the
ECU correctionpassesaptedetermined threshold, it is an indication-thatSome componentin:
‘thefuel supply systemis outside ofits operatingr .Some examplesaré defective pressuré
‘regulator, defective manifoldpressure Sensor, intake system leakage, orexhaust: system, leak!
age.Whenthe ECUdeterminesaproblemexists, theMII.is illuminatedandacode is stored
intheECU,
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Exhaust Gas Recirculation (EGR) Monitoring. Therearecurrently two methods used to
iionitor EGR operation; One. method.confirmsthat hot exhaust gasesare returning to the
intakemanifold during EGR‘seperation by.use:ofatemperaturesensorinn the intakemanifold.
high intakemanifold vacuum:‘occurs.The.exhaustgasflowinginto.themanifold causesa mea-
surable inéreasein pressure.Thus,ifa measuredincréaseinpressuredoesnotoccur,thé EGR.
system is notoperating.

Evaporative: Emissions. Control System (EECS) Monitoring. ‘In:general, a-valve. will be 

installed-atthe atmospheric:sideofthepurgecanister,Duringidle,this valve would closé-and
thepurge valve.wouldopen,Intakemanifoldvacuumwould oceurinthe entireEECS.A pres-
sure sensoriit the fuel tankwouldprovide:.a pressure:profile during:‘this ‘test'to ‘the ECU,
which wouldthemdetermineif aleakexisted.inthe system.

 

12.2.4. FuelDeliverySystenis

 
Overview. Fuel:managementiin the spark ignition enpineconsists. ofmetering. ihe fuel, for:
mationof the air/fuel mixture, transportation of the air/fuel mixture, and distribution ofthe
air/fuelmixture;The driver operatesthethrottle. valve, which determinesthe quantity of alr:
inductedby theengine. Thefuel delivery system1mustprovide the: proper quantityoffuelto
create’a combustible mixtureintheengine cylinder.In general, twofueldeliverysystem con=
figurations exist: sirigle:-pointandmultipoint(Fig,12.11).

   

        

      

FIGURE12.11 Air-fuel-mixtore preparation: right; single-point1fuel injection;left, multipoint fuelinjection.with fuel(1), air,(2),
throttleValve (3),intake manifold (4), injéctor(s) (5),atidengine:(6).
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For single-point systems: such as carburetors or single-point fuel injection, the fuel iis.meétéredinthe vicinityofthethrottle valve.Mixture formationoccursintheintake manifold,
Some ofthe fuel dropletsevaporate to form fuel vapor(desirable) while others condenseto
formafilmon:the intakemanifold walls(undesirable). Mixturetransportanddistribution is

-afunction-ofintakemanifold design. Uniformdistribution underall‘Operating conditions'is
difficultto achieve in a single-“pointsystem,
Formultipoint systéms, the fuelis injected néarthe intake valve.Mixture forniationiis Sup:
Diemer heepeeofthe fuel,on the back0ofthe h

 

 

  

 distributionisnotanissue, the intakemanifoldsdesiancanbe optimizedfor air Aoak
Single-Point Injection Systems A, single-point injection system.uses oneor, in some vases,
two electronic fuel injectorsto inject. fuel into:th mal
the fuel injection unitwhich is locate

ComponentDescription, d fuel-‘pumpprovides fuelata:medium:pressure:(typ-
ically. 0.7 to 1.0 bar) tothe electronicfuel injection, ‘anit (Fig,12.12), Thefuel injectionunit

houses the solenoid-operatedfuel injector, which is locatedinthéintakeaitflow abovethe
throttlevalve,This allows for:homogeneous mixture formation anddistribution.The injector
spray patternisdesigned to: allowfueltopass tbetweenthethrottle valve andthethrottle bore.
‘To preventvaporJock oftheinjector,fuel flows through:the injectoratalltimes. Fuel not used
bytheengineis returned tothefuel tank. Theinjectoris activatedinrelation to the speedof
theengitie, typically.once perignition event."The Jénpth:of the pulse width. deteimines: thé
quantityoffuel.provided,

 
  

 

 
6

FIGURE 12:12: Single-pointinjection:‘unit: pressure regulator.(1)injec.
‘tor (2),fuelreturn eppér:motorforidlé speed control @), to intalce
oyanifold (5), throttlevalve ©; and fucliniet (7),

 

The electronicieutidntunitalso hotisésthe throttle position sensor and,in-some cases;an :
inlet air temipératiire sensor which|provides operatingconditioninformationto the ECU.The
throttle valveactuator and.fuel pressure regulator are also mounted on the injection ‘unit, In.
addition, some units contaiti an airbypass valveforidle spéedcontrol. Engine teniperaturé,
batteryvoltage,andenginespeed via the:ignition.Systemareall inputs tothe ECU:Thesingle-°
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pointinjection systemalso uses lambda closed-loopfuelcontrol-to optimize fuel metering,
within the: lambdacontrolwindow (see Sec, 12.2.1). ,

Adaptation to Operating Conditions: For cold-start-and enpine warm-up; the ECU tses
engine temperature informationto determinethecorrect-amount offuel-and commandsthe
fuel ‘injector via a pulse width, Due to wall wetting, and. poor: fuel-waporization whenthe.
engine:is cold; anincrease.inmixturerichness is required, Asthe engifie warmis uptooperat-
ing temperature, the coiminanded pulse widthis reduced.

“During‘an accelerationtransition; the ECUadds acorrectionfactor (an increase), to the
commandedinjector pulse width. The suddenincreasein-air résults in a lean. mixture which
must becorrectedswiftly to obtain good transitionalresponse, Duting a deceleration transi-
tion,the: fuel can beshutoff bysimply not pro iding a pulsewidthsignal to theinjector to
minimize: exhaust emissionsand fuel consumption.

During full-load operation,theair/fuel mixture can beentiched (v< 1) to: delivermaxi-
mum‘torque. The ECU‘determines full-load. operation by thethrottle positionsensor(at-or
néat wide-open throttle) andadds:# correction totheinjector pulse width fo achievethe
desired air/fuelmixturerichness.

_. Thesingle-point system. cancontrol theidlé speed by ECU control ofeither a throttle
valveactuator ota bypass valve. Idle spéed.is a function ofengine operating temperature,
whether the transmission is in drive,and whataccessories arein use: Fuel meteringatidle is

 

-detertnined byengine RPMand load as wellas lambda‘closed-loop:control.

“Multipoint Fuel Injection Systems, Amultipoint fuel injection system supplies:‘fuel-to éach
-cylindet individually via.amechanical orsolenoid-operatedfuelinjector located just upstream
_oftheintakevalve-Advantagesofthissystemtype comparedtoSPIsystems are numerous:

». Increased:fuel economy. Onan SPI engine, dueto the intake manifold configuration, mix+
ture formation will differ ateach:cylinder.To provide.adequate fuelfor the leanestcylinder,
is deposited0onthe intake‘manifoldwallsThis leads. io furthervariationsiiil fnietiire.from
cylinderto eylinder.Multipoint injection.provides the samequantityof:fuel to:each cylinder.

© Higher power output. Withthefuel being. injected near the intake valve, the rest. of the
intake manifold canbe optimizedfor maximum.air flow.The resultisincreasedtorque.

‘7 Improved throttle response. Because-thefuclis injected onto the intake valves, responses
_to inereasesin throttle position are swift, With an.SPI system,theincreased fuel required.
- must travelthe length ofthe intake manifold before entering the cylinder. .

* Lowerexhaustemissions, Aswas discussed forfuel, economy, mixturevariation inanSPI
system creates increased exhaust emissions, Meteringof the fuel at the intake valve
decreases this variation. In’addition, thesystemtransport timeis rediiced,increasing the
frequency at which the lambdaclosed-loop controlsystem! can switch air/fuel ratio.“Cat.
alyticconverterefficiencyis increased..

Althoughthere are numerotis advantagesof the MPI systemsdver-theSPT systems, there
is stilLoneiimportant advantagethe SPIsystems haveover the MPIsystems. In general,SPI
systems have betterfuelpreparation,similar to a carburetor.

Mechanically. Controlled Continuous. injection System. This type ofsystem metersthe
fuel-as afunctionof the-intake air quantity andinjectsit continuously onto'the intake valves.
This is accomplished bymeasuringthe air Dewasiit passesthrough thé air flow meterby
meansofdeflectionof a meter plate. Thefuel is supplied:througha fuel accumulatorto the
fueldistributor by an electric fuel pump.A primary-pressureregulator in thefuel distributor
maintains constant fuel pressure:The fucl distributor; through its interfacewith the air flow
mmeter and warm‘up regulator,meters fuelto the continuously flowing fuel injectors.

ComponentDescription
Mixture control unit,. The muxturecontrol unithouses theair flowmeter andthe-fueldis-
tributor,In the ait flow meter, the measurement:of theintake air serves as the basis-for
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determining theamount offuel to beinéteredto theinjectors,‘The air flowmeter is located
upstream of the throttle valyeso that itmeasuresall theair entering:theengine.It consists
ofanairfunnel,in whicha sensor plateis freeto]pivot  take airflowingthroug!
nel causes.a deflection of thesensorplate.Thesensorplate iismechanicallylinked toa con-"
trolplunger.arid movementof the plateresults inmovementofthecontrol plunger. ‘The.
control plunger’movement déeteriminestheamountoffuel tobe injected.

Inthe fuel distributor,ihe controlplunger:moves up:
 

 

 Increased air flow causes the control plungertomove upward,uncoveringalarger areaof
the. metering’ slit and increasing thefuelmetered..Downstreamiof each meteringslitis a
differential-pressure valvethat m: 

directlyproportional.to the position of the controlPlunger (Fig.12.13).

 
FIGURE 42.13 Fuél distributert6z mixture control nit; diaphrasin :
(1), to! injector (2);eontrol-plunger: (3); metering: slot: {4); ‘differential
pressureregulator(5).

Warm-up regulator, ‘The wartn-lp regulatoriis usedto fichen:thefuel mixture under cold
engine: conditions. It consists of a diaphragm valve and an electrically: heated bimetallic
spring;Undercoldconditions, the:warm-upregulator lowers thecontrolpressureon the
controlplunger, Thecontrol pressureacts onthe:opposite endofthe plunger from the air
flow meter plate. A lowercontrol pressure results ina lower forcerequired|to movethe
meter ‘plate.Therefore, the same:airflowcauses the meter plateand:controlplunger tomoveagreater distaiice and additional fuelismetered: to: theinjectors:
Fuel injectors... The injectors open at apressureof.approximately 3.6 bar. -Atornizatign‘of
thefuéLocciirs through:oscillation {audiblechatter)of thevalveneedle caused bythefuel
flowingthroughit.Theinjectors rémainopen aslong:as fuelis provided abovethe open-
ing pressure.Fuel iis ‘injected continuously into. theintake port:Whentheintake: valve:
opens,thémixtureis‘drawn intotheeylinder.
Auxiliary air valve. The:auxiliary air valve provides: additionalair totheengine by
bypassingthe throttle-valve duringcold engine Operation,This créatesanimeréase inthe:
idle.speéd neededduring cold operation. °
Thermo-timeswitch, Thetheriio-time.switch controlsthe coldstart-valve asa:functionof

 

time andénginé temperature.Fuelénterstheintakemanifoldfromthecold start-valve and:
further enriches the mixture to improve-cold-“startingat low. ambient. temperatures. When.
the: engine is warm, the contacts in the thermo-time switch open and-the:cold-startvalyeis~not usedin:starting the-engine.
Lambdasensor. With theadditionofa lambdasensorin.theexhaust stream, afrequency:
valve; a modified fuel distributor, and anelectronic control unit, the: mechanically con-
trolledfuel system can operate.underlambdaclosed-loopcontrol.“TheJambda:sensor sig~
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h thefun:

downinacylindricallyshaped
device (barrel)with rect. gular openings (meteringslit), onefor cachenginecylinder.

maintains a constant pressure drop acrossthe metering.
slits at different flow rates. Due tothe:constant pressure, the fuel flow through the-slitsis
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20longer required and the:
eated start attempts or long

ijector aftera given. time. This
red.

Orfuéliaporization still ocout

 
the temperatureincreases,theeeoacommands less andless additionalfuel
byincreasing.thecontrol pressure.

af acecleration. r 
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thatusés intakemanifold pressureis required.Atincreased thanifold:pressures, i:; during
wide-“open:throttle, the warm-up regulatorlowers the control pressure,which results in an
increasein fuel delivery.Decelerationfuelshutoff is-accomplishedby:diverting all intake
airthroughamairbypassaroundthe ait flowsensor plate,With noairflow pastthe ialrflow.
sensorplate,‘thé fuel pressure tothe injjectorsiis decreasedbelow.the opening pressure,

Idlespeed:for the cold-“running, engineis increased by the. auxiliaryair valve. The
-amount-of additionalairvaries ‘with engine temperatuteuntil the auxiliaryair valve is
closed and theidle speedis thencontrolled.onlybetheair passing the throttlevalve.
Electronically Controlled.Continuous Injection. ‘Thebasis ofthe.élettronicallycontrolled

continuous’ injectionisstillthe mechanical hydraulicinjectionsystem discussed. previously,
This is supplementedbyanelectroniccontrolunit (ECU)that allowsfor'an increaseinflexi-
bility and the. use: of additional functions. This: system incorporates additional sensors for
detecting theengine temperature, thethrottle valveposition (loadsignal), andtheair flow

 

sensorplate: deflection. This information is-processed by the ECU, which then commandsan
electrohydraulicpressure actuator to adapttheinjected:fuelquantity for thepresent operat-
ingcondifions.

In contrastto the:mechanical system:mentionedpreviously,’thecontrol pressureor:coun-
ferpressureon the-controlplungeris not variedby. a warm-upregulator.The controlpressure
remains constantiandis the sameas thepprimarypressure.Thefunctionof the:warm-up regu-
lator isnow handled bythe:ECUandthe:électrohydraulicpressure actuator.Figure: 12.15 isa
schematic ofa typical.electronicallycontrolled coutinnousinjection system,

 

   
FIGURE 12.15 Sohiematie ofanelectronicallycontrolled continuousfeeliinjection’systen: fueltank (1), elee-
. tri¢ fuelpump(2),fuelaccumulator(3),fuelfilter(4),fuel pressureregulator (5), injector (6),intakeplenum (7),
‘eold-startValve(8), fueldistributor (9),airflowsensor(10),electrohydraulicpressureactuator (11),Jambdasén-
sor(12), thermo-timeswitch (13), coolant:temperature sensor (14),ignitiondistributor(15),auxiliaryairvalve
(16),throttle valve switch.(17),EU(18),ignition:awitch (19), and battery:(20),
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fatefrequency valve,whichis no longern

 

 

valve injects extra, fel into the intake {

CONTROL SYSTEMS

 
 

latoriis no:longer required. Depending ontes
‘draulic pressure. actuator varies the presst
pressurevalves, Thischanges theamountof ed ectors.._

Lambdaclosed-loop control. As with, the mechanical system,the lambdasensorsignalis
processed by the ECUtodetermine mixture composition.The difference is that theECU now:
commandsthe:eléctrohydraulic actuator-to modify:the fuel metered,as opposed to thesepa-

  

Adaptationto operating conditions, D  

 yethe E when the £ “val nespeedis-above le RPM.The:ECUsignalsthevelestchivasaulicpressure¢ actuator too infenpt
fuel delivery to theinjectors:

Idle speed ‘control can be a closed-loopfunction with. the, addition. oftheidle actuator:
valve.ThisvalveisECU-controlled and theRPMsignalfroutheignition, combiried withthe
engine temperaturesignal, is usedto-determineits positionfor'thecorrectidle speed.

Pulsed Fuel InjecitonSystems. Pulsed fuel injection systems:area further enhancement
£fuelquantityisis
sare eontratled,

of theiincoming aittomovea“fapProudadefinedalig
vertedbya potentiometertoa.voltage ratio.The airflow: ala
peraturesensorto correct forairdetisity.changes.Theair mass flow meter measures the ait
mass directlyby hot-wire or hot-film element,As the inlet air flow passes the heated. ele-
ment, a bridgecircuit keepsthe elementataconstant temperature:abovetheinlet temper-
ature. The: heating current. required bythe bridge circuit to. maintaintheelement ata
constant teniperature is. measuredand converted to an air densityvalue.

The airchargecan also be-measurédindircetly bymeasuringthe inletair temperature,intake
manifold pressure,and enpine.RPM andthen calculatingthe air charge:(see:See, 12.2.1 for fur-
therdiscussion:onthecalculationmethod which iscalled spced density airmeasurement):
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FIGURE 12:16. Schematicofa pulsedfuel:injection syster! fuel tank G),electric fuel punip (2),fel:filter 8B);
ECU@ilinjector:(5),fueldistributor (6), fuel pressure regulator’(7),intake plenum:(8);throtile-valve switch (9),
hot-wiremassair flow sensor(10), lamibdasensor (11), coolant’temperature,sensor (125,ignition:distributor(13),
idle:speed-actuator: G4), battery (15),andignition switch(16):- .

© Fuelmetering, ‘Thefuel supply system includes an electric: fuel pump,-fuel filter, fuel rail,
pressureregulator, and solenoid-operated injectors.Thefuelpump.providesmotefuel than
the maximumrequired by: the:engine.Fuel notused. by the engine is returnedtothefuel
tank.Thefuelrail suppliesall injectors:“withanequal quantityoffuel andensures the same
fuel pressure atall injectors, .

‘The. pressureregulator keeps the pressure differential ACTOSS the injectors constanit.tt
contains a diaphragm that hasintake manifoldpressure onone side and fuelrail presstire
ontheother. Norinally,it is mountedattheoutlet end of the fuelrail.The diaphragm oper-
alés.a valve which opensat a differential pressurebetween2.0 and 3,5bararidallows excess
fuel toreturntothefuel tank.
~Thefuel injéctorsare solenoid-operatedvalves that areopenedand closed by means of

electric pulses fromthe ECU. Theinjectors are mounted in theintakemanifold and spray
ontothebackof the intake valves. Ingeneral, oneinjector is used for each cylinder.

Inaddition,somesysteins' also.use a separate cold-start injector mountedinthe intake
manifoldjust downstreamofthethrottle valve. Thisiinjéctor ensures goodfuel vaporization
duringcold-start andsupplies the additionalenrichment needed to start the cold engine.
Controlof the cold-start valve is either: by the ECU directly‘orin. conjunction. with a
thermo-time switch.:
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12.255

vaporization and wall wetting, which reducesthe

-entichmentshouldbeminimized toobtaingood ert
- lambda(A)=1.

has moved rapidly,TheECU adds a correc
“smoothtransitionoccurs.For:deceleration, the ECU usesinputfromthethrottle position sen-

‘bustion chamber and. spark plug design. S

CONTROLSYSTEMS.

* Lambdaclosed-loop control. ‘The lambdasensorsignal is processedby the ECU.The ECU
determinesthe required injector pulse width to maintaintheair/fuelratio within the lambda
controlwindow(seé Sec. 12.2.1 for further discussion onlambdaclosed-loop control).

Adaptation to.operating conditions. For cranking, thefuel required isdetermined bya
data. table. in theECU with. reference to engine:temperatur The ECUthen commands a.
pulse: width for the fuel injectors, The air/fuel- i 

 
 

mixture remainsrichdue to: continuingpoor:

Foraccelerationenrichment, the throttle valve:position: sensor indicates that the. throttle 
Sction factor to increase the pulsé widthso thata.

sor and engineRPMtoindicatethat thethrottle hascloséd.andthe etigine speedis above the
“idle speed.Since no torque is requiredunderthis condition, theECUprovidesno pulse width
to-theinjectors andthey are thereforeclosed.Forfull-load enrichment, when necessary, the
ECUcan providean injector pulsewidththat would result.in theengineachievingitsmaxi-
munitorque (roughly 4=0.9). Fue! metering duringidleis primarilycontrolled by lambda
closed--loop control.when the engine has reached operatingtemperature.

Ignition Systems

titionsysteminthesparkignitionengineistoimtiate com-
ieliveringasparkat precisely theright moment, The-spark

d acrosstheelectrodesofthe. spark plug. Twoimportant
energy. ‘ofthe spark: and. thé. pout:in. the.four-stroke:cycle

Overview.

bustion“OF
 
 
 factorsforproper ignitionare

when thesparkoccurs (ignition tinting).
“ElectricalEnergy. “Theenergy: requiredfora spark to ignite an air/fuel mixture. at stoi

chiometry depends on specificengineconditions. If thereis insufficient energy availableto
ignitetheair/fuelmixture, misfiting will occur. Mistiringwillresult.inpoorengine. operation,high exhaust. emissions, and possible catalytie-converter damage. ‘Therefore, the amountof
ignitionenergyavailable must alwaysexceedthe: amountnecessaryto ensure ignition even
under adverse conditions.

Some of the conditionsthat-affect ignitability:Of the air/fiiel mixture:are fuel atomization,
access ofthe inixturetothe spark,spark duration,andspark physical length.Fuel atomization
iscontrolled by thefuel systemand the engine design.Access to thespark depends on.com-4.

parkduration is a functionoftheignition system,

 

 Sparkphysical lengthiis determinedbythesparkplugdimensions (gap).
Ignition Timing. “Theignitiontiminginust beselected to-meet thefollowing: objectives:

maximize: engine performance,limitfucl eonsumption, minimizeengineknock, and minimize
exhaustemissions:Unfortunately, all-ofthese objectives cannot: beachievedsimultaneously
underalloperatingconditions and compromises.

Itis-desirable in the SI engine to haye ignition of:the combustible mixture occurprior to the

 

  

piston reachingTDCon the compression stroketo.achieve thebest engine performance. The
ignition spark must oecur early enough to ensure that thepeak-cylinder combustion-pressure:
occurs at thecorrect pointafter top dead center (ADC) underall operating, conditionsFigure.
12.17 isgraphofignitionanglevs. combustionpressure.The length ofthe combustion:process.
frominitial ignition tofinal combustionis approximately 2-ms. This combiistion time remains
relatively constant with respectto enginespeed. Therefore,as the enginespeedincreases,the
ignitionsparkmust occur-earlierin termsof crankshaft angleto ensure complete combustion:
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Combustion.Pressure: 
Te+50?  28Be eeTe

Ignition Advance Angle
FIGURE. 12,17 Combustion presstite curve: for vari-
cousignition’‘tintingpoints: correct ignition advance Lai
(1); excessive ipnitionadvance:Ly (2), and excessive ign:
‘tion retard Le (3).

At low enpine Toads, thelowerair charge:anid thevesidual gas content,due to'valve-overs. ”
“lap; serve: to lengthen. thetimerequirédfor‘complete:combustion. ‘To compensate forthis.
effect,theignitiontimingis adyanced atlow loadsto ensurethat’complete combustionocctirs.

Ignition timing.influencesexhatistemissions and fuelconsumption. Withmore advanced:
timing, the emission of unburned hydrocarbons: (HC). and. ofoxides ‘of nitrogen, (NO,)
iiereasés. Carbon moneéxidé (CO) emissions are:not influenced greatlyby ignition timing: To:

- achieveimprovementsinfuelconsumption; the air/fuelmixture mustbelean. To‘ensurecom-
plete.combustion foralean mixture, the ignition timingmust beadvanced,However,aspre-. “
viouslystated,advancedHimingincteasesemissionsofHCandNO,
Spark IgnitionSystems.. ‘The general configuration ofanignitionsystem consistsof the fol:
lowing components: energy storage device, ignition timingmechanism,ignition, triggering
mechanism,spark: istributionsystem, and spark plugs andhigh tension wires.

Inductive ignitionsystems use an ignition.coil as the enérgystorage device.The coil also’
 functionsasa-transformer,. boosting thesécondary mition voltage,A. typical turns-ratio:of

“the. primary to.secondary windingis 11100;Electricalenergy 18 supplied to the-coil’sprimary
winding from.the vehicle electrical system. Beforetheignitionpoint, thecoil. is charged dur-
ing the dwell periodto its interruption current. Open:orclosed-loop dwell angle control:
ensuresa sufficientinterruption current evenathigh speeds. Sufficient ignitionenergy at the

- interruption currentis ensured by an adequatecoil design: At the ignition point,the primarycurrentwillbéinterrupted.Therapidchangeofthe.magnetic tieldinduces the secondaryvolt-
agé.in the secondary:winding. Adisizibution systemassignsthe high voltage to the.corre-
sponding’sparkplug.Afterexceedingthearcingover voltage-at the spark plug; the coilwill be
discharged during the sparkduration.

The ignition timingmechanism,ignition triggering mechanism, and the spark distribution
systemdiffer betweenignition systems,Further discussion of thésé will o¢cur within the dis-
cussionofeachignition’ systemtype.

The spark plugs providetheignition energy Via the high-tension wiresto theair/fuel mix-
turein the cylinder. to initiatecombustion.Theyoltage requiredat the spark plug can be more
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than 30.kV. Becalise theconeplug:extends into the.combustion chamber,it is exposed to1 s, Sparkplug design and materialsatechosen to
ing conditions,

  
 
 
 

 

  
  trode andjjumpsthe gap to the eround electrode.

Ignition System Types. ‘Table 12.1 summarizes: the: variousignition systems used on ST.
engines.

 placed by a“magnetic pulse: generator. The
pulsegeneratoris installedinthe distributor
and. turns: with: the: distributer shaft. There

are commonly two.weveof pulse generators:SauconHee ainig. Hall.ee Induction-

 
the istributorsshaft.The* obecutingcineigle
is that as the air. gap changes betweenthe
stator and: the fotor, the magnetic: flux

Voltage

 
             
 

 

Capacitor Electronic Electronic
Transistorized: ‘discharge: systemwith  distributorless*

_._Lgnitionffunction | Coilsystem system distributor_a.System
Ignition triggering “ Mechanical ~ Electronic Electronic. “Electronic
Ipnition'timing: . Mechanical “Mechanical Electronic Electronic’—_Electronic
High-voltage generation Inductive: “Inductive Gapacitive. Inductive Inductive
Sparkddistributionto appropriateoylinderMechanical Mechanical, Mechanical Mechanical Electronic: _ 
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Hall-typepulse generatorsutilizetheHall

is Subjectedto a magneticfield,The magnetic
flux density iishigh andthusthe voltage Ugis

 through the vane area and is largely ’pre-
ventedfromreaching theHalllayer, Thevolt:

switch the primary currentoffandon.
The: distributor disburses ‘the ignition

pulses: tothesparkplugs viathe high-tension
wiresin:a specific:sequence,Italso:adjuststhe
ignition. timing bymeans of‘sparkadvance
‘méchanisins. The.distributor Yotor ds: turned
‘by the: engine: at: oneshalf the crankshaft
speed. The electrical energyisfed to.the:cen-

_ter of the: rotor. Whilethe: rotor: turns, the
totorélécttode: aligns: with the outerelec-
trodesthat are connectedtothe‘high-tension

FIGURE12.19 Hall-type pulsegenerator:vane (1), -wires. One outerelectrode andhigh-tension
soft magnetic.conductive clements (2), Hall IC (3), wire.connection. exists. for each: cylinder.
and airgap, UG-Hall sensorvoltage(4), “When alignment occutsbetween, the center

andouter:electrode, the sparkisdistributed

HallVoltageUg 
Time: ——s

 

The. spark:advance: mechanismsadvance the.ignition imingby: rotating the distributor
platerelativeto thedistributorshaft.Theones advarice. incteases’ the spark. advanceee

 , USI gintakemanifold vacuumincreasesthe:spark advangeatloween sine speeds :
Capacitor:dischargeignition system, The capacitive discharge system. differs-from the

coil-type. ignitionsystemspreviously. discussed. Ignition energyisstoredintheelectricalfield
ofacapacitor.Capacitance andcharge voltageofthe:capacitor determine: the: amount of
energy thatiis stored: Theignition transformerconyerts theprimaryvoltagedischarged from
the capacitor tothe required high: voltage:

Electronic ignition—with distributor. Electronicignitioncaleulates thé ignitiontitningelec: 

‘tronically (Fig. 12.20). This’ replaces‘the function:ofthecentrifugal advance: and vachum
advanceinthedistributordiscussed on,theprevious coil ignition systems. Because the.ignition
timing is notlimitedby:mechanicaldevices, the:optimaltiming can.b chosen:foreach engine 
  
 
 

 

 

mechanical advance
influences suicli as

figine speedinputandBI mircrankshaft position inputcan‘be ob ined fontasensor‘mounted nearthe.ctankshaft. Preci-
sion is improvedover usingthe distrib tor-mounted trigger.This inputisprovidedto theelec-

the engine temperatureand engine load. The ECU
referencés-datatablesto determine:theoptimalspark advancefor eachengine operating con-
dition; Additional correctionstothe spark timing,such as for EGR usage orknock sensor
detection, aré madein theECU;

 

Electronic. ignition—distributorless. On distPibutorless: ignition systems, thehigh voltage
distribution is accomplished byusingeithersingle ordouble sparkignition:coils: Ignition tim-
‘ing is determined by the ECU,.asdiscussedfor electronicignition with distributor,For the

double: spark ignition boils,one coil exists for: twocorresponding cylinders.Twohigh-tension
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effect (Fig. 12:19),Asthe distributor: shaft:
turns, the vanes'of the rotor movethrough-
theair gap of the:magneticbarrier.Whenthe:
vaneis notin front.oftheHall IC,the sensor:

at a maximum. Assoon as the rotoryane:

éntets thé:air gap,the:‘magnetic flux rors

age Ugisat aminimum.Theresultingpulses:

a



1700

12.32 CONTROL SYSTEMS

      
FIGURE1220. Schemati¢of anéléctronicignition: systema with-distributor:ignition coil.),high-voltage distributor Qespark
plug (3),CU (4), coolant-temperature’sensor(5), knock:sensor(6), engine speed and crankshaftreference sensor (7), sensor wheel
(8), throttlevalve'(9),battery (10), and ignition switch (14)...

wiresaretoutedfroméachcoil to two cylinders, which are 360° outof phase.When the coil
outputstageistriggered via theECU, asparkis delivered toboth:cylinders.One cylinder will
be-on-the compression stroke; the other ontheexhaust stroke. Because both cylinders are
fired together, for a given crankshaft rotation, one will alwaysbe on the compressionstroke.
and the other on the exhaust stroke. Therefore, there is no need to know:which.cylinderis:
compressingthe ignitablemixture.

On single sparkignitioncoils, anecoilexists.ie eachcylinder,Each coiltriggersonlyonce
during the four-strokecycle:Becauseofthis, it must:be. knownwhich cylinderis ‘on the com-
pressionstroke. Synchronization with the camshaftmust occur, The information neededon
camshaftposition is supplied.by a phase sénsor mountéd.onthe:camshaft,

12.o__COMPRESSIONIGNITION|ENGINES

12.3.1 Engine Control Functions

Electronic engine controls. are nowbeing used on compression ignition (diesel) engines,
Thesecontrolsoffer greater precision and:controloffuel injection quantity and timing, engine:
speed, EGR, turbocharger ‘boostpressure,and auxiliary startingdevices. The.followinginputs
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