"~ ELECTRONIC STEERING
AND SUSPENSIONS SYSTEMS

Automotive Electronics Series

PT1-77

F I R ey e
5 PR B LA

. H
PR T M M

Edited by ki el

Ronald K. Jurgen

Published by
Society of Automotive Engineers, Inc.
400 Commonwealth Drive
Warrendale, PA 15096-0001
U.S.A.
Phone (724) 776-4841
Fax: (724) 776-5760
www.sae.org




Table of Contents

Introduction

More Electronics; LeSS MeCRANICS ..cuunrmeoeeceeeeetrrenrernrenssssssesstneerssnmsrensrsesansnsnsnsssensasansansss ; ....................... \'
Ronald K. Jurgen, Editor

Electronic Stéering Systems

Development of Electronic Controlled Power Steering System (981117) ....ccccervrmeisicerrinriinnrssenssnnns .3
Chang Sub Shim, Byeong Jo Lee, Je Duk Kim, and Nam Chan Choi

Control of Electric Power Steering Systems (981116) <. veeersenrse sttt e 9
J.S. Chen

Magnetic Power Steering Assist System—Magnasteer (940867) .........ccecvrvererernnrinnnsnssnsnssnnsanssnians 13

Andrzej M. Pawlak, David W. Graber, and Dennis C. Eckhardt

Integrated Electro-Hydraulic Power Steering System with Low Electric Energy
ConsSUMPRION (950580).....cuueesmrrrrcrissnrsermesnasssenissrssnreiseressssessssssanrasmaresassesssanssanissansessasesnssssnssstesansssnanses 19
Keiji Suzuki, Yoshiharu Inaguma, Kyosuke Haga, and Tomoni Nakayama

An Energy Saving Technique in an Electro-Hydraulic Power Steering (EHPS)
R oy Y L1 X T 27
Yoshiharu Inaguma, Keiji Suzuki, and Kyosuke Haga

Opto-Electronic Torque, Absolute Angle and Rate Sensor for EPAS and EHPAS

Steering Applications (1999-01-1035) .......ccciciiiimmisinmiscnntmimiasiiasensiessssmmmmsssasesssnssesssarsssssssssssssssssassonsasas 35
Karl Eisenhauer, James Andrew, John Baxter, Desmond Boyton,
Stuart Robinson, and Friedrich Heitger

Electric Power Assisted Steering for Small Road Vehicles (964131) .........cccccviimmnnccrinscnnrccsssnnnesansns 43
S.R. Malsbury and J.C. Hinton

High Integrity Optical 'i'orque Sensor for Electric Power Steering Systems (95A083)..........cc..cu..... 51
R.J. Kazelden .

Trends and Alternatives in Power Steering Systems with Particular Emphasis on

Energy Consumption (945039) ......cceremireirsmsissenssemicaressssistsensssmesssresessesssstessnmnasnsssstesesansnsesassssnsnnnssnaes 61
P. Kopf ‘ S
New Approach for Intelligent Steering System Development (96C007) ..........cccceeccerererrimssnnncerssannene 69

Toru Hatanaka and Hideki Noro -

Active Control of Drive Motion of Four Wheel Steering Car with Neural Network (940229) ........... 79
Toshinari Shiotsuka, Akio Nagamatsu, Kazuo Yoshida, and Mitsuru Negaoka

vii

T RS TR TR

ey

T

VO S————




F Yo Lo e T 1) N
Masahito Koresawa and Haruo Shimosaka

% 1'?5}%;;‘%{1 ej?}ﬁ:;f:i *‘,," i}:‘:r :,"ﬁrt"rf‘:\j;vﬂ:i “;’ :{ m ’3*'# [ p
-
|
Design of Actuator for Active-Rear-Steer System (981114) ......ccrrerrierisrsimnnscinnsnssnecsssnessesssnes 93 g
Akiya Taneda and Toshihiko Yamanaka rf
Development of Active Rear Steer System Applying Hee-p Synthesis (981115)......c.ccccccervcevisenveennes 99 L
Kozo Fuijita, Kaoru Ohashi, Katsumi Fukatani, Syouichi Kamei, Fi
Yasuhiro Kagawa, and Hideo Mori 3
Performance of Four-Wheel-Steering Vehicles in Lane Change Maneuvers (950316) .........cccvsesns 107 E
AllanY. Lee -
Emulating the Lateral Dynamics of a Range of Vehicles Using a Four-Wheel-Steering *:
VEhiCIE (950304) ........oicccceeccamrsrransssirsarnssenssssinsssssssnessesssersasssarsassasssnsntsnssssnssssasssssanssnssssnennssnsssasovesasasten 121 &
AllanY. Lee ]
An On-Line Learning Control of Unsupervised Neural Network for a Vehicle Four ‘
Wheel Steering System (960938) ........ccccviemiimrintismisnsesssnssnmsesssnsssesssssesssssenssssssssassnsas eeneeneesaesnenrannsnrenes 133 |
~ Hoyong Kim ‘
A Study on the Efficient and Non-interactive Power Transmission Mechanism for the
Actuator of a Four Wheel Steering System (960932) .......c.ccceeemurremescmrammminenmesninsnmcinsisnsissssssessnsanses 141
Toshiro Ichikawa and Hideaki Nakamura
Yaw Rate and Lateral Acceleration Feedback for Four-Wheel Steering (948185) ..........coccovuruenee. 149
' Jurgen Ackermann : '
Cbntrol Loop for Driver-Vehicle with Four Wheel Steering (948163) ........ccocconvvecniniercsnvsnnsansncanens 155 §
M. Mitschke and E. Ahring
Integration of Linear Systems and Neural Networks for the Design of Nonlinear
Four-Wheel-Steering Systems (948183)........cccoceceirimminninmmninissriisismsisssissssssnisnainas s nsesesansssns 163 |
Masao Nagai and Antonio Moran '
A New Method to Analyze the Kinematics of Multi-Axle Steering System (945093) ...................... 169 |
Y.S. He and J. Wang
Improvement of Vehicle Handling and Stability by an Integrated Four-Wheel-Steer
and Yaw Moment Control System (945073) .......cueueeruccrcccmrcarsorsemssssrsmssnssmassssassasssssessssassasssssssnsssasasss 173 |
Y.Q.Wang and M. Nagai . i
Use of Fuzzy-Control Steering Concepts in Four-Wheel Steered Vehicles (945037) .........cvceveenenne 183 ;
A.Vikas and H.-P. Willumeit
Robust Control System for Electric Rear Wheel Steering Actuator (944057) .......c.coccceecevrencnnienseee 193 |
Y.Yamamura, T. Eguchi, and O. Sato
Study on a Four Wheel Steering Vehicle Driven at an Objective Side Slip ‘
201 §




Viewpoint of Steer-by-Wire System Design (1999-01-0821) .....cccccerrrrcrararscscsnsnsrsssmsnesssmsensasssasasasesass 209 ©

Effects of Steering System Characteristics on Control Performance from the ' }
' Jun Tajima, Naochiro Yuhara, Shoichi Sano, and Shigenori Takimoto i

The Steer-by-Wire Prototype Implementation: Realizing Time Triggered System

Design, Fail Silence Behavior and Active Replication with Fault-Tolerance Support s

(1999-01-0400) .......o0rsememrrasianssannnnes eeseesssseessneressmmressaseessseessSeseiesSEesESSEESSERESEISSSRRIIISENEEEasEiessasessnTssneaane 223
Thomas Fiihrer and Anton Schedl

Electric Power Steering—The First Step on the Way to “Steer by Wire” (1999-01-0401) ............... 231 v~
Dominke Peter and Ruck Gerhard

The X-by-Wire Concept: Time-Triggered Information Exchange and Fail Silence

SUpport by NeW SYStem SErviCes (980555) .......ccurrermmrerreesseressessssssnessesssssensssesessmsssassrassssssessarasssass 239 v
Elmar Dilger, Thomas Fuhrer, and Bernd Muiller
Electronic Suspension Systems :
Performance of Limited Bandwidth Active Suspension Based on a Half Car Model (981118) ..... 251
S.M. El-Demerdash ‘
Semiactive Suspension: A Field Testing Case Study (981119).........cccccuvirninvcnnnnsnnissinemnsnissennaneens 261 |
Nancy L. Saxon, William R. Meldrum Jr., and Tyrone K. Bonte -
Analysis on Benefits of an Adaptive Kalman Filter Active Vehicle Suspension (981120).............. 269

Fan Yu and D.A. Crolla

Preview Control of Active Vehicle Suspensions Based on a State and Input
Estimator (981121) ....ccciccrerimirriseirsiicsnicecsessesssissennsseennnans CramsevssessesEIsaRITEESSRRTESERRTEssassesaeasasesnasnsusananan 277
Hyoun-Surk Roh and Youngjin Park

Development of the Semi-Active Suspension Systém Based on the Sky-Hook Damper
ThEOrY (940863) .....ceeeierssanrssmniranmssssnsssanssnsmsansasarassastssnmassessesssssnsrasne rasss sasssesssesassssstesasssssenssasssnnssnsssanss 285
Junichi Emura, Shinobu Kakizaki, Fumiyuki Yamaoka, and Michiya Nakamura

; Simulation and Evaluation of Semi-Active Suspensions (940864) ..........c..ccceererserscsnrsnincnsisansanenn 295
D. Moline, S. Floyd, S. Vaduri, and E. Harry Law

; Motion Control of the Vehicle with an Active Suspension System (940865)..........ccccvenvermrscnnianrnee 307
YoungEun Ko and Taell Oh
] H-Infinity Control for Lancia Thema Full Active Suspension System (950583) .........c.ccoceeesisenennenee 315 3

Paolo S. Palmeri, Alberto Moschetti, and Luigi Gortan

] Demonstration of an Automotive Semi-Active Suspension Using Electrorheological
i FIUID (950586) ...ccevreueiesersesssnssnmssersonsasnmsnnssnsssnssssessssssesssessissssssetsssesseessnssnsassossssssansasasssasssasssnsansasassasssns 323 ©
3 Nicholas K. Petek, Douglas J. Romstadt, Magnus B. Lizell,
and Thomas R. Weyenberg




A New Class of Smart Automotive Active Suspensions Using Piezoceramic
ACtUALiON (950588) ........ococnserserensessnsassnasessnesmsanssssesstassansnssssnsssssnssssssasssstsassssnssessanssnansansasansanssnsssassasses 329
Sridhar R. Thirupathi and Nagi G. Naganathan

Optimization of Active and Passive Suspensions Based on a Full Car Model (951063)................ Ky
ElSayed M. EIBeheiry and Dean C. Karnopp

Development of Active Suspensions Using Velocity Feedback (960935) ..........cccocrrernernernnvascnsennes 353
Junghsen Lieh

Optimal Preview Control Design of Active and Semi-Active Suspension Sysfems ,

INCIUAING JErK (960936) ...c...ceieremrererssceracrsnrsarsensssnsrsstassisassassassnssnssesssssssnsassastssesssssssassnsasasssnsssnsassasssns 359
lljoongYoun

An Energy Efficient Electromagnetic Active Suspension System (970385) ...........cocceeververircnencens 367

Francis B. Hoogterp, Joseph H. Beno, and Damon A. Weeks

An Integrated Chassis Control System to Enhance Vehicle Stability (97A081) .......ccccecevrcirnnnecn. 373
Joachim Busshardt, Pascal Chaumette, Aleksander Hac, Sylvain Hoang-Gia,
Jack Hoying, Robin Oakley, and Sean O’Connell

Development and Analysis of a Prototype Controllable Suspension (972691) .........ccocnenenennncn. 383
M. Ramsbottom and D.A. Crolla

Electronically Controlled “Smart” Materials in Active Suspension Systems (96C004) ................. 393 |
Andrew Pinkos and Emil Shtarkman '

Digital Control for Vehicle Active Suspension Systems (964196) ..........ccecvcervernannee esetressnraasas .. 401
S.M. El-Demerdash, A.R. Plummer, and D.A. Crolla i

New Valve Technology for Active SUSPENSION (960727) ..........ccveerereserssrsmsessasssssssssssssssssssasessssssessess 409 |
Hans-Jérg Feigel and Nino Romano !

Active Suspension Control for High-Performance Vehicles (217 Y01: 7 J 417 §
Marco Tibaldi, Elena Zattoni, and Marco Baraldini

Laser Ride Height Measurement/Calibration System (950025) .........cc.ccccccrcemrersvnmsrnrermrsersenssnsserenss 429 |
Hir_en H. Desai and Ronald J. Collins |

Vehicle Dynamics with Adaptive or Semi-Active Suspension Systems: Demands ;
on Hardware and SOftWare (948221) .........cccciineisnsencsnmsncansansssntssssssassissmsssssssssnessasssssansassassnsssassansansns 437 |
P. Rediich and H. Wallentowitz )

Distributed Hierarchy Control of Active Suspension System (948220)...........cccccnvemtivrccrnannssnarennas 443§
Eiichi Ono, Masashi Yamashita, and Yoji Yamauchi ;

Suspension Control System Design by Model Matching Method (948216) ..........cccccunaeenunncinsinnannas 449
Yasutaka Tagawa, Seiichiro Komatsu, and Masao Nagai - :




A Controlled Suspension System with Continuously Adjustable Démping _
FOPCE (9438212) ...c..cccccurecmiinerisrsensssnisssisnmsssssssassaesastsnsenssisstesasssasssssssntssssssantsssssnasssassansnssessassnnansssnsnsanas 455
Stephan Irmscher, Eberhard Hees, and Thomas Kutsche

Development of the Active Damper Suspension (948213) ..........cccccnimmiiinmincnesnmnsinnrsansssanssssisnsenass 461
Kazuhiro Nigashiyama, Toshirou Hirai, Shinobu Kakizaki, and Michiya Hiramoto

Evaluation and Practical Implementation of a Low Power Attitude and Vibration
Control SyStem (948211) .....ccccvvvcirirrnresiinresesssiesesnsemsanmissesssnssnesssssssssasssssssnssssarsssessssssssssnsasssassnssnnrons 467
A.C. M. van der Knaap, P.J. Th. Venhovens, and H.B. Pacejka

An Actively Damped Passenger Car Suspension System with Low Voltage
Electro-Rheological Magnetic Fluid (948210) .......c.ccceverrcstmrcnmicsnmicnsnicnnmessnssseanesansessansssnsssssssensssasanss 475
Andrew Pinkos, Emil Shtarkman, and Thomas Fitzgerald

Continuously Cohtrolled Semi-Active Suspension Using Neural Networks (948209).................... 483
Antonio Moran, Tomohiro Hasegawa, and Masao Nagai

Preview Control of Active Suspension Using Disturbance of Front Wheel (948208) .......cooneeierens 489
Yoshiaki Araki, Masahiro Oya, and Hiroshi Harada

Control Synthesis for an Automotive Active Suspension Using Constrained
Optimization (948192) ....ccccrimrimrincsumsnmsniissseseessssrsersnssnmsnresarsasnssssnssnssssssnnasessnssnssssesnsassess snasssssasnsnssanss 495
A. Zaremba, R. Hampo, and D. Hrovat

/ :
A Genetic Algorithm Based Fuzzy System for Semi-Active Suspension System
Design (948189) .......ccevrrcrercrmsensensassessesnesnssnessssasens T 501
Edge C. Yeh, Shao How Lu, and Chin Chih Chen

Design of Active Suspension Systems in the Presence of Physical Parameter
Uncertainties (945062) ........ccccccrierresmrecmssmrissnsmssisestisasssssisssansssnsssstssesnsasssssssassssessssnsssnsssssasansssnsssasese 507
J. Bokor, A. Keresztes, L. Palkovics, and P. Varlaki

Influence of Active Suspensions on the Handling Behaviour of Vehicles—Experimental
and Theoretical Results (945061) .........ccciiiiiimtiiierisessinsestimiieinisssioscsnsinssentassssansssnsnsissnssosansrsssssonases 513
G. Keuper, K.-H. Senger, R. Stoller, and R. Walter

Semi Active Suspensions with Multiple Damping and Levelling Curves (942378 E) .............. _ 523
Sargio Nelo Vannucci

Semi-Active Damping Control System with Smart Actuator (4-18-3-323).......cccceerrimnineriscsncnasane 529
Eiji Teramura, Satoshi Haseda, Yasuki Shimoyama, Tetsuya Abe, and Keiji Matsuoka

What the Future Holds

Future Developments in Electronically Controlled Steering and Suspension Systems................. 536
Ross Bannatyne

Xi




