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摘 要

動力轉向系統為現有車輛的標準配備，其系統從簡單的機械 結構到與液壓輔助並使用齒條與小齒輪轉向機構，都讓人們在

轉 向上帶來更多的便利。近年來，電動輔助轉向系統已越來越普遍 使用於車輛上，其優點除了結構裝置簡單外，又減少

了燃油的消 耗。 電動輔助方向盤控制系統主要是利用扭力、車速及方向盤轉角 訊號感知器，經由轉向輔助控制策略判斷

當時之駕駛情況，以控 制輔助馬達提供適當之輔助扭矩，藉以改善駕駛舒適性。 本研究可分為EPS 系統之工作原理；特

點以及模擬EPS 系統與 實際車輛實驗參數做比較，並針對電動輔助轉向系統控制器設 計，其控制器是將接收之轉角訊號

；扭力訊號利用車輛控制器區 域網路提供快速且精準的信號傳送，而電動輔助馬達部份則是利 用H 橋電路以控制馬達運

轉。

關鍵詞 : 電動轉向系統，轉角感知器，扭力感知器，輔助扭力，H 橋電路，控制策略，控制器區域網路

目錄

AUTHORIZATION LETTER....................................iii ABSTRACT................................................iv CHINESE

ABSTRACT........................................v ACKNOWLEDGMENT .........................................vi TABLE

CONTENTS..........................................vii LIST OF TABLES..........................................ix LIST OF

FIGURES.........................................x Chapter 1 INTRODUCTION..................................1 1.1.

Motivation........................................1 1.2. Object and Scope of Thesis........................5 1.3. The Thesis Outline Structure

.....................5 1.4. Scientific Contributions .........................6 1.5. Limitation........................................6 Chapter 2 STEERING

SYSTEM BASICS .......................8 2.1. Fundamentals of Steering System...................8 2.1.1. Steering System’s Function and

Structures ....8 2.1.2. Steering Geometry..............................12 2.2. Manual Steering System............................19 2.3. Power Steering

Systems............................26 2.3.1. Hydraulic Steering system......................28 a) Historic Hydraulic Power Steering ................28 b)

Classification and Function.......................31 2.3.2. Electro Hydraulic Power Steering...............34 2.3.3. Electric Power Steering

.......................39 2.3.4. Active Front Steering..........................41 2.3.5. Steer-By-Wire .................................45 2.3.6. Four Wheel

Steering............................48 2.3.7. Tomorrow’s Steering Systems ..................50 Chapter 3 EPS TECHNICAL

REVIEW..........................52 3.1. Configuration, Defining the Elements & Operation..52 3.2. Classification of

EPS.............................62 3.3. New EPS Entrants .................................64 3.4. Key Technology and Technical Trend of EPS

Systems.65 3.4.1. Mechanism Design ..............................65 3.4.2. Electricity Design.............................66 3.4.3. EPS Control

Algorithm Design...................68 3.4.4. Power System Design............................68 3.4.5. Communication Network

Design...................69 3.4.6. Further Developments ..........................69 Chapter 4 EPS SYSTEM DESIGN ............................70 4.1.

Modeling and Dynamic Analyzing of EPS System .....70 4.2. Design an EPS System..............................84 4.2.1. Control Area

Network Fundamentals..............84 a) The CAN Bus ......................................86 b) CAN Messages .....................................87 c) CAN

Physical Layers...............................90 d) CAN Bus Pin Out ..................................90 4.2.2. Pulse Width Modulation with Control

Motor......92 a) Fundamentals of DC Motor..........................92 b) Pulse Width Modulation ...........................94 4.2.3. Components

and Specifications .................98 4.2.4. Experimental Setup, Operation and Verification 113 4.3. Control Algorithm

EPS.............................113 Chapter 5 RESULTS AND DISCUSSION........................120 5.1. Results with Simulation

Model.....................120 5.2. Control Algorithm Validation......................131 5.2.1. Comparison with others research ...............131

5.2.2. Comparison with experiment data................133 5.3. Test Control Algorithm’s Performance with Experimental

System..........................136 APPENDIX A: NOMENCLATURE................................140 APPENDIX B: Torque

Map..................................142 APPENDIX C: Controller program .........................144 APPENDIX D: Matlab simulation program

..................150

參考文獻

[1] Integrated Publishing “Construction Training and Maintenance Manuals- Chapter8 Automotive Chassis and Body-

http://www.tpub.com/content/construction/14273/index.htm [2] Auto Zone “Suspension and Steering”-



http://www.procarcare.com/icarumba/resourcecenter/encyclopedia/icar_resourcecenter_encyclopedia_suspsteer2.asp [3] Inner Auto Part “

Steering system” - http://www.innerauto.com/Automotive_Systems/Steering_And_Suspension_System/Steering_Wheel/ [4] Matthew

Beecham- “RESEARCH ANALYSIS: A review of electric powersteering systems” -  http://www.just-auto.com/article.aspx?ID=92107 [5]

Delphi “Electric Power Steering” - http://www.nav200.delphi.com/manufacturers/auto/other/steering/electric/eps/ [6] Auto speed 

“Electric Power Steering - Swapping hoses and pumps for electricmotors and electronic control”

http://www.autospeed.com/cms/A_0484/article.html [7] Jim Kerr “Electric power steering is here to stay” -

http://www.canadiandriver.com/articles/jk/030820.htm [8] “Toyota MR2 Electro Hydraulic Power Steering ” -

http://www.cameronsoftware.com/ev/EV_PowerSteering_Install.html [9] “Delphi “Electric Power Steering”-

http://delphi.com/news/pressReleases/pressReleases_2005 [10] “How Car Steering Works” -  http://auto.howstuffworks.com/steering1.htm

[11] OPTO-PLUS – “Principles of Steering Geometry” - Autek Industri A/S, http://www.OPTO-PLUS.com [12] “Basic wheel Alignment

” –MOTOR, pp 43 – 46, June 2002 http://www.niumotorsports.com/Learn/Suspension/ [13] Julian Edgar “Modifying Electric Power

Steering” - http://www.autospeed.com/cms/A_2390/article.html [14] Ji-Hoon Kim and Jae-Bok Song, “Control logic for an electric power

steeringsystem using assist motor,” Science Direct journal, Mechatronics, pp.447-459,April 2002.�

[15] Toyota “Electric Power Steering,” Technical Manual –www.autoshop101.com/forms/Hybrid17.pdf [16] Roy McCann, “Variable Effort

Steering for Vehicle Stability EnhancementUsing an Electric Power Steering System,” SAE Paper, No.2000-01-0817.�

[17] Willy Klier - ZF Lenksysteme GmbH, “Active Front Steering (Part 1):Mathematical Modelling and Parameter Estimation,” SAE Paper,

No.2004-01-1102.�

[18] Paul Yih, “Steer-By-Wire - Implications For Vehicle Handling And Safety,”Lecture, December 2004.�

[19] “What is Four Wheel Steering?” -  http://www.wisegeek.com/what-is-fourwheel-steering.htm [20] “CAN Bus” 

http://www.interfacebus.com/Design_Connector_CAN.html#a [21] Jizhong Xiao “ Motors and Control” - Department of Electrical

EngineeringCity College of New York, 2001.�

[22] Wikipedia, the free encyclopedia “Pulse-width modulation” - http://en.wikipedia.org/wiki/Pulse-width_modulation [23] National

Instruments “NI USB-847x CAN Interfaces” - http://sine.ni.com/nips/cds/view/p/lang/en/nid/203382 [24] D.Iles-Klumpner, M.Risticevic,

H.W.Hartkorn and G.Lahm, “Electric ActuationTechnologies for Automotive Steering Systems,” SAE Paper, No.2005-01-1275.�

[25] A. Badawy, J. Zuraski, F. Bolourchi, and A. Chandy, “Modeling and analysis ofan electric power steering system,” SAE Paper, No. 982878,

November 1998.�

[26] Walid A. H. Oraby “Lateral Dynamic Response of Vehicle Equipped withElectric Power Steering System” [27] Du-Yeol Pang ,

Bong-Choon Jang and Seong-Cheol Lee, “Steering WheelTorque Control of Electric Power Steering by PD-Control,” ICCAS Paper, 2005.�

[28] Dugoff, H., Fancher, P.S., Segel, L., "An Analysis of Tire Traction Propertiesand Their Influence on Vehicle dynamic Performance," SAE

Paper, No.700377,1977.�

[29] Masahiko Kurishige, Shunichi Wada, Takayuki Kifuku, Noriyuki Inoue, RyojiNishiyama and Shigeki Otagak, “A New EPS Control

Strategy to ImproveSteering Wheel Returnability,” SAE Paper, No.2000-01-0815.�

[30] CHEN Long, NIU Li-min, ZHAO Jing-bo, JIANG Hao-bin, “Application ofAMESim & MATLAB Simulation on Vehicle Chassis System

Dynamics,”IEEE Paper, No.426995.�

[31] Yasuo Shimizu and Yoshihiro Oniwa, “Control for Moment of Motor Inertia onEPS,” SAE Paper, No.2006-01-1179.�

[32] Masahiko Kurishige, Takayuki Kifuku , Noriyuki Inoue, Susumu Zeniya andShigeki Otagaki, “A Control Strategy to Reduce Steering

Torque for SationaryVehicles Equipped with EPS,” SAE Paper, No.1999-01-0403.�

[33] Xiang Chen and Xiaoqun Chen, “Control-Oriented Model for Electric PowerSteering System,” SAE Paper, No.2006-01-0938.�

[34] A. Emre Cetin, Banu Sinanoglu, Serdar Gungor and Ahmet Kanbolat,“Compliant Control of Electric Power Assisted Steering Systems,”

SAE Paper,No.2005-01-3535.�

[35] Frederick F.Ling “Vehicle Dynamics and Control” - Springer 2006.�

[36] Thomas D.Gillespie “Fundamentals of Vehicle Dynamics” SAE International,March 1992


