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ABSTRACT

The purpose of this research is to establish the vehicle handling motion dynamic simulation model from object-oriented dynamic

simulation program for the test and control study of vehicle Steer-By-Wire (SBW) system. The vehicle lateral motion response,

including the lateral acceleration and yaw rate response, during the vehicle handling motion were simulated by the established

program under different wheel steer angle and vehicle speed input conditions. The result can be used to evaluate the vehicle stability

control system performance analysis reference. The dynamic modules for wheel dynamic、slip angle、 vehicle longitudinal、 lateral

motion and the corresponding steer motor dynamic model were established first to simulate and analysis the vehicle steer response.

The related vehicle design and control parameters of the SBW system can be adjusted quickly and safely to evaluate and improve the

vehicle handling stability performance. The simulation results were compared and validated by commercial vehicle dynamic

simulation program CarSim which showed quite reasonable closed match under different operating conditions. The vehicle dynamic

handling simulation program model output were connected to the SBW system steer motor control driver module through CAN Bus

and the computer controlled interface in Hardware-in-Loop (HIL) environment to realize the real-time control target. By HIL

approach, the vehicle lateral handling motion can be integrated analyzed and modified with powertrain system so that the tractive

and brake effects on the handling response can be studied and recorded. The methodologies established in this study provides

important information for vehicle stability system designer reference to enhance the vehicle SBW system performance, reduce the

time and expanse of research and development for SBW system, so that the vehicle accident during handling motion can be reduced

while the accident avoidance technology improved.
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Loop

Table of Contents

授權書.....................................................iii 中文摘要 ..................................................iv

ABSTRACT...................................................v 誌謝.......................................................vii 目錄.......................................................viii 

圖目錄.....................................................xi 表目錄.....................................................xvii 符號說明

..................................................xviii 第一章 緒論 .............................................1 1.1 前言...................................................1 1.2 文獻

回顧...............................................2 1.2.1車輛線控轉向系統相關文獻..............................2 1.2.2車輛橫向與橫擺控制相關文

獻............................4 1.2.3橫向與橫擺硬體迴路模擬技術相關文獻....................6 1.2.4硬體迴路相關文

獻......................................8 1.3 研究動機...............................................10 1.4 本文架構...............................................11 第二章 車

輛動態模型建立及驗證............................12 2.1 輪胎滑移角動態模型建立.................................13 2.2 車輛平面運動動態模型建

立...............................17 2.3 車輛縱向力動態模型建立.................................19 2.4 車輛轉向系統動態模型建

立...............................22 第三章 模型驗證與模擬結果討論............................26 3.1 商用軟體 CarSimR簡介

..................................26 3.2 輪胎滑移角動態模型驗證.................................27 3.3 橫向力及縱向力動態模型驗

證.............................29 3.4 轉向馬達模組模擬與測試.................................33 3.4.1 於 CarSimR軟體進行 DLC 模式模擬測

試.....33 3.4.2 於 CarSimR軟體進行 Sine Steer Test 模式模擬測試....39 3.4.3 於 CarSimR軟體進行Step Steer Test 模式模擬測

試.....45 3.4.4 DLC 模式下不同轉向齒比於不同車速下之比較...........53 3.4.5 改變齒比 DLC 模式下模擬 50km/hr 之比

較.............54 3.4.6 改變齒比 DLC 模式下模擬 80km/hr 之比較.............56 3.4.7 改變齒比 DLC 模式下模擬 100km/hr 之比

較............57 3.4.8 DLC 模式不同轉向臂長度不同車速下之比較............59 3.4.9 不同轉向臂長度 DLC模式下模擬 50km/hr 之

比較........59 3.4.10 不同轉向臂長度 DLC模式下模擬 80km/hr 之比較........61 3.4.11 不同轉向臂長度 DLC 模式下模擬

100km/hr 之比較.......62 第四章 硬體迴路設計規劃...................................63 4.1 線傳硬體迴路平台規格制

定...............................63 4.2 硬體迴路設備架構.......................................72 第五章 結論與建議.........................................76 5.1 結

論...................................................76 5.2 建議事項...............................................77 文獻 ......................................................79

REFERENCES



[1] H. Ryouhei, N. Katsutoshi, N. Shirou and K. Kazuhiro, “The Vehicle Stability Control Responsibility Improvement Using Steer-by-Wire,”

Proceedings of the IEEE Intelligent Vehicles Symposium, pp.596-601, 2000.�

[2] S. Masaya, N. Shiro, N. Osamu, K. Hiromitsu, “Vehicle Stability Control Strategy for Steer by wire System,” JSAE Review 22(2001) ,

pp.383-388.�

[3] R. W, Allen, “Stability and Performance Analysis of Automobile Driver Steering Control,” SAE Paper No. 820303, 1983.�

[4] Y. Yasui, K. Tozu, N. Hattori, and M. Sugisawa, “Improvement of Vehicle Directional Stability for Transient Steering Maneueuvers Using

Active Brake Control,” SAE Paper No. 960485, 1996.�

[5] A. Hac and M. D. Simpson, “Estimation of Vehicle Side Slip Angle and Yaw Rate,” SAE Paper No. 2000-01-0696.�

[6] T. Shim and D. Margolis, “Using Feedforward for Vehicle Stability Enhancement,” SAE Paper No. 2000-01-1634.�

[7] C. Wonshik, “Measuring Yaw Rate with Accelerometers,” SAE Paper No. 2001-01-2535.�

[8] K. R. Buckholtz, “Use of Fuzzy Logic in Wheel Slip Assignment –Part II: Yaw Rate Control with Side slip Angle Limitation,” SAE Paper

No. 2002-01-1220.�

[9] E. Silani, S. M. Savaresi and S. Bittanti, A. Visconti and F. Farachi, “The Concept of Performance-Oriented Yaw-Control Systems: Vehicle

Model and Analysis,” SAE Paper No. 2002-01-1585.�

[10] L. C. Jae, S. W. Myung, “Hardware-in-the Loop Simulator for ABS/TCS,” IEEE International Conference on Volume 1, 22-27 Aug. pp.

652 - 657 Vol.1, 1999.�

[11] Q. Z. Yan, F. C. Thompson, R. E. Paul and J. J. Bielenda, “Hardware in the Loop for Dynamic Chassis Control Algorithms Test and

Validation,” SAE Paper No. 2004-01-2059.�

[12] K. R. Buckholtz, “Use of Fuzzy Logic in Wheel Slip Assignment –Part I: Yaw Rate Control with Sideslip Angle Limitation,” SAE Paper

No. 2002-01-1221.�

[13] W. Huiyi, “Hardware-in-the-loop Simulation for Traction Control and the Debugs of its Electric Control Unit,” SAE Paper No.

2004-01-2056.�

[14] W. Huiyi and C. Xue, “Modelling and Simulation of Electric Stability Program for the Passenger Car,” SAE Paper No.2004-01-2090.�

[15] S. Dafeng, L. Jing, M. Zhimin, L. Youde, Z. Jian, L.Wei, “Application of CAN in Vehicle Traction Control System,” IEEE International

Conference on Volume 14-16 Oct. pp.188-192. 2005.�

[16] H. Taehun, R. Jihoon, P. Kihong, H. Jeongho, L. Kyu Hoon, L. Kangwon, L. Soo-Jin and K. Young-Jun, “Development of HILS Systems

for Active Brake Control Systems,” SICE-ICASE International Joint Conference 2006 Oct. 18-2 1, 2006 in Bexco, Busan, Korea.�

[17] H. Hanselmann “Hardware In the Loop Simulation Testing and its Integration into a CACSD Tollset,” Proceedings of the IEEE

International Symposium on Computer-Aided Control System Design, pp.152-156, 1996.�

[18] R. G. Babbitt and J. J. Moskwa, “Implementation Details and Test Results for a Transient Engine Dynamometer and Hardware In the Loop

Vehicle Model,” IEEE 90 Internation Symposium on Computer-Aided Control System Design, Kohala Coast-Island of Hawaii, August,

pp.596-574, 1999.�

[19] R. Isermann,et al., “Hardware-in-the-Loop simulation for the design and testing of engine-control systems,” Control Engineering Practice, v

7, pp.643-653, 1998.�

[20] Thomas D. Gillespie, “Fundamentals of Vehicle Dynamics,”Society of Automotive Engineers, Inc., 1992.�

[21] J. Y. Wong, “THEORY OF Ground Vehicles,” Third Edition, pp.58-61.�

[22] 嚴豪緯，“泛用型車輛電子控制單元發展平台之研製”，大葉大學電機工程所碩士論文，2005。�

[23] K. Etschberger, “Controller Area Network Basics, Protocols, Chips and Applications,” ISBN: 3-00-007376-0. IXXAT press, 88250

Weingarten, Germany, pp.111-115, 2001.�

[24] 謝曜兆，“應用車內網傳輸於電子節氣門控制之研究”，大葉大學車輛工程研究所碩士論文，2006。�

[25] Q. Z. Yan, F. C. Thompson, R. E. Paul and J. J. Bielenda, “Hardware in the Loop for Dynamic Chassis Control Algorithms Test and

Validation,” SAE Paper, No. 2004-01-2059, 2004.�

[26] 方毓敏，“線傳電子節氣門控制實驗之硬體迴路模擬分析”，大葉大學車輛工程研究所碩士論文，2008。�

[27] 游鈞敦，“車輛線傳橫向穩定控制系統之整合硬體迴路分析研究”，大葉大學車輛工程研究所碩士論文，2008。�

[28] 林立璿，“車輛線控轉向系統研究與實作”，大葉大學車輛工程研究所碩士論文，2008。�

[29] 梁晉豪，“線控轉向系統車輛穩定控制之研究”，大葉大學車輛工程研究所碩士論文，2008。�

[30] L. J. Cheon, W. S. Myung, “Hardware-in-the Loop Simulator for ABS/TCS,” IEEE , pp. 652-657, 1999.�

[31] Q. Z. Yan, F. C. Thompson, R. E. Paul and J. J. Bielenda, “Hardware in the Loop for Dynamic Chassis Control Algorithms Test and

Validation,” SAE Paper No. 2004-01-2059, 2004.


