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ABSTRACT

The purpose of this study is to build the fuel injection control system dynamic model for multiple-cylinder SI engine. The

object-oriented dynamical simulation programs were integrated to establish the fuel injection system performance evaluation

methodology. The amount of fuel injected is controlled by the PI controller so that the specified air-fuel ratio (A/F) goal can be

maintained. The multi-objective optimization Design of Experiment (DOE) method was applied to find out the optimized model and

controller parameters. The engine performance was correlated to the control parameters and the effects of each parameter on the

performance were compared. The final control parameter settings can thus be chosen and implemented into controller chip by

model-to-chip technology. The controller chip was developed under the Hardware-in-Loop, (HIL) base environment which

incorporated the Motorola MC68376 chip as the design platform. This approach for EMS fuel injection controller can shorten the

research and development time and rapidly establish the controller prototype. This study focused on developing a SI engine fuel

injection controller by a virtue engine signal environment. The related controller input signals from engine were simulated by proper

signal generation program to test the engine fuel injection quantity and its timing so that engine A/F could be maintained closed to

the specified value even under different operating conditions for lowering the engine fuel consumption and emission. With proper

chosen time-varying adaptive PI controller parameters, the fuel injection system control the engine A/F by feedback signals from the

exhaust oxygen sensor or state variables in order to give proper correction for fuel injection amount. The multi-cylinder SI engine's

predicting A/F model and the simulation environment of the controller were cooperated to revise the parameters of the PI controller

for reaching necessary performance. The controller model was then separated on another computer to test, the integrated HIL

which including the model-based mutual platform of controller model and the multi-cylinder SI engine model. The integrated

methodology for HIL environment developed by this study can accumulate precious experience which will be helpful for the vehicle

electronic control system design and manufacture. The vehicle electronic control system parameter's effects on the engine or vehicle

driving performance can then be simulated quickly and their correlation will be important practical information for controller design

and parameter evaluation.

Keywords : Hardware In the Loop, SI Engine Fuel Injection Control, Air Fuel Ratio Control

Table of Contents

目錄 封面內頁 簽名頁 博碩士論文電子檔案上網授權書 iii 博碩士論文授權書 iv 中文摘要 v 英文摘要 vii 誌謝 ix 目錄 x 圖目

錄 xiii 表目錄 xix 符號說明 xx 第一章 緒論 1 1.1前言 1 1.2文獻回顧 2 1.2.1引擎性能評估模擬及硬體迴路模擬之應用 2 1.2.2

汽油引擎之空燃比控制 5 1.2.3引擎管理系統及嵌入式控制器之探討 9 1.3研究動機 11 1.4本文架構 12 第二章 研究方法 13

2.1汽油引擎燃料噴射系統概要 13 2.1.1 空燃比與引擎性能之關係 13 2.1.2 電子式控制汽油引擎 15 2.2 燃油量之計算 18 2.2.1

基本噴射時間之決定 19 2.2.2 引擎相關之油量修正 20 2.3 建立汽油引擎空燃比模擬之模型 23 2.3.1引擎之動態模式 24 2.3.2 

噴油控制器之設計 30 2.4實驗設計法與多目標最佳化 37 2.4.1實驗設計法 37 2.4.2 多目標性能功效係數最佳化收尋 38 2.5訊

號模擬器與訊號轉換器及噴油模組之製作 41 2.5.1 曲軸與凸輪軸訊號模擬器 41 2.5.2 訊號轉換器與噴油模組之製作 45 2.6 

噴油嘴之特性測試 50 2.7四行程汽油引擎空燃比控制之相關實驗設備 54 第三章 硬體迴路及嵌入式系統設計 61 3.1 硬體迴

路模擬 61 3.2嵌入式控制系統 63 3.2.1 嵌入式控制器之硬體架構 67 3.2.2 系統規格需求 70 第四章 結果與討論 73 4.1 引擎模

型驗證及模型參數最佳化 73 4.2 PI控制器之最佳化參數搜尋 104 4.3 噴油控制器之安全失效模式之模擬驗證 117 4.4 Model

Based Control之模擬驗證 123 第五章 結論與建議 126 5.1結論 126 5.2建議事項與未來研究項目 128 參考文獻 129

REFERENCES

[1] 黃靖雄，"現代汽車原理"，全華出版社，1993。�

[2] W. W. Yuen and H. Servati, "A Mathematic Engine Model Including the Effect of Engine Emissions," SAE Paper No. 840036, 1986.�

[3] R. D. Fruechte, and A. Kade, "Transfer Function Modeling of a Gasoline Engine and Engine Actuators," GMR Memorandum 53-46, April 10,

1978.�

[4] R. D. Fruechte and A. Kade, "Design of an Idle Speed Control System Using a Perturbation Engine Model," GMR Report EG-150, August



30, 1978.�

[5] J. F. Cassidy, "A State Variable Model for Engine Control Studies," GMR Report ET-180, December 7, 1978.�

[6] J. F. Cassidy, "On the Design of Electronic Automotive Engine Controls Using Linear Quadratic Control Theory," GMR Report ET-181,

December 5, 1981.�

[7] J. A. Tennant, "Engine Characterization and Control, APE Project No. 2238 an overview," GM Engineering Staff APER-262, June 23, 1976.�

[8] J. A. Tennant et.al, "Development and Validation of Engine Model Via Automated Dynamometer Tests," SAE Paper No. 790178, February,

1979.�

[9] D. J. Dobner, "A Mathematical Engine Model for Development of Dynamic Engine Control," GMR Report EG-159, April 30, 1979.�

[10] D. J. Dobner, "Engine Characteristics for the Dynamic Engine Model," GMR Report EG-177, May 30, 1980.�

[11] D. J. Dobner, "Introducing the Effect of Exhaust Gas Backflow in Dynamic Engine Models," GMR Report EG-190, May 8, 1981.�

[12] R. G. DeLosh et al., "Dynamic Computer Simulation of a Vehicle with Electronic Engine Control," SAE Paper No. 810447, February, 1981.�

[13] R. Nishiyama, S. Ohkubo and S. Washino,"An Analysis of Controlled Factors Improving Transient A/F Control Characteristics," SAE Paper

No.890761, 1989.�

[14] M. Nasu, et al., "Model-Based Fuel Injection Control System for SI Engines," SAE Paper No.961188, 1996.�

[15] J. Gehring and S. Herbert, "A Hardware-in-the-Loop Test Bench for theValidation of Complex ECU Networks", SAE technical paper series

No. 2002-01-0801, 2002.�

[16] F. A. Caraceni, "Benefits of Using a Real-Time Engine Model During Engine ECU Development," SAE technical paper series No.

2003-01-1049, 2003.�

[17] Powell, "Hardware-in-the-loop Simulation for the Design and Testing of Engine-Control Systems," SDOS, 1998.�

[18] H. Hanselmann,"Hardware-in the Loop Simulation Testing and Its Interation into A CACSD Toolset," IEEE, 1996.�

[19] G. R. Babbitt, J. J. Moskwa, "Implementation Details and Test Results for A Transient Engine Dynamometer and Hardware in the Loop

Vehicle Model," Computer Aided Control System Design, 1999.�

[20] N. Noomwongs, et al ,"Study on Handling and Stability Using Tirehardware-in-the-Loop Simulator," SDOS JSAE Review, 2003.�

[21] J. H. Kim and J. B. Song, "Control Logic for an Electric Power Steering System Using Assist Motor," SDOS Mechatronics, 2002.�

[22] N. P. Fekete , U. Nester , I. Gruden and J. D. Powell,"Model-Based Air-Fuel Ratio Control of a Lean Multi-Cylinder Engine," SAE technical

paper series No.950846, 1995.�

[23] T. C. Tseng and W. K. Cheng, "An Adaptive Air/Fuel Ratio Controller for SI Engine Throttle Transients," SAE technical paper series No.

1999-01-0552, 1999.�

[24] D. G. Copp, K. J. Burnham, F. P. Lockett ,"Model Comparison for Feedforward Air/fuel Ratio Control," Control '98. UKACC International

Conference on (Conf. Publ. No. 455), 1998.�

[25] G. Corde , Y. Bianco and Y. Lecluse , "Air Mass Flow Rate Observer Applied to SI AFR Control," SAE technical paper series No. 952460,

1995.�

[26] R. Schoknecht, and M. Riedmiller, "Using Reinforcement Learning for Engine Control," Artificial Neural Networks,Ninth International

Conference on (Conf. Publ. No. 470), 1999.�

[27] J. M. Peter, "A Production Wide-Range AFR Control Algorithm for Direct-Injection Gasoline Application," SAE technical paper series, 2001.�

[28] A. Kimura and I. Maeda, "Development of engine control system using real time simulator," Computer-Aided Control System Design, IEEE

International Symposium on, 1996.�

[29] G. Kaiser, M. Zechnall and G. Plapp, "Closed Loop Control at Engine Management System MOTRONIC," SAE, 1988.�

[30] C. Cao, D. Shull and E. Himes, "A Model-based Environment for Production Engine Management System (EMS) Development," SAE Paper

No. 2001-01-0554, March 5-8, 2001.�

[31] M. M. Steven, "Engine Control - What Does It Take? ," Automotive Microcontrollers, pp.351~ 354, 1989.�

[32] M. Baleani, et al, "HW/SW Codesign of an Engine Management System," Design, Automation and Test in Europe Conference and

Exhibition 2000, Proceedings,IEEE, pp.203-212, 2000.�

[33] 林宜謀，"多缸汽油引擎管?系統最佳化設計與製作之研究"，大葉大學車輛工程研究所碩士論文，2004。�

[34] A. Kimura, I. Maeda, "Development of Engine Control System using Real Time Simulator," IEEE International Symposium on Computer

Aided Control System Design, Dearborn, Michigan, September 15-18, pp.157-163 , 1996.�

[35] M. H. Smith, "Towards a More Efficient Approach to Automotive Embedded Control System Development," IEEE International Symposium

on Computer Aided Control System Design, Kohala Coast-Island of Hawaii, Hawaii, August 22-27, pp. 219-224, 1999.�

[36] 童元鍼，"車輛嵌入式控制系統設計---應用Model-Based設計工具"，機械工業雜誌，第105-118頁，2001。�

[37]  http://www.thvs.tp.edu.tw/5/ENGINE2/1/1/index.html [38] 藤尺英也等人，賴耿陽編譯,1995，"電子控制式汽油噴射技術"，台灣復

文興業出版。�

[39] K. J. Ronald, "Automotive Microcontrollers," Society of Automotive Engineers, Inc, 1998.�

[40] D. H. James and E. E. Herbert, "Automotive Engines," Prentice Hall, 1997.�



[41] J. J. Moskwa, "Automotive Engine Modeling Real Time Control," M.I.T. Ph.D. thesis, May, 1988.�

[42] J. J. Moskwa and W. W. Robert, "Automotive Engine Modeling Real Time Control Using MATLAB/SIMULINK," SAE Paper No. 950417,

1995.�

[43] P. R. Crossly, J. A. CooK, "A Nonlinear Engine for Drivertarin System Development," Control 1991. Control '91., International Conference

on, vol.2 , pp921 - 925 , 1991.�

[44] J. S. Milton., "Introduction to Probability and Statistics," Mc Graw Hill, 2003.�

[45] E. P. George, Norman R Draper "Empical Model-Building and Response Surface," John Wiley & Sons Inc., New York, 1987. SAE Paper

No.960317, 1996 [46] L. R. Foulds, "Optimization Techniques An Introduction," Springer Verlag Inc. New York, 1981 [47] 張一屏，"四行程機

車氣冷式汽油引擎管理系統參數最佳化分析"，中國機械工程學會第十五屆學術研討會，台南市，1998。�

[48] 張一屏，蘭真，"四行程汽油引擎管理系統參數實驗設計最佳化分析"，陸軍官校87年機械基礎學術研討會，高雄縣鳳山市，1998。�

[49] 張一屏，蘭真，"汽油引擎於全負荷之性能參數最佳化設計與實驗分析"，第七屆國防科技學術研討會，桃園大溪，1998。�

[50] 張一屏、陳榮俊、張瑞鋒、蔡協成，"智慧型車輛引擎定轉速控制參數多目標性能最佳化分析"，2002「民航學會/航太學會/燃燒學

會」學術聯合會議論文集，pp.71-78，高雄市，2002。�

[51] 陳榮俊，"智慧型車輛動力系統之動態模擬與分析"，大葉大學車輛工程學系碩士班碩士論文，2002。�

[52]  http://www.terasoft.com.tw/products/mc68376.doc [53]  http://www.terasoft.com.tw/products/tera/tera_sol. asp#MC68376 [54] 莊辛富

，"引擎噴油與點火控制微電腦之快速成型技術研究"，國立台北科技大學車輛工程研究所碩士論文，2003。


