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ABSTRACT

This thesis primarily focus on studying dynamic simulation and controlling design of a new parallel hybrid electric power system,

which is included innovative power integration and distribution mechanism. Any power source can be individually actuated by

electric motor and internal combustion engine. Two input power sources can be integrated into a powerful source via power

integration and distribution mechanism, thus resulting in twice the output energy and obtaining necessary tractive power. In the

dynamic simulation, the dynamic equations of whole new parallel hybrid electric power system can be established by using

Matlab/simulink, and design the fuzzy logic controller of this system. The analysis and dynamic simulation of this new hybrid

electric power system has been established in detail. It can be found by the way of dynamic simulation and energy management

strategy, this fuzzy logic controller can be suitable to adjust two power sources of electric motor and internal combustion engine. The

internal combustion engine can maintain an optimum state under various operating conditions. The change of each power source

can also reach good operation and decrease the unnecessary power loss. The research results of this thesis have already completed a

new set of low fuel consumption, low pollution and high performance hybrid electric power system.

Keywords : Parallel Hybrid Electric Power System ; Power Integration Distribution Mechanism ; Fuzzy Logic Controller ; Energy

Management Strategy ; Dynamic Simulation

Table of Contents

封面內頁 簽名頁 授權書 iii 中文摘要 iv 英文摘要 v 誌謝 vi 目錄 vii 圖目錄 ix 表目錄 xii 符號說明 xiii 第一章 緒論 1.1 前言 1

1.2 文獻回顧 3 1.3 研究目的 11 第二章 基本概念 2.1 複合電動車輛種類 13 2.1.1 串聯系統 13 2.1.2 單軸並聯系統 15 2.1.3 雙

軸並聯系統 16 2.1.4 串聯與並聯式之優缺點 18 第三章 系統架構與建模發展控制法則 3.1 新型並聯複合電動機車系統架構

21 3.1.1 內燃機維持最佳狀況運轉 21 3.1.2 動力整合分配機構 22 3.1.3 馬達/發電機為一體式可輸出及發電 23 3.2 動力系統

運作模式 23 3.2.1 馬達動力輸出模式 23 3.2.2 內燃機動力輸出模式 24 3.2.3 雙動力輸出模式 24 3.3 動力系統能量控制策略

26 3.2.4 能量管理低功率流程(Motor) 28 3.2.5 能量管理中功率流程(Engine＋Generator) 29 3.2.6 能量管理高功率流程(Motor

+ Engine) 31 3.4 動力系統煞車回充管理策略 32 3.5 動力系統動態方程式推導 34 3.6 動態系統模型建立 40 3.6.1 內燃機動態

輸出模組 42 3.6.2 馬達動態輸出模組 43 3.6.3 發電機動態輸出模組 44 3.6.4 動力整合分配機構輸出模組 45 3.6.5 變速機構動

態輸出模組 46 3.6.6 車輛環境行駛阻力模組 47 3.6.7 輪胎動態模組 51 3.6.8 複合電動車輛控制模組 52 3.6.9 能量管理控制模

組 60 第四章 模擬結果與分析 4.1 行車型態分析 67 4.2 馬達、發電機、內燃機輸出扭力分析 68 4.3 馬達、發電機、內燃機

輸出轉速分析 71 4.4 動力整合分配機構輸出扭力分析 73 4.5 動力整合分配機構輸出轉速分析 77 4.6 變速機構輸出扭力分析

80 4.7 系統模擬結果比較分析 83 第五章 結論 5.1 結論 88 5.2 未來展望 90 參考文獻 91

REFERENCES

1】 Buntin, D. L., and Howze, J. W., "A Switching Logic Controller for a Hybrid Electric/ICE Vehicle," Proceedings of the American Control

Conference, vol. 2, pp. 1169-1175, June, 1995. 【2】 Berenji, H. R. and Ruspini, E. H., "Experiments in Multiobjective Fuzzy Control of Hybrid

Automotive Engines," Proceedings of the Fifth IEEE International Conference on Fuzzy Systems, vol. 1, pp. 681-686, Sept, 1996. 【3】 Koo, E.

S., Lee, H. D., Sul, S. K., and Kim, J. S., "Torque Control Strategy for a Parallel Hybrid Vehicle Using Fuzzy Logic," IEEE Industry Applications

Conference, vol. 3, pp. 1715-1720, Oct, 1998 【4】 Cikanek, S. R., Bailey, K. E., Baraszu, R. C., and Powell, B. K., "Control System and

Dynamic Model Validation for a Parallel Hybrid Electric Vehicle," Proceedings of the American Control Conference, vol. 2, pp. 1222-1227, June,

1999. 【5】 Baumann, B. M., Washington, G., Glenn, B. C., and Rizzoni, G., "Mechatronic Design and Control of Hybrid Electric Vehicles,"

IEEE/ASME Transactions on Mechatronics, vol. 5, no. 1, pp. 58-72, March, 2000. 【6】 Lin, C. C., Filipi, Z., Wang, Y., Louca, L., Peng, H.,

Assanis, D., and Stein, J., "Integrated, Feed-Forward Hybrid Electric Vehicle Simulation in SIMULINK and its Use for Power Management

Studies," SAE Paper 2001-01-1334, 2001. 【7】 Delprat, S., Guerra, T. M., Paganelli, G., Lauber, J., and Delhom, M., "Control Strategy

Optimization for an Hybrid Parallel Powertrain," Proceedings of the American Control Conference, vol. 2, pp. 1315-1320, June, 2001. 【8】

Chau, K. T., and Wong, Y. S., "Overview of Power Management in Hybrid Electric Vehicles," Energy Conversion and Management, vol. 43, pp.

1953-1968, 2002. 【9】 Schouten, N. J., Salman, M. A., and Kheir, N. A., "Fuzzy Logic Control for Parallel Hybrid Vehicles," IEEE Transactions



on Control Systems Technology, vol. 10, no. 3, May, 2002. 【10】 Schouten, N. J., Salman, M. A., and Kheir, N. A., "Energy Management

Strategies for Parallel Hybrid Vehicles Using Fuzzy Logic," Control Engineering Practice, vol. 11, no. 2, pp. 171-177, February, 2003. 【11】

Wong, J. S., and Langari, R., "Intelligent energy management agent for a parallel hybrid vehicle," American Control Conference, vol. 3, pp. 2560

–2565, June, 2003. 【12】 Langari, R. and Won, J. S., "Integrated drive cycle analysis for fuzzy logic based energy management in hybrid

vehicles," IEEE International Conference on Fuzzy Systems, vol. 1, pp. 290-295, May, 2003. 【13】 Endo, H., Ito, M., and Ozeki, Tatsuya.,

"Development of Toyota’s Transaxle for Mini-van Hybrid Vehicles," JSAE Review, vol. 24, pp. 109-116, 2003. 【14】 Sciarretta, A., Back, M.,

and Guzzella, L., "Optimal Control of Parallel Hybrid Electric Vehicles," IEEE Transactions on Control Systems Technology, vol. 12, on. 3, pp.

352-363, May, 2004. 【15】 Delprat, S., Lauber, J., Guerra, T. M., and Rimaux, J., "Control of a Parallel Hybrid Powertrain:Optimal Control,"

IEEE Transactions on Vehicular Technology, vol. 53, no. 3, pp. 872-881, May, 2004. 【16】 Kheir, N. A., Salman, M. A., and Schouten, N. J.,

"Emissions and Fuel Economy Trade-Off for Hybrid Vehicles Using Fuzzy Logic," Mathematics and Computers in Simulation, vol. 66, no. 2-3,

pp. 155-172, June, 2004. 【17】 Won, J. S., and Langari, Reza., "Intelligent Energy Management Agent for a Parallel Hybrid Vehicle—Part II:

Torque Distribution, Charge Sustenance Strategies, and Performance Results," IEEE Transactions on Vehicular Technology, vol. 54, no. 3, pp.

935-953, May, 2005. 【18】 Honda "Emergency Response Guide for Hybrid Vehicles," American Honda Motor Co., Inc, Reorder Number

Y0716, Files. AXX28935, 2005. 【19】 CNS中國國家標準，機車腳踏車燃料消耗量試驗法，經濟部標準檢局印行，3月，民國59年。 

【20】 林展勝，並聯式混成動力機車傳動機構系統與其動態性能研究，大葉大學碩士論文，民國89年。 【21】 Kienecke, U., and

Nielsen, L., "Automotive Control System," BN 0-7680-0505-1, SAE Bookstore, March, 2000. 【22】 陳加昌，並聯式混合電動動力系統之研究

，大葉大學車輛工程研究所碩士論文，民國93年。 【23】 范鎮麟，新型並聯式複合動力系統能量管理策略之研究，大葉大學車輛工程

研究所碩士論文，民國94年。 【24】 Advisor User Manual, NREL-DOE 2000. 【25】 國家科學叢書編輯委員會，最新電動馬達(馬達)之

理論與實務，國家出版社，pp. 271-272，民國70年。 【26】 陳德楨，謝?為 譯著，機動學，ISBN 0-07-113493-X，高立圖書有限公司

，pp. 327-354，民國83年。 【27】 Lee, H. D., and Sul, S. K., "Fuzzy-Logic-Based Torque Control Strategy for Parallel-Type Hybrid Electric

Vehicle," IEEE Transactions on Industrial Electronics, vol. 45, no. 4, pp. 625-632, August, 1998. 【28】 Rahman, Z., Butler, K. L., and Ehsani,

M., "Designing Parallel Hybrid Electric Vehicles Using V-ELPH 2.01," Proceedings of the American Control Conference, vol. 4, pp. 2693-2697,

June, 1999. 【29】 Brahma, A., Glenn, B., Guezennec, Y., Miller, T., Rizzoni, G., and Washington, G., "Modeling, Performance Analysis and

Control Design of a Hybrid Sport-Utility Vehicle," IEEE International Conference on Control Applications, vol. 1, pp. 448-453, Aug, 1999. 【30

】 Kleimaier, A., and Schroder, D., "Optimization Strategy for Design and Control of a Hybrid Vehicle," Proceedings. 6th International

Workshop on Advanced Motion Control, pp. 459-464, April, 2000. 【31】 Salman, M., Schouten, N. J., and Kheir, N. A., "Control Strategies for

Parallel Hybrid Vehicles," Proceedings of the American Control Conference, vol. 1, no. 6, pp. 524-528, June, 2000. 【32】 Paganelli, G., Tateno,

M., Brahma, A., Rizzoni, G., and Guezennec, Y., "Control Development for a Hybrid-Electric Sport-Utility Vehicle:Strategy, Implementation and

Field Test Results," Proceedings of the American Control Conference, vol. 6, pp. 5064-5069, June, 2001. 【33】 Lukic, S. M., and Emadi, A.,

"Effects of Drivetrain Hybridization on Fuel Economy and Dynamic Performance of Parallel Hybrid Electric Vehicles," IEEE Transactions on

Vehicular Technology, vol. 53, no. 2, pp. 385-389, March, 2004. 【34】 蘇鴻毅，新型並聯式混合電動動力系統之研發，大葉大學車輛工程

研究所碩士論文，民國94年。


