Hybrid Electric Vehicles:  Control, Design and Applications
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3 Days

Course Description:

One of the fastest growing automotive fields, hybrid electric vehicles (HEVs) present both opportunities and challenges. HEVs are more fuel-efficient and environment friendly compared to conventional vehicles. Optimizing the power intake in HEVs allows the engine operation to be kept within the range designed for best fuel economy and lowest emission, while the motor/generator system either provides additional power input, or generates electricity using the excessive power from the engine. It also recovers the kinetic energy in braking or coasting.  These advantages have attracted worldwide development interests for HEVs in the automotive industry. Toyota sold more than 12,000 Prius hybrids in February 2005 alone.  Experts predict that hybrid vehicles will take at least 10% of the total vehicle market share in the next 5 years, and as a result, could affect 200,000 jobs in automotive related industries.

This three-day seminar will cover the fundamentals, design and special topics of HEV. In an easy-to-understand format, the course will explain the engineering of HEVs, including the components, design, modeling and control of HEVs. Some existing HEV models such as the Toyota Prius, Honda Civic, and Ford Escape will be used as case studies. The course will include lectures, simulations, hands-on examples and design exercises utilizing Ansoft Simplorer software.

Attendees will receive a copy of the book Modern Electric, Hybrid Electric and Fuel Cell Vehicles: Fundamentals, Theory and Design by Ehsani, Gao, Gay, and Emadi. 
Benefits of Attending

By attending this seminar, you will be able to:

· Describe the pros and cons of different types of HEVs

· Implement fundamental HEV design parameters

· Develop specifications for HEV systems and components

· Perform basic design of HEV systems, using parallel, series, or complex topologies

· Develop models and perform simulation of HEVs

· Describe HEV components, including motors, energy sources and motor controllers

· Discuss the emerging technologies, engineering challenges, and development trends in HEVs

· Explore new opportunities in HEV related fields

Who Should Attend

Engineers in electrical, mechanical, automotive and other related fields who are involved or interested in HEV development, design, modeling, manufacturing and marketing will find this seminar valuable. 

Prerequisites:  Attendees should have a basic understanding of electrical engineering systems, some mechanical system background related to equations of motion, or experience with automotive engineering.

Seminar Content

Day ONE

· Overview of Hybrid Electric Vehicles 

· Environmental impacts of HEVs 

· Interdisciplinary nature of HEVs

· Configuration of HEVs, parallel, series and complex HEVs

· State-of-the art HEVs

· HEVs vs. Diesel Engine Vehicles

· The future of HEVs

· Opportunities in HEVs

· HEV Fundamentals 

· Vehicle resistances

· Traction and slip ratio models

· Vehicle dynamics

· Transmission: gear transmission, CVT and planetary gear systems

· Vehicle performance: maximum speed, gradeability and acceleration

· Fuel economy and improvement

· Braking performance

· Sizing of HEV powertrains

· Vehicle modeling

· Power management 

· Vehicle control

· HEV Energy Sources

· ICE

· Battery

· Fuel cell

· Ultra capacitor

· Fly wheel

DAY TWO
· Electric Propulsion Systems

· DC motor drives

· Induction motor drives

· Brushless DC PM motor drives

· Switch reluctant motor drives

· Starter/alternator 

· Regenerative Braking in HEVs

· Energy consumption during braking

· Limitation of energy recovery

· Control strategies

· Series HEV Powertrain Design

· Operation patterns

· Control strategies

· Power management

· Design examples

· Parallel HEV Powertrain Design

· Operation patterns

· Control strategies

· Power management

· Design examples

DAY THREE
· Current HEVs

· Toyota Prius

· Honda Civic and Insight

· Ford Escape

· Other near future models

· Fuel Cell Vehicles

· Configurations

· Design examples

· Special Topics
· Diesel hybrids

· Hybrid trucks

· Military applications

· Reliability of HEVs

· Novel topologies

· Antilock braking of HEVs

· HEV test cell development

· CAN based system in HEVs

Instructors: Abul Masrur and Chris Mi 

Dr. Masrur currently works for the US Army RDECOM-TARDEC  (Research Development and Engineering Command), in its Vetronics Technology Department within TARDEC (Tank Automotive Research Development & Engineering Center), where he is involved in various vehicular electric power system architecture concept design and development for military applications, including the 42-volt dc vehicular electrical system.  He is also involved with assessing different research and technological needs for his department and their applicability to automotive and military vehicular applications. His extensive experience also includes work in the design and development of computer software for electric utility industries.  Dr. Masrur has also worked with the Scientific Research Labs of the Ford Motor Co. where he was involved in research and development related to simulation and control for electric drives for electric and hybrid electric vehicles and power electronics, advanced automotive electric energy management, electric active suspension  systems for automobiles, automotive multiplexing systems, electric power assist steering, and automotive radar applications, including the Computer Aided Engineering development and simulations for such applications. He has over 50 publications, of which over 20 are in public domain international journals and conferences.  Dr. Masrur also has 8 US patents (coauthored with others.)  He is a member of the Sigma Xi research society, and the Eta Kappa Nu and Tau Beta Pi honor societies in the USA.  He received the Best Automotive Electronics Paper Award from the IEEE Vehicular Technology Society, USA, for his papers in the IEEE Transactions on Vehicular Technology.  Dr. Masrur is a Senior Member of the IEEE and has been serving as an Associate Editor (Vehicular Electronics Section) of the IEEE Transactions on Vehicular Technology.  He has a B.S. in Electrical Engineering from Bangladesh Engineering Unviersity, a M.S. in Computer Engineering from Wayne State University, a M.Eng. in Electrical Engineering from the University of Detroit and a Ph.D. in Electri​cal Engineering from Texas A & M University.

Dr. Mi is currently an Assistant Professor at the University of Michigan – Dearborn, with teaching responsibilities in the area of power electronics, electric vehicles, electric motors and drives. Prior to that Dr. Mi worked with General Electric as an Electrical Engineer responsible for the design and development of large electric motors and generators.  He has over fifty journal and conference papers. Dr. Mi is the Chair of the Power and Industrial Electronics Chapter and Director of Educational Activities of the IEEE Southeast Michigan Section. Dr. Mi has taught Electric and Hybrid Vehicles Courses to graduate students at the University of Michigan – Dearborn, Grand IEEE Symposium Mexico, and US Army TACOM.  Chris holds a B.S. and M.S. in Electrical Engineering from Northwestern Polytechnical University and a Ph.D from the University of Toronto.

CEUs:  1.8

