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Electric and Hybrid Vehicle Technology 1 Course
Suggested Lesson Plan


Course Name	Lesson #


Introduction to BEV	Lesson 3

Lesson 3: Introduction to Battery Electric Vehicles (BEV)
Delivery Time
This lesson contains approximately 4 hours of lecture and demonstration. 
Course Outcomes Supported 
This lesson supports the following course-level learning outcomes. For the complete list, see the NSC Electric and Hybrid Vehicle Technology 1 Syllabus included in this Teaching Toolkit. 
Following successful completion of this course, the student will be able to:
Describe safety regulations and their importance.
Use appropriate attire and protective equipment.
Operate equipment according to safety protocols. 
Use basic algebra to solve problems involving system performance.
Identify the advantages and disadvantages of EV and HEV versus the ICE equipped vehicle.
Discuss and demonstrate personal and shop safety procedures.
Describe vehicle safety systems’ including disconnects; interlock loops, and GFI protection.
Lesson Learning Outcomes
Following this lesson, the student will be able to:
Identify High Voltage circuits and components
Follow proper service procedures to insure a safe working environment
Identify the advantages and disadvantages of the BEV
Discuss the components and systems of a BEV
Instructional Resources
Recommended Textbook(s)
National Alternative Fuels Training Consortium. A Basic Understanding of Battery-Electric and Hybrid-Electric Vehicle. Morgantown, WV. ISBN: Instructor: 9781933954295.  Participant: 9781933954301
Halderman, J. & Martin, T. (2011). Hybrid and Alternative Fuel Vehicles (3rd ed.). Upper Saddle River, NJ: Pearson.  ISBN 9780135103845
Additional Textbooks
National Alternative Fuels Training Consortium. Advance Electric Drive, Vehicle Education Program. ISBN instructor: 9781933954561 www.naftc.wvu.edu
Erjavec, J. & Arias, J. (2006). Hybrid, Electric and Fuel-Cell Vehicles. Independence, KY: Thomson-Delmar Publishing. ISBN 101401881084 
Recommended Materials
None.
Instructor Reference Materials
Items included in this Teaching Toolkit
EPA Clean Alternative Fuels Handout
Lab1_Voltage Measurements
Lab2_Battery Electric Vehicle
Lab3_Measurements
Lab4_TestPedal
Facilities and Equipment
Microsoft Office (Word, Excel, PowerPoint)
Computer lab
Service manuals for each vehicle in the lab. (Ideally, there should be one manual per student.)
This lesson assumes your facility has an assortment of BEV’s for lab activities.  Example BEVs include electric go karts, golf karts, vehicles such as the Nissan Leaf or similar, possibly BEV Conversion Vehicles. Labs work best if there is at least 1 BEV for every 2 students.  For example, the labs in this class use the following BEVs:
EZ Go golf carts 
Electric go karts 
Materials and Supplies
HV insulated gloves.
 Insulated tools.
1000VCAT III DMM and Leads.
HV rescue pole.
Rubber cones for identification of HV work perimeter, some areas may require warning perimeter (i.e. safety cones, pedestals and barrier rope).
 Insulated work surface/pad (if required for Lab Activity.) 
Miscellaneous components for display.  
Service manuals for the 4 carts used in lab activities.
Health, Safety, and Other Issues
Please use extreme caution and follow all campus safety rules.
Always wear HV gloves when making voltage measurements, 
Wear safety glasses at all times.
Preparation and Setup 
Create lecture slides to fit your textbook and style or use the slides from the textbook publisher.  This class uses slides from Pearson Education and the national Alternative Fuels Training Consortium.
Be prepared to address these questions  during in-class discussions or lectures
When where Battery Electric Vehicles first used?
What was the advantage back in the early years regarding Battery Electric Vehicles?
What is the drawback of current Battery Electric Vehicles?
Describe the 3 levels of charging rates:
What is the voltage of the EZ Go Golf Carts?  36 V [use your Lab vehicles]
What is the operating voltage of the Go Karts?  72V [use your Lab vehicles]
What is referred to as range anxiety?
What is meant by “Ready Mode” on an AEDTV?  Why should a customer and technician beware of this?
Review the Lab Activities #1-4 in the supplemental material. Determine which labs will be used and then obtain the items needed for the lab. Or identify labs from your chosen textbook and obtain the items needed for those lab activities.
Select a video on EV to show in session 1 of the lecture. Access the online resources at The Office of Energy Efficiency and Renewable Energy.
http://www.energy.gov/eere/energybasics/vehicle-technology-and-alternative-fuel-basics
Locate illustrations of types of AEDTV and the BEV components listed in session 1 of the Lecture/Discussion section below. Illustrations may be found in the vehicle or component service information or on the internet. Prepare to discuss the purpose, how it works and how each component may be integrated with other BEV components.
Create or locate handouts on the frame, wiring diagram information and wire gauge reference information for the lab activity vehicles. For example this lesson references a Go Kart  in the lab activities and requires the following handouts:
Go kart Frame.
Go Kart Motor and wiring diagram information.
Wire gauge reference information.
Create a quiz and answer key or use the textbook publisher supplied assessments tools. 
Create lab activity answer keys.  Note that the answers will vary depending on the vehicles used during the lab.
Prepare scoring guides, rubrics, and answer keys (see course syllabus for guidelines).
Prepare any additional student handouts and resources. 
Review Lab Activities, Homework and/or Online Component; choose how to use these resources.
Prepare Assessment tools and related scoring guides, such as a rubric or answer key. (See course syllabus for guidelines). 
Lesson Delivery
Topics Covered
1. High voltage safety procedures for BEV’s
Practice High Voltage Safety procedures that need to be followed on a BEV
Understand how to use of the rescue pole in the event of a person being electrocuted
Historical perspectives of the BEV
Advantages of driving and adopting the BEV for mass markets
Disadvantages of driving and adopting the BEV for mass markets
Components used in a BEV
1. Identify the operation of the components used in a BEV
1. Identify the different charging levels for BEV’s
Special operating and safety systems of a BEV
1. Discuss the systems used on a typical BEV, including but not limited to: 
High voltage disconnects
Current monitoring
No-fault 
Regenerative braking
HV interlock circuits
Lecture/Discussion
Part 1 (approximately 1 hour) 
Use one of the videos on Hybrid and Plug-in Electric Vehicle Basics as an introduction to the class during this session.
Discuss high voltage safety procedures for BEVs.
Practice High Voltage Safety procedures that need to be followed on a BEV.
Explain and demonstrate how to use the rescue pole.
Discuss the historical perspectives of the BEV.
Explain the advantages and disadvantages of driving and adopting the BEV for mass markets.
Discuss the components that make up a typical BEV. For each component, describe the purpose of the component, how it operates, and how it may or may not be integrated with other components of the BEV. Discuss these components:
Traction Batteries and their cell configurations
Controller
Contactors
Control switch
Service disconnects
Typical Battery Management Systems
Pre-charge Resistors
Clamping Diodes
Control and Supply Circuits
Emergency or panic shut offs
Fuse Protection
Part 2 (approximately 1 hour) 
Briefly introduce the following types of battery chemistry
Lithium Ion
Lithium Polymer
Nickel-Cadmium
Nickel-Metal Hydride
Sodium-Metal Chloride
Sodium-Sulfur
Zink Air
Divide the class into groups and assign a battery chemistry type to each group.  Explain that each group will create a presentation and present it to the class in two weeks.  Use this session as a planning session for student groups to choose and work on their presentations. 
Part 3 (approximately 1 hour) 
During this session you will need access to the classroom and the lab/shop areas.
Discuss the special operating and safety systems of the BEV including the electrical systems, components and operational precautions needed for the lab activities.
Distribute and explain how to use the handouts:
Go kart Frame
 Go Kart Motor and wiring diagram information
 Wire gauge reference information
Part 4 (approximately 1 hour) 
Have students work on the labs. Allow time in the next class to complete the labs. 
Students should be able to complete the lab activity with minimal assistance.
Handouts/References
Go kart Frame.
 Go Kart Motor and wiring diagram information.
 Wire gauge reference information.
EPA Clean Alternative Fuels Handout (included in this Teaching Toolkit)
Lab handouts included in this Teaching Toolkit
Lab1_Voltage Measurements 
Lab2_Battery Electric Vehicle
Lab3_Measurements
Lab4_Test Pedal
Lab Activities
Battery Electric Vehicle Labs using EZ Go golf carts and electric go karts.
Voltage measurement Lab. For example, see EVT_EHVTech_03_Lab1_VoltMeasurements
Switch, battery, and drive motor Lab. For example see EVT_EHVTech_03_Lab2_SwitchBatDriveMotor
Measurements Lab. For example, see EVT_EHVTech_03_Lab3_Measurements
Inspect and Test Pedal Position Lab. For example, see EVT_EHVTech_03_Lab4_TestPedal

Online Coursework
http://www.energy.gov/eere/energybasics/articles/hybrid-and-plug-electric-vehicle-basics
National Alternative Fuel Data Center: http://www.afdc.energy.gov
Website offering all types of AEDTV and Alternative Fuel Information, links, articles and DATA
http://www.greencarcongress.com/electric_battery/index.html
Homework 
Battery Chemistry group presentation work due at the beginning of lesson 5.
Assessments
Learning Outcome 1
Outcome: Identify High Voltage circuits and components.   
Assessment: Class activity using handouts or Lab activity. 
Evaluation: Evaluate the responses or use scoring key.
Standard: Minimum 75%.
Learning Outcome 2
Outcome: Follow proper service procedures to insure a safe working environment   
Assessment: Class and lab activities.
Evaluation: Observe in-class and lab activities.
Standard: Minimum 100%. 
Learning Outcome 3
Outcome Identify the advantages and disadvantages of the BEV.
Assessment: Class activity or essay question.
Evaluation: Observe responses during class or use rubric for essay responses.
Standard: Pass for students in class or minimum score of 75% on essays.
Learning Outcome 4
Outcome: Discuss the components and systems of a BEV.
Assessment: Class activity or essay question.
Evaluation: Observe responses during class or use rubric for essay responses.
Standard: Pass for students in class or minimum score of 75% on essays.
About These Materials Copyright
©2015 National STEM Consortium.  
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Citation
To cite this work, use:
Erskin, E. (2015). Electric and Hybrid Vehicle Technology 1 Course. Electric Vehicle Technology certificate program of the National STEM Consortium. Retrieved from http://oli.cmu.edu.
Accessibility
The NSC has made every effort to create accessible materials, following best practices and Americans with Disabilities Act (ADA) guidelines. For example, to ensure screen reader systems can work with these materials, we write using plain English, heading styles in outline structure, simple layout, minimal tables and charts, bulleted and numbered lists, high-contrast colors, standard fonts, white space for ease of reading, and so on. For more information about ADA compliance, see the 2010 Design Standards on the ADA website: http://www.ada.gov/2010ADAstandards_index.htm.
Disclaimer
This workforce solution was funded by a grant awarded by the U.S. Department of Labor’s Employment and Training Administration. The solution was created by the grantee and does not necessarily reflect the official position of the U.S. Department of Labor. The Department of Labor makes no guarantees, warrantees, or assurances of any kind, express or implied, with respect to such information, including any information on linked sites and including, but not limited to, accuracy of the information or its completeness, timeliness, usefulness, adequacy, continued availability, or ownership. 
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