[bookmark: _Toc382581911]Part 1: Course Information
[bookmark: _Toc382581912]Course Overview 
[bookmark: _Toc382581913]Basic Information 
College: 
Department: 
Semester: 
Instructor: 
Office: 
Office Hours: 
Office Telephone: 
Email: 
[bookmark: _Toc382581914]Description 
The Introduction to Electrical Vehicle Propulsion Systems course is an introductory course that provides practical training in the theory and design of battery powered electric vehicle propulsion systems. Topics include the rationale for electric vehicles, EV/HEV safety, battery technologies, basic battery testing, electric machine (motor) types, electric machine operation, power management, power inverters, DC to DC converters, and accessory systems. This course also covers potential future technologies in electric vehicle propulsion systems.
[bookmark: _Toc382581915]Prerequisites 
Auto 1000 Automotive Systems.
To succeed in this course, students should be proficient in English and basic Algebra, for example: Combined English Language Skills Assessment (CELSA) score of 50 or higher, or Academic Proficiency Test (APT) score of 80 or higher, or college basic English and Algebra courses. 
[bookmark: _Toc382581916]Course Materials
Recommended Textbooks 
Halderman, J. (2013).  Hybrid and Alternative Fuel Vehicles (3rd ed.). Upper Saddle River, NJ: Pearson Education, Inc. Prentice Hall. ISBN – 13: 978-0-13-278484-9  
Halderman, J.  (2013). NATEF Correlated Task Sheets for Hybrid and Alternative Fuel Vehicles (3rd ed.). Upper Saddle River, NJ: Pearson Education, Inc. Prentice Hall. ISBN – 13: 978-0-13-295341-2
Automotive Research and Design. (2010). Hybrid Electric Vehicle Technology.  Orland Park, IL: American Technical Publishers, Inc. ISBN – 13: 978-0-8269-0066-1
Additional Materials
[bookmark: _Toc382581920]Simple Motors – Kit #8 Brushless Electric Motor Experiment Kit
	Available at: www.simplemotor.com 
Science First – DC Motor Kit 10-135 (615-4685)
	Available at: www.sciencefirst.com 
Course Structure 
This course is designed to provide a hybrid experience, including both face-to-face and online activities. Activities to be completed online and face-to-face will be updated weekly and provided as a supplement to the course syllabus.
The course contains 16 instructional modules that will be delivered over 16 weeks. Each week’s folder contains the readings and assignments that are due that week. The readings and assignments will take approximately 15-20 hours/week to complete. To ensure your success and the success of your colleagues, it is critical that you schedule enough time each week to complete all of the readings, contribution requirements and assignments in a timely manner.
In this course, students will participate in both lecture and laboratory assignments. The class is divided up so approximately 40% of the class is lecture and 60% is laboratory time. This equates to an estimated 96 minutes of lecture, and 144 minutes of lab work. Lesson time will vary based on the material and the instructor will adjust delivery time as necessary. Students will work in small groups for laboratory assignments to help facilitate learning. 
Weekly Lessons 
Each unit will include a lecture and structured lab activities. Lab activities and in-class work will emphasize skill attainment and content mastery. Written and practical assessments will occur approximately every week to every other week depending on lesson material. 
Online Course Work 
Online sessions will include content and activities from the textbooks, student resources, simulated lab activities, and other open source resources. To access online activities, students will need access to the Internet and a supported Web browser (Internet Explorer, Firefox, Safari, or Chrome). Technical assistance can be obtained from local technical support.
Technical Requirements 
Internet access.
Access to college learning management system and Platform+.
Access to college email account.
Microsoft Office (primarily Power Point and Word).
[bookmark: _Toc382581924]Part 2: Learning Outcomes 
Upon successful completion of the Introduction to EV Propulsion Systems course, the student will be able to:
Explain the global environmental and social impacts of the internal combustion engine
Compare vehicle propulsion technologies and defend why electric vehicle propulsion systems represent a practical short term replacement for the ICE
Identify and describe major energy sources currently used for transportation
Practice recommended safety procedures relating to EV/HEV diagnosis and service
Compare different manufacturers’ design strategies associated with battery pack and related components integration into the total vehicle power delivery, safety, and communications systems.
Compare EV/HEV electric machine theories of operations, design features, unique characteristics, and servicing protocols (includes DC and AC, induction, permanent magnet, and switched reluctor designs)
Compare different manufacturers’ design approaches relating to the operation, construction, architecture, and service protocol of power inverters used in EV applications
Compare different manufacturers’ design approaches relating to the operation, construction, architecture, and service protocol of DC to DC converters used in EV applications
Compare different manufacturers’ design approaches relating to the operation, construction, architecture, and service protocol of accessory systems used in EV applications
Discuss the societal options relating to alternative vehicle propulsion systems
Compare alternative propulsion technologies and defend which of them will most likely be utilized in the future.
[bookmark: _Toc382581930]Part 3: Course Calendar
This course calendar provides a schedule of lessons and an outline of topics covered. Activities, assignments, and assessments will be explained in detail throughout the course. Please contact the instructor with questions. * Assignments, points and due dates are subject to change at the facilitators’ discretion.
[bookmark: _Toc382581931]Lesson 1: The Need for EV/HEV Technology	Date	
This lesson will cover the following topics:
1. Course introductions
2. Shop safety review
3. Carbon and non-carbon based energy sources
4. Carbon footprints
5. Vehicle emissions
6. The need for EV and HEV propulsion
7. Political, environmental, economic, and societal impacts of ICE and EV technology
[bookmark: _Toc382581932]Lesson 2: Introduction to EV and HEV Technologies	Date
1. Introduction to EV and HEV technologies
1. Series, Parallel, and Series/Parallel propulsion
1. HEV engine systems
1. Fossil, alternative, and bio fuel types
1. Electronic service information review
[bookmark: _Toc382581933]

Lesson 3: Electric Vehicle Safety	Date
1. EV/HEV safety precautions and procedures
EV/HEV driving, moving, and hoisting hazards and concerns
High, intermediate, and low voltage circuit and wire/cable identification
High Voltage Disconnects and De-powering procedures
High Voltage personal protection equipment and safety devices

[bookmark: _Toc382581934]Lesson 4: Battery Technology Part 1 	Date
1. Battery chemistry, composition, and construction
High voltage battery technology
HEV auxiliary battery technology, diagnosis, and service
Electrical theory calculations (Ohms and Watts Laws)
HEV jump start procedures
[bookmark: _Toc382581935]Lesson 5: Battery Technology Part 2	Date
1. High voltage interlock and safety systems
High voltage safety circuits and wire shielding
Fault detection systems
Battery pack contactor systems
Battery pack management systems
Energy management systems
Network communication and scan tool diagnostics
[bookmark: _Toc382581936]Lesson 6: Electric Machines Part 1	Date
1. [bookmark: _Toc382581937]DC and AC electric machine technology
Electric machine operation, design, and unique characteristics
Current HEV/EV electric machine service protocol
HEV/EV electric machine strengths and weaknesses


Lesson 7: Electric Machines Part 2	Date
1. [bookmark: _Toc382581938]Common electric machine speed and position sensors
Resolver, encoder, and proximity sensor systems
3 Phase power inverter current sensing systems
Build and test experimental brush and brushless motors
Midterm review
Lesson 8: Mid Term Exam and Lab Completion	Date
1. Mid Term Exam covering material from the first 7 weeks 
All first half assignments must be submitted by the end of this class period
Lab activity assignment completion as necessary
[bookmark: _Toc382581939]Lesson 9: Power Inverters and Electronic Motor Controls	Date
1. Power inverter design, construction, and architecture 
12. Power inverter operation and service protocol
13. Power inverter switching transistor limitations 
14. Power inverter thermal management strategies
Electric machine torque and speed waveforms
[bookmark: _Toc382581940]Lesson 10: DC to DC Converters	Date
1. DC to DC converter design, construction, and architecture 
16. DC to DC converter operation and service protocol
17. Operational characteristics of buck and boost converters
Advantages and disadvantages of common converter locations
18. DC to DC converter thermal management strategies 
Lesson 11: Vehicle Sub-Systems	Date
1. Regenerative brake systems
1. Electronic and hydraulic steering assist systems
1. EV / HEV Heating and air conditioning systems
1. Cooling Systems
[bookmark: _Toc382581942]Lesson 12: EV and HEV Vehicle Systems Part 1 (Various Manufactures)	Date
1. Honda EV/HEV systems
1. General Motors EV/HEV systems
1. Idle start/stop technology
[bookmark: _Toc382581943]Lesson 13: EV and HEV Vehicle Systems Part 2 (Various Manufactures)	Date
1. [bookmark: _Toc382581944]Ford EV/HEV systems
1. Toyota EV/HEV systems
1. Belted alternator starter (BAS) systems
Lesson 14: Introduction to Advanced Vehicle Technologies 	Date
1. Fuel cells
1. Ultra capacitors
1. Hydraulic hybrid assist
1. Alternative energy storage and delivery technology
1. Practical exam review
[bookmark: _Toc382581945]Lesson 15: Lab Completion and Written Exam Review 	Date
1. Written final exam review 
1. Complete lab assignments as necessary
1. All second half assignments must be submitted by the end of this class period
1. Begin practical final exam
Lesson 16: Final Exam	Date
1. Written final exam (written exam will cover all course content materials)
1. Complete practical exams task work as necessary
1. [bookmark: _Toc382581946][bookmark: _Toc382581947]Student end of course survey



Part 4: Grading Information 
Graded Activities
[bookmark: _Toc382581949]Course assignments and lesson outcomes will be assessed using a variety of assessment tools. Each assignment is assigned a point value. Points are totaled at the end of the course and converted to percentages. Lesson outcomes can and will be assessed using written and practical assessments. Written assessments will be outcome based assessments following ASE/NATEF style guidelines. Also note that this style of written testing can also be used to assess a student’s practical task knowledge in conjunction with or as a result of the task or lab that has taken place. The following is a typical example of ASE/NATEF outcome based questioning:

1. Two technicians are discussing automotive sealed lead acid battery capacity (load) testing. Technician A states that a load of half the battery’s CCA rating should be applied to the battery for 15 seconds. Technician B states that the battery voltage should not exceed 15 volts during the test. Who is correct?
a) Technician A
b) Technician B
c) Both technicians
d) Neither technician

In this case the answer is a) Technician A only. Technician B is false because battery voltage never increases under load. A battery load test is performed to determine the dynamic condition of a battery. During the test a technician applies a load which is half of the battery’s cold cranking amp rating for 15 seconds. During the test the battery voltage should not drop below 9.6 volts.

Again note that practical tasks can and will be assessed using NATEF job/task sheets and written based testing through questions similar to the one listed above.  

Assignment Points:

· Weekly written or online work – 10 points possible
· Lab work activities – 10 points possible
· Quizzes – 10 points possible
· Tests – 25 – 50 points possible depending on the number of questions
· Exams – 100 points possible (comprehensive final exam 60% practical and 40% written)




Grade Percentage Breakdown 
  
·         Written Work = 30%
·              Final Exam = 20%
·       Lab/Task Work = 40%
· Class Participation = 10%
                      Total = 100%
[bookmark: _Toc382581956]Late Work
Late work will not be accepted unless it is pre-approved by the instructor. All graded work will be posted in the college learning management system within 48 hours of due date. 
Graded Weights
Grade	% of Points
[image: ]Electric Vehicle Technology Program
Introduction to EV Propulsion Systems Course
Suggested Syllabus

Course Name	Lesson #


Introduction to EV Propulsion Systems	Syllabus


Page 1
Page 2

National STEM Consortium		Page 2
A 	93-100% 
A- 	90-92%	
B+	87-89% 
B 	83-86%
B- 	80-82%
C+	77-79%

C 	73-76%
C-	70-72%
D+ 	67-69%
D  	63-66%	
D- 	60-62%
E  	    0-59%	

[bookmark: _Toc382581952]Assignment Rubrics
The following rubrics will be used to assess your weekly assignments.

Safety
In class safety assessments must be completed at a 100% success rate prior to any shop work activities.
Students must wear OSHA/ANSI Z87+ rated safety glasses at all times when in the shop.
Students must wear shop appropriate clothing and footwear.
Manufactures guidelines and specifications regarding HEV and EV safety, diagnosis, service, and repair must be followed at all times. 
All fasteners should be tightened to the proper torque as per manufactures specifications.
All tools and equipment should be checked out and returned per institutions student tool crib policies and procedures.


Home Work / Written Assignments
10 points – submitted on time, answers 91% to 100% correct. 
8 points – submitted on time, answers 81% to 90% correct
7 points – submitted on time, answers 70% to 80% correct.
No points – submitted late and/or answer percentage less than 70% correct.

Shop Work and ASE/NATEF Job Task completion 
10 points – Successful lab/task completion, follows safety rules, outstanding participation
9 points –  Successful lab/task completion, good participation
8 points –  Successful lab/task completion, fair participation
7 points – Lab/task understanding, follows safety rules, needs additional task practice
No points – incomplete shop work, lack of participation/cooperation, several infractions

Participation Explanation
· Outstanding = Follows all safety rules, continuously engaged in work activity, appropriately cleans up shop work area at the end of the activity.
· Good = Follows safety rules, engaged in learning activity most of the time, appropriately cleans up shop work area at the end of the activity.
· Fair = Minor shop rule infractions, lack of engagement at times, little or no shop clean up.
[bookmark: _Toc382581957][bookmark: _Toc382581958]

Part 5: College Policies and Resources 
Policies
[bookmark: _Toc382581959]Attendance
[bookmark: _Toc382581960]Academic Integrity
[bookmark: _Toc382581961]Campus Civility
[bookmark: _Toc382581962]Resources
[bookmark: _Toc382581964]Counseling 
[bookmark: _Toc382581965]Veterans
Students with Disabilities 

[bookmark: _Toc382581966]About These Materials
[bookmark: _Toc382581967]Copyright
[bookmark: _Toc382581968]© 2015 National STEM Consortium.
The National STEM (Science, Technology, Engineering, and Mathematics) Consortium (NSC), a collaborative of ten colleges in nine states, was funded by a Trade Adjustment Assistance Community College and Career Training (TAACCCT) grant from the U.S. Department of Labor to develop new workforce training programs in technical fields. For more information about NSC, visit the NSC website: http://www.nationalstem.org. 
License
[image: ] Unless otherwise specified, this work is licensed under a Creative Commons Attribution 4.0 International License. 
[bookmark: _Toc382581969]Attribution and Citation
[bookmark: _Toc382581970]To attribute this work, use: Macomb Community College.
To cite this work, use:
Macomb Community College. (2015). Syllabus. Data Acquisition, Sensors, and Control Systems. Electric Vehicle Technology certificate program of the National STEM Consortium. Retrieved from http://oli.cmu.edu. 
[bookmark: _Toc278544252][bookmark: _Toc279058029]Accessibility
The NSC has made every effort to create accessible materials, following best practices and American 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
[bookmark: _GoBack]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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