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[bookmark: _Toc410863272]Introduction
The Introduction to Electrical Vehicle Propulsion Systems course was developed by Macomb Community College, Warren, Michigan and is one of 14 courses in the NSC Electric Vehicle Technology certificate program. This teaching toolkit for the course includes a course overview (this Read Me First document), a learning outcomes map, a suggested syllabus, lesson plans, and supplemental materials. The course also includes online modules that are designed to help students through common sticking points and better prepare them for face-to-face instruction. 
NSC courses are designed for instructors with subject matter expertise and/or industry knowledge. NSC materials are freely and openly licensed, and are intended for instructors to customize according to their local needs. NSC materials offer resources, recommendations, and examples; they may be revised and redistributed provided that proper attribution and citation are used. See the About These Materials section below. 
NSC materials are located in Platform+ by OLI, the Open Learning Initiative at Carnegie-Mellon University. 
To access NSC Electric Vehicle Technology materials: 
1. Navigate to the NSC Electric Vehicle Technology section of the OLI course library at http://oli.cmu.edu/learn-with-oli/see-our-free-open-courses/
2. Explore courses and online modules as a guest. 
3. Apply for an Instructor account to access Instructor Resources (i.e., the Teaching Toolkit) for a particular course. 
Platform+ online modules can be mixed and matched to create customized courses. Platform+ integrates with common learning management systems so students only have to log in once. Instructors should contact their college instructional technologist to enable single sign-on and set up Platform+ for use at their institution. 
To use NSC Electric Vehicle Technology online modules: 
1. Read the OLI instructions at https://oli.cmu.edu/teach-with-oli/find-educator-resources/creating-a-customized-course/
2. Follow the instructions to choose online modules to use, create a customized course, enroll students, and track their progress on the Instructor Dashboard.
3. Contact OLI with technical support questions.
[bookmark: _Toc278544228][bookmark: _Toc410863273]NSC Introduction to Electrical Vehicle Propulsion Systems
[bookmark: _Toc278544229][bookmark: _Toc410863274]Course Overview
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. 
This course is designed to provide four contact hours each week for 16 weeks. Although lesson times will vary based on the material and the instructor, each class is designed so approximately 40% of the class is lecture and 60% is structured laboratory activities. This equates to an estimated 96 minutes of lecture and 144 minutes of lab work. To facilitate learning during the laboratory time, students should be divided into small groups.   
[bookmark: _Toc278544230][bookmark: _Toc410863275]Course Learning Outcomes
The NSC Electric Vehicle Development Technology certificate program has learning outcomes in the categories of HEV, PHEV, and BEV Systems; System Integration; High voltage electric distribution systems; and Tool Usage. These categories represent program-level outcomes to be achieved across multiple courses. See the Learning Outcomes Map spreadsheet in this Teaching Toolkit for more information. 
NSC Introduction to Electrical Vehicle Propulsion Systems also has course-level learning outcomes that support program outcomes. Course outcomes are more detailed than program outcomes; they can be achieved in a single lesson or, often, across multiple lessons or class sessions. Course learning outcomes are student-centered and action-oriented, describing what students should be able to do after completing the course based on the knowledge, skills, and attributes developed.
NSC Introduction to Electrical Vehicle Propulsion Systems has the following course-level learning outcomes:
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.
The learning outcomes map spreadsheet in this toolkit links program to course learning outcomes and course to lesson learning outcomes. It is intended to help establish an outcomes-driven framework for the course, in which each learning outcome is established, taught, and assessed. 
[bookmark: _Toc410863276][bookmark: _Toc278544238]Course Structure
Syllabus
The suggested course student syllabus in this toolkit is a starting document for instructors to customize and fill in with local college information such as policies, procedures, and resources. 
[bookmark: _Toc278544239]Lessons
The following lessons are included in Introduction to Electric Vehicle Propulsion Systems:
Lesson 1: The Need for EV/HEV Technology
Lesson 2: Introduction to EV and HEV Technologies
Lesson 3: Electric Vehicle Safety
Lesson 4: Battery Technology Part 1
Lesson 5: Battery Technology Part 2
Lesson 6: Electric Machines Part 1
Lesson 7: Electric Machines Part 2
Lesson 8: Midterm Examination and Lab Completion
Lesson 9: Power Inverters and Electronic Motor Controls
Lesson 10: DC to DC Converters
Lesson 11: Vehicle Sub-Systems
Lesson 12: EV and HEV Vehicle Systems Part 1 (Various Manufactures)
Lesson 13: EV and HEV Vehicle Systems Part 2 (Various Manufactures)
Lesson 14: Introduction to Advanced Vehicle Technologies
Lesson 15: Lab Completion and Written Exam Review
Lesson 16: Final Examination
[bookmark: _Toc402791603][bookmark: _Toc278544241]Online Modules
NSC online modules address common student sticking points and better prepare students for face-to-face instruction. They offer mini-lessons and online drills for extra instruction and practice in key concepts. Two online modules specifically support this course: 
Series, Parallel, and Series-Parallel Vehicles
Explaining Planetary Gear Set Operations
Instructors may use these and/or any other modules in Platform+ when creating a customized course.  
[bookmark: _Toc278544242][bookmark: _Toc410863277]Prerequisites and Requirements
Introduction to Electrical Vehicle Propulsion Systems is given in the second term of the NSC Electric Vehicle Development Technology certificate program; Automotive Systems is the only recommended prerequisite for this course. However, to succeed in this course, students should be proficient in English and Technical Mathematics, 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 Mathematics (basic Algebra) courses.
The NSC STEM Readiness course offers three one-credit units on Mathematics, Effective Workplace Communication, and Professionalism. The Mathematics unit is recommended as prerequisite to this technical course. NSC certificate programs are built around STEM Readiness, which rapidly provides a skills refresher to ensure student success in NSC technical courses. Colleges can deliver STEM Readiness in the first term as a standalone three-credit course, throughout the program as any combination of its one-credit units, or embedded into existing courses. STEM Readiness is located in the OLI course library as detailed in the Introduction.
[bookmark: _Toc410863278]Student Performance Standards
NSC programs are developed to a 70% passing performance standard. Lesson plans note specific cases where performance standards are higher, for example, when students must perform perfectly on a safety assessment because safety is non-negotiable.
[bookmark: _Toc410863279]Student Texts and Materials
The following textbooks are strongly recommended for this course:
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
This course also uses the following kits:
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
[bookmark: _Toc410863280][bookmark: _Toc278544247]About These Materials
[bookmark: _Toc278544245][bookmark: _Toc410863281]The NSC Electric Vehicle Technology Program
The NSC Electric Vehicle Technology certificate program is a stackable academic credential built on a one-year, 30-semester-credit model to rapidly prepare students by providing the rigorous instruction that workers need and employers value. 
All NSC programs include the following materials in Platform+:
NSC Program Guide: Information on program design and delivery to help administrators and instructors customize NSC programs for their institution.
NSC Teaching Toolkits: Downloadable curricular materials to help adopting instructors create their own version of an NSC technical course.
NSC Online Modules: Interactive learning activities for students.
NSC STEM Bridge Guide: Information on the NSC STEM Bridge to help administrators and instructors integrate foundational skills into technical programs.
NSC STEM Readiness: Online skills-refresher course in Mathematics, Communication, and Professionalism, designed to help college-ready students succeed in NSC technical courses. 
NSC STEM Foundations: Downloadable curricular materials for instructors plus online modules for students, designed to prepare lower-level learners to enter an NSC program.
The NSC Electric Vehicle Technology team developed the program based on the best practices of its partner colleges:
Macomb Community College, Warren, Michigan (Electric Vehicle Technology  team lead college)
Ivy Tech Community College – Lafayette, Indiana

NSC Electric Vehicle Technology Certificate Program has two tracks, Electric Vehicle Development Technology and Electric Vehicle Service Technology. Students complete three core courses – Automotive Systems, Electronic Technology 1, and Electronic Technology 2 – then pursue specialized courses in the Development or Service track. Specialized Development track courses are Electric Vehicle Propulsions Systems; Motors and Controls for Electric Vehicles and Industrial Applications; Electric Vehicle Data Acquisition, Sensors, and Control Systems; Advanced Energy Storage; RCL Analysis; and LabVIEW Basics. Specialized Service track courses are Principles of Alternative/Renewable Energies, Engine Fundamentals, Engine Performance 1, Electric and Hybrid Vehicle Technologies, and Advanced Electric and Hybrid Vehicle Technologies. 
The Introduction to Electric Vehicle Propulsion Systems course is part of the Development track created by NSC member Macomb Community College in Warren, Michigan. Graduates of the NSC certificate in Electric Vehicle Development Technology are qualified to work in electric vehicle product development and manufacturing in the automotive industry, as well as the communications, solar, wind turbine, and smart grid industries. They are prepared for careers as Development Technicians, Electrical Test Technicians, Mechanical Testing Technicians, and Manufacturing Technicians as well as positions in Sales Support and Service. The NSC certificate in Electric Vehicle Development Technology comprises partial preparation for SAE International’s Vehicle Electrification Fundamentals and Safety Certificate of Competency, and is endorsed by the Michigan Academy of Green Mobility Alliance (MAGMA)
For more information, see the NSC Electric Vehicle Technology Program Guide in Platform+.
[bookmark: _Toc410863282][bookmark: _Toc278544248]The National STEM Consortium
These materials were developed by the National STEM Consortium (NSC). NSC, a collaborative of ten colleges in nine states, was funded by a U.S. Department of Labor grant to develop one-year certificate programs in five technical fields: Composites Technology, Cyber Technology, Electric Vehicle Technology, Environmental Technology, and Mechatronics Technology. For more information visit the NSC website: http://www.nationalstem.org. 
[bookmark: _Toc410863283]Copyright
©2015 National STEM Consortium. 
[bookmark: _Toc410863284]License
[image: ] Unless otherwise specified, this work is licensed under a Creative Commons Attribution 4.0 International License. 
[bookmark: _Toc278544250][bookmark: _Toc410863285]Attribution
To attribute this work, use: Macomb Community College.
[bookmark: _Toc410863286]Citation
To cite this work, use:
Macomb Community College. (2015). Introduction to Electric Vehicle Propulsion Systems Course. Electric Vehicle Technology certificate program of the National STEM Consortium. Retrieved from http://oli.cmu.edu. 
[bookmark: _Toc278544252][bookmark: _Toc410863287]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.
[bookmark: _Toc278544253][bookmark: _Toc410863288]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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