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POWER ELECTRONICS IN EVs

These modules are designed to build upon each other, culminating in a final activity. Resources like handouts, assessments, and web links are provided, but you are encouraged to find additional materials. Example curriculum alignments for Ohio Learning Standards and NGSS are included; use the provided links to explore and select the most relevant standards for your needs.

Some modules may require equipment purchases. Recommendations are provided, but these are not endorsements. Conduct your own research before purchasing or using any external resources. 




LIABILITY RELEASE: This curriculum is provided "as is," without warranties. Partnership for Innovation in Education (PIE) is not liable for any damages arising from its use, including equipment purchases or reliance on external resources.
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MODULE OVERVIEW
This module introduces the core concepts of power electronics and their vital function within electric vehicles (EVs). Building upon prior knowledge in previous modules, this module establishes the importance of power electronics and the fundamental architecture of EVs, including the interaction between the battery, motor, and power electronics, along with basic AC/DC conversion principles. The module then starts to introduce rectifiers and converters for AC to DC and DC to DC power conversion, highlighting their applications in EV charging systems.  This module will also cover inverters and their role in DC to AC conversion for driving the electric motor, including an introduction to motor control techniques. A practical lab session allows students to build a basic inverter circuit. Finally, the module addresses efficiency and thermal management in power electronic systems and explores future trends in the field, such as advanced materials and wireless charging, as well as regenerative braking. 
At this point in the program the following resources can help enhance the curriculum. Some are free, however all will help either you, or your students better understand all things EV:
Electric Vehicle Technology – NSC STEM Pathways:
The Electric Vehicle Technology Pathway is a one-year, 30-credit hybrid course designed for teachers and institutions to customize for their students' needs, covering electric vehicle development and service. This course is part of the National STEM Consortium (NSC) and is offered through Carnegie Mellon University's Open Learning Initiative (OLI).
NOVA Teachers: Car of the Future: 
This webpage provides a classroom activity for students to research and propose ways to reimagine their city's public transportation using new technologies and alternative fuels.
MODULE LEARNING OBJECTIVES
· Explain the fundamental role of power electronics in electric vehicle architecture, including the necessity of AC/DC and DC/AC conversion for various components like the battery, motor, and charging systems.
· Analyze the operation of different power electronic converters, specifically rectifiers (AC to DC) and DC-DC converters (buck and boost), and describe their applications within EV systems.
· Describe the function of inverters in controlling the electric motor of an EV, including the basic principles of Pulse Width Modulation (PWM) and its impact on motor speed and torque.
CURRICULUM ALIGNMENT
Ohio Learning Standards
· PS.EW.5: Electricity; Current
· ENV.ER.1: Energy resources; Alternate energy sources and efficiency
· P.EM.6: Electromagnetic interactions
· RI.11-12.7 Integrate and evaluate multiple sources of information presented in different media or formats
· Ohio Technology Standards:
· Empowered Learner: 9-12.KC.3.a.
· Digital Citizen: 9-12.DC.2.c.
· Innovative Designer (ID): 9-12.ID.4.a.
· Knowledge Constructor (KC): 9-12.KC.3.b.
NGSS Standards
· HS-PS3-3: Energy - Design, build, and refine a device that works within given constraints to convert one form of energy into another form of energy.
· HS-ETS1-1: Engineering Design - Analyze a major global challenge to specify qualitative and quantitative criteria and constraints for solutions that account for societal needs and wants.


Career Connections

Below are some resources and information relevant to careers pertaining to the curriculum in this module. 
Video: Day at Work: Electric Vehicle Technician
Electric Vehicle Technician: 
· Diagnose, service, and repair EVs. 
· Involves working with high-voltage electrical systems, batteries, electric motors, and power electronics.
· Might work for dealerships, independent repair shops, or specialized EV service centers.
Power Electronics Engineer: 
Design, develop, and test the power electronic circuits and systems used in EVs and their charging infrastructure. 
Designing inverters to control the motor, converters for efficient power transfer, and rectifiers for charging.
Involves working with computer-aided design tools and laboratory equipment.
Renewable Energy Systems Installer/Technician (with EV focus): 
Install and maintain renewable energy systems, including those that power EVs (like solar charging stations). 
Combines knowledge of electrical systems, renewable energy technologies, and increasingly, the power electronics that interface these systems with EVs.
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LESSON OVERVIEW – DAY 1: Introduction to Power Electronics & EV Architecture
This introductory lesson covers the fundamental role of power electronics in electric vehicles (EVs). It will explore how the battery, motor, and power electronics systems work together to power the vehicle and manage energy. Students will learn basic AC/DC concepts, highlighting the need for power conversion in EVs for both driving and charging. Virtual lab simulations will provide hands-on experience with AC and DC circuits, preparing students for future lessons on specific power electronic components.
*Please review all resource links and appendix resources prior to starting lesson activity.

	Lesson Learning Objectives
	Lesson Resources

	Describe the role of power electronics in an EV's battery, motor, and charging systems.
Explain why AC/DC power conversion is essential for EV operation and charging.
	Video:  Power Electronics in EVs: Functions and Components
Video: EV Architecture Maximizing Efficiency in Charging Speeds
Video: How to convert AC to DC
AC virtual lab: Phet Colorado AC Virtual Lab
DC Virtual Lab: Phet Colorado DC Virtual Lab


	Lesson Time
	Lesson Materials

	50-minutes
	Laptops/tablets w/ internet access
Whiteboard/projector
PowerPoint: Introduction to Power Electronics in EVs
Electricity demonstration kit
Optional: Handout “AC-DC LED Electricity Kit Lab”


Lesson Introduction
This lesson is about power electronics and why they are important for electric cars. You'll learn what power electronics do and how they work with the battery and motor in an EV. We'll also cover why EVs need to change electricity from AC to DC and back again. You'll get to use online labs to see how AC and DC electricity work. This lesson will help you understand the basics before we learn about specific parts of the power system in EVs.

[bookmark: _Hlk200173597]Lesson Activity/Presentation 
A. Engage (7 minutes)
1. Hook & Introduction: Start with a quick question: "Beyond the battery and motor, what hidden 'brain' do you think an electric car needs to manage its power?" Introduce power electronics as the "manager" of electrical power, essential for modern technology, especially EVs.
2. Video: : Understanding the Role of Power Electronics in EVs: Functions and Components: Show a very short, targeted segment (1-2 minutes) from this video that highlights the core functions of power electronics in EVs. Focus on getting a quick overview of its importance.
B. Explore (15 minutes)
1. PowerPoint Presentation: Present key slides from the "Introduction to Power Electronics in EVs" PowerPoint. Focus tightly on: 
· Defining power electronics.
· Overview of EV Architecture: Briefly explain the interaction between the battery, motor, and power electronics. Emphasize that power electronics enables the entire system to work together.
C. Explain (30 minutes)
1. Basic AC/DC Concepts & Need for Conversion: 
· Briefly define AC (Alternating Current) and DC (Direct Current). Use simple analogies (e.g., battery = DC, wall outlet = AC).
· "Now, let's see why understanding AC and DC is crucial for EVs."
2. Virtual Lab Demonstrations (PhET Simulations - Instructor-led & focused): 
· Conduct quick, instructor-led demonstrations of the PhET labs. Do not have students do this individually to save time.
· DC Virtual Lab (5 minutes): PhetColorado DC Virtual Lab
· Open the DC Virtual Lab. Build a simple circuit with a battery and a light bulb. Point out the unidirectional flow.
· Add an LED: "Notice how the LED lights up with DC current. LEDs are like one-way gates for electricity."
· AC Virtual Lab (5 minutes): PhetColorado AC Virtual Lab
· Open the AC Virtual Lab. Build a simple AC circuit with an AC source and a bulb. Point out the oscillating flow.
· Attempt LED with AC: "Now, let's try our LED here. What happens?" (It won't light or will flicker very dimly). "This is key: DC current is necessary to light an LED. This tells us something important about how components in EVs work."
3. The Need for Conversion in EVs (5 minutes): 
· "EV batteries store DC power, but sometimes the motor needs AC power (for efficiency), and when you plug into a wall outlet, you're often getting AC power."
· "This means we need devices that can convert electricity back and forth. That's a core function of power electronics!"
4. Video: How to convert AC to DC (5 minutes): 
· Show a very brief, targeted segment of this video that clearly demonstrates the concept of converting AC to DC (rectification). Emphasize that power electronics handles this conversion.
D. Evaluate (8 minutes)
1. Quick Review & Discussion: 
· Quickly recap: "What is power electronics? What does it do for an EV?"
· "What's the difference between AC and DC?"
· "Why do we need AC/DC conversion in an EV?"
· "Why can't an LED light up with just any current type?"

LESSON OVERVIEW – DAY 2:  Rectifiers & Inverters: The Power Transformers
Today’s topic involves Rectifiers, Inverters and Converters.  To better understand these parts, and their role in electric vehicle power electronics, it is necessary for students to understand the difference between full and half waves, as well as the types of waves that are used in each for energy conversion:
AC/DC Conversion (Rectification)
· Input Wave: Typically a Sine Wave (smooth, oscillating AC).
· Process Wave: Becomes a Pulsating DC Wave after passing through a rectifier (current flows in one direction but is not smooth).
· Output Wave: Ideally a Smooth DC Wave after filtering (e.g., using a capacitor).
DC/DC Conversion
· Input Wave: A Steady DC Wave at a specific voltage.
· Process Wave: Often involves a Pulsating DC Wave or a Square-like Wave due to rapid switching within the converter.
· Output Wave: A Steady DC Wave at a different voltage level (higher or lower).
DC/AC Conversion (Inversion)
· Input Wave: A Steady DC Wave at a specific voltage.
· Process Wave: DC current direction is rapidly switched.
· Output Wave: Can be one of the following AC wave types:
· Square Wave: Simple on/off switching.
· Modified Sine Wave: Stepped approximation of a sine wave.
· Pure Sine Wave: Smooth, oscillating wave achieved through more complex switching techniques (like PWM).
*Consider a prerequisite lesson if students are unfamiliar with most of this content.









	Lesson Learning Objectives
	Lesson Resources

	Differentiate between AC/DC, DC/DC, and DC/AC conversion by identifying their input and output waveforms.
Explain the function of rectifiers, inverters, and converters in EV power electronics.
	Video: AC and DC conversion with rectifiers and inverters
Video: The Difference Between Inverters, Converters, Transformers, and Rectifiers

	Lesson Time
	Lesson Materials

	50 Minutes
	Whiteboard/projector w/ internet access
Student notebooks
White card stock cut into “Card” size
Markers



Lesson Introduction
Imagine the electricity in an electric vehicle (EV) as needing to be in the right form to do different jobs. Rectifiers and converters are like the translators and transformers of this electrical system.
Rectifiers: Think of these as one-way streets for electricity. The power coming into your EV for charging from a wall outlet or some charging stations is usually AC (Alternating Current), which flows back and forth. But the EV's battery can only store DC (Direct Current), which flows in one direction. The rectifier's job is to take that AC power and convert it into the DC power the battery can use and store. It's like making sure all the electrical traffic is going in the correct direction to fill up the battery.
Converters: These are like voltage and current adjusters. Once the electricity is in the EV's battery as DC, it might need to be at different voltage levels for different parts of the car. For example, the high-voltage battery powers the motor to make the car move. But other systems, like the lights, the infotainment system, and even charging smaller batteries inside the car, need lower voltages. Converters act like step-down transformers for DC, taking the high voltage from the battery and reducing it to the levels needed by these other systems. There are also converters that can boost voltage if needed.
To sum up:
Rectifiers change AC (from charging) to DC (for the battery).
Converters change DC voltage levels within the EV to power different components efficiently.
Both are necessary for making sure the electricity in an EV is in the right form and at the right level to power the car and charge its battery safely and effectively.

Lesson Activity/Presentation 
Watch video: AC and DC conversion with rectifiers and inverters
· *Make sure you understand about the different types of waves that electricity can travel in prior to watching the video.
Ask this question: So which one is better? Rectifiers or Inverters?
Watch video: The Difference Between Inverters, Converters, Transformers, and Rectifiers 
Perform card labeling activity: Comparing Inverters, Rectifiers and Converters 
Materials (can be adapted based on available resources):
· Label Cards: Prepare cards with clear labels: "Inverter," "Converter (DC/DC)," "Transformer (AC/AC)," and "Rectifier (AC/DC)."
· Function Cards: Create cards describing the primary function of each component in simple terms (e.g., "Changes DC to AC," "Changes AC voltage," "Changes AC to DC," "Changes one DC voltage to another DC voltage").
· EV Scenario Cards: Develop short scenarios describing a specific power transformation need within an EV (e.g., "Charging the high-voltage battery from a wall outlet," "Powering the AC motor to drive the wheels," "Reducing the battery's high voltage to run the car's lights," "Adjusting the voltage of the AC power coming from a high-speed charging station").
· Connection Arrows (optional): Use arrows made of paper or string to visually connect components and scenarios.
· Whiteboard or Large Paper: For students to organize their findings.
Procedure:
Part 1: Component Identification and Function Matching (Individual or Small Groups)
1. Introduction (Brief Review): Briefly review the definitions of AC and DC current and the basic purpose of power electronics in EVs.
2. Card Sorting: Distribute the "Label Cards" and "Function Cards" randomly to individual students or small groups.
3. Matching Activity: Instruct students to match each "Label Card" with its corresponding "Function Card." Encourage them to discuss their reasoning within their groups.
4. Group Share and Discussion: Have each group share their matches and explain why they paired them. Facilitate a class discussion to clarify any misunderstandings and reinforce the correct pairings.
· Expected Matches (with simplified explanations for students): 
· Rectifier (AC/DC): Changes AC to DC (like making sure electricity flows one way to charge the battery).   
· Converter (DC/DC): Changes one DC voltage to another DC voltage (like stepping down the battery's high power for the car's lights).
· Inverter (DC/AC): Changes DC to AC (like turning the battery's power into the type needed to run the motor).
· Transformer (AC/AC): Changes AC voltage (like adjusting the power coming from a high-speed charger before it gets rectified).
Part 2: EV Scenario Challenge (Small Groups)
1. Introduce Scenarios: Present the "EV Scenario Cards" to the groups.
2. Component Assignment: For each scenario, ask the groups to identify which of the four components (Inverter, Converter, Transformer, Rectifier) would be primarily responsible for the power transformation described. They can use the "Label Cards" and "Function Cards" as a reference.
3. Justification: For each scenario, students should explain why they chose that particular component, referencing its function.
4. Group Presentation and Discussion: Have each group present their solutions for the scenarios and their reasoning. Facilitate a class discussion to ensure everyone understands the role of each component in the different EV operations.
· Expected Scenario Solutions (with explanations): 
· Charging the high-voltage battery from a wall outlet (AC): Rectifier (needs to change AC from the outlet to DC for the battery).   
· Powering the AC motor to drive the wheels (from DC battery): Inverter (needs to change DC from the battery to AC to run the motor).   
· Reducing the battery's high voltage (DC) to run the car's lights (lower DC): Converter (DC/DC) (needs to step down the DC voltage).   
· Adjusting the voltage of the AC power coming from a high-speed charging station (AC): Transformer (AC/AC) (some high-speed chargers might output AC at a different voltage that needs adjustment before rectification).
Assessment:
· Observe student participation in group discussions.
· Review the accuracy of their component matching and scenario solutions.
Differentiation:
· Support: Provide sentence starters or simplified function descriptions for students who need extra support.
· Challenge: Ask advanced students to research specific types of DC/DC converters or inverters used in EVs and their advantages.


LESSON OVERVIEW- Day 3: Understanding the Role of Inverters, Rectifiers and Converters Day 1 of 2
The next two days’ lessons focus on EV motor inverters using a hands-on Autodesk Tinkercad LED light show activity. Students will explore inverter functionality by building virtual circuits. This activity requires Tinkercad accounts (sign-up needed if students don't have one; teacher should prepare account access). The lesson progresses from basic LED circuits to Arduino programming for blinking LEDs, culminating in a student-designed light show. Students will also learn circuit building best practices and troubleshooting. The lesson is designed to fill the class period, with flexible timing for each section, and requires no prior circuit or programming experience. 
Today you will be doing the first part of this activity which will introduce students to the Tinkercad platform, as well as the introductory activity “Build and Program a Circuit”. 

	Lesson Learning Objectives
	Lesson Resources

	Explain the function of an inverter in an EV motor and construct a simple circuit in Tinkercad.
Program an Arduino or similar technology in Tinkercad to control LEDs and design a basic virtual light show.
	Tinkercad: https://www.tinkercad.com/lessonplans/program-an-led-light-show

	Lesson Time
	Lesson Materials

	50 minutes
	Computer with access to the Internet and Tinkercad 
Slideshow software, like Google Slides, PowerPoint, or Keynote (optional)
Projector/Whiteboard


Lesson Introduction
Today, you will begin a two-day project on Tinkercad. You will learn to build and program virtual circuits, which will help you better understand the role of converters, inverters, and rectifiers in electric vehicle power systems. Today's focus includes creating a new circuit, connecting an Arduino and breadboard, building a basic LED circuit, making an LED blink, and adding a second LED to your circuit. By controlling the LEDs in specific ways, you'll see a simplified version of how electrical power is managed and changed within an EV. This activity will take approximately 45 minutes.

Lesson Activity/Presentation 

1. Logon to the TinkerCad website and select this activity: Program an LED Light Show 
2. Watch the introductory video and then continue with steps 2-6 on the “Program and LED Light Show”.
3. When you are finished, be sure to save your work until the next class period.

[image: Image ]


LESSON OVERVIEW – Day 4: Tinkercad: Understanding the role of Inverters, rectifiers and converters Day 2 of 2
Day two focuses on using the Arduino microcontroller and breadboard in Tinkercad to control LEDs, further illustrating the principles of power management relevant to EV systems. Students will learn proper wiring techniques while connecting an Arduino to a breadboard and then making a single LED blink using pre-written code. They will then expand on this by adding and independently controlling a second LED. The lesson culminates in a project where students design and program their own LED light show, applying their understanding of circuit building and basic programming to create different visual patterns. Finally, students will share their light show creations with the class. 

	Lesson Learning Objectives
	Lesson Resources

	Connect an Arduino microcontroller to a virtual breadboard in Tinkercad, using proper wiring for power and ground.
Modify and apply basic Arduino code to control the blinking patterns of multiple LEDs.
	Tinkercad: https://www.tinkercad.com/lessonplans/program-an-led-light-show 


	Lesson Time
	Lesson Materials

	45 – 60 minutes
	Computer with access to the Internet and Tinkercad 
Slideshow software, like Google Slides, PowerPoint, or Keynote (optional)
Projector/Whiteboard


Lesson Introduction
Today is the second day of our project where you'll use the Arduino and breadboard in Tinkercad to control LEDs. This will help you understand how power is managed in systems like electric vehicles. First, you'll learn the right way to connect wires as you hook up the Arduino to the breadboard. Then, you'll make a single LED blink using some example code. After that, you'll add a second LED and figure out how to control it too. Finally, you'll get to design and program your own LED light show using what you've learned to create cool patterns. You'll finish by sharing your light show with the class. 

Lesson Activity 
For day 2 you will be continuing your LED project on Tinkercad. 
Connect Arduino and Breadboard (10 minutes): Watch the video or slideshow to learn how to add an Arduino and a breadboard to your Tinkercad circuit. Start a new circuit and place both parts, rotating them so they stand upright next to each other. Carefully connect the 5V and GND pins on the Arduino to the (+) and (-) power lines on the breadboard using wires. Remember to use red for the 5V wire and black for the GND wire to keep things organized.
Make an LED Blink (10 minutes): Watch the video or slideshow to see how to make an LED blink. In your Tinkercad circuit, connect an LED to pin 13 on the Arduino using the breadboard. Make sure to include a resistor (change the value to 220Ω). Click the "Code" button, change the view from "Blocks" to "Text," and then click "Start Simulation." Your LED should start blinking. If it doesn't, double-check your wiring on the breadboard.
Add a Second LED (10 minutes): Using what you've learned, add a second LED to your circuit. Connect it to a different pin on the Arduino (try pin 12) using the breadboard and another 220Ω resistor. Now, go to your code. Try copying and pasting the lines of code that made the first LED blink and change the pin number to make the second LED blink at the same time. See if you can get both LEDs to blink together when you start the simulation.
Design Your Light Show (15 minutes): Watch the video or slideshow about designing your light show. Now it's your turn to get creative! Add more LEDs to your circuit and think about different patterns you can make them blink. You can try making them blink on and off at different times or even try to create a simple chasing light effect.
Share Your Work (remaining time): Once you're happy with your light show, show it to your teacher and the rest of the class. 


Lesson Overview- Day 5: Efficiency and Heat Management in EV Power Systems
Today's lesson employs two hands-on activities to deepen students' understanding of heat's crucial role in electric motor efficiency. The first activity, a simple heat transfer experiment, will demonstrate the concept of thermal conductivity and its relevance to cooling electronic components in EVs. The second activity, an electric motor efficiency demo, will illustrate that energy conversion in electrical devices isn't perfectly efficient, leading to heat generation and highlighting the need for effective heat management. Following the completion of both activities, a class discussion will synthesize the learned concepts, and the lesson will conclude with a video, "Understanding the Role of Power Electronics in Electric Vehicles: Functions and Components," to provide a comprehensive overview of heat transfer in EVs. The session will end with a discussion to address any student confusion and note areas of interest for future instruction.


	Lesson Learning Objectives
	Lesson Resources

	Explain how different materials conduct heat and relate this to cooling system design for EV power electronics.
Describe how motor efficiency is impacted by load, and recognize that heat loss requires effective heat management in EVs.
	Video: Understanding the Role of Power Electronics in Electric Vehicles (Part 1): Functions and Components

	Lesson Time
	Lesson Materials

	45 – 60 minutes
(Depending on class time and structure)
	All materials for each activity are listed in student information.






Lesson Introduction
Heat management and efficiency are super important in the power electronics of electric vehicles (EVs) because they help the car go farther and last longer. 
Think of it like this:
· Power Electronics are like the “traffic cops” of electricity in an EV. They take the electricity from the battery and control how it flows to the motor to make the car move. They also do things like help the car charge and use less energy when you slow down (regenerative braking).
· These traffic cops get really hot while they're working hard. That heat is wasted energy. If they get too hot, they might not work as well or even break down. 
· This is where heat management comes in. It's like giving those traffic cops a way to cool down, maybe with a fan or a special liquid, so they can keep working efficiently and reliably.
Efficiency is all about how well the power electronics do their job without wasting energy: 
· If they are efficient, most of the electricity from the battery goes to the motor to move the car. 
· If they are not efficient, more electricity turns into wasted heat, meaning the car can't go as far on a single charge.
So, how are they connected?
· Poor heat management leads to lower efficiency. 
· When the power electronics get hot, they become less efficient at controlling the electricity. 
· More energy is lost as heat, and less goes to the motor. 
· This means the car's range decreases, and the battery might drain faster.
Good heat management helps maintain high efficiency:
· By keeping the power electronics cool, they can operate at their best. 
· This means more of the battery's energy is used to power the car, leading to a longer driving range and better overall performance.
Think of it like running a marathon. 
· If you get overheated (poor heat management), you won't be able to run as fast or as far (low efficiency). 
· But if you stay cool and pace yourself (good heat management), you'll be able to run the whole distance efficiently.
In short, good heat management makes the power electronics in an EV work better and more efficiently, which is key for a longer driving range, better performance, and a longer lifespan for the car's components.
Today’s activities will help you to better understand this information.

Activity 1: Simple Heat Transfer Experiment
This experiment shows how some materials transfer heat better than others. By observing how fast ice melts, you will see which materials are good heat conductors.
Materials:
· Ice cubes (all the same size)
· Four different flat surfaces (e.g., a metal plate, a wooden board, a plastic sheet, and a ceramic tile)
· A stopwatch or phone timer
· A worksheet to record your observations
Instructions:
1. Place the four different surfaces next to each other on a flat table.
2. Get four ice cubes of a similar size.
3. At the same time, place one ice cube on each of the four surfaces.
4. Start your stopwatch.
5. Watch the ice cubes carefully. Note which ice cube starts to melt first and which one seems to be melting fastest.
6. Record the time it takes for each ice cube to completely melt.
7. After the ice has melted, touch each surface. 
· Notice how some feel colder than others. 
· The colder a surface feels, the more quickly it is pulling heat away from your hand, just like it pulled heat from the ice.
Conclusion:
Materials that are good heat conductors (like metals) will melt the ice fastest. Materials that are poor heat conductors (like wood or plastic) will take longer. Engineers use good heat conductors to build cooling systems for electric car parts, moving heat away from the components to prevent them from overheating.

Activity 2: Electric Motor Efficiency Demo
This demo will show you that motors get hotter when they have to work harder. The heat is a form of wasted energy, and it's why heat management is so important in electric cars.
Materials:
· A small DC electric motor
· A power source (like a battery pack or adjustable power supply)
· A string and several small weights (or other small objects to use as a load)
· A thermometer or infrared temperature gun
· A worksheet to record your data
Instructions:
1. Connect the electric motor to the power source.
2. Tie a string to the motor's shaft. Attach a very light weight to the end of the string.
3. Turn on the power and let the motor run for about one minute with this light load.
4. After one minute, turn off the motor. Use the thermometer to measure the temperature of the motor's casing and record it.
5. Increase the load by adding heavier weight to the string.
6. Repeat steps 3 and 4, letting the motor run for the same amount of time.
7. Repeat the process with an even heavier load. You will need to stop if the motor stalls or gets too hot.
8. Compare your temperature readings for each load level.
Conclusion: As you increased the load on the motor, it had to work harder. This extra work caused the motor's temperature to increase. This is because some of the electrical energy going into the motor was not converted into motion but was instead lost as heat. This is why electric vehicles need powerful cooling systems to keep their motors and power electronics from getting too hot and becoming damaged.
To finish up the lesson and bring all the information together from the week, watch video: Understanding the Role of Power Electronics in Electric Vehicles: Functions and Components
Discuss what you found the most interesting, and confusing.  Make note of any confusions or interest for future lessons.

Appendix Information 
None for this module.
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