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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.MODULE 6: 
Vehicle Dynamics and Control Systems
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MODULE 6 OVERVIEW
This module provides a foundational understanding of vehicle dynamics and control systems in electric vehicles (EVs). It begins with an introduction to the basics of vehicle dynamics, including Newton's Laws of Motion, and explores key concepts like acceleration, braking (including regenerative braking), and handling, with comparisons to traditional ICE vehicles. Students will engage with simulations using Siemens software (or similar) and Phet Colorado simulations to explore these concepts practically. The module then delves into regenerative braking systems, their principles, types, advantages, and impact on battery life. The curriculum further examines control systems in EVs, focusing on control algorithms for motor control, braking, stability, and energy management. Students will design and present their own regenerative braking system projects, applying their knowledge and considering factors like efficiency and safety. The module culminates in project presentations and a discussion of future trends and career opportunities.
MAIN LEARNING OBJECTIVES
· Explain the fundamental principles of vehicle dynamics as they apply to electric vehicles, including Newton's Laws of Motion and the factors influencing acceleration, braking (both friction and regenerative), and handling.
· Analyze the operation and benefits of regenerative braking systems in electric vehicles, including different types, their impact on energy efficiency and driving range, and the control algorithms involved in their implementation.
· Design and present a conceptual regenerative braking system, demonstrating an understanding of the key considerations for its development, such as efficiency, safety, and potential implementation challenges.
CURRICULUM ALIGNMENT
Ohio Learning Standards
· PS.FM.3: Dynamics (how forces affect motion)
· P.F.1: Newton’s laws applied to complex problems
· S.IC.6 Evaluate reports based on data.
· Ohio Technology Standards:
· Empowered Learner: 9-12.KC.3.a.
· Digital Citizen: 9-12.DC.2.c.
· Knowledge Constructor: 9-12.KC.3.c
· Innovative Designer: 9-12.ID.4.d.
· Computational Thinker: 9-12.CT.5.c.
· Creative Communicator: 9-12.CT.5.c.
· Global Collaborator: 9-12.GC.7.c.
NGSS Standards
· HS-PS2-1: Analyze data to support the claim that Newton's second law of motion describes the mathematical relationship among the net force on a macroscopic object, its mass, and its acceleration.
· HS-PS3-3: Design, build, and refine a device that works within given constraints to convert one form of energy into another form of energy.
· HS-ETS1-2: Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through engineering.



Career Connections

Below are some resources and information relevant to careers pertaining to the curriculum in this module. 
Video: A day in the Life of a Battery Engineer

[bookmark: _Hlk200172012]EV Battery Engineer:
· Design, develop, and test the batteries that power electric vehicles. 
· Works with different chemical compositions, optimizing battery performance (like range and lifespan), and ensuring safety. 
· Involved in developing new charging technologies and improving battery recycling processes. 
EV Systems Software Engineer:
· Coders and programmers of the electric vehicle world. 
· Develop the software that controls
· Manages the various systems within an EV, including the battery management system, motor controls, and vehicle-to-grid communication. 
· Work on developing the user interface and experience, and increasingly, the autonomous driving features of EVs. 
EV Design and Manufacturing Technician:
· Work on the hands-on side of building electric vehicles. 
· Design, prototyping, and manufacturing processes. 
· Refine designs, build and test prototypes, or work on the factory floor assembling EV components. 
· Ensure that EVs are built to high standards of quality and efficiency.
EV Service Technician:
· Maintain, diagnose, and repair electric vehicles. 
· Work on all the unique systems in EVs, including high-voltage batteries, electric motors, and regenerative braking systems. 
· Use specialized tools and software to keep EVs running smoothly and safely.
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LESSON OVERVIEW – DAY 1: Introduction to Vehicle Dynamics
This section introduces students to the fundamental principles of vehicle dynamics, focusing on their application in electric vehicles (EVs). It begins by exploring Newton's Laws of Motion and their relevance to vehicle movement. Students will learn key terms like acceleration (and its influencing factors), braking (including different types), and handling (grip, steering, and stability). The curriculum also includes a discussion comparing the dynamics of EVs to traditional internal combustion engine (ICE) vehicles. To enhance understanding, the section incorporates videos, simulations using Phet Colorado resources (Collision Lab, Energy Skate Park, Forces and Motion), and an introduction to Siemens software (or similar) for conceptual simulations. Students will explore how parameters like mass and motor power affect acceleration using the software. The section also references PASKO Smart Car kits (PASCO Smart Car kits) and provides links to free Siemens software alternatives for students (Solid Edge, NX by Siemens). 

*This lesson requires a CAD modeling software.  Here are some resources for you to explore prior to instruction:
CAD Software Options:
Siemens Software: https://plm.sw.siemens.com/en-US/nx/products/nx-x-manufacturing/
Solid Edge: https://solidedge.siemens.com/en/ (Free product for students from Siemens)
NX by Siemens: https://plm.sw.siemens.com/en-US/nx/student-software/ (Free for students)

*Please review all resource links and appendix resources prior to starting lesson activity.



	Lesson Learning Objectives
	Lesson Resources

	Explain Newton's Laws of Motion and apply them to describe the forces acting on a vehicle during acceleration, braking, and maintaining motion.
Define key vehicle dynamics terms such as acceleration different types of braking, and handling concepts like grip, steering, and stability.
Utilize simulation software to explore the relationship between vehicle parameters and their impact on acceleration.
	Video: Intro to Vehicle Dynamics
Video: What is Vehicle Dynamics?
Video: How does the KERS Kinetic Energy Recovery System in Formula 1 cars work – The Blogs at HowStuffWork
PhetColorado Simulations:
· Collision lab 
· Energy Skate Park
· Forces and Motion

	Lesson Time
	Lesson Materials

	50 – 60 minutes
	Whiteboard/Projector
Laptops/Tablets w/ Internet access
Homework: Collision Lab handout



Lesson Introduction
In this lesson, you'll learn the basics of how vehicles move. We'll cover Newton's Laws, which explain why things speed up, slow down, or stay still. You'll explore important ideas like acceleration, what makes a car speed up, and the different ways cars can brake. We'll also touch on handling – how a car grips the road and steers. Finally, we'll briefly discuss how electric vehicle movement differs from regular gas cars. You'll get to use computer simulations to see how changing things like a car's weight affects how fast it can go.

Lesson Activity/Presentation 
(5 minutes) Introduction and Hook:
· Begin by asking students about their experiences with cars or other vehicles. What makes them speed up? What makes them stop?
· Briefly introduce the concept of vehicle dynamics as the study of how vehicles move and respond to forces.
· Show a short, engaging video clip (from the provided links) that gives a high-level overview of vehicle dynamics to spark student interest.
(15 minutes) Newton's Laws of Motion and Vehicle Application:
· Review Newton's Laws of Motion. Use clear, concise language and relate them to real-world examples.
· Discuss how these laws apply to vehicles:
· Inertia: How it affects a car's motion (e.g., the feeling of being pushed back in your seat during acceleration).
· Force and Acceleration: How engine power and weight influence a car's acceleration.
· Action and Reaction: How tires interact with the road.
· Use the Phet Colorado simulations (Forces and Motion, Collision Lab) to illustrate these laws in action. If available, demonstrate with the PASCO Smart Car kits.
(20 minutes) Key Vehicle Dynamics Terms:
· Define and discuss the following terms, relating them to Newton's Laws:
· Acceleration:
· Explain the factors that affect acceleration: motor power, weight, and friction.
· Braking:
· Explain the different types of braking: friction braking and regenerative braking (link to EV discussion).
· Show a short video clip explaining regenerative braking.
· Handling:
· Introduce the concepts of grip, steering, and stability. Use simple analogies (e.g., how the tread on shoes helps with grip).
· Discuss the differences in dynamics between EVs and traditional ICE vehicles (e.g., instant torque in EVs, regenerative braking).
(15 minutes) Introduction to Simulation Software:
· Introduce the Siemens software (or a free alternative like Solid Edge).
· Provide a brief overview of the software interface and basic navigation.
· Guide students through a simple conceptual simulation:
Software Interface Basics:
· Identify the main menus (File, Edit, View, etc.).
· Explain the function of the toolbar icons.
· Show how to open and save files.
· Explain the different work areas (e.g., modeling space, assembly area).
· Basic Navigation:
· Demonstrate how to zoom in and out.
· Show how to rotate and pan the view.
· Explain how to select objects.
· Introduce any basic coordinate systems.
Guide students through a simple conceptual simulation:
· Setting up a Basic Simulation:
· Start with a pre-designed template or simple model (if available). If not, show them how to create a very basic geometric shape to represent a vehicle.
· Explain how to define parameters like mass.
· Show how to apply a force to simulate motor power.
· Explain how to set up the simulation environment (e.g., define the "ground" or track).
· Running the Simulation and Analyzing Results:
· Demonstrate how to run the simulation.
· Show how to display the results (e.g., velocity, acceleration graphs).
· Guide students on how to interpret the data. For example, "What does a steeper slope on the velocity graph mean?"
· Exploring Parameter Changes:
· Have students change the mass of the "vehicle" and observe the effect on acceleration.
· Have students increase the applied force (motor power) and observe the effect on acceleration.
· Discuss how friction might be added to the simulation (if the software allows) and its effect.
· If time allows, have students make predictions and test them in the simulation.
· Students can explore how changing parameters like mass or motor power affects a virtual car's acceleration.
· If time allows, students can make predictions and test them in the simulation.
(5 minutes) Wrap-up and Homework:
· Review key concepts covered in the lesson: Newton's Laws, acceleration, braking, and handling. Briefly discuss the connection between these concepts and the design of vehicles, especially EVs.
· Homework: Complete the “Collision Lab” handout for the PhetColorado Simulation (Appendix)

LESSON OVERVIEW- Day 2: Deep Dive Intro Braking Systems 
Today's lesson will explore regenerative braking, a key technology in hybrid and electric vehicles that converts kinetic energy back into electricity during deceleration. We will begin by discussing students' prior knowledge before watching a video that will clarify the system's principles, highlight the 1967 Amitron as the first car to use it, and explain how modern electric motors act as generators, enabling features like one-pedal driving and recouping up to 70% of energy at high speeds. Students will then work in groups to explore websites, identifying the various types of regenerative braking, their advantages, and limitations. The lesson will conclude with a class discussion on the impact of regenerative braking on battery life and driving range, and for homework, students will write an essay comparing two types of regenerative braking systems. 


	Lesson Learning Objectives
	Lesson Resources

	Students will understand the principles behind regenerative braking.
Students will be able to describe different types of regenerative braking systems.
Students will be able to discuss the advantages and limitations of regenerative braking.
Students will analyze the impact of regenerative braking on battery life and driving range.
	Video: How does Regenerative Braking Work? 
Websites: 
· Regenerative braking
· How does regenerative braking work?
· How Regenerative Braking Works


	Lesson Time
	Lesson Materials

	50 – 60 Minutes
	Whiteboard/Projector
Laptops/Tablets w/ Internet access




Lesson Introduction
Today, we explore regenerative braking in hybrid and electric vehicles, a system that captures energy during deceleration. The electric motor functions as a generator, converting kinetic energy into electricity. We examine the video "How does Regenerative Braking Work?" to understand the principles, noting the first car to use it (1967 Amitron), how modern cars use the motor as a generator, the effect of lifting the accelerator, one-pedal driving, energy recapture rates at high speeds, and reduced efficiency at low speeds. We then investigate websites (Regenerative braking, How does regenerative braking work?, How Regenerative Braking Works) in groups to identify principles, types (like blended braking), advantages, and limitations. Finally, we discuss the impact on battery life and driving range. For homework, you will write an essay comparing two types of regenerative braking systems, including their pros and cons.

Lesson Activity/Presentation 
Introduction (15 minutes)
· Begin by asking students what they know about regenerative braking.
· Introduce the concept: Regenerative braking is a process where a car regains lost energy from deceleration and puts it back into the system.
· Explain that this system is primarily used in hybrid and electric vehicles.
Video Analysis (20 minutes)
· Show the video: How does Regenerative Braking Work?
· Discuss the key points from the video: 
· The first car to use regen braking was the 1967 Amitron.
· Modern cars use an electric motor as an electrical generator for regenerative braking.
· Lifting off the accelerator in modern cars can generate electricity and slow the car down.
· Some cars have one-pedal driving, using only the accelerator.
· Regenerative braking can recoup 20-70% of kinetic energy at high speeds.
· The system is less efficient at lower speeds, and the brake pedal might feel numb.
Website Exploration (25 minutes)
· Divide students into groups and assign each group one of the provided websites.
· Ask each group to explore their assigned website and identify key information about: 
· Principles of regenerative braking.
· Different types of regenerative braking systems (e.g., blended braking).
· Advantages and limitations.
· Each group will summarize their findings and share them with the class.
Discussion and Synthesis (20 minutes)
· Facilitate a class discussion on the different types of regenerative braking systems, their advantages, and limitations.
· Discuss the impact of regenerative braking on battery life and driving range in electric and hybrid vehicles.
Assessment (Homework)
· Ask students to write a short essay comparing and contrasting two different types of regenerative braking systems, including their advantages and limitations.
 

LESSON OVERVIEW- Day 3: Control Systems in Electric Vehicles 
Today's lesson will focus on electric vehicle control systems, aiming for students to understand their importance, identify key control algorithms, and specifically learn about regenerative braking. We will begin with an introduction to general control system concepts before delving into the core algorithms used in EVs via a PowerPoint presentation. Students will then watch a video titled "How to Build an Electric Car Control System," completing a worksheet that prompts them to identify and explain aspects of motor control, braking (including regenerative), stability control, and energy management. The lesson will conclude with a dedicated discussion on the control algorithms and nuances of regenerative braking, expanding on video content to cover its benefits and challenges. 

	Lesson Learning Objectives
	Lesson Resources

	Students will understand the importance of control systems in electric vehicles.
Students will be able to identify key control algorithms used in EVs.
Students will learn about the function of regenerative braking systems.
	Presentation: Control System Algorithms (Appendix) 
Video: "How to Build an Electric Car Control System"

	Lesson Time
	Lesson Materials

	50 – 60 minutes
	Student Worksheet “Control Systems in EVs” (Appendix)
Projector/Whiteboard
Internet access




Lesson Introduction
Electric vehicles use control systems to work properly. This lesson introduces the main control algorithms in EVs. You will watch a video that explains how these systems are built, focusing on motor control, braking (both regular and regenerative), stability controls like ABS and ESC, and how energy is managed. We will then specifically look at how regenerative braking is controlled to save energy when the car slows down. 

Lesson Activity/Presentation 
1. Introduction (15 minutes)
· Begin with a discussion about the importance of control systems in general, and then narrow the focus to their specific applications in electric vehicles.
· Use the PPT to introduce basic concepts of control systems.
2. Overview of Key Control Algorithms (10 minutes)
· Briefly introduce the key control algorithms used in EVs.
· Refer to the PPT for a visual representation of these algorithms.
3. Video and Worksheet Activity (35 minutes)
· Play the video "How to Build an Electric Car Control System" (HyTech Racing Workshop).
· Students will complete the worksheet while watching the video. The worksheet should prompt them to answer questions about: 
· Motor control (torque and speed control).
· Braking control (blending regenerative and friction braking).
· Stability control (ABS, ESC).
· Energy management systems.
4. Focus on Regenerative Braking (20 minutes)
· Lead a discussion focused on the control algorithms related to regenerative braking, expanding on the information presented in the video.
· Discuss the benefits and challenges of regenerative braking systems.
Student Worksheet Questions (Example):
1. What are some of the key considerations for the team when designing their electric car control system?
2. Explain the function of the Battery Management System (BMS).
3. How does an electric motor differ from an internal combustion engine?
4. Describe the role of the Electronic Control Unit (ECU).
5. Explain how regenerative braking works.


LESSON OVERVIEW – Day 4: Regenerative Braking System Design Project - Implementation
Day 4 shifts the focus to practical application through a team-based regenerative braking system design project. Students will draw inspiration from an interactive museum exhibit to develop their own designs, ranging from conceptual diagrams and explanations to potentially more detailed simulations using Siemens software (or similar). The lesson emphasizes collaborative work and encourages students to consider crucial factors like system efficiency, safety integration with traditional braking, and real-world implementation challenges. The instructor will circulate to provide guidance and feedback as students apply the control system principles learned in previous sessions to a tangible design task. 

	Lesson Learning Objectives
	Lesson Resources

	Students will apply their understanding of regenerative braking principles to a design project.
Students will work collaboratively in teams to develop a regenerative braking system design.
Students will consider factors such as efficiency, safety, and implementation challenges in their designs.
	Access to the website: Interactive Regenerative Braking Exhibit 
Access to Siemens simulation software (or similar, as applicable)

	Lesson Time
	Lesson Materials

	50 – 60 minutes
	Regenerative Braking System Design Grading Rubric (Appendix)
Whiteboard/Projector
Laptops/Tablets w/ Internet access
Drawing materials, whiteboards, or digital design tools 





Lesson Introduction
Today, you'll work in teams to design your own regenerative braking system for an electric vehicle. You can get ideas from the provided website. Your team will create a design that shows how the system works, explain the controls, and think about how efficient and safe it would be. If possible, you might even use computer software to simulate parts of your design. You'll have time to work together and ask your teacher questions as you apply what you've learned about EV control systems. 

Lesson Activity 
Introduction and Inspiration (15 minutes)
· Briefly review the concepts of regenerative braking learned in previous days.
· Introduce the design project for the regenerative braking system.
· Direct students to the provided website (Interactive Regenerative Braking Exhibit) as a source of inspiration for their designs. Discuss the interactive elements and the principles it demonstrates.
· Provide grading rubric for design presentations if applicable. (appendix)
Team Project Work (50 minutes)
· Students will break into their pre-assigned teams to begin working on their regenerative braking system design.
· Conceptual Design (All Teams): Teams will develop a conceptual design, including: 
· Diagrams illustrating how their regenerative braking system would function.
· Clear explanations of the algorithms and control strategies involved.
· Consideration of efficiency (how much energy can be recovered).
· Consideration of safety (how the system integrates with friction brakes and prevents wheel lock-up).
· Discussion of potential implementation challenges (e.g., cost, complexity, integration with existing vehicle systems).
· Simulation (If Feasible): Teams with access to Siemens software (or similar) and the necessary skills will work on creating a more detailed simulation of specific aspects of their design (e.g., modeling energy recovery rates under different braking scenarios, vehicle speeds, and deceleration rates).
Instructor Consultation (Remaining Time)
· The instructor will circulate among the teams, providing guidance, answering questions, and offering feedback on their designs.
Encourage students to discuss their ideas, challenges, and potential solutions.

Lesson Overview- Day 5: Project presentations of Regenerative Braking Designs 
Today's lesson will focus on student-led presentations of their regenerative braking system designs, allowing them to explain their concepts, design choices, and identify both benefits and limitations. Following the presentations, we will engage in a constructive class discussion to compare and contrast the different designs, providing feedback and exploring broader trends in EV technology, including how regenerative braking might evolve. If time permits, we will also discuss diverse career opportunities within the burgeoning electric vehicle sector, encouraging students to connect their interests with future professional paths in this field.

	Lesson Learning Objectives
	Lesson Resources

	Present and explain their team's regenerative braking system design, including the underlying concepts and design choices.
Identify potential benefits and limitations of different regenerative braking system designs.
Engage in constructive discussion and provide meaningful feedback on presented designs.
	Access to the website: Interactive Regenerative Braking Exhibit 
Access to Siemens simulation software (or similar, as applicable)

	Lesson Time
	Lesson Materials

	50 - 60 minutes
(Depending on class time and structure)
	Grading rubric for the regenerative braking system design project (previously provided to students)
Whiteboard/projector
Student laptops/tablets w/ internet access



Lesson Introduction:
Today, you will present your team's design for a regenerative braking system. You will explain your design idea, why you made certain choices, and what benefits and problems your system might have. After each presentation, the class will ask questions. Then, we will discuss all the designs together, giving helpful feedback and comparing different approaches. We will also talk about the future of electric vehicle technology and how regenerative braking might change. If we have time, we will explore different jobs you could have in the electric vehicle field.

Lesson Activity:
Introduction (10 minutes):
Students will use the first few minutes of class in groups to prepare for their presentation.
Project Presentations (30 – 45 minutes)
Procedure: 
· Teams will present their regenerative braking system designs one by one.
· Allocate a specific time limit for each presentation (e.g., 5-7 minutes presentation, followed by 2-3 minutes for initial clarifying questions).
· Encourage the presenting team to clearly explain: 
· The core concept of their design.
· The key design choices they made and the reasoning behind them.
· The potential benefits of their system (e.g., increased range, reduced brake wear, energy efficiency).
· Any potential limitations or challenges they foresee.
· Facilitate brief initial questions from the class after each presentation to ensure understanding of the basic concepts.
Class Discussion and Feedback (5 – 10 minutes)
Procedure: 
· Initiate a class discussion comparing and contrasting the different regenerative braking system designs presented.
· Encourage students to provide constructive feedback to each team, focusing on both strengths and areas for potential improvement.
· Guide the discussion with questions such as: 
· "What were some common themes you observed across the different designs?"
· "Which design features seemed particularly innovative or effective? Why?"
· "What are some potential trade-offs or challenges associated with each approach?"
· "How might different driving conditions (e.g., city vs. highway) impact the effectiveness of these systems?"
· "Considering what you know about current EV technology, how do these designs align with or differ from existing solutions?"
· Transition the discussion to broader future trends in EV technology: 
· "Based on what you've learned, what do you think are some of the key areas of innovation in electric vehicles right now?" (e.g., battery technology, charging infrastructure, autonomous driving integration, software advancements).
· "How might regenerative braking systems evolve in the future?"
· "What are some of the societal and environmental impacts of the continued growth of the EV market?"
If time allows:
Career Opportunities in EV Technology (10-15 minutes)
Procedure: 
· Lead a brief discussion about the growing career opportunities in the field of electric vehicle technology.
· Highlight diverse roles beyond just engineering, such as: 
· Battery technology research and development
· Electric motor design and manufacturing
· Software engineering for vehicle control and management systems
· Charging infrastructure development and maintenance
· Automotive technicians specializing in EVs
· Policy and regulation related to sustainable transportation
· Sales and marketing of EV products
· Encourage students to think about how their interests and skills might align with these emerging fields.


Handout: Collision Lab: Conservation of Momentum (Newton’s 3rd Law)

Collision Lab- Conservation of Momentum (Newton’s 3rd Law)
Directions: Go to the website http://phet.colorado.edu/en/simulation/collision-lab
Make sure the 1-d box is checked. Click on “More Data” to expand the data table.
Part 1
Scenario #1:
100% Elastic collision between balls of equal mass
1. Make a hypothesis about initial and final momentums before playing with the sim.



2. Complete the following data tables for each ball before and after each trial.  Perform 2 trials with 2 different sets of balls of equal masses.
Trial 1 Before Sim
	Ball
	Mass (kg)
	Velocity (m/s)
	Momentum (kg*m/s)

	1
	
	
	

	2
	
	
	

	Total
	
	
	


Trial 1 After Sim
	Ball
	Mass (kg)
	Velocity (m/s)
	Momentum (kg*m/s)

	1
	
	
	

	2
	
	
	

	Total
	
	
	



Trial 2 Before Sim
	Ball
	Mass (kg)
	Velocity (m/s)
	Momentum (kg*m/s)

	1
	
	
	

	2
	
	
	

	Total
	
	
	


Trial 2 After Sim
	Ball
	Mass (kg)
	Velocity (m/s)
	Momentum (kg*m/s)

	1
	
	
	

	2
	
	
	

	Total
	
	
	



Part 1
Scenario #2:
100% Elastic collision between balls of unequal mass
1. Make a hypothesis about initial and final momentums before playing with the sim.








2. Complete the following data tables for each ball before and after each trial.  Perform 2 trials with 2 different sets of balls of unequal masses.
Trial 1 Before Sim
	Ball
	Mass (kg)
	Velocity (m/s)
	Momentum (kg*m/s)

	1
	
	
	

	2
	
	
	

	Total
	
	
	


Trial 1 After Sim
	Ball
	Mass (kg)
	Velocity (m/s)
	Momentum (kg*m/s)

	1
	
	
	

	2
	
	
	

	Total
	
	
	


Trial 2 Before Sim
	Ball
	Mass (kg)
	Velocity (m/s)
	Momentum (kg*m/s)

	1
	
	
	

	2
	
	
	

	Total
	
	
	


Trial 2 After Sim
	Ball
	Mass (kg)
	Velocity (m/s)
	Momentum (kg*m/s)

	1
	
	
	

	2
	
	
	

	Total
	
	
	


3. What is the relationship between the initial and final total momentums in Scenario 1? In Scenario 2?


4. Describe the motion of the balls before and after the collision in Scenario 1. Describe the motion of the balls before and after the collision in Scenario 2.




Part 2
Create 3 more distinct scenarios in 1-d including one totally inelastic collision (0% elasticity). For each scenario, list the elasticity percentage, fill out the data tables, and make a hypothesis whether or not each will follow conservation of momentum. Collect some data and prove or disprove your hypothesis. 
Scenario #1
Elasticity %: 
Hypothesis: 









Before Sim
	Ball
	Mass (kg)
	Velocity (m/s)
	Momentum (kg*m/s)

	1
	
	
	

	2
	
	
	

	Total
	
	
	



After Sim
	Ball
	Mass (kg)
	Velocity (m/s)
	Momentum (kg*m/s)

	1
	
	
	

	2
	
	
	

	Total
	
	
	


Hypothesis accepted or rejected?




Scenario #2
Elasticity %: 
Hypothesis: 



Before Sim
	Ball
	Mass (kg)
	Velocity (m/s)
	Momentum (kg*m/s)

	1
	
	
	

	2
	
	
	

	Total
	
	
	


After Sim
	Ball
	Mass (kg)
	Velocity (m/s)
	Momentum (kg*m/s)

	1
	
	
	

	2
	
	
	

	Total
	
	
	



Hypothesis accepted or rejected?

Scenario #3
Elasticity %: 
Hypothesis: 



Before Sim
	Ball
	Mass (kg)
	Velocity (m/s)
	Momentum (kg*m/s)

	1
	
	
	

	2
	
	
	

	Total
	
	
	


After Sim
	Ball
	Mass (kg)
	Velocity (m/s)
	Momentum (kg*m/s)

	1
	
	
	

	2
	
	
	

	Total
	
	
	



Hypothesis accepted or rejected?



Summary 
In a minimum of 3 sentences, describe the main ideas learned in this activity regarding initial and final total momentum in these collisions.


Handout: Control Systems in EVs (Answers provided)

I. General Principles:
· What are the key principles to consider when designing an electric car control system? 
· Answer: Weight, Safety, Maximum Power Delivery, Efficiency, Reliability.
II. Electric Car Battery Characteristics:
· What are the essential characteristics of an electric car battery? 
· Answer: Power, Capacity, Cooling and Safety.
III. Battery Management System (BMS):
· What is the main role of a Battery Management System? 
· Answer: To monitor the health and operation of the car's battery pack, including cell temperatures, voltage and current output, and state of charge.
IV. Motor Controller:
· Why is a motor controller necessary in an electric car? 
· Answer: To control the speed and power output, convert the battery output for the motor, and monitor the motor's performance.
V. Regenerative Braking:
· Explain how regenerative braking works in an electric car. 
· Answer: It converts the car's kinetic energy into electrical energy and stores it in the battery instead of wasting it as heat. When braking, the motor acts as a generator, feeding energy back into the charging system.
VI. Electronic Control Unit (ECU):
· What are the primary functions of the Electronic Control Unit (ECU) in an electric car? 
· Answer: Torque control, managing safety circuits, cooling management, and telemetry.
VII. Telemetry:
· What is the purpose of telemetry in an electric car? 
· Answer: To collect and transmit data about the car's performance and status, including battery health and wheel speeds, for monitoring and analysis.
VIII. Wiring Harness Design:
· What are the critical design considerations for a wiring harness in an electric car? 
· Answer: Environmental proofing, maintainability, reliability, appropriate specifications for cables, and keeping it lightweight and compact.

I. Battery Pack Basics:
· How does an electric car battery differ from a typical AA battery? What is the reason for this difference?
· Answer: An electric car battery is composed of many cells connected together to increase voltage and capacity, unlike a single-cell AA battery which wouldn't provide enough power for a car.
· What is the difference between power cells and cylindrical cells used in battery packs, as mentioned in the video?
· Answer: They vary in power density, energy density, capacity, and voltage output due to differences in their chemistry and packaging.
II. Power and Capacity Trade-offs:
· What are some of the trade-offs to consider when designing a battery system with very high current output?
· Answer: The need for thicker cables and busbars to prevent overheating and energy loss.
· What is a potential safety concern when designing a battery system with very high voltage?
· Answer: Increased risk of shorts and arcs, requiring more careful insulation and construction.
· Why is it impractical to build a battery with an extremely large capacity (e.g., to drive thousands of miles)?
· Answer: It would result in a battery that is too large and heavy, negatively impacting the vehicle's performance and requiring significant mechanical support.
III. Battery Management System Details:
· Besides temperature, voltage, and state of charge, what other information might a BMS report about the battery health?
· Answer: State of health (how much the battery has degraded over time), capability estimation (if the cells are still performing as expected).
· What is "cell balancing," and why is it important for a battery pack with many cells?
· Answer: Cell balancing is the process of equalizing the voltage of individual cells in a battery pack to ensure they are all at the same level, preventing overcharging or undercharging of specific cells and maximizing the pack's lifespan and performance.
IV. Motor Characteristics:
· What are two key advantages of an electric motor compared to an internal combustion engine, as highlighted in the video?
· Answer: Higher power-to-weight ratio (power density) and a more uniform power output (high torque over a wider RPM range).
· What benefit does the more uniform power output of an electric motor have on the vehicle's transmission?
· Answer: It allows for single-speed transmissions, eliminating the need for multiple gears.
V. Driver Controls and Safety:
· What is the purpose of traction control in an electric race car? How does it work in the context described?
· Answer: Traction control improves grip and stability by monitoring the wheel speeds and controlling torque to the rear wheels to prevent slippage, especially during high acceleration.
· What does "fail-safe" mean in the context of driver controls, and why is it important? Provide an example from the video.
· Answer: Fail-safe means that if a component fails, it defaults to a safe state. For example, if the accelerator system fails, it should send zero torque to the motor instead of full torque.


Presentation: Control System Algorithms
Please note this is only an outline.  You are encouraged to create your own PowerPoint presentation for more powerful instructional content, or use this information as shown 

Slide 1
· Title: How Electric Cars Work: The Smart Computer Systems Inside
· Subtitle: A Simple Look
· Your Name/Organization (Optional)
· Image: A nice picture of an electric car, maybe showing some of its tech parts up close (like the motor or battery).
Instructor Notes:
"Hi everyone. Welcome to this talk about the smart computer systems inside electric cars. Today, we'll take a simple look at how these systems help the cars run well and safely. We'll talk about the main jobs these computer programs do."

Slide 2: The Smart Thinking Behind EVs
· Title: EVs: Powered by Smart Programs
· Bullet Points: 
· Electric cars use computer programs (algorithms) to control how they work.
· These programs make sure the car: 
· Gives power smoothly and uses energy well.
· Keeps the battery in good shape for a long time.
· Drives safely and responds to what you do.
· Can use the brakes to get energy back and help the driver.
· Better programs mean the car works better and can go farther.
Instructor Notes:
"This slide shows why these computer programs are so important in electric cars. They're like the brain of the car, making sure everything runs correctly. Point out the main things these programs help with, like saving energy and keeping the driver safe. Explain that better programs make for a better electric car overall."

Slide 3: Controlling the Motor: Making the Car Move
· Title: Making it Go: How the Motor is Controlled
· Bullet Points: 
· Goal: To control how fast the motor turns and how much power it gives.
· Field-Oriented Control (FOC): 
· A smart way to control the motor smoothly and use energy wisely.
· Helps the car speed up and slow down quickly.
· Think of it like: Carefully managing the power to the wheels for the best movement.
· Pulse Width Modulation (PWM): 
· Quickly turns the power to the motor on and off to control its speed.
· Think of it like: Tapping the gas pedal fast to change how fast you're going.
Instructor Notes:
"Now, let's talk about how the car's motor is controlled. These programs make sure the car moves how you want it to. Explain FOC as a smart method for getting the most out of the motor. Use the idea of managing power to the wheels to make it easier to understand. Then, explain PWM as a way to control speed by quickly switching the power, like tapping the gas."

Slide 4: Battery Management System (BMS): Taking Care of the Power Source
· Title: Keeping the Battery Healthy
· Bullet Points: 
· Goal: To make sure the battery works safely, uses energy well, and lasts a long time.
· State of Charge (SOC) Estimation: 
· Programs guess how much power is left in the battery (like a gas gauge).
· State of Health (SOH) Monitoring: 
· Checks how good the battery is overall and how much longer it might last.
· Cell Balancing: 
· Makes sure all the small parts inside the battery have the same amount of power.
· Thermal Management: 
· Keeps the battery at the right temperature so it doesn't get too hot or too cold.
Instructor Notes:
"The battery is super important in an electric car, and the Battery Management System helps take care of it. Explain what each of these jobs does. SOC is just like knowing how much gas you have. SOH is about how healthy the battery is in the long run. Cell balancing helps the whole battery work better. And keeping the battery at the right temperature is key to making it last."

Slide 5 (Revised): Regenerative Braking: Smart Energy Recovery
· Title: Brakes That Save Energy: How They're Controlled
· Bullet Points: 
· Goal: To get energy back when slowing down and put it in the battery, and to brake effectively.
· Blending Algorithms: Computer programs decide how much braking comes from: 
· Regenerative Braking (Motor): Converts the motor into a generator to slow the car and recharge the battery.
· Friction Brakes (Pads & Discs): Traditional brakes used when more stopping power is needed or when the battery is full.
· Factors Considered by the Algorithms: 
· How hard the driver presses the brake pedal.
· How fast the car is going.
· How much charge is left in the battery.
· If the car needs to slow down very quickly (emergency braking).
· The grip of the tires on the road (related to stability control).
Instructor Notes (Revised for Slide 5):
"This slide focuses on how the car smartly uses the brakes to save energy. Explain that 'blending algorithms' are the key here. They constantly calculate the best mix of regenerative and friction braking. Emphasize that these algorithms aren't simple on/off switches; they consider many factors in real-time. For example, if the driver gently presses the brake, the car will try to use mostly regenerative braking. If the driver slams on the brakes, it will likely use a lot more friction braking for quick stopping. Also, point out that the battery's charge level is crucial – the car won't regenerate if the battery is full. Briefly mention that these braking algorithms also communicate with stability control systems to ensure safe braking even in slippery conditions."

Slide 6: Stability Control: Keeping the Car Safe
· Title: Staying in Control: Stability Systems
· Bullet Points: 
· Goal: To help the driver maintain control of the car, especially in difficult situations.
· Anti-lock Braking System (ABS): 
· Algorithms prevent the wheels from locking up during hard braking.
· Allows the driver to still steer while braking.
· Works with both regenerative and friction braking systems.
· Electronic Stability Control (ESC): 
· Algorithms detect if the car is starting to skid (losing control).
· Automatically applies brakes to individual wheels to help steer the car back on the right path.
· Uses sensors to monitor steering angle, wheel speed, and the car's direction.
· These systems work in conjunction with the braking control algorithms.
Instructor Notes (for New Slide 6):
"This slide introduces the important stability control systems in EVs. Explain that ABS helps prevent wheel lock-up during hard braking, which is crucial for maintaining steering control. Then, explain ESC as a more advanced system that can detect skids and automatically apply individual brakes to help correct the car's direction. Emphasize that these stability systems work closely with the braking control algorithms, including regenerative braking, to ensure safe and effective operation in various driving conditions."

Slide 7: Advanced Driver-Assistance Systems (ADAS): Helping the Driver
· Title: Smart Features That Help You Drive
· Bullet Points (Focus on Adaptive Cruise Control): 
· Goal: To make driving safer and easier with automatic features.
· Example: Adaptive Cruise Control (ACC) 
· Uses sensors (like radar) to see the cars ahead and how far away they are.
· Programs automatically change the car's speed to stay a safe distance behind the other cars.
· To do this, the car: 
· Controls the motor to speed up.
· Uses the brakes (the energy-saving kind or regular ones) to slow down.
Instructor Notes:
"Electric cars can also have smart features to help you drive. Focus on Adaptive Cruise Control as a good example. Explain how the car uses sensors to see other cars and how the computer programs then control the speed to keep a safe distance. This shows how these smart programs make driving easier and safer."

Slide 8: How These Systems Are Getting Better
· Title: The Future is Smart: Making These Systems Even Better
· Bullet Points: 
· The computer programs are becoming more complex and smarter.
· Different computer systems in the car are working together more closely.
· The car can process information and make decisions even faster.
· Cars might learn your driving style and adjust things for you.
· Sometimes, the car's software can be updated over the internet to make it better or add new things.
Instructor Notes:
"These computer systems in electric cars are always getting better. Talk about how the programs are becoming more advanced and how the different systems are starting to work together even more smoothly. Mention the idea that the car might even learn how you like to drive and adjust itself. Also, explain that sometimes the car's software can be updated online, like your phone, to make it even better over time."

Slide 9: What We Learned
· Title: Main Things to Remember
· Bullet Points: 
· Electric cars use smart computer programs to work.
· These programs control important things like the motor, battery, and brakes.
· These programs are always improving, making electric cars better and safer.
· Understanding these systems helps us see how cool the technology in electric cars really is.
Instructor Notes:
"To finish up, let's go over the main points. Remind everyone that electric cars rely on these smart computer programs for everything they do. Briefly mention the key areas we talked about and emphasize that this technology is constantly getting better. The goal is to leave everyone with a good understanding of how important and interesting these systems are."

Slide 10: Questions & Answers
· Title: Your Questions?
· Bullet Point: Now it's your turn to ask any questions.
· Image: A friendly image or your organization's logo.
Instructor Notes:
"Thank you for listening. Now, I'd be happy to answer any questions you might have about what we've discussed."



Grading Rubric: Regenerative Braking Designs

	Category
	Excellent (4 Points)
	Good (3 points)
	Fair (2 Points)
	Needs Improvement (1 Point)

	Concept Clarity & Explanation (4 points)
	Clearly and accurately explains the regenerative braking system concept, how it works, and the underlying physics principles. Uses precise terminology.
	Explains the regenerative braking system concept and how it works but may have minor inaccuracies or lack some detail in the physics. Uses mostly appropriate terminology.
	Attempts to explain the concept, but the explanation is unclear, contains significant inaccuracies, or lacks understanding of key principles. Terminology may be incorrect or vague.
	Fails to adequately explain the regenerative braking system concept or demonstrates a lack of understanding.

	Design Choices & Justification (4 points)
	Clearly articulates and justifies the specific design choices made for their regenerative braking system, explaining the reasoning behind material selection, component integration, and design features.
	Explains the design choices made, but the justification may lack depth or connection to specific requirements or limitations.
	Describes some design choices, but the reasoning is unclear, inconsistent, or missing.
	Fails to clearly identify or explain the design choices made for their system.

	Potential Benefits & Limitations
(4 points)
	Thoroughly discusses a range of potential benefits (e.g., energy efficiency, reduced emissions, cost savings) and limitations (e.g., complexity, initial cost, effectiveness in different conditions) with supporting reasoning.
	Identifies several potential benefits and limitations, but the discussion may lack depth or specific examples.
	Mentions some potential benefits and/or limitations, but the explanation is vague or incomplete.
	Fails to identify or discuss potential benefits and limitations of their system.

	Presentation Clarity & Organization
(4 points)
	Presentation is well-organized, logical, and easy to follow. Visual aids (if used) are clear, relevant, and enhance understanding. Transitions between topics are smooth.
	Presentation is generally organized and easy to follow. Visual aids are present and mostly relevant. Transitions may be somewhat abrupt.
	Presentation lacks clear organization and may be difficult to follow. Visual aids may be confusing, irrelevant, or poorly used. Transitions are unclear or missing.
	Presentation is disorganized and difficult to understand. Visual aids are absent or detract from understanding.

	Team Collaboration & Delivery
(4 points)
	All team members participate effectively and contribute meaningfully to the presentation. Delivery is engaging, confident, and demonstrates a strong understanding of the material. Responses to questions are clear and thoughtful.
	Most team members participate and contribute. Delivery is generally clear and confident. Responses to questions are adequate.
	Some team members may dominate or do not participate fully. Delivery may be hesitant or difficult to understand. Responses to questions may be unclear or incomplete.
	Few team members participate effectively. Delivery is unclear, disorganized, or shows a lack of understanding. Unable to adequately answer questions.


Notes:



Total Score: _________________ / 20
image1.jpeg
ELECTRIC VEHICLE LESSON PLANS

.





image3.jpg




image4.png




image2.jpg
L . Y ———————————r—
Empowering educators with proven, innovative tools. PARTNERSHIP FOR
VISIT & LEARN MORE INNOVATION

drive.ohio.gov/worforce/educator-toolkit IN EDUCATION
piemedia.org





