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Engineering Teaching Kit Overview


This Engineering Teaching Kit (ETK) is designed to teach middle school students about the fundamental scientific principles of drag, friction, and propulsion through the use of model hovercrafts. By working through this ETK, students will have a better understanding of the forces that create and oppose motion, as well as a general understanding of the engineering design process. With the use of hand-on experiments and an overall design competition, students will be actively engaged in learning and will have the opportunity to demonstrate their knowledge in a fun environment. The overall design competition will allow students to participate in the classroom as well as bring an element of friendly competition amongst their peers. This ETK offers teachers an exciting new method of teaching important scientific principles to their students, while incorporating hands-on experiments to encourage student participation at the same time.

ETK Required Materials

Materials that need to be purchased or supplied:


-     Hovercraft kit from www.kelvin.com (optional)
· CD or other similar disc with a hole in the center

· “Pop-top” water bottle top 

· Balloons

· Glue (Hot glue or other quick-drying glue)

· Straw

· String (at least 10 feet long)

· Spring gauges

· Eye-hooks

· Sandpaper – 60 grit and 150 grit
· Plexi-glass

· Styrofoam Panel
· 6 inch sections of a 2”x4”

· Additional Weights – 0.5 to 1 kg each
· Styrofoam cups, plates, and bowls

· 9-Volt Batteries

· Small DC Brush Motors

· Small fans

· Wire

· Soldering Iron

· Wire Stripper

· Scissors

· Popsicle Sticks

· Hot Glue Gun

Materials that will be supplied:

· Propulsion Demonstration Worksheet

· Propulsion Discussion Questions

· Newton’s Three Laws of Motion Worksheet

· What is Friction? Worksheet

· Friction Lab: What Forces Affect Friction?

· Drag Lab: How Does Surface Area Affect Drag?

· The Engineering Design Process Worksheets
· Sample Jeopardy Questions

· Teacher’s Copies for all Worksheets

Unit Overview

This unit is designed for students to apply scientific and engineering principles of design to a project. The students will learn about several concepts such as propulsion, friction, and drag. 

Day 1-Introduction to Hovercrafts, Newton’s Laws, Propulsion

Activity Summary:

We will give the students an introduction to various types of hovercrafts that all operate on the same principles.  We will present the basic principles of Newton’s Laws and the concept of propulsion.

Objectives: 

· Familiarizing the students with hovercrafts and how they work

· A demonstration that will teach the students about propulsion
Day 2-Friction, Drag

Activity Summary:

Students will learn about the concepts of friction and drag.  These concepts will be taught through a series of activities and worksheets. 

Objectives:

· Friction Activity: What is friction?

· Drag Activity 
Day 3- Engineering Design

Activity Summary:

Students will be given an introduction to engineering design. There will be activities where the students will express what engineering design means to them, and they will build the hovercrafts. 

Objectives:

· Worksheets about engineering design

· Build hovercraft kits
Day 4-Hovercraft Design & Modifications

Activity Summary:

Students will be able to design their own hovercrafts with materials provided. They will use the concepts they have learned during the week to design and modify a hovercraft to compete in a series of tests.

Objectives:

· Design and modify hovercrafts

Day 5- Hovercraft Competitions

Activity Summary:

Students will demonstrate the capabilities of their hovercrafts and test their knowledge through a series of competitions.  For each competition that a group’s hovercraft wins, they will be allotted a certain amount of points that contribute to a final score to determine a winner.  Students will also participate in a “Jeopardy” modeled type game to show what they have learned. The points won from this game will also be added to the team’s final score to determine a winner.

Objectives:

The following tests will be conducted:

· Speed

· Power - Tug-a-War

· Stability - Ability to travel a true path

Day 1: Introduction to Hovercrafts, Newton’s Laws and Propulsion

Overview:  

First, students will learn how a hovercraft works.  The main concepts covered are the loss of friction and propulsion using forced air.  There will be demonstrations of several homemade hovercrafts to show students how each hovercraft follows the same concepts.  Then they will learn more about propulsion and Newton’s Laws of Motion as they pertain to Hovercrafts.  The students will be presented with Newton’s three laws of motion and examples to illustrate each.  The underlying principles of Friction, Force, Acceleration, Drag, and Propulsion will be briefly presented. A demonstration illustrating propulsion will follow.  The students will then fill out a worksheet, connecting propulsion and Newton’s Laws. The concept of propulsion and a competent understanding of the underlying laws of physics will be used in the design of their hovercrafts.

Teacher Preparation: 15 minutes

Objectives:

· SWBAT understand how hovercrafts work.

· SWBAT understand Newton’s Three Laws of Motion

· SWBAT understand the forces that create motion

SOLs:  PS. 10

Materials:

For Demonstrations: string, balloon, tape, and straw, ball
For Students:  Copy of Propulsion Worksheet, copy of Newton’s Laws of Motion, copy of Discussion Questions

Teacher Preparation: 

T will need to make copies of the following worksheets: Propulsion Demonstration Worksheet, Propulsion Discussion Questions and Newton’s Three Laws of Motion.  T will need to tie one end of string to a post, leaving the other end to be held by demonstrator(s).
During Class: 

Introduction to Hovercrafts:

Students will be shown some simple hovercrafts prepared before class.  The hovercrafts will be either with or without a skirt.  A possible model without a skirt can be made with a CD or other similar disc as the base with a balloon to create lift. Possible models with a skirt include a simple bag with holes or a bottom made with shower curtains fastened to a cardboard base.  The various versions will be shown to show how all hovercraft models follow the same concepts.

Overview of Kinematics/Units: (5 minutes)

Teacher will explain to students the two different unit systems (US and SI), and explain the relationship between distance, velocity, and acceleration.


Distance – feet, meters

Velocity – miles per hour, meters per second

Acceleration – feet per second squared, meters per second squared
Introduction of Newton’s Laws:(15-20 Minutes)

Teacher will review Newton’s Three Laws of Motion with the Ss, giving a brief example of each

First Law: Every object in a state of uniform motion tends to remain in that state of motion unless an external force is applied to it.

Example:  Set ball on table, then push ball. Now, push team member in chair.  Why did the chair stop?  What if we were on Ice? (Friction, Drag)

Second Law: The relationship between an object's mass m, its acceleration a, and the applied force F is F = ma. Acceleration and force are vectors; in this law the direction of the force vector is the same as the direction of the acceleration vector.

Example: (recall previous example) What direction was the Force?  What direction was the acceleration?

Third Law: For every action there is an equal and opposite reaction.
Example: Two team members in chairs (or skates), one pushes off other to demonstrate opposite but equal forces.

Introduction of Propulsion: (10 minutes)

Conduct demonstration of propulsion using the Straw/Balloon/String Activity.  Students will be asked to explain what was just observed.  They will take a few minutes to fill out the Propulsion worksheet.  If they do not finish before end of class, finish for homework along with discussion questions.

Homework: Discussion Questions to be turned in next class.

Name _______________________________ Date _______________ Class __________

Propulsion Demonstration Worksheet
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1) Explain what happened when the balloon was released?

2) What Propelled the Balloon?

3) In the above diagram, draw in arrows to show the direction of Force, Acceleration, the direction of the released air, the direction of the balloon.

4) What are the units of Force, Acceleration, and Mass?

Name _______________________________ Date _______________ Class __________
PROPULSION DISCUSSION QUESTIONS

1) Explain what would happen if the balloon had more air inside? Will it go faster, farther, neither, or both? Why?

2) Which of Newton’s Laws of Motion are illustrated by the balloon?

3) If the air produces a force of 50N and the balloon has a mass of 10kg, what is the acceleration of the balloon? (include proper units) 

What is the mass that will result in a 20 m/s² acceleration, given a force of 50N?

4) Why is propulsion important for a Hovercraft to operate? Sketch a Hovercraft. Draw in arrows to indicate the direction(s) of propulsion.

Name _______________________________ Date _______________ Class __________
NEWTON’S THREE LAWS OF MOTION

Newton’s First Law: 

Every object in a state of uniform motion tends to remain in that state of motion unless an external force is applied to it.
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Newton’s Second Law:
The relationship between an object’s mass m, its acceleration a, and the applied force F is F = ma. Acceleration and force are vectors; in this law the direction of the force vector is the same as the direction of the acceleration vector.
F = M A

Force     =     Mass    x   Acceleration

Force: Newton[N]—kg*m/second²

Mass: Kilogram [kg]

Acceleration: Meters per Second Squared [m/s²]

Newton’s Third Law:

For every action there is an equal and opposite reaction.
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Day 2 (Part I): Friction
Overview: Students will learn about one of the most important forces that resists motion-fiction. They will be introduced into what friction is, and how to calculate its force. Following a brief introduction, students will have an opportunity to experiment first hand with friction.

Teacher Prep: 10 minutes

Objectives:

· SWBAT to understand that different surfaces have different coefficients of friction

Materials:

     Workstation:

Each group should be provided with a spring gauge, a small weight, a 6-inch long section of a 2”x 4” with an eye hook at one end, two sheets of sandpaper (one 60 grit and one 150 grit), plexi-glass (approx 9x12 in.), and Styrofoam (approx 9x12 in.)
     Student:

Each student should be provided with a copy of the worksheet – What is Friction? And a copy of the Lab Worksheet: What Forces Effect Friction?

During Class:

Introduction: T. will inform s. that they are going to learn about friction.


            T. tells s. that at each workstation they will do the following:




1.  Read the introduction about friction




2.  Conduct the attached experiment, each taking turns

 


3.  Record their results and discuss among the group




4.  Answer the questions at the end of the lab

Activity:

T. will assign groups of 3-5 students

T. should explain that one student should hold the material still on the desk, while the other pulls the spring gauge and the third student records the results.

Wrap Up:

T. will review the questions at the end of the lab with the students.

T. will then ask students to think of situations where friction is beneficial or not.

Name _______________________________ Date _______________ Class __________

What is Friction?

Definition: Friction is the resistive force that acts between two objects and tends to oppose motion. Friction is generally divided into two forms, static and kinetic.


Static Friction - the frictional force opposing placing a body at rest into motion


Kinetic Friction - the frictional force tending to slow a body in motion

Generally, static friction is higher for a given material than kinetic friction.
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       Figure 1

Coefficient of friction – a measure of the level of friction between a surface and an object. The higher the coefficient of friction between an object and a surface, the harder it is to move the object across the surface.

How to calculate the Static Coefficient of Friction:

Static coefficient of Friction = Force required to start moving an object

                                               Weight of an object
(   =   F
           N

F = Spring Gauge Reading (N)
N = (mass of block (kg)) * (gravity)

Name _______________________________ Date _______________ Class __________

Friction Lab: What Forces Affect Friction?

	
	Gauge Reading (N)
	μ
	Hard or Easy to pull?

	Sandpaper (60)
	
	
	

	Sandpaper (150)
	
	
	

	Styrofoam
	
	
	

	Plexi-glass
	
	
	


Discussion:

What material was the hardest for the block to start moving? Why?

What material was the easiest for the block to start moving? Why?

Was this what you expected? If not, what did you expect?

Name three ways that you could use friction to your advantage.

Name three ways in which friction is a disadvantage.

Day 2 (Part II): Drag

Overview: Students begin to learn concepts of drag in order to understand forces at work opposing forward motion. This concept will be vital in the final design of the student’s hovercrafts.

Teacher Prep: 5 minutes

Objectives: 
· SWBAT grasp concept of increased drag with increased surface area

· SWABT apply understanding of Newton’s law of equal and opposite forces to understand mechanics of drag

· SWABT will be able to apply understanding of drag in brainstorming of hovercraft design

Materials:

Teacher should have a box fan, 3 panels of Styrofoam cut to the following dimensions – 4x4 inches, 8x8 inches, and 12x12 inches, and additional small weights.

During Class:

Introduction: Presentation of drag and illustration of basic concepts of drag. Teacher will place the different sizes of Styrofoam over the fan pointing in the vertical direction. Using the same weight, change the sizes of Styrofoam to illustrate the larger the surface area, the higher the drag force acting on the Styrofoam.
Activity: Students go through a worksheet individually, and answers are discussed as a class. Worksheets will be used to tie drag, Newton’s Laws, and engineering design together

Name __________________________________ Date _______________ Class _______

Drag Lab: How does Surface Area Affect Drag??

Discussion:

As the surface area of the material increased, was it harder or easier to hold the material in front of the fan?
What does the ease or difficulty of holding the material in front of the fan show about drag?
How does this relate to Newton’s law of equal and opposite reactions?

Now that you have completed the lab and have a better understanding of drag, will you plan to make your hovercraft large or small when planning the design? Why?
Which force will have to be greater in the design of your hovercraft, propulsion or drag?
What is one other example of where you would want to reduce drag?

Day 3: Design
Overview: Students will learn about the design process and how important design is for engineers.  Following an overview of how the design process works, students will meet in their groups and be given design constraints. They will need to apply the design process to how they plan to build their hovercrafts.

Teacher Prep: 15 minutes. 

Objectives:

· SWBAT understand and explain the steps involved in the design process.

· SWBAT explain the purpose of having a prototype

· SWBAT go through the process of designing a hovercraft from a select group of materials

· SWBAT use what they have learned about friction, drag, propulsion, and hovercrafts to develop their design
Materials:

     Workstation:

Each group should be provided with a Styrofoam cup, tray, small Styrofoam box, paper plate, popsicle sticks, masking tape, and thin balsa wood sticks. There will also be two 9-Volt batteries and three motors (already equipped with wire leads soldered on to the terminals) and three propellers. Battery attachments and switches were also provided (see hovercraft kit at www.kelvin.com) Superglue and scissors will also be provided for construction of the hovercraft.

Teacher Preparation:

Teacher will need to make sure that there are enough Styrofoam cups, plates, bowls, etc. for each group. Also, each student should have a copy of the design worksheet.

During Class:

Introduction: Teacher will inform students that they are going to learn about design process. Teacher tells student that at each workstation they will do the following:


1.  Read the introduction about design


2.  Make a preliminary design of a hovercraft

 
3.  Be given the constraints on their design

4.  Think about how they are going to construct their hovercraft the next day

Activity:

Students will meet in their previously assigned groups.

Students will listen to lesson about design process and fill out worksheet as they go.

Students will draw designs for what they vision their hovercraft will look like.

Students will begin to put together their designs.

Wrap Up:

Teacher will review the worksheet at the end of the class.

Teacher will then ask students to think of how they can improve the design of their hovercraft.

Name _______________________________ Date _______________ Class __________

The Engineering Design Process

Definition: Engineering design is an iterative process involving modeling and optimizing for developing technological solutions to problems within given constraints














 

It is important to realize that the first design is almost never the best. Design teams go through the design process many times before they produce a working prototype. As you continue to redesign your solution, you will gradually get closer to the best solution. Think about how your hovercraft is going to work. Think about how the design process can be applied to the process you will be following to build your hovercraft.

Name _______________________________ Date _______________ Class __________

The Engineering Design Process

Definition: Engineering design is an iterative process involving modeling and optimizing for developing technological solutions to problems within given constraints


The Steps of the Engineering Design Process:

Name 3 things designed by engineers that you use on a daily basis.

How does the hovercraft work?

What are some materials you can use to build a hovercraft?

Name _______________________________ Date _______________ Class __________

How do you plan to build your hovercraft (drawings will help)?

Write down the steps of the engineering process and how you have applied these steps to the design of your hovercraft.

Day 4- Hovercraft Design & Modifications

Students will be provided with different materials to design and modify their hovercrafts. They will have the chance to apply the concepts they have learned during the week to design the most effective hovercraft to perform in a series of tests.

Design Constraints:

· Each team could only use up to 3 motors

· Each team could only use 3 propellers

· Each team could only use 2 batteries

· Small Items from home may be brought in to use

Day 5: Hovercraft Competitions

Overview:

The students will test their hovercrafts in a competition of testing the ability to travel a true path.  Each team will be awarded points based on successful completion of course, trueness of the path traveled, and speed.  Following the series of testing, the groups will participate in a “Jeopardy” game where they will also be awarded points for the questions that they answer correctly.  The group with the highest total score at the end of the competition and the game will receive a prize.

Teacher Preparation: 15 minutes

Objectives:

· Students will test final hovercraft design

· Students will present understanding of friction, drag, propulsion, and engineering design

Materials:

· Colored Tape (red, yellow, green)

· Masking Tape

· Stop watch

Teacher Preparation:


Teacher will need to lay down colored tape to mark out the competition path. 


Teacher will need to setup Jeopardy game

During Class:


Competition


Teacher will explain the race competition to the class.  Teams will be allowed to make final adjustments and alterations to their hovercrafts.  Each group will then traverse the track individually.  Points will be added or deducted based on the criteria of trueness of path, speed, and completion of the course.  

Jeopardy


Students from each group will select an order for answering questions.  They will rotate through after every question so that the same students are not answering questions.  Students must answer in the form of a question or answer will be incorrect, allowing another team to answer.  Students may not receive aid from other team members when answering a question.


The points will be tallied and the wining group will receive prizes.

Jeopardy Question/Answer Key

Drag


100 Points



The definition of drag.



What is the aerodynamic resistance of the object through the water?

200 Points



The instrument used to determine the amount of drag in the Drag Lab.



What is a spring gauge?


300 Points

An increase in this leads to increased drag.



What is surface area?


400 Points



The disc that was easiest to pull.



What is disc 4?


500 Points



Newton’s Third Law of Motion states this.



What is that for every action there is an equal and opposite reaction?

Friction


100 Points



The frictional force opposing placing a body at rest into motion



What is static friction?


200 Points



The frictional force tending to slow a body in motion



What is kinetic friction?


300 Points



A measure of the level of friction between a surface and an object



What is the coefficient of friction?


400 Points

The equation for calculating the Static Coefficient of Friction

What is (=F/N?



500 Points



Rate the following materials in order from the smallest coefficient of 

friction to the largest: Plexiglas, rubber, Styrofoam, sandpaper.

What are Plexiglas, sandpaper, Styrofoam, and rubber?
Propulsion

100 Points


The Law of Motion that was illustrated by the balloon.


What is Newton’s Second Law of Motion?

200 Points

The equation relating an object’s mass m, acceleration a, and the applied 

Force F.
What is F=ma?

300 Points

The units for force.

What are Newtons or kg*m/second2?


400 Points



In the balloon experiment, this would happen if the balloon had more air 

inside.

What is the balloon would go faster and farther?


500 Points



This is a representation of a force that has magnitude and direction.



What is a vector?

Engineering Design


100 Points



The definition of the engineering design process.



What is an iterative process involving modeling and optimizing for 

developing technological solutions to problems within given 

constraints?


200 Points

The first step in the engineering design process.

What is to identify the need or problem?




300 Points



The final step of the engineering design process.



What is to redesign?



400 Points



The most important aspect of design.



What is to come up with something new that solves a problem?




500 Points



The five elements of a universal systems model.

What are the goal, inputs, processes, outputs, and feedback?

Name ________TEACHER’S COPY_________ Date _____________ Class _________
Propulsion Demonstration Worksheet
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1) Explain what happened when the balloon was released?

The balloon was propelled along the length of the string.  

2) What Propelled the Balloon?

The air inside the balloon propelled the balloon.

3) In the above diagram, draw in arrows to show the direction of Force, Acceleration, the direction of the released air, the direction of the balloon.

See above.

4) What are the units of Force, Acceleration, and Mass?

Force: kg*m/s ²= kilogram meters per second squared

Acceleration: m/s ²=meters per second squared

Mass: kg=kilograms

Name ________TEACHER’S COPY_________ Date _____________ Class _________
PROPULSION DISCUSSION QUESTIONS

1) Explain what would happen if the balloon had more air inside? Will it go faster, further, neither, or both? Why?

If there were more air inside the balloon it would go both further and faster.  The pressure of the air inside would cause it to exit faster creating a stronger force.  This would result in a higher acceleration pushing the balloon faster and further.

2) Which of Newton’s Laws of Motion did the balloon illustrate?

F=MA, Newton’s Second Law – All three could apply
3) If the air produces a force of 50N and the balloon has a mass of 10kg, what is the acceleration of the balloon?(include proper units) 

50N / 10kg = 5 m/ s ²
What is the mass that will result in a 20m/s² acceleration, given a force of 50N?

50N  /20 m/s ² = 2.5 kg

4) Why is propulsion important for a Hovercraft to operate? Sketch a Hovercraft. Draw in arrows to indicate the direction(s) of propulsion.

Propulsion is important to hovercraft operation to both lift the hovercraft and propel the hovercraft.  One blows down to create a thin layer of air, the other blows horizontally to push the hovercraft forward.

Name ________TEACHER’S COPY_________ Date _____________ Class _________

Friction Lab: What Forces Affect Friction?

	
	Gauge Reading (N)
	μ
	Hard or Easy to pull?

	Sandpaper (60)
	
	
	

	Sandpaper (150)
	
	
	

	Styrofoam
	
	
	

	Plexi-glass
	
	
	


Discussion:

What material was the hardest for the block to start moving? Why?


The sandpaper 60  was the hardest because it has the highest coefficient of friction.

What material was the easiest for the block to start moving? Why?


The plexi-glass, because it has the lowest coefficient of friction.

Was this what you expected? If not, what did you expect?


Should be yes, but answers may vary.
Name three ways that you could use friction to your advantage.

Answers may vary. Some examples are: The wheel of a car tire on the ground, the soles of your shoes to prevent you from slipping while walking, it allows a conveyor belt to rotate on pulleys without slipping, and it allows a locomotive wheel to grip the rails of the track.

Name three ways in which friction is a disadvantage.

Answers may vary. Some examples are: Friction slows down racecars, slows a person down while sliding down a playground slide, or may slow down the speed of a bowling ball. 

Name ________TEACHER’S COPY_________ Date _____________ Class _________

Drag Lab: How does Surface Area Affect Drag??

Discussion:

As the surface area of the material increased, was it harder or easier to hold the material in front of the fan?


Harder. Drag increases as  surface area increases.

What does the ease or difficulty of holding the material in front of the fan show about drag?


The easier it is to hold, the less drag force acting on the object. The harder it is to hold, the higher the drag force acting on the object.

How does this relate to Newton’s law of equal and opposite reactions?

The higher the drag force exits, the higher the force needs to be to counteract the drag force to keep the object stationary.

Now that you have seen the demonstration and have a better understanding of drag, will you plan to make your hovercraft large or small when planning the design? Why?


Small, to reduce drag forces.

Which force will have to be greater in the design of your hovercraft, propulsion or drag?


Propulsion.

What is one other example of where you would want to reduce drag?


Answers may vary. Some examples are drag racing, rockets, aiplanes.

Name ________TEACHER’S COPY_________ Date _____________ Class _________

Engineering Application

Now that you have completed the lab and have a larger understanding of drag, will u plan to make your hovercraft large or small when planning the design?

Since we saw that a larger surface requires more force to move it, it is more likely that a smaller hovercraft would be ideal to ensure an optimal design.

How will you use propulsion and drag in the design of your hovercraft?

Since, according to Newton’s laws of equal and opposite forces, propulsion and drag will be working against each other, we need to make sure that we are able to provide enough propulsion to overcome the drag. 

Name ________TEACHER’S COPY_________ Date _____________ Class _________

The Engineering Design Process

Definition: Engineering design is an iterative process involving modeling and optimizing for developing technological solutions to problems within given constraints


The Steps of the Engineering Design Process:

1. Identify need or problem

2. Research the problem

3. Develop possible solutions

4. Select the best possible solution(s)

5. Construct a prototype

6. Test and evaluate

7. Communicate the solution(s)

8. Redesign.

Name 3 things designed by engineers that you use on a daily basis.

Answers will differ from student to student
How does the hovercraft work?


A layer of air is created underneath the vehicle to provide a surface for the craft to glide on. The layer is created by the fan on top of the hovercraft pulling the outside air into the area underneath. This just gets the hovercraft off the ground. The fans on the back will provide propulsion by using air to push it across the surface.

What are some materials you can use to build a hovercraft?


Anything that will capture air underneath itself like a bowl, plate, or cup. You will need a fan to create lift and a fan to create propulsion. You need a motor to drive the fan and a battery to power the motor. You will also need constructing tools like scissors, glue, and Popsicles sticks (for support).

Name ________TEACHER’S COPY_________ Date _____________ Class _________

How do you plan to build your hovercraft (drawings will help)?



Answers will vary.

Write down the steps of the engineering process and how you have applied these steps to the design of your hovercraft.



Answers will vary.




Identify Need or Problem





Research Problem and Brainstorm





Develop Possible Solutions





Select Best Possible Solution(s)





Construct Prototype





Test and Evaluate





Redesign





Communicate the Solution(s)





* Acceleration


* Direction of   


    Balloon











* Direction of   


   Released Air


* Force
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