Donna Kenestrick                                                                                    The E in STEM
Engineering  Design Lesson Plan 2:  New Ice Age sailing  
Introduction/Rationale
In this lesson students are challenged to design, build and test an ‘Ice Age’ sail vehicle that will operate on wind power.  Students will construct their vehicles to specifications for mass and wind speed (lo, medium, high fan speeds) necessary to launch.  In middle and high school students can be expected to produce vehicles to more exacting standards, and with varying load capacities.
This lesson can be used to teach the engineering design process.  It can be adapted to create a vehicle using wheels to operate over land (especially in climates where creating a simulated frozen highway is not possible). 

North Carolina Essential Standards:
3.P.1.    Understand motion and factors that affect motion. 
4.P.1     Explain how various forces affect the motion of an object. 
5.P.1     Understand force, motion and the relationship between them.
7.P.1     Understand motion, the effects of forces on motion and the graphical representations of motion. 
7.P.2     Understand forms of energy, energy transfer and transformation and conservation in mechanical systems. 
PSc.1.2 Understand the relationship between forces and motion. 
Phy.1.1 Analyze the motion of objects. 
Phy.1.2 Analyze systems of forces and their interaction with matter. 

Objectives:
Students will review and apply an engineering design process in order to create a vehicle powered by the wind.
Students will construct a wind powered vehicle, applying specific design constraints.
Students will understand some of the principles of physical science that are used by design engineers in constructing vehicles.

Concepts & Content:
Key concepts:
· Surface area of a sail impacts harnessing wind power
· As friction is reduced, there are specific outcomes
· Materials and form impact the performance of transport vehicles
· SFAA:  Everything in the universe exerts gravitational forces on everything else, although the effects are readily noticeable only when at least one very large mass is involved (such as a star or planet). Gravity is the force behind the fall of rain, the power of rivers, the pulse of tides; it pulls the matter of planets and stars toward their centers to form spheres, holds planets in orbit, and gathers cosmic dust together to form stars. Gravitational forces are thought of as involving a gravitational field that affects space around any mass. The strength of the field around an object is proportional to its mass and diminishes with distance from its center. For example, the earth's pull on an individual will depend on whether the person is, say, on the beach or far out in space. 
· SFAA:  Motion is as much a part of the physical world as matter and energy are. Everything moves—atoms and molecules; the stars, planets, and moons; the earth and its surface and everything on its surface; all living things, and every part of living things. Nothing in the universe is at rest.                                                                Changes in motion—speeding up, slowing down, changing direction—are due to the effects of forces. Any object maintains a constant speed and direction of motion unless an unbalanced outside force acts on it.  When an unbalanced force does act on an object, the object's motion changes. Depending on the direction of the force relative to the direction of motion, the object may change its speed (a falling apple) or its direction of motion (the moon in its curved orbit), or both (a fly ball).   The greater the amount of the unbalanced force, the more rapidly a given object's speed or direction of motion changes; the more massive an object is, the less rapidly its speed or direction changes in response to any given force.  And whenever some thing A exerts a force on some thing B, B exerts an equally strong force back on A. For example, iron nail A pulls on magnet B with the same amount of force as magnet B pulls on iron nail A—but in the opposite direction. In most familiar situations, friction between surfaces brings forces into play that complicate the description of motion, although the basic principles still apply. 
· SFAA:  Since everything is moving, there is no fixed reference point against which the motion of things can be described. All motion is relative to whatever point or object we choose. Thus, a parked bus has no motion with reference to the earth's surface; but since the earth spins on its axis, the bus is moving about 1,000 miles per hour around the center of the earth. If the bus is moving down the highway, then a person walking up the aisle of the bus has one speed with reference to the bus, another with respect to the highway, and yet another with respect to the earth's center. There is no point in space that can serve as a reference for what is actually moving. 
· NGSS:  CORE IDEA PS2: MOTION AND STABILITY: FORCES AND INTERACTIONS
How can one explain and predict interactions between objects and within systems?
Interactions between any two objects can cause changes in one or both of them. An
understanding of the forces between objects is important for describing how their motions change, as well as for predicting stability or instability in systems at any scale. All forces between objects arise from a few types of interactions: gravity, electromagnetism, and the strong and weak nuclear interactions.
PS2.C: Stability and Instability in Physical Systems
             Why are some physical systems more stable than others? 
           
          CORE IDEA PS3: ENERGY
          How is energy transferred and conserved?
          Interactions of objects can be explained and predicted using the concept of transfer of
          energy from one object or system of objects to another. The total energy within a defined 
          system changes only by the transfer of energy into or out of the system.
· NGSS:  We consider eight practices to be essential elements of the K-12 science and engineering curriculum:
Asking questions (for science) and defining problems (for engineering)
Developing and using models
Planning and carrying out investigations
Analyzing and interpreting data
Using mathematics, information and computer technology, and computational thinking
Constructing explanations (for science) and designing solutions (for engineering)
Engaging in argument from evidence
Obtaining, evaluating, and communicating information
· NASA Engineering design process:
1. State the Problem:
--Explain the problem
--Explain the guidelines
--Set goals or desired results (teacher explanation)
2. Generate Ideas:
--Brainstorm with others
--Read books
--Search the Internet
3. Select a Solution:
--Sketches
--Trial and error
4. Build the Item:
--Use resources
5. Evaluate:
--Test, revise; test, revise
--Make adjustments/changes
--Improve
6. Present Results:
--Verbal explanations
--Share models

Materials and Equipment:
Cardboard, milk cartons, or recycled foam meat trays for base of vehicle
Straws, pipe cleaners, chopsticks, bamboo potstickers to construct axles and riggings
Jar lids, film can lids, drug container lids, etc to use as wheels
Plastic wrap, freezer paper, aluminum foil, wax paper to use as base ‘skin’
Fabric scraps to construct sails
String
Toilet paper and paper towel rolls to construct masts and riggings
Masking tape 
White glue
clay
Fan
8’ long piece of aluminum gutter, sealed at both ends (fill with 1-2” of water and place outside to freeze)

Terminology:
Gravity
Force
Center of gravity
Wind resistance
Mass
Weight
Equilibrium
Load
Wind
Friction

Essential Questions:
How can we use the wind to power a moving vehicle?
What systems of forces interact in moving vehicles?
How can friction impact a moving vehicle?
How can you measure the speed of a moving cart?
How can you use a graph to describe motion?
How does the motion of objects demonstrate stability? 
How does the weight of an object affect the amount of force needed to make it move?
How do the principles of physics effect your daily life? 
How can understanding various physical properties about motion be useful in understanding everyday occurrences?
What variables can you manipulate to affect the movement of objects? 

Procedure (Student Directions):
 1. Have the students work in teams of three or four. Ask them to choose 
a team name.
2.  Select and present the students with a design scenario.  (Depending on whether you are designing sailing vehicles for the coming Ice age, or rolling vehicles to cross a flat windy arid plain.  Develop a creative design challenge that is grounded in Science reality.)
3. Provide each team with materials to build their vehicle. For older students you may wish to use size and mass constraints. Be certain to check the students’ work for accuracy and to 
ensure fairness.
3. Tell the students that they will have two opportunities to fine-tune and rebuild their vehicle.
4. Decide upon and list the constraints to be met by the tstudent teams in their designs.  These could include the total mass of the vehicle, the number of wheels it has, whether it can have sled runners, whether and how much mass the vehicle must carry, the distance it must cross, etc.  Whatever constraints you decide upon, test them yourself before assigning the challenge to students.
5. Partially fill the gutter section you have constructed  with water and place it on a level surface in freezing weather so that it freezes.
6. Have the student teams brainstorm ideas for the design of their vehicle.  Monitor their communication for use in discussion sessions.
7.  Have the student teams build their first prototype, test it, and plan their redesign.
 Monitor the testing for use in discussion sessions. 
8. Have the students create their final boats. Once completed, they should report to the test location to begin the challenge. 
9. Have the teams draw numbers to assign the order in which the teams will complete the challenge.
10. Direct each team to test their vehicles and direct all students to make notes of what occurs in the trials. 
11.  Lead a discussion to determine which design (why) the class as a group supports as best approaching the design requirements.

Resources for building vehicles: 

How to Build a Toy Sailboat
http://www.ehow.com/how_5025760_build-toy-sailboat.html
Simplicity Boats
http://www.simplicityboats.com/
Boat and Ship crafts
http://familyfun.go.com/crafts/crafts-by-type/vehicle-crafts/boat-ship-crafts/
Arts and Crafts Boats
http://www.artistshelpingchildren.org/boats-ships-craftsideasactivitieskids.html
YouTube How to make a toy sailoat
http://www.youtube.com/watch?v=cYH_84M3ANA&feature=related\
Curious George recycle Sailboats
http://www.pbs.org/parents/curiousgeorge/activities/pdf/cc_buildsailboat.pdf
Toy Boat Integrated Unit (primary)
http://www.highsmith.com/pdf/librarysparks/2009/lsp_apr09_web_library_lessons.pdf
Origami Boats
http://www.origami-instructions.com/origami-boat.html
Ice Sailing
http://adventure.howstuffworks.com/outdoor-activities/snow-sports/ice-sailing.htm
Ice Road Truckers
http://www.history.com/shows/ice-road-truckers


