Driving the Wind

Wind-powered Vehicle Design

 Career Area: Engineering and Technology Education
ETE Course: Introduction to Engineering and Technology Education
Unit: Unit 6, Introduction to Energy, Power, and Transportation Technologies
Standards
· 6.1 Define energy and power

· 6.2 Differentiate between potential and kinetic energy

· 6.6 Design and construct an air-powered vehicle 

Technical Content “Big Ideas”

· Science is a process for producing knowledge
· Engineering is the application of science and technology
· Tools & techniques
· The role of creativity and problem solving
· Engineering design
· Design under constraint
· Fundamental concepts of science and technology
Essential Question: Can an efficient vehicle be designed that uses the wind as the primary source of power?
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Scenario: You been shipwrecked on an island with 12 other people for more than a month. Being shipwrecked with this number of people for a long period of time makes you realize how nice it was to have many of the modern conveniences that you once took for granted—like toothpaste, soap, and deodorant. These people smell really bad and need a bath! There is a water source on the island, but you’ve build your campsite on the highest point on the island and it is about a mile to the water source. By the time that people return across the humid island from bathing they smell about as bad as they did when they departed to take a bath. You’ve decided that this problem can be solved by building a wind-powered water retrieval vehicle. There are only a few materials available, but it looks like you will have everything that you need.  In groups of two, build a scale-model of a wind-powered vehicle that can be used to carry water from the source to the campsite. You do not have to use all of the available materials, but you can’t use materials that aren’t found on the island.
Materials and Resources
(Per Team of 2 students)

1.
1 - 3" x 6" wooden vehicle body 
6.
5 - Sheets paper

2.
1 - set wheels and axles
7.
2 - Feet of string


3.
1 - 6" x 12" sheet of aluminum foil
8.
5 - Craft sticks


4.
1 - 12" x 20" sheet of tissue paper
9.
6" Masking tape


5.
1 - 12" x 12" sheet of plastic wrap
10.
Hot glue gun/glue
Content Information: Wind is a form of solar energy. Winds are caused by the uneven heating of the atmosphere by the sun, the irregularities of the earth's surface, and rotation of the earth. Wind flow patterns are modified by the earth's terrain, bodies of water, and vegetative cover. This wind flow, or motion energy, when "harvested" can power a variety of mechanical and electrical devices. Although wind is most commonly used today to generate electricity, it has been historically used to generate mechanical motion—and, it is more efficient in generating mechanical motion than it is in generating electricity.

Wind turbine blades, like aircraft propeller blades, turn in the moving air and power electrical and mechanical devices. Simply stated, a wind turbine is the opposite of a fan. Instead of using electricity to make wind, like a fan, wind turbines use wind to create mechanical motion (i.e., wind-powered water pump or windmill) or make electricity. Modern wind turbines fall into two basic groups; the horizontal-axis variety, like the traditional farm windmills used for pumping water, and the vertical-axis design, like the eggbeater-style Darrieus model, named after its French inventor. Most large modern wind turbines are horizontal-axis turbines.

Wind energy is a free, renewable resource, so no matter how much is used today, there will still be the same supply in the future. According to the U.S. Department of Energy, in 1990, California's wind power plants offset the emission of more than 2.5 billion pounds of carbon dioxide, and 15 million pounds of other pollutants that would have otherwise been produced. It would take a forest of 90 million to 175 million trees to provide the same air quality. Although wind power plants have relatively little impact on the environment compared to fossil fuel power plants, there is some concern over the noise produced by the rotor blades, aesthetic (visual) impacts, and birds and bats having been killed by flying into the rotors. Most of these problems have been resolved or greatly reduced through technological development or by properly siting wind plants.

Basics of Wind Energy
· Kinetic Energy of wind is: 1/2 * mass * velocity * velocity 
· momentum in the wind = mass x velocity 

· Power per unit area = KE * momentum --> MV2 *MV 

· So Power that can be extracted from the wind goes as velocity cubed (V3) 

· 27 times more power is in a wind blowing at 60 mph than one blowing at 20 mph 

Watch these two videos of homemade wind-powered vehicles: http://www.youtube.com/watch?v=aJpdWHFqHm0
http://www.foxnews.com/leisure/2012/05/16/chinese-farmer-invents-wind-powered-car/
Deliverables: Using only the materials supplied by your instructor, you and your teammate must build a scale model of a wind-power vehicle that can transport water a distance of at least 10 feet. You will be supplied a standard box fan to test the vehicle. 

Parameters: The completed prototype wind-powered vehicle must:

· Be powered only by the wind generated by the box fan.

· Not exceed the following 3’ x 3’ x 3’ in size

· Be designed using the engineering design model

· Operate without direct contact by the designers (after the vehicle is launched, the operators will not be allowed to touch the vehicle).

· Include brainstorming sheet and working drawing that illustrates how the machine was designed. 
· Traverse the ten foot course at least once during three trials on the test course set-up by the instructor.   

Assessment:

Wind-vehicle Assessment Form 


Team Name: ____________________________________________________________ 

Group Members:  ________________________________________________________

Vehicle Name: ___________________________________________________________

Scoring Criteria:

1. _____ (0 - 20 pts) Completed vehicle submitted with working drawings and brainstorming sheet that includes alternate ideas.

2. _____ (0 – 20 pts) Completed vehicle showed evidence of creative use of materials.

3. _____ (0 – 40 pts) Vehicle functioned appropriately and traversed the entire 10’ course.

4. _____ (0 – 20 pts) Team utilized the engineering design loop to solve the problem  
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Brainstorming Sheet

Directions:  Before your team starts construction of your vehicle, conduct some Internet research and then conduct a brainstorming session where you attempt to identify at least four different potential solutions. Record those ideas below and submit this with your final product.
	
	

	
	


A BALANCING ACT
STEM Design Challenge

Disciplinary Area: STEM
Unit: Energy, Power, and Transportation
Standards

· Common Core Math Standards (Geometry): Solve problems involving scale drawings of geometric figures, including computing actual lengths and areas from a scale drawing and reproducing a scale drawing at a different scale.

· Standards for Technological Literacy: Develop the abilities to apply the design process.

· ELA Common Core Standards (writing): Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or performing technical tasks, attending to special cases or exceptions defined in the text

“Big Ideas”

· Science is a process for producing knowledge
· Engineering is the application of science and technology
· Tools & techniques
· The role of creativity and problem solving
· Engineering design
· Design under constraint
· Fundamental concepts of science and technology
Essential Question: Can an attractive mobile be designed that will illustrate the relationships and differences between nature and technology?
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Scenario: It’s the first day of class and you’ve just finished a lesson on the relationship between the natural world and the human-made world. You were trying to teach the concept that Americans live in an increasingly artificial world made by humans and that they typically have a very limited exposure to nature. It’s clear that the students didn’t get the point, so you decide to design an art project that will clarify the point for the students. You decide to create a mobile that will clearly illustrate the relationship (and differences) between the natural world and the human-made world. The completed mobile will hand prominently in the classroom as a constant reminder.
Content: A mobile is a type of kinetic sculpture constructed to take advantage of the principle of equilibrium. It consists of a number of rods, from which weighted objects or additional rods hang. The objects hanging from the rods balance each other, so that the rods remain more or less horizontal. Each rod hangs from only one string, which gives it freedom to rotate around the string. Mobiles are often noted as one of the only art forms created in the United States. The meaning of the term "mobile" as applied to sculpture has evolved since it was first suggested by Marcel Duchamp in 1931 to describe the early, mechanized creations of Alexander Calder. At this point, "mobile" was synonymous with the term "kinetic art", describing sculptural works in which motion is a defining property. While motor or crank-driven moving sculptures may have initially prompted it, the word "mobile" later came to refer more specifically to Calder’s free-moving creations.

Influenced by the abstract work of Piet Mondrian, Joan Miro, and Sophie Taeuber-Arp, Calder in many respects invented an art form where objects (typically brightly coloured, abstract shapes fashioned from sheet metal) are connected by wire much like a balance scale. By the sequential attachment of additional objects, the final creation consists of many balanced parts joined by lengths of wire whose individual elements are capable of moving independently or as a whole when prompted by air movement or direct contact. Thus, "mobile" has become a more well-defined term referring to the many such hanging constructs Calder produced in a prolific manner between the 1930s until his death in 1976. A succinct definition of the term "mobile" in a visual art sense could be a type of kinetic sculpture in which an ensemble of balanced parts capable of motion are hung freely in space but which never come into contact with each other.

Materials and Resources
(Per team of 2 candidates)

1.
1 – 3’ length of soft wire 
6.
Misc. natural materials

2.
8 – fishing swivels
7.
3 - Feet of string


3.
Misc. paper/card stock
8.
Dowel rods

4.
Wire cutters/pliers
9.
Misc. tape/paints

5.
Misc. recycled materials
10.
Hot glue gun/glue

Resource: Use the following website as a guide: http://bigredhat.com/art-info-05.html
Deliverables:

Using only the materials supplied by your instructor, you and your teammate must build a mobile that illustrates the differences and relationship between natural and human-made items. 

Parameters: The completed mobile must:

· Reach a state of equilibrium when hung from the ceiling.
· Include at least three “limbs” on each side (although the sides need not be equal).
· Not exceed the following dimensions 3’ x 3’ x 3’ in size

· Clearly illustrate the relationship and differences between the natural and human-made world.

· Be designed using the engineering design model and include the brainstorming sheet and working drawings that illustrates how the mobile was designed. 

Assessment:

Mobile Assessment Form 


Team Name: ____________________________________________________________ 

Group Members:  ________________________________________________________

Mobile Name: ___________________________________________________________

Scoring Criteria:
1. _____ (0 – 20%) Completed mobile submitted with working drawings and brainstorming sheet that includes alternate ideas.
2. _____ (0 – 20%) Completed mobile showed evidence of creative use of materials.
3. _____ (0 – 30%) Mobile clearly illustrated the relationship/differences between natural and human-made world.
4. _____ (0 – 20%) Team utilized the engineering design loop to solve the problem  
5. _____ (0 – 10%) Team adhered to the design parameters outlined above.
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Brainstorming Sheet

Directions:  Before your team starts construction of your mobile, conduct some Internet research and then conduct a brainstorming session where you attempt to identify at least four different potential solutions. Record those ideas below and submit this with your final product.

	
	

	
	


Surviving the Mainshock

Building an Earthquake Resistant Shelter
Disciplinary Area: STEM
Unit: Structures, motion, angles, and force
Standards
· Common Core Math Standards (Geometry): Solve problems involving scale drawings of geometric figures, including computing actual lengths and areas from a scale drawing and reproducing a scale drawing at a different scale.
· Standards for Technological Literacy: Develop the abilities to apply the design process.
· ELA Common Core Standards (writing): Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or performing technical tasks, attending to special cases or exceptions defined in the text
“Big Ideas”

· Science is a process for producing knowledge
· Engineering is the application of science and technology
· Tools & techniques
· The role of creativity and problem solving
· Engineering design
· Design under constraint
· Fundamental concepts of science and technology
Essential Question: Can you design an earthquake proof shelter that will withstand a magnitude 6.0 earthquake?
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Scenario: You’ve just heard that earthquakes are much more dangerous and deadly in 3rd World Nations because the building techniques and structures commonly used often crumble during earthquake mainshocks and aftershocks. You decide to build a model of an earthquake resistant shelter that incorporates both sound building techniques and flexible building materials that will withstand a strong earthquake. You’ve decided that this model could be used to assist individuals in 3rd World Nations in building economical and strong structures for future emergency situations. In groups of two, build a scale-model earthquake resistant shelter that can be used as a model. You do not have to use all of the available materials, but you can’t use materials that aren’t found on the list below.
Materials and Resources
(Per Team of 2 students)

1.
20 – dry sticks spaghetti 
6.
2 - Sheets paper

2.
1’ – masking tape
7.
2 - Feet of string


3.
1 - 6" x 12" sheet of aluminum foil
8.
6 - Craft sticks


4.
10 – Flat toothpicks
9.
1 - Paper plate

5.
1 - 12" x 12" sheet of plastic wrap
10.
1 – School glue

Content Information: Most earthquakes happen along the edges of Earth's big tectonic plates and 4 out of 5 of the world's earthquakes take place along the rim of the Pacific Ocean, a zone called the Pacific Ring of Fire. Sometimes large earthquakes are preceded by several smaller earthquakes. These small earthquakes are called foreshocks. After the big earthquake (mainshock), there are often small earthquakes called aftershocks. Aftershocks can follow an earthquake on and off for days or even weeks. An earthquake can last for just a few short seconds or go on for several long minutes, but they almost always last less than 60 seconds. The shaking of the ground is not what kills most victims of earthquakes. The main killers in earthquakes are falling buildings, fires, landslides, avalanches and tsunamis. 

Steel, reinforced concrete, and wood are good building materials for an earthquake resistant structure because they flex somewhat without breaking. Buildings constructed almost entirely out of brick and mortar isn’t as safe because they can break apart easily. Most brick buildings in the United States only use the brick for outside decoration and not as a structural component of the building for this reason. However, in many developing nations in the most earthquake prone areas of the Earth bricks, blocks, and stone are used as a structural component of buildings and this is very dangerous due the brittleness of the building materials. The geometry of buildings also has an impact on the strength and earthquake resistance of the building. Angles, arches, and domes are the most earthquake resistant shapes used in buildings because the gravitational pull actually makes the structure stronger. Flat roofs, rectangular openings, and long open spans are the least structurally sound construction methods. 

Each year, there are about a million earthquakes around the world, but only about 100 of these cause serious damage. An earthquake happens somewhere in the world once every thirty seconds. You may not notice a magnitude 2 earthquake, but you would feel the ground shake in a magnitude 3 earthquake and a magnitude 7 or higher can destroy a city. The largest recorded earthquake was a 9.5 quake in Chile in 1960.

Source: http://earthquakefacts.net/Interesting-Earthquake-Facts.html
Earthquake Preparation
· If you are outside, move away from power lines, trees and buildings.
· If you are inside, stay away from windows, mirrors cupboards, and shelves.

· Take cover under a sturdy table or desk. Hold on to it.

· You can also stand under a door way, they are one of the strongest structures in a building.

· Be prepared for possible shaking after the main quake.

· If you are in a high building, stay out of the elevators and stairways.

· A family can prepare for an earthquake by having flashlights, helmets and sturdy shoes, a first aid kit, a fire extinguisher, bottled water, canned food and a can opener.

Deliverables:

Using only the materials supplied by your instructor, you and your teammate must build a scale model earthquake resistant shelter that will withstand a 5.0 magnitude earthquake for 30 seconds. You will be supplied with an earthquake simulation table to test your model. 

Parameters: The completed earthquake shelter must:

· Include structural components, an outer covering, a roof, and a floor;

· Be no larger than 10” x 10” x 10” in size;

· Be designed using the engineering design model

· Withstand a magnitude 5.0 earthquake for 30 seconds without significant damage;

· Be designed in such a way as to be capable of being attached to the earthquake simulation table with plastic push pins;

· Be submitted to the instructor with a completed brainstorming sheet and working drawing that illustrates how the structure was designed; and, 

· Be as lightweight as possible.    

Note: Teams will assist in affixing the model structure to the earthquake simulation table, but the instructor will be responsible for operating the testing equipment and students will be required to remain at least three feet away from the testing equipment during operation. 

Assessment:

Surviving the Mainshock Assessment Form 


Team Name: ____________________  Group Members:  _________________________

Scoring Criteria:
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_____ (0 – 20%) Completed structure submitted with working drawings and brainstorming sheet that includes alternate ideas. 
6. _____ (0 – 20%) Completed structure showed evidence of creative use of materials and the consideration of appropriate structural technique use.

7. _____ (0 – 40%) Structure survived a 5.0 magnitude earthquake for 30 seconds.

8. _____ (0 – 20%) Team utilized the engineering design loop to solve the problem  

Brainstorming Sheet

Directions:  Before your team starts construction of the structure, conduct Internet research and then conduct a brainstorming session where you attempt to identify at least four different potential solutions. Record those ideas below and submit this with your final product and a drawing of the structure.

	
	

	
	


