
Sample Investigation Plan: Engineering Design

Come Fly with Me: Kite Engineering!
Investigation Designer:  Simone Ferdinand, Clarke Middle School, Lexington Public Schools
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lightly modified by MITS staff

Grade level: 8

Time Required: 11 class periods
Confirmation      Structured       Guided
Open               
Investigation Focus:
This investigation integrates the engineering design process with concepts of physical science and social studies.  A major focus is the Engineering Design Process to design, build and test a diamond or box kite.  Through this investigation, students will deepen and apply their conceptual understanding of tension, lift, drag, friction, thrust, and gravity.  In addition this investigation will connect to the social studies curriculum by emphasizing the important contributions that China has made to modern technology.

State Learning Standards: 
· Content and skills (2006 Massachusetts Science and Technology/Engineering Curriculum Framework): Technology/Engineering Grades 6-8 Sections 2.1 (Identify and explain the steps of the engineering design process) and 6.4 (Identify and explain lift, drag, friction, thrust, and gravity in a vehicle or device).
· Next Generation Science Standards Practices: using models; carrying out investigations; analyzing data; designing solutions; using mathematics and computational thinking; obtaining and evaluating information; engaging in argument from evidence
Learning Outcomes: 
Students will be able to:

· Explain how to execute the steps of the Engineering Design Process

· Identify and describe the four forces acting on a kite
· Describe factors that affect a kite’s stability and the height at which it flies
· Use NASA’s Interactive Kite Modeler program to optimize a design for a box or diamond kite
· Use tools and materials to construct a prototype of a kite design
· Test a kite and measure/calculate flight time/height

· Describe how Chinese technology has inspired modern technological innovations
Materials List:
· Student materials (per group): laptops, silkspan, 24” x ½” x ¼” balsa wood strips, nylon kite line, plastic garbage bags, X-acto knife, ruler, right-angled triangle, glue, clear tape, electrical tape, markers, stopwatch, 300 ft measuring tape, calculator, paper inclimomemeters (constructed using directions at www.sciencebuddies.org/Files/2851/2/Math_p026_Inclinometer.pdf), Engineering Journals
· Teacher materials: chart paper, laptop, projector, anemometer
Engaging Experience: 

Students will:

· Share prior knowledge about objects/devices that were invented in China (interdisciplinary connection to Social Studies curriculum).  Their ideas will be recorded on chart paper and items will be added to the list as the project progresses.

· Examine photographs of Chinese kites from a 2008 exhibit at the National Museum of Art in Beijing  (http://hua.umf.maine.edu/China/Chinese_kites/index.html)
· Watch excerpts from the Discovery Science video “Inventions of the Great Ancient Chinese Empire” (http://www.youtube.com/watch?v=lxceQ9-6uHQ) and discuss how the invention of kites contributed to our understanding of the science of flight and the invention of modern airplanes.

Guiding Question(s):
· How do kites fly?
· Which features of a kite impact its ability to fly?
· How can we use technology to make the design of a protoype more efficient and less prone to error?

Investigations:

Students will be divided into groups of 2-3 for this project.

· Day 1: Ask students to share examples of Chinese inventions and show excerpts from “Inventions of the Great Ancient Chinese Empire.” Remind the students of the steps in the Engineering Design Process and introduce the project.  Ask students to suggest explanations for why kites fly and to propose factors that might affect a kite’s flight performance.  Introduce the four forces acting on kites (lift, drag (due to wind pressure), gravity, and tension).  Students will identify the need or problem by reviewing the project requirements (the kite must fly for at least 1 minute in a gentle to moderate breeze and must fly as high as possible) and constraints (limited quantities of silkspan, balsa wood and kite line).

· Days 2-3: Give a brief explanation of torque and the conditions for stable flight (http://www.grc.nasa.gov/WWW/K-12/airplane/kitetor.html is a good reference for this discussion).  Use NASA’s Interactive Kite Modeler program to demonstrate how adjusting the kite’s size and shape changes the forces acting on the kite and, consequently, the flight height, angle and stability.  Students will complete the following tasks in an Engineering Journal:

· Label a diagram of a kite in flight with arrows indicating the directions of wind pressure, lift, drag, gravity and tension forces.

· Research the problem and identify possible solutions by examining photographs of Chinese kites from a 2008 exhibit at the National Museum of Art in Beijing.
· Perform additional research on the problem by changing the shapes of three different kite designs (diamond, delta and box-type kites) in NASA’s Interactive Kite Modeler program and recording the predicted lift force, drag force, flight height, angle and stability.

· Use the results from NASA’s Interactive Kite Modeler program to describe how changing a kite’s characteristics affects its stability and flight height.
· Day 4: Demonstrate the procedure for optimizing a kite design using NASA’s Interactive Kite Modeler.  Students will select the best possible solution by choosing a kite type (diamond or box) and using NASA’s Interactive Kite Modeler to optimize their kite’s size, shape and tail length.  Students will record their kite’s dimensions and predicted flight height and check that their design meets the project constraints.
· Days 5-8: Demonstrate safe and appropriate use of construction tools, materials and techniques. Students will calculate and record dimensions for their kite’s spars and sails on a template in an Engineering Journal (templates can be found at http://www.my-best-kite.com/how-to-make-a-box-kite.html and in the e-book “Making Dowel Kites, Low Cost, High Flying Fun”).  They will build kite spars, sails and tails and construct a prototype of their selected design.

· Days 9-10: Review kite flying procedure and use of an inclimometer.  Students will test and evaluate their kite design by measuring/calculating the flight time, flight angle, flight distance and flight height and recording these results in an Engineering Journal.  They will redesign to improve their kite’s performance by adjusting the bridle position and/or modifying the kite tail.

· Day 11: Students present findings, draw conclusions and wrap up.
Present Findings and Draw Conclusions:
Students will:

· Compare their actual flight height to the height predicted by NASA’s Interactive Kite Modeler and discuss why the predicted and actual results might be different.
· Communicate their solution by recording their kite design characteristics (box vs. diamond, kite width, kite height and kite tail length) and flight results (flight time and height) in a data table.  Data from all groups will be collected to make a class data table.
· Use evidence from the class data table to discuss how kite design characteristics influence flight time and flight height and suggest other factors that might affect the flight results.
Vocabulary: 

· Engineering Design Process - A series of repeating, decision-making steps that produces plans for making products

· Design constraint - A limitation on a design or the design process – this prevents you from designing anything you can imagine

· Design requirements - Characteristics a design must have in order to serve its function/be marketable

· Prototype - A model of a solution that functions like the final design in some way

· CAD (Computer-Aided Design) - use of a computer system to assist in the creation, modification, analysis, or optimization of a design

· Drag - Force that resists an object’s motion due to friction between the object and the surrounding air

· Friction - Resistance that one surface or object encounters when moving over another surface or object

· Tension - Force that is transmitted through a string, rope, cable or wire when it is pulled tight by forces acting from opposite ends

· Lift - Force perpendicular to the direction of airflow that counteracts gravity and pulls a kite upwards.

· Gravity - Force that pulls objects downwards towards the earth

· Spars - Poles that allow the kite to maintain its shape in the wind (also used to refer to sailboat masts or the lateral framework members on an airplane’s wing) 

· Sail - Piece of material attached to a spar that catches the wind and propels a kite forward

· Bridle - a length of line that distributes the force of tension by attaching to two points on a kite’s frame

· Inclimometer - An instrument used to determine the inclination of an aircraft or ship relative to the horizontal

Assessment: 
Students will participate in class discussions (refer to the following sections for discussion descriptions: Engaging Experience, Present Findings and Draw Conclusions, Wrap Up) and record their investigation results in an Engineering Journal (refer to the Investigations section for Journal entry descriptions; sample Journal pages for Days 2-3 of the investigation are attached).
Resources:

Kites in the Classroom by Glenn Davison, American Kitefliers Association, 2002 (http://www.aka.kite.org/docs/Handbooks/kitc.pdf)

How to Fly a Kite by Glenn Davison, American Kitefliers Association, 1992 (http://www.aka.kite.org/docs/Handbooks/kitc.pdf)

Making Dowel Kites, Low Cost, High Flying Fun by Tim Parish, 2013 e-book

Wrap Up:

Students will be divided into small groups and asked to discuss one of the following topics:

· Share strategies that improved your kite’s performance and suggest how these strategies impacted the forces acting on the kite
· Share opinions about whether the Engineering Design Process is the best possible method for designing solutions to problems with reference to your experience during this investigation.
· Examine the student-generated list of Chinese inventions and suggest modern technologies that were influenced by these inventions.
Groups will summarize their discussions during a class share-out and each student will write a one-page reflection on one of these topics.  Students will submit at least one question about flight technology for follow-up (questions will be written on index cards and collected).
Adaptation to Different Inquiry Levels:
This investigation could be modified to meet different inquiry levels as follows:

· Confirmation: Provide students with a set of instructions they will follow to construct and test a kite design selected by the teacher.
· Guided: Provide additional resources for researching kite designs.  Encourage students to explore these resources before brainstorming and selecting their final design but do not prescribe a specific kite type or resources (ex: NASA’s Interactive Kite Modeler or spar/sail templates) for kite optimization and construction.

· Open: Have students brainstorm possible flying device design challenges and define requirements and constraints for a problem they would like to solve.  For example, students might choose to use recycled materials to design a flying device that weighs at least 200 grams and achieves a flight height of at least 5 meters.

Sample Engineering Journal Pages

Forces Acting on a Kite
Draw arrows to represent wind pressure and the four forces acting on the kite (lift, drag, gravity and tension) during our class discussion.


Sample Engineering Journal Pages (continued)

Step 2: Research the need or problem

Use NASA’s Interactive Kite Modeler to research different kite designs and identify possible solutions to your design challenge:
1. Go to the website: http://www.grc.nasa.gov/WWW/K-12/airplane/kiteprog.html
2. Click on the ‘Materials’ button and select the following materials from the drop-down menu on the right side of the screen:
· Surface: Silk Span

· Frame: ¼” Balsa

· Tail: 1 in Nylon

· Line: Nylon
3. Click on the ‘Fly’ button and change the ‘Line’ length to 100 ft.

4. Click on the ‘Design’ button and select ‘Diamond Kite’ from the drop-down menu on the right of the screen.  Complete the first row in the table below.  Next, use the sliders in ‘Design’ mode to adjust the shape of the kite.  Maximize the kite height and complete the second row of the table below for your new design.


Important notes!!
· Your new design must be stable - ‘Unstable Design or Trim’ will appear in the program if it is not

· H1, H2 and W1 values can be rounded to the nearest tenth of an inch (for example, 19.9785 inches is fine if the length is supposed to be 20.0 inches)

· Click on the ‘Fly’ button to see the kite height.

	Shape
	H1 (in)
	H2 (in)
	W1 (in)
	Stable? (Y/N)
	Lift (oz)
	Drag (oz)
	Weight (oz)
	Angle (degrees)
	Height –Y (feet)

	Diamond
	5.0
	10.0
	10.0
	
	
	
	
	
	

	Diamond
	
	
	
	
	
	
	
	
	


Sample Engineering Journal Pages (continued)
5. Click on the ‘Design’ button and select ‘Delta Kite’ from the drop-down menu on the right of the screen.  Complete the first row in the table below by adjusting the sliders in ‘Design’ mode to the measurements indicated.  Next, use the sliders to maximize the kite height and complete the second row of the table below for your new design.  Note that your new design must be stable!! 
	Shape
	H1 (in)
	H2 (in)
	W1 (in)
	Stable? (Y/N)
	Lift (oz)
	Drag (oz)
	Weight (oz)
	Angle (degrees)
	Height –Y (feet)

	Delta
	5.0
	1.5
	10.0
	
	
	
	
	
	

	Delta
	
	
	
	
	
	
	
	
	


6. Click on the ‘Design’ button and select ‘Box Kite’ from the drop-down menu on the right of the screen.  Complete the first row in the table below by adjusting the sliders in ‘Design’ mode to the measurements indicated.  Next, use the sliders to maximize the kite height and complete the second row of the table below for your new design.  Note that your new design must be stable!!
	Shape
	H1 (in)
	H2 (in)
	W1 (in)
	Stable? (Y/N)
	Lift (oz)
	Drag (oz)
	Weight (oz)
	Angle (degrees)
	Height –Y (feet)

	Box
	5.0
	10.0
	10.0
	
	
	
	
	
	

	Box
	
	
	
	
	
	
	
	
	


Sample Engineering Journal Pages (continued)

Answer the following questions.  Be as specific and descriptive as possible when explaining how things are changing.
Based on the results from the modeling program, describe how you think the shape and size of a kite affects its stability:

Based on the results from the modeling program, describe how you think shape and size of a kite affects the lift force acting on it:
Based on the results from the modeling program, describe how you think the lift force acting on a kite affects the height at which it flies:

Inquiry Scale
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