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Let It Glide
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View the video at http://y4y.ed.qgov/stemchallenge/nasa



Presenter
Presentation Notes
This video introduces the challenge and how it relates to NASA research being conducted across the Agency.

http://y4y.ed.gov/stemchallenge/nasa

The Engineering Design Process

Research

Test and Communicate,
Evaluate Explain Design
and
Share

Prototype


Presenter
Presentation Notes
The engineering design process (EDP) is a cycle of phases that a team of engineers uses to guide their work in solving a problem that leads to development of a new product or system. 

The model was adapted from the Massachusetts Department of Education.

Identify a Need or a Problem: Identify a need or problem to be solved, improved, or fixed. Identify the criteria and constraints that will need to be met to solve the problem.

  Research: Use resources from the internet, the library, or discussions with NASA scientists and engineers to learn more about the need or problem and possible solutions. Investigate how this problem is currently being solved or what efforts scientists and engineers are making to find a solution.

  Design: Use all information gathered to create the design(s). Design includes modeling possible solutions, refining models, and choosing the model(s) that best meets the original need or problem.

  Prototype: Construct a prototype, or physical model, based on the design model(s). Prototypes are used to test proposed solutions. 

  Test and Evaluate:  Test prototype to determine how effectively it solves the need or problem. Collect data to use as evidence of success or need for improvement. Redesign and refine prototypes to continue looking for possible solutions.

  Communicate, Explain, and Share: Communicating, explaining, and sharing the solution and design is essential to tell others how it works, how it solves (or does not solve) the identified need or problem, and how it meets (or fails to meet) the criteria and constraints. Determining how to communicate and act on constructive criticism is critical.



NASA Engineering Design Challenge

Let It Glide: The Challenge

NASA has been at the forefront of wing design
and is responsible for many of the wing designs in
use commercially today.

Engineers are constantly working to make aircraft
more efficient.

They do this by focusing on the shape of the wings
to decrease the drag while producing sufficient
ift, and by reducing the overall weight as much
as possible.

Lighter weight and less drag produce higher fuel
efficiency.

On reentry from space, the space shuttle orbiter did
not use engines and landed as a glider. (NASA)



NASA Engineering Design Challenge

Supporting Science Investigations

* Support student learning of background information
« Explore primary concepts used during the challenge

lllustration of what a glider might look like flying over the
surface of Mars. This Prandtl-M glider was designed by a team
of students and NASA engineers. (NASA)


Presenter
Presentation Notes
The Supporting Science Investigations are encouraged to help students think about some of the science concepts that will be helpful when they work on problem solving for the challenge.



NASA Engineering Design Challenge

Supporting Science Investigation 1:
Exploring Glider Design

An aircraft uses four forces while in flight.

An aircraft uses control surfaces in order to adjust
those forces.

An aircraft has a theoretical point upon which all
forces act—the center of gravity.

llustration of a simple balsa wood glider.

An aircraft moves in three axes around this point.


Presenter
Presentation Notes
Basic concept
A glider operates under the same four aerodynamic forces as any other aircraft. The only difference is that the initial thrust is applied to the vehicle prior to its flight from an outside system. The glider is either towed by another aircraft or given a push prior to flight. 

Notes 
• An added suggestion is to have multiple gliders for each student, as the balsa wood gliders are delicate and students may need more than one to complete this important investigation. 
• Pre-activity for this investigation includes using masking tape or rope to make a starting line at one end of the testing area. Students will throw all gliders from behind this line into the testing area, and all students must be behind this line before any gliders are thrown. 

Modification 
• Consider guiding students to focus on moving just the wing piece to a variety of positions. 
Enrichment 
• Tell students they need to modify their gliders to perform a specific task, such as flying in a continuous right-hand turn. 


NASA Engineering Design Challenge

Supporting Science Investigation 1: Exploring Glider Design

Discussion

This activity showed us how a glider reacts when a major change to a flight
control or wing design is made.

1. Describe how the glider reacted when a major change was made to its
design.

2. If you could make one change to improve the performance of the glider,
what change would you make? Explain why.

3. How will you apply what you learned in this investigation to your design?


Presenter
Presentation Notes
Each discussion is based on the standard Think–Pair–Share strategy, which encourages individual participation, collaborative learning, and higher-level thinking. This strategy consists of three parts:
 
Think: Students think independently about the question that has been posed.
Pair: Students are paired to discuss their thoughts. 
Share: Students share their ideas with the whole class. 
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Supporting Science Investigation 2:
Alr Force Three

* An aircraft wing is designed to produce lift.

e Liftis produced based upon a principle
discovered by a scientist named Bernoulli.

« Air moving over the top of a wing is faster
and of lower pressure than the air under the
wing.

This investigation has three parts — Tent with a
Straw, Two Sheets of Paper, and Single Sheet of
Paper — that demonstrate Bernoulli’s principle,
which states that as air moves faster, it exerts
less pressure perpendicular to the direction the
air is moving.

Faster Air
(lower pressure)

P —.
B

Slower Air
(higher pressure)

lllustration of Bernoulli's principle.


Presenter
Presentation Notes
Basic concept
In this investigation, students will experience the effects of Bernoulli’s principle, which states that as air moves faster, it exerts less pressure perpendicular to the direction the air is moving. Airfoils utilize this principle to help create lift by increasing air speed over the wing compared to air moving under the wing. Bernoulli’s principle also applies to all fluids (all liquids and gases). 

Modifications 
• It may be necessary to provide one-on-one instruction to ensure students blow correctly onto the paper. 
• Consider performing this as a demonstration only. 
Enrichment 
• Ask students to compare how the paper reacts when air is blown from a variety of angles. 
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Supporting Science Investigation 2: Air Force Three

Discussion

This activity demonstrated how Bernoulli’s principle affected pieces of paper
when they were subjected to wind.

1. Describe how Bernoulli’s principle can be applied to help design a brand-
new shape of wing.

2. Bernoulli’s principle was demonstrated on Earth. Do you think the principle
would work the same, differently, or not at all on Mars? Explain your
thoughts.

3. How will you apply what you learned in this investigation to your design?


Presenter
Presentation Notes
Each discussion is based on the standard Think–Pair–Share strategy, which encourages individual participation, collaborative learning, and higher-level thinking. This strategy consists of three parts:
 
Think: Students think independently about the question that has been posed.
Pair: Students are paired to discuss their thoughts. 
Share: Students share their ideas with the whole class. 
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Supporting Science Investigation 3:
Airfoil on a String

A wing is desighed to produce lift.

« The amount of lift produced is dictated by the L
angle at which the wing moves through the air. *—.1 '

A wing angled beyond a certain critical point will
produce no lift at all.

Proper placement of the airfoil in front of
the fan.


Presenter
Presentation Notes
Basic concept
In this investigation, students will experience how an airplane wing can direct the air above and below it depending on the wing’s angle of attack. This is an application of Newton’s third law of motion, which states that for every action, there is an equal and opposite reaction. Because the wing is symmetrical, Bernoulli’s principle would not create lift. In this case, the wing needs to be tilted at a positive angle of attack, which pushes air downward, creating upward lift on the wing. 

Modification 
• Consider using premade wing assemblies and focus solely on how the wing reacts to the air from the fan. 
Enrichment 
• Allow students to modify the template for size or shape to investigate what effect that may have on the investigation. 
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Supporting Science Investigation 3: Airfoil on a String
Discussion

In this activity, we documented how an airfoil reacts at different angles of
attack. Based upon your observations:

1. Do you think it is possible to design a wing that has no critical angle of
attack?

2. We performed this experiment on Earth. Do you think the wing would
behave the same or differently if we performed this experiment on Mars?

3. How will you apply what you learned in this investigation to your design?


Presenter
Presentation Notes
Each discussion is based on the standard Think–Pair–Share strategy, which encourages individual participation, collaborative learning, and higher-level thinking. This strategy consists of three parts:
 
Think: Students think independently about the question that has been posed.
Pair: Students are paired to discuss their thoughts. 
Share: Students share their ideas with the whole class. 
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Teamwork

Develop a team name, mission patch, and vision statement. Then,
work together as a team to complete the challenge.

Jobs

Design engineer — Sketches, outlines, patterns, or plans the ideas the
team generates

Technical engineer — Assembles, maintains, repairs, and modifies the
structural components of the design

Operations engineer — Sets up and operates the model to complete

- This Apollo 11 patch depicts an eagle
teStIng landing on the Moon with a view of the
Earth in the background. (NASA)

Technical writer/videographer — Records and organizes data and
prepares documentation via text, pictures, and/or video to be
reported and published


Presenter
Presentation Notes
Students will work in teams for the challenge, but in pairs for the Supporting Science Investigations.
Please note: Roles should be rotated among team members so that everyone can do each aspect of the engineering team.
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Let It Glide: The Challenge

Criteria and Constraints

1. The glider must include an intact shoebox that
simulates a space for a scientific payload to carry
instruments for in-flight research.

2. The glider must show improvement in glide slope
with a positive percent change over the course of
the challenge.

3. The glider must not break apart in flight or upon On reentry from space, the space shuttle

orbiter did not use engines and landed as a

landi ng. glider. (NASA)


Presenter
Presentation Notes
The Challenge: Using the engineering design process, students will work in a team to design, develop, and build a shoebox glider and then improve it to produce the greatest glide slope (the ratio of distance traveled to decrease in altitude) possible. Things students should consider in their designs include aircraft and wing materials, shapes, and structure, as well as the weight of the vehicle. 

Options for Differentiating Instruction 
The following suggestions may be used when modifying the engineering design challenge for students outside of the designated age range or ability level. 

Modification 
• Consider pre-making a portion of the challenge glider and have students concentrate on designing the wings and testing the design. 
Enrichments 
• Advise students that the glider must be redesigned to be larger or smaller than their previous design while still meeting the criteria. 
• Provide one or more realistic scenario difficulties that test a design’s ability to perform under unfavorable conditions. Examples might include operations in windy conditions (use a box fan) or landing in unfavorable terrain (add rocks to the landing zone). 
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Materials Needed

The following is a suggested list of materials
needed to complete the challenge.

 General building supplies

« Digital scale or balance

« Measuring tape that includes metric units
e Rulers that include metric units

o Grid paper

 Pennies or washers to serve as counterweights

 Shoebox, including lid

o Sample rib templates


Presenter
Presentation Notes
Additional materials may be needed. The quantity will depend on the number of students participating. Alternatives and additional materials can be used if desired, but be mindful of safety when allowing students to bring in or handle materials that could potentially be dangerous.

Consider using a budget sheet with students as an optional real-world component. Suggestions include the following:
• Provide students with a price sheet that lists the cost of the items they have used to complete the challenge.
• Have teams use the Budget Reporting Data Sheet included here to determine the cost of their solution as tested.
• For enrichment, advise students that NASA plans to mass-produce their design for use as a delivery vehicle for monthly supply trips to Mars, but due to financial constraints, the annual budget has been reduced. Students will be required to redesign their prototype to reduce costs, but without reducing performance.
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Identify a Need or Problem

Based on this information and the challenge
Introductory video, answer the following
guestions.

« State the problem in your own words.
Example: “How can | designh a
that will ?”

 What needs to be solved or improved?

 What are we trying to accomplish?

 What general scientific concepts need to
be considered before beginning to solve
this problem?


Presenter
Presentation Notes
Facilitate learning by asking the following guiding questions:
What needs to be solved or improved?
How can our team design a ___________ that will __________?
What are the things our solution MUST DO?
What are the things our solution MUST NOT DO?

Review the criteria and constraints of the design challenge:
The glider must include an intact shoebox that simulates a space for a scientific payload to carry instruments for in-flight research. 
The glider must show improvement in glide slope with a positive percent change over the course of the challenge. 
The glider must not break apart in flight or upon landing. 

Differentiation Suggestions
Allow students extra time to discuss the challenge itself, the problem that needs to be solved, and how the problem could be solved.
Introduce criteria and constraints one at a time and discuss with students.
Require students to write a letter or an email to a friend as if they were explaining their first job as a newly hired NASA engineer.
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Research

Conduct research and record what you learn about the challenge.
Use these questions as a guide when researching your questions:

 Who is currently working on this problem or similar problems? What solutions
have they created? What solutions are they working on?

 What questions would you ask a NASA scientist or engineer who is currently
trying to solve problems like this one?

 Who in our society will benefit from this problem being solved?

« What have you learned from the Supporting Science Investigations that you
can apply to this challenge?

[ » ]} Capture an image for the team’s presentation product

mr ==



Presenter
Presentation Notes
Help students answer any questions they have about the challenge. Use the internet or a library to research answers. Sample resources are listed in the NASA Resources section. Any unanswered questions should be written down and saved to ask during a NASA scientist or engineer connection.

Ask team members to fill out the Research page. Remind teams to document what they are doing for the final presentation. 

Modifications 
Provide a list of reputable online resources students can use.
Arrange a visit to a library.
Pair up students to complete their research together.
Enrichment
Have students provide a properly formatted citation for one or more resources. 
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Research With a NASA Scientist or Engineer
Connecting With NASA

 First, watch this video in which Commander Sunita Willlams gives a
tour of the International Space Station to find out about space
travel and living in space.

 Second, connect with a NASA scientist or engineer to learn more!
Potential Questions
 What does the NASA person we are connecting with do at NASA?

« Why are engineers trying to solve the problem in the challenge we
are working on?

 Why is this an important problem to solve?


Presenter
Presentation Notes
Let students know that they will be able to connect with a NASA scientist or engineer during this program.

Facilitate learning by asking the following guiding questions:
What questions could you ask a scientist or engineer who is currently working on this problem?
What objects in this room have been made or developed by a scientist?
What do NASA scientists and engineers develop that may impact our daily life?
What kinds of jobs are found at NASA?
Is working in a team important at NASA?
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Design {:}

How can | solve the problem?

Use your research and scientific knowledge to
brainstorm all the possible ways you can think of
to design a solution. Now, sketch your idea for a
solution in your Student Journal.

Use these questions as a guide when
brainstorming your ideas:

« What are all the different ways | can imagine

to SOlve th |S'7 (NI\?;)S(Ah)ybrid wing body turboelectric plane concept.

« What do | need to add to the design?
 Are all the criteria and constraints addressed?



Presenter
Presentation Notes
Remind students to document their work for the final presentation.

Modifications 
Encourage students to create a series of storyboards rather than a single complete drawing.
Show students the building materials to help them visualize their sketch prior to beginning the drawing.
Enrichment 
Require students to specify measurements.
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Select the Best Possible Solution g-

Work with your team to share ideas and answer each
other’s questions. Then, create a design to solve the
problem that has elements from more than one team
member’s final drawing and meets the criteria and
constraints.

Use these questions to guide team collaboration:

« What is one strength of each student’s individual design?
« How can that be incorporated into a group design?

* Are the strengths in each design related to the criteria and
constraints of the challenge?

 Are elements from each team member’s design represented
in the final design?

The Engineering Design Process: Select the Best Possible Solution

PPPPPPPPP

Collaborate with your team to analyze each team member's final drawing using the table below.

a team discussl
and what features will be included fo create the

ion, determine which design elements will be used to solve the problem

wi team’s prototype. The most promising solution
me

il nts from more than one design



Presenter
Presentation Notes
Modification
Have students pick one aspect or characteristic at a time from each team member’s drawing to discuss in the group.
Enrichment
Require students to draw one or more parts of the design to scale.
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eeeeeeeeee

Prototype @- —
The Engineering Design Process: Prototype
iding. it app Y

Choose ideas from each team member. Create a e

team design of the model your team will be testing. Be
sure to label all parts and make a key.

Use these questions to guide your construction plan:

 What resources does your team need to gather? |

List what resources will need to be gathered.

 What is the plan?

 Who is doing what?



Presenter
Presentation Notes
As you let teams work, make sure they are documenting their work. 

Modification 
Give students extra time to explore various materials prior to building the model. 
Enrichment 
Limit materials to add complexity (e.g., only 1 m of duct tape).
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Test and Evaluate @

It is not enough to just collect data during testing. Scientists
and engineers need to interpret the data so that they can
convince others that their results are meaningful.

Test the model three times for each iteration. Make
observations and record the data. Document how the
prototype reacts to the testing.

Use the following guiding questions as discussion prompts to
focus student understanding.

 Did the team collect enough data to analyze the design?
« How did the prototype perform when tested?

* Did the design meet or exceed the criteria and constraints?

The Engineering Design Process: Test and Evaluate

Page Number
1. Does the spacecraft function as intended?
YES NO

2. If not, explain why. Provide details.

3. Does it meet all of the criteria and constraints2 (Check the box for each one that is met.)

O The spacecraft must carry two astronauts safely. Each astronaut is 3 fo 7cm long. You must
design and build secure seats for both astronauts. The astronauts should stay in their seats
during each drop test without being glued or taped in place.

O The spacecraft must have one hatch that opens and closes and is sized so that your
astronauts can enter or exit easily. The hatch should remain closed during all drop tests.

O The spacecraft must fit within the simulated rocket.

O The spacecraft must include an internal holding tank for fuel with a volume of 30 cm?.

O The fotal mass cannot exceed 100 g.

4. If not, explain why. Provide details.

Perform three tests of your design to see how well it performs. For each test, observe how the
spacecraft reacts to the impact with the ground.



Presenter
Presentation Notes
Modification 
Encourage students to test only one criteria or constraint at a time rather than all of them at once.
Enrichment 
Create a scatter plot of test results.



NASA Engineering Design Challenge

Communicate, Explain, and Share

The Engineering Design Process: Communicate, Explain, and Share

Scientists often reflect on ongoing experiments in order
to move forward with more and better information. Take | : seemenmmamamnen “EE %=
time to reflect on your progress.

Use the following guiding questions as discussion
prompts to focus student understanding. > R e e e e

« What did or did not work in the latest iteration of the St s e v e
design? Why or why not?

« What are the pros and cons of this solution?

 Did each team show that they used all of the

processes of the EDP?


Presenter
Presentation Notes
Throughout the process, students will take time to reflect on their progress and consider what steps should be taken next. For this challenge, students will exchange feedback with their peers, both one-on-one and as a classroom. Oral and written peer feedback will help students improve their solutions and designs. It is important for students to learn the peer-review process and to be accepting of others’ suggestions. Students will complete the Communicate, Explain, and Share pages after each step to maintain direction and focus during the engineering design process (EDP).

Modification 
Provide a few basic yes/no questions for students to answer to determine whether their design was successful or not.
Enrichment
Have student teams use a variety of media to create their presentation.
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Communicate, Explain, and Share

The Engineering Design Process: Communicate, Explain, and Share

Student Presentation Organizer

Documenting the solution and design is essential to g oo per e e e

take so you can tell your audience how your team
accomplished the process.

conveying how it works, how it solves the identified

order or may have been repeated. Use additional sheets if
necessary.

need or problem, and how it meets the criteria and

presentation.
Engineering Ideas for what should be Use this space to organize notes and think about the
Design Process  included in each step of  evidence to present. Make note of what your team wants

.
C O I I St r al I I tS (EDP) Practice the presentation to show and say in the presentation.
(]

Talk about the problem.
Identify a Discuss the criteria and
Need or constraints that will need
Problem to be met fo solve the

Use the Student Presentation Organizer to help

Discuss what your team
discovered during the

create the presentation that will be submitted o

Research NASA subject matter
expert (SME). Who did you
speak withg What did you

when the challenge has been completed. T

Show each team
member's original designs.
Design Show what each team
member confributed fo
the original feam drawing.



Presenter
Presentation Notes
Guiding Questions
How can our team Communicate, Explain, and Share the reasons for the team’s decisions, research, and improvements?
How can the team use technology to represent and describe their solution to the challenge?
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Conclusion

Students teams, have you

« Created a video or slide presentation
documenting what the team has done during
the engineering design process and challenge?

e Used the Student Presentation Organizer and
Team Progress Chart to help with
communication?

« Determined that the presentation meets the
criteria for submission?

« Submitted a video product for review?
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Submitting Your Presentation

To submit your final video or slide presentation, follow the instructions on
the Y4Y (You for Youth) website: https.//y4y.ed.gov/stemchallenge/nasa



https://y4y.ed.gov/stemchallenge/nasa
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