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Presenter
Presentation Notes
The engineering design process (EDP) is a cycle of steps 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 developed by the Massachusetts Department of Education.

  Identify a Need or a Problem: Articulation of the criteria and constraints.

  Research: Potential solution strategies using research, internet sources, and interviews with subject matter experts (SMEs).

  Design: Modeling possible solutions, creating individual representations, and selecting prototype components.

  Prototype: Created to test the solution. Physical or computer model that can be manipulated and tested.

  Test and Evaluate:  Development of testing method while adhering to criteria and constraints. Use of data to evaluate effectiveness and influence model revisions for further testing.

  Provide Feedback: Oral or written feedback to improve solution and design.

  Communicate, Explain, and Share: Allow students to talk about their successes and share their experiences with the challenge.

During this challenge, teams should complete each step in the EDP and document their work as they develop, test, and refine their design. They should conduct multiple iterations, or repetitions of the cycle, as often as time and resources allow to develop the best product. On subsequent iterations, some steps, like “Identify a Need or a Problem,” will only need to be briefly revisited to confirm that teams are still on track. Other steps, like “Test and Evaluate the Solution(s)” and “Design,” will need to be completely redone. 

As students move through the challenge, there will be times to regroup using the Provide Feedback form.




Introductory Video
 

https://youtu.be/pgRW4SHpNR4
 

Presenter
Presentation Notes
This video introduces the challenge and how it relates to NASA research being conducted from Glenn Research Center in Cleveland, OH.

https://youtu.be/pgRW4SHpNR4


  
  

   

 

Supporting Science Investigations
 

Spacecraft Safety includes two Supporting Science 
Investigations to assist students in understanding the 
science behind the challenge. 

• Investigation 1: Egg Drop Challenge 

• Investigation 2: Wall Smashers 
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Presenter
Presentation Notes
The following pages contain two Supporting Science Investigations to help with students’ understanding of the background material. Ideally, students will perform both investigations, but facilitators should ensure that at least one of these investigations is completed prior to commencing the engineering design challenge. These investigations will explore the primary concepts used during the challenge.

These investigations give you the ability to build background knowledge and activate prior knowledge. Using the investigations along with the challenge will cultivate rigor and relevance for your students.




 

  
   

  
 

   
   

   
 

   
  

Supporting Science  Investigation 1:

Egg Drop  Challenge
 

 

• In this activity, you will discover how 
to protect a falling object using 
readily available classroom 
materials. 

• Your team will create a package to 
contain and successfully land a raw 
egg, unbroken, from a fall to the 
ground. 

• Think about how velocity and 
acceleration from falling objects 
relate to force on landing. 
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Presenter
Presentation Notes
Velocity is a vector quantity, expressing both direction and speed. It is calculated by dividing the distance traveled by the time it took to travel that distance. It is commonly measured in meters per second (m/s).

Acceleration is the change of velocity over time. It is commonly measured in meters per second per second (m/s2). The gravity of Earth accelerates all objects toward the center of the Earth’s mass at the rate of 9.8 m/s2.

The object of this investigation is to spread out the kinetic energy created by falling to make the egg land on the ground with as little energy as possible. Students explore different ways to dissipate this energy.



  
 

   
 

  

 
 

   
   

 

  
  

  

Supporting Science Investigation 1:
 
Egg Drop Challenge
 

Procedure
 

1.	 Work with your partner to design 
a prototype of your container 
and the materials you will use. 

2.	 Select one type of packing 
material for your container. 

3.	 Put the egg into a zip-top bag 
and seal the bag, removing as 
much air as possible. 

4.	 Using the selected packing 
material, wrap the egg to 
protect it during its fall. 
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Presenter
Presentation Notes
By sealing the zip-top bag completely, eggs that do not survive landing will not create a mess inside their container or in the nearby area. All air should be removed from the bag prior to sealing, as this would provide additional cushion on landing.



  
 

    
    

  

  
     

  

   
      

    
 

 

Supporting Science Investigation 1:
 
Egg Drop Challenge
 

5.	 Once your team has contained and sealed the egg, 
hold the meter stick vertically and drop the egg from a 
height of 30 cm. 

6.	 One team member will time how long it takes for the 
egg to fall. Report findings on the Data Collection Sheet 
in the Student Team Challenge Journal. 

7.	 Repeat the drop at additional 10-cm increments 
(40 cm, 50 cm, etc.) until the egg breaks. 

8.	 Record all times on the Data Collection Sheet and 
calculate the speed using this formula : 

Speed = Distance ÷ Time	 
7 



  
 

   

 
  

  

  
  

Supporting Science Investigation 1:
 
Egg Drop Challenge
 

9.	 Next, answer the questions on 
the Data Collection Sheet. 

10. Report findings to the whole 
group. Review the results from 
each packing material to 
determine the best- and 
worst-performing materials 
and discuss the reasons why 
they performed as they did. 

8 



   

       
         
      
        

        
        

      
        

  

Supporting Science Investigations
 
Discussion
 

Investigation Discussion 1: Egg Drop Challenge
 

The Egg Drop Challenge activity showed that an object gains 
energy (speed) as it falls due to gravity pulling downward on the 
object. In order to prevent the egg from being damaged on 
landing, we had to protect it using energy-absorbing materials. 

•	 If your team designed a new iteration of the container, how 
would you apply what you learned in this investigation to your 
design? 

•	 We know that gravity is less on Mars than on Earth. How do you 
think your container would hold up if your team performed this 
investigation on Mars? 

9 



     
      

        
       

      
     

Supporting Science  Investigation 2:
  
Wall Smashers
 

The key to stopping an object safely is to disperse its 
energy. For example, if a ball was released on a ramp and 
hit a wall at the bottom of the ramp, the speed of the ball 
would drop to zero almost instantly. In terms of energy, this 
means that the energy of the ball would transfer to the wall 
quickly, causing damage to both the wall and the ball. 

10 



  

     
        

      
     

    

Supporting Science Investigation 2:
 
Wall Smashers
 

In contrast, if the ball was slowed down on the ramp prior 
to hitting the wall so that it was barely moving by the point 
of impact, the energy would have been slowly released by 
the ball before it hit the wall. This would result in a safe 
bump against the wall, and no damage would occur. 

11 



  

   
     

    

Supporting Science Investigation 2:
 
Wall Smashers
 

The goal of this investigation is to create friction where the 
ball meets the tube so that the ball will roll down the ramp 
and slow to a complete stop just as it touches the wall. 

12 



  

          
          

 
              

       
  
           

        
   

           
        

           

Supporting Science Investigation 2:
 
Wall Smashers
 

Procedure
 

1. Place one end of the mailing tube on book or books to create 
a ramp 5 cm high that the ball can roll down. Secure using 
tape as needed. 

2. Using the toy bricks, build a wall 55 cm from the lower end of 
the tube. Use tape to mark the location for the wall to be 
rebuilt as necessary. 

3. Place the ball at the top of the ramp and allow it to roll down 
the tube. Make an observation. Record the control time on 
the Data Collection Sheet. 

4. Use different materials to create friction to slow the ball as it 
rolls down the ramp. Materials can be placed inside the tube 
and also on the surface between the end of the tube and the 
wall. 



  

   
     

 

  
   

     
    

     

   
   

Supporting Science Investigation 2:
 
Wall Smashers
 

5. Record the materials and the time 
on the Data Collection Sheet for 
each iteration. 

6. Continue trying various 
combinations and amounts of 
friction materials in order to 
achieve the stated goal of the ball 
slowing to a stop just as it touches 
the wall. 

7. Complete the remaining questions 
on the Data Collection Sheet. 

14 



     
    

    

      
      
 

        
  
    

  

Supporting Science Investigations 

Discussion
 

Investigation Discussion 2: Wall Smashers
 

The Wall Smashers activity used a ball traveling down a 
ramp to simulate an object entering the atmosphere from 
space, with the wall simulating the surface of the planet. 

•	 When an object reenters the atmosphere, it is not on a 
ramp, so how could you use friction material to help slow 
down the object? 

•	 Why was it important to find just the right mix of friction 
materials in order to make the ball “just” touch the wall? 

•	 How might you apply what you learned in this 
investigation to your design? 

15 



 

      
      

         
     

 

       
     
  

      
  

      
      

    

   
  

     
 

Creating a Solution Presentation
 

Presentation submissions should showcase solutions and 
the process from initial design to final solution. A Student 
Presentation Rubric is included to assess and score each 
presentation based on the following criteria: 

1. Introduce the presentation: 

•	 “This is team (team name) and we worked on the
 
‘Spacecraft Safety’ challenge. The title of our
 
presentation is ______________.”
 

•	 Do not identify the name of any student, teacher,
 
school, group, city, or region.
 

2. The presentation should document every step teams 
took to complete the challenge, including Supporting 
Science Investigations. 

3. Identify information provided by NASA scientists and 
engineers. 

4. Explain which characteristics of the design provided the 
most reliable results and why. 

5. Keep the total presentation length between 3 and 
5 minutes. 16 

Presenter
Presentation Notes
Explain to participants that we will be using this rubric to evaluate their presentations.

1. Explain the best design solution.

2. Highlight special features and unique qualities.

3. Describe what the team did during each step of the EDP.

4. Explain results of tests and modifications made for each iteration.

5. Include photos/video of work, including design drawings, data, and explanations of how the prototype was built and tested.

6. Identify any information provided by NASA SMEs that helped in the design or testing.

7. Explain characteristics of your design that provided the most reliable results and why.

8. Include advice for the engineers working on this project in the future.

9. Total length of presentation should be 3 to 5 minutes. 




Glenn  EDCs Student 

Presentation Template
 

http://tinyurl.com/Glenn-EDC-Template
 

Presenter
Presentation Notes
Use this URL to find the template for the presentation you will submit.

http://tinyurl.com/Glenn-EDC-Template


     
      

      
   

        
 

   
   

   
      

    

   
     

     

Spacecraft Safety
 

The Challenge 
•	 The spacecraft must carry two astronauts safely. 

Each astronaut is 3 to 7 cm tall. You must design 
and build secure seats for both astronauts. The 
astronauts should stay in their seats during each 
drop test of at least 2 m without being glued or 
taped in place. 

•	 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. 

•	 The spacecraft must fit within the simulated 
rocket. 

•	 The spacecraft must include an internal holding 
tank for fuel with a volume of 30 cm3. 

•	 The total mass cannot exceed 100 g. 



 

   

    
  

  
   

   

   

  

Identify a Need or Problem
 

•	 State the problem in your own words. 

Example: “How can I design a
 
__________ that will _________?”
 

•	 Determine what general scientific 
concepts you will need to consider 
before beginning to solve the 
problem. 

•	 What needs to be solved or 
improved? 

•	 What are we trying to accomplish? 

Presenter
Presentation Notes
Facilitate learning by asking the following guiding questions:
  How can your team modify a harness system and hatch to operate more effectively?
  After the initial design, what other improvements can we use to enhance the harness system and hatch?

Review the criteria and constraints of the design challenge.
Astronauts must stay in their seats during the drop test.
Astronauts may not be glued or taped in their seats.
The hatch must be able to open and close, must be sized to allow the astronauts to enter and exit easily, and must remain closed when dropped.
The spacecraft must fit in the simulated rocket.
There must be a 30 cm3 simulated fuel tank in the spacecraft.
The total weight must not exceed 100 g.



   
   

  

Research
 

•	 Examine how this problem is 
currently being solved or how 
similar problems are being solved. 

Presenter
Presentation Notes
Facilitate learning by asking the following guiding questions:
  Where can you find more information about the topic?
  What questions could you ask an expert?

Students should read the Background Information for Students.

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 SME connection.

If a library or the internet is not available for students to conduct their own research, the following slides can provide a basic background for understanding the problem.

Ask team members to fill out the Research sheet.



 

    
  

Testing for a Hard Landing
 

•	 An essential part of  
harness  testing is  to 
measure forces  placed 
on a test dummy.  A 
harness must restrain  the  
astronaut and yet  not  
cause harm in  case of a 
hard landing instead of  
the usual water  landing. 

NASA harness and airbag testing in the event 
of an emergency landing on land. 

21 

Presenter
Presentation Notes
This is an example of something a student may find in doing research.



        
        

        

Learning Lessons From the Past
 

NASA Engineering and Safety Center team members (left) performing a fit check in an Orion seat 
mockup and (right) inspecting the Apollo capsule at Johnson Space Center for lessons learned 
related to how Apollo landed. Engineers continually try to make improvements on previous efforts. 

22 



  

 
  

 
 

 

Measuring Forces on Test Dummies
 

•	 A five-point harness system is 
tested in a simulated capsule 
using test dummies. Engineers 
use sensors to measure the 
strain from the harness before 
it is tested on live subjects. 

23 



 

    
      

      
  

Measuring Seat Belt Forces
 

•	 This harness tension mechanism mockup (lap strap, left, and 
shoulder strap, right) doubles the possible tension in the harness 
strap from previous systems to better protect the crewmembers 
and can be self-operated. 

24 

Presenter
Presentation Notes
Testing tensions on both lap and shoulder belts of a five-point harness. Pulleys allow researchers to multiply forces.



Hatch Design
 

• Hatch  design is 

difficult because the 
hatch must  seal the 
capsule in the near-
vacuum environment  
of space and yet be 
fairly  easy  to open in 
the event  of an 
emergency by  an 
astronaut  in a 
pressure suit. 

25 



Testing Hatch Opening
 

•	 NASA  astronaut Stan  
Love practices exiting  
the Orion side hatch 
while observers  check  
hatch hardware 
performance while in 
moderate ocean 
conditions. Note the 
simple mechanism to 
open the hatch. 

26 

Presenter
Presentation Notes
Note the simplicity of the hatch release mechanism. A fairly complicated hatch release prevented the astronauts in the Apollo 1 fire from being able to exit the capsule.



  
 

  
   

   
  

Design
 

•	 Use your research and scientific 
knowledge to brainstorm all the 
possible ways you can think of 
to improve the capsule, hatch, 
and harnesses. 

•	 Quickly sketch your design, 
using labels and arrows to 
identify parts. 

Presenter
Presentation Notes
Use the following guiding questions as discussion prompts to focus student understanding. 
What are all the different ways each member of the team can imagine to solve the problem? 
What do we need to add to the design? 
What could go wrong if we add to the design? 
Do the drawings address all the criteria and constraints? 

Ask each team member to brainstorm, make sketches representing their ideas for a solution, and clearly label and identify each part of their drawing.

Remind each team member to check that their designs meet all criteria and constraints.



  

 
 

 
  

   
 

Design
 

•	 Share your ideas with your 
team. 

•	 Discuss strengths and 
weaknesses from each 
design. 

•	 Which design best solves the 
challenge? Are there parts 
from other designs that could 
improve that idea? 

Presenter
Presentation Notes
Facilitate learning by asking the following guiding questions:
  Would it be better to ____________ or ____________?
  Can we combine more than one plan?
  Does this design comply with the criteria and constraints of the challenge?
  Do we have the resources to build this design?

Ask each team member to discuss their ideas and drawings with the rest of the team.

Instruct students to record the strengths and weaknesses of each of the designs.





 
 

Prototype
 

•	 Construct a model of the 
selected solution. 

•	 What materials will be 
needed for each part of 
the assembly? 

•	 Who will build each part?
 

Presenter
Presentation Notes
Facilitate learning by asking the following guiding questions:
  What resources does your team need to gather?
  What is the plan?
  Who is doing what?

Ask each team to identify the elements from any of their designs that seem best suited to solving the challenge.

Ask each team to draw and label a final diagram of their collaborative design.

Approve each team’s final design before building begins.

Instruct each team to develop a plan to create their prototype that includes determining needed materials and assigning building responsibilities for each team member.

Instruct teams to gather the materials they need to build their model and explain how to complete an optional budget for the cost of their model if desired.

Instruct teams to construct their prototypes based on their original drawings.



 
  

      

 
 

 

 
  

    
  

       
   

  
  

Safety Considerations
 

Safety is Priority #1. 
•	 Make sure students understand 

the safety precautions necessary 
for all activities. 
– Make sure the drop area is clear 

before dropping capsules. 

– Have your facilitator assist with 
dropping your capsules from 
heights above your reach. 

•	 Designs should be approved by 
a facilitator to prevent sharp or 
dangerous models. 

A NASA researcher wearing personal 
protective equipment (PPE) 
appropriate for his work in this lab at 
Kennedy Space Center. PPE should 
be selected to match the potential 
risks of the work to be done. 

Presenter
Presentation Notes
Use tools and equipment the way they are intended. Keep areas cleaned up, with nothing on the floor or in the way. Report any dangerous situations immediately.
 
Students should
Make safety a priority during all activities.
Wear safety goggles when conducting all investigations and the challenge.
Demonstrate respect and courtesy for others in the group.
Use tools and equipment in a safe manner.
Assume responsibility for their own safety, as well as for the safety of others.



 

 

  
  

   
 

   

  

Test and Evaluate
 

• Test your team’s model. 

– Check that the spacecraft 
fits within the simulated 
rocket. 

– Check that your spacecraft 
does not exceed 100 g. 

– Test three times and record 
data. 

– Make modifications and test 
again. 

Presenter
Presentation Notes
Facilitate learning by asking the following guiding questions:
  How did the prototype perform when tested?
  Was the design successful?

Ensure teams record all data and document all observations while testing the group’s prototype.

Review test results with each team and discuss what they think the results mean.

Instruct teams to fill out the data for only one iteration.



 
 

 

 

 

Provide Feedback
 

•	 Use this sheet to collaborate 
with your team as you 
progress through the 
challenge. 

–	 What worked? 

–	 What needs improvement? 

Presenter
Presentation Notes
Facilitate learning by asking the following guiding questions:
  What did or did not work?
  What are the pros and cons of this solution?

Ask team members to document and report the results of their designs. Ask team members to identify what changes were made with each iteration and what they believe caused the design to succeed or fail during the tests.



 

 
  

 

  

Communicate, Explain, and Share
 

•	 Record and share what your 
team learned about your 
design based on testing. 

– What worked? 

– What needs
 
improvement?
 

•	 Talk with other teams to get 
ideas. 

Presenter
Presentation Notes
Facilitate learning by asking the following guiding questions:
  What did or did not work?
  What are the pros and cons of this solution?




 

 
  

 

  

Communicate, Explain, and Share
 

•	 Record and share what your 
team learned about your 
design based on testing. 

– What worked? 

– What needs
 
improvement?
 

•	 Talk with other teams to get 
ideas. 



  

    
  

    
  
   
    

 

Debriefing Questions
 

1. Why did your team use this approach to solve the 
problem? 

2. How did your research help you decide that this 
was the best solution? 

3. What changes did you make to your design during 
your iterations of redesign? 

4. How could you further improve on your design? 
5. What were the greatest challenges for your team 

throughout this process? 

Presenter
Presentation Notes
Question 1: Look for some scientific reasoning as well as references to the lead-up investigations.

Question 2: Encourage students to talk about their thought processes. How did they make their decisions? Was their approach logical and well reasoned? Do they understand the goals?

Questions 3 and 4: These questions will confirm that the students have correctly identified the flaws in their designs and are working to correct them. 

Question 5: Emphasize to students that even the most successful engineers have setbacks.




 



   
 

    
   

  
  

    
  

    

Debriefing Questions
 

6. What strategies did your team use that proved 
effective in overcoming challenges? 

7. How did you use the EDP to help with your design?
 

8. What concerns must be considered in constructing 
a safe spacecraft? 

9. What specific problems did you need to address in 
designing the spacecraft? 

10. If you were an astronaut heading to Mars, would 
you trust your team’s spacecraft to bring you safely 
to the surface of the planet? Why or why not? 

Presenter
Presentation Notes
Question 6: Have students elaborate on why they chose certain options or strategies. Did collaborative discussion or debate help them generate more or better ideas?

Question 7: Make sure students talk about each practice and discuss how the process helped them complete the challenge.

Question 8: Emphasize safety and meeting the criteria and constraints. Encourage students to utilize proper scientific terminology (e.g., structure, mass, and photovoltaic principles) and the vocabulary embedded in this guide.

Question 9: This could include technical problems as well as interpersonal problems. Emphasize how the students worked to find a solution to each problem. Was test data consistent? Ask students to describe any unusual results and discuss what might have happened to cause them.

Question 10: This question can serve two purposes. One allows students to visualize themselves as astronauts as a way to evaluate their solution in a real-world context. The other allows students to consider various career pathways such as electrical or mechanical engineer, repair technician, or payload scientist.
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