

[bookmark: _Toc46906084]The Engineering Design Process
The engineering design process (EDP) consists of a series of steps, each designed to help you develop a solution to a problem. Start with “Identify a Need or Problem” and use the EDP diagram shown here to help solve this challenge.
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Figure 22. Engineering design process model. Model and accompanying text adapted from 2016 Massachusetts
Science and Technology/Engineering Curriculum Framework, Massachusetts Department of Elementary and Secondary Education, http://www.doe.mass.edu/frameworks/scitech/2016-04.pdf.
[bookmark: EDPIdentifyNeedOrProblem]Identify a Need or 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.
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NASA and its industry partners are currently working on a space vehicle called Orion that will take astronauts to the Moon, Mars, and other destinations in space. Because Orion will transport astronauts beyond low-Earth orbit and back again, it must be designed to serve multiple functions and operate in a variety of environments.Identify a Need 
or Problem
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The Challenge
Teams of up to four students will design and build a model of a spacecraft that can safely transport two astronauts on a mission to the Moon, Mars, or other destinations in space. A drop test will determine how well the spacecraft will protect the astronauts during landing. During the drop test, the spacecraft will be deployed, or dropped, from a height of at least 2 m to simulate landing. The astronauts must stay securely in their seats during the drop test. The spacecraft must also have an internal tank for fuel. 
Criteria and ConstraintsFigure 23. Illustration of the Orion 
command module. (NASA)

1. 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 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.

Based on this information and the challenge’s introductory video, answer the following questions.

1. Using your own words, restate the problem in this form: “How can I design a ___________ that will ___________?” Be sure to include all expected criteria and constraints.
Click or tap here to enter text.


What general scientific concepts do you and your team need to consider before you begin solving this need or problem?
Click or tap here to enter text.
[bookmark: EDPResearch][bookmark: _Toc46906086]The Engineering Design Process: Research
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Conduct research to answer the following questions related to the challenge.  Cite where you found your information on the lines labeled “Source(s).” 

1. Who is currently working on this problem (or a similar problem)? What solutions have they created? What solutions are they currently working on?
Click or tap here to enter text.
Source(s):  Click or tap here to enter text.

What questions would you ask an expert who is currently trying to solve problems like this one?
Click or tap here to enter text.

Who in our society will benefit from this problem being solved? How could this relate to everyday use?
Click or tap here to enter text.
Source(s):  Click or tap here to enter text.

What have you learned from the Supporting Science Investigations that you can apply to this challenge?
Click or tap here to enter text.
[bookmark: EDPDesign]
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Sketch your initial design in the space below and label each part of your drawing. 


Notes
Click or tap here to enter text.
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Collaborate with your team to analyze each team member’s final drawing using the table below. Based on a team discussion, determine which design elements will be used to solve the problem and what features will be included to create the team’s prototype. The most promising solution should include elements from more than one design.

	Designer Name
	Does this design meet all problem criteria and constraints?
	What are the strongest elements of this design?
	What elements need to be improved?

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
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Make a team drawing of your prototype. Prior to building, have it approved by your facilitator. Include labels and a key.
[image: ]
Approved by Click or tap here to enter text.

List what resources will need to be gathered.
Click or tap here to enter text.


For which part of the build will each team member be responsible?
	Team Member
	
	
	
	

	Responsibilities in the building process
	
	
	
	


[bookmark: EDPTestAndEvaluate][bookmark: _Toc46906090]The Engineering Design Process: Test and Evaluate
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1. Does the spacecraft function as intended?
	☐YES		☐NO

If not, explain why. Provide details.
Click or tap here to enter text.

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

☐ The spacecraft must carry two astronauts safely. Each astronaut is 3 to 7 cm 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.
☐ 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. 
If not, explain why. Provide details.
Click or tap here to enter text.

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.

	2-Meter Drop
	Did crew remain in their seats?
	Did fuel tank remain intact?
	Observations

	Test 1
	
	
	

	Test 2
	
	
	

	Test 3
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Indicate the step you are discussing.
Click or tap here to enter text.

1. What did YOU think about your team’s solution at the end of this step?
Click or tap here to enter text.


1. What did OTHER MEMBERS of your team think about the team’s solution at the end of this step?
Click or tap here to enter text.

1. Was your personal feedback different from your team’s feedback? If so, in what way was it different?
Click or tap here to enter text.

1. Which step of the engineering design process (EDP) will your team move to now? 
Click or tap here to enter text.

1. Explain why your team chose this step. 
Click or tap here to enter text.
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Use the organizer below to plan how your team will present its final solution. Keep track of the engineering design steps you take so you can tell your audience how your team accomplished the process. 
[bookmark: _GoBack]
Keep in mind that these steps may have happened in any order or may have been repeated. Use additional sheets if necessary.




	Welcome
	Share your team name, which challenge you worked on, and the title of your presentation.

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

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

	Research
	Discuss what your team discovered during the research and through your interaction with a NASA subject matter expert (SME). Who did you speak with? What did you learn? Where did you find answers to your questions? 
	

	Design
	Show each team member’s original designs. Show what each team member contributed to the original team drawing.
	

	Prototype
	Show materials used and how you put the prototype together.
	

	Test and Evaluate
	Talk about how your team tested the design and discuss the results. Using the data, discuss the strengths and weaknesses of your team prototype.
	

	Communicate, Explain, and Share 
	Talk about your data. Was your team able to solve the problem or not? What improvements did your team make to reach your final solution? Discuss any further action your team would take to improve this solution.



Describe how your team members communicated with each other to improve the solution. Also describe how you discussed options with people outside your group.
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