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[bookmark: _Ref406950784][bookmark: _Toc451776456]Engineering Design Process
Directions for the Students: Can you determine the sequence that engineers take to make a completed design? On your own, try to label the steps of the Engineering Design Process. Put the rest of the steps below in order based on the two that have already been filled in for you.

	Identify the Need or Problem	Select the Best Possible Solution(s)
	Construct a Prototype	Communicate the Solution(s)
	Research the Need or Problem	Develop Possible Solution(s)
	Test and Evaluate the Solution(s)	Redesign

Step 1: Identify the Need or ProblemFigure 9.—Artist rendering of the Low-Density Supersonic Decelerator. (NASA)

Background
As NASA plans new robotic missions and human expeditions to Mars, it becomes more important for the spacecraft that carry payloads be able to accommodate heavier and larger payloads to support an extended stay on the Martian surface. NASA has been using a parachute-based deceleration system since the Viking Program put two landers on Mars in 1976. The current system technology will not sufficiently slow the larger, heavier landers from the supersonic speeds of atmospheric entry to land safely on the Martian surface. NASA is currently developing the Low-Density Supersonic Decelerator.

The Challenge
Because spacecraft that land on the surface of Mars, travel at extremely high speeds, they need some sort of drag device to slow the spacecraft down to prevent them from crashing into the planet and becoming damaged. As missions increase in complexity, landers and rovers become heavier and require even more effective drag devices. Engineers must work with the limits (or constraints) of mass, weight, and space on a rocket to successfully accomplish the mission.

Criteria and Constraints
1. Only the materials provided can be used for the drag device.
The drag device must connect to a team-built cargo bay that is assembled using the template provided in the student journal section.
The overall mass cannot exceed 50 grams.
The drag device must have angled or round edges; one big circle is not allowed.
The cargo bay should be protected by the device when it is dropped from a height of 1, 2, and 3 meters.
Based on this information and the challenge introductory video, answer the following questions.
1. Using your own words, restate the problem in the form of “How can I design a ______________ that will _______________?” Be sure to include all expected criteria and constraints.
	
	
2. What general scientific concepts do you and your team need to consider before you begin solving this need or problem?
	
	
[bookmark: _Ref406099850][bookmark: _Toc451776458]Step 2: Research the Need or Problem
Conduct research to answer the following questions related to the challenge problem. Cite where you found your information on the Source(s) lines below.

1. Who is currently working on this or a similar problem today? What solutions have they created? What solutions are they working on currently?
	
	
	
	
	
	
Source(s):	

2. What questions would you ask an expert who is currently trying to solve problems like this one?
	
	
	
	
	
	
	

3. Who in our society will benefit from this problem being solved? How could this relate to everyday use?
	
	
	
	
	
	
Source(s):	

[bookmark: _Toc451776459]KLEW Chart for Students
Student Name:		Team Name:	

This Challenge is	

	Know
	Learn
	Evidence
	Wonder

	What do I know about drag devices and space travel?
	What did I learn about drag devices and traveling into space based on my research?
	What evidence do I have that supports what I learned about drag devices and space travel?
	What am I still wondering about drag devices and space travel?
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[bookmark: _Toc451776460]Step 3: Develop Possible Solutions
Sketch your idea in the space below and label each part of your drawing. If you need more space, use a blank sheet of paper.
	



[bookmark: _Ref406099978][bookmark: _Toc451776461]Step 4: Select the Best Possible Solution(s)
Collaborate with your team to analyze each team member’s final drawing using the table below. Based on the team discussions, determine which parts of each design will be used to solve the problem and which features will be included in the final team drawing.

	Design number
Designer name
	Does this design meet all problem criteria and constraints?
	What are the strongest elements of this design?
	What needs to be improved?

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	



[bookmark: _Ref406100003][bookmark: _Toc451776462]Step 5: Construct a Prototype
Make a team drawing of your final prototype and have it approved by your educator. Include labels and a key.
	



Approved by:	
1. Are each of the criteria represented in the final design?

	Criteria
	Addressed in final design?

	1.
	Yes                                No

	2.
	Yes                                No

	3.
	Yes                                No

	4.
	Yes                                No

	5.
	Yes                                No



2. List what materials the team needs to build the prototype.
	
	
	

3. Determine who in the group is doing what.
	[bookmark: _Ref406099005][bookmark: _Ref406099334][bookmark: _Ref406100028]Team member
	Responsibility
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[bookmark: _Toc451776463]Budget Planning Worksheet
Team Name:	
Directions: As a team, complete the cost sheet below. Be sure to include all of the materials, quantity, unit cost (determined by your educator), and the total cost to complete your design. Try to keep the cost of your design low while still producing a quality project.

	Line item number
	Material
	Unit cost
	Quantity
	Item total

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	

	7
	
	
	
	

	8
	
	
	
	

	9
	
	
	
	

	10
	
	
	
	

	11
	
	
	
	

	12
	
	
	
	

	13
	
	
	
	

	14
	
	
	
	

	15
	
	
	
	



Total cost _______________
[bookmark: _Toc451776464]Step 6: Test and Evaluate the Solution(s)
[bookmark: _Ref406100143]Work with your team to conduct testing on the drag device for each iteration.

Record the mass of the device once it is attached to the capsule. In the data chart record time in seconds for each drag device drop. Advanced students should calculate the speed.

Iteration 1
Total mass __________grams
	Drop 
height
	Time in 
seconds
	Speed 
(cm/sec)
	Note any damage after each drop

	1 meter
	
	
	

	2 meters
	
	
	

	3 meters
	
	
	



Iteration 2
Total mass __________grams
	Drop 
height
	Time in 
seconds
	Speed 
(cm/sec)
	Note any damage after each drop

	1 meter
	
	
	

	2 meters
	
	
	

	3 meters
	
	
	



Iteration 3
Total mass __________grams
	Drop 
height
	Time in 
seconds
	Speed 
(cm/sec)
	Note any damage after each drop

	1 meter
	
	
	

	2 meters
	
	
	

	3 meters
	
	
	



[bookmark: _Toc451776465]Step 7: Communicate the Solution(s)
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. This step will help your team keep a log of the design changes through each design and build cycle. Fill out the table below using information from your initial drawing. Record all changes, no matter how big or small.

	Iteration number
	What are the key components to your initial prototype?
	What do you think caused the design to succeed or fail during testing and why do you think that?

	1
	
	



All modifications to your design, both major overhauls and minor tweaks, should be recorded below to track the changes you made. After every test phase, complete the table below by describing changes and summarizing what the test results showed.

	Iteration number
	What was added, removed, or changed in this iteration of your design?
	What do you think caused the design to succeed or fail during testing and why do you think that?

	2
	
	

	3
	
	

	4
	
	

	5
	
	


[bookmark: _Toc451776466]Step 8: Redesign
This step is designed for your team to summarize each iteration and the modifications that you made to the design. Make sure to use the data collected to explain why your team made the changes.

	Design cycle
	What was added, removed, or changed in this iteration of your design?
	What do you think caused the design to succeed or fail during testing and why do you think that?

	1
	
	

	2
	
	

	3
	
	



Did your design meet all of the constraints of the original problem during testing? If not, describe what problems your team discovered.
	
	
	

What will you do to try to improve your design based on this data?
	
	
	

How do you predict that these changes will improve the design you just tested?
	
	
	



[bookmark: _Toc451776467]Student Reflection Questions
1. Describe any three steps of the engineering design process (EDP).
	
	
	
	
2. What design change was the most successful from original drawing to final prototype and why did that make a difference?
	
	
	
	
3. How did the EDP help with your design?
	
	
	
	
4. Which drag device design properties provided the most reliable results?
	
	
	
	
5. Which design took the longest time to drop (slowest descent)?
	
	
	
	
6. How did your team engineer the drag device to slow its decent?
	
	
	


[bookmark: _Toc451776468]Team Progress Chart
Student Name:		Team Name:	
How did your team move through the engineering design process steps?

Document each step your team worked through by writing a short description of the work completed by your team. This will help your team stop, discuss, and decide what to do next in the process. After you finalize your design, use this chart to help explain the steps you took to reach your solution and create the script for your video.

	Step number
	Step name
	What did you do and why?
	Documentation for the video

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


[bookmark: _Toc451776469]Student Presentation Organizer
Organize notes and review the evidence to present in the video your team will be creating below.
	Welcome
	Introduce your team, provide the title of your video, and explain what challenge your team worked on.

	Engineering Design Process Steps
	Ideas for what should be included in each step of the video
	Take notes on what your team wants to show and say in the video.

	Step 1: Identify the Need or Problem
	Talk about the problem and the constraints.

Discuss what constraints will need to be met to solve the problem.
	









	Step 2: Research the Need or Problem
	Discuss what your team discovered during the research and the connections with a NASA subject matter expert. 

Who did you speak with? What did you learn? Where did you find answers to your questions?
	










	Step 3: Develop Possible Solutions
	Briefly discuss each team member’s original designs and how it contributed to the final design.
	








	Step 4: Select the Best Possible Solution(s)
	Show what each team member contributed to the original team drawing.
	












	Step 5: Construct a Prototype
	Show materials used and how you built the prototype. 
	











	Step 6: Test and Evaluate the Solution(s)
	Talk about how your team tested the design including results.  

Discuss strengths and weaknesses of your team’s prototype.
	












	Step 7: Communicate the Solution
	Talk about your data.

Was your team able to solve the problem? 

Talk about the most difficult issue your team had to solve and how you solved it.
	

















	Step 8: Redesign
	What design changes did your team make after testing? 

Discuss any further actions your team will take on this problem.
	


















[bookmark: _Ref406551925]Capsule Template
Cut out the larger triangle and fold on the inner lines to create a pyramid shape. Put the simulated payload inside the pyramid and tape up the sides. Because you might need to adjust the weight of your capsule during testing, use a minimal amount of tape so it can be opened easily.








Step 1 Identify the Need or Problem











Step 5 Construct a Prototype
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