














Recycled Crew Exploration Vehicle

Lesson Development and Best Practices

EXPLORE (40 to 50 minutes)
Class time may be reduced if students develop their own design independently as homework.

An evaluation rubric is included to evaluate student work in the EXPLORE, EXPLAIN, and
EXTEND sections of this lesson.

1. Organize students into Design and Engineering teams.
Find out more about how to organize these teams and the design process from NASA’s Lunar
Nautics Educator Guide, http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Lunar_
Nautics_Designing_a_Mission.html. This guide contains activities that lead to designing a mission to live and work
on the Moon. Pages 118 — 119 offer tips for forming and implementing design teams.

2. Present the students with this problem:
Design and build a model of a CEV using recycled and reusable materials.

3. Review the Background Information and the engineering design process (see Figure 5) in the Student
Handout with students and discuss the previous brainstorming activity.
Encourage students to visit these websites to look at drawings engineers have created for Apollo
and Orion.
NASA Orion — Crew Exploration Vehicle Photo Collection,
http://www.dfrc.nasa.gov/Gallery/photo/Orion/index.html and NASA Project Apollo Drawings and Technical
Diagrams, http://history.nasa.gov/diagrams/apollo.html

4. Challenge students to design a CEV on graph paper using basic geometric shapes and units of measurement.
Provide students with an example of a technical drawing (see figure 5).
@eREFNIEID Ask advanced students to measure drawings using appropriate units of measurement.

5. As a group, discuss what should be included in students’ drawings. Some possible details:
« labels for all parts, identifying the length of the sections within the drawing
* a materials list
* a name for the spacecraft
« alist of all group members

6. Challenge students to include and label simple machines in their designs.

EXPLAIN (30 to 40 minutes)
1. Provide time for students to explain their drawings to classmates. Ask students to discuss reasons behind the choices
they made in their design.

2. (@EAN D SN Ask teams to trade drawings with another group and answer these questions about

the design they receive.

a.What are the three features of the design that you like most? (Answers vary.)
b. What basic geometric shapes can you find within the design? (Answers vary.)

@ERGEESIEND For advanced students:

c. Is the design symmetrical? Why is a symmetrical design important in space travel? (Answers vary. Symmetrical
design helps maintain balance.)
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Lesson Development and Best Practices

3. Show the NASA eClips video segment 21st Century Crew Exploration Vehicle to learn more about
the Orion CEV. This segment can be found at NASA eClips™ You Tube™,
http://www.youtube.com/watch?v=kfuibrk22RU

4. Based upon information from the video segment, have students compare their drawings to Orion.

5. The Orion CEV is similar to the Apollo crew module. Show students pictures of the Apollo crew module and Orion
(Teacher Resources). Ask students to compare the images of the Apollo and Orion crew modules and to consider
what choices were made in the design of both. Guide them to think about choices in shape, materials, and cost.
Discuss how there are no “perfect” designs and that there are often several designs that may suit particular needs.
Have students complete the graphic organizer to compare and contrast the Apollo and Orion crew modules.

(@Ien)iETNIeID Provide print copies of the Apollo and Orion figures for each group as needed.

and (@ENeXIed If available, consider having students develop their own graphic organizer compa-
ing and contrasting the Apollo and Orion crew modules. Possible programs to design graphic organizers include Kidspira-
tion™ and Inspiration™.

6. These questions may guide discussion once students complete the graphic organizer.

a. How are the spacecraft the same? (the blunt body shape of the capsule and the launch vehicles)

b. How are they different? (the number of crew members that can fit: Apollo 3, Orion 4-6; the landing
systems: the Apollo was designed to land in water; Orion will be designed to land in the water or in the desert; the
crew and the cargo will be separated on the Orion; the heat shield on the Orion is stronger; the technology on the
Orion is more advanced)

c. Why are the designs similar? (The space shuttle isn’t designed for missions to the Moon and beyond.
The new vehicle is designed to travel for Moon missions. The Apollo missions were successful. It seems
reasonable to improve upon an already successful model.)

d. Does your CEV design include any of the same characteristics as either the Apollo or Orion? Why did you
include those characteristics? (Answers will vary)

EXTEND (40 to 50 minutes)
Class time may be reduced by assigning students to complete the models as homework.

1. Ask students to revisit their designs and make changes or modifications based on what they have learned
throughout the lesson.

2. Discuss any additional modifications students may need to make as they create a 3-dimensional model using their
2-dimensional drawing.

3. Discuss these questions about materials with students.

a. The model will be constructed of readily available, reusable materials. What materials are available? (Answers
vary but should include paper towel rolls, yogurt cups, empty 2-liter bottles, jar lids, wire, empty cereal boxes, etc.)

b. What kinds of materials are better than others for the model? (Answers vary, but should include discussions
about shape, strength, and availability.)

4. Students may bring in recycled materials from home, but be sure to provide materials for the class to choose from
as well.
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. Remind students about the importance of classroom and lab safety. Be sure recycled materials are clean and dry

with no sharp edges.

. EDUCATOR ONLY: Use an appropriate tool or instrument to poke holes in the containers for the students. A hot-glue

gun may also be helpful to attach or build the CEV.

. Encourage students to add notes to their design as they build to indicate changes from the original design plans. Ask

students to use a different color pencil for these notes.

. Reinforce the importance and benefits of recycling for the environment.

. Display the models. Ask student to look for things that are the same or different about the designs. What patterns are

found? (shapes, proportions,)

. Ask each team to present their model and explain their choices.

EVALUATE (30 to 40 minutes)
Choose from the activities below to evaluate your students’ understanding.
Class time may be reduced by assigning sections to be completed as homework.

1.

NASA eClips™

Have students return to the KWL chart from the ENGAGE section to complete what they have LEARNED throughout
this experience.

. Have students revisit the Essential Questions and write a paragraph based upon learning from this lesson.

» What are scientists and engineers doing to return people to the Moon? How is their work changing what we
know about science and technology? (Answers vary. Returning to the Moon challenges scientists and engineers to
design faster, safer space capsules able to carry a human crew.)

. Ask students to critique their 3-dimensional model. Ask them to include:

* how the design changed throughout the design process and why; and
» what are strong points in their design and what changes they would make now.

. When the CEV designs are complete, ask students to write a short statement to convince NASA that their CEV is

worthy of future space exploration.

. Use questions, discussions, student handouts, and the evaluation rubric from the lesson to assess students’

understanding.

. Ask students what new questions about space and space exploration they might have. (Answers vary)

. (@ERIEENEEID Ask students to consider:

a. If you could have used other materials, how would you have designed your CEV? (Answers vary)
b. Launch and entry stages are difficult for astronauts due to forces more than three times Earth’s gravity.
Challenge students to redesign their CEV to help astronauts withstand these forces.
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Teacher Resource

APOLLO

Figure 1: National Air and Space Museum,
Smithsonian Institution Image Credit: Eric Long/
NASM, Copyright: Smithsonian Institution

Figure 2: Apollo Diagram
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Figure 3: Exploded view of Orion.

Image Credit: Lockheed Martin Corp Blunt Heat Shield Inflatable
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Figure 4: Orion Diagram
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Teacher Resource
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Figure 5: Technical drawing of a music device



Recycled Crew Exploration Vehicle

Rubric for Recycled

Group Members:

Rubric Category Score

Design
» The design has these parts: a place for the crew, storage space, a way to
power the CEV, and a way to land.
» Choices for parts included in the design can be explained and defended by
the team.
+ All items are labeled.
* If assigned, accurate measurements are included on the drawing.

Compare and Contrast
* The Apollo and Orion Chart is complete.
Three things that are the same for the Apollo and Orion capsules are listed.
Three things that are true only about the Apollo capsule are listed.
Three things that are true only about the Orion capsule are listed.
* Reasons are given for each choice above.

Build - A model was constructed based on the original design.
* Any changes are marked on the design page.
» Reasons for design changes are given.
* Only recycled materials are used to make the model.
» Reasons for material choices are given.

Evaluate
» All questions in the student handout are completed.
* Answers are correct and make sense.

Teamwork
» Work is shared equally.
* Each member of the team contributes ideas and suggestions.

TOTAL (out of 20 pts possible)

4 (Excellent) = All criteria (procedures, steps, and details) are met or followed.
3 (Good) = Most criteria are met with only a few mistakes.

2 (Fair) = Many criteria are not met and/or there are many mistakes.

1 (Poor) = Most criteria are not met.

0 (No effort) = No effort to meet criteria.

NASA eClips™ 10
Our World: Recycled Crew Exploration Vehicle



