Build a

Satellite to
Orbit the
Moon

DESIGN
chalenge

To design and build

a satellite that meets
specific size and mass
constraints. It must carry
a combination of cameras,
gravity probes, and heat
sensors to investigate

the Moon’s surface. The
satellite will need to pass a
1-meter Drop Test without
any parts falling off of it.

OBJECTIVE STUDENT PAGES

To demonstrate an understanding of Design Challenge
the Engineering Design Process while
utilizing each stage to successfully
complete a team challenge.

Ask, Imagine and Plan

Experiment and Record
PROCESS SKILLS Quality Assurance Form
Z\I/Z?j:g:gg’ calculating, designing, Fun with Engineering at Home
MATERIALS

General building supplies
Bag of various sized buttons

1 Mailing tube, oatmeal canister
or other container (used as a size
constraint)
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MOTIVATE L T X ol
. : : B \
e Spend a few minutes asking students if they know B |——, \ \
what engineers do, then show the NASA’'s BEST == I I || \ g *:l
Students video titled, “What is Engineering”: s 4 AN == J vl L -
http://svs.gsfc.nasa.gov/goto?10515 =l — — % l
e Using the Engineering Design Process (EDP) graphic & "'lé}:}:;‘"'g'l"'""" Ia'mgﬂé;
on the previous page, discuss the EDP with your & .
students: 1 : | | M 3
¢ Ask a question about the goal. IR ' L1 3 l

e Imagine a possible solution.
e Plan out a design and draw your ideas.

e Create and construct a working model. » _’_‘
e Experiment and test that model. =TT ==])|

e Improve and try to revise that model.

SET THE STAGE:

ASKIMAGINE
PLAN

e Share the Design Challenge orally with the students (see next page).

e Have students brainstorm ideas, solve the given problems and then create a drawing of their

satellite. All drawings should be approved before building begins.

CREATE

e Distribute materials for students to build their satellites based on their designs and
specifications.

e Ask teams to double check mathematical calculations, designs and models. Visit each team to
make sure their model can fit within the size specification of the cylinder or box you are using.

EXPERIMENT

e Have students test their satellites by dropping them from a 1-meter height and to record their

observations.

e Emphasize the importance of experimenting with a new design and receiving feedback for

optimizing success in engineering.
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IMPROVE

e Have students evaluate their satellite and rework their
designs if needed.

CHALLENGE CLOSURE

Engage the students in a discussion

with the Heat Sensor following questions:

e Listtwo Total Mass =1 ¢ things you learned
about what engineers do through
building your satellite today.

e What was the greatest difficulty
your team had today while trying
to complete the satellite challenge?

e How did your team solve this
problem?

PREVIEWING

NEXT SESSION

Ask teams to brlng back thelr satelllte models for use at the next session.

DESIGN
chalenge

To design and build

a satellite that meets
specific size and mass
constraints. It must carry
a combination of cameras,
gravity probes, and heat
sensors to investigate

the Moon’s surface. The
satellite will need to pass a
1-meter Drop Test without
any parts falling off of it.

Build a Satellite
Teacher page
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NASA’s Lunar
Exploration

NASA:’s lunar exploration missions will
collect scientific data to help scientists and
engineers better understand the Moon'’s
features and environment. These missions
will ultimately help NASA determine the best
) cations for future human exploration and
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SATELLITE INSTRUMENTS DESIGN

The information gathered by lunar exploration missions Ch@”@ﬂg@
will add to information collected during earlier missions.

Some of these missions gathered
data that caused scientists to
have more questions — questions ="
they hope to solve with new .
instruments on new satellites. For
example, NASA has recently sent
a satellite to look for water ice

on the Moon. Thus, that satellite
carried instruments (sometimes ~ §
called “detectors” or “sensors”) to &
look for the ice. Other instruments
will help collect data to make
exact maps of the Moon’s surface and make careful
measurements of the radiation falling on the lunar surface
for the safety of future lunar explorers.

To design and build

a satellite that meets
specific size and mass
constraints. It must carry
a combination of cameras,
gravity probes, and heat
sensors to investigate

the Moon’s surface. The
satellite will need to pass a
1-meter Drop Test without
any parts falling off of it.

Build a Satellite
Student page

TEAMWORK IS IMPORTANT

The different instruments are designed, tested, and
assembled by different
teams of engineers and
scientists. The separate
teams must work together
to ensure instruments

are the right mass, fit
correctly, and make
proper measurements.
Working together is an
important skill for everyone to practice.

15




—

. Build a Satellite
L X ]
W 4

U]_Student page

THE CHALLENGE:

Your mission is to build a model of
a lunar exploration satellite with the
general building supplies provided.
Each team should create their own
satellite. Use different shape/sizes
of buttons or beads to represent the
various instruments.

The design constraints are:




1. The total mass of the instruments,
detectors, probes, sensors and solar
cells can be no greater than 60 kilograms (see
Satellite Instrument Data Table, p.18).

The satellite cannot be launched if the mass of
instruments, detectors, probes and solar cells
exceeds a total of 60 kilograms, so choose your
instruments carefully.

. The entire satellite must fit within the
(i.e. mailing tube, oatmeal canister).
This item is a size constraint. The satellite is not to
be stored in this or launched from this item.

. At least two instruments must “deploy” (unfold
or pop out) when the satellite is launched. These
instruments must be mounted on a part that moves.

. The satellite must withstand a 1-meter Drop Test
without any pieces falling off.
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TwosiTeiReUs TWOBITCIRCUS.ORG

....................

DESIGN
chalenge

To design and build
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specific size and mass
constraints. It must carry
a combination of cameras,
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sensors to investigate
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Design a Satellite
Student page
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ASK
IMAGINE

PLAN

What questions do you have about today’s challenge?

Use the data in this table to determine which instruments, and how
many of those instruments, to include on your satellite.

Satellite Instrument Data Table

the Sun to power an
instrument, detector,
sensor, or probe

Detectors or | Use Mass Number of solar

Instruments (kg) cells needed to
power

Camera takes pictures 30 1

Gravity Probe | measures gravity 20 2

Heat Sensor | measures temperature |10 3

Solar Cell collects energy from 1 n/a




Our Team’s Satellite Instrument Data Table

Instrument Mass
kg
kg
kg
Total Number of Solar Cells: kg
Total mass of instrument package kg
Volume of Payload Container
(see hint below) cmd

Does your satellite fit within size
constraints?

Hint

- How to calculate the volume of a cylinder:

1. Find the radius (r) of the circle found

7~ r ~ __  atthe top and bottom of the cylinder.

N 11 The radius is half of the measurement
of the diameter of the circle.

by m (pi).

found in step #2.

Use the following page for your volume calculations.

V =nr’h 2. Square the radius value and multiply it

N~ 3. Determine the height (h) of your

cylinder and multiply it by the value
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Your volume calculations.

How will the instruments on your design deploy when the satellite is
launched?




Draw two views of the satellite with its
instruments you intend to build:

View 1

View 2

Approved by:
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Pair up with another team to do a Drop Test.
Each team should evaluate another team’s
drop by completing the Quality Assurance
Form (page 27). Drop your satellite from a
height of 1 meter. If needed, use a meter

stick to measure the height.
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INVENTING INSPIRATION



What happened when you completed the 1-meter Drop Test?

Did any pieces fall off? If yes, which ones?

What kinds of changes are needed to make to your satellite
stronger?

Draw your satellite with these new modifications.

Build a Satellite
Student page

What is the total mass of your instruments and solar cells
after making these new changes?

&
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National Aeronautics and
Space Administration

QUALITY ASSURANCE FORM

Each team is to review another team’s design and model, then
answer the following questions.

Name of team reviewed:

YES NO

Does the satellite fit within specified size
constraint?

Did the satellite withstand the Drop Test?

Will the instruments deploy upon launch?

Total mass of the instrumentsis: _______ grams

List the specific strengths of the design.

List the specific weaknesses of the design: Build a Satellite
Student page

How would you improve the design?

Inspected by:

ey ()=
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Fun wi
Engineering at
Home




Today you designed and built a satellite model to orbit the
Moon. You used the same process that engineers use when
they build something. You had to ASK: what is the challenge?
Then you thought, talked and IMAGINED a solution to the
challenge. You PLANNED with your group and CREATED
a model satellite. Finally, you EXPERIMENTED or tested
your model by having other groups look at it and give you
feedback. Last, you went back to your work stations and
tried to IMPROVE the satellite. These are the same 6 steps
engineers use whenthey try to solve a problem or achallenge.

While at home, see what you can learn about satellites —
how they work, what they are used for, and how scientists
and engineers get them up into orbit. You may even want to
see if you can find out what kind of sensors, instruments and
probes the satellites orbiting the Earth carry.

You can find this information in books, magazines or on the

Internet. Here are some Internet links you may want to use:

World Book at NASA: Artificial Satellites
www.nasa.gov/worldbook

The World Almanac for Kids Science: Artificial Satellites
www.worldalmanacforkids.com

NASA Space Place
http://spaceplace.nasa.gov/en/kids/quiz_show/ep001/
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