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Next Generation
Science Standards:

Structure and Properties
of Matter

2-PS1-1. Plan and conduct an
investigation to describe and classify
different kinds of materials by their
observable properties.

2-PS1-2. Analyze data obtained
from testing different materials to
determine which materials have the
properties that are best suited for an
intended purpose.

5-PS1-3. Make observations and
measurements to identify materials
based on their properties.

Engineering Design

K-2-ETS1-2. Develop a simple
sketch, drawing, or physical model
to illustrate how the shape of an
object helps it function as needed
to solve a given problem.

3-5-ETS1-1. Define a simple
problem reflecting a need or a
want that includes specified criteria
for success and constraints on
materials, time, or cost.

3-5-ETS1-2. Generate and compare
multiple possible solutions to a
problem based on how well each

is likely to meet the criteria and
constraints of the problem.

3-5-ETS1-3. Plan and carry out
fair tests in which variables are
controlled and failure points are
considered to identify aspects of a
model or prototype that can

be improved.

Dr. Erin Hayward — Lightweight materials are essential for
spaceflight missions as they reduce the mass of spacecraft
and enable efficient launches from planetary

bodies such as Earth, the Moon, and Mars.
However, launching is just the first step
for a lightweight spacecraft material.
When the spacecraft reaches orbit and
begins its journey, it must survive the
harsh space environment. The material
will encounter extreme temperatures,
intense ultraviolet radiation from the Sun,
galactic cosmic rays, and all while being
immersed in a vacuum environment that
makes dissipating heat incredibly challenging.

My focus as a materials engineer is to help ensure a
successful mission by recreating the space environment in
the laboratory and verifying the lightweight materials selected
for a specific mission will meet the demanding requirements
set by the system designers. Every test | conduct adds to the
development of even stronger and lighter materials that have
the potential to be used in the exploration of the most remote
areas of our solar system.

As much as possible, | like to share my testing experiences
with other engineers at conferences and through technical
publications. This way | can play a role in the success of
many missions, not only within NASA, but also through
universities and the commercial spaceflight industry.

An Introduction to

Materials Engineering
Lesson Duration: 1 hour

THE CHALLENGE

Design and build a mobile launcher that is light enough
to be moved to the launch pad, but strong enough to hold
the weight of the rocket.

Be prepared
1. Read the teacher notes and student journal page.

2. Gather materials for the activity listed on the teacher
notes page.

3. Count the straws ahead of time for each group.

4. Draw a spacecraft on the side of the small cup to
represent the crew vehicle.
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Light but Strong

Background information on materials engineering

Materials engineers are involved in the development,
processing, and testing of the materials used to create a
range of products. A materials engineer at NASA would
develop lightweight, strong, heat resistant materials for
use in space.

Introduce the challenge (5 minutes)

1. Students should develop an understanding of the word
material. A material is a substance out of which a thing is or
can be made.Choose an object in your classroom and hold it
up in front of the class. Ask the class what materials make up
the object. (Example: a pencil is made of wood, lead, metal,
and rubber for the eraser.) Do this several times with different
objects until the students understand the word “material.”

2. Discuss with the class what the role of a materials
engineer is at NASA.

A materials engineer selects the materials to build rockets,
spacecraft, and launch pads. Sometimes they have to make
new materials to meet the needs of the rocket. Read Todd
Schneider’s description of a materials engineer to the class.
Show the class an image of the SLS (Space Launch System)
rocket (image on page 8).

3. Introduce the activity to the students.

Tell your students they have been challenged by a NASA
materials engineer to use a lightweight material to build a
mobile launcher that is light enough to move, but also strong
enough to hold the weight of the rocket. The students should
brainstorm ideas, design the launcher platform, and estimate
how many astronauts (pennies) their platform will hold. Put
students into groups of 3-5 to build the platform.

Even though a real mobile launcher must roll
to the launch pad, this activity does not have
® the requirement to roll. Make sure the students
know their mobile launcher will not require
wheels/tracks/etc. to move it.

After each group completes their mobile launcher, set a 3"

by 3" piece of cardboard on top of the launcher platform with
a cup sitting on top and drop one penny at a time into the cup
(rocket) to test the strength of the platform until the platform
collapses. Explain that mobile launcher has to be light enough
to roll out to the launch site, but also strong enough to hold the
weight of a rocket and crew. The SLS Block 1 rocket will weigh
5.75 million pounds fully fueled.
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Materials (per group):

e Plastic drinking straws (30)

e Scissors (1 pair)

e Pennies (50)

e One small paper or
Styrofoam cup

e One 3” by 3” piece
of cardboard

e Scale (optional)

¢ Ruler/measuring tape/
etc. (needed for
enhanced activity)

e Various materials such as
clay, tape (recommended
for younger students), or
playdough to connect the
straws together.

The Mobile Launcher (ML) at Kennedy
Space Center was originally constructed for
transporting the Saturn V rocket. The base
alone is 25-feet high.



Think it over and design (15 minutes)

1.

2.

Distribute the challenge instructions and
journal page to each student.

What kind of mobile launcher can you make
from the supplies provided? (Straws can
serve as the walls. The tape or clay could be
used to hold the straws together.)

. Instruct students to answer the questions

on the journal page about two items that
they think are light but strong. (Examples:
aluminum, cardboard, plastic, and more)

. Have the students get together with their

assigned groups and discuss how they

will build their mobile launcher. Have each
student draw a picture of the group’s
proposed mobile launcher on their individual
journal page.

Build and test (30 minutes)

1.
2.

Distribute materials to the groups.

Explain that each group’s mobile launcher
will be tested by placing a 3” by 3” piece
of cardboard on top of the platform. A cup
representing the rocket will be placed on
the cardboard. One penny at a time will be
placed in the cup to see how much weight
the mobile launcher will hold. The mobile
launcher must be 6” high. Give each group
20-30 minutes to build.

Discuss activity (10 minutes)

1.

2.

3.

4.

Have the students share how they
designed their mobile launcher platform
and the results.

What features helped your platform
withstand the weight of the pennies?

Would you make any changes if you
could rebuild the platform?

Did any materials work better than others?

Change it up!

There are many ways to enhance
the activity!

e Specify a weight limit for the
mobile launcher

e Have different groups use different
materials to build the mobile launcher
and compare

¢ Require a hole in the center of the
launch pad (cardboard) for the
rocket “flame”

¢ Make this a multimedia project by
having the students record (phone/
camera/etc.) their process and test
then present to the class
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Dr. Erin Hayward inspecting a beta cloth sample
in the accelerator lab at NASA’s Marshall Space
Flight Center in Huntsville, Alabama, prior to
conducting a radiation test on the material.



Light but Strong

Your Challenge
To design and build a mobile launcher that will hold as
much weight as possible but built as light as possible.
Think it over
Your mobile launcher must be both light and strong.
Discuss with your group:

Core Stage ¢ What does it mean for something to be lightweight?

¢ What does it mean for something to be strong?

The core stage of the SLS will be made from a light and
strong material called aluminum.

Name one thing that you know is made of aluminum.

Tt

Name two items that are light but also strong.

Plan and design

Your mobile launcher must hold the rocket (a cup) six inches
above the ground. It must also be able to be moved (by hand)

to the testing site and hold a 3” by 3” piece of cardboard.
Discuss with your group how you will build your mobile launcher.
e Which materials will you use?

e What will your design look like?

¢ What type of material will you use to hold the mobile
launcher together?
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Draw a picture of your proposed mobile launcher:

Build

Collect all of the materials to begin building your mobile launcher.

Did you use all of your materials? Yes ____No____

Did you change your original design as you were building? Yes _ No____
Why?

How much does your mobile launcher weigh?

Testing and results

Now that you have finished building your mobile launcher, it is time to test how much weight your
platform can hold.

Move your platform to the testing area.

Estimate how many pennies How many pennies did your
your mobile launcher will hold. mobile launcher hold?

If you did this activity again, would you change your design? Yes ____No____

Why?



Light but Strong

If you wonder how NASA’s SLS (Space Launch System)
compares to earlier generations of NASA launch vehicles:

363 ft
305 ft 322 ft

Statue of Liberty Space Shuttle SaturnV

SLS produces 13% more thrust at launch than the space shuttle
and 17% more than Saturn V during liftoff and ascent.

Saturn Vv Space Shuttle SLS
7.5 million 7-8 million 8.8 million
pounds pounds pounds

SLS launches more cargo to the Moon than the space shuttle
could send to low-Earth orbit.

Space Shuttle
cargo to
low-Earth orbit

SLS cargo
to the Moon
www.hasa.gov/sls

SLS Fun Facts

+ The average cow weighs 1,200 Ibs. — SLS Block
1 can lift the equivalent weight of 49 average
cows to the Moon

NASA’s
SLS Block 1
Orion Rocket

Spacecraft
(Astronauts)

bk 4

Interim ~.
Cryogenic

Propulsion
Stage
(Liquid Fuel)

RL10
Engine

Core Stage
(Liquid Fuel)

Solid Rocket
Booster or SRB
(Solid Fuel)

RS-25
Engines

The SLS Block 1 will weigh more than 7 fully-
loaded 777 jumbo jets, and produces more
thrust than 76 of the engines used on that jet
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Space Launch System
Block 1 Crew
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National Aeronautics and Space Administration

George C. Marshall Space Flight Center
Huntsville, AL 35812
www.nasa.gov/marshall

www.nasa.gov

SLS-5560-2025

For more information about SLS, visit:
https://www.nasa.gov/Artemis
https://www.nasa.gov/SLS
https://lwww.facebook.com/NASAArtemis/
https://www.x.com/NASAArtemis
https://www.instagram.com/NASAArtemis



https://www.instagram.com/NASAArtemis
https://www.x.com/NASAArtemis
https://www.facebook.com/NASAArtemis
https://www.nasa.gov/SLS
https://www.nasa.gov/Artemis
www.nasa.gov
www.nasa.gov/marshall



Accessibility Report



		Filename: 

		SLS-5560 - Light but Strong - 2025 UPDATE 508.pdf






		Report created by: 

		Madison Spencer


		Organization: 

		





 [Personal and organization information from the Preferences > Identity dialog.]


Summary


The checker found no problems in this document.



		Needs manual check: 0


		Passed manually: 2


		Failed manually: 0


		Skipped: 1


		Passed: 29


		Failed: 0





Detailed Report



		Document




		Rule Name		Status		Description


		Accessibility permission flag		Passed		Accessibility permission flag must be set


		Image-only PDF		Passed		Document is not image-only PDF


		Tagged PDF		Passed		Document is tagged PDF


		Logical Reading Order		Passed manually		Document structure provides a logical reading order


		Primary language		Passed		Text language is specified


		Title		Passed		Document title is showing in title bar


		Bookmarks		Passed		Bookmarks are present in large documents


		Color contrast		Passed manually		Document has appropriate color contrast


		Page Content




		Rule Name		Status		Description


		Tagged content		Passed		All page content is tagged


		Tagged annotations		Passed		All annotations are tagged


		Tab order		Passed		Tab order is consistent with structure order


		Character encoding		Passed		Reliable character encoding is provided


		Tagged multimedia		Passed		All multimedia objects are tagged


		Screen flicker		Passed		Page will not cause screen flicker


		Scripts		Passed		No inaccessible scripts


		Timed responses		Passed		Page does not require timed responses


		Navigation links		Passed		Navigation links are not repetitive


		Forms




		Rule Name		Status		Description


		Tagged form fields		Passed		All form fields are tagged


		Field descriptions		Passed		All form fields have description


		Alternate Text




		Rule Name		Status		Description


		Figures alternate text		Passed		Figures require alternate text


		Nested alternate text		Passed		Alternate text that will never be read


		Associated with content		Passed		Alternate text must be associated with some content


		Hides annotation		Passed		Alternate text should not hide annotation


		Other elements alternate text		Passed		Other elements that require alternate text


		Tables




		Rule Name		Status		Description


		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot


		TH and TD		Passed		TH and TD must be children of TR


		Headers		Passed		Tables should have headers


		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column


		Summary		Skipped		Tables must have a summary


		Lists




		Rule Name		Status		Description


		List items		Passed		LI must be a child of L


		Lbl and LBody		Passed		Lbl and LBody must be children of LI


		Headings




		Rule Name		Status		Description


		Appropriate nesting		Passed		Appropriate nesting







Back to Top


