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Engineer Your Own CubeSat

BACKGROUND

Earth Observation

We have been observing Earth from space for many years. Over this time, the technologies used to do so
have changed dramatically. The very first picture of Earth from space was taken on October 24th, 1946 from a
rocket 105 Km above the ground. The rocket, from World War Il, had the warhead replaced with a package of
scientific instruments including a 35mm motion-picture camera that was set to snap a picture every 90
seconds. The images were dropped back to Earth in a tough steel canister.

Our technologies and capabilities have certainly improved since the first picture was taken. The iconic “The
blue marble” taken by astronauts aboard the Apollo 17 in 1972 was the first full view of the Earth and was
taken while Apollo was on its way to the moon. In more recent times, satellites a little closer to Earth, about
824 Km up, take composite images of Earth allowing for more detail, taking pictures as they repeatedly orbit
the Earth. Since the first satellite was launched in 1957, many have been sent into space to collect data about
the Earth. We have progressed from only being able to take photographs of Earth to collecting complex
information such as temperature, concentrations of atmospheric gases,
exact elevations of land and sea levels, and much more.

Remote sensing refers to the collection of data from a distance. Many
different types of sensors, on different types of platforms, can be used to
observe the Earth from above. Types of platforms that are used to
perform Earth observation include drones, airplanes, stratospheric
balloons, and satellites. The term “remote sensing” is most often used to
imply Earth observation from a satellite.

The first Earth observation satellite was a weather satellite called TIROS
1 (Television Infrared Observation Satellite). It was launched by NASA in
1960 and equipped with cameras to take images of Earth’s atmosphere.
Credit: Canadian Space Agency This led to the development of real-time video surveillance for other
purposes, such as geographic observation and military intelligence.
Later, the first satellite devoted to monitoring land - Landsat 1 - was launched by NASA in 1972.




Earth observation (or EO) is the term given to the collection of information about our Earth systems via remote-
sensing technologies. EO can include both space-based as well as ground or air-based data.

Canada launched its own Earth Observation (EO) satellite, RADARSAT-1, in 1995 followed by its successor,
RADARSAT-2 in 2007. In 2019, the RADARSAT Constellation Mission (RCM) was launched. It consists of
three identical satellites that work together to observe Earth as never before. RCM is designed to provide
effective solutions in three main areas: maritime surveillance (ice, surface wind, oil pollution and ship
monitoring), disaster management (mitigation, warning, response and recovery), and ecosystem monitoring
(agriculture, wetlands, forestry and coastal change monitoring.)

Scientists have been asking questions about Earth’s systems and collecting data from satellites to study
Earth’s changing environment for many years. Engineers help design instruments to get the measurements
needed to help answer scientists’ questions, giving us a variety of instruments used to get the big picture of our
Earth system.
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As was already mentioned, different sensors are used to observe the Earth. Satellites orbiting the Earth carry
sensors that measure data using different sections of the electromagnetic spectrum.

Electromagnetic energy travels in waves and spans a broad range, from very long radio waves to very short
gamma and cosmic rays. Humans can see only a small portion of the spectrum - this portion is called visible
light and is what astronauts and their cameras would observe. Satellites use a broad range of the spectrum to
study the Earth. Remote sensing of Earth most frequently uses energy in the visible, infrared (IR), and
microwave portions of the spectrum.

e Gamma Rays or Cosmic rays: are not used to study the universe.

e X Rays: are used to photograph and study the sun.

e Visible light: is used to take true colour images of the Earth and its features.

e Infrared: is used to view and track hurricane paths, since it is not affected by cloud cover, and for
measurements of the Earth’s land and sea surface temperatures.

e The microwave portion of the spectrum is the most useful for Earth observation remote sensing.
Microwave instruments are able to sense much longer wavelengths. Microwaves are able to penetrate
clouds which can completely block a satellite’s view in the visible and infrared spectrums. They are
used to observe clouds, precipitation, and water vapour, monitor land and sea surfaces and perform
atmospheric profiling of temperature and humidity.

e Radio waves have the longest wavelength and lowest frequency. RF sensors can provide continuous
coverage, day and night, irrespective of the cloud coverage. RF remote sensing provides data on
weather forecasts, climate change, and disaster management among others.



Satellites can include active or passive sensors. Passive sensors detect natural energy that is emitted
(released) or reflected by the object that is being observed. (For Earth observation sunlight would be the most
common source of energy being measured by passive sensors.) Active sensors provide their own source of
energy to illuminate the objects they observe. The sensor will detect and measure the energy that is reflected
back from the target. Different sensors are equipped to measure different parts of the electromagnetic
spectrum. For example, our eyes (passive sensors) can only detect wavelengths that are part of the visible
spectrum (the colours of the rainbow) but some satellite sensors can also detect ultraviolet and infrared light
among others.

Supplemental Information

Activity - Engineer Your Own CubeSat

Learning outcomes

In this activity students will learn what CubeSats are and why they are used. They will then work in groups to
design and build a prototype of a CubeSat, ensuring that their design meets the criteria and testing
requirements to ensure viability.

Introduction

Scientists have been asking questions about Earth’s systems for over 50 years and collecting data from space-
based satellites to study Earth’s changing environment. From scientists’ questions, engineers help design
instruments to get the measurements needed to help answer these questions. A variety of instruments are
used to get the big picture of our Earth’s systems. Since one satellite can only carry a limited number of
instruments at one time, due to size and weight constraints, multiple satellites are used to collect data over the
entire globe every day.

The Canadian CubeSat Project was announced in 2017. It provides post-secondary students with the
opportunity to engage in a real space mission. Through a national competition, winning teams of professors
and students are offered the opportunity to
design and build their own miniature satellite
called a CubeSat. The purpose of this program is
to increase students’ interest in STEM, develop
their expertise in this field, give them hands-on
experience and advance space science and/or
technology. Unfortunately, the

actual competition is only available to post-
secondary students, but that doesn’t mean your
class can’t make some CubeSat designs. For
more information on the

CubeSat program visit https://www.asc-
csa.gc.ca/eng/satellites/ cubesat/default.asp.

A CubeSat is a square-shaped miniature satellite USED ALONE = DR - o e s
(10 cm x 10 cm x 10 cm), weighing about 1 kg. t uni Sl s, )4.

. Maximum of &= units
A CubeSat can be used alone or in groups of
Credit: Canadian Space Agency

multiple units with up to 24 together.



https://www.asc-csa.gc.ca/eng/satellites/cubesat/default.asp
https://www.asc-csa.gc.ca/eng/satellites/cubesat/default.asp

CubeSats are custom built to the specific requirements of their mission. The et
main structure is made of aluminium and serves to hold the antenna and .
radio communication system, the power source and computer along with
any sensors or scientific instruments. Antennas and solar panels can be
installed on the exterior of the structure. CubeSats are often sent into
space using extra space available on rockets. The smaller the satellite, the
lower the associated cost for assembly and launch. These satellites can be
built quickly, are less expensive, use simple technology, and are easier to
design. However, they have a reduced capacity to carry scientific
instruments and have fairly short mission durations (typically less than 12
months).

) Credit: ESA
Testing

In the real-world, if it is financially possible, teams who are working on CubeSats will build multiple units: two
flight units, an Engineering Test Unit (ETU), and a FlatSat. The ETU is built like a flight unit but is not intended
for launch. Itis a type of practice dummy. It is used to make sure parts fit together properly and for hardware
and software testing. Any testing or trial that has to be done will be done first on the ETU to help protect the
valuable flight unit. The FlatSat includes all the components of the CubeSat but not the structure. Typically,
the components are mounted onto a flat board and then testing and troubleshooting can be performed without
having to integrate the components onto the structure. All preliminary testing will be performed on the ETU
and FlatSat and then final environment testing can be done on the flight units. Two flight units are fabricated, if
possible, to provide an option to fly the best hardware since no two satellites will be exactly the same. Before
a CubeSat is accepted for flight it must complete Verification Testing to prove that it is safe and sturdy.
Verification Testing typically includes vibration and thermal testing, testing of electrical components and can
include shock, static load, and more.

Since we don’t have the ability to test as they do in the industry we will use other ways to test the viability of the
designs. Prototypes can be tested to failure if desired or many tests can be performed. This could be a
discussion in class. Some possible tests:

e Drop the CubeSat from a height of 2 m. Ensure the body is still 10cm x 10 cm x 10 cm after the test and
payload are in place. If testing to failure is desired, a record can be kept of the maximum height of fall
before failure.

e Place weight on top of the CubeSat. Recommended weight is 2 Kg. Ensure the body is still 10cm x 10
cm x 10 cm after the test and payload are in place. If testing to failure is desired, multiple weights can
be placed on the model until failure and then the weights that were on the model before the one that
caused failure can be weighed.

e The CubeSat can be placed in a salad spinner and spun around for a given amount of time. Ensure the
body is still 10cm x 10 cm x 10 cm after the test and payload are in place.

e Any other test that seems like it might provide worthwhile results.



Activity Description

The following are some general guidelines and ideas for construction and testing. Depending on the interests
of your class, or the materials available to you, you may want to add or omit certain aspects of the construction
or testing. Do what works for you and your class!

CubeSat design

The cube needs to measure 10 cm x 10 cm x 10 cm

You must be able to open the cube so that the sensors and scientific instruments can be placed inside.
When completed the cube will be weighed and must be less than 150 g.

To test its strength the cube will be subject to a load (est. weight of 2 kg) placed on top and must
maintain its shape.

To also test its strength the cube will be dropped from a height of 2 m and again, must maintain its
shape

The model can be covered in foil to simulate the satellite thermal shields used to protect the delicate
on-board instruments from the extreme temperatures of space.

The CubeSat prototype should include a payload (this could consist of a AA battery and a ‘computer
board’ fabricated using LEGO or cardboard) that needs to be secured within the prototype so that it is
not dislodged during testing.

Satellite prototype - suggested material

Body: Cardboard, aluminum foil, craft sticks, straws, rulers, duct tape, masking tape, hot glue
Payload: AA battery, payload simulation material (LEGO pieces, string, wool, buttons, cardboard, etc.),
duct tape, wire, glue, etc. to secure

Testing Material

Digital scale

weight (large text book, full bottles of water on a tray,
etc.),

measuring tape or metre stick

Other test material depending on tests being performed
such as a shake table or salad spinner.

Starfrit




Testing Procedure

e Weigh the prototype
Place the weight on top of the CubeSat prototype (ensuring
that the load is distributed across the top and not applied at a
point)

Drop the prototype from a distance of 2m.

e |[f at any point the prototype does not retain its shape students
can revise their model based on observations during testing
and discussion with their peers

e A new model can be fabricated for final testing

Go Further
Videos about CubeSats in English:

e JPL'’s Crazy Engineering CubeSats from NASA'’s jet propulsion laboratory. 2 minutes and 49 seconds
e TedTalk Tiny Satellites. 8 minutes and 5 seconds

Videos about CubeSats in French:

e Les Nano-Satelllites 8 minutes et 54 secondes
e ESA Euronews: Les nanosatellites jouent dans la cour des grands ESA Euronews: Les nanosatellites
jouent dans la cour des grands 8 minutes et 30 secondes
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