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Starting in Spring 2019, the Missouri S&T
Aerospace Engineering program integrated a required sophomore-level design class (AE 2790) in
which students design, build, test, and fly a BalloonSat payload to altitudes of ∼100,000 feet.
The course introduces students to satellite subsystems and collaborative project management,
paralleling the development cycle of a universitylevel microsatellite. In order to enhance the educational outcomes and enable advanced SmallSat
research, a BalloonSat payload was designed conforming to the CubeSat form-factor to replace a
previous high SWaP design, shown in Fig. 1.

The BalloonCubeSat is composed of two PCBs,
a power board and a flight computer board that
houses the Arduino UNO flight computer. The
payload (shown in Fig. 2) is powered by a pack of
six AA batteries, and includes a mini camera that
can be configured to take photos or video during
flight.

In May 2019, a test flight was conducted to verify
payload performance. Fig. 3 shows the acceleration experienced by the payloads during flight,
with the large spike indicating the balloon burst
point. Fig. 4 shows the external and internal temperature profiles. The internal temperature data
confirm that the heater and its control law are
generally able to keep the temperature close to
the desired 10 ° C.

The new BalloonCubeSat payload is a sustainable
solution to increase the technical capability, educational effectiveness, and research applications
for high altitude balloon programs as a complimentary element to small satellite design and research programs. The payload design mimicking
the CubeSat standard footprint introduces students to the challenges of small spacecraft design
and integration, while the accompanying course
curriculum introduces students to space systems
engineering applicable to large and small spacecraft.

VII. Future Work
Figure 2: Integrated BalloonCubeSat Payload

Figure 1: Old and New Payload Comparison

II. Objectives
The following objectives guided the design process:
• Reduce

individual payload weight to
accommodate more BalloonSat teams on a
single flight with a 10 x 10 x 10 cm structure
• Demonstrate a stronger application and
translation to spacecraft senior design capstone
experience
• Increase design flexibility for integration of
advanced research payloads

In addition to this “educational” payload, a “research” payload was designed to support the test
of small satellite technologies by using the same
power board but upgrading the flight computer
board to interface with a Raspberry Pi Model 3B
flight computer.
BalloonCubeSat Build
Arduino Uno
Mini Camera
ZOE-M8Q GPS and Antenna
Digital Temperature Sensor
Power, Shield, and Switch Boards
Foam Core
Misc. Payload Components
Total Cost

Costs
$22.00
$12.50
$48.00
$5.95
$33.00
$5.00
$20.00
$146.45

Table 1: Costs Associated with BalloonCubeSat Build

Table 1 shows a breakdown of the overall program
costs per payload. This low baseline launch cost
provides an affordable platform to implement a
hands-on STEM learning experience for groups of
students.

Figure 3: 3-Axis Acceleration Data from Test Flight

Figure 4: Internal and External Temperature Data

V. Course Survey Metrics
Missouri S&T students were surveyed in the
sophomore Spacecraft Design (AE 2790) and Aircraft Design (AE 2780) courses.
Percentage of Undecided Students
2780/2790 Only 2780
Senior Design Course
20%
33%
Career Path
5.4%
19%
Table 2: Undecided Students Enrolled in Design Courses

In the future, this project will be expanded and refined to further engage students in STEM learning experiences and to serve as a valuable program to better prepare students for careers related to spaceflight. In future summer camps and
semester courses, additional pedagogical data will
be collected to gauge student comprehension of
the subject matter as well as how the program
helps to develop critical thinking, project management, and team dynamic skills. Finally, the
program will begin deployment to other universities and high schools to connect with a wider
audience.
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