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In 1999, researchers at California Polytechnic University and

Stanford University created the first CubeSat design[1]. Since

then, CubeSats have grown from that simple idea to a global

phenomenon. The first CubeSat was launched in 2003 and more

than 100 have been sent to space since then[2]. The low cost of

building a CubeSat and the variety in difficulty levels, compared

to a conventional satellite, makes them popular options at the

university level. UB CubeSat test bed project started as a

challenge to all University at Buffalo engineering students from

the NASA Goddard Space Flight Center in summer of 2015. The

main purpose was for UB undergraduate engineering students to

learn about CubeSat Attitude Control Systems (ACS). NASA

currently utilizes electrically powered reaction wheels

(momentum wheels) to achieve three-axis stabilization and

position a spacecraft towards a desired direction, as shown in

Figure 1. For a large spacecraft, massive wheels are mounted in

three orthogonal axes, providing means to trade angular

momentum back and forth between spacecraft and wheels.

Currently, the CubeSat has a stable structure, a practical design,

and a light sensor that stops the wheel rotation. However, it has

difficulties to point directly towards a light source.

In order to improve the current CubeSat and meet our initial

goals, several future works are planned:

1) Completion of Proportional- Integral-Derivative (PID) 

controller having light source as input

2) Create a user interaction that is high school students friendly 

3) Implement additional components such as a gyrometer, 

motor and wheel on roll and pitch axis

[1] Messier, D. (2015, May 22). Tiny 'Cubesats' Gaining Bigger Role 
in Space.  

[2] David, L. (2004, September 8). Cubesats: Tiny Spacecraft, Huge 
Payoffs. 
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Aimed at developing a CubeSat test-bench, a physical CubeSat

model that could be used to test algorithms and to develop new

systems that could be implemented in future CubeSat designs.

Our present goal is to develop a light detecting system that

would allow the CubeSat to point to a light source. The project

has branched into a project that is being developed as an

educational tool for K to 12 students. Platform Development
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Figure [1]: Satellite Three Axis Rotation Model  
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Project Goals

1) Build a student 1U (20cm x 20cm x 20cm) 3D printed structure that can sustain the stress. 

2) Develop a extendable command and data handling subsystem.

3) Develop an attitude control systems that can rotate the CubeSat automatically around the vertical axis 

towards a light source.

4) Serve as an educational kit for high school student and college freshmen.
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Figure [2]: First CubeSat and Second CubeSat Structure Design  

Figure [3]: Circuit Design

The first CubeSat structure was 3D printed using the Makerbot Replicator 2. Although the structure was firm,

some parts were warped during printing. Therefore, to print the second CubeSat structure, Mojo, which has a

heated bed was utilized to improve the structural alignment. To control the CubeSat, Arduino was selected as it

is low-cost, open-source and user friendly.

By Newton’s third law (for every action there is a reaction of

equal magnitude and opposite direction), the flywheel

acceleration is related to the CubeSat acceleration by

Τ = 𝐼$𝛼$ = 𝐼&𝛼&
where 𝐼 is the moment of inertia and 𝛼 is angular acceleration.

By having a set point and a control algorithm below, the

desirable angular acceleration for flywheel is obtained.

Figure [4]: PID Control Algorithm Model 
(Image: Control Solution, Inc.)


