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Using reaction wheels, a drone can actively correct pitch and 
roll disturbances, maintaining stability and attitude control 
independently from aerodynamic forces
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design. Finally we would like to thank the SDSU lab technicians Paul 
Ahlers and Mark Bruno for guidance. 

Research into reaction wheel integration is important because it 
solves current challenges with drone stability, enabling 
smoother and more precise flight, even in difficult conditions. 
This research helps develop more reliable drones that handle 
well at low speeds where traditional drones may fail.

Reaction wheels control 
and stabilize orientation 
without aerodynamic 
forces. They produce 
torque by spinning 
internal wheels, allowing 
precise orientation 
adjustments.It is commonly 
used in satellites and 
spacecraft for:

● Accurate attitude 
control

● Telescope stabilization

● Precise pointing 
directions

Reaction Wheel Hardware

Drone Hardware

As seen to the right, the 
main components consisting 
of our reaction wheel setup 
are:
1. Arduino R3 Uno
2. 6-12V Brushed DC Motor
3. Buck Converter
4. Gyroscope
5. Motor Driver

As seen to the left, the main 
components consisting of our 
drone are:
1. Mamba Stack

a. Flight Controller
b. ESC

2. Receiver
3. Capacitor
4. PETG Drone Body
5. Brushless Motors
6. Propellers 
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The initial prototype was created in SolidWorks with the following 
design considerations:

● Symmetry for mass moment of inertia
● Simple designs for ease of 3D printing
● Quadcopter design with enough space for reaction wheels and setup
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Shown above is the final reaction wheel design used in the project. 
The leading design criteria behind the reaction wheel is to have the 
majority of the weight on the perimeter of wheel to increase inertial 
force, hence the design having very little material in the middle and 
exponetioanlly increasing as it reaches the outer surface.

 

If this research were to be continued, here are the following 
improvements that we concluded must be addressed in order to 
succeed:
1. Upgrade materials to enhance strength and reduce weight.

2. Further analysis into reaction wheels to provide greater torque 
for stabilization.

3. Implement a nested-loop PID controller for quicker response 
detection and altitude correction.

4. Invest in higher power electronics (i.e. motors, batteries, and 
software)

Test # Test Type

1 Drift

2 Tilt Recovery

3 Load Change

4
Off-Center Load 
Change

5 Impulse Response

6 Wind Disturbance

7 Maneuverability

● Use a net to catch our 
drone while testing.

● Preliminary testing 
consisted of regular flight 
and launch tests

● Proposed tests are to the 
right for further research

● Achieve stability through 
reaction wheels

● Be able to correct 
disturbances

● Fly for at least ~20 
seconds

Complete Drone Goals

Results

● Achieved about 50% stability
● Was able to fly for about 5 

seconds before imbalances took 
over.
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