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Problem Statement

● How does changing the mass affect the dynamics of a quadcopter if the PID 

coefficients of 25, 25, 25 are constant?

○ What will happen if we change the mass of a quadcopter?

○ Will it still be stable?

○ Gibiansky, A. (2012, November 23). Quadcopter Dynamics, Simulation, and 

Control. Retrieved from 

https://github.com/gibiansky/experiments/blob/master/quadcopter/project.pdf



Impact/Importance

To see……

● If the drone will fly steadily

● There has to be a physical limit to these PID coefficients.

○ Except a relationship between PID and physical constants.  



Procedure

1. Use :

1. Determine gamma, which is the variable, inputs, being considered. Inputs = angular velocity2

2. Determine max input for our quadcopter: (2300 rpm/V) * (11.1 V) = 25,530 rpm = 2,673 rad/sec = 

7.15*106 rad2/sec2

3. Compare max input in rad2/sec2 to the simulation with x kg. Find inputs in MATLAB’s workspace and 

take the absolute value of the largest of 4 inputs

4. If max angular velocity2 < experimental angular velocity2  then it’s impossible for our quadcopter

5. Contrarily, if max angular velocity2 > experimental angular velocity2 then it’s possible for our quadcopter. 



Controller Code

Simulation Code





(Gif showing quadcopter simulation)



Result

● Max ω2 = 7.15 *106 rad2/sec2

● Max mass: 5 kg

● Min mass: 0.5 kg

● Therefore, within this range, PID 

coefficients of 25 work.

Mass (lb) Mass (kg) omega^2 (rad/s)^2 Possibly to Fly?

1.10231 0.5 2415900 Yes

2.20462 1 3272700 Yes

3.30693 1.5 987000 Yes

4.40924 2 2120000 Yes

5.51155 2.5 2580000 Yes

6.61386 3 6040000 Yes

7.71617 3.5 4790000 Yes

8.81848 4 5870000 Yes

9.92079 4.5 6820000 Yes

11.0231 5 6950000 Yes

12.12541 5.5 7496000 FALSE



Conclusion
● We only need one impossible angular velocity2 to determine 

that mass incapable

● Quad starts in random positions. If we are not drastically 

off-centered, then we could get a reasonable angular 

velocity2

● Expect a linear relationship between angular velocity 

squared and mass

○ There exists a max mass that PID works

○ Input will change proportionally to mass

● The simulation has a lot of assumptions that simplify the 

model, which potentially gives higher possible values of 

masses

○ If we added the real drag model, the motors would have to work harder 

which would decrease our expected values for mass. 



Future Work and Studies

● We plan on learning how to build and fly 

the quadcopters to compare simulation to 

real flight of a quadcopter.

● How does changing the length affect the 

dynamics of a quadcopter if the PID 

coefficients of 25, 25, 25 are constant? 

● If we change PID coefficients, how 

would this affect the relationship 

between angular velocity squared and 

mass?
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