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Problem Statement

e How does changing the mass affect the dynamics of a quadcopter if the PID
coefficients of 25, 25, 25 are constant?

o What will happen if we change the mass of a quadcopter?
o  Will it still be stable?

o Gibiansky, A. (2012, November 23). Quadcopter Dynamics, Simulation, and
Control. Retrieved from

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



Impact/Importance

e If the drone will fly steadily
e There has to be a physical limit to these PID coefficients.
o Except a relationship between PID and physical constants.



Procedure

1.

o

Use :
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Determine gamma, which is the variable, inputs, being considered. Inputs = angular velocity?
Determine max input for our quadcopter: (2300 rpm/¥) * (11.1 M) = 25,530 rpm = 2,673 rad/sec =
7.15*108 rad?/sec?
Compare max input in rad?/sec? to the simulation with x kg. Find inputs in MATLAB’s workspace and
take the absolute value of the largest of 4 inputs

If max angular velocity? < experimental angular velocity? then it’s impossible for our quadcopter
Contrarily, if max angular velocity?> experimental angular velocity? then it’s possible for our quadcopter.



Controller Code

I Enter_into_command_window.m 3@1 simulate.m Sﬁj' controller.m 3@1 visualize.m xl rotation.m 3@1 =+ ‘l

65

66 % Giwven desired torgues, desired total thrust, and physical parameters,

&7 % solve for reguired system inp'.;lt.s.l

68 [-] function inputs = errZinputs(state, err, total)

8a — el = err(l):

70 — e = err(2):

T3 = e3 = err(3):

7z — Ix = state.I (1, 1);

73 — Iy = state.I (2, 2):

T4 — Iz = state.I (3, 3):;

75 — k = state.k;

76 — L = state.L;

77— b = state.b:

78

79 — inputs = zeros(4, 1):

20 — inpucs(l) = total/4 —(2 * b = gl * Ix + 3 * Iz = kK * L)/(4 * b * k * L);
31 — inputs(2) = total/4 + &3 * Iz/(4 * b) - (2 = Iv)/(2 * k * L):

gz — inputs(3) = total/4 — (-2 * b * gl * Ix + 3 = Iz * k * L)/(4 * b = k = L):
33 — inputs(4) = total/4 + &3 * Iz/(4 * b) + (2 = Iv)/(2 * k * L):

54 — - end

Simulation Code

I Enter_into_command_window.m EI simulate.m Bﬁl controller.m Bﬁl visualize.n

16 % t: [1xN doukle]

17 % input: [4xN doukle]

18 E dc: 0.0050

i) [] function result = simulate (controller, tstart, tend, dt)
20 % Physical constants.

21 = g = 9.81:

22 - m= 0.5; %0.5

23l L = 0.25;

24 — k = 3e-ib;

2515 b = le-T7;

26 — I = diag([5e-3, Se-3, l0e-3]):
T | = kd = 0.25;

28




+1 j rotation.m Bxl simulate.m Bﬁl tune.m Hlvisualize.m HJ Extra_stuff.m M[ +]

1 % Goal: What's the max and min mass that this can stabilize quickly?
2 % Change the mass in "simulate.m"
3
4 - pFaram = 25; iParam = 25; dParam = 25;
5 - control = controller('pid’, pParam, iParam, dParam);
B - tstart = @; tend = 5; dt = 8.81;
7 - data = simulate(control, tstart, tend, dt);
8 - visualize(simulate(controller('pid',dParam, pParam, iParam), @, 5, 0.01))
[ Editor - simulate.m ®= Variables - data.input
_ data | data.input @ |
data.input
1 2 3 4 5 6 7 8 9 10
1 5.4082e... 4.9917e... 4.6746e... 4.4342e... 4.2517e... 4.1131e... 4.0078e... 3.9279e... 3.8671le... 3.8210e...
2| 1.8907e... 2.3199e... 2.6468e... 2.895Be... 3.0849e... 3.2290e... 3.3385e.. 3.4218e... 3.4852e... 3.5333e..
3 | 5.3883e... 4.9798e... 4.6687e... 4.431ke... 4.251le... 4.1137e.. 4.0090e... 3.9293e... 3.8686e... 3.8224e..
4 2.0278e... 2.4246e.. 2.7265e.. 2.9563e.. 3.1310e... 3.2639%e... 3.3650e... 3.4419e... 3.5004e... 3.5448e..
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Result

Max ®? = 7.15 *10° rad?/sec?
Max mass: 5 kg

Min mass: 0.5 kg

Therefore, within this range, PID
coefficients of 25 work.

Mass (Ib) Mass (kg) omega’*2 (rad/s)*2 | Possibly to Fly?
1.10231 0.5 2415900 Yes
2.20462 1 3272700 Yes
3.30693 15 987000 Yes
4.40924 2 2120000 Yes
5.51155 25 2580000 Yes
6.61386 3 6040000 Yes
7.71617 35 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

e We only need one impossible angular velocity?to determine
that mass incapable o j
Mass (kg) and omega*2 (rad/s)"2
off-centered, then we could get a reasonable angular
velocity?
@ Expect a linear relationship between angular velocity

squaredand mass 7
o  There exists a max mass that PID works

o Input will change proportionally to mass
e The simulation has a lot of assumptions that simplify the
model, which potentially gives higher possible values of

MasSes

o 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 http://static.rcgroups.net/forums/attachments/2/7/4/2/9/6/ai1918
would this affect the relationship 7173-113-thumb-newbeedrone-tiny-whoop-review jpg
between angular velocity squared and
mass?

NewBEeeDrone

@R@oups.com

nouc




