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Rocket-landing
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Rocket-landing

State: [x;, %;, z;, 2, 0;, 6;]

Other variables:
Fg = Main Thruster Force
Fgr = Right Thruster Force
F;, = Left Thruster Force
Fs =F, — Fp
6 = Angle between the z — axis and the longitudinal axis of the rocket
¢ = Angle between the Nozzle and the longitudinal axis of the rocket
l; = Londigutdinal length between the Center of Gravity (COG) and Fg
, = Longitudinal length between the COG and Fg, F;,
. = Nozzle length
m = Rocket Dry Mass + Fuel Mass
x = Horizontal Position of the Rocket
z = Vertical Position of the Rocket
a = Real Constant
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Actuators:

e Main engine thrust, Fg
¢ Side Nitrogen gas thrusters, F,, F

o Summarized in a single input Fg = F;, — Fp
e Nozzle angle, o.

Terminal constraints:

—Left Barge Edge < x, < Right Barge Edge
—2m/s <x, <2m/s
z; = Barge Height
Zy=0m/s
-10° < 6, < 10°
—2°/s <6, <2°/s
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Every “particle” represents a
varied force applied at the
defined point on the rocket

(nozzle in this case).
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Rocket-landing with PID control

State:

[x:, %1, 21, 2, 6;, 64

Actuators:
e Main engine thrust, Fg
¢ Side Nitrogen gas thrusters, F,, Fy
o Summarized in a single input Fg = F, — Fy
e Nozzle angle, .

Dynamics equations:
mX = Fgsin(6 + ¢) + F; cos(6)
mZ = Fgcos(0 + ¢) — F, sin(8) —mg
]6 = —Fgsin(@) (I; + L, cos(p)) + I, Fg

SISO approximations:
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varied force applied at the
defined point on the rocket

(nozzle in this case).

(0,0
Reference
1

, —

lre/

2

&

e

Landing Barge

TS Right Nitrogen gas thruster, Fp

Centre of Gravity

Main engine thruster, F



The Pitch

Elon Musk (your boss) is impressed by the
simulation of the rocket landing and wants to put
your PID controller on the Falcon 9.

Do you feel comfortable putting your PID controller
on the Falcon 97

If not, put together a pitch for Elon to justify more
design time and budget. You have five minutes.
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You will design four different controllers for the rocket O crem
landing using the control methods we will cover in class |
1. Model Predictive Control #&
2. Data-enabled Predictive Control pm/ o
3. Reinforcement Learning e
4. [A method or improvement of your choice]

You will submit a report that includes

e your code,
e a well-informed explanation of each technique, and

e a controller (controller 4) that improves upon the
base techniques we cover (controllers 1-3).

6 Fg.cos(¢ +6)
Figure 12 Free body diagram showing all forces considered.



