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https://www.youtube.com/watch?v=4czjS9h4Fpg
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Today's Goal
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Structure

1. Why do we need models?
"and which models do we need to land a rocket?"

2. Translational Dynamics
"and how to use them for position control?"

3. Rotational Dynamics
"and how to stabilize the rockets attitude?"

4. Actuator Dynamics
"or how to generate the desired thrust?"
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Translational Dynamics

Point-mass assumption: meR, r,veR3

Newton's Law: muv = E F
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Translational Dynamics

Point-mass assumption: meR, r,veR3
Newton's Law: muv = E F

4 main forces: Weight, Thrust, Lift, Drag

mu = Fg +FT —|—FD —|—FL
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Translational Dynamics

Point-mass assumption: meR, r,veR3
Newton's Law: muv = E F

4 main forces: Weight, Thrust, Lift, Drag

T v
mv = Fg +Fr +Fp +F1,
1 1 A
—mges  +T  +5Cppu|pllAp 50 pnllvl[*AL :
Changing mass: m = _CHTH ‘?
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Flight Control Stack

Position a
Controller

A

r, Vv

{ State Estimation J

Translational dynamics -> position control, trajectory planning, model-based optimal control
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Optimal Control for Rocket Landing

- Precise Landing Position iti
Initial

- Minimum-fuel Velocity
- Actuator Constraints Initial Position 7y 70
Glideslope .
PE—L Optimal
Constraint Trajectory

Acikmese, Carson & Blackmore (2013)
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Rotational Dynamics

Rigid Body Assumption: I eR*3 ReSOB3), weR?

Euler's Rotational Equation:

lw=M+wx lw
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Rotational Dynamics
Rigid Body Assumption: I eR*3, Re SO3), weR?

Euler's Rotational Equation:
Tw=M+wx lw
M = MAero + MTVC + Mﬁns + Mthrusters

MOVABLE GIMBALED VERNIER
Fil THRUST ROCKET

(t‘ :> Roll NS
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https://www.youtube.com/watch?v=ShLC6NDI400 /



https://www.youtube.com/watch?v=ShLC6NDI4Oo

Flight Control Stack

Position a Attitude
Controller Controller
A 1&

r, Vv

g, w

{ State Estimation J
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Coupled Dynamics

r=uv
. _ |0 IT][ {cos B
o= [ o )
0 =w

1

w = fchTHSinB
i = —c||T]|
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https://www.youtube.com/watch?v=ZkVU-bj9bDk

TURBINE

PROPELLANT PUMPS

PREBURNER -~



https://www.youtube.com/watch?v=Owji-ukVt9M

We want to know: ThrustT

T = mve + Ae(pe - pamb)
Kinetic Pressure

J

We have to model: m & v,

NSIRONANAUT
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https://everydayastronaut.com/engine-cooling-methodes/
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General Fluid System Modelling

Capacitance

Min Mout

. az 0 .
p=7 Zmin_zmout

Mout
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General Fluid System Modelling

Inductance
Pin Pout
: m
l

din A

dt 1

¢ ..
pin_pout_; m |m|
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Manfletti PhD Thesis (2010)
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General Fluid System Modelling

Resistance
Pin Pout
: m
l

dt

Pin — Pout — — m |m|>
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Manfletti PhD Thesis (2010)
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General Fluid System Modelling

Valve — Special Formulation of Resistance

Pin . Pout

g
Ll |

|Pin — Poutl I _
36002 105 P v+ 5ign(Pin — Pout)
k'v — kv,set - kv
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Hopper Propulsion System
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Hopper Propulsion System

Valve

Resistance
Pipe Chamber
Inductance Capacitance
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Coupled Fluid System

. _a? . ;
Pchamber = 7 (min - mnozzle)

mnozzle = kchamber * Pchamber

Ve = f(Tcr Mg, pe, pe)
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Coupled Fluid System

2
) a? , . )
Pchamber = v (mvalve - mnozzle)

Myalve =

mnozzle = kchamber * Pchamber Ve = f(Tcr M., pe, pe)

|pin - pchamberl )
36002 - 1e5

p - ky - sign(Pin — Pchamber)
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Coupled Fluid System

2
) a? , . )
Pchamber = v (mvalve - mnozzle)

dmpipe Apipe

= PBC — Ppipe —
dt lpipe ( BC pipe

. a? ;. .
Ppipe = i (mpipe - mvalve)

Myalve =

(pipe

Ve = f(Tcr Mg, pe, pe)

mnozzle = kchamber * Pchamber

_ |ppipe - pchamber' )
36002 - 1e5

pky- Sign(ppipe - pchamber)

{pipe = f (mpipe)

mpipe |mpipe |>
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Flight Control Stack

Position a Attitude T, B Thrust Vector F M j
Controller Controller Controller Ty

A ﬂ‘

q, w
r, Vv

{ State Estimation }
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Final Set of Equations

xtranslational
xrotational
az . .
ppipe = i (mpipe - mvalve)
x=f(xz2)= dp;lpe = lp'lpe (pBC — Ppipe — @ mpipe |mpipe|)
pipe p
k- _ kv,set - kv
M T
aZ

Pchamber =

7 (mvalve - mnozzle)
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0=g9(,2) =

Mpozzle = kchamber * Pchamber

ve = f(Te, Mc, Pe, De)
(pipe = f(mpipe)

31



TUTI

https://www.youtube.com/watch?v=sQUYNoTPdNs

Saturn V Rocket
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https://www.youtube.com/watch?v=2qUCRbVm5xg&t=135s

THANK YOU FOR YOUR ATTENTION!
We are happy to answer your questions

/,
"/

& -

06:12


https://www.youtube.com/watch?v=_zZ7fIkpBgs&t=718s
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Give Aways

«  Optimal Control for Rocket Landing
+ ,Lossless Convexification of Nonconvex Control Bound and Pointing Constrains of the Soft Landing Optimal Control
Problem* http://www.larsblackmore.com/iee_tcst13.pdf
* Zac Manchester Lecture
https://www.youtube.com/watch?v=gwdcIxzp2N4&list=PLZnJoM76RM6KugDT9sw5zhAmgKnGeolL Ra&index=33
* High level explanation
https://www.youtube.com/watch?v=Kk5J-wOYOFM&list=PLhaBM0eoTJ-k-M9-8qC8U5t1oudJcimvu

* Insights on Rocketry and Rocket Engines (Everyday Astronaut)
* Rocket Engine Cycles https://www.youtube.com/watch?v=0wji-
ukVt9M&list=PLWzKfs3icbT6yhDTpO1GyDIzZ9AXdWSIiGr&index=15
* Engine Cooling
https://www.youtube.com/watch?v=he BL6Q5ulY&list=PLWzKfs3icbT6yhDTpO1GyDIz9AXdWSiGr&index=5
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