Conitrol Allocation
What, why, ond how?

OlaHd&rkegdrd

Aircraff maneuvering

T he pilot controls

e Pitch
e RAll 3 DOF
* Yow

* Speed)




T radtiond configuration

Modern configuration

L eading edge fl -
[1g] e e A
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Control dlocation

) How do we dsfrilbbute the contrd action
*  among aredundont set of actuators ?

Moaular confrol design

e Aircroft dynamics:

x = f(x,u) = T (xmxu) =T(x V)

[

dm=10 dm 3

1. Design v=k(x,r) for dosed loop
performonce.

2. Sove m(x,u) = Bu=v for u.




Conftroller overview

E Pre- 1 Stote v Control u

filter feedoack dloc.

Why is modularity good?

* Not dl confra designs methods hande
redunaoancy.

» S eparate control dlooation simplifies
acfuator cons frant honding.

e |f on actuator fails, only contral
redlocation is needed




Praociicd considerations

... while saving Bu=V:

* Uis constranedin e Minimum-phase
position andin rate, response,
Usu<u e Wont to minimize
* The actuctors have - eey
limited banawidth. - rodar signature

« Aductars shouldnot - STrucurd foad
counteroct * We aeinahurry!

eachother. (50-100 Hz)

S olutions

Bu=v
VESVESY|

e Optimization tbas ed ooproodhes
* Direcf control dlocation
* Daisy chaning




Dasy chaning

1. Use elevators 2. UseTVC for
unfil they safurate. addfiond contrdl.

Direct control dlocation

V=21V
—
V
u




Opfimization based CA
min f(u)
Bu=v
USU<U

e How 0o we choos e f(u)?
e Con we sadve the prodemin red time?

Pseudo-inverse
T he optimd solution 1o
min|ul,

Bu=v

s gvenby u=B'(@B')'v=B'v

Extension:  min ‘W(u - up)‘z




Hdf-time summary

Sofa, static CA: u(t) =h(v(t))
—

S ame relative control distribbution
regardess of situation:;

*moneuvering (fronsient)
strimmed flight (s teady stare)

Dynamic contral dlocation

» Expdidt filtering:
How con we impos e
Bu=v
VESVESY]

?

Incorporate filtering into an
opfimization framework.




Man idea

i W4 ((t) = s () + W () - ue - 1),

= W) - O+
Bu=v

 Staaility?
e Control dstribbution?

T he non-salurated cose

i W4 )~ () + W () - ut - D)
Bu=v
is solved by

u(t) = Eu, (1) + Fu(t - 1)+ G\(t)




IS vo ustae?

Thm: If W, is non-singular then dl
eigenvaues of F sctisfy

0<AF)<T

* Asymptoticdly stade.
* Not osallatory.

S teady state dstribbution?

Thm: If u,
satisfies BU =V
then i
ITirr“]u(T) =y,

min HW(US - up}‘

Us aon bbe computed from
Bu, =v

S
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Design example

* Mach 0.5, 1000 m
* Pitching only
- aonarcs

- elevons
- TVC

e Trimmed flight: elevons only
e Conarcs: high frequendes
e TVC: midonge frequendes

Poarameters

e Dynomics: v=Bu=[8.0 -20.2 -0.87]u

* Design variddes:

O O U
U =F1/2020v W, =
g 0
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Control effort distribution

Frequency dstritbution
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Computing the s dlutfion

min Wu-uw),

ud argmin|w, Bu-v),
USU<T

Caon this prodem e salved in red-time?
Not acoordng fo the lifterature.

Prodem spedficinfo

e Simple inequdity bounds.
e Fromt-1:

- u

- active constrants

e Convergence in one sample not
necessary.

Trim existing
sigeey
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S ummary

* Dynamic contfral dlooation -
new conoept.

e Need for effident solvers.

e New field O lot’s o dol
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