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Context

Objectives :

* Reduction of stiffening devices for flexible structures, of weight, and therefore a reduction in fuel

consumption.
 Validation on the FLEXOP simulator.
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IMU configuration

Developpment of solutions des solutions:

A K

» model-based 7 »

« Fault tolerance to control surface control faults, HORIZON *

* Optimal control of an aircaft performances 2020* *
* )

* Under flutter phenomenon avoidance.
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Active fault-tolerant flutter control problem

Flutter is a fluid-structure interaction Complex problem :

phenomenon that: * High-order multi-physics model (need for
« Beyond a specific speed a reduced-order model).

* Induces unstable oscillations, « Fast fault identification and adaptation.

» Loss of lift, destruction of wings
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Approach

Supervisory control based on the « dwell-
time » theory zp [1] :

—>  Control /

»Estimation problem of operating modes Plant Y,
and not of faults. ;
.—>| Control N
» Fault tolerance is ensured by a bank of e s compensation Observer 1 1
pre-calculated controllers. Supervisor _ T
(reconfiguration \
mechanism :
Advantages of the approach: ' : Y|

H -+
: Observer N ||

Faults detectionfisolation '

» Guaranteed stability, even in the face of
decision errors.

» Fast adaptation.

Complexity :
» Switching — non-linearity
» Switched systems theory

[1] D. Efimov, J. Cieslak et D. Henry, Supervisory fault-tolerant control with mutual performance optimization, International Journal of Adaptive Control and
Signal Processing, 27, pp. 251-279 (2013)
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Approach

—>  Control /
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Philosophy of switched systems

(Autonomous) switched system defined by :
x(t) = Agpx(t)
« Switching sequence a(t).

During a switching event :
« Temporary increase in the state norm:

Vt € [ty tga [, 1Ol < Be 0 |x(ty) |

g>1

Need to impose a sufficiently slow
switching policy to guarantee stability :

* Minimum dwell-time.
* Average dwell-time.

<Switching instant>
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Computation of the minimum (average) dwell-time

Approach based on the state norm : Approach based on the Multiple Lyapunov
Vi€ P, |ett| < pe~t Functions (MLF):

with : vie p )AiPi+ PiA; < —nP;

* «a the smallest decay rate. "|P; < uP;,vj € P\ ({i}

- B =max(cond(V))), A;=V;DV;! with :

L . « 1 adecay rate constraint.
Minimum (or average) dl\gvz?%“me ' e pconstraint on the jump of the MLF :

_ In
Ta =Tp . T, =Tp = 7(:1)

Exponential stability if the switching sequence a(t) respects
the minimum dwell-time constraint:

TD(O') > Tp-

How to solve this BMI(P;, Pj, 7, 1) in order to guarantee the minimality of l";”) ?

Proposition of an algorithm to find the optimal @ ratio.
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Application to the F8C aircraft

» Selection of the H,, controllers (relative bandwidth y) / observers (poles k)
minimizing tp.
= Application to the control of the F8C lateral mode.

Norm-based 7p

LMI based mp
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Application to the F8C aircraft

* Tp; = 5,6 s (normed-based method)
e Tpy; =2 s (LMl-based method)
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Conclusion

i Robust controllers (parametric ]
] uncertainties) — structured H,, synthesis. |

Applicative work :

1
Selection of the optimal controller / observer

pair + application to the F8C aircraft
Control / ld
] Theoritical improvements :
Plant - -
| Supervisor @
Control N G o cemmm—— ' Reduction of conservatism in
............ Faults compensation " the dwell time calculation
S| Observer I |4 (LMI-based method)
Supervisor
(reconfiguration . @ :
mechanism) e ) New supervisor
7 Observer N : structure

___Faults detection/isolation @
Constrained

Better convergence of learning (LRNN)

observation errors
@ Augmented state

observers

srvsLicLe ONERA EH% Notieron o |@ Contréle actif tolérant aux pannes des avions pour l'atténuation

M Aquitaine :ora du flottement en présence de défauts des surfaces de contrle



Conclusion

Unsuccessful theoretical work:
« Augmented observers with learned non-linearities (RNNs, RENSs), theoretical and
practical limitations:
* Choice of training data
 Complex theoretical proof of stability (due to the non-linearity + switching)

r B ONERA E[ Nouvalle- ims Controle actif tolérant aux pannes des avions pour l'atténuation
s — Aquitaine zorsesox du flottement en présence de défauts des surfaces de controle



Application model

Flexop / Flipased
Linearized model of the aircratft.

Pros:
» High-fidelity, validated with
experimental data

Associated difficulties:
» Very high dimensional LMIs

Use of SHARPy  |il]

Pros:
* Very modular open-source
Python code.

» Choice of benchmark (so its
size)
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Questions
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