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Quad — Rotor System Modeling

Navigation Equations:
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Active Fault Tolerant Control Strategy

Adaptive Lyapunov-based Method
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Lyapunov Adaptive Control Algorithm Equations

Quad — Rotor Altitude Equations
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Quad — Rotor Angles Equations
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Pitch Angle(teta)

Pitch Angle error with desired value
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Simulation Results for Lyapunov-Based Adaptive Control

Normal Case (Without Fault)

Yaw Angle and Yaw Angle error with normal case
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Normal Case (With Saturation on Altitude Actuator)

Adaptation gain for u1 {1/alfal hat}
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With Uncertainty in System Parameters att =5 sec

Adaptation gain for u1 {1falfal hat)
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command Signal u1
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alfalhat

command Signal u1
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Partial Fault and Uncertainty att =5 sec

Altitude and altitude error with normal case
Adaptation gain for u1 (1/falfal hat)
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Adaptive 4 — Tracking Method

Introduction to A — Tracking Method
The output is controlled to a A neighborhood of the set point.

V() - Yoo B <2

Structure of the Controller
u(t) =AW [Y(R) - Vs O]+
YO = Y O YO -y (0] 245 (p2D)

Adaptation Law k(t) =4 |
0 it [Y(0) - Yo ()] <2
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Conclusion of Adaptive Control of Nonlinear System

Advantages
* Robustness against parameter uncertainties.
e Rapid reconfiguration mechanism during fault occurrence.

Disadvantages
e Improper transient response
 Inapplicable without any performance degradation mechanism



Linear System Modeling
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Controlling Mechanisms

Linear Quadratic Regulator with Command Governor
Technique

Altitude Tracking
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Phi,Teta,and Si

Eigen Structure Assignment with Command Governor
Techniaue

Altitute Tracking
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~ Active Fault Tolerant Control Approach for Linear System

Forgetting
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Control Signal L1
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Constant Reference Input & 50% Actuator Fault

1.2

1

0.5

0.6

04

0.2

Altitude Tracking
. Main System
2 A 2 With Reconfiguration
I I — Without Reconfiguration |:
| | i i | |
5 10 15 20 25 30
Time




e

- \ -

- // -
Variable Reference Input & 80% Actuator Fault

_______________________________________

Main System
— With Reconfiguration :
— Without Reconfiguration | :

------------------------------------------------------------------------------------------------------------------------------------------------------

_________________________________________________________

...........................

N N Ny g e g g g

Control Signal U1




Constant Reference Input & 80% Actuator Fault
Altitude Tracking
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Conclusion

Advantages
e Acceptable transient response.

e Applicable due to limited command control signals for
constant reference input.

Disadvantages

» Slower reconfiguration mechanism

 Inapplicable for time varying reference input due to large
command controlling signals.

Suggestion for future work

e Apply performance degradation mechanism for both linear
and nonlinear model.



