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Motivation
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Layout of the IAWTM (Integrated Adaptive Wing Technology
Maturation) wind-tunnel model (credit: Boeing Research and
Technology).

IAWTM research objectives:
» Assess effectiveness of trailing edge
control surfaces for:
» flutter suppression
* maneuver load alleviation
« gust load alleviation
« drag reduction

Objective for this work:
+ Demonstrate LQG regulator for active
flutter suppression.
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» Aeroservoelastic (ASE) Model

* Linear Quadratic Gaussian (LQG) Regulator

 Results
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ASE Model
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Visualization of the 3 control surfaces (AILRN1, AILRN2, & AILRN3), and locations of the 3 sensors.
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ASE Model

Structural Dynamic Model

Aerodynamic Model

linear modal representation
24 modes from * reduced-order model
MSC.NASTRAN * generated using system
identification methods
from CFD data (FUN3D)

State Space

Control Surface Model . linearized about a ASE Model
» linear modal representation nonlinear static (A, B, C, D)
« 3 modes represent unit aeroelastic CFD solution

deflections for each control

surface
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LQG Regulator
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For flutter suppression, we want to use a state feedback controller: u = —Kx.
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LQG Regulator

w (process noise) v (measurement noise)
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u
Use a Kalman filter to estimate the state vector, x.

@’ Josiah Waite | NASA Langley Research Center



LQG Regulator
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Implement state feedback controller using state estimates, .
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CFD-based ASE

Model (plant)
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Replace plant with CFD-based simulation and see how LQG regulator does...
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Kalman filter state estimates versus the actual value from the plant.
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Sensor 3
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Kalman filter acceleration estimates versus the actual value from the plant.

@’ Josiah Waite | NASA Langley Research Center

11



open loop

closed loop
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Unstable, open-loop response compared to the stabilized, closed-loop response.
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Control surface deflections during the closed-loop simulation.
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Conclusions

« Kalman filter estimates were adequate for feedback control.
» Feedback controller successfully stabilized an unstable plant.

» Active flutter suppression using a LQG regulator successfully demonstrated.
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Thank you
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backup slides
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ASE Model
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Real and imaginary components of responses in modal displacement due to a sinusoidal input
to AILRN3 as a function of oscillation frequency.
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ASE Model

1 Cont'rol Surface (CS) ?nputs
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Responses of the first four structural modes to prescribed control surface inputs.
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LQG Regulator
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Open- and closed-loop poles of the combined system.
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