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— Maneuver
— Ride comfort (

e Adverse Interactions
— Flutter and Divergence

— A control system designed for flight mechanics control, gust
alleviation, ride comfort, etc., may interact with the dynamic
aeroelastic structure to produce instabilities.

— Find ways to decouple the active control system from the
dynamics of the aeroelastic system.




Use active control, through the action of control effectors
driven by actuators and control laws, to solve the problems.

In this case Active Flutter Suppression is used as a fix of
flutter problems.
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Those aeroservoelastic systems operate in harmony with
the aircraft flight control system (FCS).

Active Flutter Suppression has been thoroughly
researched since the mid 1960s (when flight control

systems began to become powerful and high
bandwidth).
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* A few AFS flight tests of AFS-configured test vehicles — A
B52 in the early 1970s, an F4F with external stores in the
1970s, NASA DAST UAV in the 1970s-early 1980s,
Lockheed / USAF X56 UAV recently.
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Active Flutter Suppression—A Flight Test Demonstration
{(EXISTING} i
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itglobal.com
FAA and Boe
special condi

and the US|
to a final agreement on
regulatory special condition
required for the 's outboard
aileron modal suppression (OAMS)
system designed to dampen out a
structural vibration in the wing.

The X-56A Multi-utility Aeroelastic
Demonstration (MAD) is an innovative
modular unmanned air vehicle
designed to test active flutter
suppression and gust load alleviation.
http://www.lockheedmartin.com/us/p
roducts/x-56.html



http://www.flightglobal.com/landingpage/Boeing.html
http://www.flightglobal.com/landingpage/Boeing 747-8.html
http://www.flightglobal.com/
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e Work with industry, earch agencies,
government regulation & certification agencies in the
U.S. and abroad, as well as academiato -~ op a plan of
action that would lead, via development of analysis,
design, tests, operations, and maintenance process to
established FAA policies regarding AFS on civil aircraft.
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Years 2&3:
of representa
readiness, identify key ) create a data base of
test results for future design & analysis methods
validation.

Conclusion: Revised FAA policies / certification
requirements (or not...)
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Preparatio
completed.

Building a team that wou ustry / government
research agencies / academia & gathering views from lead experts in
this area as well as more information (unpublished) on existing
industry experience

— underway...

subject to difficulties due to:

IP concerns by industry, budget pressures in industry & government
labs, the large geographic separation of centers of expertise
involved.
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discussions.

AIAA Aviation 2014 Conference — Discussions

Lockheed Martin Skunkworks — Discussions, strong interest in
collaboration.

NASA Armstrong Flight Research Center — Discussions, strong
interest in collaboration.

International Council for the Aeronautical Sciences (ICAS) 2014
Conference — Discussions. Search for international collaboration.

resentation,




Research plan pre . With technical
literature studies complete, focus is now on current
regulations / certification practices, civil and military,
covering all aspects of ASE and AFS technology

Utilization of the X-56 (despite some limitations) for
modeling, design, and test demonstration studies




The X-56 aircraft system consists of two center-bodies, four wing sets, a
ground control station, and a storage trailer.

Surface 4

Control surfaces and accelerometers of the X-56 aircraft. Accelerometer
locations are indicated with large dots. Control surfaces are labeled.
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Ryan, J.J., Bosworth, J.T., "Current and Future Research in Active Control of
Lightweight, Flexible Structures Using the X-56 Aircraft", AIAA 2014-0597,
52nd Aerospace Sciences Meeting, 2014, doi: 10.2514/6.2014-0597

Li, WW., Pak, C.-G., "Aeroelastic Optimization Study Based on the X-56A
Model", AIAA 2014-2052, AIAA Atmospheric Flight Mechanics Conference,
2014, doi: 10.2514/6.2014-2052
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Several key goals include:
— Maturation of flutter-suppression technologies
— Reduction of structural weight to improve fuel efficiency and range
— Increase aspect ratio by 30 to 40 percent to reduce aerodynamic drag
— Promote improved long-term structural integrity by reducing gust loads

Designing the next generation of aerospace vehicles will pose serious challenges in modeling,
predicting, and controlling potentially destructive aeroservoelastic dynamics and finding ways to
exploit efficiency gains from lighter, more flexible structures.



Frequancy, Hz

A positive damping value indicates instability.

-Point A indicates the point of body-freedom- |
utter instability. r i o o sl

Stable

-Point B indicates the point of symmetric wing
bending mode instability.

-Point C indicates the point of anti-symmetric
wing bending mode instability.

Scaled Velocity

Natural frequencies and damping values as a
function of scaled velocity.
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