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ACTIVE AEROELASTIC AIRCRAFT
STRUCTURES
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*KExperimental aeroelasticity
- *kComputational aeroelasticity
*kSmart structures
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| Active Aeroelastic Control

Elasticity\/

Inertia

Aeroelastic

control

Multifunctional

Aerodvynamics ]
y materials



PIEZOELECTRIC AEROELASTIC RESPONSE
TAILORING INVESTIGATION

o

n Loo
ik gn@ed Lnf':p

Srain el
LEITE .I" FH#

¢ Pedx Response Feduced by Thoe
Coenpared o Opser Loop Walue

-] T (] ]
Preuency He

70 F& B0 85 90 100
Dynamic pressure pst

“hitp://sonicboom.larc.nasa.gov/AeroelasticityBranch/SmartStructures




PIEZOELECTRIC ACTUATORS ALLEVIATE “BUFFETING”
DURING F/A-18 GROUND TEST

Full-Scale Tail

Acceleration, ¥
Shaker attachment point

Surface-bonded
piezoelectric actuators

Power Spectral Densities
100

Active Control System

- Closed-Loop
Simulated Buffet {(Using "Preliminary”
_+ Cantrol Law)

Piezo Vertical
sctuatorsiegll  Tai

Control €
Law

Frequency, Hz
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Present Research

- 2D adaptive wing
> Flutter
- Buffeting

~» 3D adaptive wing

=~ Gust response
- Buffeting
» Engine induced mechanical vibration.

- Adaptive RPV

__ ) QGust response



Piezoelectrics

~»higher bandwidths
~»-more compact
~they are bidirectional



Vibration Control




Optimal Piezo Layout

<1OHZ,80V

5.5Hz, 60 V>




Sensor Characterization
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Vibration Control

a) Natural damped vibration response excited with a sine
wave input through the piezoelectric actuators (controller
off).

__b) Actuator input signal (turned off at t = 30 s).

Controller active (time for the wing to stop oscillating
reduced from 37 seconds to 1.5 seconds).



Flutter Analysis

unstable * Velocity

stable
* orsion

Bending

Torsion

Frequency

Bending —

Velocity



Flutter Results

Test article

CONTROL

SINGLE INPUT
SINGLE OUTPUT

DOUBLE INPUT
DOUBLE OUTPUT

0° 10°

0° 10°




S Cesien  LDES ECBH- T3 9 i g el | BB
re— T - P

g s - TR g e

1st mode deflection

1]

Buffeting Suppression
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Piezo damping
Piezo damping &
CONTROL shape control
Amplitudel Frequency Amplitudel Frequency
mm Hz mm Hz

Improvemen 32% 10% 47.5% 34%




Basic Design

Adaptive Concepts

e.x: shape control and
structural stiffening

Analysis
model

Requirements | E 1

= e.x: Wind tunnel (speed,
dimensions, turbulence)




Wing analysis to compare the performance of the
ominal NACA 0009 profile and modified ones.



1.44Hz 4.18Hz

7.52Hz 17.54 Hz

Finite Element Modelling

28.16 Hz 38.6Hz 459Hz

Natural Frequency (Hz)
Mode Number - -
Experimental Analytical
1 6.00 4.64
2 16.36 15.95
3 28.50 28.10
4 39.00 38.56
5 46.25 45.90

Experimental tests (FFT real time analysis) validated the finite element method
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Gust Mechanism

control authority
LE > TE

upward
PZT Actuator @@ vertical gust

Trailing Eq. oe (TE)

Induced Angle of Attach



Gust Response

Aileron Control

(Re) RAILIIANMEBIECKEI Aluminum Bracket
(% reduction)

Re = 2.6x10° 12.5

(V= 11,4 m/s)

Re = 4.2x10° 15.4

(V = 18,3 m/s)

8.5

Without wing shape control the reduction in the wing
dynamic response is 3%



Buffeting Results
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Gust Response Results

/ Ji' Free Stream Velocity % Reduction®
- | (mls) Piezo Control| Aileron Control
17
24
30

*Wing Vibration Amplitude Reduction
from Uncontrolled Condition













PZT Actuator and Shunt




WT Tuning

WIND TUNNEL TURBULENCE LEVEL

100%
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Gust Response
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Free Stream Velocity

(m/s)

PZT Control

(Reduction in %)

Flap Control

(Reduction in %)

11 (Aluminum stand alone wing)

38

13

17 (CFRP stand alone wing)

78

8

18 (Aluminum stand alone wing)

43

15

22 (Complete RPV)

13

22 (RPV with fixed tail)

25

22 (Complete RPV with shunts)

12 (shunting)

24 (CFRP stand alone wing)

80

13

25 (Aluminum stand alone wing)

52

30 (CFRP stand alone wing)

73

17

4 33 (Complete RPV)

4

33 (RPV with fixed tail)

7

| | 33 (Complete RPV with shunts)

3 (shunting)




. GUST RESPONSE:
FLUTTER SPEED: 52% REDUCTION
~ 6% INCREMENT

i

PLATFORM
STABILITY: 30%

L= |

BUFFETING RESPONSE: ENGINE INDYCED
41% REDUCTION lltieutiol.

48% REDUCTION



CONTROLER

320 gr / 20 min
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Concluding Remarks

»A 3D wing structure can be effectively controlled
using piezos placed on only one side of the wing
skin.

> The use of bending moment control with a
judicious placement of PZTs actuators and sensors
was effective in controlling flutter, buffeting, gust
response and engine induced mechanical vibration.

»By comparison aileron control is not a good

solution for the dynamic aeroelastic control of the 3D
~wing.

B

LY

>» The 3-D wing and RPV projects were successful,
and provided valuable insight for future adaptive
aircraft design.
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