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ABSTRACT

This paper presents some examples of active control of flow-induced vibration using piezoelectric actuators. The flutter
phenomenon, which is the dynamic instability of structure due to mutual interaction among inertia, stiffness, and aerodynamic forces,
may cause catastrophic structural failure, and therefore the active flutter suppression is one of the main objectives of the aeroelastic
control. Active flutter control has been numerically and experimentally studied for swept-back lifting surfaces using piezoelectric
actuation. A finite element method, a panel aerodynamic method, and the minimum state space realization are involved in the
development of the governing equation, which is efficiently used for the analysis of the system and design of control laws with
modern control framework. The active control suppressed flow-induced vibrations and extended the flutter speed around by 10%.
Another representative flow-induced vibration phenomenon is the oscillation of blunt bodies due to the vortex shedding. In general, it
is quite difficult to set up the numerical model because of the strong non-linearity of the vortex shedding structure. Therefore, we
applied adaptive positive position feedback controller, which requires no pre-determined model of the plant, and successfully

suppressed the flow-induced vibration.
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Fig. 1 Configuration of the test model (a swept-back
cantilevered plate with surface-bonded PZT’s).
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Fig. 2 Wind tunnel test setwup.
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Fig. 3 Block-diagram for the robust controller design.
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Table 1 Block-diagram for the robust controller design.

Open Flutter %
Method Speed Improve
/Closed (m/sec)  -ment*
Analysis (V-g) 15.1
Analysis
Open Loop (Laplace) 16.6
Experiment 17.1
SISO LQG i8.2 6.4%
Closed Loop SISO p-design 18.2 6.4%
(Experiment)  Mpvo LQG 18.8 9.9%
MIMO p-design 19.0 11.1%

* With respect to the experimental open loop flutter speed.
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Fig. 4 Control results at the flow velocity 17.0m/sec.

-30

5
Frequency (Hz)

(b) p control

50

Magnitude (dB)

-1004

-110

Uncontrolled
Controlied

0.5

-30

5
Frequency (Hz)

(a) H; control

50

Magnitude (dB)

- Uncontrolied
Controlled

05

5
Frequency (Hz)}

(b) p control

50

Fig. 5 Control results at the flow velocity 10.0m/sec.

3.1 Ag 29

o}&% (subsonic  flow)o|x FREL IdF
(vortices) & f&8tal, o]afst vortex street
wake &= T2EY Falo] AAR) FAME e
2 yedd, Fig. 1 & #Holsx2FRe)o] wa
Ay FHE AYE §5Y EEE YEld FHo

E}- (1
@—.— Mo < § AECIME OF UNSEPARATED FLOW
= NS 51018 < A <A AFIXEO PAIR OF FOML
VORTICES IN WAKE
o< < manots <R <y
0 TWB AEGIMES IH WHIL
STREET (3 LAMINAR
=
150 < Re < 300 TRANSITION RANGE 1O TURSU-
$) TS LENGE IN VORTEX
300 < Re T 31X 198 VORTEX STREEV i3 FULLY
T TURNULENT
s v incund
g LAMIMAR JOUNDARY LAYER HAS UNDERGONE
TURSULENT TRANSITION ANO WAKE IS
\—/-.... NARROWER AND DISORGANIZED
X <R
= RE-ESTABLISHMENT OF TURBU-
LENT VORTEX STRSEY

Fig. 6 Regimes of fluid flow across smooth circular
cylinder (Lienhard, 1966).

2 AT AL A4 2EE Fig. 7 3 7
o] I#jHolE/E A ETA JHER  Fuj
ceramics ARl C-82 <A
22712 EdHe| B&Asn

Brm
9% TYe 2077 A
ddrg AW o 2%
sl FRsAT. BYA 9
Ade et 2o
%‘—\
o

93 mm

E; =119 Gpa,

E,=8.67 Gpa,

G, =5.18 Gpa,

Vi = 031,

thickness = 0.125 mm,
lay-up : [0:/90,],

p=1550 kg/m®,

AUy A% =26.6819g

338 mm

Fig. 7 Composite beam with
cylinder.

-449-



3.2 Ho{7] dA & =t

Aol7e o 2dE AMEER U A
Aol7] & s} Adaptive PPF Aoi7|L ol
&3] A" EF YL e
o gy ety FFAM FREHAUG. HA A
¥ FAEE Fig. 8 o) vehd A5 gk 458
8.5 m/s ~ 11.0 m/s H9 WA ®M3A|7]v]
o] A4¥L Sy}

ogk

/ Wind Tunne!

Laser
Sensor

- =]=!
0s

Power DIA
Amplifier

Fig. 8 Wind tunnel setup for vortex-induced vibration
control.
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