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Active Vibration Control of Fiexible Cantilever Beam Using Piezoceramic Actuators
and PiD Controller
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*Sungkyunkwan University, **Buchson college

Abstract - This paper presents the active
vibration control of flexible cantilever beam
using piezoceramic actuators. The transfer
function from the force input to the bending
displacement was obtained via modal analysis
results and piezoelectric constitutive equations.
For the active vibration control. piezoceramic
actuators and sensors were used to construct a
flexible smart cantilever beam. To further
enhance the sensing and actuation properties of
the piezoceramics, a typical interdigitated
electrode pattern was fabricated. The PID
controller was designed via various simulation
and experiment trials. It was shown that the
PID controller could suppress vibration of the
beam effectively. Simulations and experimenis
verified good performances of the designed
controller.
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Fig.1 Active vibration control cantilever beam
system
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Fig.2 The beam with piezoceramics
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Fig.3 Impulse response at open loop
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Fig.5 The response to the sinusoidal input of
the first mode frequency (The PID controller is
switched on at t=1sec)
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Fig.6 The response to the sinusoidal input of
the second mode frequency (The PID controller
is switched on at t=0.68sec)

¥ 5¢ 1&A 2= Fise FYUR U3 E LTH

N
N
™

N

Ao N HH 2 2O M o
N.;EA*H

2
£

e S off (i 2, it it {0 ok o o, I g N

N
o
N

(13

(2)

(3)

{43

{5)

(6

i)

{7

(8}
(9]

(10}

~-2075~

> oo

=y oaﬂ.‘ﬁtﬁgg
Q;_%&r]r [

%P
2o

Y, 0 o,

oot

o R
of o 52 42

o gy g o
oy
%

S
P

Aeiel A PID #Aoj7]7 12N FaF A
vende, 28 6& 23 R= Frge Y
JgR| 7AANZ AeolA PID A7)z}
A AT A4 d@ delt. 48 A
RAAY 0.012319] ddx Agte] g $Hol
2E9 A77t A/AF dd Aol 3.6(V)el
717t A Boe 2(V)E E94E%e
| =gdted dele A3 Azto] Ao
%l 0.622 {2l WL 0.3%
g & U, E?} 13 BE9 23 2=
1:6‘_ o g el Aojrizt B2
7‘31%":}0" g ZHEH7E 90%014

4.2 E

dre &AA FAA PZT-5H 4238 &%
11 AHgete f9 elEHe BF AF Ao
gatglon, 71&o) B AT ALEF A
5}17]— ofd A2 Interdigitatedd A=
g Az Abgstsich. 5% g Aeo] 49
Az gA719 2R 3y FErle zAF
%‘ ok =% %“oh* 5*3}]4 dur "]"“él

=9 23 R=E 23 HA AL
"o“ﬂ—?)r I o] &3} ’éﬁ’“ﬂ
onl, P ID *1]0171 A BHo B
Rh"—‘“i &3 AMAe). ol &
e %}ﬂxﬂ 35 J &4 g9 2
A ZEHRT Yol &
9 B AF Aold FL& A8
Az},

o Z37|2«7(R01-2000-000

=2
= -

2
'ﬂﬂ

t mlo

of

2 L2
hor 20
g&
ook o N
—{o

Wopt
S,
mamﬁ

-iﬁ“

rh.

og.'“)j“'*“

'mlo.‘z‘_‘._&ﬂ‘n_}i
ﬂ_&}ﬂl

N

Rhal

fr |
—{o
29

Lo
forf £ ol
SOt 2 )

[0 o

o
42
L
e
3

ooy
RTR

e rir
lo
]
4

3040y

i tid olo

2
HI
=

02

mﬁ

i

€= n L B

and Bailey, R. L., “Electrical
Damping of Orthogonal Bending Modes in a
Cylindrical Mast Theory.” Journal of Spacecraft
and Rockets, vol. 18, pp.5-10, 1981.

Bailey, T., Hubbard, J. E., “Distributed
Piezoelectric- ~Polymer Active Vibration Control a
Cantilever beam,” AIAA Journal of Guidance
and Control, vol. 8, no. 5, pp.8-15. 1990.
Fanson, J. L., Caughey, T. K., "Positive Positive
Feedback Control for Large Space Structure,
ATAA Journal, vol. 28, no. 4. April 1990.
Eunsup Sim, and Sung W. Lee, “Active Vibration
Control of Flexible Structures with Acceleration
Feedback,” Journal of Guidance and Control, vol.
16, no. 2, 1992.
Hanagud, S., Obal,
‘Optimal  Vibration Control by the
Piezo-ceramic Sensors and Actuators,” Journal of
Guidance, Control, and Dynamics, vol. 15, no.
5, pp.1199-1206, September-October 1992.

Yashi Shen Homaifar, A., "Active control of
flexible structure using genetic algorithms and
LQG/LTR approaches,” Proceedings of the
American Control Conference, vol. 6, pp.
4398-4402, June 1999.
Abreu, G. L. C. M., and Ribeiro, J. F., “Active
control of flexible structures using adaptive fuzzy
controllers and piezoelectric patches,” IFSA
World Congress and 20th NAFIPS International
Conference, vol. 3, pp.1764-1769, July 2001.
Daniel J. Inman, Engineering Vibration
Prentice-Hall, 1996.

Hﬂ

Swigert, C. J.,

M. W. and Calise, A. J.,
Use of

Preumont A., Vibration control of active
structures, Kluwer  Academic Publishers,
Dordrecht, 1997.

Heqg, "AAM) GAAE 188 |A F2E9 %
AF Ao #Y Q3" JFBUEw F3} 2l g9

=&, 2002.



