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Active Vibration Control of a Composite Beam Using Piezoelectric Films
S. H Kim* S. B. Choi**, C. C. Cheong**

ABSTRACT

This paper presents active control methodologies to suppress structural deflections of a
composite beam using a distributed piezoelectric-film actuator and senmsor. Three types of
different controllers are employed to achieve vibration suppression. The controllers are established
depending upon the information on the velocity componenis of the structure and on the
deflection magnitudes as well. They are constant-amplitude controller (CAC), constant-gain
controller (CGC), and constant-amplitude-gain controller (CAGC). For the minimization of the
residual vibration (chattering in a settled phase), which is the practical shoricoming of the
conventional CAC due to time delay phenomenon of the hardware system, a new control
algorithm CAGC is designed by selecting switching constants in an optimal manner with respect
to the initial tip deflection and the applied voltage. The experimenial investigations of the
transient and forced vibration control for the first vibrational mode are undertaken in order
to compare ‘the suppression efficiency of each control algorithm. Moreover, simultaneous
controllability of various vibrational modes through the proposed scheme is also experimentally
verified by presenting both the transfer function and the phase.

Key Waords : Active Vibration Control (55%1%Aol), Composite Cantilever Beam (B¥A2 &j81),
Piezoelectric Film (¥82&), CAC (constant-amplitude #A¢}7]), CGC (constant-gain o]
7l), CAGC (constant-amplitude~gain jo]7))
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dHEA Ay T H4Ae

23R
2. X|u{utE 4

B AT ASE SEEE FE7)/2A79 dAE
AeHEE Fig 13 gor 7EEAY EPAE (glass/
epoxy) % FARES AHa 2 AYL Table. 19] T
Rk (o)} Fig. 13} Table.19) 715 =), g@LE
AG Vix, 17 71Ae o FRYEAAN LAse
HEE b T2T 22 407 FHEYPHO.

ea(x, 1) = Vix, t)- da/hs (1)

Table.l Dimensional and mechanical properties of

composite heam and piezoelectrie filim

Composite Beam

Thickness(h)| Density (&) | Width(b) |Length(L)

1800 kg/m? 24.0mm |152.0mm

Young Madulug(Ei)
12,65 GPa

L.lmm

Piezoelectric film

Young’ Modulua (Ed}| Thickoess(hu)| Density (8) | Width(b) |Length(L)
2 GPa 0.052mm |1780 kg/m}| 24.0mm | 152.0mm
Piazoelectric L m/m
Strain Conatant (du) 2RO 2
Piazoalectric L ¥/m
Stress Constant (&) 21810 o
¥
i
|
Composite Beam "

(Glass/Epoxy)

Fig.1 Schematic diagram of a cantilever beam

o714 dyne 9F WYPF 4T (piezoelectric strain
constant) o]®, olu oy A Ed@Ee} o] AL
Bo] EAle HetEHEd YA LR EHFAE s
AL L2 ¥ gmrol FAAHYPE (resultant
strain) e 89 HEAHEZREH T8 £ go0 TE
3 o] Fojzlth



A5t Ao -

g = - - -E
! E\\hy +2Ehs e (2)

5, 97 289 dsiy =R FAA) ZLaA 7t
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~hi/2-hal+ (g - Ep)Ezhzb[—h)‘;ﬁ]
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s,=D-L§%§“i =D y=lx,t) (6)

4714 D& TR WALIVH FYEMAY A
2N OS2

56

R

_ _Rhi+2hk
D= 1 2 2 (7)
o) A% BAE YPUSY HaFL olgy Aog
FEg,

Ky2-Db 1L

Q(t) = ™ . D(x)-y=(x1) dx

L
=@y _[0 D(x) yelxt) dx ®

7|4 K312 electromechanical coupling factore] o
g2 A-S- A (plezoelectric stress constant) o]
o p(x)E bol UHA EAQAE FAREFS
(spatial distribution function) 24 Actd LER 9
B 0sx< LYW lo]m a9oE 09 Fpolth 4
(8) & A7) 8 JAEEANA g3 7 Ago] g
& sl olm] CE capacitanceo|t}.

VAD =~ [ p(x) yulat) o

)]
. Qo _aylxt)
C dx x=L

A9+ ey Mg zZh89 (angular displacement)
g veilie] T3 JJuEo AHH) Hold dig HEFo
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T ASE YuiFck AZ o)yF EFL YuHd 4
BH7bA] B9 BA F4A 7 IEE BT ARG 4
AEE Ede Fold
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Atd AgHoMe A= 433} 2L RYE
9 FHE Fojxul o]g olgsld AEL AodduAt
e AolnE, ok 2 WG ZE VY A9
eI G Az FL8s] 9 AdH £
YEEE, &3} 2L positive definite Lyapunov
functional€ 4AHFIE,

_ 1k 3%(x, ) \2
F= 4 [ (2258,

(=2t yg, 10)
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axat
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A71ae] AP (4) o FAZAY () & dYstn B
¥ ARS sydd ogd 2o
3F _r* __EI asy(x_t)
at L—[o(l A T ara
3 y(x t) c V(D) 3 5y(x £)
ey S TI T
x=L (12)
oA, 498 =4 F 4012 & Firgdde

Lyapunov stability 7hd€ 3l theal e o7
Vg EAg # At A7y ASTIgEd=
Fig.2 3.

(1. CAC (Fig2 (b)) : V(t) = -K, -sgn(V)

(13)

(2). CGC (Fig.2 (©) : V() =-K2-V, (1)

Feedbavk Yelucily
Conlrul Yulluge

Time
(8) Senszor Signal

Condroi Yollage
Conirol Vollage

Time

(e) CGC

Time

(4) CAGC

Fig. 2 Implemented controllers

CACE Huzr&E Vid Rod) oz 938 z7)9
Zi?}— Y Zoln CGCe AR T Wan #HE

5L Z35d s AT FHo E’r 714 K&
%’* FAY 2718 2HE F= A7) o5 {(gain) &
24 sgn@rd =377} lol2E K1
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Vmax®) 2718} 23 K2¥ Ko - (VO max=Vmax S W&
SIS HAYHMUTL CACY A FEAl, oF ZAAW
AARez P Ao AxgY AZAD (time
delay) @HLZ QI8le, Aoj7|7} AEL A 244
U PoE ALsfA & ALE ATFoEH vy
2 Aue] WPy, EF CGC A$ A5
et 1 BAol ¥ zojde 2502 Qsld A%
7*“01—4 237 g Rk olEd 71E Aolrly v

Egss] sy CIrﬁ-_‘ﬂr 22 HZE -9 A9
g Fggch

(3). CAGC :
-K1-sgn(V,),
V(&) = { -Kz-sgn(V)),
~K¢-Vp,

(V> — o
Vws <y < Von
az ay

(Vs —Lome Va)zm (15)

714 aie ZAE Rdgts AHF PPl (Vi) max
£ A7 A%FH7] FHAY 2 E(angular

amplitude) & Uepn] (Vine ¥ zZzZelh
CAGCE CACY B4 Ax NAddA wdsie 3
BEE ARseR 7477 99 ez oy
2e I E Folg AT CAC FEgA9 AEs
3 2% agla Aejage BAZRH HE 293
A4 a12 E&sldd CACEZ wAslgon ojzie] 4
(15)9) F9A QAclct o] CGCE F71- =309
Rol 4 (15) 9 AW wAoln Aoy =77} CGC
o) HE2 AEZE (self-tuning) 5o} FLEEE &
ool Fig. 3& CACY A& vehi= fud 3
718 B 293 A5 ad AL gvEa
e Hggl Ao2 a2 normalized AYY =7
o A4 oo dE g9 2PdH B F
ql=o] AoJHY=800VL normalized AETY =Z7]Y
gkol 0. 440798 ai=1/0.440]ch, oA ) (15) 9] Ay
A DAoA T AR Fdde AAY FF U
& HHHE Juigch w4159 FUH A9
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Fig. 3 General determination method of optimal
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- FA5E - A9

o FFTE olfdlyd 3¢ AL S4d 7=
Faadl 2718 Z3 Y Al AFHZ, ol
A 2Zy\(power amplifier) & T AWE TF
A AARA gdEE F2EY AR A3E 48X
Ane] A7) 4 YHUEEL olfdld dor, o AT
= opd 23 e (analog filter) & F34 low pas®E
2859 A/D 887 (converter) $+ FFTZ Hujoid
th A/D #8718 289 digitized® AlEe PCAM
Aol EZ I (control program) A dibAHe] 4
&9 23el =v)d wa 2 Azl FHE D/A
9712 A% 100098 DCAY 337 (voltage
amplifier) & 7%, #A%714§ ¢¥¥Ed 39, H
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B8 FFT 4ol Aggsg T2 948 AEEA
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£ 12bite] 01744 a5 Aol TR d4xe
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AR Ao, LR EodA HAE 25
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r\n
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Fig. 6 Determination of optimal switching constant
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Fig. 8 Forced-vibration control responses
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