rot

FAFAFFHE =T A 138 A 83, pp. 612~618, 2003,

A71AA A Al S o] 88 B3] eT2EY AlFAY
Vibration Control of Hybrid Smart Structure Using ER Fluids
and Piezoelectric Ceramics
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ABSTRACT

A hybrid vibration control scheme using ER fluid and PZT patches is proposed. Dynamic
characteristics of the beam embedded with the ER fluid can be controled by changing the strength
of the electric field applied on the ER fluid, thus provides a mean to avoid the resonance. It was
found that active vibration control of the structure embedded with ER fluid failed to suppress the
vibration excited with broad band frequency due to the limited change of the dynamic characteristics
of the structure. To compensate this limited effect of the control scheme with ER fluid alone, PPF
control using PZT patches as sensors and actuators is added to construct a hybrid controller.
Experimental results suggests that proposed hybrid controller is effective to suppress the additional
resonance vibration that appears when each controller is used alone.
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Table 2 Natural frequencies and damping ratio
of the proposed hybrid smart structure

Voltage | Damping ratio | Natural Frequency (Hz)
(kV/mm) | (1st mode) | 1gt mode | 2nd mode
0.0 0.0409 11.00 47.50
0.5 0.0417 16.00 53.25
10 0.0422 19.00 62.75
15 0.0457 20.50 68.50

616/5t=2 23735 =28/A 138 A8 3F,

AgA e &4E HFs] 9
sted QI7F A7 A718 HEATEA EFR T+
ZEY FHEIHIFE AHEST Fig. 89AMs
7Zvo] B 5TREY IRIEFE A7 A AY
A7) Wl wi o|FFoEAM FAA JIE F3
AFA A 4 ¢ UMY o] 4 A7 A
7toll @& ERFAY 54 Wi & AHsz Jdsiy
TZEo| FEA o] W3lsly] wFott

ERFAE /32 Je F2E
o FRER MAY 5 sded HEAd Edo A4
EA ¥sle B4 84S (complex moduli) FEiE
£ 2 $ itk

A4 BEL &4 HEHA(elastic modulus) EA]

rlo
2V
mut
X
)
offt

_‘

o

o (1) 000 kV/mm , f,=11.0 HZ .,

=47.50 H
o (2) 0.50 KV/mm, f,=16.0 HZ ,{=53.25 Hz
— (3} 1.00 kV/mm , =190 HZ ,f=62.75 Hz
. — (4) 150 KV/mm . ,=20.5 HZ ,1=68.50 Hz

Magnitude (dB)

107 - - O N O _V

10 20 30 40 50 60 70 80
Frequency (Hz)
Fig. 8 Frequency response function of the hybrid
smart structure with various applied
electric field

— (1) E=0.00 kV/mm
--------- (2) E=0.75 kV/imm , PPF = OFF
eee= (3) E=0.75 kV/mm , PPF =0 N

Magnitude (dB )

Frequency (Hz)

Fig. 9 Active vibration control of the proposed
hybrid smart structure using ER fluids
and PZT (frequency domain)

20034



AN A A S SRS o

A9 2718 Jepd, &5 RES £4 BREYHE
(loss modulus) 2 739 271& Yehdt)
Table 25 A7F A7 Z7] Wshol wE ¥

=259 H3le} 3EFYEJE(half power points)
& Wy o]8% 7Y WHEE HAFI Qe

d, Fig. 89 3% S8 ¥4 AvNE 23 BE
e 27149 Q7)) ek BHe Zbl wE 2
FA5P F7he BE BHe R e @

& gk

6. ERTA| et PZTE olSst ST ZH of

Fig. 95 & d70lA Ate ERATFLEd o

b EHEA Y 48E fdte] 0.75kV/mme] A

& ERFAlC A7tele 334 F9E 58 UF

o YHLE FIsy . A A

sholl w2k AEA AT AN HF FAFA
o] 4
A

ro

M B o2 N

F33st7] 93] PPF A|o)7
Foltt. ERFAE ol g3 AFAAE
A gAse TR HE WA
g PPFAlo)7|W 2 dutst WAE 43l of H
Hdstel AFAAE Fahste 7HLE ANHA 7
HEAE FosiA Fo

PPFA|o17]W o] H ol glojr HH4
TR A U2 A7 LHAFFS &
29 LRAFTFE AANA sl & AFolxe
ER#A] EREZ o3 MEA 24T ¥
g Aol718) AFHAFTFE AAMA 17THzE EA 3
BTt =3 PPF AlojA g o] A5 Alojgs 2
Blote] Ml 012 AAsReH, 2574 4
He e Aade d34E Zst] o 304 A
EE FEste] 438 sYsded. I 23 Fig 9
g 2ol MEA Y da R=9 3R dgd
¢ 8dBe] F7F WFA AHE 2 F AUTh

.4 E

2 @79 ERFAS PZTE H43 58X

ofr

5t

of FxES F54E WA EN IR S
5% AEACE dAHoE FAT F ous 72
29 AR o8 AEA BAse 30

PPFAIo7| & #-gste] Alofstzt s
1 A3 ERFA 44 A7EE dristd F2E
o LfHPUETE M F e AL BHen
olgid 4L olgdtd FRA g FF AEA
€ 79T & dde A FAANT F5A]
Habd FEd TAY ¢ e T A AE

&
N
fr
g
N
i
i
~
xz
4y B
oft
N

N8e AgH AAY

AAHY 44T Folshs

ko{l
KN
i
T
o
=
rr
U
av!
55|
e

71 ERA
A 2d33t ER
AR A7179 A719 PZT d¥=e
ool e u TGl e F&e olsfrt ¢

£ 7 Ada Aoy

E d+e g3 5357127 [R05-2002-
000-00789-0(2002)] A9z FHHUE.

]
K
Mo

&

(1) Choi, Y. Sprecher, A. F. and Conard. H.
1990, “Vibration Characteristics of a Composite
Fluid,”
System

Beam Containing an Electrorheological
Journal of Intelligent Material
Structure, Vol. 1, pp. 91~104

(2) Choi, S. B. and Park, Y. K., 1994, “Active

and

\

TSI =FE/A 138 A 83, 20033/617



44

R

Vibration Control of a Cantilevered Beam Containing
an Electro-Rheological Fluid,” Journal of Sound
and Vibration, Vol. 172, No. 3, pp. 428 ~432.

(3) Park, Y. K. and Choi, S. B., 1999, “Vibration
Control of a Cantilevered Beam via hybridization
of Electro-Rheological Fluids and Piezoelectric
Films,” Journal of Sound and Vibration, Vol. 225,
No. 2. pp. 391 ~398,

(4) David. L. Don. and John, P. Coulter, 1995,
“An Analytical and Experimental Investigation of
Electrorheological Material Based Adaptive Beam
Structures,” Journal of Intelligent Material System
and Structures, Vol. 6, pp. 846~853,

(5) Nisse, E. P. E, 1967, "Vibrational Metheod
for Electroelastic Vibration Analysis,” [EEE,
Transactions on Sonics and Ultrasonics, Vol. su-14,
No. 4, pp. 153~160.

(6) Holland, R., 1967,
Piezoelectric Ceramic Rectangular Parallelepipeds,”
Vol. 43, No. 5, pp. 988~997.

(7) Crawely, E. F. and de Luis, J.. 1987, "Use
Actuators as Elements of
ATAA Journal, Vol. 25, No.

“Resonant Properties of

of Piezoelectric
Intelligent Structures,”
10, pp. 1373~1385.

(8) Hanagud, S.. Obal, M. W. and Calise, A. J.,
1992, “Optimal Vibration Control by the Use of
Piezoceramic Sensors and Actuators,”
Guidence, Control and Dynamics, Vol. 15, No. 5,
pp. 1199~1206.

(9) Hagwood, N, W., Chung, W. H. and Von
Flotow, A.. 1990,
Actuator Dynamic for Active Structural Control,”
Journal of Sound and Vibration, Vol. 1, No. 3.

(10) Bronowicki, A.J., 1992,

Journal of

“Modeling of Piezoelectric

“Advanced Com-

posites with Embeded Sensors & Actuators
(ACESA),” US Airforce Phillips Lab Internal
Report,

(11) Banks, H. T., Fang, W., Silcox, R. J. and

Smith, R. C., 1992,
Control of

“ Approximation Methods for
Acoustic / Structure  Models ~ with
Piezoceramic Actuators,” NASA Contractor Report,
ADA244 350, pp. 1~28.

(12) Lazarus, K. B. and Crawely. E. F., 1992,
“Multivariable High-authority Control for Plate-
Like Active Structures,” AIAA Paper 92-2529.

(13) @243, Ay, 259, 1993, "&d AE7t
Ae B HHAY IE AAE 9 Fx/A F
A AA" d=33eFEIA, A2l W A4 2, pp.
49~59,

(14) 394, g4 1993, "H98 F AddE
Ag AR/ FAE7] AA S FEE A,
A2l A A23Z, pp. 26~36.

(15) AFA, 1992, “4A 2AE JFoJHE o]

3 By B FF AF A" dxAIAEFFE
5]%5—5'7& A 24, A 3%, pp. 173~180.

(16) @33, Y, 254, 1993, "&d 87}
A B j"‘._94 AE Mg g /A0 F
$F83)x] A 214d, 435, pp

(17) A8 FFE AL, 1993 "
o] &3k 91%14 5% AT Aol
A, M214, A5%, pp. 76~78.

(18) McLeish, T. C. B., Jordan. T. and Shaw,
M. T. 1991, “Viscoelastic Response of Electro-
Rheological Fluids. 1. Frequency dependence,”
Journal of Rheology, Vol. 35, pp. 427~448.

(19) FE4F, 2001, "gAMNSH S o] AT+
2EY FEAFA” d3FLTHAHA, A18E A
12 &, pp. 30~46.

(20) Kwak, M. K.
“Application  of

and Han, S. B.. 1998,
Algorithm to the
Determination of Multiple Positive Position Feedback
Controller Gains for Smart Structure,” SPIE's 5th
Annual International Symposium on Smart Structures
and Materials, San Diego California USA., Vol
3323, pp. 637~648.

Genetic

618/st= A2 SrlsS sl =vd/A 13 A 8FE, 20034



