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Table 1 Applications of piezoelectric materials
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Fig. 1 Piezoelectric actions from applied voltages

tAAEe ZAF] QAR HArHQA
Aeojsty] 9%t ¥ % AALS IEEE Standard on
Piezoelectricity [57]9] TFF2 wal A58 3w

(e}
q4d&

o= At shefl Mgt wet s%s A
o HEHS 0 BE AFAE Hon Atk w
A Fig. 10 Bolt wpeh o] xFHe 1, yH&
M3k 2% e 3ubEke] gl HA AL T
Ao Rl AMgE gole 1 B¢ AR
Aol Fopolld AHgHol 2 Boj9h BE &ojEol
AbgE o] o7 EhaT 3 AV okl
Z3aE golge] FUHA et IEEEAA ol&
2% w577 Y2 Aoz Bl HAA

Zheje) Am Aol dhstol= Jaffe o F[59190 4
2} A &} A L}le glor}t X% 7kx| g} Ao]E B
o e ATAEL PFoE 20)7 Ho| oh]

o;q o]z‘sﬂs}ﬂ?} et o Helt AR

o] 3k go] MWL [EEE HWuA[5718 #HZsHV]
gk,

dHANE FE7IE AdEE 48 BoHA
Fig. 19] 4HA7F 3% = A
ohd AR5 A ek @e 3 WEgoew i
AGE do 9 FA4F PP 3 wgor AR
Ha 12 e gs 5 ik W 9Fo A
Paas do s g wgs EF uhE
A} ol & Fig. 29014 AFHOE HeFal 9}



FEAF  dFHEFHA A8 A2s

POLING AXIS I +
¥ +

| 'l

APPLIED VOLTAGE OF NO VOLTAGE ON APPLIED VOLTAGE OF
OPPOSITE POLARITY POLED ELEMENT SAME POLARITY
AS POLED ELEMENT AS POLED ELEMENT

Fig. 2 Piezoelectric actions from applied voltages

COMPRESSIVE s
FORCI—.
POLING AXS
TENS[LE
FORCE COMPRESSIVE
FORCE

OUTPUT VOLTAGE OUPUT VOLTAGE
OF SAME POLARITY OF OPPOSITE POLARITY

AS POLED ELEMENT AS POLED ELEMENT

Fig. 3 Piezoelectric voltages from applied forces

z}x]ﬂ 2 AMRSlE dE Eojuxl W
] 3 8ok &S FAY 1,2 Wwakog 93}
12 olaﬂ HAat7p Aok Hat ol
fs_g_—g_ Agratrr wrAigig, o] & Fig. 39
o= BojFar 9}

2o o o
.?L'
(2 o
(o]

3. AE AL AU

gl A WA —8—%‘, W g A
ol e LwAAe Ao A0 2
of ¥t 2tHs57,103].

Da64+dszz g =1, ,6
(H
D, =djo,ve3E, i k=12, 3

A7NA, e,& WEE, 0,& 89, EE H7%

(electric field), D,

Mt U

electric displacement), Skiz ©4 &8 7l (elastic

dy= g Wy

(piezoelectric strain constants),

compliance  matrix), &7

epe THAE AT
(dielectric permittivity matrix)©}tF. Ztzhe] ofbel
2 Fig. 1o]A AgEAdE ZEE9o] Fig 40)

3

HolE vieh go] ¥ S ¥§aA s8]

3

Polling Axis

Fig. 4 Coordinate system for piezoelectric property

PR A Aol A7 dAe UedE
BRIt dyolth o] BAXNE E0 2445 4w
B7] stel 1akd Exg malsl wal SAn)
hyZ ol gkon 2% Wpgko m ol Wido] oAy
A<k, Vy7F g Ao
SR E WYL H)9h golw

T
I

Il 37-. \ﬂb‘l:o g_q}
1% weow

t},

dy Vs
s @

e =dy E3=

o A& et wg wol PR A9
457 WA ow osd + Utk wey sh
A Aol el FAAt AEH ol As ¢

ZEo] FH oA ©rh o A& HHEW, gyl
A7]-71A Ao #d B4AALE 44 g
ATk mEA gy ghel & GEAMLYFE Fe
Ao F HydEs AdA Heth olg e A4
B sl FAAE T B % LA
A A71AMel a8 xesA Pl Brennan and

Day[16]2 &¥HA71eF #5719 42& Hojs
adyer 0 S FHsth



G35 AU FGEA Al1gdE AI2E
4. XA} ZzeEH XsprxE0 2AY Aelste] wE 33t Banks and Smith[9]F <t

ARG AA] mdHE HEUE 4%6‘}04

TE 4 ASE Nisse[82)7} RAFU=U Fah
494 A4 advt obd ] ME et v ATt
Aste tAAE 2 AHe HAF g A oA
G ZAajojtt, o] & nEE O Holland[53]1: W
& Al ALg3te] et Age] 3R Ao
w3 AnE LEsEd s o239l Aurt
A8 Axel @ AXNTE HolFArh HEYe
AHEE fEtaade s FEsA Hed
Allik and Hughes[4] 7} t3A A 571 #E5g 7§l
jek fretaarie] AAstel st L A A
& wgstA gk A g MR 73
a4 AANsHTE ALoR AMSEHI e
e 24 A ZRaAL ALt GHAALE
sl = gle WHE MceDearmon[77]0] | A8}
Oi[}

A7y FRETG A3E Az=wle het s
= Zhekst @01 sz*ﬁ]P_:’—%ﬂ—Ei Fahat

(i

e ?"1 ?'S}L}"ltﬂ o] =ito A
meol v FREDGY] AAS HAbske 7 R
%1'}°J X“—i 2dg AAskadch 3 WA
%MZHJJ} 91‘9‘%‘ 371

ot

5
Tagel RHHe] Yvkn

FE2E A}

7‘6}031—} 7~/]¢] -2 3 Hanagud, Obal
and Calise[52] 9] =%&0] ded 25 9 FHH
dH FFErle AAE FAS AAHE FEa
2HE AHEEY BES FE3T Crawley and
Anderson [30]2 13t StAABe BB EH
ol Aol dste mddste JEE

o3l HAEE Fakeo ol# @ B]Lo}iiL]r.
Tzou and Tseng[96], Tzou, Tseng and Wang[97]<
e PEASE 2T FaityE

7

sl rM7tx| 719 AE )7t AEE o] et

A5}
4 BAE x4 }3],0:1 T} Hagwood, Chung and
von Flotow[50]% T+2E3 tAAs i Hzp
B AgR }\])\Eﬂol A7 Al A" T3

= wAyAe guslEd o] Fo dutale 3
Z WS AAEG Y Bronowicki[17]E A A
Fe) B AfEHe] e Ao #F S

34

Aete] z7}o] Shell, ol HEE
& A5l ds TH%13L  Lazarus
and Crawley[68]3= # Hoko] F*xEo] 4d A5
19 AAVeE AgE Agel o
Rayleigh-Ritz 7] & Abg&ste] 2d-& fF3tgiv).
Shah, Joshi and Chan[89], Mitchell and Reddy[80],
Chandrashekhara and  Agarwal[25], Birman[15],
Singh and Vizzini[95], Robbins and Reddy[87],
Sun[94]% e Abgstel SR Ewe
o §-Foll HAEn] ol AQdHHUS A4 B
d3}o] #3 =E-E-8 FHsA YL Park, Walz and

He, B

sass e

‘ .’dlo

Chopra[84]2 Ho] #3131} HEHo] dAAH ZHgol
FHAEel dFE £ASAAL Yeh and Chin
H04]=  Zol MEY %S 448 & A ¢
ARAIE F-&A8dS By Fo w3 540] o
WA Walaie g RA et AES FalEle] o
#2 ZHiyte} Al Lin and Abatan[76]% St
AAes 247 B 4572 AHERE d5d

A A vk e F3 a4 2RIOdEs
of @A AbEEEvtel diste] Eefskgith. Agrawal
and Tong[1]:> H¥el 3 718 AdstA e
7‘1001] EHz;]. 1:1Hl§]. u}woﬂ I;stp ol-g;g o 5 L;ﬂ_q_
2 2 H 3t Miceoli, Concilio and Lecce[79]:
FaAegy & o] &g fRE HE Aol Yo
FEasy AAETE o83 =AYV gt
o] 2703891t} Hwang and Park[56]° 7 2E]
ek A7 23E R A |
& AT o9 Benjeddou[13]S tAA7E EFH
TEREY fEah BUde] e A sHE
He)ste] W HEAT[13].
Denoyer and Kwak[34]2] =&olA A AM Y
A7k 45k A gRne B4 v
el AAs] R ol &l Fuhad
} <+ (Frequency Response Function)o] 231 o.g
2 FopgEH # AXNTE HAFU
T, e, &FF1091e 5q;A A4
dAAgy ¢ Fasta olg fIes
s Mste] AFAe} wmadr. A xhe]
thalA Bl nA AEs 298 AL 4 e
ZFarch =3 33 s, g8, o
AARE 54 Had fSol &g
stod gy y] dERe AL FAL
2o Fr¥ 939 Rayleigh-Ritz %

ﬂ.

-II —%:5__/1

i, S

e

A S )
!
¥l

e

R

O ol ol gl 2 KR f0 T

Z8
A

=]
el

q

i



29

gL e A Ay A2z

ek,
AxA rzEd GaANE FFNL A
Rayleigh-Riz8 o]t @8 2< =

Aol BAHRASE & F .
AHEG ZE oA &% WA A WAy
o] thgut ol fFiEErH34)
Mg+ Kq= B,G,v,
, (3)
=G,C'B/q

A7 M K ¥ A% A% 98, 34 Y
gg el gAnATI gl o AP
of Fobeh Aol F7h7h wapslel Ak ¢ =
Qubagioln B, = e FARE/ L} A

Aol e Qs drlle 9% ddolu
G, ¥ 7Hzte] st g el Wst FF ) (Power
Amp)el olFHel siwetl. o, ¥ A A%
: } o]% 1e]il

G, &= &A1
9

T gAA e ZAeg et B, =

x7m4wﬁqu>4umbmvw‘@ﬂﬂﬂz}
o7 2o Avlole HAUgiAel Folgihd
B.=B, 7t €. o A%el fug 594

(Collocated) A7} A @stA Yol o]RYHozw &
Wb vhrAselg 497k S AAH ol
= Ag zdo] @ob olg A} olqTh A

32 &A@ H 77 AEY I (Charge Amp)ol] &2
@ A$E vhebdch o] A HH7] A2 o
et gle] wAsts Ao et W AR
T2 A g3rly 7h e e dnk :)*I—E_ | H]

#3hA g}l Kwak and Sciulli[63]& °l%& + %
o] A} AT EE ALEsto] duk H9S K E

A &5 o8 nleto i Hx|2A HolE i
gt

Rayleigh-Ritz ¥#olv} fs8 S A3
LEVIAE GRS A8 2 4RI o))
& AAs el wr] WEd Aake] REE 9
o %Lu]-z-]/klo ‘1_1\3}5; 7—10] 0113]-73101 x—!fl
ol ol& 98l ufAEAE WA st
AFA A E o] &3t v e vy
A2E& FE116].

35

z+ Az=—U"B,G,v,
4)
= G,C'B,Uz

H e 99 #g¥€s vl 4 & IR
dzdez wdd #49g vehdnk AHR)

WE S Aol A RETS msthd A 4)E
2 3yl vja) 257 EolEA ok

A7\N UTMU=1, UTKU= A1 & A&
l
7

Aof olgol glo] M EAHE 23]
EEC T RELEES %

uHA 2 (State Eq.)o]l F2 AR wabA 4@
AefubA A Helm dge "arh o I\HE_

(o]

o
1242} "4%”1—‘?— B AA JEH
,?_

A, x=[z72717 & =& g ¢
o] ZhetalA AeANow HEF & UrH78].
x= Ax+ By,
(&)
vy=Cx+ Dv,
A71A Al dEES @9 vasd A
HEE 78 F Yk
hat v=g udste d5g 29geiax A4
2 Aojr1 g AAY A @A FE A
7b Agrso] o} Aol mE=F EE} 27,2
R LR R L
sko] veElA €t B3 ZﬁH REE ol

= A4S 1A e Rrel U3A ¥ G &l
n XA €l oldl @S duwky oz AojdH
(Control Spillover) {-#gtal F-Ec}, o]} vlr)

A ol &w A 7o x Wi B dAsA =
th rzE AEo] Qo] dwrHo g ;AR
Ae TrEE 411]011 WSk Apdsig el o ol

Ax AAzE Aol 5 &

wolA g @ 4

A= e e adddx gduk Aol 4ot 8
Aol e A59 HHA EAE Goh and

Caughey[48])7} T}t



HE9t - FFA

w3t x] #18@ AM2E

o ZtalAe A% NAH wHol o} FAiA

of AM3}(Charge) 7} HAst= A& W3l olF
vtz ol g3t HYg HAAL A dHdaxte
o] WglHol 2Er2A AMEE Atk H
el $& ARy vle|lazEd AFAMEE B
F da T 8 HdEeE A9, B F A
“‘/]i’ﬂ/] 48 & & Ut dHdAsY TEHY

oo Ao #I} FTEH RIMI=
Bronowicki, Betros ¢} Hagood®] = E [18]7} A=

gotel oleAq WA sk ww, AA4e)
Aol 71 52 S Qo] FANRE 0§
5% A% Aol B AE AFshedt ARE
A EFE B BeE + 9 Aol

5.1 ME@Shunt)3 25 ol 28t o]
ol 4 HEe AXNY TREo GHAF
sl AEol ofa] WS dlo] MY

i) J}N rE Jzﬂ

dspa olzelal AekAsE waHh of gk,
A718e A AgAeE olgal w2
S AT cleh gol g Hza olgako]
BaEAE De AEE 08 4UAA ATl

K2 2~7][81]9} Copperhead WIE[10} ©]t}. 2=7] ¢
Aol g Haga A (RC) ﬁr(shum) I2g
ARgste] 271el e dAAT Fad ouiA
£ 2FAAI TH81]. Active Control eXpers Aloll Al
NAAHR AE AUAE HA7|H oUiXE W3
F]axk MES HAEE Copperhead HJEe] 4t
A3k olEA FouN FAHS gAA HE
9] A9E AFE(sweet spot)S E0 HA wHESIY
[10].

MEZZ Ay o] HERZ HA 31~
=t Aojth Fig 5v TEREA FzE A
Agtedo] zhkst A7) S2E AAdt HE 9
3 TEAAE dve 3EEE HAFa Qo A
EygeE dubH oy Adkresistor), LAY

(inductive element), % # 7](capacitive clement), 2= ¢
A 2 E] glo]ol(switching rectifier)™ TFAIE & 3l

0o gEfze g AZe dof ela oA
Wil gAEAE Ful, frEade /1A

WgHrgAst e ahs o A71e A
849 AL wrte adE Fvh 2945 A
&3t AL AvA HEs Farst FasA

36

& 5 Sl

¢4
A el el

Fig. 5 Damping using shunt circuit

olgjze MEIZZ 1%& FHTE e
1979'd9] Forward[42]7} &0 & A8t o
=30l A Forward: 7]1‘10] MeES dHarE

AIg3le) AEAOE & 5 9SS HolFE =)
Forward® A& Swzolal A AE AR

83t} Forward and Swigert[43}5= H3 2 E 9]
3l £35¢ Membrane HEje] FERE dHgHE
o] g5ty zhakgt s Ao A Fgozx 9y
s FMN- F °'-°A% 5
von Flotow[51]&
gk o] Al A&
galeel AYg-Fed
E’r‘”ol A ekt A7 E o
g Ko HetdAg el

agpAAEY o AehfEs

Kol
=

Lo |

-+. Hagood and
AE 3R o
=1y §]*f—f‘ A

o

ol ;

Jof

1y

2

A

_'Q

:“o

>~

Rl

iﬂ )
Il VI A (O

A | @ or

L = = oy
Mo —Ho ‘Q

d,
to

]l L.

5 1
it
o
I
4
=2

|

B

o)
bkt ’SE" 2E %‘3} s
olo{ %] Aldrich,
Edberg, Bicos and Fechter[38]7F oi%€ A

€]
Hagood, von Flotow and Vos{3],

]f_ i

fﬂé}—‘: 7 RAF2 0} von Flotow and Vos[98]
S8 AvvE FaEE Alawlo] ofdh 7k At
01] o] =3 th Davis and Lesieutre[31] A

A9e) Bg gag A% £ 9

el T 1230 8 T

= WS Akt Hollkamp[54}iz ofe 7Rl
wrg Aojst 5 gl dEs Rl de] taA
Ateksict ol Qo % ”L 22 gE ol 85k 7l

& o] AT A H74,100,10117F EEF

5.2 PPF(Positive Position Feedback) X O{

Aeg o8 56 seder Agojds ol

W MEg 2 o L} l of mlsl muh &3}l
T #HE 2% ¢ A By AHL Al
£ 48d 5 sk 01 fé" StazFA 719 2



#EF . FFF LT AigE Az

71& AHESH FHol=
o] FA €Y. Fig. 68 A¥HWH FxEd Fzg
FAFAZIZEE FxE ¥HYE FA e olE
Aol 22 e B HAHI AojHE ANEte] A
g 7)ol A¥EE FEAost Addn).

As FREY FE§ Aoldl o] Fig. 69 o
=l Ao} AlZz®lel] EAES] vhekgt Alojr|zp A
AEo] 453 YA 1L F ALY ardel
A 1AL wa 9 Ao]r]zt PPF Ao 71{40,18)
olt}y. PPF AHo|7]= ol B L 2R E TAo] 7}
T AR o ghE7F deshy, Aldel KA
Hi BX2 e EReE 3t Aofd &
Atk o] "ol gt

Ao} Al2~®le] Fig. 67 &
=1 |

v

Fig. 6 Block diagram of Control

PPF A|%{”7]= Fanson and Caughey[40]7} &
aER RAEE B FHE A8
AgH oz PPF #Moj7v|el Bl AAE B3t |
AFEAA  #I olBEE&  #4s9  Poh and
Baz[85], Baz, Poh and Fedor[l1], Baz and Hong[12]
T EHZ rEREY AES AdAE7] 98] o
Algle] 257|E golgd FHdleo] FAEIE AR
s Aol /IO R Independent Modal Space
Control (IMSC) 7Rydell YZ3te] zZF m=g =0
3} Modal Positive Position Feedback 11101 /]‘?34
ALE-& AFE-BESATEH

Denoyer and Kwak [34] <& Hol| 3t
Multi-Input Multi-Output(MIMO) PPF #jo]7] &
A& =89tk Griffin and Denoyer[49]= ¢+ #

Aeel ZE7)e) dgHon ALgEo] & PPF A

AR 4¥3ee WHE BRIAC) ol e
= PPF AHoj7le zlEAole] godh we oA
2 3}64,65,105,107,117,128]7F @l PPFA|o] 7] ¢

3

8% ZAA 9 stud 24 FAE AN
2 A d s =3[66,67,110,121,
123,129,130,131,132]%= 28 F o]},

PPF Aoj7)¢] ZHe trgd gy 54 Fi
-?EH‘*’«] #AE Fd3A FAE F do 2R
Fo] U= yetx A 2/ =
HAoZ Afgd & Q). =g 4Rt
vl spillover E‘i"bﬂ g Wzstn 2E 7]
Aol o EdAM|AA FEoh ¥
JF W E AMEEY] "ol BEES AS3e
-°r°ﬂ if"*ﬂ‘i} °] Aol 71¥& AAE dEst
A 125 AEAE ehdlE 23 0
WP A8 o3 L 01 BA},

r‘.Jlo
Jln lﬂ

P+28 0wt ot =g’ E (6)
o} 7] A = PRE RYREAE Yehiu
Coho b FRE FAATS nk NEFE

vebdch g & eyt = FE o

74—‘*— L}’L}‘L}]f olt}, PPF zjo] HAF3| 2

e rxE & Aal v 3 PR Fo

EI=

Ir e

Qe
E}E gl
Eur)
[&] [e]

& +2b0, 6t 0fE =0’ (7)

ANM ¢, % w, T PPF BEY WA e}

i AEFE Jepdvh o] B4 3|2 & Laplace
Wele Apgale] UEhiE oga ol At

2
_ Wy

H(s)= SE+2§/‘Q)_f§+(I)§' (8)

o) He BEolEH AHgsHs F1BH AFR

%3 PE(Low-Pass Filter)9} A3 Sefoln] =2
Uaskol A 909 AatE ZtEth olE o
M A28 A PPF 3 2E Op AmpE Ab
gato] rdekA g FA4E 5 g 2
X—‘1(Root Locus)oll Al & 4 Qo] o] g 7T

L FH(Pole)yE FF FollM del ojFAlE 4
ag ot ey o] 5o R AR EAA
7bE F 9ol ol5S AAsk=d o] Folstd



£
i
=4

;=AU FE e 2] 218 Al12E

of 3tk PPF Ao}71H &L @,=w 2 THE]
7P A s fEdts o dE R=E

MR AojstA dAot. AA FREANE EE
FaAel ZH 7 o H(Zero) E0| ?\l o I
HE Ao Feta JH 7 = I
o Tk Ao EAE Al
fr BEE UE Rebo dFdFg 74 oM
ofd 4 vk A2 Ao =g Fojstarat g
o Avje] E=E Aoldd = Sle PPF A7)
& A ste] v F 43k o (Decentralized Control)
A ahol 2 e mES Aleld FE U oh
H Pseudo-Inverse °ﬂ 2A A HREE g A

Zate] 488 +% Yok [34].

Garcia, Dosch and Inman{45], Dosch, Inman and
Garcia[36], Inman and Garcia[58]%= Ao} 7+%] 7b5
ZLE 7] (Self-Sensing Actuator) & Ao #3)] =
HA] PPF Aol HA el A AT wEE
wekdvh. ekehrt, FEA[118]1L ol #FE A4
ozt A7 EAFE F0 HEUA EE 6}"*
23

o

or-

53 7|t Moo

Hanagud, Obal and Calise[52] &% Ao 719
© &4 Rate Feedback, Modal Feedback, Optimal
Output Feedback o] 71W& A}£3}%0t} Babu
and Hanagud[6]% 3 779 &&E7]1E AME-3t
T A1 ARl FAE vhEAC. Aepx|
%718 ol &3 AFi=ES [3537]°] Uth Tzou
and Gadre[95]x= ¥AZ2WE ol &% s oA
of glolA dZta AQE WA= Ao J|H
- A3}t Burke and Hubbard[22]5= Lyapunov
AHHE AMgste] oz Fele AA 2AE
BEol tigt Ao WHES FE3ta AA

A A8kt Babu and Hanagud[6]© $H#
AHE71E 2gee EEY AE AdE
3lod p Synthesis 7]®-& ©] & Robust A7 &
H A& Yl Lazarus and  Crawley[68]%  Linear
Quadratlc Gaussian(LQG) #o} 2} Optimal Projection
CompensatorS AH&3 A% A& Arsa U
v}, Li, Beigi, Li and Liang[75]=> Diamod Turning
Lathe 2] $]&] #Aojo] Yol &4 #5715 AHE-3t
Ao} 7'M o2+ Learning Self-Tuning Regulator
AbgEte SevE g FHse d g AAE

o
=
#17]

1w jg D:‘_, N N:i o, rulo
o L e} rlr

Mtk

%t} Garcia and Inman[46,47], Leo and Inman{73]
2 B AE AAANINE Al dHBFAN/AE
718 Abgsle FE g AASE UHE 2k
Khorrami and Zeinoun[60]< Flexible Multibody £
Slewing A& YFHA E AdE
Decentralized Frequency Shaping 3 Self-Tuning
Adaptive Aol 71 & ALE3ste] 3ldA #Eg o
At Wl st A8k Pota, Alberts
and Peterson[86]x Hx Ao 7|9 & o] &3 A+
Ag LE3FY. Kwak, Denoyer and Sciulli[62],
Tzou, Tseng and Wang[97], T+t E4-8[108]S
sldr e RYFy AHojd i A4 AAE LR
st

Impedance Matching Aol 7]¥ol &3t AL &
4] 8ol Fanson, Lurie, O'Brien and Chu[41]

7} System ldentification 7|3} [mpedance
Matching 7ol it =8} Betros,
Alvarez-Salazar and Br0n0w1ck1[14]f; Impedance

7ol StHANBEE AL F A
AHEE $ QeSS Bl Paige,

Matching #]©]
o] 7|HeR

Scott, Weisshaar[83]= S HAEE B3 A)53q
£ Flutter®: Aoste WES /s wd A
o] 7]¥ 22 LQR(Linear Quadratic Regulator)©]
4%4ﬁq

25 A st dAAEE =3 Nd st
2ozl 1/]I¥E*§°1 }‘47} Bailey and

Hubbard®] =#[7]31dl 1E5& % ojZx QW
AA FAEANE WHAAA B M 4P
o] 7}5%H8 Kt} Bailey and Hubbardt &3 E
g g ejdue 553 dhE PxAA 2% A
o} & &}i= Spatial Filter?] 7§ =43l Ed o
MdE t1€ B3 A7 Burke and Hubbard[21]7}
A A EE o] &3 21F Aol dojA A
olof utet ko] upH: AoV E AMREE W
of et Ti-g HHESATE T3 Lee and
Moon[70]= iﬂzﬁ el T vERNEAAE
At BA7E ¢ AHE7le “ﬁl of #3te] Burke
and Hubbard [23,24]% =Hte] sl 2l Alo)7/]9
AAE FHEFUAE Jé‘?";’a*ﬂ] 553 dYow
FE3 ofH 2E Rz dste] 379 A
712Ael Agg Sustste WHE SR
o] Modal Sensor/Actuator i Spatial Filter 9]
Mol 2A AT HHow %}‘4194‘319} &=
Aetale] 54& o83 ‘”‘ﬁO]EJrJ— ad A



T

S EELEE

A18d A 12%

t}. ge A B}l Lee,  Chiang,
O'Sullivan(69,71,72]1= ¢A & & o] &t 7tz
o] R=g A&t Ztzte] REE AHoEd 4 3l
Modal Sensor/Actuator®] Aol #dle] ¢-1-&
Udg &5 golmwlo g AAGHE I& F
£+& B} Sullivan, Hubbard Burke[93]+
ALY e A4 Hyke] dE Ao 93 2
A 7)€} 2HE71 HA Ao 1‘:5} =1

83 th D'Crus{32]E =9 %l%‘% R
ol &3t Aol

Bl ;h:': mlo
B B l‘ﬂ

L 1
=

il

Wl thek A A

b3
ki
e
bt
olgh
o

4 1
Control)& ]'%'3]'%‘ s Aoy whE-
Spillover?] o aks} Hxv]e] A 9z AA
& E9Folo , :
235, FAQSR QY115 LQRE A &3
g Aol Heg Ltﬂﬁra}/] %’4?:5 2 28l 7]
ArREte] 2 W] AA shelvlE
g Bt 7’??& kR
HAE5E o83 Fue F¥
Bang-Bang #o] WL g AlE3lo
FE[12417 &3+, ol et /r}asi—’r‘[lzs]ls Jf,_
Aepy] ez Lo AXr]g Fad 5 A

o

O
_EL
ik
qd, o
Hin
s
il
=
R

]
E
0

o

£

_2 l 39 %

g 9¥uel TE FE dAE oh=dizdl Ao
Ul © 2 = PD(Proportional plus Derivative)”} A}-&
ghivt. ojelo . ghH el FAVE o] &3t
ATt AI}[113,114,119,120,122,127]7F W EE 9]
t},

de Luis and Crawley[ 3], and de
]

LulS[28]‘“ 5 xR e AdE ¥
date el ¥ AMRE 2E SRR
.55_, oLx}H]g}_u]o] =

’;}7 gg} Az o] st
B A A :

—‘]Q a3l Edberg, Bicos and Fechter[38]
= SHAAMEE o] &8t Active-Damping  StrutE
zﬂ&}s} %11 Fanson, Lurie, O'Brien and Chu[4l]<
jpLel EEfs gzl ehdAlaz vbgolxl 3

B/ el Al A% Aol
Poh and Baz[85]= & Myl &

Ao
wole e

3

o %5718 Algdlel s T2ES UES o

A8t =dl  Shibuta, Morino, Shibayama and
Sekine[91], Fujita, Tagawa, Murai, Shibuya,
Takeshita and Takahashi[44]% A A EE o] &3

o Ev]2~ WHE T53E0E eE UYe &
A&FAt}. Lee, Chiang and O'Sullivan[72]2 4 594
X (Current Amplifier)s ©]-% Strain Rate® 74| &
T A A7 dAd dF =E& WEIAD

t}. Collins, Padilla, Notestine and von Flotow[27]=

g4d "HE gxr1e A B oEden
Modal 7Z%]7]& Flexible Multibody o©f % &3}
Ay Axg wESH}. Bronowicki § [17,19,20]

& A mast 2 ARSI Sl BE 4w
el AT S HYAT el FrEE
WA S E Ao TS A8 UE Ao

AHs P}, Anderson, Moore, Fanson and
Ealey[5]= %A A 5.9} Electrostrictive 2HE7]& o]
&3 SEwmel Mg el ek

7L 9] Eolgt wid =RORE SEddy =k
BB ARAA S5 A7t HEHAS Aol
= ol 4% $98 A9 £ A g

A 7F ek o] g A #E
?}El Al 22808 ACLD(Active
Constrained Layer Damping)o]#til  H-Zi=1)
Hollkamp and Gordon{55] <4 Ajg}y] o) )‘L?J"“]
A9 ACLDoﬂ HE A Ays wEEdd. &
,(—];H}L‘_o] 10 %}%U} olx-] TJE1_4 7Hu]—r_ 03:
7} %%}3] A Qlyrd 259 BHEEA &
A E’Jﬂ'a— ARS8 o A7l Wu,  Bao,
Varadan[102]°] &) 2E =T} S FAojo #AF
-9 % Banks, Fang, Silcox and Smith[8]9]
TAIE At

Aol Ay Ao} JEe Apgetia ey

tjxerqeol 7zt "AeEdd LQR, LQG, 1
Synthesis, Ho Ao} Fo] A 3= vlo]zia TR A

Mg o]&ate] Ao & Qlvk 28y
o] H$ A/D, D/A Converteroll Al A=
Time-Delay, Anti-Aliasing Filteroll 4] 2A0st = 914
Zbe] Wigh i opd R ojo A B 4 Y &
FEol vEuA @ aeja A/D, DA 9
Sampling Speed ¥ #|3to] o] e 9 a2z
E opre 11]0161— 4 @itk H<* DSP Chip 9] 7H
9 Ao] F7|7F g@olAar glorw
> 91 e Beg Aojd £ s Ao

& O
A9



S GRT

GFxgdeesx Asd AnE

Helch T2 Adaptive Control, HA| 23 o],
Al 7 7o) 52 Parallel Processing ©] 275 &= 3

2z dielg AHE Wy & + UE volaR =
B2AAE o] &sjoF Fut.

6. ZE

Ao Urt EA RS o] &3 T zlE A
ofell #& A FFH A AAE FEHAC
TE s Aol AL v BHAAE S
T dAAE e R 7 AHE A sle 1
HEo #ek Avrh EdeA A e Wl
olml Az prERe Hgol ofFolxm gt}
ekl A glul & o] &3 zEH ol dgo g o] Fol
A wprzge] Aol ggshy e 2
Bae] WEagAol, A4A el Aol
of Attt dAES Fejol gaAzye el

RS SEANLE BEY & g oy
A AAFe o) gades Fas 0% g

(Vibration Isolation)2 ¥3h= el % 45}]&, &

‘8‘?:1' Z 01[],

HonAE Azt g o %‘} g A
TR 9]“*}1 T ged ge ded /16}5”4
FAE M Ao =3Ho °4'L7P 8=
g3 Aol 7]‘?:1 EFT?L 1% H7) Ao} Folell M
MEEel & 7IMES HEsE & BRth
FrE ARE7E FEdiel AE aede u oko
2 opzEd fes Aol 7imel shdel add
. o] m=HeA AVfF HMEIRE o]&d TF
a9k PPF Alo] 7S 1ok Aol A

o17] Foll A AgAdol ¥ WHoltt
gy ZA71ek A7) 9 @i}% ]
tAAEy #g AFH g FEHAR
AP A= A2 e %Hixﬂa}@l 25
Muro]l AlFEith ol FS HSHE Ha=
e Alels HypHon Ackd B
sA gow
aEHoOR & &
3ok
o] arz}
Akl
c}.
23Hog

Al .& T

A AHol&
= shdMe e Azvt Ha
atalch FHol hdAzig el Ao HE %
sk o] zPFolrh. ERIzhe] Hrd
GdAet g7 29E Aew Hel
olfl =gzt At WsAeiE Hy
SR 7 s AR i

40

AP H7E2 *]—lﬂ} Azo] ek olsfictan @

3}
=

8.

Se vhol 124,

. Aldrich, ],

. Babu,

SHAztY & 7l Aojel Abgst=dl 3

i
ul
oot Wb X FErEES A3 AR
E3 A7) Ao 2 Ay A

sope] HE/EI £3n 4L sl @
o BHolt}
HoEd

Agrawal, SK. and Tong, D., "Modeling and
Shape  Control of  Piezoelectric  Actuator
Embedded Elastic Plates," Journal of
Intelligent Material Systems and Structures, Vol.
5, pp. 514-521, 1994.

Ahmadian, M. and DeGuilio, A.P., "Recent
Advances in the Use of Piezoceramics for

Vibration Suppression,” The Shock and Vibration
Digest, Vol. 33, No. I, pp. 15-22, 2001.
Hagood, N.W., Von Flotow, A. and
"Design of Passive Piezoelectric
SPIE Vol. 1917
Intelligent pPP.

Vos, D.W.,
Damping for Space Structures,”
Smart Structures and
692-705, 1993,

Allik, H.
Method

International

Systems,

J.R., "Finite Element

Piezoelectric

and Hughes,
for Vibration,
Journal for Numerical Methods
1970.

Fanson,

in Engineering, Vol. 2, pp. 151-157,
Anderson, E.H., Moore, D.M.,

M.A., of
Member Using Piezoelectric and Electrostrictive

JL,

Ealey, "Development an  Active

Actuation for Control of Precision Structures," ”
G.L.N. and Hanagud, S,

Vibration Control of Adaptive Structures by the

"Robustness and

Use of Piezoelectric Sensors and Actuators,"
AIAA-91-1236-CP, pp. 2269-2279, 1991.

Bailey, T. and Hubbard Jr., J.E., "Distributed
Piezoelectric-Polymer Active Vibration Control of

a Cantilever Beam," Jourmal of Guidance,
Control, and Dynamics, Vol. 8, No. 35, pp.
605-611, 1985,

Banks, H.T., Fang, W., Silcox, RJ. and Smith,
R.C.,
Acoustic  /Structure  Models  with Piezoceramic
Actuators,” NASA Contractor Report, AD-A244

"Approximation Methods for Control of



ceE Al g A

H18d A12%

350, pp. 1-28, 1992.

Banks, H.T. and Smith, R.C., "The Modeling of
Piezoceramic  Patch with  Shells,
Plates and Beams,"” NASA Contractor Report, pp.
1-31, 1993,

Interactions

. "Batter Up! Piezo Dampers Take Sting Out of

Swing, 15,

pp. 46-47.

Machine Design,” Vol. 70, No.

. Baz, A., Poh, S., and Fedor, J., "Independent

Modal Space Control with Positive Position
Feedback," of

Measurement and Control,
1992,

Baz, A., and Hong, T.H., "Adaptive Control of
Flexible Structures Using Modal Positive Position
Feedback,"
Control and Signal Processing, Vol. 11, 231-253,
1997.

Journal Dynamic  Systems,

Vol. 114, 96-103,

International Journal of Adaptive

. Benjeddou, A., "Advances in Piezoelectric Finite

Element Modeling of Structural
Elements: A Survey, Computers & Structures,”

Vol. 76, pp. 347-363, 2000.

Adaptive

Betros, R.S, Alvarez-Salazar, O.S. and
Bronowicki, A.J.,, "Experiences with  Active
Damping and Impedance Matching

Compensators,” SPIE Vol. 1917 Smart Structures
and Intelligent Systems, pp. 856-869, 1993,

. Birman, V.. "Theory of Sandwich Plates with

SPIE Vol
Systems,

1917
Pp-

Piezoelectric Reinforcements,”
Smart Structures and
461-472, 1993,
M.J.

Actuators and Sensors,"”

Intelligent
Brennan, and Day M.J., "Piezoelectric
IUTAM Symposium on
the Active Control of Vibration, University of
Bath, UK., 1994,

A.l., "Advanced Composites with
Us

Bronowicki,
Embedded Sensors & Actuators (ACESA),"
1992.
and Hagood,

Airforce Phillips Lab Internal Report.
Al, R.S.
N.W., "Active Damping Using Piezoceramics,"
SPIE's 1993 North American Conference on
Smart Structures, Short Course Notes. 1993.

Bronowicki, Betros,

. Bronowicki, A.J., Betros, R.S., Dvorsky, G.R.,

Wyse, R.E., Innis, JW. and Kuritz,

41

23.

S.P., "Advanced Composites with Embedded
Sensors and Actuators,” PL-TR-93-3017, 1993.
. Bronowicki, A.l., Innis, J.W., Betros, R.S. and
Kuritz, S.P., "ACESA Active Member Damping
Performance,” SPIE Vol. 1917 Smart Structures
and Intelligent Systems, pp. 836-847, 1993.
Burke, S.E. and Hubbard Jr., LE.,
Vibration Control of a Simply Supported Beam
Using a Spatially Distributed Actuator,” IEEE
Control Systems Magazine, pp. 25-30, 1987.
. Burke, S.E. and Hubbard Jr., J.E., "Distributed
Actuator Control Design for Flexible Beams,"
International Federation of Automatic Control,
Vol. 24, No. 5, pp. 619-627, 1988.

"Active

Burke, S.E. and Hubbard Jr, J.E., "Spatial
Filtering Concepts in Distributed Parameter
Control,”  Journal of  Dynamic  Systems,
Measurement, and Control, Vol. 112, pp.

565-573, 1990.

24. Burke, S.E. and Hubbard Jr., J.E., "Distributed

25

26

27.

28.

Transducer Vibration Control of Thin Plates,"
Journal of the Acoustical Society of America,
Vol. 90, No. 2, pp.937-944, 1991.
Chandrashekhara, K. and
AN., "Dynamic  Modeling  of
Laminated  Plates Finite Element
Method," SPIE Vol. 1917 Smart Structures and
Intelligent Systems, pp. 451-460, 1993.
. Choi, S.-B., Cheong, C.-C., and Kim, S.H,
"Control of Flexible Structures by Distributed
Piezofilm Actuators and Sensors," of
Intelligent Material Systems and Structures, Vol.
6, pp. 430-435, 1995.
Collins, S.A., Padilla, C.E., Notestine, R.J. and
Von Flotow, A.H.,
Application

Agarwal,
Piezoelectric
Using

Journal

and
of Distributed
Piezoelectric Film Sensors," Journal of Guidance,
Control, and Dynamics, Vol. 15, No. 2, pp.
369-403, 1992.

"Design, Manufacture,

to Space Robotics

Crawley, E.F. and de Luis, J,, Experimental,
"Verification of Distributed Piezoelectric
Actuators for Use in  Precision  Space
Structures,” Proceedings of the 27th SDM

Conference. 1986.



SEAF . FFFYFEE A A18d A123
29. Crawley, EF. and de Luis, J., "Use of http://encarta.msn.com.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Piezoelectric Actuators as Elements of Intelligent
Structures,” AIAA Journal, Vol. 25, No. 10, pp.
1373-1385, 1987.

E.F. E.H., "Detailed
Models of Piezoceramic Actuation of Beams,"

Crawley, and Anderson,

Journal of Intelligent Material Systems and

Structures, Vol. 1, No. 1, pp. 4-25. 1990.

Davis, C.L., and Lesieutre, G.A., "A Modal
Strain Energy Approach to the Prediction of
Resistively Shunted Piezoceramic Damping,”
Journal of Sound and Vibration, Vol. 184,
129-139, 1995,

D'Crus, J., "The Active Control of Panel

Vibrations with Piezoelectric Actuators, Journal
of Intelligent Material Systems and Structures,

Vol. 4, 1993.

de Luis, J. and Crawley, E.F., "Experimental
Results of Active Control on a Prototype
Intelligent ~ Structure,” AIAA-90-1163-CP, pp.
2340-2350, 1990.

K. K. Denoyer and M. K. Kwak, "Dynamic
Modeling and Vibration Suppression of a
Slewing Active Structure Utilizing Piezoceramic
Sensors and Actuators,” Journal of Sound and
Vibration, Vol. 189, No. 1, pp. 13-31, Jan. 1996.
Dongi, F., Dinkler, D. and Kroplin, B., "Active
Flutter Suppression Using Self-Sensing
Piezoactuators," AIAA Joumnal, Vol. 34, No. 6,
pp. 1224-1230, 1996.

Dosch, 1.J.,
"Measurement

Panel

Inman, D.J. and Garcia, E.,

of Strain and Stress in a
Piezoelectric Actuator for Collocated Control,"
Institute of Physics Publishing, pp. 195-198,
1992.

Dosch, J.J., Inman, D.J., and Garcia, E., "A
Self-Sensing Piezoelectric Actuator for Collocated
Control," Journal of Intelligent Material Systems

and Structures, Vol. 3, 1992.

Edberg, D.L., Blcos, A.S. and Fechter, J.S.,
"On  Piezoelectric Energy Conversion for
Electronic  Passive Damping Enhancement,"

Damping '91 Conference, San Diego, CA. 1991.

Encarta Concise Encyclopedia. Available at

42

40.

41.

42.

43.

44,

45.

46.

47

48.

49.

50

Fanson, J.L. T.K., "Positive

Position Feedback Control for Large Space
Structures,” AIAA Journal, Vol. 28, No. 4, pp.
717-724, 1990.
Fanson, J.L., Lurie, B.J., O'Brien, J.F. and Chu,
C.C., "System Identification and Control of the
JPL  Active Structure,” AIAA-91-1231-CP, pp.
2247-2254, 1991.
R.L., of
Vibrations in Optical Structures," Applied Optics,
Vol. 18, No 5, pp. 690-697, 1979.

Forward, R.L. and Swigert, C.J., "Electronic

and Caughey,

Forward, "Electronic  Damping

Damping - of Orthogonal Bending Modes in a
Cylindrical Mast - Theory,"Journal of Spacecraft
and Rockets, Vol. 18, pp. 5-10, 1981.

Fujita, T., Tagawa, Y., Murai, N., Shibuya, S.,
Takeshita, A. and Takahashi, Y., "Active
Microvibration Control System Using

Piezoelectric Actuator,” Second Joint Japan/U.S.
Conference on Adaptive Structures, pp. 357-371,
1991.
Garcia, D.J., "The
Application of Smart Structures to The Vibration
Second Joint Japan/U.S.
Conference on Adaptive Structures, pp. 332-339,
1991.

Garcia,

E., Dosch, J and Inman,

Suppression Problem,"

E.
an

D.J.,
Structures,"

and Inman, "Advantages pf
of
Intelligent Material Systems and Structures, Vol.
1. 1990.

. Garcia, E. and Inman, DJ., "Modeling of the
Flexible

Maternial

Slewing Active Journal

Slewing Control of a Structures,”
Journal of Intelligent
Structures, Vol. I, 1990.
Goh, CJ. and Caughey, T.K., "On the Stability
Problem Caused by Finite Actuator Dynamics in
the Collocated of
Structures,” International Journal of Control, Vol.
41, 787-802, 1985.

Griffin, S.F. and Denoyer, K.K., "Smart Patch
Piezoceramic  Actuator  Issues,” The Fifth
NASA/Dod CSI Technology Conference. 1992.

. Hagood, N.W., Chung, W.H., and von Flotow,

Systems and

Control Large  Space



F27 . FZHUFEIHA A8l Mn2E

A., "Modelling of Piezoelectric  Actuator
Dynamics for Active Structural Control," Journal

of Intelligent Material Systems and Structures,

Vol. 1, No. 3, 1990.

51. Hagood, N.W. and von Flotow, A., "Damping
of Structural  Vibrations with  Piezoelectric
Materials and Passive Electrical Networks,"
Journal of Sound and Vibration. Vol 146, No 2,
pp. 243-268, 1991.

52. Hanagud, S., Obal, M.\W., and Calise, AlJ.,
"Optimal  Vibration Control by the Use of

Piezoceramic Sensors and Actuators,” Journal of
Guidance, Control, and Dynamics, Vol. 15, No. 5,
pp. 1199-1206, 1992.

53. Holland, R.,"Resonant of
Piezoelectric Ceramic Rectangular Parallelepipeds,”
, Vol. 43, No. 5, pp 988-997, 1967.

54. Holikamp, J.J,, "Multimodal Passive Damping

Properties

Enhancement,” J. of Intelligent Material Systems

and Structures, Vol. 5, No. 1, pp. 49-57, 1994.
55. Hollkamp, JJ. and Gordon, R.W. "An
Experimental Comparison of  Piezoelectric

Constrained Layer Damping," Smart Materials and
Structures, Vol.5, 715-722, 1996.

56. Hwang, W.-S. and Park, H.C., "Finite Element
Modeling of  Piezoelectric Sensors and
Actuators,” AIAA Journal, Vol. 31, No. 6, pp.

930-937, 1993.
57. 1EEE Std 176-1987, "IEEE Standard on
Piezoelectricity,” The Institute of Electrical and

Electronics Engineers, pp. 8-14, 1987.

58. Inman, D.J. and Garcia, E., "Smart Structures
for Vibration Suppression,” Institute of Sound and
Vibration Research, pp. 137-155, 1991.

59. Jaffe Jr., B., Cook Jr., W.R. and Jaffe,
Piezoelectric Ceramics, Academic Press. 1971.

H.,

60. Khorrami, F. and Zeinoun, LJ., "Rapid Slewing
and Pointing of a Flexible Structure with
Embedded Piezoceramics,” SPIE Vol. 1917 Smart

Structures and Intelligent Systems, pp. 25-36,
1993.

61. Kistler Online Website for Technology and
Piezoelectric Theory. Available at

http://www kistler.com

43

62. Kwak, M.K., Denoyer, K.K. and Sciulli, D.,
"Dynamics and Control of a Slewing Active
Beam," Jourmal of Guidance, Control
Dynamics, Vol. 18, No. 1, pp. 185-186, 1995.

63. Kwak, MK.
Based Vibration Suppression of a Slewing Active

and

and Sciulli, D., "Fuzzy-Logic

Structure  Utilizing Piezoceramic Sensors and
Actuators,” Journal of Sound and Vibration, Vol.
191 No. 1, pp. 15-28, March 1996.

M. K. Kwak, Kwang-Joon Yoon and Wan-Kyu
Ra,
Grid Structure by the Multiple Positive Position
Feedback Control," Asia-Pacific Vibration
Conference '97 , Kyungju Korea, Nov. 9-13
1997.

M. K. Kwak and Sang-Bo Han, "Application of
the 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, March [-5
1998.

M. K. Kwak and T.-S. Shin, "Real-Time
Automatic Tuning of Vibration Controllers for
Smart Structures by Genetic Algorithm,” SPIE's
6th Annual International Symposium on Smart

Beach,

64.
"Active Vibration Suppression of a Smart

65.

Genetic  Algorithm  to Determination

66.

Structures and  Materials, Newport
California USA, March 1-5 1999.

M. K. Kwak and S. Heo, "Real-Time Multiple
Parameter Tuning of PPF Controllers for Smart
SPIE's  7th
on Smart
Beach,

67

Structures  Genetic  Algorithms,”

Annual International Symposium
Structures and  Materials, Newport
California USA, March 5-9 2000.
Lazarus, K.B. and Crawley, E.F., "Multivariable
High-Authority Control of Plate-Like
Structures," AIAA Paper 92-2529, 1992.
Lee, C.K, Chiang, W.W., and O'Sullivan, T.C.,
Modal
Achieving  Critical
Cantilever Plate,"
2018-2026, 1989.
CK. F.C., "Laminated

Piezopolymer Plates for Torsion and Bending

68.
Active

69.

"Piezoelectric Sensor and  Actuators

Active Damping on a
IBM Research Report, pp.
70. and

Lee, Moon,



ZEI -

sz

al
o

32 A1’y AnE

of Acoustical
No. 6, pp.

Journal
Vol. 85,

Sensors and Actuator,"
Society of America,
2432-2439, 1989,

71. Lee, CK., Chiang, W.W., and O'Sullivan, T.C.,
"Piezoelectric Modal Sensor /Actuator Pairs for
Critical Active Damping Vibration Control,"

Journal of Acoustical Society of America, Vol.

90, No. 1, pp. 374-384, 1991.

72. Lee, C.K., Chiang, O'Sullivan, T.C., and Chiang,
W.W., "Piezoelectric Rate
Actuator Designs for Active Vibration Control,"
AIAA-91-1064-CP, pp. 2197-2207, 1991.

73. Leo, D.J. and Inman, D.J., "Point Control and

Strain Sensor and

Vibration Suppression of a Slewing Flexible
Frame," Journal of Guidance, Control, and
Dynamics, Vol. 17, 528-536, 1994,

74. Lesieutre, G. A., "Vibration Damping and

Control Using Shunted Piezoclectric Materials,"
The Shock and Vibration Vol. 30,
187-195, 1998.

75. Li, CJ., Beigi, HS.M., Li, S. and Liang, J,,
"Nontinear Piezo-Actuator Control by Learning

Digest,

Self-Tuning  Regulator," Journal of Dynamic
Systems, Measurement, and Control, Vol. 115, pp.
720-723, 1993.

76. Lin, M.W. and Abatan, A.O., "Application of

Codes the

Analysis of Induced Strain-Actuated Structures,”

Commercial  Finite  Element for

Journal of Intelligent Material and
Structures, pp. 869-875.
77. G.F., "The
Piezoelectric  Properties  to
by Matrix
of the Acoustical
76, No. 3, 1984,
L., Dynamics
Structures, John Wiley & Sons.
G, A.
"Research  Activity Noise
Control by Piezoceramic
Proceedings of the 12th International
Analysis Conference, pp. 606-612, 1994.
80. Mitchell, J.A. and Reddy, J.N., "Study of The
Effect

Systems

of
Finite

Addition
Structural

McDearmon,

Element Programs Manipulations,”
Journal
Vol.

78.

Society of America,

and Control of
1989.

and Lecce,

Meirovitch,

79. L.,

and Vibration

Miccoli, Concilio,
on
Transducers,"

Modal

Active

of Embedded Piezoelectric Layers in

44

Composite Cylinders,” SPIE Vol. 1917 Smart
Structures and Intelligent Systems, pp. 440-450,
1993.

81. Mulcahey, B. and Spangler, R.L., "Piezos Tame

Tough Vibrations," Machine Design, Vol. 70,
No. 4, 60-63, 1998.

82. Nisse, E.P.E., "Variational Method for
Electroelastic Vibration Analysis,” IEEE
Transactions on Sonics and Ultrasonics, Vol.

Su-14, No. 4, pp. 153-160, 1967.

83. Paige, D.A., Scott, R.C. and Weisshaar, T.A.,
"Active Control Composite Panel Flutter
Using Piezoelectric Materials,” SPIE Vol. 1917
Smart  Structures pp.
84-97, 1993.

of

and Intelligent Systems,

84. Park, C., Walz, C. and Chopra, [, "Bending
and Torsion Models of Beams with Induced
Strain  Actuators," SPIE  Vol. 1917 Smart

Structures and Intelligent Systems, pp. 192-1216,
1993.

85. Poh, S. and Baz, A., "Active Control of a
Flexible Structure Using a Modal Positive
Position  Feedback  Controller,” Journal of
Intelligent Material Systems and Structures, Vol.
1. 1990.

86. Pota, H.R., Alberts, T.E., and Peterson, LR,
"HooControl of Flexible Slewing Link with
Active Damping," SPIE  Vol. 1917 Smart
Structures and Intelligent Systems, pp. 25-36,
1993,

87. Robbins Jr., D.H. and Reddy, J.N., "Modeling

of  Actuators in Laminated Composite
Structures," SPIE Vol. 1917 Smart Structures and
Intelligent Systems, pp. 485-496, 1993.

88. Sensor Technology Limited. Available at

http://www.sensortech.ca/

Shah, D.K., Joshi, S.P. and Chan, WS,
"Structural Response of Plates with Piezoceramic
Layers,” SPIE Vol. 1917 Smart Structures and
Intelligent Systems, pp.428-439, 1993.

90. Shen, LY., "A Study of Active Constrained

Layer Damping Treatments on Composite Beams,"

US Airforce Phillips Lab Internal Report. 1994,

91. Shibuta, S., and

89.

Morino, Y., Shibayama, Y.



5t

jEhl

stxgul3es]a Ay Al12s

92.

93.

94.

95s.

96.

97.

98.

99,

10

10

K.,
Structures by Piezoelectric Actuator,”

Sekine, "Adaptive Control of Space Truss
Proceedings
of the Second Joint Japan/U.S. Conference on
Adaptive Structures, pp. 245-262, 1991.
Singh, D.A. A,
Integrity of Composite Laminates with Interlaced
SPIE Vol. 1917 Smart
Structures and Intelligent Systems, pp. 473-484,
1993.

Sullivan, J.M., Hubbard Jr.,
S.E.,

Spatial

and Vizzini, "Structural

Piezoceramic Actuators,”

JEE. and Burke,
"Distributed Transducer Design for Plates:
Shading
1994  North

Shape  and as
SPIE
1994,
"Modeling of Flexible Piezoelectric
SPIE Vol. 1917 Smart Structures
and Intelligent Systems, pp. 497-507, 1993.
H.S. and Gadre, M., "Active Vibration
by  Polymeric with
Variable Feedback Gains," Vol
26, pp. 1014-1017, 1988.
H.S. Tseng,
Piezoelectric

Design
Parameters,” American
Conference.
Ww.,

Laminates,"

Sun,

Tzou,
Piezoelectric
AIAA Journal,

Isolation

ClIl,
/Actuator
/Control

A

"Distributed
Design  for
of Distributed
Finite

Tzou, and
Sensor
Dynamic Measurement
Piezoelectric

Element Approach,” Journal of Sound
Vibration, Vol. 138, No. 1, pp. 17-34, 1990.

H.S., Tseng, CIl and Wang, G.C,
"Distributed  Structural Control

Flexible Manipulators-1I.

Parameter  Systems:

and

Tzou,
Dynamics
Distributed Sensor and
Active Electromechanical Actuator," Computers &
Structures, Vol. 35, No. 6, pp. 679-687, 1990.

von Flotow, A.H. and Vos, D.W., "The Virtues
of Passive Damping in Controlled Structures,"

Wada, B.K., Fanson, J.L. and Crawley, EF.,
Proceedings of the 30th
Structural Dynamics Conference, Mobile, AL, pp.
1-8, 1989.

0. Wu, SY,
R-L  Circuits for
Vibration Control,"
Vol. 2720, pp. 259-269,
1. Wu, SY., AS.,
Vibration Damping Experiments Using Improved

"Adaptive Structures,”

"Piezoelectric Shunts with Parallel
Structural
Proceedings
1996.
and Bicos,

Damping and
of the SPIE,

"Structural

of

)

Piezoelectric Shunts,"”

Proceedings of the SPIE,

Vol. 3045, 40-50, 1997.

102.

103.

104.

105.

106.

107.

108.

109.

L10.

111,

Wu, Z.,
Varadan,
Light

Piczoelectric

Bao,
V.V.,

X.Q., Varadan, V.K. and
"A Study on Control of a
Weight Robotic System Using
Motor, Sensor and Actuator,”
the ADPA/AIAA/ASME/SPIE
Conference on Active Materials and Adaptive

Proceedings of

Structures, Institute of Physics Publishing, pp.
97-101, 1991.

Yang, S. "Piezoelectric
Plate

Vol.

and Huang, W,
Equations for a
Sensor/Actuator,” AlAA Journal,
12, pp. 1894-1895, 1997.
Yeh, MK. and Chin, C.Y,,
of Circular Shaft with Piezoelectric Sensor,"
Journal of Intelligent Material Systems
Structures, Vol. 5, pp. 833-840, 1994.
K.-J. W.-K. Ra and M. K. Kwak,
"Active Vibration Control of Hybrid Composite
Grid Structure by Piezoceramic Sensors and

Consitutive Shape

35, No.

"Dynamic Response

and

Yoon,

Actuators,” Kore-Russia Joint Seminar on
Composite  Technology, Daejon Korea, pp.
101-110, May 26-27 1997,

SEt, FAARE o8 ATTEE

SEAEAN, BHAGHNE A,
A3%, pp. 292-302, 1995.
) ) ;ﬂ_, u/(] vL—_,,lI =z O] }—.15_ ]EZ“O%% _?4

g PPF Ao}7]s} 4% LQG Alo}7]e] wlw

54

A9, ?\5}#4_%41—‘50‘%3:1 2], #A8H, A6z,
pp. 1121-1129, 1998.

it FAE, Kol i 9 zEAelE
At A wd geEAd A9, e AagRE
Fe A, AE A2E, pp. 292-300,

2001.
ZETt, 2, #3345, “PPF 9 SRF £
Aol r|He ol83 Hiau Az FrIe
FREA", AR E 3 A A7
q, xﬂszz, pp. 811-817, 1997.

it AE, At dueds ole
TEE ATl AT 2
-2 gy sks FAIS e 3
pp. 787-792, 1998.
Hosd 5 5 A

k) o

WM ool 2
?

0"_!

o
v

dlo

A4,



HE5F  dXAATEA A1gd A 123

112.

113.

114.

115,

116.

117.

118.

119.

120.

121.

122.

123.

]%.z‘s}. 9,]%1—_1_;)‘3] .‘:E z]% Zﬂ‘ﬂ" 5—].;,%1.‘(}.;\1
F8t3] %), 218 A|S3, pp. 76-87, 1993.

A A, "HALAE Aol E o] &3

g4 EA TE Aol FFASFFE A,
A28 A3Z, pp. 173-180, 1992.

o

o

T

4d, FEF, 2H05IRY orud
WE BEAFA A, BFAG

MEeets Aty =E£3d,  pp
1

A o &121 **74] " ﬂ#ﬂé ?‘%@W, xﬂzl
A A43, pp. 49-59, 1993
ghebrt, 9, &3E, dEEACS 3}
T71g ol&3 EfdAE Ax FxEY T
EAFA", tAFgFeTEs A, A259,
53, pp 76- 85,1997.
2} ekt , &%, “PPFS SRFA|0]7)
HE ApEs Z]":rL o FEHAEA,
P EFsty  FAStEdE =FEF,
pp. 400-406, 1997.
ghebaft, BEaf, “RpebH] ghEE
FEde] BAAET, @S2
3 FAgten 3 J‘Dﬂ,pp 357-361. 1999,
Ji, FAE, ol “stHztA71/AHE 7]
o] &% %w Hyre] A FFAo A
H7, dqaFAFEE A, A7d, Aig,
pp. 161-168, 1997.
FH7, “AExY FRIAFALE
ERFA S, ulghr] Al s,
pp. 705-712, 1996.
Aele], FEF, FEA G EFE
g sEEFAAN A 237,
AFgEas«, Alod  Aex,
1083-1093, 2000.
Aepd], FEF, “FH LQG Ao7E ol &
3 AyrPxEY FEAEA" |, FTLE
Faey FAgEY =83, 84,
664-669, 1998.
A, AT,

"l\_

9
1

Ol

57
T

il

ok m{m :4m

#4% ¥
A368 ATZ,

ol &

gt

pp.

KN
=]

(‘ﬁ

A1

FaeFS

46

124.

125.

126.

127.

128.

130.

131.

132

133.

R AT AAIZE =AY g
i‘ S5FFg3 FAgGey =g, o
A, pp. 793-798, 1998.

& FE, A Al MR AE BEE AR
of g W S8 #TE AT 93 HeE ¥
Al ARl AT KA, FHY, 1994,

& FFE, ol 4A, A dF, Ay
2AEr)eF E2lv] AAME o] &3 A/ EA

23 Ay o#ue 5% oA B3
aaerg ), A7E 1E, pp. 48-56, 1994,

°|<l, alﬂ% “AHWEE o] 8T 2ntE
TE=Y FEAld BF AGEI FHE

6&*—%*%@4 A254, M35 pp. 168-176,
1997.

olgd], $AE, oldl, “sbd BAEE
718 ol &3t EA me HAH zFAe] A
d,7 s eTetE L, #2439, A3,
pp. 97-107, 1996.

AR R S 01, “PZT 2} PPF Ao
JIHE o] &3t tEFEE FAANEFY T
FA ", ?l#i%ﬁ‘l%'o’*@,ﬁl*l A7d A6
3., pp. 1007-1013, 1997.

A, Fiqf, FEAA dadEs o8

Agrzmel PPE Alo)7] AN GEEs

Z4", 42X FTTIAA, And Az,
pp. 147-155, 2001.

A, F&Eqf, “FFT a8 &S ol &3 4
AlZE 2 PPF AHol]9] s, she g3l
s FAG=Us =87, dd, pp
799-804, 1998.

A, BEA, “FAA dangFgol g o
=Y&4 PPF Az1e) Az =270,
28 Esgds] FATgEdsy =84, pp.
213-218, 1999,

A, B, dEdEY 5E3E5AdE
Agk AAIT FEA GawE AR, a4
S EEEE  FASEE =FH, pp
205-210, 1999.

3 A4, & dd, "fdE AF ANE 9

i}

g FAAA 72T A S8
34, A 2198 23, pp. 26-36, 1993.



