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Finite Element Analysis of Smart Composite Plates
L Containing Piezoelectric Actuator

Jae-Hung Han

and In Lee

ABSTRACT

Recently, distributed piezoelectric actuators have drawn attention due to their potential

applicability within smart structures. Because they serve not only as active components but also passive

components, it is difficult to estimate their characteristics accurately. In this study a finite element method

based on layerwise theory has been formulated to analyze the characteristics of the distributed

piezoelectric actuators. The present method has the capability to describe more refined strain distribution

and more realistic boundary conditions.

1. A

ru

njgje] nRI7FR] FEREQ SFFFEEo|Y o
3 g3, g F2B0 848 Aoz JgHE 2
otE F2E dig B o] FolAa o}, AvjE F
AAo) nLER B¥E #A7), &F
N A F2E A AGA G vz g7 @
stoll AA3] Ags| Yrte 42& AYx glojop &
o AvlE P28 A AL BEEIVF L &

o O =]
TESTZE

& Ao}, F2E AAA A A L 27} Fe, &
AL Aol 5 o] Roprl gloy B dPoME 5%

AE Ao} S4o0] T8 BAlAol T ol @ AvtE T

ZEE 77 AlME =L FElo BF717
Yo g o, 53] £xd ¢d FF7|0 @3 A4

cRRRE s U BTG
** A3 Q) o dly] &

FE N
o2t

of I
o

N

okl

o

)

El

+

shabslo1]. o2 713 E 4A B = )&
ZE 710 vl FxE Aol FEe] WHE §
22381717 411, 78 Y, duA ARE FL
g FHL Y glgt ol9} Zo] REH A
718 1%8}01 B2 A7AE0] JF A 4F F
T8 1 l—Hz] A& Alo] 4o g A=
FAET, ZEA0Y T 493
T8t AHgsta g a2y ¢HH & F
o % A% 88 Ao] oflet 1 A7
289 8F AA 4%¢E A FPst= F
- A ke, AA Al ZF7) AACL 2
ag sojof @} a2 HdA 7=
29 AZ oA A AF7E X AA F=
o o2 AFE AN 5 Qe 3o ulg Fad)
ojg} ZL ol F= AAH AF7E X H8= T2, 59
B3A T2 dig o] & L £ A H AT} o)

:%

o e
o

Jim

ok

JIN

],.

1 3

71 Al

o
= 1

5 24

X -

1o
e
4
Mo

- 423 -



o

—

o U
450l 2 ALgste] 4H AEIE EEY 8T

H
A Beol £FHPAL AA AT Hwang 541

Leef3]2) 5WANE /@ 82 A4shat9th Ha
SI512 331 84§ ol 88l 4AA XY F2E

o ¥t 24 SHE FY3YY. 12y & o]
AFERE A Bt A B T2 Wl MHE B3
71€58tA RatE diol gled, 334 8 A}% Al
AUy e 445/ Baw vl Yok 2en
2 5E AN TR OIBE 08 FE 24 HY
dxpEol AEHY| AFgde-8]. ¥ ATFAME T
E A ol 88 AHEEY A 2HF 77T 3

A PPz ENS 5EHOZ 1
G AT AT 24: FHHE F 29, ¥
2utE 29 AF Alo] Al AAo) 549 5 ¢
o

].‘-—'=)-l =1 RL‘-

‘~||

2.0f E

=AM AR e 29 4 934, §%
W A5 olg g olBatol #1384 FNGE 5
5| A

deth Yo JlEd 4 A5 74 WA

& gg3 o
O'*. (T.Ii C_‘Il C_'Iﬁ 0 0 S.r é!]
o'_‘_ Eu --'22 E}ﬁ 0 0 Sy é.u ( I )
Oyt = Em —m ‘C_‘m 0 0 S.r_v i Ez.m éy,
o, Q00 e e, Bl 0
o.). o o o T, T,lls 0

u(x,y,z,t) = z U’ (x,y,0)®’ (2)

J=1

W 2ty = Z V' (x,y,0)®" (2)

=1

w(x,y,z,l) = W(xay:'t) (2)
A7) U’st V' vl wgE 243 E v,
o’ (z2) = FAYEY a2 87k g5 N& =7
BFo g v Aot AL FAIEE 3
dele) el g 2k

= ,c‘a'au N1 OV s U &wi ,
f[Ew G- B emdy PR

m N % o ] - s - ’ TP
e Pty %+ZZ{I‘“(UJ(BU*+V"bV*}}+!'W5WJdAa’I=D

N
¥ o x
Jul K=l

&

(3)
o} 7] A
(N;,N, ,N})= | [(0,.0,.0,)® (2)dz
©,,0,.0,0!) - [ (0020, 22D 5 2Dy
-hi2
(1°,17%) = [p(1,07 (2)0* (2))dz (4)

hil

SO NCAGRAIER TS e R E

F WU V)Y A8 z2go2 L3 go] BY
t}.

NPE
(w.u'v')= Z(W u’ v v (5)

AZIM NPEE 843 2 H ZAFolt} 4 (5HE 4 (3)
of it Aesld o3 2L eF wAALS o

& % Qe

Mii + Ku=)F,E_, (1) (6)

>
=2
o
K
L
oft
IR
[o2
U
rE
et
=}
g
a
dlo
i)
i
rlo
!
e
Ho

M
ﬁj * zgfa)jﬁf' G a)j /s Z ij,V.f, (1‘) (7N
L=1

o 714 1, @;, ;& Ztzt g #AE, 1f JAFT,
Fajulolnl, V, & LA 4570 AR AL,

B & LA #5710 AslAE @9 Aol o3

F7l1H 85 229 R Ao] ot

_424_



3.2 1 A 54 g, 5 28AFT, FA, R 2 45

o] F8 #AAtolth M= 10x 192 82
B AFoA e {3 g4 M T2 '

jgoict /129 el ATAAER FLQ 378 A AgHRen Al WeE T Bgo 13749

0 s s A% =

ﬁi%‘ﬂ%g}j}ﬁq }‘-D]-F 'F_Z‘r:ru_:' ‘j{}j—_}:‘;(_]?_ ﬁ“;\q E}-%}\Ii‘%}.@q %J‘égk tiﬂﬁ}% Ig 24011 R:IE‘}E:I?J\[:}

FERTE DL i BN INET 2R e e
Fig. 1 3 2ol Astal oz ¢ba Alegtulo] 55 W& E of 1 2] %) (Modal strain Energy method)2 A&

g8 HElY T2 o &7 2 5 A Al A8 gty 3 o Fig. 24011)\‘] = 2p 8 A W gtol

24X Table 1 0] 2.9l vjo} 25, Bgdane o 712e 34 (FSDT) 9], 28 BA 218 1 E

)

Yo

42742 [0/ £6/90]5 ©1¥, 100mm x Smm x 1.3mm

Piezo ceramic
Adhesive

ol A7 & 2t AA AEE Az A ebd A ek S
o o) $ HAo] sl AANA RAA 7Tt ]S
O 2 Fig. 1] 1.9 vle} Zo] BgA) F2EE Buol 3

HAAA s, 2 ATA A S By e e
5 Fig. 1 Composite beam with bonded piezo ceramics.
2 4A 22% 7hsstd. siA 23 T A2

olft

- FSDT
o 0070 - — — LWPT F—
= —_—— o g g —— LWPTWithRBC | .-
z ... FSDT F 5 =
z % — — LWPT 2 s5 0065 | -
5 —— LWPT with REC & £ R S
z g 35 0060 e il
g = § 2
= ® =
g 3 s 8 0055
£ o i
B £ d
84 ~ T T s = 2 : !
G - & & 0 30 60 %0
. g 036
™ _
z -3 8 Later =
iy P4 = e j-/
1] = o2 0224 "'*-‘.‘__ -~
é g %3 e
£ k-3 =z
= E e
™ m -
2 p ge o
2 3 -
z H &
=] 3 024 T T
Sl J ! 0 30 60 %0
0 30 60 G0
09
—Ek g A4 g
7 2 4o toaEeE 25 o8
g g # 50 s
] = e
= o g Fi % O s
g g 40 ) %% a7 4 gy g eadd
- H o =
i 4 351 7 A0
3 g ; = =
g g 3 b £ .
e E ¥ B
a :’; 34 5 T T
4 T T
o 4 %0 80 0 30 60 %0
Layer angle (degree) { ayer angte (degree) Layer angle (degree)

Fig. 2 Natural frequency variations. Fig. 3 Inherent damping variations. Fig. 4 Modal actuation force variations.

- 425 -




Z9 AZ o|&L o] &g HALWPT), 1E]l1
AA ZA 20 AL L ATV EL 08T
341 (LWPT with RBC) 23 & 242z} Aelstgit. 67}
9 o 2HE & g 71&9 ¢ ol
o 712% A4 Ay} LWPT ol 7] %3 a4 o] #}o]
g yolx gl a3 & o] B¢ AT FA
Zz BAPL 871584, LWPT 2§ Aol 4424
A AA =1 H o] gol&in A Aol Z IFS

E 33 2=dF

ul3e ¢ Ao
og A4 oAt 43 Aol auRos
By B gy Fxo]9 Fig. 5ol =A83lt
2 &7bo] [0/+45/90), 2 ) A& Al ol thd Al
28 54 @& Table 20l BEla it 242 B4
z270 Hgo] n{JFF9 74l o] Adkel vhg 2
Table 1 Material properties.
Properties Graphite/  Adhesive Piezo
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E, (GPa) 130 1.78 59

E, (GPa) 9.6 1.78 59

G,, =G,, (GPa) 4.3 - &

G,, (GPa) 32 - -

Viy 0.31 0.3 0.34

P (Kg/m?) 1570 1050 7400

v, (%) 0.5698 4912 7.486

v, (%) 3.895 4912 7486

Vi =W, (%) 5.101 4912 10.62

W,y (%) 5313 4912  10.62

ply thickness 0.1 0.05 0.2

(mm)

/Y Unit . mm

Piezo ceramic i
\

Adhesive |~
//\/

_.__:..__.._mo_ * _\_,'
. Gr/Ep (All edges are clamped)

Fig. 5 Composite plate with bonded piezo ceramics.

59 59 ASHOR WY 5 At FE 82 HA
38 £AsoT 2 e 34U L4 ALY
A% Ay wglel T ozl MatE 4

aeg ¢ gon uo AAA A 289 ALE

golatch. B FE % & FEo Y oAE Tl &
ol o 7123k Ao Hla| £ Wio] Bt B S
Ad g &d F AN,

£ 7

Ed3E dFneAd (Yo g A7
(FAH 5 96-0200-05-01-3)2] L H-olv] A A} o
7 ZA=dY

& o

= #

(1) Crawley, E.F., and de Luis, J., 1987, “Use of
Piezoelectric Actuators as Elements of Intelligent
Structures,” AIAA Journal, Vol. 25, No.

1373-1385.

10, pp.

(2) 23, FAZ, o] 9, 1997, “¢4A AAN/AF
718 ol 43 E3A P HH AF Aol A
g drrgANETes| A, A 78 A 135, pp.
161-168. 1

- 426 -



€)

Q)

(6)

Lee,¢s C2K. . ~1990,

Piezoelectric Plates for the Design of Distributed

“Theory of Laminated
Sensors/Actuators. Part I: Governing Equation and
Reciprocal Relationships, Journal of the Acoustical

Society of America, Vol. 87, No. 3, pp. 1144-1158.

Hwang, W.-S., and Park, H.C., 1993, “Finite
Element Modeling of Piezoelectric Sensors and
Actuators,” AIAA Journal, Vol. 31, No. 5, pp. 930-

937.

Ha, S.K., Keilers, C., and Chang, F.-K., 1992,
“Finite Element Analysis of Composite Structures
Containing Distributed Piezoceramic Sensors and
Actuators,” AIAA Journal, Vol. 30, No. 3, pp. 772-
780.

Robbins, D.H., and Reddy, J.N., 1991, “Analysis of
Piezoelectrically. Actuated Beams Using a Layer-

Wise Displacement Theory,” Computers and

Structures, Vol. 41, No. 2, pp. 265-279.

(7

®)

©)

(10)

Saravanos, D.A., and Heyliger, P.R., 1995,
“Coupled Layerwise Analysis of Composite Beams
with Embedded Piezoelectric Sensors and
Actuators,” Journal of Intelligent Material Systems

and Structures, Vol. 6, pp. 350-363.

Lee, I., and Han, J.-H., 1996, “A Refined Analysis
of Piezo-Laminated Composite Structures: Natural
Modes, Damping, Electro-Mechanical Coupling,”
3rd ICCE, New Orleans, Louisiana.

gk A F, o] 21,1995, “FreFQAYE o] &3 A5

534 729 3F Aol §4 1nF, ¥

9 zats) 2], A 23 @ Al 1 3, pp. 85-96.
Z71d, gk &, o] 21, 1997, “tAH A ejulo] ¥
g BgA F2E AF ¢ 724

253533 #ALES, FF.

54, 8

H

Table 2 System parameters for the composite plate with distributed piezoelectric actuator.

Mode Number Ist 2nd 3rd 4th Sth
Mode
Shapes ¥ ST <
e R

<," ‘:”o’::q‘;’:‘:% %
Frequency | FSDT 890.97 17352 1885.2
(Hz) LWPT 886.82 1722.2 1869.1

RBC™ 832.30 1570.4 1774.8
Inherent FSDT 0.515 0.548 0477
Damping | LWPT B 1 0.542 0.463
Ratio (%) | RBC 0.464 0.494 0.427
Modal FSDT 0 0 0
Actuation LWPT 0 0 0
Force’ RBC 0.2028 0 0
(N/vJKg)

*

** : LWPT with RBC
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: Modal actuation force for fully covered piezoelectric actuator
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