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Fg. 1 A N-layer rectangular piezodectric laminate

Oij = Cj§ w - &ijEx

Di = e w +€ikEx
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€y = _;"(Ui,j + Uji) (2)
E
£ =20 (3
(2, (3 (1)
Oy = CiuU x + Cpv .y + Cigw ; + e3P ,
Oy = CppU x + CaV y + Cpw , + en®
O, = CigU x+ CpaV,y+ Caaw , + e3P ,
Ty, = Cu(v,,+ w,y) + en®
Ty = GCss(u,z+ w,) + es®
Ty = Ces(U y+ vy
Dy = es(U,z+ W, x) - €u®P ,
Dy = ex(v,,+ w,) - €9,
D, = enu,, + epVy+epw,-Expd,
(5)
x=0,a , v=w=0, 0,=0, ® =
p y=0,b , u=w=0, 0,=0, O =an

(8)



171

N N-1 )
o= utt Vo= vttt W= it
oh =glrt T, =1 iy+21 ot =it
D, = D | @ =i+l

(10a)
(Ciz+ Css) Ujxg + (Coz+ Cas) V,yz + CosW xx + CasW yy +
CazWw 5 + elSCD,xx + e24¢’,yy + e33q>,zz =PW
ur
(€15 + €31) U xz + (€24 + €2) V yz + BI5W xx + €24 W yy +
eSSW,zz‘Sllq),xx'EZZCD,yy'SBSCD,zz =0
(11)

p=nit/a, q=t/b, m, n=1, 2, , 0, W



(11) (10) A (K, Ay (K, A, (K, Ao (K
Co(k+2) (k+ D Ak +2) = (Cup’+ Cof - P00’ Ax(K) + (Cio + Ce) paAy(K) -
(Ciz+ G p(k + 1) A (k+1) - (ex + exs) p(k +1) Ap (k + 1)
Cu(k+2) (k+ D A(k+2) = (Ceop” + Cof - pw0?) Ay(K) + (Crz + Co) PoAK(K) -
(Cn+ Ca) alk+ D Ar(k+1) - (ex+ ) qlk +1) Ao (k+1)
(& + Cfx) (k+2 (k+ DA (k+2) =
[Ex(Cis + Cs) + ex(es + &) | p(k+ 1) Ak +1) +
[Ex(Cx + Cu) + exn(en + ep)]alk +1) Ay(k+1) +
Ex(Csp” + Cud - P0°) + exn(esp’ + exnd) [AL(K) +
Ex(asp’ + exd) - es€up’ +&2d) ] As (K
(s + Gz (k+2) (k+DA(k+2) =
[3(Cis + Cs) - Caml(es + &) Ip(k+1) Ak +1) +
[exn(Cxs + Cu) - Cumlen + ex)]a(k +1) Ay(k+1) +
[en(Csp’ + Cudf - pP0?) - Colesp’ + exd) 1A (K +

[en(esp’ + end) + Cu€up’ +€ )] A (K




(13 (12 H He(k, 1), Hy(k, 1), Ho (K, 1), Ho (K, 1)
k=0,1, , o; 1=1,2, 8. (12)  Ax, Ay, Az, Ao

. A H

(11) ,(12) (9

)

0, = Z‘l Ciz pAx(K) - CuoAy(k) + Cxo(k+1) A(k+1) + ep(k+1) Av(k+1)] x

k=0

Z¢” sn px 9n qy

Ty = DJCu(k+DA(k+1) + CuA(K + exgho (K] x ¢ §n px s gy
T = ZGSS(kal)Ax(k+1)) + Css pA,(K) + espho (K] x € s px sn qy
D; = Z'l en PAK(K) - enp0Ay(k) + ex(k+ DA, (k+1) -Ex(k+1) As(k+1)] x

k=0

Z€* sn px 9n qy
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[ 81.3 0.329 0.432 0 0 0
0.329 81.3 0.432 0 0 0
0.432 0.432 64.5 0 0 0
[C] = x 10° Pa
0 0 0 25.6 0 0
0 0 0 0 25.6 0
L0 0 0 0 0 30.6
€1 = ep =- 5.20c/m?, ey = 15.08¢/ m?, e = ey = 12.72 ¢/ m?
€1 =€, = 1475€,, €33 = 1300€,, €o = 8.854 x 1002 F/m
p = 7.5x10%kg/ m?, h = 0.01 m.
, a=4h, a=50 h, b , b=1a, 2a, , Ma,
m=n=1, . 1
1 (s
Table 1 Naturd frequendiesof the piezodectric plate at firs mode (1/ 9
al h=4 al_ h=50
b= Ma dosed open dosed open
la 94 490. 36 96 300. 14 711.18 711.65
2a 63 471.12 64 440.08 455. 37 455. 64
4a 56 001.34 56 818.81 397.40 397.62
6a 54 661. 71 5 545. 15 387.14 387.35
8a 54 197.07 54 982. 46 383.59 383.80
10a 53 982.81 54 764.53 381.96 382.16
12a 53 866. 63 54 646.53 381.07 381.27
14a 53 796. 65 54 575.21 380.54 380. 74
100a 53 606. 96 54 382.32 379.09 379.29
(52 580. 67) (53046. 76) (373.65) (373.68)
Heyliger!®! , Heyliger
, 2.5%. , (
), ( )
) , 8 10
) , 2%
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2 (Vs
Table 2 Naturd frequendesof the piezodectric plate at different mode (1/ 9
a=4h, b=20a a=50h,b=10a
m, n mode cdosed open dosed open
1,1 I 53 697.82 54 474.82 381.96 382.16
1,2 I 53 982.80 54 764.53 390.73 390.94
1,3 | 54 459. 64 55 249.56 405. 64 405. 87
2,1 I 176 135.77 181 466. 30 1517.74 1517.81
2,2 I 176 345.84 181 680. 00 1524.40 1525.76
2,3 I 176 696. 25 182 036.00 1 538.90 1540.28
2
, , , (0/90)
Pagano
E1=25 Eg, Ex= E3= Ep, Gi2= G13=0.5 Eg, G3=0.2 EgV12=V13=V23=0.25, Eo =
6.849 76 x 10° Pa, hi, hz, ha( hy = h, = hs=0.01 m)
3 )
3 (s
Table 3 Naturd frequencies of the piezoelectric laminnate at first mode (1/ 9
a=20(h1+h2+ h3) m=1 n=1
b= Ma cosd open
la 1877.4 1891.6
2a 1034.8 1041.9
4a 849.1 854.0
6a 817.3 821.9
8a 806. 1 810.5
10a 800.5 801.4
12a 797.2 799.2
14a 794.9 797.4
100a 784.8 788.8
3 ’
4 (/9.
4 (Vs
Table 4 Naturd frequencies of the piezogectric laminnate at different mode (1/ 9
a=20(h;+h, +hs), b=10a
m, n mode closed open
1,1 I 800.5 804.8
1,2 | 828.4 833.2
1,3 I 874.4 880.1
2,1 I 3107.4 3122.8
2,2 I 3143.9 3159.9
2,3 | 3185.9 3202.3
3,1 I 6 747.9 6777.1
3,2 I 6808.0 6838.2
3,3 | 6 853.9 6 884.6
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THREEDIMENSIONAL EXACT ANALYSIS FOR

FREE VIBRATION OF SIM PLY-SUPPORTED
PIEZOEL ECTRIC COMPOSITE L AM INATES"

Gao Jianxin  Shen Ygpeng Wang Zikuen
( Department of Engineering Mechanics, Xi' an Jiaotong University, Xi' an 710049, China)

Abgract In recent years, piezoelectric materia s have been widdy used as sensors and actuatorsin
structura shgpe control , vibration suppresson, noise attenuation and damage monitoring. Exact
study can provide better understanding of the mechanical and eectric behaviors of piezodectric
structures. An andydsfor the three-dimensona slutionsof piezodectric laminated plates has been
conducted by severa researchers. The exact lution methods, used in the papers before, mostly
follow the strategy of Pagano. This gpproach has been proven effective to static problems, but it is
very complicated for the three-dimenson dynamic problems of finite long piezodectric |aminated
plates.

In this paper , free vibration of afinite long 9 mply-supported rectangular piezodectric compos
ite laminates has been studied on the bads of three dimendond linear dasticity and piezoelectricity
without any dmplification. The laminates can be composed of an arbitrary number of eastic and
piezoelectric layersof orthotropic materiads. The slution to the derived governing differentia equar
tionsisobtaned by the power series expanson method. The results show that the present gpproach
is more effective than Pagan method mentioned above. Different boundary conditions are i nvestigat-
ed to modd the direct and inverse piezoelectric effects. The natural frequenciesof free vibration are
investigated , d. The obtained results can not only be used to assess various gpproxi mate theories,
but a9 enhance the understanding of the dynamic behavior of piezodectric structures.

Key words three-dimendond exact solution, finite length laminates, free vibration
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