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Semi - analytical solution of B — spline wavelet-based finite element for piezoelectric lamina

LIU Yanhong® , CHEN Qingyuan, CHEN Xinfeng, QING Guanghui
(College of Aviation Engineering, Civil Aviation University of China, Tianjin 300300, China)

Abstract; Some static problems of hybrid laminated plates with composite and piezoelectricity can be expediently
solved by taking the advantage of wavelet {inite element methods. Based on the features of laminated structures, the
scale function of B - spline wavelet on the interval (BSWI) was employed to discretize the domain in - plane of
structure, and the BSWI element formula of Hamilton canonical equation for piezoelectric materials was established
by employing the modified mixed H — R(Hellinger — Reissner) variational principle for piezoelectric materials. One of
the main characteristics of the BSWI element is the analytical form in the direction with respect to thickness. For the
solution of the specific problem to ensure the interlaminar continuity of the electricity and mechanics variables, the

transfer matrix technique was used. Numerical examples show that the BSWI element presented in the paper is

successful. Employing the approach to deriving the BSWI element formula for piezoelectric materials can be extended

to establish the analogous BSWI element formula for magnetoelectroelastic materials.
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Table 1 Parameters of PZT -4 and PVDF

Stiffness constant/GPa

Piezoelectric parameter/(C « m™?) Relative permittivity

Cn Ciz Cis Ca Cos Css Ci Css €31 €32 ess e ers el €22 €33
PZT -4 132.0 71.0 73.0 132.0 73.0 115.0 26.0 26.0 30.0 —4.10 —4.10 14.10 10.50 10.50 804.6 804.6 659.7
PVDF 139.0 77.8 74.3 139.0 74.3 115.0 25.6 25.6 30.6 —5.20 —5.20 15.08 12.72 12.72 1475.01475.01300.0

x2 ZEMMETRERRMULB W
Table 2 Center displacements w of the top and bottom of three-layered plate

Present/ X101 m

Analyticall*-23] /
Error of j=4/%

j=3 =4 X10710 m
) Top —4. 7117 —4.7137 —4. 7155 0.038
Four sides clamped
Bottom —4.7051 —4.7070 —4.7087 0. 036
Opposite sides clamped Top —2.5412 —2.5649 —2.5632 0. 066
and simply supported Bottom —2.5353 —2.5589 —2.5571 0.070
*x3 HEARLTREFRER ¢
Table 3 Center potentials ¢ of top and bottom of interlayer
Present/V
Analyticall*»1 /v Error of j=4/%
j=3 j=1
Top —0.01161 —0.01136 —0.01136 0.00
Four sides clamped
Bottom —0.01158 —0.01134 —0.01133 0. 088
Opposite sides clamped Top —0.007463 —0.007264 0.007250 0.19
and simply supported Bottom —0.007437 —0.007241 0.007227 0.19




« 206 -

2 = H 5 R

K DCTA) B AR AS /N b i RUBE B8OV g B R . 2T
T EH AR Hamilton 1E W] J7 #& #) BSWI o, Hik
HuZe 7S BSWI AR TR0 20 B8

(2) LRSI o Fr v s R AR SO B i 5 A BTk Y
GERLEAT T AL, EeoRBR2E 0. 19 00 BLAE P E] 2 I
AR P Y H A B OO [ SR R S ()
B . FAIRPIA SRR BSWI IR AT S

(3) AR3Crp S BSWI Joiy J5 vk A b B B Jd
FHE S AR AR R b RHE IEJS 1 H - R 28 53 B
TR AT DLk — 2D 4 e B gl v s e AR b 2

S & k-

[1] Lee J S, Jiang L Z. Exact electroelastic analysis of
piezoelectric laminate via state space approach [ ] .
International Journal Solids and Structures, 1996, 33 (7).
977-990.

[2] Heyliger P R, Brooks P R. Exact solutions for simply
supported laminated piezoelectric plates [ J]. Journal of
Applied Mechanics, 1997, 64(2); 299-306.

[3] Ding HJ, Chen W Q, Xu R Q. New state space formulations
for transversely isotropic piezoelectricity with application [J].
Mechanics Research Communications, 2000, 27(3) . 319-326.

(4] WOEH, BEE, XL, RS LR H-RIBA2E R
R R AP IIEL]). TR 1%, 2005, 22(5); 43-47.
Qing Guanghui, Qiu Jiajun, Liu Yanhong. Modified H - R
mixed variational principle for piezoelectric material and exact
solution of piezoelectric laminates [ ] ]. Engineering
Mechanics, 2005, 22(5); 43—47.

[5] Qing Guanghui, Qiu Jiajun, Liu Yanhong. A semi-analytical
solution for dynamic analysis of plate with piezoelectric patches
[J]. International Journal of Solids and Structures, 2006, 43
(6): 1388-1403.

[6] ik, B . MEE SRS M SH K] &
AR, 2007, 24(1): 179-184.

Dai Haitao, Cheng Wei. SH wave in piezoelectric composite
layered structure [ J]. Acta Materiae Compositae Sinica,
2007, 24(1): 179-184.

(7] & W, 32 . HLAEHS S 2 T i i 2 & R I 2 e R 43

Brll]. EAMEAER, 2007, 24(6): 160-165.
Han Xu, Gong Shuang. Analysis of transient responses in
piezoelectric laminates excited by coupled electro — mechanical
loads [J]. Acta Materiae Compositae Sinica, 2007, 24 (6):
160-165.

[8] Allik H, Hughes T ] R. Finite element method for
piezoelectric vibration [ J ]. Int J Numerical Method in
Engincering, 1970, 2(2); 151-157.

[9] Kim ] S , Varadan V V, Varadan V K. Finite element
modeling of structures including piezoelectric active devices
[J]. International Journal for Numerical Methods in
Engineering, 1997, 40(5). 817-832.

[10] Sze K Y, Pan Y S. Hybrid finite element models for

piezoelectric materials [ J]. Journal of Sound and Vibration,

[11]

[12]

[13]

[14]

[15]

[16]

(171

(18]

[19]

[20]

[21]

[22]

[23]

[24]

1999, 226(3): 519-547.

AP AR & R R G S A IROC o BT S O 1
(00, FH3 Ty a4, 1998, 15(3): 329-337.

Lin Xigiang, Ren Junguo. Finite element analysis and control
simulation of laminate shell containing piezoelectric patches
[J]. Chinese Journal of Computational Mechanics, 1998, 15
(3): 329-337.

TS, W, ERURK. AR X AR AT BR T A AT LT,
HHE 2 24] . 2000, 17(1): 1-7.

Ding Haojiang, Chi Yuwei, Guo Fenglin. Axisymmetric finite
element analysis of piezoelectric media [ J]. Chinese Journal of
Computational Mechanics, 2000, 17(1): 1-7.

fliEs ., BRI, 4 I%. S5 /DA FROCHES KO TR N A
[MI. dbst. BR2f R, 2006, 1-227.

Shen Pengcheng, Wang Jianguo. Vibration analysis of cylinder
shells by using B — spline functions [ J]. Computers &
Structures, 1987, 25(1). 1-10.

Jed ek, BBABRICIM. dbst: BRaE W AL, 2004 482-
497.

KA, W FH. B/ANARICHEBERE ST
T BT R AE 24, 1996, 24(6) . 109-112.

Xu Changfa, Feng Yong. The numerical stability of the B -
wavelet FE method in solving partial differential equations[ ] ].
Journal of Huazhong University of Science and Technology,
1996, 24(6) . 109-112.

Xiang Jiawei, Chen Xuefeng, He Yumin, He Zhengjia. The
construction of plane elastomechanics and Mindlin plate elements of
B - spline wavelet on the interval [J]. Finite Elements in Analysis
and Design, 2006, 42(14/15): 1269-1280.

Xiang Jiawei, Chen Xuefeng, He Yumin, He Zhengjia. A new
wavelet-based thin plate element using B — spline wavelet on
the interval [ J]. Computational Mechanics, 2008, 41 (2).
243-255.

FEAL R B )RR A B M Hamilton 1E W 7 #2LT]. 315
SER 12 LR . 1991, 8(4) . 343-349.

Tang Limin. Mixed formulation and Hamilton canonical
equations of theory of elasticity [J]. Computational Structural
Mechanics and Application, 1991, 8(4) . 343-349.

BROTHE. By R AR AT R RIM. RGE  RI%E B K
A, 1995. 38—41.

Om s BRI XA R IM. deat: B Rk, 2003
472-484.

BRI SR . B IEAR, RS I A RRHZ G A E 1L o R 04 R (A
ULT]. B Iy 2241, 1998, 15(3): 30-36.

Chen Haoran, Yang Zhenglin, Tang Limin. Solidification
numerical simulation of composite laminate [ ]J]. Chinese
Journal of Applied Mechanics, 1998, 15(3): 30-36.

WAL BBIESZMRE R e M. Jbat: Bloe b i,
1996, 131-191.

Qing Guanghui, Qiu Jiajun, Liu Yanhong. Modified H - R
variational principle for magnetoelectroelastic bodies and state —
vector equation [ J]. Applied Mathematics and Mechanics,
2005, 26(6): 722-728.



