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Analysis of piezoelectric composite laminates based on generalized mixed finite element

WANG Yuhang, QING Guanghui’
(College of Aeronautical Engineering, Civil Aviation University of China, Tianjin 300300, China)

Abstract: Generalized mixed finite element method of pure elastomer was introduced into the static analysis of
piezoelectric materials. Because the 8-node hexahedral noncompatible solid element was used to solve the whole
structure discretely, many artificial assumptions in the theory of plate and shell were abandoned. The addition of
noncompatible terms makes this method exhibit better numerical performance than the same kind of compatible
elements. In this method, the stress boundary conditions and displacement boundary conditions were considered
simultaneously, and the interlaminar stress and in-plane stress were treated separately in the solution process, and
the in-plane stress was calculated according to the constitutive relation of each layer, so that the obtained interlam-
inar stress and in-plane stress are closer to the exact solution. The accuracy of the proposed method was illustrated

by several representative numerical examples of laminates. Compared with the traditional analytical and numeric-

al methods, the theoretical method presented in this paper has advantages in applicability and effectiveness.
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Table1 Each physical parameter value of PZT-4 piezoelectric laminates under working condition 1
Reference L LL L L L LL LL
solution o030 o tm w(5:5:0) 1ot (550 o2y ow0F0)fe a3 70l o3 50)0m
Exact® 20.392 30.027 0.611 — 6.5643 0.498
Lw1e4 — 29.851 0.6032 0.7099 7.0132 0.579
Present 20.287 29.82 0.6065 0.691 6.46 0.497
Error/% 0.5 0.6 0.7 — 1.5 0.13
Notes: u—Longitudinal displacement; w—Transverse displacement; ¢ —Electric potential; o, o,,—Interlaminar stress; o,—In-plane
stress.
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Fig.3 Distribution of longitudinal displacement u of PZT-4 piezoelectric Fig.5 Distribution of interlaminar stress - in
laminates along the z axis PZT-4 piezoelectric laminates along the z axis
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Fig.4 Distribution of the transverse displacement w of PZT-4

piezoelectric laminates along the z axis

BEFE T R 2 A A A A0 T A B D A S
BB R R AT, WKL, HAZo

-8 -6 -4 -2 0 2 4 6 8
Distribution of in-plane stress o,/Pa
56 PZT-4 A EAAR V- R J10 i 2 531
Fig.6 Distribution of in-plane stress oy of PZT-4

piezoelectric laminates along the z axis

A1 25 /3R S IR B2 A AR R IE SS B SR 3 )
(0/90/0) JE & M, EBEIRIEHEN 3mm, AR



LA BT SURA A BRI A b RHZ G AR Bl 3 AT

+2993 -

0.6

04 | \\‘)‘ @

0.2 + Interface

—#*— Present

—{— Exact

g 1
IN] 0 /
02 F Interface
Rl \ - \
70'6 1 1 1 1 1
-3 -2 -1 0 1 2 3
Distribution of in-plane stress 7, /Pa
F7 TBL1F PZT-4 JEHUZSACE MR T oyt 2 BIEY 55
Fig. 7 Distribution of in-plane stress o, of PZT-4 piezoelectric
laminates along the z axis under condition 1
W F: E =25E,, E»=E3=6.9 GPa, G =0.2E>,

G2 =G13=05E,,
en/eg =¢€33/g0 = 1.

{FFEE R TR ARG A 1 i R 2 CRAIR IR C 0,
PVDF) JEE 4 40 um, HAEFEEWTT . E =2 GPa,

M2 =13 =3 =025, &11/g0=

u=0.29, e31 =e3 =0.0046 C/m?, &11/ey=¢exn/eo =
e33/e0=12, ez =eyu=e5=0.

TEMR b 3R AR H B HLR e p 8RR o #f 2
WIE 5% 504, poM Va3 MIE(E . p = posin(nx/L)
sin(my/L), ¢ = Vysin(mx/L)sin(my/L).

MGl R R x,y=0,LAb, ¢=0; z==+h/2
I, ¢=0; z=H/24L, ¢=Vysin(nx/L)sin(ny/L);
Hodr, h R H 53500 A SR A% O VA 2 R ) VR
THAESORALL T CRAIE: W = 100E3w/ (qoS *h),
S =L/H (5.0 Fay) = (003 Tay) /(905 *) s (Frco Fyc) =
(T 7y2) / (q0S).
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Table 2 Each physical parameter value of PZT-4 piezoelectric laminates under working condition 2

) L L T L L S L - LL -
Reference solution W(E,E,o)/lo m ¢(§,5,0)/10 \% UXZ(O,E,O)/lo Pa 02(5,5,0)/10 Pa
Exact!®! -1.471 0.4476 -23.87 -14.612
w34 -1.4707 0.4477 -22.70 -13.541
Present -1.493 0.4475 245 ~15.469
Error/% 1.47 0.7 0.64 5.6
0.6 0.6
E 04 —[— Exact
04 + | Tr *  Present =
/ E/
02 / 02 | e
—[— Exact 3]
£ ol / —*— Present £ ol E/
N I " e
} -
-02 | -02 F &
| E/
\
-04 oal w
)
)
706 1 1 1 1 1 706 L 1 1 1 1 1
—40 —20 0 20 40 60 0 0.2 0.4 0.6 0.8 1.0

Distribution of interlaminar stress /107 Pa
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Fig. 8 Distribution of interlaminar stress o, of PZT-4 piezoelectric

laminates along the z axis

Distribution of the potential ¢/102 V
K9 PZT-4 KRB o i 2 HIY M
Fig.9 Distribution of the potential ¢ of PZT-4

piezoelectric laminates along the z axis
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Fig. 11 Geometric model of polyvinylidene fluoride (PVDF)

piezoelectric laminates
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Fig. 12 Model meshing of PVDF piezoelectric laminates
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Table 3 Deflection and stress of PVDF piezoelectric laminates

Reference LL _ (L LhK _(LLh N h . L _ (L
Load L/H sotntion . "(3:39) 0‘*(5’5’5) ‘Ty(i’i’é) T (0’0’ 2 ) mef0.30)  #e(7.00)
Present 0.766 0.589 0.285 -0.0277 0.359 0.113
Literature®  0.764 0.502 0.290 -0.0269 0.371 0.137
10 Literature®  0.668 0.520 - - - -
po=1.0 Literature™  0.774 0.589 0.284 -0.0287 0.358 0.123
Vo=1.0 Present 0.445 0.540 0.180 -0.020 0.395 0.076
100 Literature®  0.434 0.539 0.181 -0.0212 0.390 0.076
Literature®  0.433 0.545 - - - -
Literature®™  0.471 0.538 0.181 -0.021 0.394 0.083
Present -2.0 -2.94 -2.16 0.210 -0.593 0.348
Literature® 2.0 —2.73 -2.45 0.149 -0.710 0.450
10 Literature®  -1.91 -2.78 - - B -
po=1.0 Literature™ 235 -3.12 -2.34 0.181 -0.683 0.336
Vo =100 Present 0.424 0.489 0.084 -0.0192 0.384 0.081
100 Literature®  0.412 0.505 0.159 -0.0198 0.378 0.080
Literature®  0.411 0.510 - - - -
Literature™  0.447 0.504 -0.158 -0.019 0.382 0.086

Notes: w—Dimensionless transverse displacement; &, &,, 7,,—Dimensionless in-plane stress; 7,;, 7,,—Dimensionless interlaminar

stress; po— Peak mechanical load; V,—Peak electric potential.
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