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i, it 6 SHBIRSE k BAREEAE T W AEESEN FNOERN NS R,
HFRERDENRGER R, R R, EAXEGETRESLNBNE, AER
E RO B B, BT R E R R0 I e RE 2 A AR R 712247 R RS,

5 K@k

S F R (27) TR AR A (17) B3 S RN AB R JL T R T RERY , — M R BBk 2L
AT, 3T 4 A8 AR S SR AR, B8 Ak 0Ty A R Y

Uy = 23D costxsin(xn)s, (), (320)
Uy = 25 Deos(xsinte), (o), (32b)
bo = 25 s ens(xn)s, (). (320)
= 33D sin(xeos(rn)f (1), (320)
Mo = 30 D sin(xb)sin(xn)f, (o), (320)
6, = > D sin(xDsin(xy)fi (v), (320)

m=z=ln=1|

B (32D RAFTE(27), MM Galerkin 7, LER— 87, M IE R ¥R 4 R4k
A AR RS IELEE RS AEA. RE, B Newmark 78, W Rl & i S 8007
B ) _b T, A () R R AR A R X S TR oK A, RN 0.1%.

M FHEPHGE, EEWMREZ, SRATHRG (D{(0) = DIF(0) =0). 7EF JEHE
S8, KRR (27) FHFAK(4) FX(S), FTLORBRRE— SN S5 ; = (30) KIS
JREEZMNMGRELRE . CES JREIEH, S L BRE(G = 1,2) FAMRGEY
DIV(1). % o'W = ol ML JAr BB EHE R

D(1) = D(J - 1) + DP(DP(] - 1),08)Ar, (33)
# ol < o, W
D(J) = DV - 1). 3

6 BUELRMITE

6.1 ZEABKRIVEFTMERRIEHLLR

4Ry = R) = R = RV, BRI SR B, T URME RS E RSN

MAEL M B RS ESTH
(@g,@) = v LLH/Ep(wp,w), (35)
HA, wy,w FRKABREN B B IRSEAMIELRME B BRI,

H(— b F REDHG L 2 M0 FR IE S H R M A HHRUE S 81 90°/0°/90°/0°,/0°/90°/0°/
90°], M ERE G B/ AREE AR, EREMRIEFERE PZI-SA. &8, AR
BELTEAEERS TR EBRIEFNE 1 iR, AR 1 PTUEH, A TBI0EK
{ERNTET TS (FSDPT) X F BRI MR ER, K FETF =% -D) P g
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BIRMER , B =F BBV SR, HI T A7 R IE R AR R P B AT SRt

*1 AEMEL (H/q) TERRHEESHRENEE BRNEM (v) HILH
H/a = 0.01 H/a = 0.1 H/a = 0.2
XEK[23]  CER[24] XER(23]  CER[24] XWR(23]  X#k[24]
& 4 L5
3-D FSDPT HXER 3-D FSDPT FXER 3-D FSDPT FXER
268.86 283.93 276.21 2 357.7 2516.7 2441.5 3648.0 3953.2 3871.9

THEEE—- L TREMSERERK 4 ZEXMFHERHARARGEREGHHEER
[0°/90°/90°/0°], B-& 1L E FE L Z B9 BDRHA BUBCA 1 B8 /SR AP REA PVDF [ PR 8, 48
HI RSB F B AL, AEEABAE DIV, DY MR ERGERERGEN R, AR
RN,

035 i 033}
’ === DW=D¥=0.5, R=0.0

------ D''=D¥=0.5, R=0.2

030F e
0.32

0.25+

"020k % 031F

0.15 030} — L=1, D¥=D¥'=0.5

oo - L=4,DW=D® =05

R 04 0.2 0 2 4 6
H, IgR
3 EREMEL H, ¥ EBESE B4 FREHRGRUEEFRERSE

B ahigsaEsEm BHEIMBREM
(L =2,H=0.1) (H=0.1,H =0.8H = 0.1)

IBRTERRERES HBEZI Hy(h/H) MEREEZEROTEN A s iR 3050
Ra W . mEITHN, EEERZEE H, /N, EREERES RN TR A tiikshH
/N ; B ERR mIR G B, 18 e B 62 A AR B R A I B AR s, KB B
B B IRSRE DA/,

B4 BR T REHG R MERFEEZERNWERNE RS RG, HEW . HE 47
M, BEERESILME(107" < R < 10°), ERBHEARHERALXM A HIRGIAR o, BE
B/, B0 A B R K B L s s
6.2 ARESBIEAIELIEMITRL th £ 89N

FE®EAU LT EER B2 EENRGRARMGERGER DI (0) = DIF(0) =
0, HAEREMRGEN RV = 0.2,

B S BRTEREN HH/e) MEEHRIELRY B miRaIBFmN R . mE S
1,5 T4 T ORIE , FEE RB L B 690, REIERY A B iRSITEE K YHREE—ER,
B AELRE B B R S 55 5 B R B B 3% 0 T 38 K 5 ZE SR OB S/, B 1R 5 A B 45 R R R AR
BRI A, BRRGRREEMA, HIELE B diRsARAXN TERMNAR
R, B R #5400 1 L B it — 25 IR R 3.

Be6BRTERL Lasb) MEEHIERE A B iRSIBSMW N LKL R . mE 6
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— K oAb z
08} ---- D¥(0)=D¥(0)=0, R=0.0 === DY(0)=D"0)=0, R=0.0
_____ D(:I(0)=D(-:i)(0)=0' R=02 08| - D¥(0)=D"(0)=0, R=0.2

M5 MELAMERREESHEELRM M6 ¥ LHNERRERSIHIESN
B R 20 o 99 ) 2 gty £ R B B SRS Ne BL g £R A M
(L=1,H=0.8) (H =0.1,H, =0.8)

10 1.4
— E\/E,=40 1.3¢
104} == E/Ei=15
L2r [PI0°/0°/P]
RS [PI0°/90°/0°/P)
3 0l oo
09}
0.8
o |
005 10 Js 3025 30
B7 HEMEENEREESSEIE B MeRNMERRRERSEIESY
1% B & RSHIR MG AL B £ Y e B B IR 3H IR 570 A it £k A0 e
(L=1,71=0.l,ill=0.8) (L = 1,1_1=0.l,1_11=0.8)

M THERIRE, BEEKRELL L %, RMIER A BRI RER; YRR H—TH,
FEE IR EATE I, B ASG R R OE B IR, HIEL M B dhiRsh 3B M T 56 50 B K.
78R T AR ST ER SRR SRR TR YR, HitAS

WKy

E, = E; = 10GPa, Gy = G3 = Gy = 0.5E,, ppp = pp3 = 0.25,

pn = 0.33, p = 1600 kg/m*, R = 0.2, D{¥ = D{¥ = o,
M7 ATLUE Y, YL IREE AR BEEMREE E/E, WENEK, EREBE4RMIE
SHURSIFELBR . HIBRTEEEEEESREEE H ATHER T, HRESE
RERESRIEXEEFEwA MM TR, hE 8 TR, YHREFE —En, JRAET 28
A AR B B 4% 5 55 58 B o o 45 98 38 TR K

7 4 #

1) A0 5 45 4 i B 78 e RE T2 B AR B U I AR s s B R %
fehnR, B RER S RE TR AL B hIRSNTE o, BEWE/N, B I w78 Bk & K 5
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EL BRI 38 o %

2) ERIE—EHBRT , FEERZHEMATE B/, RYERYE 8 BIRSDEE K,
HEERKE—EH, IRIEEE K, W R T RR IR B d iR R R
K.

3) TERIBEUNGT , R4 B RREAR S R R K, 2 ARG R AR E
BuR, B 5 TR 93 B e BstE— S R 450 o I BE S F e, LR R4 B sl R SR AR X F 4R
Bt B B PR s T ELARRIR, O AR K JE R4 B RS R M e B E

Mt ® A
HBEXQ)MIFIEHE, 4D = d°/d, BERRXQ0)PEEM N

a=S5¢,b=(S5FPa+ 5P, c = (S + S¢NaB, d = (e§f + elf)a, e = S,
{f = (8% + SPP), g = (e + &)B, h = e, i = (el a? + e ). (AD
M= (20) 7T E
aD*¥, - b¥, - ¥, + dDV¥ = 0, (A2)
eD?W, - fW, - ¥, + gDV = 0, (A3)
hD*W¥ - i¥ - dDV, - gD¥, = 0. (A4)
BAHEET VP (2), ¥, (ADFAOKXTURRINE v, HHEY
hd\D*¥, + (gyd, - aje; - hyc)D*W, + (bie, + a\f; - ,8)D*¥, - hfi ¥, =0, (AS)
He
{h, =-(ga’c), g = (gd/c-d), fy =-i, e, == (h - gd/c), dy = - (ceh/fg), (A6)
¢, == (d + cei/fg ~ cg/f), by == (b-¢c"f), ay =- (a + ced/fg).
(AS)RAT UK T H
m DSV, + mD*¥) + myD*¥, + m, ¥, = 0. (AD)
(ADAKRERT iV (2) WAMERBFRE® MBS FT R, T HFEN
mAS + myA* + m3A? ¢ my = 0. (A8)
HRAFEH R (A8),18 ¥V (2) KB N
Z"‘“ it (A9)
Heb, AW = 1,2,-,6) B (AB)HI 6 MEIEM, «P HBSE K.
HR(ADRAR(A2)FI(A3)1] v (2), Wi (2) MEMR N
me (b z
lpﬁ“ _ hd AP (c(li:dl}-:l,;ll)e,{()lr(>A(k))2 +bie (A10)
7 = Do,
- (All)

" S§5’"(A‘,-"’)2 + (e(f) + e(f)Lp(k)A(k) (Sff)a2+ Sg‘)G_z)
0, = (S(Ir) + S&"))aﬁ 4
KAIRAIPHERB AKX (ADR(AG) .



140

" K % z H £ M if

M % B

(a) AR/ FEAHHEY

E, = 181 GPa, E;, = E; = 10.3GPa, Gy, = Gy = 7.17 GPa, Gy = 2.87 GPa,
Hi2 = M3 = 028, Hn = 0.33, o= 1 580 kg/mJ.

(b) EHB % PVDF R S

[i
€o

r3.61 1.61 1.42 0 0 0 7 ( 0 0 21.0 T
3.13 1.31 O 0 0 0 0 1.5
1.63 0 0 0 0 0 -32.5
GPa, d" = x 1072 C/N,
055 0 0 0 -23 0
0.5%9 0 -2 0 0
- 0.59- - 0 0 0

-6.1 0
]:[ 0 -17.5 o}.ﬂ:sﬂ, € = 8.85x 102 /(N - m?), p = 1800 kg/m’.
0 -6.7
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Non-Linear Free Vibration Analysis of Piezoelastic
Laminated Plates With Interfacial Damage

FU Yi-ming, LI Sheng, JIANG Ye-jie
( College of Mechawics and Aerospace, Hunan University, Changsha 410082, P. R. China)

Abstract : A nonlinear model for piezoelastic laminated plates containing the damage effect of the in-
tra-layers and inter-laminar interface is presented, and the discontinuity of displacement and electric
potential on the interfaces were depicted by three shape functions. By using the Hamilton variation
principle, the three-dimensional nonlinear dynamic equations of piezoelastic laminated plates with
damage effect were derived. Then, using the Galerkin method, a mathematical solution was present-
ed. In numerical results, the effects of different damage models, the thickness of piezoelectric layer,
the side-to-thickness ratio and the length-to-width ratio on the natural frequencies and non-linear am-
plitude-frequency response characteristics of the simply-supported piezoelastic laminated plates with
interfacial imperfections were discussed.

Key words: piezoelastic laminated plates; non-linear free vibration analysis; interfacial damage; dam-

age evolution; Galerkin method



