E2EHLY Z £ T B K ¥ ¥ HAKBER Vol. 2 No. 1
2001 £ 2 A JOURNAL OF AIR FORCE ENGINEERING UNIVERSITY(NATURAL SCIENCE EDITION) Feb. 2001

EERMHEASRERTHEE

EEA, WK, EHE
(ZEB_MT¥KE MSHRIEBR, 5 K& 130022

W OERAENEEENPENERTEFRIATT NS AELN R REH RL LK, 2 80 &
RAEZNOFRUXEN-—THFEUNERAIIXEN EEZX BH . ACEFTENFELEF S
BARHE-FAR, AXAARNSEREFHTEAEUARBFRPTBETERWART Y &
RV BLITERLENARTB I ED MBET -AFNERKRET. RERAEHABRIET Z
MANERYE  ZETARFTETENAER T ENNE TERE T IHHEERORE.

KRR -EvHERE EBRPATEART

hESES.0312 XERFRIRE A XEHS :1009-3516(2001)01-0080-04

HEMFBEARNCERBRMIESAN A KB, EHHERSRIBHBETERNESR. 4
. EE s EASH oK R, BRBEH B EZREM RS ENBREERES. 8T EMNgmiT
AR R R A, AE AL SR 7 kR E D EREARER, B R AR B r
FERECUN: A RD SR Z A+ NER. XEFE N EBRR R WA EARR S — B I E R, By
R SRTESN E R T R TE AR FE BRI N E L= RSB, XA A RGERATRES T
T A8 7 A AR AL B R AR TE B RSN 5 2 390 T R S0 » BT 224 F P B e i — o 3 1 PR Bt R A= A AR AL TR
KFEIR AT AR, KR o T R4 R 7 A T2 28 B B GFR a0 o 28R 7 TR S B v AT R B 0 80 I R
FEL RSB A J R A R4 ) 2R 0 B A R ) P I e bR A 8RR BT Y SR R o A R R e I SRAT LA L PR
bR AR BOT e (2 BV R A 5 5, X IR B RO, 0 R A R AUE AR R A S 45 A R e A
BAESRATRAR, ATAEE ERR, BRI I7 6, 500 SR i AL = A 8 R . S i+ 48
REXBERZERBRERATRKEHANMY N EEREEHREHX - FREF T XX —BHFHEARR
RAYBT I ENTHRAE T — R BT IR I I7 16 1L F B R B2 [R5 4 KL M R BB B R i3 .

BRES M B RGBSR IT S K0 BN RIS ARG AR A 2550 3 H
HESy, BB R MR 5%, K AN EC B ARRA SN REN TR, EHENIEETES T IILAEEE
RIS BEES A AR PR AT T 0. SCRRIS~7 IR AR BT TR B MM A BRI RY . ARk sn ey
BB AN 7S B T e A R RCAR BB P A AN A (R B - 1D BT ARt 5 B BT DRI AR B s 2) B 151 0 %% 1 e
FEXS AR RBOR FHARMBNE R XERBEFEORSHEES 2. B HEROEESRE. BT ER
L E 8RR, SCRRL7 e s 7 BT A B3t T BRI 5 o B, AT IR B 2 4k . O 7 R4 e, Sk
[8JH T —FhHi s 7 HX M ERMERR.

1 AHEE

1.1 EMEHHE
REBERHANNMNBG N
U=20, (1

W B 83 : 2000-05-23

ESTHB - EXEABMERHSEWHME (59675018) ; FAHE B ARB 3 4% BT B (19990503-02)

BN - HRAW64-),. B LAEEAN BB B, TENETHER . EHEDN, REESH AR 5255
3T



%518 FAF FEEMREEERERTER 81

=— Al (2)

W = w, (3)

KA wo WIRABEINALEE 0. T 0, WP EBRETHELS - M y A, RACEBRNESATHZD
+ AN B B T AR SR TR, R (D (). (DB

0, 0, Z
u= |0, —Z, 0|Ngq= HNgq 4
1, 0, 0
RF,qg=1{qi g7, 9¢5»} g ={w.,0.,0,} . NBIEREIERE. NEGH
€. u/ar
& Jav/ay 1
=<7, =</ + dv/ox (5
7 /% + aw/dy
Y /% + ow/or
HORARGIE
€= Bq (6)
itqz"oB:[BnBz""’Bs]v
ZB, F’O’N"’ N.,, — N,,0
s = [ ],B,l =10, — N,,,0 |,B,= [ ? ]
B,,B, — N..,0,N,
0, — N;.»N,,
X H,N,,=aN,/ax;N,,,=3N,/dy. B HRNERREBIN 15K
o= Ce = CBq 7
1.2 [EBR#HEX
B L X 48 43 A5 R4 BB A5 1 R 045 BER AN AAT 8%, X3 T — RUB R 80 TR H AL R R e RON 5 AR R
D = ¢ +SE (8
o= E, = eE (P

X D.oe FE S NEARE NN AR ETREFER. D, e 5 5508 KB AR B M HBOER
MEBEEMAEEEIESR. BUW AR EERN

V = {v;,0s% U} " (1o
BTHEE—AREARTHANEETRERERERN

® =NV an

E=—&, =—N®=B)Y 12

itEF' yB,= [Bvl 9Bv29 oo 9Bv8];Bw'=—[aNi/ax9aNi/ay$aNi/aZ]

2 SERMHEESHRAERITTE

BiEE/NE R
n=U, + W, a
KU MW, 2R AREREEEFSN I FiERIT), BTHRER
U=+ QLETadQ + iaTadQ n Q[(e]'adQ - Q[eETDdQ - QJ;ETDdQ) 14
S R ER B
W, = flf fds — fVTafds - JVTa'ds (15

52 53

AH,Q HATLHEB ms.a RN EEW, EEERBMEEWITR e AT 5o NEHHEMNS
FFEE 51,52 5 s34 R AP E S M EEANER.
BHEAH).ADRAADFHAEHS X ¢,V E4515EH .



82 ZETIBRFER(BRBER 2001 4

(K. + K, + K)q + K.V + KoV = F, (16)
K’xVI + KJ’nq = FS ( 1 7 )
KaaV Ll_*_ Kﬂmq = F a (18)
Kok, K.=3 [BeBia; k=3 [pcpiQ; k=3 [FCB;
Qrne Qse Qae

Kms = K;l:n = z JBTeTBde;

Qse

= K= 3 [ BebudQ;

Qae

K,
K= 3 [BitBaQ; K= 3 [BIBAQ: Fu= D[N'fidsy F.=— 3 [Nods; F,=— 3 [Nods
51

Qse Qae 52 52
HNTHENECRENBERTETENAFEMNITEN A MREITERER RS B HE, 55
Kg=F,+ F,+F, 19
Kb, K HRENEESE K=K, +K+K.+K,.K.'K,,+K,.K..'Korns Fo=—K,..K;.;)'F., F,.=—K,. . K;'F,, {5}
FERHER TUAMARKEFENRQADBIERERBOBB RV, = K F, — K@) (20)
— LT RN AR E SN AR LB F.=0,18
AERBNEE RV, =— K'K,.q @n

3 FUEB B

FIRAER S BERZE DEIEZBEITHARR
M, ZEER Q0O mmX5mmX]1 mm)BRH 0.5
mm B #H 4 FESME PVDF Mg MR, L THRE
# PVDF ML A R . X% e hn— sh e e o]

FERENNERBHFEFRTE—-ATHTE. W B1 NEHRSBER
28 mE 1 R,
SRR GRS RAEZIEEEMARNEE ®1 RUHEERTUERENBERETAEE
£ EAEERTRT#E T I ARNTE. BB /mm XER(7])/m  XBR(5)/m XMR(81/m AEXF/m
eqv| x 2 0 0. 0000E00 0. 0000E00 0. 0000E00 0. 0000E00
wlz) = 0.375 5= EE) (22) 20 0.1380E-07 0.1500E-07 0.1390E-07 0. 1350E-07

2l LE MR M EER, I ABE AR 40  0.5520E-07 0.5690E-07 0.5470E-07 0.5511E-07
= S o 60  0.1242E-06 0.1371E-06 0.1135E-06 0.1235E-06
e I?VDF MR . %YGE??‘?F}}E’MHM‘I 2 80  0.2208E-06 0.2351E-06 0.2198E-06 0.2202E-06
200 R A [l FlL F B9 S L 5 5 B R COHR 100 0. 3450E-06 0. 3598E-06 0.3416E-06 0.3443E-06
HARBEERATRMBERASESEE. HES

RAMATRIME 2, SXMLIINIB 5, grappempzrRaEEmnesuns
[BIRJCMIOJEAT T B AXMM SN e e RGym IWEYm AXhE/m
B—B AR 3 FIA: tbiﬁk[g]ﬁﬁ MEBED 50 17. 25E-06 16. 70E-06 17. 55E-06 17. 21E-06

MEER. 100  34.51E-06  32.00E-06  34.09E-06  34.43E-06
150 51.75E-06  48.97E-06  50.67E-6  51.60E-06
200  69.00E-06 64.17E-06  68.19E-06  68.85E-06

L% B

AR T BA A AR RS 3 SRABEAAR RN

BARMSHEARTEE, R T Ry 2 B WAM GBARK GAGE BAME
—_ N X#k[5] 36 108 36 144

BARHENWRET BHEIERR. . - m

e B 5T L 4 B A AR B R T

BT RIHE,




E1H RS SRAMNESRERTEE 83

SENH:

(1] # R, %\ Ea2[M] AR BTk 1R, 1994.

[2) AR, ELE MREXESHEDEHNETHFRRL] h%¥#HR,1997,27(1):5-18.

[3] Rao S S Sunar M. Piezoelectricity and its Use in Disturbance Sensing and Control of Flexible Structures: A Survey[]].
App Mech Rev,1994,47(4):113 - 123.

(4] T 2k, Z3XSF, R4, Smart FHRILMALI] S5 R,1994,24(3):353 - 361.

[51 Tzou HS Tseng C I. Distributed Piezoelectric Sensor/actuator Design Dynamic Measurement/Control of Distributed Pa-
rameter systems: A Piezoelectric Finite Element Appcrach{]]. Sound and Vibration 1990,1%8(1) 117 - 34.

[6] Ha S K,Keilers C. Finite Element Analysis of Composite Structure Containing Distributed Piezoelectric Sensors and Ac-
tuators[J]. ATAA J 1992,30(3):772 - 780.

[7] Tzou H S. Development of A Light-Weight End-Effect Using Polymeric Piezoelectric Bimorp[ AJ. Processing of the
1989 IEEE International Conference on Robotic and Automation[C]. Los Angles:Computer Society Press,1989,1704 ~
1708.

(8] Wang D,Chen S H,Han W Z. The Static Shatic Shape Control for Intelligent Structures[J]. Finite Element in Analysis
and Design,1997,26:303 - 314.

Model of finite element of the piezoelectric composite plate

CAO Zong-jie, SUN Chang-jiang, WANG Hong-yan
(Dept. of Aeronautic Mechanic Engineering of
the Second Aeronautic Institute of Air Force,Changchun 130022,China)

Abstract; The intelligent structure comprises the main structure,intelligent material and control system.
The intelligent structure is a branch of integrated and crossover knowledge that 1s a new and high technolo-
gy,which is developed from the end of eighties to the beginning of nineties. There will be many problems
concerned in the intelligent structure to be studied such as the formulation of numerical model, the design
of the control system,the optimization,etc. In this paper the static finite element model for the intelligent
structure with a new piezoelectric plate element is {formulated with the minimum potential energy principle,
and a new finite element 1s presented for the bending plate element with piezoelectric sensors and actuators
(S/As). A numerical example is given to illustrate the validation of present method. It can be seen from
the example that this method not only saves much memory and calculation time but increases the accuracy
of solutions as well.
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