¥43%  H8H WMom K ¥ % M CH R R D Vol. 43,No. 8
2016 4 8 H Journal of Hunan University(Natural Sciences) Aug. 2016

XEHE:1674-2974(2016)08-0057-06

ER{5ERE A MR IS A T

G, ERp b EAELERKBE A
(L IR K2 ML 2 4% TR0, Wik KY  410082;
2 IR0 + AR TR S @A, Wi EIT 361024)

W B AELEASMBEAIRAAT L . A TESEN RS FE i F Euler-Bernoulli 2 22
B EFRART A B Fo RGBT T T ARG RS ESMEGIEXRESD A 424
AR R ek A B BB R RAT R BN T S A MM ELE AR RR BT A,
HREN,FZERIUATELX M ARG HELA L SOR[EMA L E HH S E BREKE
R R TACH B ARG IIR B R R Y 0. G R A R B AT A AL
FHELBRET BRI AL RSN, KT R AT MG A GRS B AR LM 6kt

BRI FE L.
KBIR:ERRN; BEAME; Filhsm; R0 ;333
FE 5 ES: 0345 XERERIRAD : A

Study on the Pull-in Characteristics of Piezoelectric

Laminated Micro-beam with Damage
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Abstract: The nonlinear pull-in behavior of piezoelectric laminated micro-beam was studied with con-
sideration of the size effect and damage effect. Based on the theories of continuum mechanics and Euler-
Bernoulli beam hypothesis, the nonlinear governing equation of piezoelectric laminated micro-beam with
damage was established and solved in Galerkin method and Runge-Kutta method. The influence of various
parameters on the pull-in voltage of the micro-beam was discussed, and the results have shown that the ge-
ometry nonlinearity can improve the value of critical pull-in voltage of the micro-beam; the changes of gov-
erning voltage, micro-beam length and other parameters have influences on the critical pull-in voltage of
the micro-beam. Besides,the FEM software was used to carry out the check-up calculations, and the re-
sults were compared with the theoretical results. The findings of this research can offer guidance to the de-
sign of micro-structures.

Key words: miezoelectric effect; laminated micro-beam; damage effect; size effect; pull-in

* W RS EHEI:2015-09 —02
ESTIH:HEARE¥EAS W H (11272270) . National Natural Science Foundation of China(11272270)
EEBN :PREMQI7LI—) B, TS N E T T Bz i+
T 38 1B & A, E-mail ; cpchen@126. com



o8 K22 0 AR O

2016 4

MEMS 15 2 B 8 16 F1 46 AL 19 B8 3R S AE )
LAY BUMAE Z A7) iz s A MEMS B
Z R 1 I 20, v T o RS A T A R
MEMS &5 ¥ i HA7 5 20 0. —Fh 32 2 e v 22 X
Tt b I 20 s v e 3R 45 70K 445 78 55 P
PTG B2 A L G e 245 He v Gl e T AR R AT
T AL AR IR D) RE 45 A W5 2 6 L SO TE
L 37 TP ) e R LA R

VT AR [ AN A 1V 2 2 0 R U s A e
Yy i #5273 5 M JE 4T 01 55 . Pamidighantam §51°
3 F Euler-Bernoulli 223 g 0F 5% T P Ui B =2 F &
T S5 A0 T 20 A SR 1 3l g 2 e 1 IR AR 3 T i
LSS K1 5 ) I8 BB L K. Younis Al Nayfeh'™ ff
FETHL AR F R 5 S0 4h A 3 Ik A 09 o L A
Chaterjee F1 Pohit™" 238 7 JUf] F 2k 1 X i 2 45 1
I 55 37 485 P 1) 5% 0 4% K A 220 W 340 % 5007 5
A O T 23 RS 1 AT iR 254 i B B A7
AL e BT 4% B SR AT . X T s v S Y
W Yin %00 5R B 1R A8 B ) #S BF5E T RO R
O Xof S L B 1 11 A 3 H P A 5 . Azizi S5 B
FE T T WA B v 2 X T St e Bl ) R E PR Y R
M. Vahdat % @R 58 17 #MERL JE X R 2 18 B A
e L2 0 R 45 4 1) Bl ) A R R s . R B AR
L 51 S ECH BB SE T RS S f5CA% 1 R BT
FHE. Xiao 4107 fE N7 F A 2 A5 SO0 1 RO~ 4007 58
FHASEARY S TG TE A% 1 g B3 0 0% 7R 0 Jit 3L 5
T 26 ERMENTHRI 4. LT d .
WFFENT G2 K 22 38 HUHR AL 1) L TG 5k B 18 TR 45 4 5 1T o)
DL P I R 5 4 Ry %o G2 1 WIE 5 SRR 20 L. AR S
TE 75 JERSTRO8 1 1 B0 R WF 58 B84 )2 6 T i i
ZEAE L A b i B A IR LA 2 B i
H, s A5 0T I S 3P 359 H T 1) 5 0

1 BEX7iE

e v J2 A5 BlCRR 1 TR AE J SABEBLAN P 1 R
HRCRBRKE N L SEE N 6. R APz : BJR
N ERZ N2 AR TR LR AR 1 )5 7y
B by R Ry o R H R RIEAR JZ SPE R 5 0 51 O E,
TE, . REEAAUT KB TT 10 L BE R m 2
T3 GRG0 8] RE B AR5 T B B AR = TR R A
IR d » ELZS A A R RO e JRHLSE B i
TN P o Dy Ve [ RE B AR -5 AT Bl AR 2 TR 1Y
LR Vo T AR R R RN d.

Bl EdEFHEER
Fig.1 Model of piezoelectric cantilever beam
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Fig. 2 Influence of geometric nonlinearity to
voltage-deflection curves
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Fig. 3 Influence of control voltage to
voltage-deflection curves
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Fig. 4 Influence of length of beam to
voltage-deflection curves
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Fig.5 Influence of damage variable to
voltage-deflection curves
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Fig. 6 Finite element model
of piezoelectric cantilever beam
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