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Pull-in Analysis of Size—dependent Micro—plate with Damage
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2. School of Civil Engineering and Architecture , Xiamen University of Technology, Xiamen 361024, China)

Abstract: Based on the Kirchhoff plate theory and the modified couple stress theory (MCST), this work focuses
on the pull—in phenomena of elastic micro—plates with damage. The dynamic governing equation of the micro—plate
was derived and then solved via Galerkin method. The effect of damage variable ,length scale parameter,initial gap
and fringing filed on pull—in voltage of the micro—plate was discussed in detail. Moreover ,the reliability of present
model was validated by comparing results obtained in this study and the literatures. Numerical results show that dam—
age effect decreases pull—in voltage while size effect increases it; large initial gap results in large pull—in voltage and
fringing field has slight influence on it. This research is helpful and useful in electrostatically actuated microstructures
applications and provides a theoretical foundation for designers and engineers.
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Fig.1 Schematic of the micro—plate
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Tab.1 Geometric and material properties of the micro—plate
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2a/pm 2b/pm h/pm d/pm v E/10° Pa /(107pF-pm™)

SCHR[15] 40 20 1 02 028 130 8.854

Hk[16] 250 250 3 1 006 169 8.854

J T RAEAR SO R R A, RN R
AR RN TSR, ARSI Z5 3 5 Scik e
Frxtbe, Xt HeEE RN 2 B, WK 2 dhal LUE
SCHR TS0 285 S FISCHRT 1610 S50 25 S 5 AR S 1w
B, AR SO B R T Y.



32 PN = =R 2020 4E
o0 180
o  HRE R a — Ilh = O 2 AER )
o * fﬁfﬁim $ N Uk = 0.5( A SCHLRL)
—dR | ) | BT
E 120 TN
90
60
06 20 4 & 8 100 120 30 s
o 0 01 02 03 04 05 06
G D
(a) 5 CHRLIS1ES AT b (b)FHE R
0o — B3 AR AR P S B e S ) Y
ost l i;ﬁ;::“ﬂ Fig.3 Damage effect on center deflection and pull-in voltage
0.4 L 4 25 T RUBE RO, WA 18 B RT3 e e
g, YR, Lok, ] 4Ca) R A R S e
® FEMZEAIE (D=0.5) ; &l 4(b) At it D=0.2 i
02 7 SO 128 SRR (17 = 0) HHIH vy e B4 L
0.1 SRR, IWE 4 FTLUE, RESHAEKR, I
. — S PR 2K S AT RSO O
0 13 2% 39 52 65 SR ZE W | TR &S AR I i fig

V.V
(h) HH[16])55 R % H
M2 AXHSREMRERIE

Fig.2 Comparison of results between present and literatures
e T

——————== ——— I

3 25 T A0 500 Xe AR R B B T F
(REEIR. Hodr 8] 3(a) 45 HE TS [R50 20 o X B8 B He
FEZ 2 (Uh = 0.5) 5 8 3(b) 451 THRHENRES
BUR = 0.5(A SR F1 i/h = 0( 28 HAFRY ) 45 45
A PR R 0. R 3(a) AT, B A
(R RC , M HP s B8 BE AN B3R K5 24 41 H F s B
LR, 24 R AR TR I, AE 3(b) i LA Y, i
P78 E 3 I, IR R . 1545 2 S S R I O,
I EERARPTARIE RE AR 55 , IR LIRS L i 2 Bl 16143
A I a0y AR I R i AR A T DA — 22
TR R A4,

0.6

0.5

0 32 64 96 128 160

Vic

(a M B

Lt Bl e T ENAEE: - NE S B O o T SN2
BOSEEAN T A, O S & B /N A e A
TR 8 |, ROBE S5O S 1.

0.6

—ih=0
05} .
1 ]
H i
04 / /
‘l' _.r"
B 03 / /
f/l’
0.2 -
.'"-’"
0.1 P
0
120 160 200 240
Ve
(a AP SR E
240 :
— D=02(5HER) =
200 |==== D=02(AER)
; 160 1 ra
B P
120 + "
80 }
a0 ;
0 0.2 0.4 0.6 0.8 1.0
1ih
(bR R

B 4 RUEH SR & B AR & R0 e

Figd Size effect on center deflection and pull-in voltage
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Tab.2 Fringing effect on pull-in voltage

2 MR (1R = 0)
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T T T T T T ey
YH5 R/ V YH5 RV YH RV YH5 /v

0 105.6 106.1 0.47 152.3 153.0 0.46
0.12 99.1 99.5 0.40 142.9 143.5 0.42
0.24 92.0 92.5 0.54 132.8 133.4 0.45
0.36 84.5 84.8 0.36 121.8 122.4 0.49
0.48 76.1 76.5 0.53 109.8 110.3 0.46
0.60 66.8 67.1 0.45 96.3 96.7 0.42
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