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ARTICLE INFORMATION ABSTRACT
Original Research Paper This paper analyzes the effect of squeeze film and size effect on dynamic response of microplate. The
Received 05 June 2017 microplate in this work is a clamped-clamped plate, which is excited using electrostatic force. The gap
Accepted 05 July 2017 between microplate and substrate is filled with air. First order shear deformation theory (FSDT) and

Available Online 08 September 2017 o , ; ;
vatlable Onfine U6 September couple stress theory (CST) and considering Von Karman’s strains are used to model the equation of

motion of microplate. Non-linear Reynolds equation based on Micropolar theorem is deployed to apply

f,ﬁ%’,‘;fé the size effect on the fluid. Afterward, Equations are discretized by applying couple finite element
Dynamic response method and finite difference method. The first-order differential equations are solved utilizing
Size effect Newmark’s method. One of the contributions is presenting the influences of size effect and mid-plane
Squeeze film stretching on the microplate dynamic behavior, also the influence of different parameters on the quality

Mid-plane stretching factor. According to the results, mid-plane stretching effect increases the microplate rigidity.

Interestingly, this effect is more dominant for voltages with higher amplitude. This paper emphasizes
that considering the plate size effect will increase the rigidity of the system. Moreover, the plate size
effect increases the rigidity of the system whereas the fluid size effect decreases it. Increasing the fluid’s
pressure results in decrease in the amplitude of oscillations in step voltage excitation which postpones
the dynamic pull-in. This paper concludes that increasing the coupling parameter of fluid increases the
natural frequency of microplate, whereas increasing the fluid length scale parameter decreases the
natural frequency and quality factor of the system.
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Fig. 3 Dynamic response of microplate to the step voltage of 6V and
different longitudinal elements with nonlinear FSDT method
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Fig. 6 Dynamic response of middle node of microplate with nonlinear
FSDT theory
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Table 3 length scale parameter for some materials used in MEMS
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Fig. 4 Dynamic response of microplate to the step voltage of 6V and
different time step with nonlinear FSDT method
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Fig. 7 Result presented by krylov[16]
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Fig. 8 Dynamic response of Au microsystem to the voltage of 27.35 V
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Fig. 9 Dynamic response of Au microsystem to the voltage of
26.35V[21]
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Fig. 12 Dynamic response of middle node with respect to different
voltage using nonlinear FSDT(--- | = 0 and [ =150 nm)
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Fig. 13 Dynamic deflection of middle node under the effect of 60 V
excitation and different pressure
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Table 7 Microplate characteristics used for simulation of mid-plane
stretching effect
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Fig. 16 Dynamic deflection of middle node with l4/d, = 0.4
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Fig. 14 Dynamic deflection of middle node with lg4/d, = 0.1
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Fig. 15 Dynamic deflection of middle node with lq4/d, = 0.2
0.2 ams (9 ok biie el sl (Sloo alaii (Sealins 5.5 15 S

9 o pleibs 17 095 1396 ,3T (I3 SHlle (S


https://dorl.net/dor/20.1001.1.10275940.1396.17.9.33.9
https://mme.modares.ac.ir/article-15-9121-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-20 ]

[ DOR: 20.1001.1.10275940.1396.17.9.33.9]

OLIe® 9 (i HLLBT 340

Axu09 )Sa0 (SSaoliad YUS) (59 »3 0131 H3l 9 Jlww Jouxo () 39

300 : : :
——§-—- N=0.0
- —% - N=02
280 —O— N=041
3
=
= 260
%
=
o
=2
Z 240
z
*S
220
200 : : :
0 0.1 0.2 0.3 0.4

length scale pm’ameler(!/dn )

Fig. 21 The effect of length scale parameter in non-Newtonian liquid
on first natural frequency of microsystem for different coupling
parameter
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