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FEA Simulation for Practical Behaviors of Electrostatic Micro Actuator

Yang Chang Lee*, Joon Seong Lee #

ABSTRACT

Micromachines are extremely novel artifacts with a variety of special characteristics. Utilizing their tiny dimensions
ranging roughly from 10 to 10° micro-meters, the micromachines can perform tasks in a revolutionary manner that
would be impossible for conventional artifacts. Micromachines are in general related to various coupled physical
phenomena. They are required to be evaluated and designed considering the coupled phenomena. This paper describes
finite cloment analysis (FEA) simulation of practical behaviors for the micro actuator. Especially, electric ficld modeling
in micro actuators has been generally restricted to in-plane two-dimensional finite element analysis because of the
complexity of the micro actuator geometry. However, in this paper, the actual three-dimensional geometry of the micro
actuator is considered. The starting torque obtained from the in-plane two-dimensional analytical solutions were
compared with that of the actual three-dimensional FE analysis results. The starting torque is proportional to V?, and that
the two-dimensional analytical solutions are larger than the three- dimensional FE ones, It is found that the evaluation of
micro actuator has to be considered electrical leakage phenomenon.
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Fig.1 Structure and motion of micro actuator
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Fig. 4 The clectrode of width, w and thickness, t, is
broken into clements rdo in order to integrate
for total electrostatic energy
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Fig. 5 Geometry model and FE mesh of rotors

Table 1 Reference dimensions

Diameter of plane ring 420 tm
Thickness of plane ring 320 ¢m
Inner diameter of electrodes 430 tm
Thickness of spoke beams 5 m
Width of spoke beams 10 ¢m
Thickness of insulator 1 m
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Table 2 Material properties

Material Si
Young's modulus 190 GPa
Poisson's ratio 0.3
Yield stress 7 GPa
Mass density 2300 kg/m’
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Fig. 6 Out-of-plane deformation of rotor
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Fig. 7 Calculated first and second eigen modes of rotor
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Fig. 8 Boundary conditions for in-plane deformation
analysis of rotor
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Fig. 9 Calculated distribution of equivalent stress

4.5 3HY o4

ditEog wolaz ROl HT& H
7tat7l el ZAEEA e s B
e F2 2 AAAA siMe] At £ A
FolA AgE e AsE 2 o dEE AN
Ao AHgste] dojzl AAE Fig 10 o e

o ARELIE A Vi vaAEe &+ Atk

Ao o NHELIE JFud #E H7H

ol o] A8 fok= ZFAs N Qejh Relth

BogiAol e A7|H wAdde 22sr] 9
glo] wlolaz dFoolE]e HAAHUA 32U &
2-g 1edslgloh. Fig. 11 & 3 Azt A AALo] 9
Z7) gap o g 71EEkH /A 2 Mo o
AZZAEL e Aol 7] Fitdie AA
A& nges] gt 719 & d9& 4AS
o ARG AL TG 4L B Fe ol
o NFELAF ANseE 3L YA

o 32 N o

119

3.00E-07
2508-07
£ 1.73x10°7 N mm
3
=
w E 2.008-07 }
82 9.75x10 N mm
=] ]
B - 1506507
® c
0
g5
g | 434108 N mm
Q
hall:
2 9
S 55.005—08
sgg 1.08x10-8 N mm
&
1.00E~15 - ~

20 00 40 50
Driving voltage(V)

0 100

Fig. 10 Calculated starting torque vs. driving voltage
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Fig. 11 Geometry model and boundary conditions for air
gap between rotor and one of electrodes
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Fig. 12 FE mesh for electrostatic analysis & calculated
electric potential distribution
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Fig. 13 Calculated starting torque vs. driving voltage
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