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FEA Simulation for Performance Estimation of Micro Actuator

Y. C. Lee(Daelim College), J. S. LEE(Dept. of Mechanical Eng. Kyonggi Univ.)

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 element analysis (FEA) simulation of practical behaviors for the micro
actuator. Especially, electric field 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
thesis, 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 V2, 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 of micro actuator

Fig. 2 Motion of electrostatic micro actuator

Table 1 Reference dimensions

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

Table 2 Material properties

Material Si

Young's modules 190 GPa
Poisson's ratio 0.3

Yield stress 7 GPa
Mass density 2300 kg/m’
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Fig. 3 FE model of micro actuator
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Fig. 4 Boundary conditions for in-plane deformation
analysis of rotor

Fig. 5 Calculated distribution of equivalent stress

Table 3 Starting torque and maximum rotation angle

Maximum
rotation angle(deg.)

Starting torque

(N- mm)

41 2.99% 10 343
F¥ 2 2.19% 10" 10.29
P43 3.75%x 10 44.58
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Fig. 6 Calculated starting torque vs. driving voltage

Insulator

Fig. 7 Geometry model and boundary conditions for
air gap between rotor and one of electrodes

Fig. 8 FE mesh for electrostatic analysis
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