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Shape Design of Micro Electrostatic Actuator using Multidimensional
Design Windows
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Abstract

For micro-machines, very few design methodologies based on optimization have been developed so far.
To overcome the difficulties of design optimization of micro-machines, the search method for multi-
dimensional design window (DW)s is proposed. The proposed method is defined as areas of satisfactory
design solutions in a design parameter space, using both continuous evolutionary algorithms (CEA) and the
modified K-means clustering algorithm. To demonstrate practical performance of the proposed method, it was
applied to an optimal shape design of micro electrostatic actuator of optical memory. The shape design
problem has 5 design parameters and S objective functions, and finally shows 4 specific design shapes and

design characters based on the proposed DWs.
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Table 1 Design characters and their restriction

N L FE

Design characters Subscriptions

y =y /Y. s1 Ymax!  max disp. qf lens
1 max © © max center in y direction,

Yrax: required max disp.,

Ymin: min disp. of lens center
in y direction,

Yonin: required min disp.,

U max. Max mean stress in
structure,

0y yield stress of structure,

S: safety factor,

a: accel. of lens center in y
direction,

A: required accel.,

traise: Moving time of lens,

Traise: rtequired moving
time.

y2:ymin/Ymin <1

=§-0,,/0,<1

——a/A>1

yS = trazse /I‘raise < 1
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Paramy. | Dim{mm)} Param. | Dimgmm) i Param. | Din(mny
b, 0.20 m 0.30 e @DR
b, 0.013 m; 0.018 2 0,050
k, .05 W 0.050 @ G- -S4
k, 6.30 R V.40 b, 00020
ke .06 h 0.25 B | amgeh,

h,: wide gz between fixed coh tocth and movable comb tooth,
h,: narrow gap between fixed comb tooth and movable camb tooth,
A Jength of lens in z divection,

k;: length of actuator in z direction.

Fig. 3 Shape parameters of the basic design

el 2wl A B AT #MA A8d
se}el ¥ by, by, ki, ks, meE GERAATH 714 b,
& ARe Yol b= AA R F hi= o]
olEle] ZHol, ke HAFolE 9 -r”ﬂ, me F9
dolg vehdch

34 B7|FE

Ao olE o] Al 7] Imm o]3fol F3}
212 Abelo] E& 4 ume] AuA e A
A Aol o] FAH AFE HreEr] HEAE
Ao olEfol] i3t Fr]o] o] delHojof ¥
o} & Abolo] Reynolds 8 10702 7150
o, Knudsen 7} 107022 F7E HAFAZ

T a8 }04‘;]_(12)

%H% olH e F4AUAA FH Wz vAE
719 9%E AFHeRE Hrkstr] Ak A4y
Aol olg F7F d% M, 71 A4 =2 A%
stol msilvh E=F AzE9el dE F7]9
AFe #4 AYY £ B} et

StAtt. XA, Fr1dFg ostd
ol g JEANL 15% F7EHA
olE o yute AEL 14% AAHA

27] AMAF Hete] sFolHS ndte FH
: &
1

1799

Table 2 Material properties

Silicon Air(under 1 N/m?,207)

Mass density: Mass density:

2328kg/m? 1.205kg/m?
Young’'s modulus: Kinematic viscosity:
170 Gpa 15.01x10°3
Poisson’s ratio: 0.2 Reynolds number:
Yield stress: 2.0 Gpa 1.0x10°3
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(1) Type ,, center of DW, (2) Type,. center of DWW,

(3) Type;, center of DWW,

(4) Type,, center of DW,

(b) Candidates of final design solution

Fig.4 Comparison of shapes among the basic design and
four designs
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