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[Table 1.1] Material properties

Material Si
Young's modules 190 GPa
Poisson's ratio 0.3
Yield stress 7 GPa
Mass density 2300 kg/m3

6. +@axsY 2 A3

B ATl G vholam fFofolee] AAHQ
FES BARY] GaAE AFel o a4, mEdA,
Selm Aga 2 4AF A4 E old A a1
L= Wk vhel=z A AFololelE AAH] A
Al AL Babo]
A (a) AFel o1% M4,
A sAAe gA%el B AR, @ 4% 9

g AE)

o

WA HASEE $ASD

A TATATAYAY Yy S
KA R

i
i%a
i

A‘ v

Tay

s A7
faviei) K
ATATETANAYAY] TS

i ATAYATATAY) £
Jfamavaay, &
JravaraTaeat LA,
AT Fpirivg )
A )
KRt et

AT

RS
e
‘»‘ 1L

VAV

4V)
aavany
ayaY.

(g
Ly
Lo
Aavar.
VhYA

arsy

A
0

e

fra
rara
2
2
yae

VAVAYAYS
Pavivass

VAVAYY
e,

PATAVATAY

VL TALLVLTAY

pTATA)

W
(2

vavi¥

Y

9
KA
TATATATAY

e
i
o

vavara}

VAYavi
Py

Ta
L
B

A
avi

Tl
v

aviive
g
Ll

{Fay

5
Wy
v
e
"

=
ST
AR

‘dba"
Sk
It

T i
VANATRRANTE S
% 4-ymyg§ﬁ:§g§<§;

[Fig. 4] FE model of micro actuator

WA fdAe AFel o WHHHoR APFS
STk A AREES 0.694x10 ¢ mm= AE
o) ke BAAe T smeluz, AFel € A
Ao ¥ vlolaz olFololele] UA A melatA oo}

= 9 ¢ 4 otk 223 HA%e] Mode 42 7]
1

A% AAY BAQ ARGYL 37 A%
A o] 21E59+ 50.519 kHzel il 2

5

5 50.626 kHzoltt. a4 %}
AA vtolar AFoolEe FTHNE Iy A%
HA a2 10kHzE W53tsith

53], Az eAFAUANA A 3 H7He)
b3z #2el7] 98 2w she Eo At
As AFHoR FAsA IAdAE A= W

FHs we Fdetr] wEel d=3 A5}

I

of = 5
t}. 12 Mode?] a3

al =

o]

=

peae

)
=

=]

fLe

=
e H=e] WEe T
& Sie] g gAd
& uHte] ZhdA P wE e
&) 5] Wk (reaction force)S ©]-&

Aok A AN AAE P Aoz 4458, B
93E 37510 N-mm=z A=t 423
T AREQ AL ghe B s e Aiet AAE
o] FEo Faw = AYS §323=u ALE o

H
Itk Fig. 5= 3|zt wh& Eoa 3|4 Aot

1,10E-13

£
@ £
o=
2% 30E-13 ¢ =
| = o
(== =
£ x5 =

2 o
§% 2
=2 oq0E3 | E
o w
o = o
D i
o c o
=] L
L c
38 e3¢

o
S E
265
S5

© 1 E-14 : : : :

0 100 200 300 00 500 600

Angle of rotation ¢ (degree)

[Fig. 5] Starting torque and maximum rotation
angle

AWz o2 wlolm® dFoolEl o] TS H7LE
7] 98 ARF AAS FYPAY. AZELAE A
Vi nlglgtoz o]&ZAo] o AFEQAE A7V

49 wde] A3 gtk AHAselA AN 5 9
o, fRRAANANE 47149 FAA L 17
817 siste] vholam o FololEle] HAIH 344
G4 melstel AAsAT. HAxs mHRAo] )
F7) gapel W 71SHEHA Py HY) RS R
gl AAZAS ;o] Astel Brle 2 99
CE TN

BEAAZE F7]9 FHE 8854x10"7 C/Vm
Sk dTh sl B4y AFd ol ¢
A

2 A

5 w4e Agagnh B e A5 F FE
sigets AFel Astel Abala W, St 4
of e welA Hel A ote] wHlel AAASE A
=% golvh w3, A ATl A4 AAdw v}
o A= Adds T "t dAdE awE
A5%ow 404 €

- 636 -



20104 st=4ts )| =53

> Hofo o} L
o 0 g
1 =
ﬁ L
tlo
e
X, of
) o
ol
2
e
rlo o

lo 2
roy Lo
2,
il
=2

=

w9 1>

oL rr

SN
o, N
0o 2
o
2
>
S

=2

rr ot ol
o —{cr)
2 il e
o > o 2
T V)
E
I
[\ mlo

~

1)
Aoz FAH

=4
o =
Ae T F Ak

i)
=
>

O:

220 Ve A

ing lorque calculaled from

electrostatic analysis Is(N mm)
1

Sla

Driving voltage(V)

[Fig. 6] Calculated starting torque vs. driving
voltage

2 wARt] et g AES gt
WA AFHAE e vholaz oFoolee] HAr) A
e e

s ok ¥E

Mode 442}, /751559

I P
o ot
ol
ol
)
>,
L

(2]

[3]

[4]

(5]

[6]

[7]

[8]

- 637 -

aEF

ﬂ}‘l_’,

E. K,

Three-Dimensional

"A  Fully Automatic

for

Buratynski,
Mesh  Generator
Complex Geometries”, International Journal of
Numerical Methods in Engineering, Vol. 30,
pp. 931-952, 1990.

Carey, G. F., Sharma, M., Wang, K. C., and
Pardhanani, A., "Some Aspects of Adaptive
Grid Computations”, Computers
Structures, Vol. 30, pp. 297-302, 1988.

and

S. W, "A Fast

Constructing Delaunay Triangulation in the

Sloan, Algorithm for

Plane”, Advances in Engineering Software,
Vol. 9, pp. 34-55, 1987.

Sezer, L. and Zeid, 1, "Automatic
Quadrilateral/ Triangular Free-Form Mesh
Generation For Planner-Regions”,

International Journal of Numerical Methods in
Engineering, Vol. 32, pp. 1441-1483, 1991.

and Radhakrishnan, M.,
Triangular  Mesh”,

Pourazady, M.
"Optimization of a
Computers and Structures, Vol. 40, No. 3, pp.
795-804, 1991.

Frey, W. H., "Selective Refinement: "A New
Strategy for Automatic Node Placement
in Graded Triangular Meshes”, International
Journal of Numerical Methods in

Engineering, Vol. 24, pp. 2183-2200, 1989.

Siva P. N,, Sri, H. B. and Prakash G. S., "An
Adaptive Mesh
Finite Element Analysis”,
Structures, Vol. 50, No. 1, pp. 1-9, 1994

Generation Scheme for

Computers and

Lee, Joon-Seong, "Automated CAE System
for Three-Dimensional Complex
Geometry”, Doctoral Thesis, The University

of Tokyo, 1995..



