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The Improvement of Performance in an Ultra small Camera Iris-Shutter Device
using Topology Optimization
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Abstract

This study is concerned with the design of a camera iris-shutter device for producing force. The camera iris-shutter
with yoke should have a smaller size and a bigger magnetic force than the previous model. Since the induced
magnetic force operates shutter movement, the magnetic force maximization for a given input current is an
important issue. To achieve the goal, new system is designed by the topology optimization method. The design is
refined through the design of experiments to find the detail camera iris shutter design satisfying design constraints.
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Fig.2  The Principle of the movement
M X719 2ELE X7 (magnetic force)® Y

3lst= BHE QWOo| CiRED QUL XS 2 Table 1 The specification of an initial model
3t o B4 J|WoR 4H TEIOl ASE 4 Initial model
ol - < ) Size 12x 10 x 7 [mm]
Ae 3 XY HH2 HEAEHY(design of Force %107 [V]
experiments)E O| 23101 T&FIC} Mass 700 [mg]
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Fig. 4 The result of topology optimization

Table 2 The comparison between initial model and
proposed model

3. 4zHEE o|88t 23 MA | Initial mode! | Proposed model
31 MA 2x9 FHeo Volume fraction 1 0.54
FtHlar MEIQ Z27 Ax|Q x}7| slE2EE 3, Magnetic 0.05 0.065

TYUD YRAHSE O|R0{X|T X7| 3=0f o force(N)
Iteration number 0 14
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(b) optimal model
The approximation model by topology
optimization

(a) initial model
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Fig. 6  The plot for the comparison of magnetic
force in the initial model and the proposed

mode! by topology optimization

Table 3 Material property

Material property Value
Current 02[mA]x200{ turns]
Nd-Fe-B B,=141[T]
Permeability of Yoke 4, =4000
Permeability of Coil M, =0.999

Y EHHMA HIUE HB57| sl 4E2HI|X
Maxwell version 12.0 2 0|23l ZE &OI5IY
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Fig. 7 Parameters of 3-D proposed model
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Fig. 8 The plot for the comparison of magnetic
force in the initial model and the proposed model

Table 4 Design of Experiment

Analysis | Length |Radius- |Thickness- {Magnetic
number | [mm] 11 t Force
[mm] [mm] VM
1 1.9 0.25 04 0.03977
2 1.9 0.25 0.5 0.03454
3 1.9 0.25 0.6 0.037983
4 1.9 0.3 04 0.040743
40 23 0.3 04 0.040295
41 23 0.3 0.5 0.041668
42 2.3 0.3 0.6 0.055661
43 23 0.35 0.4 0.04672
69 2.6 0.3 0.6 0.051828
70 2.6 0.35 0.4 0.048406
71 2.6 0.35 2.5 0.049251
72 26 0.35 0.6 0.04699
CHE 232 AMIHEMXSA AHZl (Length) &
length, 232 YA (radius)& m, TYQ FH

(thickness) & tt 2 A3t Table 4 O LtEHF
HEAYHE o|830 XU|HE Eolft AR 2
3 Aolgl AH2le 2.3[mm]l, K39 urge
0.3[mm], J22/1 RS SFHE 0.6[mm]Y o
X7|1=0] ot =le It =&5UCt
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(a) shutter is closed  (b) iris is closed
Fig. 9 The design of shutter blades and iris blades

Fig. 10 The proposed design of a camera iris-
shutter

Z1&e 2HI s B [HWO XJ|HE vl
#1 Fig. 8 o #O| 7|E o XJ|¥o| %
0.02N o EolM mQHE =Eel Xt7|o| <o
0.05N 22 JHM=|0 oF 2 b O|4S HME US
LIEHHSACE Fig. 9 OlAM ME ISt =2 &
o N 2&E LIEHMHCE Fig. 10 2 2 Z HAE
A ALHOIH 7|&E AL H”O] dis] MAj=Q 2
A2t da=1 Xp7|=0| FItE0 450 HAE
ez Iy gt

5. & &

2 g3oME FHHztel ME| 2|7 FX& A
BHE SLoM JIE NL|HEC 2 XY E Ui
AN7l= AMA"lE MASICH J|E 4AH9 83
B0 32 ﬂii ol 238 BE3tD X7
ol Mol 2 e st 23 $£28 A4 3
N MAE S3 Hus Q’E‘JOP%E} Maxwell &
Sal 4 HE oo cigt A58 +HsAn
B0 AFE0|D HAFQ MAE s AEAE
He 0|88 HL2 A\ (parameter optimization
method) & 0| 83510§ 3 Xt FiHat Mel Z2|H
XE gAsAC. 2 A7 FAUZE FHAE 7}
et Mel Z2|i ZXle 2ot 21710 RE5H
HE8E HeE J|UjgEct £ 2 XY AN 2N
HAS Jipiez 3 RP HLAIHE HANY FHR
7ol s 48 Aoich

HEXNTA AW =BT/ 5 A H2$,2009d 99



.4
H>
Jo

* 7

O] =E2 A & 2000 U= FHuSAEP SO
M2 B B} MEo| XS LoF ¥ H7Y MNo.
2009-0079338)

#DE8

[1] Jihun Kim, Woochul Kim, Yoon Young Kim, 2007,
“Magnetic circuit topology optimization in a camera
shutter device”, The Korean Society of mechanical
engineers, Vol.7, No.10, pp5-8

[2] Bendsoe, M. P, Sigmund, O., 1999, “Material
interpolation schemes in topology optimization”,
Archive of applied mechanics, Vol.69, pp.635-654.

[3] Jeonghoon Yoo, 2004, “A study of on the topology
optimization in magnetic fields”, The Korean Society
of mechanical engineers, Vo1.28, No.4, pp 370-377.

[4] Seungjin Yang, Jae Seok Choi, Jeonghoon Yoo, 2007,
“Optimal Design of an Electromagnetic Coupler to
Maximize Force to a Specific Direction ”, IEEE
Transactions on Magnetics, Vol.44, No.7, pp.1737-
1740.

[5] Jae Seok Choi, Jeonghoon Yoo, 2008, “Structural
Optimization of Ferromagnetic Materials based on the
Magnetic Reluctivity for Magnetic Field Problems”,
Computer Methods in Applied Mechanics and
Engineering, Vol.197, No.9, pp.4201-4206.

[6] S. Park, 2005, “Design of experiments”, Minyongsa,
pp.406-407.

HEXNFAM WU =28 /A5 A 25,2000 98

o

2
Fob

57



