3D-EMCN®H 2 o|&st & = ol ol =of 0|9 % X
ol A 2 X MH 51B-5-3

Analysis and Optimal Design of Optical Pickup Actuator
by 3D-EMCN Method

(Gina Kim - Tea-Kyung Chung)

Abstract - An optical pickup actuator is an objective-lens-moving mechanism that provides a means to follow the
disk displacement accurately[1]. In this paper, a slim type optical pickup actuator for Notebook PCs is analyzed and
designed to improve the driving sensitivity. A three dimensional equivalent magnetic circuit network method (3D-EMCN
method) is proposed for an analysis method which provides better characteristics in both precision and computation time
of analysis comparing with a commercial three-dimensional finite element (3D-FEM) codes. To verify the validity of
proposed method, we made a comparison between the analysis results and the experimental ones. We also compared this
analysis results with 3D-FEM results. Among the several optimal algorithm, we adopt a niching genetic algorithm, which
renders a set of the multiple optimal solutions. RCS (Restricted Competition Selection) niching genetic algorithm is used
for optimal design of the actuator's performance. Recently, the pickup actuator needs additional driving structure for
radial and tangential tilting motion to obtain better pick-up performance. So we applied the proposed method to the
model containing tilting coils.

RCS niching genetic algorithm, optical pickup actuator, three-dimensional equivalent magnetic network
method
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Table 1 Spec. of analysis model

Br Hc Thickness  Width
Magnet
1.39 [T] 1058 [kA/m] 1 {mm] 3.4 [mm]}
Yoke Width Thickness
34 [mm] 0.6 [mm]
Focusing DC Resistance Effective Coil Length
coil 4.9530 [Q] 5.1 [mm]
Tracking DC Resistance Effective Coil Length
coil 4.3444 (2] 245 [mm]
Wire spring stiffness(Ky)
spring 37.5257 [kg/s"2]
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Table 2 Comparison of 3D-EMCN, 3D-FEM and experimental results

3D-EMCN 3D-FEM Experimental

Computation time [sec] 150 200 results
E ) Force [N] 0.103 0.11 -
ocusiNg  gengitivity
Coil [mmMVI] 1.037 1.106 1.027
Error [%] 0.97 7.7 -
Tracki Force [N] 0.0729 0.078 -
racking — gengsitivity
Coil mmv] 0.8192 0.877 0.88
Error (%] 2.4 9.6 -
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Table 3 Spec. of analysis model containing tilting coils

Br Hc Thickness  Width
Magnet
1.39 [T} 1058 [kA/m] 035 [mm] 1.7 [mm]
Yoke Width Thickness
1.7 [mm] 0.4 [mm]
Tilting DC Resistance Effective Coil Length
coil 3 [2] 1.35 [mm]
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Table 4 Analysis result of the model containing tilting coils

Lorentz's force [N] 0.01207
Linear stroke per voltage [mm/V] 0.1072
Degree stroke per voltage [ °/VI 1.3893
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Table 5 Parameters of RCS niching GA

Generation Number 10

Elete Set Number 5
Probability of Crossover [%) 90
Probability of Mutation [%) 10
Niche YOke_W|dth 0.01
_ Center_to_tracking gap 0.01
Radius Magnet _to_coil gap 0.01
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Table 6 Results of optimal design

Moo o

<3

w
o

fu ob (B Y Il 32 M

o 2 Ay wo
Hoox

t ofy

AL o 3 2

Yoke Width Center_to_track Magnet_to_coil ~ Tracking coil's

[mmj Gap [mm] Gap [mm]  Lorentz's ForcelN]
3.797647059  0.69215686 0.14843137 0.0982296
3.423529412  (.73470588 0.11529412 0.101844

3461176471 0.64274510 0.1 0.1018656
Previous model values
3.4 0.7 0.5 0.0729

7 =™MMH Zoof| cfs focusing 2Ll HE
Table 7 Focusing coil's effect about the results of optimal design

Yoke Width Center_to_track Magnet_to_coil  Tracking coil's

[mm] Gap [mm] Gap [mm]  Lorentz's Force[N]
3.797647059 0.69215686  0.14843137 0.0972718
3423529412 0.73470588 0.11529412 0.0966802
3461176471  0.64274510 - 01 0.0948416
Previous mode! values
34 0.7 0.5 0.115
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(a) Fitness (Lorentz’ force) vs. V1 & V2

(b) Fitness (Lorentz’ force) vs. V1 & V3
a3 13 AHMA En
Fig. 13 Results of the optimal design
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