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Development of 3-axis Moving Magnet Type Actuator
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Abstract

The optical disc drive has used a high NA objective lens and a shorter wavelength laser diode for high recording
density. But high NA and shorter wavelength cause several margins to become short. Focusing and tracking servo
has to be more accurate and active tilt compensation mechanism is also needed for coma aberration compensation.
In this paper, we proposed 3-axis moving magnet type actuator. For 3-DOF motion, moving coil actuator has to be
equipped with 6 wires for supplying 3 independent signals. However, moving magnet type actuator doesn’t need to
change the configuration of wires because coils are in stator. So, we added a tilt mechanism to the 2-axis moving
magnet actuator which is designed in previous research. Addition of the tilt mechanism cuts down the focus
sensitivity. So, maximization the tilting sensitivity and securing the focusing sensitivity are objectivities of this
research. DOE (design of experiments) procedures of electromagnetic circuit are performed for parameter study and
the optimization is also performed to maximize the tilt sensitivity. And then the final design is suggested and its
performance is verified by FE simulation.

Key Words :  3-axis actuator(3 =7+ &< F0f 0| &), design of experiment(& & A = &), moving magnet type
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Fig. 3 Natural Frequencies of Rolling and Pitching

KO

R0

W'

™ 00 Ol
< 70 WO

o
w W o

w3

WoHE

Ho

ol
__oo
70

<0

—_

H
uk

ol

Ct 4 74

=5
=

!

0]

t

= x

Ol Fig.2% &2 713

=
—

g WA

,2007 H 12 &

z

JEXNSALEH S =28/ 3 A 4

192



d
ot
pal
1z

7] SCh Figure 3 2 ZEG|AM ZAufE HFO{A
£3 3 O ¢ 1fFusE 20 EC I
g IxFoert Yo QA2 E
S5l 2 A28 & &+ UL AFO|0[Ee mFH &
& S&7S0| JtsotA strl fAsiME 240l
2z o gNMAdES ZAOF 5t=0 o= dAH
OF j oFCH

AN UMotE MAPY|E2 2A9 REZ
olof HlStCt MZ HQHE X732 = J|E Xt
7|5 29 Hlmsto] EHA FYUOl Zo|Jt ZAst
Q7 fEol EHA FSHEZE XMoHE L
olCt otx|gt 28 358 <t TUME ZEFH
A dhsEol Blo| UHMSIEE 0|8 EHA TS0
O|2st= Zi0| Jtsotch Mt ZHA FESH
2 A ()2 A 22 o] TAHY DU LY
st= #EE &2 €8 ZUoAM LSt F
s % 28 ZHE 370 o AFEC

Figure 4 = 2 NS 2+t HAE EHELD K=
S¥ol x| st A

OlD:L Fr, OLFr

HO|M, z4= FERIS] 7HE|

o= YE 2HE IU7E9 #£3H X0|E LIE

L= A4+=2 o] Ao mef ZHA A3 B

g THES JJ|I7t A FgEFs A ECh

kU

3. AZl=Elz =H=}

31 AEAEHE o8¢ X7|sl=el HHM

X713 28 JHMotr| s HA Fig. 5 2 &0 6

7H9| **74IH4¢§ MESHRCE 1y, 4y, d 2 ZHY
EO0|H, I t,, d, = EEY =

she w4
|§ agste was0/. |

IC> 7:|

ﬂJ

10
Hon
rir
OhY
1P
|-II
.
2
_\,_‘_

_\EmHLU

o g o> ox N

Y 2 190 HJ
ol
|_H:l:

N
mo

)
!
ox

HAHSTF 2
2 Zdst| 2
= 8 e MAWHLI & =Y
X718 20| A A0l IF&.% HASHA L2 ot
zlof x il
37Hw 77H°I MA |H|__/,\_DI_I-O| E§E|O'|OD:| H
I-EHE OlZ0AM I, = E5HSLO0EE 5 6 7
9| =gl &g =R stoh 2t b =H A al

—

Ir 1o
Hu
4n

HEMHEANAHSS =28/ 33 M 4=,20074H 128

835 75 o

A Follol& 7Het

t oF,

moment

v

Fig. 4 Driving Forces of Focusing and Tilting Coil

t2¢

MD

Fig. 5 Design Variables

Main Effects Plot - Data Means for moment
Lt d ot 4

1.57E-05 o

154E-05 -
151E-05 -

148E-03 o

1\

145E-03 o

W
(a)
Interaction Plot - Data Means for moment

L T S S T T TR T T T TR TR R

(b)
Fig. 6 Design of Experiment (a) Main Effect Plot (b)
Interaction Plot

193



of
0
A
ol
02
i
1z

£ FSL=0 7A= S LOotETI| IdH
DOE (Design of Experiments)& +&53IQUCt 3 &&F
PEHXH S AHESHH 2t HEol FEIRE Hp
Atole] wszesIE 2UCH DOE & Tt
23 Fig. 6 M L 37 £EHL H EY A3
HdEo A S F= YHH OE HEE9 5
= FASDE 2FEUS & £ UUSH, T
I 2 0 I 1, AHOJO REEEE NI QUCHE
AMA T =I5 T

32 Ab7|8| 2 z[F 5t

2tM DOE Mg Soff Mg AAHS 1,2 1,
E HAHSZE ot 2HMA HFEE sHSIULCL
A7zl ze] HA SH2 A &2 E2 734
=5 SESHAM ZHA ASHEE EHESHE
Zi0|Ct Mt SREsE EAHLA FSHEE I
thatsts| et st4=z FHOlE|ojoF SHH, A UtxA
2 22 F3LE9 xaXE Foste A=
St A )k A @)= 2HIE s Hol=
SHe et Merxz40|Ct,

i, focus

Minimize: f(x)=—=

3)

focus
Sitoc 1.5 deg/V (4)
= %M A olM Folst EY BY W
TUOAM LSt ZHL F5HS HEHY
bS

M, Fiws = HHEHA Z7IEAS ZHL F359
=
=

Ffocus
ElE|
= O

OlC}. Spupc = = TFSLATZE LIEHAH 15
deg/V £ 7|E0| LUHE 3F 78 AF0OIHES
ws EXSIUCL[R]  =HA"s  YUHe=zRs
Sequential Quadratic Programming & AMZ35t% 2MH
2t AAMESES 7|42 o AEAEY oFE
OlM 22 7t £2 =2z MdFEsielct. 13
72 e £ENEE EoiFH, O Ao A
oyl 2t dAHS-Z9 2H g2 Table 1 2t 2L |y
o1y 7t HAH S S Sof Eoid gholn, Lt
X HaS9 42 oM dolfnl A=Y 2o
M Zoid A=A x| gtS0loh
4. =BRHS FSHs

tEEl XT3 2E HMET AFNOIEHS 1545
2 HMSIUCE MAE XIS 27t WAL £
Q= 3 EHEE= 9.8463x10° Nem/V O], ZEHA

[l
)
0

fo
Iz
0Q
e
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Table 2 Dynamic Characteristics of the Previous Model

DC Sen. AC Sen.
Focusing 0.788 mm/V 79GIV
Tracking 0.692 mm/V 6.9 G/V

Table 3 Dynamic Characteristics of the Final Model

Focusing Tracking Rolling
Resistance 4.7Q 410 48 Q
1% Res. Frq. 50 Hz 50 Hz 50 Hz
nd

zee; 859kHz | 130kHz | 116kHz

DC Sen. | 0.56 ~0.67

(at 5H2) mm 0.69 mm/V | 2.06 deg/V

AC Sen. 6.1~7.3
(at 200H7) GV 75G/V 0.14 deg/V
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