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Design and Analysis of A Mini Linear
Optical Pickup Actuator

Joon Hyuk Park*, Yoon Su Baek, Young-Pil Park
Department of Mechanical Engineering, Yonsei University,
134, Shin-chon dong Sudae-mungu, Seoul 120-749, Korea

This paper describes a mini linear optical pickup actuator. To reduce the size, inner yokes are

designed to guide the mover and outer yokes of permanent magnets are removed. Magnetic
circuit method is used to determine the thrust force. Virtual path method is proposed to analyze

the open magnetic circuit analysis. The magnetic circuit of the proposed actuator can be a closed
circuit due to the virtual path model of the outer magnetic flux. The validity of virtual path

method is evaluated by comparing to the FEM analysis. Structural vibration is investigated
using FEM and the design of the mover is modified to improve the vibration characteristic.

Dynamic characteristic experiments shows that the performance of the proposed actuator is

enough to be used as a coarse and fine seeking actuator simultaneously and the thrust force

margin for loading a focusing actuator is guaranteed.

Key Words : ODD (Optical Pickup Actuator), VCM (Voice Coil Motor), Virtual Path
Method, Magnetic Circuit, Linear Actuator

1. Introduction

Optical disk drive is the one of the major infor-
mation storage devices since it has the advantages
of production cost, removability and portability.
Main performance specification to improve those
advantages can be classified into four parts, which
are shorter access time, high transfer rate, high
data capacity and smaller size.

Because the weight of an optical pickup is so
large that the achievement of the high precision
and high velocity motion of optical pickup is dif-
ficult with one stage type like swing arm of HDD,
the conventional mechanism of the optical pickup
for radial direction is composed of a coarse ac-
tuator and a fine actuator.

Therefore, to reduce the access time, perfor-
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mance of high force capability in the coarse ac-
tuator and high servo bandwidth in the fine ac-
tuator are required (Park et al., 2001) . But optical
pickup undergoes the transient vibration between
coarse seeking mode and fine seeking mode and
the waiting time is needed in order that the tran-
sient vibration may vanish. The waiting time is
one of the important factors to disturb the fast
access. Thus, research on the reduction of the
waiting time is one of the major issues to enhance
the performance the ODD (Park et al., 2002).

Recently, portable mini ODD is widely used
and the requirement for small information storage
device has been increased as the usage of personal
digital assistants or other mobile computers are
increased. If the ODD can be smal enough and
have high data capacity, it will be very useful for
mobile computers because of its unique advan-
tages. But the general mechanism of optical pick
up actuator for ODD has some difficulties to ac-
complish the small size because the dual stage
type is used for radial direction actuator.

A linear actuator can be one of the suitable
methods to overcome the weakness of the con-
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ventional mechanism of optical pickup actuator.
It can eliminate the nonlinear factors like back-
lash of rack and pinion, make the weight reduc-
tion and have a larger force to weight ratio be-
cause it is a direct drive system. Its mechanical
response is also faster (Basak and Filho, 1995
Choi et al, 1999). Therefore, it is suitable to
make the ODD miniaturization. In addition, if
the linear actuator can achieve the coarse and
fine motion as a single servo, the waiting time
until the transient vibration is vanished is not
required.

In this paper, we suggest a VCM (voice coil
motor) type mini linear actuator for optical disk
drive and discuss the possibility of the application
to the single servo type radial direction actuator.
The mechanism design of a focusing actuator to
be loaded on the proposed linear actuator will be
discussed in the future study.

The proposed linear actuator should secure
enough force constant to maintain the perform-
ance when the focusing actuator is loaded. Thus,
thrust force should be modeled to estimate the
force constant of the linear actuator. We use the
magnetic circuit method to analyze the magnetic
flux density that generates the thrust force with
applied currents. To design magnetic circuit of the
linear actuator, virtual path method is proposed.

The high servo bandwidth of the linear ac-
tuator should be guaranteed so that the proposed
linear actuator can also fill the role of the fine
actuator. To use the high servo bandwidth of the
controller, force constant of the proposed actuator
should be high and resonant frequency for the
structural vibration of mover should be position-
ed at high region because the resonance of the
structural vibration of mover is uncontrollable
mode. Therefore, in this paper, FE analysis is
used to estimate the vibration characteristic of the
mover and improve the design.

The performance of the proposed linear ac-
tuator is estimated by dynamic characteristic ex-
periments.

2. VCM Type Mini Linear Actuator

Figure 1 shows the proposed linear actuator.

During the design of the proposed actuator, three
design targets are considered : an enough thrust
force, reducing the rotation moment and small
size.

Firstly, to secure an enough thrust force, two
coils and two permanent magnets are positioned
at the both sides of the actuator. And yokes are
located between the two permanent magnets to
reduce the magnetic flux leakage. Magneto mo-
tive forces (MMFs) of two permanent magnets
are connected in series to increase thrust force.
Second, rotation moment can create the tilting of
the mover since there exists the clearance bet-
ween the guide and the mover, which is caused by
manufacturing tolerance and/or assembly error.
The tilting of the mover needs to be reduced
because it decreases the system performance. To
reduce the rotation moment due to the difference
of the thrust force at both sides, this actuator is
designed so that single magnetic flux passes th-
rough the air gaps and yokes. It also means that
two permanent magnets are connected in series.
Third, to reduce the size, inner yokes are designed
to guide the mover and outer yokes of permanent
magnets are removed. Therefore, the magnetic
system of the proposed actuator is open circuit.
Open circuit makes the efficiency of the magnetic
flux decrease since flux leakage is larger than
closed circuit. But decreased efficiency of the
magnetic flux of the actuator can be compensated
sufficiently because MMFs of the two permanent
magnets are connected in series.

Fig. 1

The proposed mini linear actuator
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3. Magnetic Analysis and Thrust
Force Modeling

3.1 Virtual path model for magnetic circuit

design

Magnetic circuit design including permanent
magnets has been studied widely (Leupold, 1993 ;
Tsai and Chang, 1999). But magnetic flux that
passes through the outer air has usually been
neglected by the difficulty of modeling. Therefore,
we propose the virtual path method that can be
used to model the outer magnetic flux by approx-
imation. The magnetic circuit of the proposed
actuator can be a closed circuit due to the virtual
path model of the outer magnetic flux. Virtual
path method can be useful for modeling of vari-
ous kinds of open magnetic circuits if the virtual
path shape is modified properly according to the
condition.

The rudimentary concept of the virtual path
method is that most of magnetic flux passes where
the reluctance is minimum. Thus, proper shape of
magnetic flux path for outer air is determined
roughly and it is modified toward to minimizing
the outer air reluctance.

To make the analysis simple, let us consider
the magnetic circuit composed of only two right
prim type permanent magnets as shown in Fig. 2.
The each magnetic flux that passes between faces
1 and faces 2 is neglected because the property
of the permanent magnets is considered as ortho-
tropic.

Figure 2(a) shows the geometry of two perma-
nent magnets. Faces A is divided into 16 sections.
Each section of the face A has the virtual path
independently. And all the virtual path directions
are toward to the other face A because all the
magnetic flux except one from the center of the
permanent magnet should be curved theoretically.

To reduce the error, virtual path shape between
the faces A should be selected properly. In this
paper, small and half annulus and elliptical shape
are used.

Magnetic flux is determined similar to the elec-
tric current as Eq. (1)

N Mean length of pach ’

Assm;nbimean length of path

~
~

(d)
Fig. 2 Virtual path model for outer magnetic flux,
(a) two identical right permanent magnet,
(b) outer magnetic flux path model when,
(c) flux path model by half annulus and
quarter elliptical shapes and (d) elliptical
shape part of flux path 1, 2
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¢=3ﬂ% (1)

where Jpy is the magneto motive force and R is
the reluctance.

Because the magneto motive force can be cal-
culated simply from the data sheet of the per-
manent magnet, magnetic flux can be obtained
easily when the reluctance is determined. There-
fore, the reluctance of virtual path model should
be investigated first. Reluctance is determined as
Eq. (2)

l

§R=E—

(2)
where / is the mean length of magnetic flux path,
S is the cross section area of the path and x is the
permeability.

Figure 2(b) shows the virtual path model. As
shown in Fig. 2(c) and (d), virtual path is mo-
deled using two elliptical shapes and a half an-
nulus to consider the fringe path of magnetic flux.
Reluctance of half annulus shape is well known
(Roters, 1951). From Eq. (2), reluctance of the
half annulus in the Path 1 can be expressed as

(g+2t+x)

2
Ro="" (3)
LoWXx
In the case of g+2¢<3x,
4
Re= u 2x (4)
tow In <1+g+2t>

Similarly, reluctance of the half annulus in the
Path 2 is,

_ 2x(g+2t+x)
Re e (5)
In the case of g+2¢<3x,
Ro= azd o (6)
ok In (1+——(g+2t) )

Mean cross section area of the elliptical path
should be used to find the reluctance of elliptical
shape because the cross section area is different
according to the path length. To make the prob-
lem simply, assuming that the mean length of the

path is straight line as shown in Fig. 2(d), the
mean length of the path is expressed as Eq. (7).

_x ., h
= +3 (N

The mean cross section area can be estimated by
dividing the entire volume of the path by the
mean path length. Thus it is expressed as,

S= mcézw L1 (8)
X, h
28
Substituting Eqs. (7) and (8) into Eq. (2), the
reluctance of the elliptical shape in the Path 1 is
determined as,
x , h\?
8(3+%)

Ro= Hortxhw

(9)
Similarly, the reluctance of the elliptical shape in
the Path 2 can be expressed as,

(5+2)

Ro= MoTxwh

(10)
Total reluctance of the Path 1 is the series con-
nection of the reluctance of a half annulus and
two elliptical shapes. Thus by the Eqs (3), (4)
and (9), it is expressed as Egs. (I1) and (12).

x , h\?
16 { =+
2 2 2 8
= m(g+2t+x) n ( ) (1)
LoWx MoTxhw
In the case of g+2¢<3x,
2
ho= 4ar 16<%+%> (12)
1 tow In (l+42x ) torxhw
(g+2¢t)
Also, the total reluctance of the Path 2 is,
EAY
_ 2x(g+2t+x) '6< S )
R, + (13)
Hohx tomxwh
In the case of g+2{<3x,
AP
=
2x toTxwh
hin(1+
s (g+21) )
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Entire virtual reluctance of the outer air is the
parallel connection of eight pairs of virtual path
reluctance. Thus it can be expressed as

k-d

:327rmhwx(k+d) (15)

t

where,

k=8m'gw+8w(x+2¢) + (w+4x)?
d=16x2+P+8h(n’g+x+m(x+2¢8))

g+2t<3x
Re= k-d (16)

32ﬂ/10hwxln<l+gix2t>(k+d)

where,

_ 2 - 2x
k=l161hx+ (h+4x) ln(l+g+2t>

d=16wx+ (w+4x)?1In (1+

2x >
g+2¢
Reluctance of the virtual path is the function of
x because w, ¢, i and g are constants. According
to the rudimentary concept of the virtual path
model, x is determined to minimize the virtual
reluctance, R, and minimum value of R, is the

reluctance of the outer air. Thus, the entire reluc-
tance of the outer air is as follows :

o k-d
me_Mm[327rpohwx(k+a’) ] (m
In the case where g+2¢<3x,
o k-d
me—Mm[BZR/.mhwx(k-l-d)ln(l+2x/(g+2t)) } (18)

where Min[f (x) ] is the minimum value of £ (x).

The validity of the virtual path method can be
estimated from Fig. 3. There is a good agreement
between the magnetic analysis by the magnetic
circuit with virtual model and FEM. As the gap
becomes smaller the error increases. This may
be caused by the edge effect of the permanent
magnets, which is neglected in the magnetic cir-
cuit analysis.
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Fig. 3 Magnetic flux density of air gap between two

right prism type permanent magnets

3.2 Magnetic circuit design for proposed

linear actuator

Figure 4 shows the magnetic circuit elements
of the proposed linear actuator. R. indicates the
reluctance of the outer air.

The reluctance of the air gap can be divided
into two parts. One is the reluctance when mag-
netic flux flows toward to Yoke 2 and the other is
when toward to Yoke 1 and 3. Figure 5 shows the
magnetic flux path model of two parts.

Figure 5(a) shows the cross section of the
center of yoke 2 and permanent magnet. Assuming
that there is no magnet-end leakage that flows
without the yoke, the reluctance of the air gap can
be expressed as Eq. (19).

R Re

R+ (19)

Rar=

Reqz is the same with R, since the geometries are
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the same. The magnetic flux path of the end side
of permanent magnet must be modeled as Fig. §
(b) with considering the effect of Yoke I. It is
determined as,

Rena1 =Ra1 TR +Ro1 (20)

All the reluctance of the both end sides of two
permanent magnets can be calculated as Eq. (20)
because the yokes of both end sides are symmetry
and geometrically same. Thus magnetic reluc-
tances of the air gaps and the end sides of the
permanent magnets can be expressed as

Ra=Ra2=NRa (2 l)
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Fig. 4 Magnetic circuit elements of the total system
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Rena1 =Renaz=NRenas=Renas=Renp (22)

Based on the Figs. 4 and S5, the entire magnetic
circuit of the proposed linear actuator can be
designed as Fig. 6.

Yoke 2

Permanent magnet

Permanent magnet

| S, .,/..4 ..

(b)
Fig. 5 Magnetic flux model for primary air gap of
proposed linear motor, (a) at the center of the
permanent magnet and primary yoke and

(b) at the end of the permanent magnet

Fig. 6 Magnetic circuit diagram of the entire system
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Where,

Jem | Magneto motive force of the permanent
magnet

Ry1, Rys, Rys, Ryr, Rys - Reluctances of the each
yokes

Ryz1~Ryzs . Reluctance of the Yoke 2 according
to the path where magnetic flux passes
through

Rye1~Ryes . Reluctance of the Yoke 6 according
to the path where magnetic flux passes
through

Rexr . Reluctance of the permanent magnet

Ra1~Ras - Reluctance of the each air gap

Ra1, Raz - Reluctance of the air gap where the
leakage of the magnetic flux flows

Ro1~Ros - Reluctance of the air gap where the
magnetic flux flows from Yoke 1, 3, 7, and
8, respectively

Re - Reluctance of the outer air

Thus, the magnetic flux in the primary air gaps
Ra1(=NRe2) can be calculated as

¢=23euRenp (2Ra+Reqg +Revp +%a) /
{{(2Reg +4Ra+2Re +Rewp)
*(ReRano +2ReRem + 2R enpRes
+Req Revo+2Rew) + 2Rz (Renp+2%ew) ) }

(23)

Req is the equivalent reluctance composed by
SRm~?Rm, mYGl""ERYG& and ?Raa as Eq. (24).

meqlmeqzmeqﬁ

- meqlmenﬂ 'HReqzmeqa +$Reqlmeqs (24)

meq

where

meql =5Rm ‘HRYA, +my61,
Rez=Ryz2+Rys+Ryez,
Reqa=Ry2z+Rys+Rves

The leakage of the magnetic flux at the end side of
the permanent magnet is expressed as,

¢BVD =43py (meq +2R, +§RB) (meq +2R.+R. +EREND) /
{(2Req+4Ro+ 2R +Renp)
* (ReRewp +2ReRew + 2R enoRen
+Req (Renp+2Rew) +2Ra (Rewo+2%Rew) ) }

(25)

Substituting Eqgs. (19) into Eqgs. (23), the mag-
netic flux and the leakage of the magnetic flux in
the air gap can be expressed as Egs. (26).

#=23nelte ;?f;i +lo R+ ) /

{(zmm+%+m+mm)

* (mgmmn + ZSR._.ERPM + mefﬂm “Hﬂeq (ERMD + 2mm)

MR
+ R (oot 2] )}

(26)

Using the magnetic circuit analysis with virtual
path model, the magnetic flux density in the
primary air gaps (Bg in Fig. 5(a)) is 0.310T and
0.253T in the fringe (By in Fig. 7(a)).

Figure 7 shows the magnetic flux density in the
air gap by FEM. Magnetic flux density at the side
of permanent magnet is larger than that of the cen-
ter. It is due to the effect of yokes of both sides.
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Fig. 7 Magnetic flux density in the air gap by FEM,
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permanent magnet and (b) at the center, up-
per and lower parts of permanent magnet
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But the magnetic flux densitx density at the center
is larger than upper and lower parts of permenent
magnet. Due to the yoke shape of the proposed
linear actuator, there exists quite a little leakage
of the magnetic flux at the lower part of the
permanent magnet.

The average values of FEM results are 0.304T
in the air gap and 0.281T in the fringe. The
errors of the magnetic circuit analysis results
are about 2% and 10% compared to FEM results,
respectively.

3.3 Thrust force modeling

Thrust force of the proposed linear actuator is
expressed from the Lorent’s law (Popovi¢ and
Popovié, 2000),

F= [Bx idl (27)

where, 7 is the currents of the coils, B is the
magnetic flux density and 1 is the effective length
of coils. Effective length of coils of the proposed
actuator can be determined from Fig. 8.

The magnetic flux density that influences the
coils is in the air gap and the fringe. Effective
length of coils in the fringe region is different
according to the number of layers. In the fringe,
effective length of coil according to the layer can
be expressed as Eq. (28).

br—lri 2 (/@) lsi— s
lt/a—l N lt/a—l ’ Nzl (28)
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Fig. 8 Effective length of coil in the air gap and
fringe path model

where, N is the number of layers and « is the
diameter of the coil. Thus, from the Egs. (27) and
(28), the thrust force of the fringe can be deter-
mined as Eq. (29).

Ff:2' ifo- m
. & lff_lfz' nlf,-— ljf (29)
(=l v )

M=l n—1

where, Byx is the magnetic flux density of the
fringe, m is the total number of turns of coil
and 7, that is determined as #=1/;/a, is the total
number of layers of coils.

The effective length of coils in the air gap is
7+ lg and thrust force of the air gap is determined
as Eq. (30). Because two coils are located at both
sides of the mover, entire thrust force can be
expressed as Eq. (31).

Fe=iBerrm-n-lg (30)
F=Fke1 (31)
where
k:=(2Bgem-n*lg+4:Bp-m

. i}( lff_ifi N+ nl;;z‘:lff ))

N=1 1

Force constant %, of the proposed actuator is
shown on the Table 1.

Figure 9 shows the magnetic flux density in the
working range of the mover. Magnetic flux densi-
ty has the uniformity along the working direction.
Therefore, force constant, k; is independent of the
working range and precision control is possible.

Table 1 Characteristic of mini linear actuator

prototype
Size Mover: 12.6 X6X 3.3 mm
Total : 17X22X3.9 mm
Mass Mover: 0.4 g

Material : NdFeB

Permanent magnet
g Remanence: 1.17 T

Resistance : 3.3Q
Turns: 172X2
Inductance : 32 4H

235 mN/A

Coils

Force constant




pon

sRgRgoRaREc R e

Dou

a
034 8

--0— 0.2 mm from the PM
024 o - 0.4 mm from the PM
—a&-— 0.6 mm from the PM

Magnetic flux density along the PM (T)

00 T T T v T T T T ¥
0000 0002 0.004 0.006 0008 0010 0.012 0014 0.016 0018

Distance along the permanent magnet (mmj}

(a)

[eX]

}\j ~0-Bg_ 00 \J/U’U‘C’*u—‘ﬂ—n“
o0

034 /2:2,0\0~o \0*0’°

ﬁjzf;/ R e\ 72 )

A s

024 —o— 0.2mm from the PM |

—0— 0.4mm from the PM
—-&—0.6mm from the PM ‘

0.1+

00

Magnetic flux density along the PM (T)

T T T Y T T T T T
0000 0002 0004 0008 0008 0010 0012 0014 0016 0018
Distance along the permanent magnet (mm)

(b)
Fig. 9 Magnetic flux density of the air gap in the
working range, (a) at the center of PM and
(b) at the fringe part of PM

4. Vibration Characteristic of the
Mover

Figure 10 shows the mover frame of the pro-
posed linear actuator. Firstly, the flexible mode of
the mover must be positioned over 300 Hz to be
used as a coarse actuator. In this case, structural
vibration resonant frequency over about 3kHz is
allowed because uncontrollable mode should be
positioned at ten times higher than servo band-
width. To estimate the structural vibration char-
acteristic of the proposed linear actuator, finite
element method is used.

Figure 11(a) shows the first flexible mode of
the mover frame. The first resonant frequency of
the flexible mode is about 17.4 kHz. With coils,
the first resonant frequency of the mover is about
3.7 kHz as shown in Fig. 11(b). It is because the
coils have not influence on the stiffness but on

Joon Hyuk Park, Yoon Su Baek and Young- Pil Park

Fig. 10 The mover frame of the proposed liner
actuator

b

Fig. 11 First flexible mode of the mover,
(a) mover frame and (b) with coils

the weight of the structure. But the servo band-
width of the proposed linear actuator can be still
300 Hz.

In order to use the proposed linear actuator for
the fine actuator as well as the coarse actuator, the
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flexible mode of the mover should be positioned
as high as possible and especially it has to be
more than 20 kHz. Therefore, the structure of the

Fig. 12 Modified mover frame of the proposed line-
ar actuator

WO M
ASPLACEMENT
STEP
BUB
FREQ = 2677

b

Fig. 13 First flexible mode of modified mover,
(a) mover frame and (b) with coils

mover must be modified to have the high servo
bandwidth.

As shown in Fig. 11(b), the first mode shape is
the bending mode and it can be predicted that the
next will be shear mode from the structural shape.
Thus, the mover is modified to prevent the first
bending and shear mode.

Figure 12 shows the modified mover. To pre-
vent the bending mode, bottom plate of the mover
is attached and four plates are attached to each
side faces to prevent shear mode. The reinforce-
ment material is the same as mover’s and the size
is decided from the trial and error with FE an-
alysis. Figure 13(a) shows the flexible mode of
the modified mover frame and Fig. 13(b) shows
the flexible mode of the modified mover with
coils. The resonant frequencies are 26.8 and 24.4
kHz, respectively. Therefore, the proposed linear
actuator can be used for the coarse and fine ac-
tuator and the servo bandwidth can be expanded
into 2.4 kHz.

5. Experiments

Figure 14 shows the prototype of the proposed
linear actuator. The characteristic of prototype is
described in the Table 1. Two coils are parallel
connected. It has more advantage than the series
connection from the viewpoint of power efficiency
if the resistances of coils are the same.

The performance of the mini linear actuator
can be estimated from the dynamic characteristic.
Assuming that nonlinear factors like friction and
stiffness of wire can be neglected, transfer func-
tion for displacement of the actuator can be ex-
pressed as

"Coths

Fig. 14 Prototype of the mini linear actuator
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Fig. 15 Frequency response of the velocity of the
prototype actuator

H(s) _ ket

V(s) mLs*+Rms’+kds (32)

where I and R is the inductance and electric
resistance of the coils respectively, 7 is the mass
of the mover and £ is the force constant.
Figure 15 shows the experiment results for the
frequency response of the velocity of the actuator
and Fig. 16 shows the frequency response of the
displacement of the actuator when the amplitude
of the input voltage is 1 V. The magnitudes in
Figs. 15 and 16 are the ratios of outputs to unit
inputs, ] mm/s and 1 mm, respectively. The ma-
gnitudes of the velocity and displacement of the
actuator are 501 mm/s and 4 mm, respectively
when the frequency of the input voltage is 20 Hz.
Because of the nonlinear factors that are neg-
lected in the Eq. (32), there are a little bit dif-
ferences between experiment results and simula-
tion. Especially, experimental results shows that
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Fig. 16 Frequency response of the displacement the
prototype actuator

the phase drop below —80 degree appears more
faster than simulation. Controller can compensate
these nonlinear effects but they deal somewhat
additional loads to the controller. Thus, estima-
tion and improvement of nonlinear effects is need-
ed. But from the experiment and simulation res-
ults, we can conclude that force constant, that
is D.C gain of the proposed actuator, is large
enough to generate the desired acceleration and
thrust force margin for loading a focusing ac-
tuator is guaranteed.

6. Conclusion

In this paper, we suggest a VCM type mini
linear actuator for optical disk dive. This actuator
is designed that inner yokes can guide the mover
and outer yokes of permanent magnets is re-
moved. To reduce the moment of rotation, it is
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designed so that single magnetic flux generates the
thrust force.

Virtual path method is proposed to analyze
outer magnetic flux. Using the magnetic circuit
method with virtual path model, magnetic flux
density of the air gaps and thrust force were
modeled. The validity of the virtual path method
is estimated by comparing to FEM. Virtual path
model is applicable to analyze the open magnetic
circuit including permanent magnets.

To use the mini linear actuator for the fine
actuator as well as coarse actuator simultaneous-
ly, the structure of the mover was modified. As a
result, first flexible mode of the mover appeared
at 24.4 kHz.

Frequency response of the actuator was experi-
mented to estimate the performance. As a result,
the difference of the phase between the simula-
tion and experiment appeared intensely because
of nonlinear effects. To reduce the nonlinear
effect, research for reducing friction is needed
since friction is more dominant than any other
factors when inertia of the mover is so small in
sliding system.

Experiment results show that the proposed lin-
ear actuator can be used as a radial direction
actuator and has the thrust force margin enough
to load the focusing actuator later.

From the experiment and structural vibration
analysis by FEM, the validity of the proposed
actuator for the coarse and fine actuator is veri-
fied.

In future studies, identification and improve-
ment for friction force will be carried out. And we
will improve the design to enhance the perform-
ance. Focusing actuator for mini VCM type linear
actuator will be developed and the availability of
the entire systems will be investigated as an opti-
cal pick up actuator.
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