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AN OPTIMUM DESIGN METHOD OF DUAL-STAGE ACTUATORS FOR

MINIMUM SEEK TIMES

SUN MO KIM
DAE GAB GWEON

Dept of Mechanical Engineering, Korea Advanced Institute of Science and Technology,
373-1 Kusung-Dong, Yusong-Gu, Taejon, 305-701, Korea

ABSTRACT

In this paper, we propose a design method using Taguchi method and a neural network. ~ Using this

method, we can design a dual-stage actuator having the required tracking/focusing properties in real time.

Also, as an application of this method, a proposed dual-stage “pick-up actuator having the required

properties was designed. The seek time of this designed actuator is less than 13 msec by a time optimal

technique.

actuators.

1. INTRODUCTION

In optical pick-up actuators, seek time is one of the
most important performance factors. In order to shorten
seek time, an actuator with a large drive force is required.
For the above requirements, a lot of researches on  pick-
up actuators have been carried out.[1,2] Design
method to satisfy the tracking and focusing properties{3}]

Also, design parameter variations according to
manufacturing errors and assembly errors of actuators
affect the required seek times. In this paper, we propose

a robust optimum design method using Taguchi method

AR, U BRI EY A FRD

Simulation results show that this method can potentially be implemented in all the dual-stage

and to increase the acceleration of a 2-axis actuator were
proposed.[4] Such design methods merely increase the
maximum drive acceleration and force of the actuator.
However, seek time cannot be minimized by the
maximum drive acceleration and force, because friction
force and back EMF exist; thus, a time optimal technique
is needed to minimize seek time.

and a neural network. By this method, seek times,

which is robust from parameter variations of pick-up

actuators, are minimized.
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2. TRACKING/FOCUSING PROPERTIES AND

CHARACTERISTIC. PARAMETERS OF A PICK-UP
ACTUATOR \
First, we determine the characteristic parameters and

tracking/focusing properties of a pick-up actuator to use
in the proposed optimum design. Figure 1 shows a
dynamic model of a dual-stage pick<up actuator. x, and
x, are the position and velocity of the mass center,
respectively. x, and x; are the position and velocity of
the bobbin, x, and x, are currents of the coarse tracking
actuator coil and the fine tracking actuator coil,
respectively. Also, F, represents the driving force for
the coarse tracking actuator, and F, that of the fine

tracking actuator. F, is the friction force.

XX,  XpXs
> |
Fi _..1.{/\/\,.._ F
..__.._.’ M 2
L 7 »

A

@ : Mass Center

Fig. 1 Coupled dual stage actuator model

Thus, the state equation of the actuator is
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where M is the total mass, m is the fine actuator’s mass,
and a, f are coefficients corresponding to friction force.
Further, K is the spring constant, C is the damping
coefficient, and R, L, and ¢ are resistance, inductance and
force constant of the actuator, respectively. S, denotes a
1/3 full stroke and S, denotes a fine motion stroke of a
fine tracking actuator. The subscripts expressed as 1
and 2(excepting state variables) refer to the coarse
tracking actuator and fine tracking actuator, respectively.
Finally, u, is E,/L, and u, is E,/L,. Thus, minimum seek
time, which is one of the tracking properties of the
actuator, can be calculated from Eqn (1).

Table 1 represents the tracking and focusing properties.
These properties-except for seek time and coarse actuator
power-are closely related to 2-axis actuator performances.

Table | Tracking and focusing properties of a pick-up

actuator

Tracking/Focusing Properties

Seek Time T

s

¢,
5 Hz Sensitivity(T) \/(KRZ ~(mR, + CL,)W‘)z

+ ((¢z’ + KLZ)m - mLzm’)’
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A
200 Hz ‘/(KRZ —(mR, +CL,)*}
Sensitivity(T) ~ {+(# + KL, Jo - mLa’}
Q-value(T) ZOIOg( v 'EK )

E}
Power(Coarse) "E
E;
Power(Fine) "E:

¢
5 Hz Sensitivity(F)  [(kR, ~(mR, +CL, )’
+{p:+ KL, o —mL,o°}
4
200 Hz J(KR, ~(mR, +cL, Yo}

Sensitivity(F) + ((¢/’ +KL, }ﬂ - mL,wJ)z
JmK
Q-value(F) 20 log[ C
E
Power(F) };

Further, we must define the characteristic parameters
used to calculate the tracking and focusing properties;
these are shown in Table 2.  Our purpose is to design an
actuator with required tracking and focusing properties.
These properties represent the ability to compensate for
tracking and focusing errors in wide frequency ranges.
Seek time, which is calculated from the time optimal
technique, is the most significant property in the design
of a pick-up actuator with a fast seek property. Thus, to
satisfy the required tracking and focusing requirements,
the characteristic parameters are used as the design
parameters of the pick-up actiator. In the next section,
we propose a method using Taguchi method to obtain the

minimum seek time which is robust from the variations

of the characteristic parameters according to the

manufacturing errors of a pick-up actuator.

Table 2 Characteristic parameters of a pick-up actuator

Characteristic Parameters related to

the Tracking/Focusing Properties

Mm
R, L E ¢
R, L, E; 6,
R L, E ¢

KC

3. DETERMINATION OF A OPTIMUM FORCE
CONSTANT BY TAGUCHI METHOD

In this section, we determine the optimum force

constants to yield minimum seek times which is robust
from the variations of the characteristic parameters. A
minimum seek time corresponding to a set of
characteristic parameters is calculated from Eqn (1) in the
previous section. In order to minimize seek time, the
characteristic parameters excepting ¢,, ¢,, and K have the
maximum or minimum values within the given design
range. In the cases of ¢,, ¢,, and K, however, optimum
values to minimize seek time may differ from the fixed
maximum or minimum values To find the optimum
values of these parameters, we, first, defined the design
ranges of the characteristic parameters as in Table 3.
Seek distances, S, and S,, were also determined to be 11

mm and 1 mm, respectively.

Table 3 Design ranges of the Characteristic parameters

Characteristic Ranges
Parameters
M T~10 [g]
R, 1~10 [Q]
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I, 601~ 10 [mH)

E, 1~5 [V]
é 05~3.5 [N/A]
m 03~10 (g
R, 1~10 [Q]
L, 0.001 ~1 [mH]
E, 1~5 [V]
#, 03~15 [N/A]
R 1~10 [Q]
L 0.001 ~1 [mH]
E 1~5 [V}
4 03~15 [NA]
K 10~ 80 [N/m]
C 0.01~0.1 [Ns/m]

We carried out a lot of simulations within the above
ranges, and found that the optimum values of ¢, and K
were the maximum values within the above ranges.
Therefore, ¢,, except for ¢, and K, had to be optimized
within the given design range. However, the
characteristic parameters have the undesirable parameter
variations due to manufacturing errors, assembly errors,
and variations in the physical properties. Thus, in order
to find the optimum value of ¢, which is robust from
these parameter variations, we used Taguchi method in
this study. Because each noise factor which means the
parameter variation was divided into three levels, the
orthogonal array table of L,(3'") was used. Next,
random values of the characteristic parameters except for
#, were chosen within the given ranges. The first,

second, and third levels of L,,(3'') correspond to +10, 0,

and -10 % deviation from the random values, respectively.

Next, 27 simulations were excuted to find an S/N ratio, 7,

as follows:

7 =-10 |og[liyf'], i=1,2,,27
n

iz}

where y; is the seek time calculated from Eqn (1) in the *
noise factor condition, and » is the total number of
simulations. Our purpose was to find the maximum
value of 7 as ¢, changes within the design range. When
7 is the maximum value, the force constant, ¢,, takes the
optimum value. To maximize 77 means that seek time is
minimized under the influences of undesirable parameter
variations. Thus, a robust optimum design was achieved
for a dual stage actuator. Also, the tracking properties,
except for the seek time, were calculated from Table 1 by
using the given random parameters. Focusing properties
were calculated using m, K, C, and another set of random
parameters related to the focusing properties. We
prepared two hundred items of random simulation data
for a neural network leaming in the following section.

On the other hand, the parameter's contributions to
seek time, 5 Hz sensitivity, 200 Hz sensitivity and Q-
value are shown in Fig. 2. We can see that the
significant parameters for each property. In figure (a),
coarse actuator parameters are main parameters which
affect seek time property. Also, in (b), (c) and (d),
significant parameters for each property are different.
That is, the influences of the significant parameters for a
property are independent of other properties.
hundred

characteristic parameters

Thus, two
items of data which consisting of the
and the tracking/focusing
properties were used in the neural network leaming that

fotiowed.

Error(0.18)
$,(10.63) / M(23.38)

<

E(38.49) R(27.70)

R,, K(0.80)

$,99.15)

(a) Seek time (b) 5 Hz sensitivity
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Error(3.16) m(18.34)
R(4457)  m(5227) K(15.14) C(66.52)
(c) 200 Hz sensitivity (d) Q-value

Fig. 2 Pi plots for the contributions of the significant

effects

4. A DESIGN METHOD OF A DUAL-STAGE

ACTUATOR USING A NEURAL NETWORK
4.1 LEARNING OF CHARACTERISTIC PARAME-

TERS AND TRACKING/FOCUSING PROPERTIES

We introduce a robust optimum design method using a
neural network for the real time calculation the
characteristic parameters of a dual-stage actuator having
the required properties.  First, we chose a back
propagation structure as a neural network, the input and
output nodes consist of the required tracking/focusing
properties and the characteristic parameters, respectively.

In addition, through a lot of simulations, it was shown
that each structure required two hidden layers for better
learning effects. Table 4 shows the numbers of the
hidden layers and nodes which used in the simulations.
Figure 3 shows the mean values of the final errors at

output nodes after 50,000 iterations.

Tabel 4 Numbers of layers and nodes under various

simulation conditions

Simulation No. Number of Number of
Hidden Layers Nodes
1 1 20
2 1 25
3 2 15 15

4 2 20 15
5 2 25 15
6 2 15 20
7 2 15 25
8 2 20 25
9 2 25 25
10 2 30 25

2 3 456 7 8 910
Simulation No.

Fig. 3 Mean values of the final errors at output nodes

after 50,000 iterations

From this figure, it is confirmed that simulation no. 9
had the minimum mean value. Thus, we chose the
structure with two hidden layers and 25 nodes per layer.

In this structure, a learning rate of 0.05 and a
momentum parameter of 0.3 were used to optimize
learning results. From this neural network, we can
obtain the characteristic parameters of a dual-stage
actuator which has the required tracking/focusing

properties in real time.

4.2 DETERMINATION OF DESIGN PARAMETERS
FOR A PROPOSED DUAL-STAGE ACTUATOR

In order to design a real actuator, the design parameters
related to the actuator’s size, magnetic circuit dimensions,
dimensions were needed. The

and coil design

parameters of an actuator can be variously determined
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according to the structure of the actuator. However, the
design parameters of the proposed dual-stage actuator
could have been calculated by various methods if the
required characteristic parameters were given. Here, we
used a SQP method to obtain the design parameters from
characteristic parameters. Figure 4 shows this design
structure, including the neural networks related to the
tracking/focusing properties and the characteristic
parameters. In this figure, NNN 1 and N.N 2 represent
the back propagation structures of the previous section.
Thus, we can design a dual stage actuator from the

required tracking/focusing properties.

Tracking Properties Focusing Properties
m K C
Ve
N.N. 1 N.N.2

Characteristic
Parameters

\ 4

SQP

’

Design Parameters

Fig. 4 Neural network structure for the design

parameters

In this paper, we propose a dual-stage pick-up actuator
of small size and mass, and high resonant frequencies for
fast seek motion. Table § lists the required properties
and the characteristic parameters for this actuator. The
required properties represent the performances of the
proposed actuator with fast seek motion and better

dynamic characteristics.

Table 5 The required properties for the proposed
Actuator

TrackingTocusing Properties

- Seek Time : 12.5 msec .
| Sensitivity(5Hz) : 6 mm/V(T), 7mm/V(F)
Sensitivity(200Hz) : 250 um/V(T), 270
pm/V(F)
Q-value : 8 dB(T/F)

Characteristic Parameters

M:7[g] 4, - 2.82 [N/A]

R, :11[Q] m:0.7 [g]
L;:20 [uH] #,:0.752 [N/A]
E;:545[V] L,:5[mH]
L, 185 [uH] #,:0.793 [N/A]
R;:2.533[Q] E,:2.67[V]
E;: 2516 [V] R,:2.85[Q]

C:0.0723 [Ns/m] K : 44.64 [N/m]

Thus, the design parameters calculated from a SQP
method using the characteristic parameters are shown in
Table 6. The desired design parameters were directly
calculated by SQP method.
between the properties of Table 5 and those of Table 6

Because the differences

are very small, we can obtain a proposed actuator with
the required tracking/focusing properties. From this fact,
we can say that our proposed design method using
Taguchi method and a neural network structure is able to
use a robust optimum design method of a dual-stage

actuator.

Table 6 Design parameters for the proposed actuator

Desired design parameters
7,02
7,:02
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W, 1.4

D, .16

L,:3

h:2

Tpge: 1915

T,.:184

H, 5

T.:03

L:71

Tracking Focusing

Seek Time : 12.88
SHz Sen. : 5.37 SHz Sen. : 6
200Hz Sen. : 287 200Hz Sen. : 306
Q-value : 8.8 Q-value : 8.8

5. CONCLUSIONS

A seek time of a dual-stage actuator cannot be
minimized by maximum drive acceleration and force,
because a friction force and back EMF exist. Thus, a
time-optimal technique was used for seek time
minimization. In this study, we proposed a robust
optimum design method using Taguchi method and a
neural network. With this method, we were able to
design a dual-stage actuator with the required
tracking/focusing properties in real time. Also, as an
application of this method, a proposed dual-stage pick-up
actuator having the required properties was designed.
The seek time of this designed actuatoris less than 13
msec. Simulation results show that this method can be
potentially implemented to all dual-stage actuators. In
the future, we will experimentally investigate the

performances and characteristics of our method.

~1539-

REFERENCES

. Tetsu Yamamoto, Takashi Yumura and Hiroo

Shimegi, Development of high performance head
positioner for an optical disk storage system. Proc.
SPIE, 695, 153-159 (1986)

. Junichi Ichihara, Koichi Tezuka and Koichi Ogawa,

Development of actuators for small-size magneto-
optical disk drives. Jpn. J Appl. Phys., 31, No.2B,
519-523 (1992)

Moon G. Lee, Dae Gab Gweon and Sun Mo Kim,

Modelling and optimum design of a fine actuator 8

. Hirotsugu Fusayasu, Yasuo Yokota and et al,

Optimization of a Magnetic Acutator with Taguchi
Method and Multivariate Analysis Method. /EEE
Trans. on Mag., 34, No. 4, 2138-2140 (1998)



