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Fig. 4 In� uence of the dampingon the transmissibility in the horizon-
tal direction.

where DV is the displacement on the top of the PAF in the vertical
direction and Dbase ¡ V is the displacement at the bottom of the PAF
in the vertical direction. The de� nition of the horizontal transmissi-
bility shown in Fig. 4 is

TV D
­­­­

DH

Dbase ¡ V

­­­­ (5)

where DH is the displacementon the top of the PAF in the horizontal
direction.

When the loss factor is about 0.1, the dynamic environment of
the new launch vehicle is better than that of the old type, and the
satellite is quali� ed for being launched. Together with some other
factors such as launch cost and technical feasibility, the loss factor
was � nally chosen as 0.1. By this damping treatment the satellite
was quali� ed to be launched with the new launch vehicle.

Conclusions
The WSVI is a direct and effectiveapproach toward the improve-

ment of the dynamic environment that a launch vehicle can provide
to its payload. Although effect of adding damping to the PAF for
generating a hard ride is not as good as other methods, it is cheap
and fast, especially when there is strict constraint on the spacecraft
room inside the fairing.

Coupling analysis is essential in designing the WSVI, especially
when the damping is involved. In the primary design for choosing
the overall stiffness and damping of the isolation the study can be
carried out with a simpli� ed model, as shown in Fig. 1.

The soft ride can signi� cantly decrease the transmissibility. Al-
though in the case of soft ride, the damping of the isolator will
increase the transmissibility, because of the coupling effect damp-
ing can have an important contribution to the vibration isolation.
Moreover, damping is essential to the isolation of shocks. With a
hard ride the dampingcaneffectivelyreduce the vibrationamplitude
of the isolated structure at resonance frequencies.
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I. Introduction

I N this work we deal with the design optimization of the sus-
pension plates of a high-speed optical pickup used in DVDs

or CD-ROMs. Figure 1 shows a typical pickup assembly with the
bobbin and the suspension plates. The four suspension plates are
made identical to minimize unwanted motions. The structural de-
sign issues and related references on this subject can be found in
Kim et al.1 and Kim and Lee.2 The speci� c design target here is
to increase the torsional eigenfrequency of the pickup as high as
possible while keeping the focusing eigenfrequency between 25
and 35 Hz and the tracking eigenfrequencybetween 43 and 57 Hz.
These frequency ranges are set to meet design constraints such as
servocontrollability.To � nd an optimal plate shape, we employ the
topology optimization methodology.3;4 Speci� cally, the multiscale
topology optimizationmethod5 will be used to enhance the solution
ef� ciency.
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Fig. 1 Typical suspension plate-type pickup.

Fig. 2 Finite element model of the baseline design consisting of four
suspension plates and a bobbin:part A, upper suspension plates; part B,
lower suspension plates; partC (bobbincenter), concentrated mass with
inertia; and part D, rigid link.

II. Modeling and Problem Formulation
In this research the shape and topology of the suspension plates

in Fig. 1 will be optimized to maximize the twisting frequency ftw

while keepingthe focusing ffc and tracking ftr frequenciesin certain
frequency ranges.

Maximize:

ftw

Subject to:
­­ffc ¡ f spec

fc

­­· ±fc;
­­ftr ¡ f spec

tr

­­· ±tr (1)

where the target values are denoted by “spec” and the permit-
ted frequency ranges are speci� ed by ±fc and ±tr. f spec

fc D 30 Hz,
f spec
tr D 50 Hz, ±fc D 7 Hz, ±tr D 7 Hz). Because the bobbin can be

modeled as a point mass1;2 in the frequency range of interest, we
can use the design optimization model shown in Fig. 2. (For sus-
pensionplates,Young’s modulusD 100 GPa, Poisson’s ratioD 0.33,
and thicknessD 0.1 mm.) The suspension plate is discretized by
4 £ 16 four-node shell elements, so that the minimum width of the
plate will be maintained as 200 ¹m.

For the topologyoptimizationof the suspensionplates,thedensity
variable ½e.0 < ½e · 1/ is assigned to each � nite element, and the
elementmass me and the elasticcoef� cient Ee are penalizedby solid
isotropic material with penalization (SIMP)6:

Ee.½e/ D ½¹
e E0; v D v0; m e D ½e Ve

0 < ½e · 1; 1 · e · Ne (2)

where Ne is the number of � nite elements and Ve the corresponding
element volume. We choose ¹ D 3 as the values of ¹ between two

and three usually give satisfactory results.4¡6 When the objective
functionsand constraintequationsare speci� ed and the penalization
scheme is selected, one can carry out topology optimization using
the density variables ½e as the design variables.

The multiscale topology optimization method we employ in this
work has been used to realize progressive design5;7 and to handle
some numerical instability problems8¡10 such as checkerboardpat-
tern formation. This method also can be used to improve solution
convergencein some applications.Because of the space limitation,
we do not explain either the standard single-scale method or the
multiscale method. For single-scale eigenvalue topology optimiza-
tion see Kim and Kim,11 and for multiscale topology optimization
see Kim and Yoon.5

III. Mode-Tracking Issue in Multiple
Eigenvalue Problems

Unlike static problems, optimizationproblems involvingmutiple
eigenvaluesmight suffer from mode switching, which often causes
serious dif� culties in solution convergence.To handle this situation
satisfactorily,techniquessuch asmode-trackingschemes11;12 should
be used. In this work we employ the modal-assurance-criterion
(MAC)-basedmode-trackingscheme11 that tracesthedesiredmodes
by examining the MAC values. The de� nition of MAC is

MAC.©a ; ©b/ D

­­©T
a ©b

­­2

¡
©T

a ©a

¢¡
©T

b ©b

¢ (3)

where ©a and ©b denote two mode shapes of interest. MAC varies
between zero and one, and it gives a value close to one if two modes
are similar. If the MAC value is greater than a certain threshold
number (say, 0.8), the two modes are declared the same.

At the beginning of optimization, the reference modes ©a are
predetermined from the baseline design, and the modes ©b ob-
tained during the optimization process are substituted into Eq. (3).
Figure 3 shows three mode shapes ©a obtained for the baseline de-
sign. Though the baseline structure can be signi� cantly different
from the structures appearing during optimization, the MAC-based
method is valid because the modal characteristics of the focusing,
tracking, and twisting modes do not change.

IV. Numerical Results
Before providing the present topology optimization result, it is

worth demonstrating the dif� culty of modifying the existing sus-
pension plates by size optimization. Figure 4 shows the � nite ele-
ment model of a pickup having rectangular-bendsuspension plates
developed earlier.1;2 By changing the dimensions of rectangular-
bend suspension plates alone, it is dif� cult or impossible to � nd a
pickupsystemsatisfyingthe designgoal; for instance, typicaleigen-
frequencies of the pickup system obtained by straightforward size
optimizationare ffc D 40:44 Hz, ftr D 43:08 Hz, and ftw D 98:2 Hz.
As shall be seen later, the topology optimization method yields a
much higher twisting eigenfrequency.

Figure 5a shows the optimized suspension plate by the multi-
scale topology optimization method after 28 iterations. (The ini-
tial values of ½e D 0:5 are used.) To guarantee the symmetry of the
suspension system, the design variables of the four plates are ap-
propriately linked; all independent design variables are assigned to
one of the four plates. Unlike the existing suspensionplates having
abrupt shape changes such as rectangular bends, the present sus-
pensionplate has graduallychanging thicknessvariation.The result
in Fig. 5a is not completely free from gray regions, but it might
be suf� cient to identify an initial design. Because there is no mass
constraint in the presentproblem, the postprocessingof the result in
Fig. 5a is less complicated.Figure 5b shows the design layout after
dropping elements whose density values are under 0.3. Figure 5c is
the � nal design layout postprocessed from Fig. 5b.

The eigenfrequenciesof the pickup having the suspensionplates
shown in Figs. 5a and 5c are tabulated in Table 1. In comparison
with the typical result by the size optimization, the present opti-
mized design has a much higher twisting eigenfrequency.Though
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Table 1 Eigenfrequencies for the optimized designs
shown in Figs. 5a and 5c

Model Focusing, Hz Tracking, Hz Twisting, Hz

Fig. 5a 35.0 56.9 177.5
Fig. 5c 35.6 44.3 137.4

a)

b)

c)

Fig. 3 Three fundamental mode shapes of the baseline bobbin-
suspension system: a) focusing, b) tracking, and c) twisting mode shape
($$, motion directions).

Fig. 4 Finite element model of
a pickup having rectangular-
bend suspension plates.1;2 The
design variables for size opti-
mization are denoted by di (i =
1 » 6).

Fig. 5a Optimized result after 28 iterations.

Fig. 5b Postprocessed result after dropping elements whose densities
are under 0.3.

Fig. 5c Finally proposed suspension plate.

the postprocessingsomewhat deterioratesthe originalperformance,
the numerical result for the plate in Fig. 5c is still satisfactory.

V. Conclusions
The topologyoptimizationmethod is successfullyapplied to � nd

an optimal shape of suspension plates of optical pickups for high-
speed DVDs or CD-ROMs. The twisting eigenfrequencyhas been
maximized while the focusing and tracking eigenfrequencies are
kept in the prescribedfrequencyrange.Through this designproblem
we havedemonstratedthat the topologyoptimizationmethod yields
practically useful results, which are otherwise dif� cult to obtain.
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