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Structural design of small form factor swing arm type actuators

with thermal stability
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Abstract

The present state of the design of swing arm actuators for optical disc drives is to obtain the high
efficient  dynamic characteristics within a very compact volume. As a necessary consequence, the need of
the small form factor (SFF) storage device has been arisen as major interests in the information storage
technology. In this paper, we suggest the miniaturized swing arm type actuator that has high efficient
dynamic characteristics for SFF optical disk drive (ODD). For the operating mechanism, it uses a tracking
electromagnetic (EM) circuit for a focusing motion together. Moreover, due to the size constraint, the
thermal stability of optical head is important. Therefore, the actuator is designed to emit the heat, which is
generated by optical pick-up, along the actuator body easily. Initial model is designed based on the
topology optimization method considering the thermal conductivity. Then, the structural parts of the
actuator are modified to maintain the high sensitivity and to have wide control bandwidth by the design of
experiments method (DOE) and new concept of decreasing mass and inertia. Finally, a swing arm type
actuator for SFF ODD is suggested and its dynamic characteristics are verified.

Key Words: Swing arm type Actuator, Small form factor, Thermal stability,
Topology Optimization, Design of Experiments
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Table 1 Design Specification

ftem Unit Specification
Focusing at SHz >0.19

DC Sensitivity mm/V .
Tracking at 25Hz >1.2
Focusing at 200Hz >50

AC Sensitivity um/v .
Tracking at 200Hz >20
Focusing >53

2nd Resonance Frequency  kHz .

Tracking >10
Maximum Pick up Temp. T at Laser Diode <70
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3.1 Proposal and Behavior of L-shaped model
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Fig. 1 Interference between focusing magnet and
spindle motor in the CF-II card size system

Fig. 2 New L-shaped model with pick-up
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Fig. 3  Pick-up location and its torsional mode
(a) torsional frequency and its mode shape
(b) pick-up location

3.2 DOE for dynamic characteristics improvement
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Fig. 4 Design variables selected for DOE
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Table 2 Levels of design variables
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Table 3 Orthogonal array for DOE of initial model
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Fig. 5 Torsional frequency and its mode shape of
the optimal model
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3.3 Thermal Analyses
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Fig. 6 Thermal analysis result of optimized model
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Table 4 Material properties for thermal analysis

Si 230 72 148
Glass 2640 800 109
Steed 8030 5024 1627

Al 719 m 2024
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Fig. 8 Relationship between maximum temperature
and convection coefficients
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4.1 New concept with topology optimization
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Fig. 9 Simple actuator model for applying
topology optimization to heat conduction
problem. (a) the simplified actuator;

(b) the topology optimization result

The existing Model New design proposal

Fig. 10 New concept design using topology
optimization
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Fig. 11 Thermal analysis of new concept design
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4.2 Optimization for dynamic characteristics
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Fig. 12 Torsional frequency of new concept design
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4.3 Verification of optimal model
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Fig. 13 I-beam shaped design

Table 5 Design variables and levels of full factorial

experiment
Level Up steel Al Down steel
1 0.04mm 0.9mm 0.3mm
2 0.06mm Imm 0.4mm
3 0.08mm I.lmm 0.5mm
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Fig. 14 Torsional frequency of modified optimal
level model
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Fig. 15 Thermal analysis of the final optimal level
model under forced convection
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