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Abstract Through the data transfer race in industry since 1990s, the operational speed of optical disk drive(ODD)
becomes commonly over 10,000 rpm. Such high speed operation inevitably causes the vibration, which is also
the disturbances in the read-write process of pick-up servo-controller. Generally the vibration disturbance problem
can be solved by the vibration isolation using the rubber mount and the increase of robustness of the pick-up
servo-controller. Optical disk itself has not been targeted for the vibration reduction, because it is manufactured
under the standardized format. In this paper we focused on the increase of critical speed of optical disk, that is,
the improvement of dynamic characteristics, with the control of residual stresses which are come from the
injection molding process. To do this, first, the residual stresses induced from the injection molding process are
calculated using finite element method. The major design parameters of the process conditions are flow rate and
melt temperature, which control the residual stresses in optical disk. Second, the critical speed of optical disk is
calculated with modal analysis considering residual stress distributions. It was found out that the critical speed
can be improved by the control of operational parameters in the injection molding process.
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[Fig. 1] Schematic of optical disk

[Table 1] Material property of polycarbonate

Polycarbonate
Density (kg/m®) 1190
Young’s Modulus (GPa) 2.319
Poisson’s Ratio 0.3
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[Fig. 2] Modal Frequencies of a Rotating Optical Disk
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[Table 2] Critical Speed of a Disk with Constant Radial
Residual Stress

Radial Residual Critical Speed [Hz]
Stress [MPa] (0,2), (0,3),
0.00 125 127
0.28 153 143
0.56 176 157
0.84 196 170
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[Table 3] Operating Conditions for Injection Molding
Process
Case 1 Case 2 Case 3
Mold temperature (°C) 70.0 70.0 70.0

Melt temperature (°C) 290.0 270.0 250.0

Flow rate (cmS/s) 16.0 23.8 47.6
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[Table 4] Critical Speed of an Optical Disk with Radial
Residual Stress

Critical Speed
Radial Residual n -
Stress Frequency [Hz] ate of Increase
[%]

No Stress 125 _
Case 1 135 8.0
Case 2 137 9.6
Case 3 140 12.0
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[Table 5] Critical Speed of an Optical Disk with Hoop
Residual Stress

. Critical Speed

Hoop Residual X .
Stress Frequency [Hz] ate of Increase

[%]

No Stress 125 _

Case 1 130 4.0

Case 2 130 4.0

Case 3 131 5.0
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[Table 6] Critical Speed of an Optical Disk with Radial
and Hoop Residual Stresses

Critical Speed
Hoop Residual .
R:
Stress Frequency [Hz] ate of Increase
[%]
No Stress 125 _
Case 1 138 10.4
Case 2 140 12.0
Case 3 143 14.4
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