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Vibration Characteristics of a New Optical Disk with Initial Stress
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Abstract

Free vibration characteristics of an initially stressed CD/DVD disk, which is designed for increasing

critical speeds of current optical disks,

are analyzed using the Rayleigh-Ritz technique based on

variational formulations. Natural frequencies of the new disk depend on membrane stresses caused by
disk rotation as well as residual stresses imposed during the cooling process of the injection molding.
Critical speeds are calculated for the various initial patterns of radial and circumferential stresses.
Initially imposed tensile stresses increase the natural frequencies of all the vibration modes except zero
nodal diameter mode, whose natural frequency is independent of circumferential stress. A new disk
with initial tensile stress of 0.5MPa is shown to have its critical speed about 30 % higher than the

current optical disk.
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Table 1 Natural frequencies of stationary disk
without initial stress (Hz)

Mode Eq. (16) FEM
(0,0) 148.52 145.05
©.,1) 141.96 138.71
(0,2) 172.44 172.48
0,3) 307.87 311.51
(0,4) 537.34 533.91

Table 2 Critical speeds of vibration modes and

corresponding values of «, and 8,

Mode a, B, 27
(0,0) 1.1174 0.2963 oo
0,1 1.1298 0.2932 o
0,2) 1.1618 0.2862 7950 tpm
0,3) 1.1939 0.2798 8033 rpm
0,4 1.1983 0.2782 10221 rpm

—— With Rotational Stress
-+ Without Rotational Stress

!

200 4
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100 1

0
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Rotational Speed (rpm)

Fig. 2 Natural frequencies of a CD disk with (—),
without (--) in-plane stress by disk rotation
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Table 3 Natural frequencies of stationary disks
with various initial stresses (Hz)

Without

Initial Case 1 Case I | Case III

Stress
(0,0) 148.52 199.86 148.52 199.86
0,1) 141.96 197.08 133.80 207.42
0,2) 172.44 224.84 143.46 258.96
0,3) 307.87 343.02 270.90 392.87
0,4) 537.34 560.34 501.50 615.55
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Fig. 3 Natural frequencies of a stationary CD disk
vs. radial stress in Case 1
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4 Natural frequencies of a stationary CD disk

vs. maximum hoop stress of Case III
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5 Natural frequencies of a CD disk: with (—),
without (--) initial stress of 0.5MPa (Case I)
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Fig. 6 Natural frequencies of a CD disk: with(—),

without (--) initial stress (Case II)
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without (--) initial stress (Case III)

Table 4 Critical speeds and modes for three cases
of initial stress

Without
Initial Case 1 Case [I Case [II
Stress
Critical
Speed 7950 8950 6614 10251
(rpm)
Critical
Mode 0,2) 0,3) (0,2) 0,3)
Change
- 12.57 -16.81 28.94
(%)
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