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Vibration Analysis of a Flexible Spinning Disk
Considering the effect of Misalignment

Jin Wook Heo, Jintai Chung and KeeYoung Choi
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Abstract

The natural frequencies of a flexible spinning disk misaligned with the axis of rotation are studied in an
analytic manner. The effects of misalignment on the natural frequency need to be investigated. because the
misalignment between the axis of symmetry and the axis of rotation cannot be avoided in the removable disks
such as CD-R, CD-RW or DVD disks. Assuming that the in-plane displacements are in steady state and the
out-of-plane displacement is in dynamic state, the equations of motion are derived for the misaligned spinning
disk. After the exact solutions are obtained for the steady -state in-plane displacements, they are plugged into
the equation for the dynamic-state out-of-plane motion. The resultant equation is a linear equation for the out -
of-plane displacement, which is discretized by the Galerkin method. Based on the discretized equations, the
effects of the misalignment are analyzed on the vibratio n characteristics of the spinning disk, i.e., the natural

frequencies and the critical speed.
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Table 1 Convergence characteristics of the natural
frequencies (rad/s) in the rotating frame of

reference when a/b=0.5 , Q=0 and
e/b=0
Mode
M (0,1) 0,2) (0,3) (0, 4)
1 261.624  267.119  296.072  374.478
2 261.610  267.094  296.007  374.348
3 261.610  267.094 295986  374.235
4 261.608  267.076  295.856  373.824
5 261.600  267.035  295.686  373.462
6 261.586  266.996  295.603  373.322
7 261.576  266.983  295.590  373.305
Exact!® 261.533  266.865 295259  372.732

Table 2 Convergence characteristics of the natural
frequencies (rad/s) in the rotating frame of
reference when a/b=3/13, Q=1000 rad/s

and e/b=0.2
M Mode
(0,0) 0, Ds  (0,Da  (0,2)s (0, 2)a
1 788.054 1260.848 1132.911 1523.828 1524.110
2 773.518 1243.861 1121.035 1515.237 1515.360
3 771.855 1239.174 1118.751 1513.483 1513.717
4 761.454 1239.013 1118.631 1513.410 1513.700
5 768.564  1237.157 1116.963 1512.567 1512.903
6 768.117 1234.892 1116.070 1511.835 1512.214
7 767.822  1234.090 1115.989 1511.689 1512.136
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