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ABSTRACT

In order to meet the growing demands for higher storage density as well as lower noise level, the spindles in hard disk
drives are to be supported by hydrodynamic bearings in place of conventional ones. However, the existing models are
inappropriate to apply to accurate prediction of vibration characteristics because the HDD spindle tends to take quite a
complex shape to secure the performance of the new type bearings. In this context, this paper treats analysis of free and
forced vibrations of such-designed HDD spindles based on more sophisticated models and validation by means of
experiments. Remarkably, to this end each component in the system is modeled as elastic adopting the finite element
method.
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Fig. 2 Finite shaft element
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Fig. 1 HDD spindle system
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Fig. 3 Annular disk element
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Fig. 4 Finite meshes
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Table 1. Modes and their frequencies (Hz)

freqs. when 2=0 rpm fregs. when £ =7200 rpm
1.D. modes
comp.. exp. error (%) | comp, exp. error (%)
hub rotation, hub
M logitudinal .translation, 0 ~ _ lower ~ _
local rotating  shaft than 14
vibration, etc
HS half-speed whirl 0 0 0 63 63 0
1A coupled axial mode 0 - 2086 - -

306(B), | 383(B), | 214

IR in-ph ki 406 1 209
in-phase rocking 512 536(F) 650(F) 176

rigid hub rotation with

HR | the rotating  shaft 447 - - 5722?; ' - -
deflected
0,0 | disk (0,0) 887 850 44 896 870 30
812(B), 813(B), 0.1,
i 1 1 .
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. 1435(B), | 1438(B), 02,
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2R -of- i 16. ’ - -
out-of-phase rocking 1908 2287 6 008(F)
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(4,0) sk (4,0 2083 05 0(F) ~ B
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Fig. 10 Experimental FRF at stationary state
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