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ABSTRACT

A disk rotor dynamic analysis program called by DR. DAP is developed for disk drive spindle systems to analyze
dynamic characteristics in operation and to estimate the effects of excitation sources. It is applicable to design for
stabilization and to select parts of disk drive spindle systems. The disk drive spindle system in this program is modeled
as a flexible shaft with multiple flexible disks, which is supported by bearings and driven by electric motor, and its
complicated coupled vibration characteristics are analyzed by using a substructure synthesis technique with the
assumed-modes method. All the coupled modes of interest can be well predicted by the example of a three disk hard
disk drive with the three tuning parameters. It is also shown that, with the introduction of the excitation sources
associated with the defects of ball bearing systems, the magnetic unbalance of spindle motor, the program can well
predict the stability of the system, i.e., the possibility of resonance.
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Table 1, Expected defect frequencies of ball bearing
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Fig. 5 Internal velocity distribution of ball and inner-outer
race
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Fig. 9 (a) (b), Design parameters of disks
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Table 4, Excitation by Ball Bearing System
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Table 5, Excitation by Spindle Motor
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Fig. 12, Bending Cbuple;i Mode Shabe

Fig.13 (a) Fig.13 (b)
(a), 3D bending coupled second mode shape
(b), 3D rendered axial coupled second mode shape
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Fig. 14, Experimental setup
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Table 6, Estimation Error Comparison between Actual HDD

and Rigid Base
Results Actual Rigid Simul. Estimation Error

HDD Base Error 1 Error 2

Modes (Test 1) | (Test2) (%) (%)
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Table 7, Estimation errors (%) between experiments and
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