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Forced Vibration Analysis of the Hard Disk Drive
Spindle Systems

Seungchul Lim

ABSTRACT

This paper is concerned with the forced flexural vibration analysis of hard disk drive (HDD)
spindle systems with multiple thin disks, supported by two ball bearings based on the finite
element model. This is the extension of the previous work which analytically modeled every system
component taking into account its structural flexibility and also the centrifugal stiffening effect
especially for the disks. Among the end results, the forced time response is expectedly useful for
the vibration control of the spindle itself or the position servo control of the magnetic head. On the
other hand, the steady state responses such as the frequency response function and the unbalance
response are useful for system identification. Futhermore, through a coordinate transformation the
equations of motion is also derived with respect to the inertial frame for convenient analyses of

certain classes.
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Fig. 1 Hard disk drive system
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Fig. 2 Finite shaft element
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Fig. 3 Annular disk element
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