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Free and Forced Vibration Analysis of a Hard Disk Drive Considering the Flexibility of
Spinning Disk-Spindle, Actuator and Supporting Structure
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ABSTRACT

This paper presents a finite element method to analyze the free and forced vibration of a hard disk drive (HDD)
considering the flexibility of a spinning disk-spindle with fluid dynamic bearings (FDBs), an actuator with pivot
bearings, an air bearing between head-disk interface and the base with complicated geometry. Finite element equation
of each component is consistently derived with the satisfaction of the geometric compatibility of the internal boundary
between each component. The spinning disk, hub and FDBs are modeled by annular sector elements, beam elements
and stiffness and damping elements, respectively. The actuator arm, E-block, suspension and base plate are modeled by
tetrahedral elements. The pivot bearing in the actuator and the air bearing between head-disk interfaces are modeled by
the stiffness element with five degrees of freedom and the axial stiffness, respectively. A global matrix equation
obtained by assembling the finite element equations of each substructure is transformed to a state-space matrix-vector
equation, and both damped natural frequencies and modal damping ratios are calculated by solving the associated
eigenvalue problem with the restarted Arnoldi iteration method. Modal and shock testing are performed to show that the
proposed method well predicts the vibration characteristics of a HDD.
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