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Dynamic Analysis of a Tilted HDD Spindle System due to Roundness
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ABSTRACT

This paper investigates the dynamic behavior of a HDD spindle system due to the imperfect roundness of a rotating shaft. The
shaft of a spindle motor rotates with eccentricity by the unbalanced mass of the rotating part. The eccentricity generates the run-out
of a spindle motor which results in the eccentric motion of a rotating part. Roundness of a shaft affects this motion which limits the
memory capacity of a HDD. This research proposes a modified Reynolds equation for the coupled journal and thrust FDBs to include
the variable film thickness due to the roundness. Finite element method is used to solve the Reynolds equation for the pressure
distribution. Reaction forces and friction torque are obtained by integrating the pressure and shear stress, respectively. The dynamic
behavior is determined by solving the equations of a motion of a HDD spindle system in six degrees of freedom with the Runge-
Kutta method to characterize the motion of a rotating part. This research shows that the roundness of a rotating shaft causes the
excitation frequency with integer multiple of a rotating frequency.
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Fig. 1 Mechanical structure of a HDD spindle system
with FDBs
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Table 1 Major design parameters of FDBs

Design variable Journal Thrust
Radial clearance (/m) 2.0 -
Axial total clearance (m) - 30
. Inner:1.5
Radius (mm) 15 Outer:3.2
Groove pattern Herringbone Spiral
Number of grooves 8 20
Groove depth (xm) 5 10

Table 2 Major design parameters of a HDD
Design variable
Mass(g) 18.76

Moment of inertia about z (kgm2) 30.63%x 107
Moment of inertia about x and y (kgm?) | 61.26 X 107
Unbalance mass (gmm) 10.52 % 0.023

Rotating speed (rpm) 5400
Axial magnetic force (N) 0.883
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