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ABSTRACT

This paper proposes a method to calculate the characteristics of a coupled hydrodynamic journal
and thrust bearing of a HDD spindle motor., The governing equations for the journal and thrust
bearings are the two dimensional Reynolds equations in 6z and #8 planes, respectively. Finite
element method is appropriately applied to analyze the coupled journal and thrust bearing by
satisfying the continuity of mass and pressure at the interface between the journal and thrust
bearings. The pressure in a coupled bearing is calculated by applying the Reynolds boundary condition
and compared with that by using the Half-Sommerfeld boundary condition. The static characteristics
are obtained by integrating the pressure along the fluid film. The flying height of spindle motor is
measured to verify the proposed analytical result, This research shows that the proposed method can
describe HDB in a HDD system more accurately and realistically than the separate analysis of a
journal or thrust bearing.
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Table 1 Major design specification of hydrodynamic bearing

Journal bearing

Thrust bearing

Bearing width [mm]

Upper journal @ 24
Lower journal @ 1.5

Inner diameter : 4.0
Quter diameter : 7.2

Eccentricity ratio 0.1 -
Clearance [ p#m] 2.8 18
Groove pattern Herringbone Herringbone
Number of groove 9 12
Groove depth [ pm] 6 10
Groove angle [deg] 26 20
Viscosity[Pas] 0.018
TASAUSSHI=ET/A 15 H Al 13, 2005%1/91
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Table 2 Comparison of maximum pressure
between half-sommerfeld BC and
Reynolds BC

Half-sommerfeld
BC [MPal
2.480
1616
0.149
0.147

Difference
[%]
1.077
2.238
16.760
16.477

Reynolds
BC[MPal
2.507
1.653
0.179
0.176

Bearing part

Upper journal
Lower journal
Upper thrust
Lower thrust

Table 3 Comparison of static characteristics
between half-sommerfeld BC and
Reynolds BC

Half-sommerfeld

BC [MPa]

Load Friction

capacity[N] torque

[Nm]
2.979 5.257E-04
1.006 3.282E-04
-1.109  12808E-04
1.098

3.005E-04

Reynolds BC

Load
capacity
[N]
2.935
0.9%4
-1.905
1.849

Bearing

part Friction

torque

[Nm]
5.260E-04
3.286E-04
2.793E-04
3.020E-04

Upper journal
Lower journal
Upper thrust
Lower thrust
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Fig_. 10 Separate analysis result of pressure distribution in thrust bearings

Table 4 Result of static analysis for separate
bearing and comparison with coupled

analysis result

Bearing Maximum Load Friction
part pressure[Pa] |capacity[N]]| torque[Nm]
Upper 2.408 2.830 5.258E-04
journal (-3.94 %) (-358 %) | (-0.04 %)
Lower 1.621 0.931 3.284E-04
journal (-1.93 %) (-6.31%) | (-0.06 %)
Upper 0.160 -1.413 3.017E-04
thrust (-10.61 %) (-25.83 %) (8.02 %)
Lower 0.160 1.413 3.017E-04
thrust (-9.09 %) (-23.58 %) (-0.1 %)
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