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ABSTRACT

This paper presents the comparison analysis of a journal and thrust FDB (fluid dynamic bearing) and a conical FDB
in a HDD spindle motor. The Reynolds equation is appropriately transformed to describe journal, thrust and conical
bearing. Finite element method is applied to analyze the FDB by satisfying the continuity of mass and pressure at the
interface between the bearings. The pressure field of the bearings is numerically approximated by applying the

“Reynolds boundary condition. The load and friction torque are obtained by integrating the pressure and the velocity
gradient along the fluid film. The flying height of the spindle motor is measured to verify the proposed analytical result.
This research shows that the conical bearing generates bigger load capacity and less friction torque than the journal and

thrust bearing in a HDD spindle motor.
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Fig. 1 Structure of a 2.5" HDD spindle motor using journal and
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Fig. 2 Coordinate system of FDB in a HDD

(a) Journal bearing  (b) Thrust bearing (c) Conical bearing
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Table 1 Major design specification of a journal and thrust bearing

Specification Journal bearing Thrust bearing
Rotating speed [rpm] 5400 5400
Viscosity [Pas] 0.0188 0.0188
Eccentricity ratio 0.1 -
. Inner radius : 3.2
Radius [mm] 284 Outer radius : 2.8
Clearance [um] 225 31
Groove pattern Herringbone Spiral
Number of groove 8 20
Groove depth {um] 5 15
Groove angle [deg] 25 25

Table 2 Static characteristics of a journal-thrust bearing system

. Load capacity | Load capacity Friction
Static . :
characteristics _ofrgdlal of z-axis torque
direction [N] direction [N] [Nm]
. Upper 1.227e+00 ; 1.458¢-04
journal bearing
_ Lower 6.140¢-01 - 110504
journal bearing
Thrust bearing - 8.954¢-01 8.805e-05
Plain region 1.376¢-03 3.960e-02 1.577¢-05
Total 1.842e+00 0.935e+00 3.601e-04
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Fig. 5 FEM model and pressure distribution of coupled journal and

thrust bearing
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Fig. 6 Experimental results of flying height at various rotating
speeds
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Fig. 7 Analytic results of flying height at various rotating
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Table 3 Major design specification of a conical bearing

Specification Upper c.onical Lower c.onical
bearing bearing
Rotating speed [rpm] 5400 5400
Viscosity [Pas] 0.0188 0.0188
Eccentricity ratio 0.1 0.1
Total clearance [um] 7 8
Outer radius [mm] 270 270
Conical angle [deg} 38 38
Groove pattern Spiral Spiral
Number of groove 8 8
Groove depth [pm] 5 5
Groove angle [deg] 50 20
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Fig. 8 Structure of a 2.5" HDD spindle motor using conical
bearings

Fig. 9 FEM model and pressure distribution of coupled conical
bearings
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Table 4 Static characteristics of the conical bearing at 5.51um

Stati Load capacity | Load capacity Friction
tatic £ B .
characteristics Of radial of  z-axis torque
direction [N] direction [N] [Nm]
Upper 6954¢01 | 9731e-01 | 7.192¢-05
conical bearing i
Lower 14976400 | 1.925e+00 | 1.142¢-04
conical bearing
2.192e+00 1.887¢-04
Total (+19.00%) 9.52¢-01 (-47.62%)

Table § Static characteristics of the conical bearing at 7.3um

Stati Load capacity | Load capacity Friction
tatic fradi .
characteristics _of radial of z-axis torque
direction [N] direction [N] [Nm]
Upper 9.044¢-01 -1.282+00 | . 9.064¢-05
conical bearing
[Lower 1.130¢+00 1441e+00 | 8.538¢-05
conical bearing
2.034e+00 1.760e-04
Total (+10.06) 1.59¢-01 (-51.10%)
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