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Development of Highly Reliable Air Bearing Spindle with Robust Optimum Design
and Its Experimental Verification

Ochiai, Masayuki
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Hard Disk Drives (hereinafter HDDs) are inexpensive and have large recording
capacity, hence it is used as main storage devices of a data centers. Since the number of data
center is increasing rapidly, so power saving of the HDDs is a big problem. Reducing the bearing
loss supporting the spindles is one of effective way for reducing the power consumption of the HDDs.
Therefore, in this research, we studied the air bearing spindle which newly changed the motor
structure from the outer rotor type to the inner rotor type. Characteristic analysis was conducted
based on this structure, and as a result of optimum design, the bearing torque can be reduced more
than in the case of the oil lubricated bearing, and the drastic improvement of the angular rigidity

was confirmed. Actually we developed the 2.5-inch spindle motor.
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Fig.1 Comparison of motor geometries
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(ii) yz plane
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Fig.2 Calculation model of minute
vibrations
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Fig.3 Topological optimization

Tablel Bearing specification

Oil bearing | Air bearing
Parameter

Values
Outer R) [mm] 2.55 9.0
radius
Inner R, [mm] 1.0 7.0
radius
Seal ratio R 1.48 7.2
Rotate N; [rpm] 7200
speed
Groove N 12
number
Groove hg [pm] 12.0
depth
Weight W kgl 0.0185
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Fig.4 Oil and air bearing dynamic
characteristics
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Fig.5  Groove geometry of a new air bearing

Table 2 Result of optimized design variables
and first design variables

Design variables Spiral Optimized

@1 [rad] 0 1.36
@2 [rad] 0 1.52
@3 [rad] 0 -1.08
@4 [rad] 0 0.16
N 12 7

Ry 0.80 0.88
o 0.636 0.75
hg [um] 12.0 16.0
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Fig.6 Oil and air bearing dynamic
characteristics
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Coil Bearing Hub
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Fig.7  Groove geometry of a new air
bearing
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