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Analysis of NRRO Caused by Ball Bearing in a HDD Spindle System
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ABSTRACT

This research investigates the non-repeatable runout (NRRO) of a HDD spindle system at elevated

temperature by analyzing the characteristics of a ball bearing and the natural vibration characteristics
of a HDD spindle system due to the effect of elevated temperature. It shows that the elevated

temperature results in the increase of the contact angle and the decrease of the deformation of the
ball bearing in a HDD spindle system. The variation of bearing frequencies, which are dependent on

the cosine function of contact angle, is almost negligible at elevated temperature. However, the
decrease of bearing deformation at elevated temperature reduces the stiffness of the ball bearing and
the natural frequencies of a HDD spindle system consequently. The latter has a significant effect on
the amplitude and the frequency distribution of NRRO at elevated temperature.
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Table 1 Bearing frequnc1es and their sources

Bearing frequency & Source
il fo-fo), tn(fo-fo) xafo
nfc

2pfr 2pfr* qfc

Outer race form error

Inner race form error

Irregularity of ball

Difference of
ball diameter

e

Table 2 Major design specifications of a ball

bearing
Number of balls 10
Ball diameter [mm] 1.588
Pitch diameter [mm] 9.1
Contact angle [degree] 24.51
Preload [N] 16
Inner race conformity 0.529
Outer race conformity 0.535
Radial clearance [mm] 0.013~0.020
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Table 3 Ball bearing characteristics due to

temperature elevation
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Pitch diamter 9.100 9.105 9.107
dplmm] ) (+0.05 %)|(+0.08 %)
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Radial stiffness 99 555 17.7630 16.854
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Axial stiffness 9.673 8.154 8.968
kaa [kN/mm] ) (-15.70 %)|(-7.29 %)
Cage frequency 59 145 52.092 51.990
fc[Hz) (<010 %)|(-0.30 %)
Ball rolling 951 370 251.486 251,708
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)
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Fig. 13 NRRO and frequency response function
of a HDD spindle system at room tem-
perature(28 T)
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