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Analysis and Measurement of a HDD Spindle Motor Runout
Gunhee Jang and Dongkyun Kim

Abstract

This research presented a frequency analysis method to analyze NRRO in a computer hard disk drive.
RRO was proved to be the harmonics of rotational frequency. The frequency components of NRRO is

the subtraction of the harmonics from TIR in frequency domain, so that NRRO in time domain can be

obtained by Fourier inverse transformation of NRRO in frequency domain. This method can make the

experiments simple without the index signal indispensable to time domain analysis.

This research also

shows that NRRO is caused by the defect frequencies of ball bearing. Even though the excitation force
of ball bearing is independent of the rotational speed, the amplitude of NRRO is magnified near the

resonance frequencies of the spindle motor.

NRRO in axial direction is almost twice bigger than that in

radial direction, because the spindle motor has smaller stiffness in axial direction.
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Fig. 3 TIR Measurement System in Average Method
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Table 1 Peak-to-peak Value and standard deviation of
TIR, RRO, and NRRO by Average Method Analysis
with Capacitive Sensor

pk-pk(zn) o (1m)
TIR 0.4420 0.0982
RRO 0.3840 0.0980
NRRO 0.0870 0.0105
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Fig. 5 Probablllty Density Function of NRRO by
Average Method
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Table 2 Peak-to-] I?(R Value and standard deviation of
TIR, RRO, and NRRO by Frequency Analysis Method
with Capacitance Sensor
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TIR 0.4322 0.1015
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Fig. 9 Probability Den51t¥ Functions of NRRO by
Frequency Analysis Method
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Table 3 Peak-to- RRak Value and standard deviation of

TIR, RRO, and NRRO by Fre guency Analysis Method

with Optic Sensor
pk-pk(um) o (1m)
TIR 0.9138 0.2066
RRO 0.8832 0.2061
NRRO 0.0882 0.0138
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Fig. 12 NRRO in frequency domain
(a) capacitive sensor ?b) optic sensor
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Table 4 Expected Defect Frequency of Ball Bearing

Cause Defect Frequency
Outer Race Defect or pnfs
Waviness prfeo £ qfs
Inner Race Defect or pnfe
Waviness prf. L qf,
2pfr T f.
Irregularity of Ball Pl = /.
2pfet Je- afo
Difference of Ball Diameter ofe

/.- rotational frequency of outer race

f2: rotational frequency of cage

f-o: rotational frequency of outer race relative to cage
/: spin frequency of ball

n: number of ball  p,q: positive integer
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