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Abstract

This paper investigated the dynamic performance of HDD disk-spindle system to reduce disk fluttering. Rocking
frequencies of the disk-spindle system and radial NRRO are measured to escape the ball defect frequencies and to
determine the relative optimal position of the disk in the motor. It was found that disk fluttering was reduced by
increasing disk thickness, inserting viscoelastic material between the disk and the spacer and decreasing the gap

between the disk and the base.
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Fig. 1 Experimental setup for disk rocking mode
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Fig. 2 Experimental setup for disk radial NRRQ
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Fig. 3 Experimental setup for axial disk flutter
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Table 1 Disk rocking frequencies
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41 Top 792 700 882
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w0 Top 804 714 894
Bottom | 788 702 878
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Fig. 4 Disk location on a motor
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N  :shaft rotational speed (=5400rpm)

d :ball diameter (=1.588mm)

D : pitch diameter at the center of ball (=9.1mm)

8 :contact angle of the ball bearing (=23.23deg)

F,  :rotational freq.

Fe  : cage freq. (outer race)

F;  :outer race freq. with respect to cage

Fgp  :ball defect (axial)
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Table 2 Ball defect frequencies

Defect freq. Interpretation
nzFc outer race (axial)
nzFc £ F, | outer race (radial) forward/backward
nzF; inner race
2nFg + F; | ball defect (radial) forward/backward
2nFg ball defect (Axial)
o 7] A,

n :positive integer (1, 2, 3, etc.)
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Frequency (Hz)
No. Freq. (Hz) Interpretation
1 53 ball revolution (=cage freq.)
2 104 ball revolution (2x)
3 247 ball rotation
4 287 outer race backward
5 374 outer race axial
6 452 ball radial backward
7 469 outer race forward
8 498 ball axial
9 523 inner race
10 557 ball radial forward
11 658 outer race backward (2x)
12 702 disk rocking frequency
13 755 outer race axial (2x)

Fig. 5 Disk radial NRRO
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Fig. 6 Waterfall plot
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Table 3 Disk axial flutter reduction

Sample Description ﬂ‘::g; lmprg;“e)ment
disk 40mil | 210.6 39.9
thickness 50 mil 126.7 ’
. middle 131.7
log;ﬂ‘on top | 123.9 12.1
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viscoelastic | before 78.1 312
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Fig. 8 Disk axial flutter reduction by disk/base spacing
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