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Reduction of Non-Repeatable Runout in a HDD Using Visco-elastic Damping Material
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ABSTRACT

This research investigates the characteristics of NRRO in a 25 "HDD by using FEM, modal
testing and runout anmalysis, and reduces NRRO using visco-elastic damping material. Most
frequency components of NRRO are generated by the defects of ball and rotating race, and they
can be determined by the kinematic analysis of ball bearing. It also proposes the novel design of
a spindle motor that can reduce NRRO effectively by inserting the visco-elastic damping material
to one of the transmission path of NRRO, ie. where the strain energy is hlghly concentrated. By
this technique, NRRO is reduced. by 27%.
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Fig. 1 FEM model of a 25" HDD
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Fig. 2 Model testing setup
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Table 1 Natural frequencies of a 25" HDD

Number |Experiment(Hz) | ANSYS(Hz) | Error(%)
1 58 | 57960 | 545
2 568 - 59255 414
3 688 716.88 405
4 1056 1079.99 222
5 1056 1085.26 270
6 1056 109105 | 321
7 1394 1292.47 -7.86
8 1394 1299.87 724
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Fig. 3 Waterfall plot of a 25" HDD
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Fig. 5 Runout of a 25" HDD
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Table 2 Statistical properties of a 2.5” HDD runout

pk-pk (¢#m) ¢ (um)
TIR 85.110 27.795
RRO 84.595 27.795
NRRO 0.815 0.101
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Fig. 6 Probability density function of NRRO
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Table 3 Defect frequencies and their sources of ball

bearing
Sources Defect frequency
Inner race defect prf;
or waviness (IR) prf tdf;
Outer race defect .
or waviness (OR) prf, tgf;
. 2Pf R * qfc
Irregularity of ball (IB) 2o+ fo—df,
Difference of ball of.

diameter (BD)

fi  : Rotational frequency of inner race

fe @ Rotational frequency of cage

fi : Rotational frequency of inner race relative to
cage (f: _fc)

fr: Spin frequency of ball

n : Number of ball

b, g : positive integer
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Fig. 7 Campbell diagram of a 2.5 HDD NRRO
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Fig. 9 Upper bearing damping ( UBD )

Fig. 10 Bearing spacer damping ( B.S.D )
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Fig. 11 Monograph of visco-elastic damping material
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Fig. 12 Campbell diagram of NRRO in case of U.B.D.
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Table 4 Comparison of the statistical properties of NRRO

pk-pk (um) o (pm)

No damp 0.815 0.101
U.B.D. 0.714 (-12.4%) 0.097 (-4.0%)
B.S.D. 0.598 (-26.6%) 0.081 (-19.8%)

Table 5 Comparison of source and magnitude of NRRO

(unit:nm)
Defect No

Index | Cause fre?ll:lltzaglcy damp UB.D | BSD
1 | OR (f17" Zsf) 122 | o 0
2 | BD (2&75) 426 | 654 | 351
3 | R (fsz‘sszf) 173 | 0 | 202
4 | BD (552),{50) 119 | 0 0
5 | BD (8325) 187 | o | 211
| w [ et [0 [ |
7 | R ({"25.‘:35) 171 | 0 | 167
8 | BD 5. 105 | 157 | 101
(148.74) ‘ : '

9 | OR (fs;ig) 180 | 0 | 117
10 | BD (2;‘;28) 384 | 235 | 246
11| R (3f32' 5fé) 152 | 124 | 143
12 | IR (Zags"ggf; 147 | 325 | 0
3R | e | 0| 0|0
14 | OR (fa%g) 0 | 187 | 139
s [ | ok |0 |0 [0
16 | IR (ngs‘ggf) 358 | 503 | 0

IR : inner race defect
IB : irregularity of ball

OR : outer race defect
BD : difference of ball diameter
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