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ABSTRACT

This paper presents an efficient method for determining the forced response of a spinning flexible

disk-spindle system supported by fluid dynamic bearings(FDBs) in a computer hard disk drive(HDD).

The spinning flexible disk-spindle system is represented by the asymmetric finite element equations

of motion originating from the asymmetric dynamic coefficients of the FDBs and the gyroscopic mo-

ment of a spinning disk-spindle system. The proposed method utilizes only the right eigenvectors of

the eigenvalue problem to transform the large asymmetric finite element equations of motion into a

small number of coupled equations, guaranteeing the accuracy of their numerical integration. The re-

sults are then back-substituted into the equations of motion to determine the forced response. The ef-

fectiveness of the proposed method was verified by comparing it with the responses from the classi-

cal methods of mode superposition with the general eigenvalue problems, and mode superposition

with modal approximation. The proposed method was shown to be effective in determining the

forced response represented by the asymmetric finite element equations of motion of a spinning flex-

ible disk-spindle system supported by FDBs.
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Table 1 Type and number of finite elements in each
component of the HDD disk-spindle system

Component ]Slfrrr?t?: Element type
Bracket 2,216
Stator 490
Stationary Sleeve 316
supporting Housing 724 Tetrahedron
structure
Cover 200
Cap 136
Disk 360 Annular sector
Shaft 18
Rotatin; Hub 12 Rotati
disk-spin%le Yoke 2 Timoot:}t::ngko
Magnet 2 beam
Clamp 2
Thrust plate 2
Fluid dynamic bearing 3 Spring-damper
Total 4,118

Table 2 Comparison between

the numerical and

experimental natural frequencies for a 3.5"
HDD disk-spindle system at 7,200 rpm
Mode Mode Natural frequency(Hz)
number shape Experiment Analysis
Mode 1b Rocking 345 330
Mode 1f Rocking 580 552
Mode 2 Axial 1112 1177
Mode 3b | Disk(0,2) 1080 1221
Mode 3f | Disk(0,2) 1581 1701
Mode 4b | Disk(0,3) 2113 2150
Mode 4f Disk(0,3) 2828 2870
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Table 3 Peak values of the radial displacement of point B of the disk

. Displacement (¢m)
Peak Time(ms) = ——
General eigenvalue method Proposed method Modal approximation method

1 0.81 13.95 13.96 21.19
2 1.71 -23.59 -23.57 -22.65
3 2.85 31.66 31.66 3242
4 4.74 -19.50 -19.57 -19.23
5 5.87 20.54 20.57 19.61
6 7.19 -18.26 -18.28 -18.33
7 9.34 12.85 12.86 11.64
8 10.47 -14.23 -14.24 -13.96
9 11.79 10.74 10.75 11.48
10 13.70 -8.28 -8.28 -8.20
11 14.78 10.39 10.40 9.60
12 16.14 -7.64 -7.64 -7.177
13 18.30 5.37 5.37 5.51
14 19.42 -7.75 -1.74 -7.56
15 20.53 5.91 5.92 5.58
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Table 4 Computation time of free and forced vibration

analyses(sec)
General Modal
. Proposed S
eigenvalue method approximation
method method
Free vibration 1030 515 515
Mode 5 37 5
superposition
Forced 1035 552 520
vibration
4. d B
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