FZASAEZEI =R A 153 A 63, pp. 749~756, 2005,

A §4e 2% FAHl A HDD 285 A
A5
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ABSTRACT

This paper presents vibration analyses of hard disk drive (HDD) spindle systems based on the

finite element method. The systems under investigation have a cantilevered shaft rotating on

hydrodynamic bearings. In particular, the influence of stator's flexibility on major modes has been

taken into account in dual ways: lumped and distributed-parameter model approaches. Even the latter

employs relatively macroscopic elements instead of extremely fine ones popular in commercial codes.

In order to prove the effectiveness of such formulated models, two types of HDD prototypes

featuring different hub and stator structures are selected as examples. Compared to the first, the

second type has a reinforced stator that would raise the natural frequency of the hub’s translational

(or sideway) mode. Both free and forced vibration characteristics are computed, and subsequently

compared with the experimental data. It is our conclusion that particularly the proposed distributed

model method is an efficient design tool for state-of-the-art HDD spindle systems.
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Table 2 Natural frequencies of the rotor-only
system [Hz]

Type 1 Type 1I
Speed Static | 7200rpm | Static 7200 rpm
394 282 39 281
RB) oy | 80 | @) | 2s0
304 524 396 526
IR 1 300y | 5200 | os) | (510)
o | D% | 206 | 549 | atss
2620) | (2524) | (2620) | (2524)
oy | 2% | 26 | o9 | oo
26200 | (2736) | (26200 | (2740)
i | 79 | mw | s | s
2132) | u44) | (2488) | (2488)

Table 3 Natural frequencies of the whole system
including the stator as a distributed

model [Hz]
Type 1 Type II

Speed | Static | 7200rpm | Static | 7200 rpm
IR(B) 391 280 394 282
1R(F) 391 522 394 524
2R(B) 2600 2510 2569 2496
2R(F) 2600 2717 2569 2678

™ 2369 2370 2416 2424
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Table 4 Material properties for the lumped model

Type 1 Type I
. Upper Upper
Stator part & Coupler & Coupler
lower lower
halves halves
mwlkg] 0.02 - 0.02 -
Iyplkgm’] 3e6 | - | 3e6 -
kwa, kualN/m] 11.25e+8| 5e+8 | 25e+8 | le+9
kwe, kur [N/m] |1.25e+7| 5e+7 | 25e+7 | le+8
kwo, kuve INm/r] |1.25e+4| Se+4 | 25e+4 | le+b

Table 5 Natural frequencies of the whole system
including the stator as a lumped model

[Hz]
Type 1 Type 11
Speed Static | 7200rpm | Static | 7200 rpm
1R(B) 378 267 387 275
1R(F) 378 509 387 517

2R(B) 2587 2496 2528 2435
2R(F) 2587 2703 2528 2642
™ 2229 2225 3092 3089
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