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ABSTRACT

In order to meet the growing demands for higher storage density as well as lower noise level, the

spindles in hard disk drives are to be supported by hydrodynamic bearings in place of conventional

ball-type ones. However, the existing models are inappropriate to apply fo accurate prediction of

vibration characteristics because the HDD spindle tends to take quite a complex shape to secure its

performance and cost-effectiveness. In this context, this paper treats analysis of free and forced

vibrations of such-designed HDD spindles based on more sophisticated models and validations via

experiments.
adopting the finite element method.
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Remarkably, to this end all the components in the system are modeled as elastic

HDD £%E A9 2 2 44 Ies& Eald
o 2Aste) AL Gek TS BAE st
$as mz;u S= AA 5z 5%

2

HDBZ AA =5 wojyg {A19f A4 5 Hojze
IR Aedrd ArtAstg fstd A T
olF1 = XY HDDY 2¥E A Fx=
Fig. 1olAgh o] 3E, & 7 o9 3= vz,
=, Aﬂ]o]x{ 3H skEe 93 W o ;(].A—?
WA 2 & wsE 83 oy SoE TAHS 9lo
o £3 2WZ Wi IAFS PET

d%F SE, IYP=, Ado|s 24
Sf=tA~aE 3 A% 24

2, Wolge B3 g ; A% 24 1

mu do

Fl

off
—Ll
Qi
A

N r‘o
0 e

i
i,
ot

2&/4 1338 A 11 %, 20039



4 5 #oly AX HDD £AE A9 2% 4

A 2% A4

g A4 Aol A8 20, S
29 Ae WANRE gk 93 AP 9%
53]

AAE 2 Coriolis H-C FHEY 18U &3
B Y £5E ALEm )&

unfs}-t— x TRL LA E2 2 99T

4 (1) o] FaiAT,

Més g+ Kéna.= foxs $sadD . (1a)
Mézs+ iQAME+ GE) z5+ (Ké— 2°GY 2z (1b)
= [ @s ¢sdD— [ fisre™ $5aD
i) 0"
I 0 mpds(xp) Ps (xn)+11)¢s(xo) $5(xp)
¢D(1+j)8w - ¢’D¢s(x17)

T

0 0
+79 8 2mg¢s(xD)¢§(xD)+(Ip_21D)¢s(xD) ¢§(x1))
0

T

0 0

+10 24— mhds(xp) 93 (xp) + (Ip— 1) ps(xp) $3(xp)}

0 ~ b (xp)

rs

. [ 3 - Hub
he 2 R . .
- 2 D Radial bearing
lhl- lf . Mg [ b2 .
a2l Clamp Disk
1 ; i
R r ~~Spacer -Lh 5

1t SN i
BN } N - i~ —Baseplate
U

T T ——— Magnet

SRS \ Motor
\\\\_ Radial bearing

i \ ;Rommgshaﬁ
\\ Thrust bearing
.

Thrust bearing

Fig. 1 HDD spindle system
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Comp. Exp. Error(®) | Comp. Exp. | Error(%)
Hub rocking, hub
LM logitudinal translation, 0 ~ B Lower B B
local rotating shaft than 14
vibration, etc
HS |Half-speed whirl 0 0 0 63 63 0
1A |Coupled axial mode 0 - - 2095 - -
~ . . 305(B), 383(B), 214,
1R {In-phase rocking 405 512 209 536(F) 650(F) 176
Rigid hub rocking with
HR (the rotating shaft 447 - - 351%((?)) - -
deflected
(0,0) |Disk (0,0) 837 850 44 896 870 30
. 812(B), 313(B), 01,
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