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A Study on Whirling, Tilting, Flying motion of 3.5 inch FDB spindle system

w
o1
o

2 B x| o B E A Brrr

=3

Seung-Hyuk Oh, Sang-Hoon Lee , Gun-Hee Jang

Key Words : Fluid dynamic bearing(+# 5<% #lo13, FDB), Whirling motion(¥t3% % &%), Tilting
motion(ZH-&%), Flying motion(**4& %), Load capacity(++2}%+3), Eccentricity(*H ), TIR(F ¥o}X), RRO(T
714 Q1 Aok), NRRO(H] 57|18 #o}R), Clearance(ZH=), Form error(8 4 2.4})

ABSTRACT

This paper investigates the whirling, tilting and flying motion of a HDD spindle system supported by FDB
experimentally. Experimental setup is built to measure the flying, whirling and tilting motion of the HDD spindle
system, and three capacitance probes fixed on the xyz-micrometers measure the displacement of a HDD spindle system
in the xyz-directions. This research shows that the tilting and whirling motion is mostly dependent on the centrifugal
force and the gyroscopic moment due to the unbalanced mass of a HDD spindle. It also shows that the rotating HDD
spindle starts to float to the equilibrium position in the z-direction until the weight of the rotating spindle is equal to the
supporting pressure generated in the upper and lower thrust bearing,
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Fig. 1 Schematic of FDB spindle system
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Table 1 Specification of main parts of FDB spindie system

Main parts Mass(g) Usage
Disk 23.05 1
A type 4.25 ‘Whirling motion test
Tilting, Flying motion
Spacer B type 3.69 Test
Flying motion test with
C type 2.56 > disks
Clamp 1.87
Bolt 0.17 4
Ball 033 Unbalance mass
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2.3.1 Whirling motion

Whirling motlon'g £x Hstel B9y A% W
stofl thsto] 42ttt Fig. 7 7200RPMA &
By ABo] gt B+ XFoA ¥y A
s SRFEAZ Jebd Zolth Fig 67 7914 B2
o) WY EZAgel HB o] T 2HAFE X
o Ae RS AT £ Aok gy FF
Aol sE PAFE wojo} HA  Whirling
motion®] #HAolzt & £ Urh WY FA g
A 2 s B %ké 7HA 3 AL 64709
#¥ e 7HHG. HyASFARE Spline 27HY
< AHE3ke] 512749 FE goE HEtm &7
AXNE FdA o] A golA W™ HA
Whirling motionell 7}7+-& & 78 4 glon o
£ JEhJ9 Fig 8% 22 ZA#4E @&

A Al A4 AFE P4 FF A LA
£ 29} Spline 23te] QojM ] e, x7]H A
B3 A 2dsE oA Sudc metd 4
233 #digk2 AA Whirling motion® 2}o]7}
A3 BAEEFS AAYG FAE Rolnh. 7 AE %
e g Aol AA Whirling motion?] =7}
£ T #L Table 20l YEFAUTH Table 29 23
£ 4% 273 g} /3 JEhE OF o
Y 2 S ®lrh

Table 2 Experimental result of Whirling motion (nm)

Experimental Eccentricity
oases Mean Maximum
Casel 68.7 165.7
3600 Case2 87.9 156.8
Case3 117.5 245.7
Casel 78.6 154.6
5400 Case2 97.4 169.5
Case3 156.5 3213
Casel 80.6 155.9
7200 Case2 1173 210.5
Case3 193.6 401.1
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Fig. 9 Whirling motion due to the variation of speed
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Table 3Experimental Result of Tilting motion (degree)

Experimental | Minimum Tilting | Maximum Tilting
cases angle angle
Casel -2.569E-003 1.557E-003
3600 | Case2 -3.438E-003 3.295E-003
Case3 -7.573E-003 7.391E-003
Casel -2.359E-003 1.385E-003
5400 | Case2 -6.303E-003 5.682E-003
Case3 -12.010E-003 12.000E-003
Casel -2.225E-003 1.385E-003
7200 | Case2 -8.442E-003 8.365E-003
Case3 -17.045E-003 17.160E-003
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