St FE g e 2003HE EAste 3=, pp 578~554.
2% W3l uE HDD FAEA FEA Y
Analysis of Dynamic Characteristics of a HDD Spindle System Supported b7 Ball
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ABSTRACT

This paper presents a method to investigate the characteristics of a ball bearing and the dynamics of a HDD spindle system due to
temperature variation. Finite element model is developed for the rotating and stationary parts of a HDD spindle system separately to
determine their thermal deformations by using ANSYS, a finite element program. Then, the relative position of the rotzting part with
respect to the stationary part is determined by solving the equilibrium equation of the contact force between upper aad lower ball
bearings. The validity of the proposed method is verified by comparing the theoretical natural frequencies of a HDD spindle system
with the experimental ones before and after temperature variation. It shows that the elevated temperature results in the increase of
contact angle and the decrease of bearing deformation, contact force and bearing stiffness, which result in the decrease of the natural

frequencies of a HDD spindle system.
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Fig. 1 HDD spindle system
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Fig. 2 Bearing displacement due to temperature
variation
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Fig. 3 Change of contact angle before and after
temperature variation
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Fig. 4 Finite element models of a HDD spindle
system for thermal analysis: (a) stationary part
(b) rotating part
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Calculate the axial displacements of outer races

of upper and lower bearing ( Ahng,’- )
from finite element analysis

v

Assume an axial movement of hub ( Ak,

oy
>

4

Determine the axial displacements of outer races
of upper and lower bearings

Ahg:AhH+Ahgn M::MH"'Mgr
L 2

Calculate of the hearing contact forces
of upper and lower bearings
after temperature variation ( F'7, F2)

v

Determine the axial movement of hub ( Ak, )
by Secant method with Eq. (8)

Is the axial movement of hub (Ah
converged?

Determine the final axial displacements
of outer races of upper and lower bearings

Ahg:AhH+Ahgr7 Ahé =My +N7gr

Fig. 5 Numerical procedure to determine the axial
displacements of outer races of upper and
lower bearings
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Table 1 Major design specifications of a ball bearing

Number of balls 10

Ball diameter [mm] 1.588

Pitch diameter [mm] 9.1

Contact angle [degree] 24.51
Preload [N] 16

Inner race conformity 0.529

Outer race conformity 0.535
Radial clearance [mm] 0.013-0.020

Fig. 6 Finite element model of a HDD spindle system
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Fig. 7 Experimental setup to measure the natural
frequencies of a HDD spindle system
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Fig. 8 Frequency response function of a HDD spindle
system: (a) mobility measured at hub (b)
mobility measured at base

Table 2 Experimental and analytical results of natural
frequency shifts of a HDD spindle system due
to temperature variation

Index Experiment Analysis
20C 60T Shift | 20C 60T  Shift
1 1023 1026 +3 [1002 1001 -1
2 1552 1550 -2 [1545 1542 -3
3 1738 1710 -28 [ 1795 1771 -24
4 1788 1761 -27 | 1821 1800 -21
5 2068 2049 -19 | 2010 1996 -14
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HDD spindle system
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