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Analysis of Dynamic Characteristics of a HDD Spindle System
Supported by Ball Bearing Due to Temperature Variation
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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 rotating
part with respect to the stationary part is determined by solving the equilibrium equation of the
contact force between upper and 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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Calculate the axial displacements of outer races
of upper and lower bearing { Ahgr >Mgr )
from finite element thermal analysis

v

Assume an axial movement of hub { Akg)

»
) A

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

AT = N+ NG, ARE = A, 4 MR,
v

Calculate of the bearing contact forces
of upper and lower bearings
afler temperature variation ( 77 F'2 )

v

Determine the axial movement of hub { A} H)
by Secant method with Eq. (8)

Is the axial movement of hub (Aj
converged?

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

AT = Ay, + ARD ARE = A+ AR

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 [degreel 24.51

Preload [N] 16

Inner race conformity 0.529

Quter 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 syste

Fig. 72 2=W3le] m& HDD AZFA 31§ F
o HekE S8 93 Ad Aol Fig. 79
A FEE e AAYe HDD 2&:e 4%
(thermocouple) 2.2 ZAH 3 EE7](hot air blower)
of oF ALY, FA anie spd] gt
HDD 3AZAY 9 #oAR FH3T & A
3 BHVE 2N R S8 F4E P
Fig. 82 20°Cs} 60°CAA &9 HDD A=A
Fa¢ F ot

Table 25 4%S o 243 HOD HW3A
A 4

IF Fuke W3l B AR sfeg 9 g
2de 53 A4E I2f Fue wEgE vxd Ao
t} Table 2914 & =

107
Fand
510
E
=
5
[+]
=

10°

1000 1400 1800 2200
Frequency[Hz]
(a)
107,

Z1
w
E
z
7
[=]
=
|
107, 5
| |
" 1000 1400 T 800 2200
Frequency[Hz]
(b)

Fig. 8 Frequency response functions of a HDD
spindle system: (a) mobility measured at
hub (b) mobility measured at base

=2 XSS HE=EH/A 138 A 10 &, 20031/809



Y- E s

— m— — —— —

iy oz

41 2= Hsio] 2 & o 5 M
25 W3l w}~ oy 54 &4 2dg o
£3te] HDD 3AZA 9 2EE 20°ColA 60 °C7HA]
10°CH F7HAA7IAA &% sl wE wojy &
A Wskg 138
Fig. 9= HDD 3|AZA 9 &= Walo] wE o]
FE2te] W3lE vepd Aot Fig §olM &
7t sk Wiy FEzol UM ¢ § Aok
ol IUAALFI E HE(LdFrF F) o 944

Mol olge) dwygol AAPAGI Ae H(x
Helx 3 428 Wely WEe Iuysur
AM, Wold 8T NE Al A7t Woix7]

HFolk £ Fig. 94 S A5l wE HE7
Z7} ujge] oA, B wojRe) FEZ Z7} v
o=

go| AY WolPET A4S RS U4 & Uk

Table 2 Experimental and analytical results of

natural frequency shifts of a HDD
spindle system due to temperature
variation
Index Experiment Analysis
20°C | 60 C | Shift | 20 C | 60 C | Shift
1 1023 | 1026 | +3 | 1002 | 1001 -1
2 1552 1 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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Fig. 9 Contact angle due to temperature variation
of a HDD spindle system
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