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Analysis of a Hydrodynamic Bearing of a HDD Spindle Motor
Due to Elevated Temperature

Gunhee Jang, Kwansoo Kim, Hakwoon Kim, Haengsoo Lee and Chulsoon Kim

Hydrodynamic Bearing(-f+ 3 &% # o] %), Clearance(Z}=), Lubricant Viscosity(%-&
3 7443), Heat Conduct(€ 4 X&), Thermal Deformation( & )

Abstract

This paper presents a method to investigate the characteristics of a hydrodynamic bearing of a HDD
spindle motor due to elevated temperature considering the variation of the clearance as well as the lubricant
viscosity. Iterative finite element analysis of the heat conduction and the thermal deformation is performed to
determine the viscosity and clearance of a hydrodynamic bearing due to elevated temperature until the
temperature of the bearing area converges. Proposed method is verified by comparing the calculated
temperature with the measured one in elevated surrounding temperature as well as in room temperature. This
research shows that elevated temperature changes the clearance as well as the lubricant viscosity of the
hydrodynamic bearing of a HDD spindle motor. Once the viscosity and the clearance of a hydrodynamic
bearing of a HDD spindle motor are determined, finite element analysis of the Reynolds equation is
performed to investigate the static and dynamic characteristics of a hydrodynamic bearing of a HDD spindle
motor due to elevated temperature. It also shows that the variation of clearance due to elevated temperature is
another important design consideration to affect the static and dynamic characteristics of a hydrodynamic
bearing of a HDD spindle motor
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Fig. 1 Rotating-shaft type of a HDB spindle motor
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Table 1 Major design specifications of a herringbone
grooved journal bearing

Design parameter Upper journal Lower journal
Viscosity at25C 4 [Pas] 0.016

Clearance ¢ [um] 25

Groove type Herringbone

Groove angle a  [degree] 26.0

Groove depth Cg  [um] 6.0

Number of grooves 6

Radius of jounal R [mm] 2.0

Bearing length [mm] 24 2.0

Table 2 Major design specifications of a spiral
grooved thrust bearing

Design parameter Upper thrust . Lower thrust
Viscosity at25C ~ #  [Pas] 0.016

Clearance ¢ [wm]) 9.0

Groove type Spiral

Groove angle p [degree] 25.0

Groove depth Cg  [um] 10.0

Number of grooves 16

Inner radius R, [mm)] 22 1.2
Outer radius R, [mm] 35 32
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Fig. 5 Axisymmetric finite element model of the HDB
spindle motor for the analysis of heat conduction
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Fig. 6 Temperature measurement around the periphery
of the HDB spindle motor
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Table 3 Resistance, current and heat generation rate of
the HDB spindle motor

Surrounding temperature [ 1] 287 58.7

Rotational speed [rpm] 3600 5400 7200|3600 5400 7200

Resistance {Q] 39 40 40| 44 44 44
Current [mA] 77.8 102.9 123.8{70.0 85.5 103.5

Heat generation rate [mW] | 23.6 418 60.5[19.1 288 423

Table 4 Measured temperatures around the periphery

of the HDB spindle motor
Surrounding temperature [ C) 28.7 58.7
Rotational speed [rpm] 3600 5400 72003600 5400 7200
Shaft [TC] 29.6 31.5 340]606 609 622
Hub 1 [C] 29.6 31.5 34.0|60.6 609 622
Hub2 [TC] 296 314 340,605 609 622
Hub 3 {T] 29.7 315 3401605 61.0 622
Thrust pad [C] 302 325 347|608 615 628
Housing 1 [T} 297 317 343606 612 624
Housing 2 [C] 295 315 342|605 61.0 623
Dot = Ims * R 3)
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Table 5 Thermal expansion coefficients of the parts of
the HDB spindle motor

Part name Material Thermal expansion coefficient (/'C)
Hub Aluminum alloy 23.6e-6
Housing Aluminum alloy 21.0e-6
Shaft Stainless steel 17.3e-6
Sleeve Stainless steel 10.4¢-6
Thrust pad Stainless steel 17.3¢-6

Table 6 Comparison

between

calculated temperature

the measured and

Surrounding temperature [TC] 28.7 58.7

Rotational speed [rpm] 3600 5400 72003600 5400 7200
Measured temperature [C] | 29.9 322 348|61.0 61.5 628
Calculated temperature {C] | 30.0 323 35.1(60.7 614 62.8

Table 7 Temperature, viscosity, clearance and heat
generation rate of upper journal bearing

Surrounding temperature [}

28.7

58.7

Rotational speed [rpm]

3600 5400 7200

3600 5400 7200

Bearing temperature [ C]
Viscosity [mPa-s]
Clearance [pm]

Heat generation rate [mW]

30.55 33.42 36.85

13.78 12.63 11.26

2.477 2.437 2.390

89.7 1893 310.0

60.96 61.87 63.67

5.78 570 5.54

2.015 2.007 1.977

45.8 102.7 179.4

Table 8 Temperature, viscosity, clearance and heat
generation rate of lower thrust bearing

Surrounding temperature [ C]

28.7

58.7

Rotational speed [rpm]

3600 5400 7200

3600 5400 7200

Bearing temperature [ C]
Viscosity [mPa's]
Clearance [pm]

Heat generation rate [mW]

30.18 32.55 34.93

13.92 12.84 11.60

8.980 8.965 8.940

19.1 37.0 57.7

60.79 61.55 62.84

578 570 5.56

8.725 8.720 8.705
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Fig. 7 Finite element mode! of the HDB spindle motor
for the analysis of thermal deformation

Fig. 8 HDB spindle motor with a thermocouple sensor
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Fig. 9 Temperature distribution of the HDB spindle
motor
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Fig. 10 Variation of the load capacity of the upper
journal bearing ( * means the load capacity
without considering the clearance variation)
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Fig. 11 Variation of the stiffness coefficients of the

upper journal bearing ( * means the stiffness
coefficients without considering the clearance
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L i iR
o M P &
N

S
32

o
=
o £
30,
fr T
ox
4z
2

c
)
L
ot
o
()
4l

lo

T

2L
24,

767



768 R R

3x10"

-
\l
\l
2x10't
E -
K]
Z
J
A N .
1x10* [
—=—287C
—o--587C
—A-587C*
0 . \ L
3600 5400 7200
Rotational speed [rpm]
(@) Cxx
2x10°
—u—287C
-e-587C
—A—587C*
-\
—_ »
E T
'y
Z o'}
U L]
0 i s 1
3600 5400 7200
Rotational speed [rpm]
®Cy

Fig. 12 Variation of the damping coefficients of the
upper journal bearing ( * means the damping
coefficients without considering the clearance
variation)

o] 2+291 2.5 mol A 1.98 mO g ZAFA HEd,

a2 olfre &9 @uA AFrt &Yne 493
ARt 37] gioltt. 18z, 282E st 9
A3 Aot Fo E94F AFe 27 Y
R 2 2E oy h3 ¥ge AY AQ
wojg el v Wt A Hch

Fig. 9 & 5% 257} 287C9 58.7C¢ 449
7200rpm 22 3AHsl= HDB ~2WUE EEH R
4] Aslolt} Table 3, 7, 84 B F
d FAPEL AY oy 282
A HAgRT Atk £ A ¥
Smz AAE Moyl 73l 9
2 Ag wold d9o] s AHY
A7) W2l A5 Ad wol”o
7}A A Bk weld HDB
AE Fo AF A wio
A #

&

=]
o

M Hl
o

339

B orle o e
l\)
M

£ e km o
oz

x

B OElmEl’}O
Ry
el S
oR._Qi_ILJoEHJI—KI

e g
tlo

[>
rE
i
a
£
Jo mu
1122

ot
lo
flo
b1
)
N
o
H
2
2

o

32 74 S Ho{Ee
fr A T dlojge A
Jang =} Yoon(s)ol k1414

2N
-E‘-"
o
o
%
P
dx
m}&
>

2x10¢ - .___’,___—-—0————__“‘

Load capacity [N}

3600 5400 7200

Rotational speed [rpm]
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