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ABSTRACT

This paper proposes a method to calculate the characteristics of a coupled hydrodynamic journal and thrust bearing
of a HDD spindle motor. The governing equations for the journal and thrust bearings are the two dimensional Reynolds
equations in @z and r@ planes, respectively. Finite element method is appropriately applied to analyze the coupled
journal and thrust bearing by satisfying the continuity of mass and pressure at the interface between the journal and
thrust bearings. The pressure in a coupled bearing is calculated by applying the Reynolds boundary condition and
compared with that by using the Half-Sommerfeld boundary condition. The static characteristics are obtained by
integrating the pressure along the fluid film. The flying height of spindle motor is measured to verify the proposed
analytical result. This research shows that the proposed method can describe HDB in a HDD system more accurately
and realistically than the separate analysis of a journal or thrust bearing.
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Fig. 1 Structure of 3.5" HDD spindle motor using HDB
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Fig. 2 Coordinate system of journal and thrust bearing in HDD
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Fig. 3 Boundaries with coupled journal and a thrust bearing

Ag dudtt E=F AR e AH2ERTL FA
M FdE ZHE TR Wil 4 RE
A &gol FLsA HA &R /A {3
g 223 B3de Z2A do
2.2 Boundary Condition

FA4 T4 volgs A4 o A= ZA
232 Y 3 71stete BA HEHE 9
B ZAzAY Hoy F9 o HEHE UF
AAZALE TEE F A Fig. 32 U9 #
A T Holgol 448 EdE Yedd. o
22 2o digte] ¥ FAxAL oFF 2&
2709 Aoz vebd 5 Ao

Plo=0="Plo-2x €))
p=P on T, (10)
A O 48 4F BF d%4E A =
olm} 210)E w7l H3te AdF FA I, oA
fFA o] drid P, ¢ Zoe 21E& U

ful=3
T4 T HoBY R AAzxHezE FE
Half-Sommerfeld 2 AZ7 7} Reynolds 7 AlZ 7]

AET glom 2z e 2e HoE ¥dd
L
Half-Sommerfeld BC :
p=F  if p<F, an
Reynolds BC :
p=P a 6=6 (12)
P_o a 0=6" (13)
06

Half-Sommerfeld RAAZAL Agstd 2(®)d
HE Tt TEHH P HT Folre Hd9
g8L ZEdE ez sHYstA @t AW Half-
Sommerfeld A Z1-& $HTule] EALo] EA
A sl ™ol 9t} Reynolds A AZA-LZ o]
3 SAE F£x3F 9He Tt Hsty 2(12),
(13)8} 2ol ?}Q*} g8 7l 9 045%3 RAgg
F Sith
}E 7"7?“
e e 744—]' %"Q?} —‘]u]a ZrE

rl

Find p2 P, suchthat
vq=0, q"Ap>q’b (14)

- 848 -



=@ ool 49 AAWRAY A 4092
$EAL BEANG,
Find p2P., Q20 such that
Ap-b=q
(15)
q'p=0
mebd #AH HEEe Ahgael A5

]85 F3H Reynolds AAZAE UFHIE EF
Aoz Elgddt &8 EXE 48 £ Utk

3. \Verification

Bl 28RS 2HY JURE AR
o Aol I SH5H 2AE WolgY F 2
: 2 o2t Folodd 2w A g4

o) gty Hare) daw soaEy

vagRe 4 Hd 20EY P FolT 4%
g & Atk & a7Y 4 dRE AZFe) ¢
A Haz 1 Aol 3AE ANE BEHY HA ¥
olg H4 4ol gt A, APL B =

A A9l BlwsHT Table 1 2 #AT AR

Table 1 Major design specification of hydrodynamic bearing

Journal bearing

Upper journai : 2.4
Lower journal : 1.5

Thrust bearing

Inner diameter : 4.0
Outer diameter : 7.2

Bearing width [mm]

Eccentricity ratio 0.1 -
Clearance [pm] 28 18
Groove pattern Herringbone Herringbone
Number of groove 9 12
Groove depth [um] 6 10
Groove angle [deg] 26 20
Viscosity[Pas] 0.018
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Fig. 4 Model for FEM analysis and 3-D view of pressure
distribution in HDB

A4E 2N BEY £4 3¢ WYY Fo
AA ot Dl*a 1730] 22d 2WE TH

AR g 352 0.501 N ol

Fig. 4 & 3 ¢ 31101%‘91 Ad oY
HAE Wo]d & A3t A3 A &3
2 Bda A dolx AA" YR gEEXE
A Aot} 4 2L 2719 MY wolH 4
MY Ad Z=<Ql, 2 MY AHAE HlojH3 | 7l
9 2gAE EHA Y9z Ao, 4
o= & 7,722 749 4 A AMAE Q4 F AT
11, Reynolds BAZAE AHE3IUTH Fig. 5 & &
dE 289 AEE7} 5400rpm, 7,200rpm, 1)
00 HA]- lr_o]o]] u'_].e /\31)\15

9 F RIgF AN Aboln, AYAERS
T R34 FF AYAE HoHi AYAE
Ed 999 Fa8FY FelA AR AYAE
WlojF e HapgFs wWozy Add £ ot
Fig. 5 olX AAoz2 EAIE FAF Aske %

fo |>

4 T T T T T T T
; : : i [ —~ 5400 rpm
) . ' { | = 7200 rpm
AN {TTTTTTTTTTTTT] —ae 10000 rpm 1
: : i | === Weight of rotating part

ORI DRI CRTTR e Oty B vt
=)

-3

7 7.5 8 85 9 9.5 lb l015
Flying height [um]

Fig. 5 Analysis result of flying height at various rotating speeds

10 .
gh------- :h _________________________________________________
/
] J
E P — H TN -
Iy
1
I f
]
[}
§ e SRR 1
AT T T == 5400 rpm
: : o e 7200 rpm
: : ; ' == 10000 rpm
00 0.5 1 1.5 2 25 3 35
Time {s]
Fig. 6 Experimental results of flying height at various rotating
speeds

- 849 -



53 AYAER F REEFo] A Aol
A ¥4 golst AF 8T IAEEE 5400rpm,
7,200rpm, 1212 10,000pm 4 B$ FA Fole
Z}z} 8.662um, 8.816um, 12|31 9.005um £ &4 =
Fel=d

73

Ll

H

o] ZXox= HAE/} +5mm 1 AL
A9l Pulse3560 AZ HY7NE ALLEA
AA e 2RE A& AFet 35
Wi W s 381, F4NHeES T
FEEE 3 2 o)F9 M B B
oj2 =7yt Fig 6 & IWAHxI}

5 32
A fo =

offt Al
oo ohl

oX of Pt X_‘. ol
S
R ok

R
o

00rpm, 7,200mpm, 2211 10,000rpm & wWe]
Fol 573 AHEA FAAHAMY B Fol
z}7} 8.642um, 8.865um, 9.071um £ ZFEH ATk
A gold AR A &4 AR RE Ad
o1t 2AE Hlo|F g At AT 2

Z ool o2

. N i . X
©  00CZ 0004 D.00E 0008 CO1 001 0014 O 00C2 0.004 CCOS 0D.008 001 0.012 0.0W
x[m} x [m)

(a) Half-Sommerfeld BC (b) Reynolds BC
Fig. 7 Pressure distribution in journal bearing using Half-
Sommerfeld BC and Reynolds BC
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Table 2 Comparison of maximum pressure between Half-
Sommerfeld BC and Reynolds BC

Bearing part Half-Sommerfeld BC | Reynolds BC | Difference
[MPa] [MPa] [%]
Upper journal 2.480 2.507 1.077
Lower journal 1.616 1.653 2.238
Upper thrust 0.149 0.179 16.760
Lower thrust 0.147 0.176 16.477

Table 3 Comparison of static characteristics between Half-
Sommerfeld BC and Reynolds BC

: Half-Sommerfeld BC Reynolds BC
Bearing part —
Load Friction Load Friction
capacity [N] | torque [Nm] | capacity [N] | torque [Nm]
Upper joumnal 2979 5.257E-04 2935 5.260E-04
Lower journal 1.006 3282E-04 0.9%4 3.286E-04
Upper thrust -1.109 2.808E-04 -1.905 2.793E-04
Lower thrust 1.098 3.005E-04 1.849 3.020E-04
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Fig. 9 Separate analysis result of pressure distribution i
journal bearings
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Fig. 10 Separate analysis result of pressure distribution in
thrust bearings
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Table 4 Result of static analysis for separate bearing and
comparison with coupled analysis result

Maximum Load capacity Friction torque

Bearing part pressure [Pa) [N] [Nm]

Upper journal | 2.408 (-3.94%) | 2.830(-3.58%) | 5.258E-04 (-0.04%)
Lower journal | 1.621 (-1.93%) | 0931 (-6.31%) | 3.284E-04 (-0.06%)
Upper thrust | 0.160 (-10.61%) |-1.413 (-25.83%)| 3.017E-04 (8.02%)

Lower thrust | 0.160 (-9.09%) | 1.413 (-23.58%) | 3.017E-04 (-0.1%)
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