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An Optimum Design of Herringbone Grooved Journal Bearings for Spindle
Motor of Hard Disk Drive System
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ABSTRACT

This paper presents an optimum design of herringbone grooved journal bearing for spindle motor of hard disk
drive (HDD) system. In addition to the conventional "rectangular” groove, various groove profiles are designed. The
stiffness and damping coefficients of the oil film and frictional torque are calculated and compared for the various

] .

groove profiles. The "circular",
since they partly increase the groove depths in the direction of lubricant flow, causing to reduce the pumping action

valley", and "reversed saw tooth" grooves do not produce high direct stiffness,
of the bearing. The maximum direct stiffness can be obtained by the "rectangular”, "saw tooth", and "step" grooves.
With the same cross sectional area of the grooves, these three grooves have the same maximum stiffness, damping
coefficients, and frictional torque. Among these recommendable grooves, the saw tooth groove may keep its

original profile for long, enduring metal-to-metal contact during startup and shutdown.
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Fig.l Development of Herringbone Grooved Journal
Bearing
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Fig.2 Sectional Views of Groove Profile
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Fig.3 Groove Depth{relative to clearance) vs. Stiffness

Fig.3& A#RY Rectangular type®} Saw tooth
type ¥ Step typeo] ZH2F $78% 381 oo 9lojA A
Ze Azl o f9 AAASE 22, Circular typed
Inverse saw tooth type @ Valley typeoiris g7
o} 2] 3FFoll vizte] Zjte) ol e Heol 3379 YW
ol f-Ale] e Yo Holy Byl Yolxs nig
g3 eng, furel Hrlans) ek 7] WRoletn Az
ok

183 Rectangular type® Saw tooth type 2 Step
type THRE izl 24 FA AL Foivt sl 28R
o} & HAS ulway] fstel, Fig. 35 ¢ AARANA
aFE e AdR A e BAE Figdol Vel
o},

Fig. 494, 7t12% 2 258 ol 1,09 Rectangular
type®] 258 oy W gig Auizghe vehdch oA
1.09] 4% Saw tooth typed IaHH Qo= 2.0 Step
typed) 9 1.330] @k Fig, 4ellA], 281 g
FEgel 7HEE g 1.0 B2olA F23A0) ot e
AL 4 7 3ok 28H Zujr) 0.8-1.29 2PME 2L
AT 48 4 Iieh

- 531 -



40
O~ Rectangular

” “te- Saw Tooth
§ W Step
30
15
2
2
=
2
£20 Ny
B
Q

10 o A e

0.5 2

15
Cross Sectional Area

Fig. 4 Cross Sectional Area vs. Stiffness
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Fig.5 Groove Depth vs. Damping
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Fig.6 Groove depth vs. Friction torque

HAAFe) v AEAE %8 o} 39 52 2 %

o] Fobgir. 2% 1 Zujg

2A & %

F% gAASS g

EdE Zoixirh 1oy g8 a%Y Yol, Z& 238
o glojA 2%y gyl Wale] 2 gyl F4USE o5 gho)
Zopdch. 1% H 99 Wy gaAs 4 mREFe] g
244 B, 198 gy @e] god 188 Bl
ges Ao nh2Es e 25}‘5 Ae 4 5 3lsi
oleigh AlstAze} A o MAASe) Anlg §al
2P 23R whEde] R ectangular type, Saw tooth
type 28X Step typed! YATH A #folHo] e} 0
FH OY 9ol & AL A g HulGhA4G Hp
frepaa, iliq 1 e EAE 2 AAANY] "iE e °£
F AN Eg, 49 *]3} 2 A Y dtgef 2l ries
A, 35 BE B S sPE vpR} A ?’l
£ gaolglm ol 4dsE Saw tooth type]! BIAFEY] )
oje o] HAMA Aldelutm WhET

4. 48

ABTA] AR QAR Y #lelge] dA) W) 4
FA4 258 99 g44 F7)8te), Rectangular type, Saw
tooth type 223 Step typeo] FUA Hulg AAY 4
glen nlng nashy Saw tooth typed) 74 vigk=igh
Fpof v gidelehe Ae 4 5 AT

oy

(1) Ku, C. -P. Roger, 1896, "Dynamic Characteristics
of Hard Disk Drive Spindle Motors -~ Comparison
Between Ball Bearings and Hydrodynamic Bearings”,
ASME Journal of Tribology, Vol. 118, pp. 402~406.

{2) Kang, K., Rhim, Y., Sung, K. 1996, "A Study of
the  Oil-Lubricated Herringbone-Grooved Journal
Bearing - Part 1° Numerical Analysis”, ASME Journal
of Tribology, Val. 118, pp. 906~911

- 9532 -



