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A Study on the Load Carrying Capacity and Equivalence Friction Coefficient of a
Textured Plane Bearing with Semi-spherical Dimples and Semi-ellipsoidal Dimples
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Abstract

semi-analytic method, i.e.,

characteristics are investigated and discussed.

The increase of energetic efficiency in plane bearing is getting more important in the transfer mechanism of semi-conductor
and display panel manufacturing processes. To accomplish this objective, the technique of surface texturing on bearing
surface has recently emerged as one of the most effective candidates. In this study, the effects of various pattern parameters
on two bearing performance indices(load carrying capacity and effective friction coefficient) are investigated through a
the 2-dimensional Reynolds equation incorporated into the finite difference scheme. Here,
cavitation effect is also taken into account by employing an appropriate numerical scheme.

In this study, the patterns in the textured surface are composed of a series of semi-spheres or semi-ellipsoids in shape.
The effects of their size and number density on the performance indices are examined through the performance of various

numerical experiments. Also, the effects of the anisotropy of the semi-ellipsoidal pattern on the bearing’s lubrication
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Fig. 3 Schematic of the plane bearing surface textured in semi-
ellipsoidal dimples

743

= ,vb,()m/s u= lm/S-/]
gz o] o]ubAo] T3t 34
m =1m/s.‘2} u,=u,=v,=0m/s, v,=1m/s
_4 ﬁﬁ]zﬂoi Q_‘?‘g] OPEﬂ,Q_
FA o] HFASle TZ o] ol L B
Fx ggoz AHsAT. Ef:fi Xd
ol 5umo] i Yol Aol 0.5mmoE A
3k 2704 HLE 9 uielE gz o] 37)9)
B A sga SrpntaA S st
Astoich E3

/\
&=
o o
=

Il
5

g

N
o
—

ok
Mo

o,
2

I of :,:
Olﬂ ru
oX I

o
fjo

olN
N

)

AN

ol
=
Ty
1o

=
o I St
e x2
i
LN
Ew
o
el
)
U=}

i

£
)
1o

N o
ofl

lo 1o
=
N
ol

o o =
)
jus
o
oo, o

Ot

BN
e,
ok,
rlr
o
E
fijo
>
oo
31:‘
2
£

3.1 WY SiE HELRIY €
of oE H

U7 BEY vy |
A F o xZ02 57, yé‘?
& Axke s
ZA(R,)Z Fig. 48} Fig. 59
}ﬂwk1mﬂ4ﬁ°ﬂ1Y?4
2 SumE FUsHA 1A
YZo] Wrl A Wl 36%0“ 9

= A3t

0|59 Moz W
% 257)9) W= o
%%AmﬁQWwAHP
vhe} o] 1-9um
é%mﬁUNJ
Feloirt,
B 5o

EEE

N

—~A—— Spherical dimple
- —[3 - - Ellipsoidal dimple

o

o

Dimensionless Load Carrying Capacity
[e2]

Radius of dimples[um]

Fig. 4 Varations of Load Carrying Capacity with the increasing
dimples radius



o
1!
N

1x
Of
o

1x
Of4
e

60

——=—— Spherical dimple
- —[3 - - Ellipsoidal dimple [

50

Equivalence Friction Coefficient

Radius of dimples[um]

Fig. 5 Variations of Equivalence Friction Coefficient with the
increasing dimples radius

a715 14 AR A MedEg S7H7IE sk
o 7]%0] H= Hiy 929 vixE 5um°1
£2 R,=lum, R =5um, R =5umo|t}. T2|il
Z2] 74 15000-25000 Ato]oflA] A o] &4
A ‘%}Al 7)o A4S st

ES Ao AMget %ETO%
0| 1ﬂ1 HEL 0.013 Pass, 9Z0
gkegsty] Sl EET‘H %7198 50kPa, %
o7]9H 100kPaZ A}l a4

At
uhe}

l o}

o
°

011
“:»:
Lo o %
:(0 ot
r N od

Fig. 49} Fig. 5= W9 g3t Wetelg g&9f w5
sfofl whE ARG E I GrHpRA ] Het oA Artel
o e Y 23 B 7, 7.6 MASE SumE A1 A
2 R, o] Aot M7 wtef vxFe] Sumolstel -
o W JERT B2 gro] o AAA Hrt
e §EAEo] SumBt AA Y v %4 77} wet

99 92un BRI 5ol AL A

E 2 AFolA ohE A Fd ol
A2 oyualy}l AA Ha To}x]xl o ol AA A
oz %—7}3}711 ot a2 g os x5 gewat yE

wshurt 27] YR, yEo| HAE Holw g

e;a ol 7)o FAE|L o] QI8 HHA|Bo] Z7kstelm
wElYE WEa By B3] RaAsEe Folk 79
walshA) ghch.

g, B0l lumd A9 S7lbEA%0) Ghe veh
929 glo] WY 2| 49wtk oF 329 Fad e 7
A7 ik, B3 WA Bo] Z7RHRE offdt Aol HH

744

N
o

——~A—— Spherical dimple
- =3 - - Ellipsoidal dimple

o
o
1

©
=3
T | ——

o2}
[=}
T

a
o
L E——
|
|
|
|
|
|
|
AY

N

o

L L
|

Dimensionless Load Carrying Capacity

100 150
The number of dimples

g

Fig. 6 Varations of Load Carrying Capacity with the increasing
dimple number

10

—=—— Spherical dimple
- -3 - - Ellipsoidal dimple |

Equivalence Friction Coefficient

T I
200

0 50 100 150
The number of dimples

Fig. 7 Variations of Equivalence Friction Coefficient with the
increasing dimple number

sPA Hl3 SumE AUbE W 9] SIS e
2% 9B ghurt FobxA Hek. Tt 499 ok
A40) Aol 3-6% A= AHOR vlujsiA] ek,

SrhoaARE Yol 7HRE olgl B Agati Aete
3 3ol WA QR AR RaA%E
Uehd 4 olek. Ak w3t grele] sk grolv] mhio]
WY YE BEY 92 Aol F84E A
& B35k he Uehiek. o W] Fig. 59 A% 2o §

A9 SoEAST AL Aol A B,



o

M A ZA|AREHS|X] Vol.21 No.5 2012. 10.

N
T

—&— u,=1mfs, v,=0m/s
- -3 - - v,=1mls, u,=0m/s

o
LI I —
I

o o]
T T T T T T

Dimensionless Load Carrying Capacity
o

Fig. 8 Variations of Load Carrying Capacity with the increasing
R, of dimples

T

Ofr

b et Boheb A el ghol ot ez Sole. of 4
HEE x, yH02 FUSH 1 ASE S/
SN BIAASHS WY B A9 wetAFe B

o

wrp AAHOR B e Yehit, 920 AfrUns) B
A9 % 2re) Aol of 19% AR Ae] Hol7h gort A

=7F S7VEE ol Aol A AAA k. ol F H
=] Aol me e e} o] Aojetal dkEed, 1 o]
fre HEHdE 2929 4 5929 edErt SvethE e
F2 lumol7] wfgof R-g HEo] vlef Aoz

s
1o
- E\I

N
2
o

oM HuU
zo lo
WA
il
FEL. rE
2
é‘ N
E -
(N
ol
ol
rlr

o Jo

e

N
-
ot X
o
0
e
sl
e}
5
ke

o

lo

N

I

of

Fl—l“

£ Hjol7} A9
bol7k AXIA ek,

(

Lok @

BIE2l 37| Hslof| e Hod d5X|+2

Fig.
Sl &9 Mo
@):u, =v, =v,=0, u,=1m/s% case (b): u, =u,=v,=0,
v, =1m/sg RS We| FAA 5 F7HbEA 2
Aitolet. o] W R &} R O] Zh2 Sumz FUSHA 47 shgith

A FoA Al s o] Aee A o 459 vz = 1wt
Agol 57 &% o] ghol F7FeHA HAT R, 9 gro] Sum
7k E7] ZA7 A= case ()] 857t case ()9 B9-E T

745

—4A— u=1m/s,v,=0m/s |
- - -- v,=m/s, u=0m/s

] T R e i

Equivalence Friction Coefficient

Variations of Equivalence Friction Coefficient with the
increasing 2. of dimples

O e A B AL & 4 Uk &9 go] R}
28 Aol case (b)2] 42 W case (2)9] A2

37 Yeh}r] mjEolch. 18y 77 AA 274 =W ¢
g H3to] Jr=7t case (a) Y 97t case (b)9] AL-HTh o
A HER FsA A2 S7FHA "ok R, 7F TumojA
oumzE Hol= FoF el 5H 2 case ()Y w 74%, case
(b)d o 63% H3}A Frf

#, SIS He A58 iR R, o g
o] Sum7} %7] o= case (b)9] %-F-7F case (a)2] 750l
Hlel o Y& ghs 7HAA AR I o] e = case (a)9
A97F o S e ehiey,

4. 2 &

B R L wed % Bw gzl 3d9 ol A
g3k B wolmo] gaue] HAHAE T A4S
Wofal o] A RSB AS Eat S AL that &
ol mAshae] e DA G ATE Stk

o|2 Sla) W7y YEI Wekdy 9B et Eue €
A% 8 Ao o3 vl A A7 St

g
oo o
rE

A
ST

=
279 g
SERHIEEE

=

q
o A
[

Wsh7) A9} Wty 9B} 371
i R DT

S4 A, BE 4904 RS EE 9Ee) 277t 3
N4E BE 929 ASUnst 848 275 5o
SoAASE Basl B A4S DR B 9E
o o3t §tE Wb 248 Rt A%5e] 75 e o
o sk Y5o) a7]oh AdUme] 1y 2 G werhs
A% o 4 vk



o
1!
N

1x
Of
o

1x
Of4
e

Jon

7|

2 s AAGAR A fRT s EAR o2 A dE o
TR YUY THIA S 10039982).

References

(1) Sun, Y., and Rogers, J. A., 2004, “Fabrication
Semiconductor Nano/Micowires and Transfer Printing
Ordered Arrays of Them onto Plastic Substrates,”
Nano Letters, Vol. 4, No. 10, pp. 1953~1959.

(2) Nam, H. W., 2008, “Six Sigma Robust Design of
Composite Hand for LCD Glass Transfer Robot,”
Advanced Materials Research, Vol. 33-37, pp. 1451~
1456.

(3) Tala-Ighil, N., Fillon, M., and Maspeyrot, P., 2011,
“Effect of Textured Area on the Performances of a
Hydrodynamic Journal Bearing,” Tribology International,
Vol. 44, No. 3, pp. 211~219.

(4) Kim, K. H., Park, J. K., and Lee, J. H., 2012, “Laser
Surface Texturing to Improve Osteoblast Cell Biocom-
patiblity of Orthopedic Implant,” Proceeding of the
KSMTE Spring Conference 2012, pp. 283.

(5) Etsion, 1., 2004, “Improving Tribological Performance
of Mechanical Components by Laser Surface Texturing,”
Tribology Letters, Vol. 17, No. 4, pp. 733~737.

(6) Borghi, A., Gualtieri, E., Marchetto, D., Moretti, L.,
and Valeri, S., 2008, “Tribological Effects of Surface

746

Texturing on Nitriding Steel for High-performance
Engine Applications,” Wear, Vol. 265, No. 7-8, pp.
1046~1051.

(7) Ronen, A., Etsion, 1., and Kligerman, Y., 2001, “Friction-
reducing Surface-texturing in Reciprocation Automotive
Components,” Tribology Transactions, Vol. 44, Issue.
3, pp. 359~366.

(8) Kim, J. H., Ko, T. J., Kim, H. C,, and Park, J. K., 2011,
“A Study on Dressing of Grinding Wheel for Surface
Texturing,” Proceeding of the KSMTE Spring Conference
2011, pp. 224.

(9) Brizmer, V., Kligerman, Y., and Etsion, 1., 2004, “A
Laser Surface Textured Parallel Thrust Bearing,”
Tribology Transactions, Vol. 46, No. 3, pp. 397~403.

(10) Ausas, R. F., Jai, M., and Buscaglia, G. C., 2009, “A
Mass-conserving Algorithm for Dynamical Lubrication
Problems with Cavitation,” Journal of Tribology, Vol.
131, Issue3, pp. 1~7.

(11) Ausas, R., Ragot. P., Leiva. J., Jai. M., Bayada, G., and
Buscaglia, G. C., 2007, “The Impact of the Cavitation
Model in the Analysis of Microtextured Lubricated
Journal Bearings,” Journal of Tribology, Vol. 129, No.
4, pp. 868~875.

(12) Dobrica, M. B., and Fillon, M., 2009, “About the
Validity of Reynolds Equation and Inertia Effects in
Textured Sliders of Infinite Width,” Journal of Engineering
Tribology, Vol. 223, No. 1, pp. 69~78.





