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An Experimental Study on the Rolling Resistance of
Bearing Surfaces Covered by Pure Silver Film

Seung Ho Yang, Hosung Kong, Eui-Sung Yoon and Oh-Kwan Kwon

Tribology Research Center, KIST

Abstract—An experimental study was performed to discover the tribological behaviors of pure silv-
er coated 52100 bearing steel. Pure silver coatings ranging from 80 nm to several micrometers were
produced by a thermal evaporation coating method. Experiments using a thrust ball bearing-typed rol-
ling test-rig were performed for the investigations of the influence of coating thickness on the tri-
bological rolling behavior. The existence of optimum film thickness which revealed minimum rolling
resistance was discovered. A careful analysis on the contact surfaces for the optimum film thickness
has been performed. The contact patches produced by the transferred silver films played an important

role for the rolling resistance to keep low.

Key words—rolling resistance, silver coating, rolling testing, thermal evaporation coating, optimum

film thickness, material-transfer.
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Table 1. Conditions for thermal evaporation coating

Base pressure (Pa) 10°
Operating pressure (Pa) 2x 107
Heater Current (A) 500
Heater Voltage (V) 6.0
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Fig. 10. SEM image of a tested ball surface for stage V.

Ao abshge] galel 7€k 3
104 Vhebil ups} zro] 1uhwlz EE
FAE IV A3 5
I R O

W)l 41 Zaiol ek 34145} Fig 9ol heh w}
sp o] 7k 1 abslell4] exSilvens]wto] wielx ]
A #kshe 4] et

WAL 7 A7k o] of
ehubeh, 2k Mol 4 vl dah F4E "ol Qa5

(b)

Fig. 11. Silver mapping results for the contact patches
on the ball surfaces by Electron-probe Micro Analyzer.
(a) Back-scattered image, (b) Result of Silver mapping.

4o 5 A% A% 23 91

ZIAA 4o el 2 A abE7) AlabgES 4 5= 9l
T3 Vel Al =42] 7 -9} 3bo] o] glabFol o &)
%411 Contact Patch7} #250], 73k Volla] &= A o]
UARTel o8 AR AFwe] WA Fr)o) epgte
o ulAjgh Abshee] EafE #eld 4= gigdc). Fig.
12 77 vellA] €228 2 2838 Az 53] 24
(EPMA)C 2 Silver Mappingt 2 3}o]n] A% qlx}
T GEULE 2(Silver)?] HolZ )& s}

6.8 =&

& (Silver) vpuhg wloelo] TE)T} 75 upubo] &
5|7 ehe 27)9] Aol TEHG] 2438 Ho
= #He] 38 FA7h E2ARS fesilc o 3
WA el wel 2ol w4 B4 AToe A

o] ghrii= Halling?] oi-7d}eli= Aboldt Hala sy,
Ho 4 o] F :ed FAl7} 74wl of vheh b 784l

F7h= ZEE] 2] gl o8] vleh = @AF
Fretting & A}o] #7]4)
E(Silver)e] o] ) 73-% 58 Aesigel
HiE Ao FEHEE bl 2457} £aa)
gl ke AWsHEe] A% A S Bkl 38%
sehis FATA) ZE R Aol 2E A Zobel
apet AlGAel TEAE FAaE veiddded, o)
A& ake 49 No| 2% ) HEgk o] (Silver)e]
YA Furbme] of 3ufof dutEl g A
g 271l sl wepa] siute] shs w A
gt2to] z]edx]e] Contact PatchE 343 3~ 9l 7}
FAE FoIF7) aoleh AR AHalE 147 Ne)
75 ZEFA 4400 0m o W, AP 27 NE] FAG

[o] U_;:-:
TEA G F7b} hehd g Ak ¢ DECREE
o
=

FHE FAAAEe o7 Haksnm B "ol
¢lgt A &1 (Contact Patch)2] #4Je] o] =]7] 9k
© 0 ols o)
Gl 2717 2

73} Contact Patchy 7]
Zob8 FgAge] 2ha
Al zbahs A7 RE] B o wlel] gyo "°] ek
DF 2ol @ 4 dleh olie) A7l Fho
5715151 o] 0] H2e]
2470] 2ol A4
T& A WA HlEg

Ry

e} £ ol ze] i
j==p-a)

Vol. 13, No. 3, 1997



&
4

o,
% o >
w“

A JE.‘ZH‘? Z & 7 A "ot gz o]
7ol 2243 Aol Achio] dolvtA = o]
}od Contact Patch2] A7} bR sE Folli= B

=}

_

Aol Ak #AMH F|2vl2] A 2 Sl o8 +EA
glo] WAlEl= Ao w 27 ¥}l A&l Contact
Patch®] AJAH-e wajmlo] Bo| F-E3-Fof == A

st A% 37 Fu o]l 23t Fretting 3 Aboll
slo] & Aol gk Y A Fo) ZsA el

t o2 3

!
MO

1. D. Jang and D.E. Kim, “Optimum Film Thickness of
Thin Metallic Coatings on Silicon Substrates for Low
Load Sliding Applications,” Tribology International,
Vol. 29, No.4, pp.345-356, 1996.

2. F.J. Clauss, Solid Lubricants and Self-Lubricating Sol-
ids, Chap. 3, pp.45-50, Academic Press, New York
and London, 1972.

3. D. Jang and D.E. Kim, "Tribological Behavior of Ul-
tra-Thin Soft Metallic Deposites on Hard Substrates,”
Wear, Vol. 196, pp.171-179, 1996.

4. E.F. Finkin, "The Friction of Lead Films in Spherical
Contact,” Transactions of the ASME, July, pp.328-

332, 1973.

. J. Gerkema,

n

“Lead Thin Film Lubrucation,’
102, pp.241-252, 1985.

6. C.Y. Shih and D.A. Rigney,
Wear of Tin-, Indium-, and Lead-Coated 52100 Steel,”
Wear, Vol. 134, pp.165-184, 1989.

7. J. Halling,
tional Behavior of Lubricated and "Dry”

Wear,
“Sliding Friction and
“The Role of Surface Filmes in thc Fric-

Contacts-A

Unifying Influence in Tribological Theory,” ASLE

Journal of the KSTLE

10.

11.

12.

14.

15.

16.

17

18.

. T.E.S. El Shafei, R.D. Amell and J. Halling,

. J. Halling, TES. El Shafei and R.D. Amell,

. K.R. Eldredge and D. Tabor,

. S.K. Wong, A. Kapoor and J.A. Williams,

4 pex

Transactions, Vol.24, No.4, pp.528-536, 1982.

“An Ex-
perimental Study of the Hertzian Contact of Surfaces
Covered by Soft Metal Films,” ASLE Tras., Vol. 26,
No. 4, pp.481-486, 1982.

“The
Rolling Resistance of Surface Covered by Soft Metal
Proc. In st. Mech. Engrs., Vol.199, No.C1, pp.
51-55, 1985.

F.P. Bowden and D. Tabor, The Friction and Lu-
brication of Solids, Chap. 15, pp.288, 1964.

J.J. Bikerman, “Effect of Roughness on Rolling Fric-
tion,” J. Appl. Phys. Vol. 20, pp.971-975, 1949.

D. Tabor, “The Mechanism of Free Rolling Friction,”
Lubrication Engineering, Vol. 12, pp.379-386, 1956.
“The Mechanism of Rol-
ling Friction, I. The Plastic Range,”
A229, pp.181-197, 1955.

B.G. Brothers and G.R. Bremble, “The Effect of
Geometric Conformity between a Ball and Its Track
Wear, Vol. 20, pp.

Films,”

Proc. Roy. Soc.,

on the Free Rolling Resistance,’
175-187, 1972.

K.L. Johnson, Contact Mechanics, Chap.8, pp.268-
271, 1985.
K.L. Johnson, "Rolling Resistance of a Rigid Cyl-

inder on an Elastic-Palstic Surface,”
Vol. 14, pp.145-148, 1972.

Int. J. Mech. Sci.,

“Shakedown
Limits on Coated and Enginecred Surfaces, Wear, 203-
204, pp 162-170, 1997.

oA, e 9], "HE
7ol 4] A}&5}7] 8 obE Y
FulEs], 0N T A 94-100273, 1994

LA

ohe g



