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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, Oh Kwan Kwon
Tribology Research Centre, KIST

Abstract - An experimental study was performed to discover the tribological behaviors of
pure silver 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 rolling test-rig were performed for the investigations of the
influence of coating thickness on the tribological 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 plaved 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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Fig. 1. Rolling resistance vs. test
duration showing the various stages
of rolling resistance.
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Fig. 2. Sectional view of a rolling
test part in the tribo-tester.
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Fig. 3. Thermal evaporation coating
device.
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Table 1. Conditions for thermal
evaporation coating

Base pressure (Pa) 103
Operating pressure (Pa) [2 x 107
Heater Current (A) 500
Heater Voltage (V) 6.0
Heater to substrate 20

distance (mm)
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Fig. 4. An example of coating thick-
ness measurement using Alpha-step.
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Fig. 5. Rolling resistance vs. b/t
value before the failure of silver
film (stage I).
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Table 2. Po/k value and related properties for the bulk silver and AISI 52100
hardened steel under the load of 49 and 147 N.

Material Total Load, Maximum Contact Shear Yield Stress,
L Pressure, Po k Po/k
(N) (MPa) (MPa)
Silver 49 431 145 2.97
147 622 145 4.29
AISI 52100 49 431 1250 0.34
(Hardened) 147 622 1250 0.50
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Fig. 8. SEM images of tested ball
surfaces for each stage.
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Fig. 9. SEM images of tested bear-
ing surfaces for each stage.
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(a)

(b)

Fig. 11. Silver mapping results for
the contact patches on the ball sur-
faces by Electron-probe Micro Ana-
lyzer.

(a) Back-scattered image

(b) Result of Silver mapping
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