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An Experimental Study of Environmental Effects on the Rolling
Resistance of Bearings Coated by Soft Metallic Films

Seung Ho Yang, Hosung Kong, Eui-Sung Yoon and Dae Eun Kim*

Tribology Research Center, KIST
*Department of Mechanical Engineering, Yonsei University

Abstract—An experimental study was performed to discover the effect of environmental conditions
on the rolling resistance behavior of pure silver and lead coated 52100 bearing steel. Pure silver and
lead coatings were produced by a thermal evaporation coating method. Experiments using 1 thrust
ball bearing-typed rolling test-rig were performed under vacuum, dry air and controlled humidity con-
ditions. Results showed that agglomeration of particles were suppressed in vacuum environment and
resulted in low and stable rolling resistance by shakedown phenomena. Also, humidity related close-
ly to the agglomeration of particles and the rolling resistance after the failure of coated layer.

Key words—soft metallic coating, rolling testing, thermal evaporation coating, agglomeration of par-
ticles, environmental effects.
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Fig. 1. A close-up view of the tribotester.
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Table 1. Test conditions
Conditions
Normal load (N) 147.0
Velocity (rpm) 20
Temperature ("C) 15~30
ambient air
vacuum (4 X 107° torr)

dry air (< 10%)
controlled humidity
conditions
(RH=30%, 60/70%, 100%)

Environmental
conditions




Fig. 2. Thermal evaporation coating device:
part in a chamber.

coating

Table 2. Surface roughness and coating thickness of
specimens

Measured values

Surface roughness, ball 0.010

Ra (jim) race way  0.040 (before coating)
Coating thickness silver 1400
(nm) lead 2000
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Fig. 3. The variation of rolling resistance with contact
cycle and SEM images of contact surfaces after 30000
cycles (silver coating, ambient air).
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Fig. 4. The variation of rolling resistance with contact
cycle and SEM images of contact surfaces after 30000
cycles (lead coating, ambient air).
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Fig. 6. The variation of rolling resistance with contact
cycle and SEM images of contact surfaces after 30000

cycles (lead coating, vacuum).
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Fig. 7. Rolling resistance vs. relative humidity (silver
coating).
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Fig. 8. Rolling resistance vs. relative humidity (lead
coating).
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