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An Experimental Study on the Rolling Resistance of Bearing
Surfaces Covered by Pure Tin and Zinc Films’

Seung Ho Yang, Hosung Kong, Eui-Sung Yoon, Dae Eun Kim=*
Tribology Research Center, KIST
*Department of Mechanical Engineering, Yonsei University

Abstract — An experimental study was performed to discover the tribological behaviors of
pure tin and zinc coated 52100 bearing steel. Pure tin coatings ranging from 30 nm to 30,000
nm and pure zinc coatings ranging from 500 nm to 52,000 nm 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 effect of coating thickness on the tribological
rolling behavior. Results showed that the existence of optimum film thickness which revealed
minimum rolling resistance was discovered for tin and zinc coating. The compatibility of
coating material to iron showed no significant effect on the rolling resistance behavior. The
hardness of coating material revealed significant influence to the rolling resistance behavior.

Key Words : rolling resistance, silver coating, tin coating, zinc coating, rolling testing,
thermzl evaporation coating, optimum film thickness, matenal-transfer, compatibility,
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Fig. 1. Schematic diagram of the

experimental set-up.
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Fig. 2. Schematic diagram of the
specimen preperation.
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Table 1. Specimen and test conditions.

Specimen
Ball Track
Surface Roughness
before coating, Ra| 10 40
{nm)
29, 42, 57,
. 220, 700, 1900,
Tin
4300, 7500,
(99.999%)
Coating 15000, 17500,
Thickness - 30000
(nem) 500, 1100,
Zinc 2200, 4500,
{99.9999%) 11300, 22500,
52000
Speed (rpm) 20
Normal Load (N) 147.0
Lubrication Dry
Environment Room Temp.
- RH 30-60%
Table 2. Po/k value and related

properties for bulk Tin, Zinc and AISI
52100 hardened steel under the load
of 147 N.

Maximum | Shear
LT&;%' Contact | Yield
Material L Pressure, | Stress, | Po/k
N) Po k
(MPa) (MPa)
AlSI
52100 | 147 622 1250 | 0.50
(Hardened)
Silver | 147 622 145 2.97
Tin 147 622 10 62.2
Zinc 147 622 55 11.31
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Fig. 3. Rolling resistance vs. cyc-
les for silver coated specimen [6].
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Fig. 4. Rolling resistance vs.
cycles for zinc coated specimen.
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Fig. 5. Rolling resistance vs.
cycles for tin coated specimen.
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Fig. 6. Rolling resistance vs. film
thickness before the failure of
silverf6], tin and zinc films.
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Fig. 7. Rolling resistance vs. film
thickness in the steady state for

silver[6], tin and zinc films.
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Fig. 8. SEM images for zinc coated surface, showing the variation in the rolling
resistance with the contact cycle.
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Fig. 9. SEM images for tin coated surface, showing the variation in the rolling
resistance with the contact cycle.
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Fig. 10. XPS spectra of ball surface
for zinc coated specimen.
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Fig. 11. XPS spectra of ball surface

for tin coated specimen.
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