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Effect of Silver Particle Introduction on Rolling Friction

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

Tribology Research Center, Korea Institute of Science and Technology
*Department of Mechanical Engineering, Yonsei University

Abstract — The effect of silver particle introduction on the rolling friction of AISI 52100 steel pairs has been
investigated. Experiments were performed in dry conditions using a thrust bearing-type rolling test rig at a load
range of 12 - 960 N and a sliding velocity range of 8 - 785 mm/sec with pure (99.99%) silver particles. Results
showed that introduced silver particles formed transfer layers, which protected the virgin bearing surfaces and
resulted in the low rolling friction. By changing the quantity of silver particles, transitions in the rolling friction
were found. Results also showed that the variations in normal load and rolling speed also affected the rolling fric-
tion behavior. Analyses of SEM and EPMA showed that the formation of transfer layer was mainly governed
by the silver particle quantity, normal load and rolling speed, and this resulted in the different behavior of rolling
friction. In this study, it was found that the low and stable rolling friction was resulted from the shakedown phe-

nomena occurred at the silver transfer layer.

Key words — silver, wear particle, transfer, shakedown, rolling friction.
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Fig. 1. A schematic figure of rolling test rig.
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Fig. 2. A micrograph showing the silver particles.
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Table 1. Test conditions

. Specimen
Test Conditions ;
Ball Bearing
Roughness, Ra (nm) 10 40
Speed (mm/sec) 8, 31, 236, 785
Normal force (N) 12, 24, 61, 147, 500, 960
Lubrication Dry

Environment Ambient air

Temperature ('C) Room temperature

Silver powder (g) 0.05,0.15,0.2,03,04, 0.6

2} Bole] Fgo) thek A¥A vz

419

010 —

0.08 —

0.08 —

0.07 —

0.08 —|

0.05 —

Rolling Friction Coefficient

T o | I —

000 —-—
0 10000 20000 30000 40000 50000
Test Duration (sec)
(a) without silver powder

040 o
00 — .
008 — £,

&
007 — 2

£

Rolling Friction Coefficient

Test Duration (sec)
(b) Ag particle, 0.3 g

Fig. 3. Rolling friction coefficient vs. test duration
(normal force: 147 N, rolling velocity: 31 mm/sec).
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(b) EPMA silver mapping result
Fig. 4. EPMA analysis results of a tested ball surface

(after 20,000 sec(6,667 cycles), Ag powder: 03g,
normal force: 147 N, rolling velocity: 31 mm/sec).

Table 2. P/k value and the related properties for
bulk silver under the load of 147 N

Total Maximum Shear Yield
Material Load, Contact Pressure,  Stress, Pk
N) P, (MPa) k (MPa)
Silver 147 622 145 4.29
AISI 52100
(Hardened) 147 622 1,250 0.50
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Fig. 5. The variation of rolling friction coefficient with
the quantity of added silver powder(after 50,000
sec(16,667 cycles), normal force: 147 N, rolling velocity:
31 mm/sec).
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(c) Ag particle, 0.6 g

Fig. 6. SEM micrographs of tested ball surfaces (after
20,000 sec(6,667 cycles), normal force: 147 N, rolling
velocity: 31 mm/sec).
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Fig. 7. SEM micrographs of tested bearing surfaces
(after 20,000 sec(6,667 cycles), normal force: 147N,
rolling velocity: 31 mm/sec).
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(a) Back-scattered electron image

(b) EPMA silver mapping results

Fig. 8. EPMA analysis results of a tested ball surface
(after 20,000 sec(6,667 cycles), Ag powder: 0.05g,
normal force: 147 N, rolling velocity: 31 mm/sec).
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Fig. 9. The variation of rolling friction coefficient with
the normal force(after 50,000 sec(16,667 cycles), the Ag
powder: 0.3 g, rolling velocity: 31 mm/sec).
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Fig. 10. SEM micrographs of tested surfaces (after
20,000 sec(6,667 cycles), Ag powder: 0.3g, rolling
velocity: 31 mm/sec).
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Fig. 11. EPMA analysis results of a tested ball surface
(after 20,000 sec(6,667 cycles), Ag powder: 03 g,
normal force: 960 N, rolling velocity: 31 mm/sec).
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Fig. 13. EPMA analysis results of the tested ball
surfaces (after 20,000 sec(6,667 cycles), Ag powder:
0.3 g, normal force: 147 N).
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