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Friction and Wear at Dry Sliding Low Carbon Steel
Surfaces Under Vacuum Conditions

Ho-Sung Kong, Eui-Sung Yoon and Oh-Kwan Kwon
Tribology Group, KIST

Abstract—The friction and wear of mild steel at dry sliding surfaces under different vacuum
conditions have been investigated to understand the wear mechanisms. For the test, a ball-on-
disk typed wear-rig has been built and implemented, allowing control of sliding speed, load and
vacuum. Results show that, at a high sliding velocity, friction of low carbon steel (SS41) under
a high vacuum is much higher than that of ambient condition and wear is much severer. It is
due to lack of effective oxidation film formation on which steel surfaces could protect themselves
against the severe wear. It has been shown, however, that there is a critical regime with contact
conditions (at a low sliding velocity, a low load, and under a medium vacuum) at which effective,
protective films of low carbon steel have been built on the surfaces in a friction process with
a self-regulating way, resulting in both very low coefficients of friction (about 0.3) and mild wear.
In order to investigate the protective films on steel surfaces, the worn surfaces and the wear
debris have been experimentally analyzed with SEM, AES/SAM and XRD. A theoretical analysis
of frictional heating at sliding surfaces, and an experimental analysis of the influence of oxidation
wear under various vacuum conditions are described. The important variables on which self-forma-
tions of protective films at dry sliding surfaces depend, and the wear mechanisms are also investi-

gated.
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Fig. 2. Variations of the coefficient of friction under a
high vacuum (5.0 107°Pa), at the sliding velocity of 0.1
m/s and under the normal load of 9.8N.
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Fig. 3. Friction under various conditions of air pressure.
(HV: 5.0X107°Pa, MV: 1.3 Pa),

Fig. 4. A wear scar on the ball after a test at which
conditions are under ambient air, under the normal load
of 9.8N and at the sliding velocity of 0.1 m/s. (Direction
of sliding is shown by a dark arrow in Figures).
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Fig. 5. A wear scar on the ball under a medium vacuum
(1.3 Pa, P=9.38N, v=0.1 m/s). Note that thin layer pat-
ches are partly formed on the surface.

Fig. 6. A wear scar on the ball under a high vacuum
(5X10 *Pa, P=9.8N, v=0.1 m/s). Note that wear debris
are compacted at inlet area.
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Fig. 7. A wear track of steel disk under a medium va-
cuum; thin layer of contact patches are visible along the
direction of sliding.

Fig. 8. An enlarged view of the Fig.”7 showing the forma-
tion of a thin layer contact patch.
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Fig. 11. A wear scar on the ball after a test in ambient
air (P=9.8N, v=1.0 m/s).

Fig. 12. A wear scar on the ball after a test under a
high vacuum (P=9.8N, v=1.0 m/s); showing that a large
scale of thick film is accumulated on the surface.
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Fig. 14. A surface. damage of a steel disk under a high
load (P=29.4N) and under a medium vacuum (v=
m/s); compacted wear debris are fractured in a fatigue.
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Fig. 15. Friction coefficient under increasing step loads
(v=0.1m/s and under a medium vacuum); the applied
load (9.8N) first increased to 19.6N and secondly to 29.4
N step by step.
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