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In the studies on friction and wear of metals, wear tests have been usually
conducted under constant loading in the past years and any attempts to change the
load with progress of the tests have not ever been made. Machines and their
components in operation are usually subjected to varying loads at various sliding
speeds. The wear modes of metals are classified into three types, namely, severe wear,
mild wear and the transition between them. There is a great difference in wear rate
between severe and mild wear. This indicates that the occurrence of severe wear
should be avoided, especially in the field of machine design to prevent energy loss,
occurrence of noise and vibration and life reduction of the machines and their
components. Therefore, it is important for machine designers to know the
relationship between friction and wear and the difference in properties of the wear
surfaces between the two wear modes. In this study, in order to investigate the effects
of changes in load on the transition between severe and mild wear, pin-on-disk type
wear tests of carbon steel (JIS S35C) in contact with itself were conducted in moist
air under dry sliding. The motivation, background and objectives of this study are
described in chapter 1.

In chapter 2, more detailed explanations are given on the chemical composition
and mechanical properties of the carbon steel, the wear test rig and the measurement
system used in this study.

In chapter 3, wear tests of the 0.35% C steel in contact with itself under constant
loading were conducted in moist air at various constant loads during the tests under
dry sliding. The phenomenon of zero wear has been newly found in the early period at
very low loads in a mild wear regime. The zero wear is due to the deposits of wear
particles between the contact surfaces and the portions higher than the original
surface induced by local burrs, ridges and scratch scars. After the tests, the
relationship between friction and wear and the difference in properties of the wear
surfaces were investigated in each wear mode. From the results, the upper and lower
critical loads (Pacr =10.3 N and P.e= 5.88 N) appears between severe and mild wear.
The critical load between zero wear and mild wear is equal to Pzerowear = 4.74 N.

In chapter 4, in order to investigate the effects of the load change on the wear
transition behavior, pin-on-disk type wear tests of the 0.35% carbon steel in contact
with itself were conducted in moist air under dry sliding. During the wear testing, the
load was changed in a step-wise manner just one time, from low to high levels. The
rubbing history in the first stage, that is, the longer sliding distance under mild wear
condition at the low load produces the more flattened, oxidized wear surface with
good wear resistance. As a result, a "quasi-mild wear" regime with low rate similar to
the mild wear appears even at high loads in the second stage. The critical sliding
distance (Ls, critical) in the first stage necessary for the transition to quasi-mild wear in
the second stage is given by an empirical formula.

In chapter 5, the contact load was once decreased from high to low levels at a
sliding distance of 20 m under severe wear conditions in the very early period of the
tests. The specific wear rate after the decrease in load is hardly influenced by severe
wear in the first stage. Therefore, the upper critical load of low specific wear rate does




not change and is almost the same as that under constant loading.

In chapter 6, in order to investigate the effects of changes in load on the wear
transition, two load levels were used as a simple varying load condition. The load was
changed 3, 4 or 5 times in a step-wise manner between the low and high levels during
some tests. The very short rubbing distance under a severe wear condition at the high
load produces a work-hardened surface, which is subsequently flattened and oxidized
under the low load, resulting in the formation of the quasi-mild wear surface. The
final specific wear rate is not affected by the condition of mild wear or severe wear at
the first stage and the number of load cycles.

In chapter 7, the investigation of the hardness, cross-sectional profile and
oxidized portion of wear surfaces was conducted under constant and varying loads to
know the mechanism of quasi-mild wear. The hardness (Hv = 340) of fully
work-hardened wear surface in the first stage is needed for promoting the transition
to quasi-mild wear. The longer sliding distance in the mild wear regime promotes the
more flattening of wear surface. This leads to an increase in real contact area,
resulting in decreasing contact pressure. As the thickness of oxidized films increases
with sliding distance in the first stage, the coverage of the surface film on the sliding
surface increases. From these results, the main factors for determining the wear
mode after changes in load are related to the extent of work-hardening, flattening
and oxidation of the wear surface in the first stage.

In chapter 8, the main results of this study are summarized.
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