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Abstract. This study examines the influence of technological processing methods on the wear resistance
and surface quality of machine parts operating under extreme conditions. Particular attention is given to
the role of surface roughness, micro- and macro-geometry, and the structural state of the surface layer in
determining friction and wear behavior. The analysis shows that wear mechanisms are complex and evolve
under varying loads, speeds, and temperatures, involving both plastic deformation and localized melting.
1t is established that machining methods significantly affect the formation of surface characteristics, which
in turn influence durability and performance. The running-in process leads to the development of an
equilibrium surface state, reducing contact stresses and stabilizing friction. The findings highlight that
optimizing technological parameters and surface properties is essential for improving wear resistance,
extending service life, and ensuring reliable operation of mechanical systems.

Introduction. Technological methods are often the only means of improving
the wear resistance of machine parts and equipment.

At present, there are limited studies specifically examining the effects of
various processing methods and their key factors on surface quality parameters and
the wear of machine parts operating under emergency and extreme conditions. The
selection and specification of accuracy parameters, the quality of external and
internal (hole) surfaces, and the choice of a particular processing method are largely
based on practical experience and lack a solid scientific foundation.

Under such circumstances, it becomes difficult to analyze and evaluate the
wear-resistance performance of components used in different types of equipment.
Existing processing methods not only fail to achieve the required accuracy
parameters but also often do not ensure the necessary surface quality characteristics
of high-precision components.

Problem Statement. The methods used to manufacture machine parts play a
decisive role in achieving the required accuracy and surface quality characteristics.
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The quality of contact surfaces of machine parts is directly influenced by the
technological factors of the individual operations through which these surfaces are
formed.

According to [1-12], the relationship between wear and surface roughness
develops in three stages:

- a decrease 1n wear to a minimum,;

- a stage of minimum wear;

- a subsequent increase in wear.

As surface roughness increases up to 0.06 um, wear decreases and reaches its
minimum value. Within the roughness range of 0.08—0.10 um, no significant change
in wear is observed. However, with further increases in the initial roughness, wear
correspondingly increases.

In some cases, similar wear levels may be observed at different surface
roughness values.

Analysis of the Obtained Results. It has been established that machined
surfaces inevitably exhibit roughness-related deviations. Wear occurs due to the
removal (cutting) of micro-asperities, leading to volumetric changes in the surface
layer. Metallic surfaces possess roughness even at the atomic level and come into
contact through their highest asperities. Under low loads, these asperities can carry
a significant portion—or even the entirety—of the applied load. A different situation
arises when individual contact regions deform elastically. In such cases, asperities
may be flattened, and the real contact area is governed by elastic rather than plastic
deformation laws [13-26].

In machining processes involving material removal, small particles of the tool
material are often transferred to the machined surface. These particles can cause
intensive scratching, creating stress concentration sites that accelerate wear and
corrosion. For example, in abrasive machining, abrasive particles are inevitably
embedded into the surface and scratch the contacting part. Therefore, when selecting
components of a friction pair, it is essential to carefully choose both the machining
method and the characteristics of the contacting surfaces.

In abrasive environments, the transfer of abrasive particles to the contact
surfaces increases, resulting in a higher rate of abrasive wear. Abrasive action
primarily involves cutting and scratching, while the depth of the deformed layer
generally does not exceed the size of the abrasive particles.

Surface roughness largely determines the condition of a surface. Its type and
orientation arise from local deformations and depend on machining conditions. The
transfer of material and the presence of micro-asperities significantly influence wear
resistance. Transferred particles may produce undesirable effects for several
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reasons: they may be more chemically active than the base material, occupy
additional space, or initiate chemical reactions such as corrosion [27-41].

Greater roughness generally corresponds to larger deformations; however,
asperity height alone does not fully determine deformation behavior. The shape of
asperity peaks—often evaluated using the bearing area curve—also plays a
significant role. Macro-scale irregularities further influence wear resistance,
although their effects are more difficult to quantify in practice. Surface interactions
depend on the relative arrangement and geometry of these irregularities.

Depending on contact conditions, dry, boundary, and hydrodynamic
lubrication regimes are distinguished [42-54]. The influence of surface geometry on
the coefficient of friction is most pronounced in dry and boundary regimes and
depends on asperity height, peak radius, and the bearing curve. At high roughness
levels, mechanical interlocking of asperities increases the coefficient of friction.

Wear during operation alters both the micro- and macro-geometry of surfaces,
which in turn affects friction behavior. After the running-in period, surfaces with
different initial geometries may exhibit similar friction coefficients. During friction,
both micro-cutting and plastic deformation occur: micro-cutting dominates at low
sliding speeds, while plastic flow becomes dominant at higher speeds. Accordingly,
abrasive-mechanical wear prevails in the former case, whereas adhesive wear
mechanisms dominate in the latter [55-77].

Operational experience with equipment working under severe conditions
shows that durability is primarily determined by surface micro-geometry,
dimensional accuracy, and the quality of the surface layer. These factors influence
functional characteristics such as oil film thickness, clearances, and hydraulic
resistance.

During the running-in process, surface quality parameters transition from their
initial technological state to operational conditions. This involves changes in micro-
geometry and some correction of form deviations. As a result, the post-running-in
surface differs significantly from the initially machined one.

Optimal surface roughness corresponds to that formed during steady-state
wear. If machining processes could produce surfaces similar to those obtained after
running-in, the duration of the running-in period could be reduced. Extending the
life of the wear-resistant surface layer would significantly improve the performance
of friction pairs.

As wear progresses, an equilibrium roughness is established, ensuring uniform
distribution of contact pressures. In addition to micro-geometry, machining marks
also affect performance; for example, cross-hatched patterns (as produced by
honing) often provide lower friction coefficients. Deviations in macro-geometry—
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such as ovality, taper, or curvature—Ilead to uneven contact pressures and should be
minimized through appropriate processing methods [78-100].

Surface roughness and the type of friction are closely interrelated. Generally,
reduced roughness improves load-carrying capacity and reliability. However, at low
sliding speeds where hydrodynamic effects are limited, a certain optimal roughness
or porosity may be beneficial.

It has been established that even sliding speeds of a few meters per second can
significantly increase the temperature in the contact zone, creating conditions for
localized softening and even melting. At high sliding speeds, friction surfaces are
subjected to intense heating, which increases their chemical activity.

Rapid heating and cooling of the surfaces can lead to structural and phase
transformations in the material, thereby intensifying wear processes. Elevated
temperatures associated with higher speeds also promote diffusion and may result
in the formation of alloyed layers on the surface of the components. In some cases,
surface melting at very high speeds can reduce both friction and wear.

Although the coefficient of friction generally decreases with increasing speed,
this effect is relatively small at typical operating conditions. At the same time, high
speeds tend to promote plastic flow and the formation of thermally affected
junctions. Rapid sliding may also enhance the running-in process, leading to a
reduction in contact pressures to minimal levels.

Conclusions. The results of the analysis indicate that the mechanism of sliding
does not change instantaneously; rather, it evolves over a wide range of operating
conditions in which both plastic deformation and local melting may occur
simultaneously. This confirms the complex nature of wear processes and the
necessity of considering multiple interacting factors, such as load, speed,
temperature, and surface geometry.

The study also demonstrates that surface roughness, micro- and macro-
geometry, and the structural condition of the surface layer play a decisive role in
determining the wear resistance of machine parts. Changes occurring during
operation, particularly in the running-in period, lead to the formation of an
equilibrium surface state, which significantly influences friction and wear behavior.

It has been established that inappropriate selection of machining methods and
surface parameters may accelerate wear due to increased stress concentrations,
abrasive action, and material transfer. Conversely, properly selected technological
processes can reduce these negative effects, improve load distribution, and enhance
the durability of friction pairs.

Therefore, as follows from the presented analysis, technological methods are
the most effective and practically feasible means of improving the wear resistance
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of machine part surfaces. By optimizing machining processes, controlling surface
roughness, and ensuring desirable micro-geometric characteristics, it is possible to
significantly increase the service life, reliability, and overall performance of

mechanical systems operating under both normal and extreme conditions.
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