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ABSTRACT

The features of wear resistance of tribological contacts with a textured
surface under boundary friction conditions have been investigated. A
mathematical modeling of the behavior of the lubricant in the dimple was
conducted, considering the influence of inertial forces. It is shown that the
dynamics of the "oil droplet” depend on the value of the parameter a,
which represents linear acceleration. A critical value of the parameter a<0
was established, below which additional wetting of the tribocontact
surface with oil from the dimple becomes impossible. At a=0, the process
of additional wetting with oil is determined solely by the oil droplets
particles located near the dimple surface. At a>0, oil particles leave the
dimple and contribute to the regeneration of the boundary lubricant film.
Experimental studies on the wear resistance of tribological contacts with
a textured surface under boundary friction conditions have been carried
out. High wear resistance of textured surfaces, additionally reinforced by
ion-plasma thermocyclic nitriding, has been established. These surfaces
exceed the wear resistance of other samples by 1.45-3.0 times due to stress
redistribution, higher mechanical properties of the surface layer that
inhibit defect formation in the tribocontact surface layer, and the high
protective effect of the boundary lubricant film.

© 2025 Published by Faculty of Engineering

1. INTRODUCTION

Modern technological methods

of surface

productivity, and consequently lead to
substantial savings in material, energy, and
labor resources. Today, technological methods

strengthening open significant possibilities for
the creation of protective structures for
tribotechnical applications. They ensure the
reliable operation of friction units under
various  operating conditions, enhance

for creating textured (discrete) surfaces offer
extensive opportunities. The essence of these
methods lies in replacing the traditional
continuous surface layer with a discontinuous
mosaic-discrete structure. Discrete surfaces, as
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a means of improving the tribological
characteristics of machine parts and
assemblies, have existed for many years but
have gained widespread popularity in the last
decade as the most promising and viable
direction in surface engineering. The
implementation of such technology expands
the operational range of parts under extreme
conditions in terms of permissible load, wear
resistance, friction coefficient, and physico-
mechanical-chemical characteristics of friction
pairs. The wear mechanism of machine parts
and assemblies with a textured structure is
complex and varies for different friction units.
Most friction units operate under lubricated
conditions and require continuous
improvement in their lubrication mechanism.
Therefore, research aimed at a deeper
understanding of the physical processes
involved in the lubrication mechanism of
textured surfaces under boundary friction
conditions remains relevant.

Studies on the influence of surface texture on the
lubricating characteristics of fluid-film bearings
began in the early 20th century. The first works
in this field were conducted by Falts K. in 1929,
who proposed creating lubricant supply
channels in stationary bearing elements. He
recommended groove inclination angles of 0.5%
for high speeds with low pressure and 0.2% for
low speeds with high pressure [1]. In the 1960s,
Hamilton and Allen [2] noted that the
"irregularities and depressions” formed on the
face seal of a rotating shaft create hydrodynamic
pressure, improving load-bearing capacity.
These initial studies prompted further analytical
and experimental research in various countries
on the efficiency of surface texture under
lubricated contact conditions and on
establishing the lubrication mechanism within
the dimples of textured surfaces.

The most significant wear occurs at minimal
lubricant film thickness and wunder limited
lubricant supply (boundary friction regime).
Various theories exist regarding the mechanism
of boundary lubrication. The self-organization of
lubricant films is discussed in numerous studies
[3-5]. However, most researchers agree that
under boundary lubrication, the processes of film
destruction and restoration at contact points play
a crucial role, and the restoration rate must not
be lower than the destruction rate [6-9].
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The physical properties of the surface layer of the
material, where a unique micro-relief forms,
significantly influence the adhesion and lubricity
of surfaces in tribological contacts. Different
grains of the surface have different surface
tension coefficients and fields. The surface field of
a metal varies between sharp protrusions and flat
areas of the sub- and micro-relief. Thus, the
monomolecular lubricant layer will exhibit
different adhesion properties at different points
on the surface [10-12].

In [13], it is noted that, along with traditional
processes of secondary structure formation and
destruction, the excitation of internal magnetic
fields plays a crucial role in determining the wear
mechanism  of  textured surfaces. An
inhomogeneous resultant magnetic field forms at
the edges of discrete areas, leading to the
emergence of ponderomotive force. This force
acts on wear particles, directing them toward
areas of higher magnetic field induction - the
dimple edges and further into the dimple
preventing unacceptable contact surface
destruction processes.

Many studies focus on the effect of external
electromagnetic radiation on the tribosystem.
Work [14] presents research results on a support
bearing lubricated with a magnetorheological
fluid activated by a localized constant magnetic
field to control the lubricant film thickness. A
reduction in magnetic field intensity at high
speeds decreases the viscosity of the lubricant
fluid, thereby reducing friction losses.

The authors of [15] developed a mathematical
model of the lubrication mechanism for textured
surfaces (dimples) under boundary friction
conditions. They established that for effective
lubrication in tribocontacts experiencing
boundary film destruction, the rotational speed
of the sample must be n > 27. This ensures
lubricant transfer from the dimple to the problem
zone, restoration of the boundary lubricant film
on the tribocontact surface, and uninterrupted
operation of the tribological unit.

Experimental and numerical studies have shown
that microtextures act as tiny lubricant
reservoirs that supply lubricant to tribocontacts
under mixed or boundary lubrication conditions.
It has been proven [16,17] that friction reduction
occurs when the texture size remains smaller
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than the Hertzian contact dimensions, whereas
friction increases when the texture elements are
equal to or larger than the Hertzian contact size.
It is also important to note that micro-defect
depth is a critical design parameter for improving
fatigue durability of the contact [18].

Numerous studies have examined the effect of
the initial surface area dimensions on its wear
resistance. It has been demonstrated that the
density of micro-reservoir placement should be
maximized, and the micro-dimple dimensions
should be optimized. A formula for determining
the optimal groove depth and spacing was
derived, indicating that groove depth can be
reduced by decreasing the spacing between
grooves [19]. Additionally, an optimal ratio
between the initial surface segment dimensions
and the width of artificially created micro-
dimples was identified. The optimal micro-
dimple area should be approximately 30% of
the total friction surface area [20,21].

Thus, the selection of optimal texture design
parameters makes it possible to influence the
lubricating ability, reduce the running-in
duration, and improve the tribological
performance of tribological contacts. This is
particularly important for critical and heavily
loaded components and mechanisms operating
under limited lubricant supply conditions
[22,23].

Mechanisms for increasing load-bearing capacity
have been described, including increasing
hydrodynamic pressure on the surface texture
[24], applying additional lubricants to the actual
contact area via the suction-intake effect [25],
reducing the actual contact area [26], retaining
lubricants through the reservoir effect [27], and
removing wear particles [28].

Kango et al. [29] studied textured sliding
bearings using the generalized Reynolds
equation. Their model accounts for viscous heat
dissipation, non-Newtonian lubricant behavior,
and incorporates a mass-conserving cavitation
algorithm based on the Jakobsson-Floberg-
Olsson (JFO) boundary conditions. Han et al
[30] used a modified averaged Reynolds
equation to study the effects of misalignment
and axial shaft motion on the performance of
sliding bearings with rough surfaces under
transient and mixed lubrication conditions.

Thus, the wear mechanism of textured surfaces
under boundary friction is complex, depends on
numerous factors, and requires further detailed
investigation.

2. OBJECTIVES

The aim of this study is to develop a mathematical
model describing the behavior of lubricant between
contacting surfaces and inside dimples to
determine the lubrication mechanism of
tribological contacts with a textured dimple surface
under boundary friction conditions, as well as to
conduct experimental research. This will provide a
deeper understanding of the lubricant’s action in
boundary friction conditions and facilitate the
development of measures to improve lubrication,
ultimately enhancing the wear resistance of
tribological contacts with textured surfaces.

3. THE STUDY MATERIALS AND METHODS

Experimental studies on the tribotechnical
characteristics of textured surfaces were conducted
under friction conditions with limited lubricant
supply, in accordance with the recommendations of
GOST 26614-85, which defines the test method for
antifriction powder materials to evaluate their
tribological properties under friction conditions
with limited lubricant supply. The standard
establishes the methodology for determining the
dependence of wear and friction force on sliding
speed and applied load, as well as for calculating
wear rate and the coefficient of friction.

Hardened 45 steel was used as the counterbody
material, while the sample material was high-
strength alloy structural steel 30KhGSA, also
hardened, belonging to the group of chromium-
manganese-silicon  alloys. The  chemical
composition of the steel includes: Cr (0.8-1.1%),
Mn (0.8-1.1%), Si (0.9-1.2%), C (0.28-0.34%), Ni
(up to 0.30%), Cu (up to 0.30%), S (up to
0.035%), P (up to 0.035%), Al (up to 0.05%), V
(0.05-0.12%), Mo (0.15-0.25%).

The textured surface in the form of dimples was
formed on the working surface of the specimen
by means of plastic deformation under the
dynamic action of an indenter using a special
device [31], which enables control over the
geometry of the dimples, the spacing between
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dimples, and the spacing between rows. The
geometric properties of the textured surface
were as follows: row spacing X1 = 2.0x107 m,
dimple spacing within a row X2 = 2.0x1073 m, and
dimple depth = 1.5x107* m - selected to minimize
residual tensile stresses (Fig. 1).

A=A

View A

Xp

a Xy

A

b

Fig. 1. Discrete surface: a - general view; b - schematic
arrangement of dimples.

The textured surface was further strengthened
by ion-plasma thermocyclic nitriding (IPTN) [32].

To test discrete surfaces under boundary friction
conditions, the M-22M friction machine was used.
The friction pair contact followed the "disk-pad”
scheme. Industrial lubricant I-20 was used as the
lubrication medium, in accordance with GOST
20799-75. A lubrication device was applied to
ensure boundary friction conditions, following
the recommendations of GOST 26614-85, which
sets the technical specifications for industrial oils
and regulates the requirements for their quality.
The experiments were conducted at a sliding
speed of 0.625 m/s, a specific load of 10.0 MPa,
and a sliding distance of 2000 m. Industrial
lubricant [-20A was used as the lubricating
material, in accordance with GOST 20799-75.

Numerical modeling of the stress-strain state of
textured surfaces was performed using the finite
element method (MSC Visual Nastran for
Windows). To assess the influence of the specified
factors, a finite element model was developed to
simulate the stress-strain state of the specimen
under external loading. To simplify the calculation,
a segment of the model was considered and
discretized into hexagonal finite elements. The size
of the finite elements ranged from 75 to 140 pum.

For the model without dimples, the number of
nodes was 44,590 and the number of elements
was 39,936; for the model with dimples, the
corresponding values were 49,966 nodes and
46,176 elements. The application of forces and
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constraints in the finite element model
corresponded to the scheme shown in Fig. 2. The
notations used in Fig. 2 are as follows: H = 2 mm,
L=8 mm, h; = 300 um, h, = 150 um, distance
between dimples = 2 mm.
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Fig. 2. Schematic application of loading to the models:
a - 30KhGSA hardened; b - 30KhGSA with dimples; c -
30KhGSA with coating; d - 30KhGSA with dimples and
coating; qc - distributed compressive load; qt -
tangential (shear) load; L - model width; H - model
height; h; - dimple depth; h, - coating thickness.

The base of the model was rigidly fixed, while the
surface was subjected to a resultant load
combining tangential and normally applied
distributed forces. To ensure a consistent loading
level across all models, the surface nodes of each
model were associated with a surface
constructed from four reference points. This
surface was then subjected to a distributed
compressive load (qc = 1000 N/m?) over the area
of the frictional contact, along with a tangential
load (qt = 100 N/m?).

To investigate the lubrication behavior between the
contacting surfaces and within the dimples, the
motion of an oil droplet inside a dimple is
considered (Fig. 3). Let the space between the
contacting surfaces be filled with a homogeneous
lubricant. The counterbody, having a larger radius
of curvature, is smooth, while the second body - the
specimen with a smaller radius - contains various
recesses (dimples), which are arranged
periodically. Let the space between two coaxially
rotating cylinders be filled with a homogeneous oil.
The upper cylinder, which has a larger radius of
curvature, is smooth, while the lower cylinder (with
a smaller radius) contains various dimples,
periodically arranged. It is assumed that the depth
of these dimples is not very large and that they have
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a conical shape (triangular cross-section profile).
The homogeneity of the oil filling the space implies
the absence of density and temperature gradients.
In other words, heat exchange processes will be
neglected, assuming that no heating of the cylinders
occurs during rotation.

Fig. 3. Schematic representation of the motion of a
lubricant droplet and the forces acting on it during
boundary lubrication: 1 - specimen; 2 - counterbody;
3 - dimple; 4 - lubricant; 5 - lubricant droplet.

A selected oil droplet located inside a dimple is
affected by the following forces: gravitational

force F; = Amg (Am - mass of the oil droplet, kg;

g - acceleration due to gravity, m/s?), directed
vertically downward. Since the oil droplet is in
contact with the sample surface (a solid body),
surface tension force acts between the two media

-F, =0l (o - surface tension coefficient; I -

length of the inclined part of the dimple, m), the
oil wets the surface.

Next, Archimedean force F,=pgAV (p - oil

density, kg/m?; AV - volume of the oil droplet, m?),
which tends to push the droplet upward. Since
convection (mixing) is absent in the oil, this means
that the Archimedean force compensates for the
gravitational force. In a rotating system, as known
from general physics, two additional forces arise:

centrifugal force F, = AMa’r (w - angular velocity,

s'L; r - radius vector indicating the position of the
droplet with mass Am, m), which tends to "eject”
the droplet outward, and Coriolis force F; =
2Amwv (v - linear velocity of the oil droplet), which
attempts to alter the trajectory of the droplet’s
motion without changing its speed magnitude,
since the droplet participates in two types of
movement (translational along the dimple and
rotational motion).

4. RESULTS AND DISCUSSION

4.1 Results of mathematical modeling of
lubricant behavior

Let us consider the dynamics of an oil droplet
located in a dimple. To do this, we isolate an
infinitesimal volume of oil droplet with mass Am
and apply Newton’s second law to this mass in
Cartesian coordinate projections (as shown in
Fig. 1):

dv,
el (F, —F,)Cos(at);
dv (1)
Amd—ty =(F,—F)+(F.—F,)Sin(at),

Am

The system (1) is supplemented with the Coriolis
force, as the translational motion of mass Am is
superimposed with rotational motion:

dv,

Am & (F. —F,)Cos(wt) + F;

1(2)
dVy . )

where F¥ =2Amav, , Y =-2Amev, . Since

the system is homogeneous, the first term on the
right-hand side of the second equation in (2)
equals zero. Then, after simple transformations,
system (2) takes the form:

av, = a Cos(at) + 20V ;
dt , 3)
dv .
—L =aSin(wt) - 20V,
dt

where parameter ¢ =a)2r—i|. The solution to
Am

system (3) for an arbitrary value of parameter a
has the form:

V. = ASInQat +¢,)+ 22 Sin(t),
3w @
v, = ACos(2amt + ¢,) —%gCos(a)t).
w

where parameter A - the velocity amplitude and ¢y
- the initial phase. Using (4), it is easy to derive an
equation (in parametric form) for the velocity value:

2 2
V=1’VX+Vy (5)
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To obtain expressions for the particle trajectory,
the equations from system (4) should be
integrated. By performing integration, we obtain
the general case:

R 2 o
r, =E(l—Cos(Za)t))+gg(l—COS(Wt))

(6)

R_.. la .
ry =ESIn(2a)t) —ggsn'l(a)t)

where R - the sample radius. System (6) allows
for analysis of the particle trajectory.

Let us consider the first limiting case, where
parameter « > 0. This case implies (as seen from
the definition) that the surface tension force is
weaker than the centrifugal force, i.e., the

condition F,>F is satisfied. Under this
condition, the oil droplet of mass Am will tend to
move with velocity V,. The dependence of
horizontal V, and vertical V, component of

velocity on time (from the initial moment of
motion up to % of the period) is shown in Fig. 4.

0,304
V
0,154
0,004 o --
0,000 0,025 0,050

t

Fig. 4. Dependencies of horizontal velocity V, (blue
line) and vertical velocity V, (red line) on time for

the case F, > F, (@ > 0).

From Fig. 4, it is evident that the velocity of
motion V, continuously (linearly) increases
throughout the time interval, starting from zero,
while the vertical velocity component V, starts
at a certain negative value, gradually increases
while remaining negative up to approximately
1/8 (0.027 s) of the period, and then becomes
positive.
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The dependence of the velocity modulus (5) on
time for this case is shown in Fig. 5. The figure
shows that initially, when the system starts
rotating, the oil droplet moves uniformly
(without acceleration), corresponding to a small
horizontal section, and then begins to move with
constant tangential acceleration, corresponding
to the linear section of the graph.

0,30 1

Vv

0,154

0,00 T T
0,000 0,025 0,050

t
Fig. 5. The dependence of velocity modulus on time for
the condition |:C > Fn (a > 0).

Now, let us analyze system (6). Systems (6) and
(4) both represent parametric equations
describing the particle trajectory. However,
obtaining an analytical expression for the
trajectory y(x) is impossible due to the strong

nonlinearity of the equations. Nevertheless,
numerical methods allow for an effective
workaround to these difficulties.

The dependence I, I, from (6) for this case is

shown in Fig. 6. As seen in the figure, the vertical
coordinate I, changes linearly over time (with a

constant velocity), whereas the horizontal

coordinate I, exhibits a nonlinear behavior at

small times (about 1/8 of the period) and only
later follows an almost linear trend.

Now, let us consider the second limiting case,
where a =0. This case (see system (3)) shows
that the surface tension force exactly
compensates for the centrifugal force. Although
system (3) has a solution, it is determined only by
the additional Coriolis force terms, and the
additional wetting process is governed solely by
oil particles near the dimple surface,
contradicting the model.
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Fig. 6. The dependence of horizontal I, and vertical r

coordinate on time for the condition F, > F (o > 0).

However, this case is crucial for determining the
critical rotation frequency based on the type of oil
and material. To do this, we turn to the definition
of this coefficient:

ol ol
a=o'r-—=0=a0, =,/—-
Am Amr

From the last expression, it is clear that the
critical rotation frequency depends on qualitative
parameters (surface tension coefficient o), which
characterize the liquid (oil).

The third limiting case occurs when « <0. This
case is characterized by the dominance of the
surface tension force over the centrifugal force,
preventing the oil droplet from leaving the
bottom of the dimple and initiating motion.
Although system (3) has a solution in this case, it
has no physical meaning.

It should also be noted that the criterion for the
oil droplet to leave the dimple is the fulfillment of
the condition:

’
ry>I

where |” - is the cone (dimple) height, which can
be determined from the simple relation
I"=1/Cos(¢/ 2), where @ is the cone angle (at the
apex). It follows that the thinner the dimple, the
smaller the angle, and in the limiting case
p—>0,1">1.

Figure 7 shows the trajectory of the oil droplet for
two different rotation frequencies. Curve 1
(which has no physical meaning) corresponds to
the case of a negative value a <0, i.e., when the

frequency is below the critical value. Curve 2
corresponds to the condition >0 when
rotation frequency exceeding the critical value.

0,030
ry

0,015 1

0,000 T "
0,000 0,004 0,008

Fig. 7. Dependence of oil particle trajectories at
different rotation frequencies: 1 - rotation frequency
below critical; 2 - rotation frequency above critical.

4.2. Experimental studies of textured surfaces
under boundary lubrication conditions

Experimental studies of the tribological
characteristics of textured surfaces have shown
that the highest wear resistance is exhibited by
samples with a textured surface additionally
strengthened by the IPTA method (Table 1),
which exceed the wear resistance of other
samples by 1.45-3.0 times.

Table 1. Tribotechnical characteristics of textured
surfaces under boundary friction conditions.

Material Wear, Coefficient of
mg/km Friction
30KhGSA 3,1 0,12
30KhGSA+IPTN 2,14 0,091
30KhGSA+dimples 1,16 0,07
30KhGSA+dimples+ IPTN 1,01 0,078

The high wear resistance of the textured surface
is associated with the strong protective effect of
surface-nitrided layers and their high hardness,
which enhances the defect inhibition effect in the
surface layers of contacting surfaces, reduces the
intensity of wear product formation in the
surface layer, and prevents damage marks on the
friction surface. Additionally, the high wear
resistance of the textured surface is explained by
the high efficiency of the lubrication action of the
texture, which accelerates the wetting processes
of actual tribocontact areas and the regeneration
of the boundary lubricant film.
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The analysis of the structure of the nitrided layers
revealed the presence of carbonitride phases Fe»-
3(NC) and Fe3(N,C), on the surface of the nitrided
coating, as well as a small amount of the a.-Fe(NC)
solid solution, which ensures high microhardness
values of the nitrided layers. The formation of
carbonitride phases is explained by the specifics
of the IPTA technological process, where carbon
in the form of propane C3Hgis introduced into the
saturating mixture (Table 2).

Table 2. Results of the layer-by-layer X-ray structural
analysis of the nitrided textured coating.

Layer depth from | Amount of -,

the sample surface, | nitrogen, Phase composition of

um Wwt. % the layer
Fez-3(N,C), Fe3(N,C),

10 7,04 oc-Fe((NC)? Fe4l\§ )
40 3,98 o-Fe(N), Fez3N, FesN
70 0,60 a-Fe(N), FeaN
100 0,42 o-Fe(N)
130 0,01 a-Fe(N)

As the depth of the nitrided coating increases, the
amount of carbonitride phases decreases.

The strengthening of the surface layer by the IPTA
method, both for the initial and the textured
surface, leads to a 20-30% increase in the level of
equivalent stress distribution. However, since the
yield strength of the nitrided layer is higher than
that of the base material, the increased stress state
in the nitrided material does not reduce the
strength characteristics of the component. The
presence of dimples has little effect on the stress
state of the surface layer, but at a distance from the
surface beneath the dimples, stresses decrease by
40%, thus unloading the base material (Fig. 8).

Owmlo
14 oo
12-%-——?' vt
N
; ” = R
08

0 0001 0002 0003 004 0005 005 0007 008 |

—30TCA ——A0TCAA ——0TCA N —+—=NTCAPA

Fig. 8. Distribution graph of relative equivalent
stresses in the surface layer of the element along its
length (o - maximum stress of the initial element).

Considering the stress state along the depth
(thickness) of the element, it is evident (Fig. 9)
that there is a significant stress gradient of
approximately 21-28% between the nitrided
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surface and the base material. As shown in the
graph, the nitrided layer unloads the base
material, which has a lower yield strength,
thereby increasing the overall service life of the
entire component (structure).

Cerrl0
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\ 1
06 . . v
0 00006 0001 0,0015 H n

——30XICA ——30XICA+A —»—=30XICA+ 1 ——30XTCA+/BA

Fig. 9. Distribution graph of relative equivalent
stresses along the depth of the component along the Y-
axis (0 corresponds to the surface of the specimen; 1
indicates the boundary between the nitrided and non-
nitrided material layer).

20.00kV  x3.00k

WD=13.1mm

(b)
Fig. 10. Micrographs of the friction surface of the
textured surface strengthened by the IPTN method
(30KhGSA+D+C) under boundary lubrication
conditions: a - friction surface in front of the dimple; b
- bottom of the dimple.
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Thus, experimental studies on wear resistance
under boundary lubrication conditions
demonstrated a relatively high durability of the
nitrided specimens with dimples, without
delamination or cohesive cracking of the surface
layers (Fig. 10). This is attributed to the strong
protective effect of the nitrided surface layers,
which leads to a reduction in the intensity of wear
product formation within the surface layer.

The stress gradient between the base material
and the nitrided layer does not reduce the
strength characteristics of the component under
contact and friction conditions. The high wear
resistance of the nitrided layer itself and its
resistance to cracking, which usually occurs
through cohesive delamination of the substrate
and coating, can be explained by the fact that the
nitrided surface modification does not represent
a coating of the substrate with another material
having sharply different properties. As shown in
Table 2, a gradual transition of the structural
composition of the nitrided layer is observed,
with a high content of carbonitride compounds
near the surface, which gradually decreases with
depth. This creates a smooth decline in
deformation resistance characteristics and
prevents high property gradients.

5. CONCLUSION

1. The dynamics of oil droplet behavior in a
dimple, considering the influence of inertial
forces, have been analyzed, expanding the
understanding of the wear mechanism of
textured surfaces under boundary friction
conditions. It has been shown that the
rotational speed affects the dynamics of the oil
droplet within the dimple. There exists a critical
value of the parameter a<0, dependent on the
rotational frequency of the sample, below
which additional wetting of the tribocontact
surface becomes impossible. At a=0, the
process of additional wetting with oil is
determined solely by oil particles located near
the dimple surface. At a>0, oil particles leave
the dimple, ensuring the wetting of the
tribocontact surface and the regeneration of the
boundary oil film. The trajectory of an oil
particle is complex and oscillatory; however,
within a time interval of up to % of the period,
the motion trajectory of the oil particle is
nonlinear and follows a power function.

High wear resistance under boundary friction
conditions has been established for textured
surfaces additionally strengthened by ion
nitriding, exceeding the wear resistance of
other samples by 1.45-3.0 times. This effect can
be explained by several factors. Firstly, the
strong protective effect of the surface-nitrided
layers and their high hardness enhances the
defect inhibition effect in the surface layers of
contacting surfaces, reducing the intensity of
wear product formation. Secondly, the high
efficiency of the lubrication action of the texture
accelerates the wetting processes at actual
tribocontact points and the regeneration of the
boundary lubricant film. Thirdly, the presence
of a nitrided surface layer improves the
condition of the sample surface, redistributes
stresses due to the higher mechanical
properties of the surface layer and their gradual
decrease with depth, proportionally adjusting
the properties and stress distribution of the
material with the textured surface. This
combination ultimately enhances wear and
damage resistance.
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