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This paper considers the technology of electrical dis-
charge machining of steel friction pairs and reports the results
of experimental studies. Analysis of the experimental stud-
ies has shown that increasing the “anode-cathode” voltage
leads to a sharp decrease in the micro-hardness of the sur-
Jace layer. The study has also made it possible to determine
the characteristic dimensions of the structural elements, the
height parameters of surface roughness. The elemental com-
position of the resulting surface of a steel 15 KHGN2TA sam-
ple differs from the composition of coatings and the surface
layers of samples modified by electrical discharge machin-
ing involving various electrodes. Under the “anode-cathode”
system operation mode, a thin layer of coating with a stable
modified structure forms on the surface of the cathode due to
dissipative processes. It is shown that the height of surface
irregularities on sections after friction is higher than on the
surface sections outside the friction flow, which is associated
with the formation of a friction transfer film on the samples’
surface. It was established that the interaction of friction of
steel samples treated by electrical discharge machining forms
a thin film on the surface of friction of steel samples, which
leads to a change in the relief of surfaces with an increase in
the height of the micro-protrusions, as well as the structur-
ing of the transfer film in the direction of sliding. The effect of
machining steel surfaces by electrical discharge on the wear
resistance of metal-polymer tribosystem was established. The
implementation of the devised technology could provide a sig-
nificant increase in the wear resistance of metal-polymer tri-
bojunctions
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1. Introduction

2. Literature review and problem statement

Reliability and efficiency of machines and technological
equipment are determined mainly by the wear resistance
and durability of tribosystem parts. In the industry, de-
pending on the operating conditions of articles, various
methods of surface strengthening of steels and alloys are
used. The most energy-efficient of them are such as sur-
face plastic deformation, chemical and heat treatment,
formation of hardening wear-resistant coatings (micro arc
oxidation, spraying, etc.), high-energy methods (laser, ion-
ray treatment, etc.), and their various combinations. All
known methods of surface strengthening have advantages
and specific application but do not fully meet modern re-
quirements for the performance, versatility, and efficiency
of technological processes. The most promising are the
methods of surface modification of tribosystem parts with
the use of highly concentrated energy flows, which include
electrical discharge machining (EDM), which makes it
possible to obtain coatings with high physical, mechanical,
and tribotechnical properties.

Therefore, it is a relevant scientific and practical task
to devise an effective method, simple enough for industrial
application and economically feasible, for increasing wear
resistance; this study aims to address this issue.

Combined surface strengthening methods make it pos-
sible to produce coatings with high predefined operating
properties [1]. Thus, surface alloying with subsequent ni-
triding of low-alloyed steels makes it possible to improve
the characteristics of mechanical strength above the level
of properties of high-alloyed steels. Paper [2] considers the
tasks of increasing the wear resistance of broaching tools by
combined strengthening, including nitriding and applying
a coating (Ti, Nb, Al, N). Industrial tests have shown that
the combined strengthening of broaches under the proposed
regimes makes it possible to increase their stability by
2-4 times compared to the non-strengthened ones.

A combination of methods of physical cathode-arc and
chemical deposition from the gas phase when machining
plunger pairs of high-pressure fuel pumps made of steel
25KH5MA makes it possible to obtain coatings with high
hardness, wear resistance, and corrosion resistance [3]. The
essence of the method is to destroy carbon-containing gas
molecules as a result of their collisions with high-energy
ions generated by a powerful current pulsed cathode-arc
discharge on the surface of the target of graphite. Products
of such interaction are deposited on the substrate and form
a wear-resistant coating. It was established that the coeffi-




cient of friction of surfaces with such a coating under the
conditions of maximum oiling is 0.10—0.12, and almost does
not change in the presence of impurities of water and finely
dispersed abrasive particles. For surfaces without coatings,
the friction coefficient increases by 1.4 times in the presence
of impurities.

Work [4] reports a technology of ion-radiation nitriding
of gas-thermal coatings obtained by hypersonic spraying of
ferrite wire steels (SV-08G2S), martensite (40KH13), and
austenite (06KH19N9T) classes. It has been shown that the
use of this technology ensures an increase in the wear resis-
tance of ferrous steel coatings by 2 to 80 times; martensite
steel — by 2 to 13 times; austenite steel — by 10 to 35 times.

Paper [5] reports the results of the preliminary applica-
tion to the surface of the part of the alloying sublayer with
concentrate by electro-spark doping, followed by its melting
by an electric arc in a carbon dioxide environment. This
approach, applied in [5], makes it possible to significantly
change the operational characteristics of steel St3 in the
right direction.

Electric-spark treatment of steel 45 with the solid alloy
VK6M, chromium, and molybdenum, followed by laser
strengthening, is described in work [6]. This reduces the
wear intensity of coatings formed by the solid alloy by 70 %,
and coatings formed by Cr and Mo, by 3.5 and 3 times, re-
spectively, compared to untreated steel.

An experimental study into the process of micro-arc
cementation of steel articles in powder environments was
carried out in [7]. The use of coal powder intensifies the pro-
cess of diffusion saturation with carbon and the formation of
a diffusion layer, 0.3 mm deep, occurs within 2—-3 minutes,
which reduces the cementation process by hundreds of times.

A study of cementation in the plasma of the electrolyte
of reverse polarity is reported in [8]. It has been shown that
electrolyte-plasma treatment, at a temperature of 850 °C
with a duration of 3—6 minutes, leads to the formation of a
modified layer, 30—40 um deep, in steel, consisting of ferrite
(-Fe) grains, on the borders of which iron carbides are located
(Fe3C). The micro-hardness value of the surface layers of steel
modified by electrolyte-plasma cementation is 7,500 MPa.

In modern repair technology, a promising direction is
the combination of electrical impact on the surface with ma-
chining or strengthening by electro deforming treatment [9].
In [10], the experimental data were analyzed from studying
the micro-hardness of surface layers of carbon steels subject-
ed to electromechanical strengthening with impact. The au-
thor of work [11] also considered some distinctive features of
the thin structure of the strengthened surface layer (“white
layer”) of material obtained in the region of pulse tempera-
ture-force influence.

An effective way to strengthen carbon steels is also pro-
cessing, combining the effect on the strengthening surface of
the spark discharge and subsequent plastic deformation with
simultaneous alloying [12]. Surface treatment is possible
both by an eccentrically installed electrode and by a rotat-
ing disk-electrode with rollers that perform the functions
of breaking and closing the anode-cathode circuit during
surface deformation. When the circuit is closed, the alloying
material is transported to the treated surface and its leveling
with an electrode. In this case, the alloying material fills the
dents and scratches on the surface of a workpiece, changing
its topography, formed after the passage of the electrode, and
increasing micro-hardness.

The authors of [13] investigated one of the promising
methods for increasing wear resistance — combined fric-
tion-electric treatment with high-energy influence through
the intermediate environment — a modifier containing a
surfactant (SAS). In [1, 14], the influence of surface modi-
fication of steel samples by dispersed modifiers in a mixture
with SAS (glycerin) and combined processing modes on the
micro-hardening of the surface layer and wear resistance of
steel-bronze friction pair were studied. Molybdenum disul-
fide, copper, bronze were used as modifiers.

Therefore, it is important to study the influence of
structural steel EDM on the structure, element and phase
composition, mechanical and tribotechnical properties of
the modified surface layer. The research and the practical
implementation of the results could ensure increased wear
resistance of machined parts.

3. The aim and objectives of the study

The purpose of this work is to establish patterns in the for-
mation of wear-resistant coatings on the steel substrate using
a method of electrical discharge machining, which improve
the wear resistance of steel parts of friction units in machines.
This would provide an opportunity to provide a significant in-
crease in the wear resistance of metal-polymer tribojunctions.

To accomplish the aim, the following tasks have been set:

— to investigate experimentally the influence of the chemi-
cal composition of the electrode material (anode) on the struc-
ture and phase composition of coatings formed on steel samples;

—to examine by the method of contact atomic-force
microscopy the influence of the composition of alloying
electrode (AE) material and EDM modes on the dimensions
of the structural elements of the formed coatings and the
roughness parameters of the machined surface;

— to investigate the dependences of micro-hardness and
tribotechnical properties of coatings on the composition of
AE material and the energy modes of EDM.

4. The study materials and methods

The structural alloy steel 15KHGN2TA was used as
the object of our experimental research as it is widely used
for the manufacture of gears, axles, bushings, car gear
shafts, multipurpose tracked and wheeled machines, and
other types of equipment [1, 15]. To increase the mechanical
properties of the 15 KHGN2TA, chemical-thermal process-
ing with subsequent heat treatment is used, which greatly
complicates and increases the duration of the technological
process of manufacturing parts.

Samples were machined at the EDM installations of
models IMEI-02-2-IMES and IMEI-1001-IMES that enable
the following technological modes: anode-cathode voltage,
U=40-160 V; charge capacity of capacitors, C=34-240 pF.

The surfaces of steel samples were treated with differ-
ent AE. Standard electrodes of T15K6 grade were used
(TiC = 15%, Co — 6 %, WC — 79 %); IMKH21 electrodes
(WC-Co - 50 %, Ni-Cr-B-Si — 50 %); SH21 electrodes
with mineral raw materials based on scheelite concentrate
(TiC - 60 %, Ni-Cr-Al — 30 %, SHLC (scheelite concentrate
CaWO,) — 10 %). The choice of alloying electrodes was
made on the basis of earlier studies.



The research methodology included the study of the
influence of the material of the alloying electrode and
technological modes of machining on the micro-hardness
and thickness of the coatings formed with EDM. The mi-
cro-hardness of the formed surface layers was determined
by the micro-hardness meter PMT-3M at a load on the
indenter of 0.49 N.

We studied the structure and phase composition of
the modified surface layer of steel 15 KHGN2TA after
EDM by X-ray phase analysis of the starting and modified
samples at the D8 ADVANCE (Bruker) diffractor in a
monochromatized Cu-K, radiation in the region of angles
of 5°...120° in increments of 0.050 and accumulation time
of 10 s/point.

Using the NTEGRA Prima scanning probe micro-
scope (NT-MDT, Russia) under the mode of contact
atomic-force microscopy (k-ASM), the microrelief was
studied, and the characteristic dimensions of the structur-
al elements of the surfaces of the starting samples and the
samples modified by EDM with various electrodes were
determined. In addition, we investigated the modified
coatings formed by the IMKH2 electrode under different
modes after friction and wear tests [1, 16]. Mathematical
post-processing of the obtained results was carried out
with the help of the modular program Gwyddion (Czech
Metrology Institute).

To study the elemental composition of the initial sur-
face of steel 15KHGN2TA and the surface layers modified
by EDM with different electrodes, we used the raster
electron microscope Jeol JCM—-5700 with the detector
Shimadzu EDX-720HS (Japan). X-ray energy dispersion
spectrometer was used for coatings formed by the IMKH2
electrode under different modes after tribotechnical tests.
Additionally, the JEDML JCXA-733 “Superprobe” (Ja-
pan) microchemanalyzer was used.

We studied the characteristics of tribotechnical prop-
erties at a special installation designed on the basis of a
desktop drilling machine according to the “finger-disk”
friction scheme at contact pressure P=2.66 MPa and slip
speed V=1.20 m/s.

5. Results of experimental studies into the modification
of steel samples using the technology of electrical
discharge machining

5. 1. Results of studying steel samples for the struc-
ture and phase composition of coatings

Radiographs of the starting surfaces of samples
(Fig. 1, a) show that 15KHGN2TA steel contains four
intense peaks that belong to a solid solution of type CrFe.

Fig. 1, b—d shows the radiographs of the samples’ sur-
faces modified by EDM with various electrodes. Decod-
ing the coating radiographs revealed that electric-spark
treatment with a standard T15K6 electrode leads to the
formation of titanium carbide (TiS) in the surface layer,
as well as the phases of (CrTi),O3 and FeO in insignificant
quantities (Fig. 1, b). At the same time, almost no peaks
from the initial material are observed, which indicates the
absence of the mixing between material of the alloying
electrode and the base. The surface layer formed by EDM
with electrode SH2 contains phases the phases of CrFe,
FeC, CrTiC, and Cr,0; (Fig. 1, d).
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Fig. 1. Radiographs of the surface layers of 15SKHGN2TA
steel samples: @ — non-machined sample; b — sample
machined with the alloyed electrode T15K6 under modes
U=160V, C=34 pyF, =4 min; ¢ — sample machined with the
alloyed IMKH2 electrode under modes U=80V, C=60 pF,

=3 min; d — sample machined with the alloyed electrode SH2
under modes U=80V, C=120 uF, =4 min



Radiograph analysis also showed
that in the surface layer modified by the
IMKH2 electrode, intense peaks corre-
sponding to complex intermetallides are
observed: FeNis, CrNiW (Fig. 2, ¢), as
well as spears from the substrate (CrFe).
The result of EDM with the alloying
electrode IMKH2 is the formation on
the surface of the samples of a layer,
which is a mixture of intermetallides.
The formation of intermetallides with
the participation of iron, chromium, and
nickel is a consequence of micromet-
allurgical processes occurring on the
cathode as a result of mixing and chem-
ical interaction of electrode components
with the base material. At EDM of
15KHGN2TA steel using the IMKH2
electrode, micro-alloying elements en-
sure the formation of a protective envi-
ronment that prevents the formation of
oxides in the surface layer.

Charts in Fig. 2 demonstrate that
with the increase in the energy modes
of EDM: voltage — from 80 V to 160 V;
capacity — from 34 pF to 240 pF, the
thickness of the coatings increases with
any AE material. At the same time,
when using the electrode T15K6, the
thickness of the coating is increased by
48.6 %; when using the IMKH2 elec-
trode — by 75 %; when using the elec-
trode SH2 — by 83.3 %.

The experimental dependenc-
es of the micro-hardness of coatings
on 15KHGN2TA steel samples on the
anode-cathode voltage and discharge
capacity of capacitors were analyzed
in [1,17]. It was established that the
increase in energy processing modes
differently affects the nature of changes
in the micro-hardness of coatings when
changing the material of the alloying
electrode (Fig. 3, 4).

The highest values of the micro-hard-
ness of coatings (NV 900...1,080) were
obtained when using IMKH2 and T15K6
electrodes. The greatest effect of increas-
ing the micro-hardness is provided when
using EDM with the IMKH2 electrode,
with a voltage of U=140 V and a capacity
of C=120 pF. When applying the elec-
trode T15K6, the maximum micro-hard-
ness was obtained at voltage U=120 V
and capacity C=150 uF. Further increase
in the anode-cathode voltage leads to a
sharp decrease in the micro-hardness of
the surface layer [1, 17].

The quantitative chemical composi-
tion of the initial (unmodified) sample
and coatings on the steel samples ma-
chined with electrodes T15K6, SH2,
and IMKH2, is given in Table 1.
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Fig. 2. The thickness of coatings on 15KHGN2TA steel samples with various
materials of electrodes
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Fig. 3. Dependence of the micro-hardness of surface layers of samples modified
by electrical discharge machining with various electrodes on anode-cathode
voltage at C=34 pF: 1 — T15K6; 2 — SH2; 3 — IMKH2
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Table 1
Elemental composition of coatings on 15KHGN2TA steel samples

Chemical element, %
Sample
Fe Cr Mn Ni Si Ti w O
Steel 15KHGN2TA (starting) 95.3 1.09 195 1.66 - - - -
Coating AE T15K6 54.87 - - - - 12.34 32.8 -
Coating AE IMKH2 23.73 14.39 - 58.02 3.86 - - -
Coating AE SH2 47.05 - - 7.32 - 29.56 - 16.07

3. 2. Results of studying the influence of |
the material of alloying electrodes and the
modes of electrical discharge machining

We studied the influence of EDM on the
topography of coatings formed by EDM under
the modes of U=80-160V, C=34-240 uF in
k-ASM regime (Fig. 5-7).

Our study has also made it possible to
determine the characteristic size of the struc-
tural elements (D), the height parameters of
the surface roughness: the arithmetic mean
deviation of the profile (Ra), the depth of the
largest depression (Rv), and the height of the
largest protrusion (Rp) of the profile of sample  Fig. 5. Topography of the sample surface treated with the electrode T15K6
surfaces (Table 2). under the modes of U=120V; (=34 pF (£=0.25 J): a — two-dimensional

The roughness values of the surfaces plane; b — three-dimensional plane
studied show that the parameters of Ra,
Rp, and Ro vary depending on the material
of the electrode. The parameters are in-
creased in the following order: initial state
of the surface—machining with the elec-
trode T15K6—machining with the electrode
SH2—machining with the electrode IMKH?2
(Table 2). At the same time, the Ra param-
eter increases by 1.5-3.9 times. The largest
increase in the roughness parameter Ra to
6.3, and the Rp parameter to 538.3 nm, is
observed when using the electrode IMKH2.
This may be due to a higher level of energy
action in the EDM involving this electrode.

The obtained values (Table 2) of the char- Fig. 6. Topography of the sample surface treated with the electrode SH2

acteristic dimensions of the structural ele- under the modes of =80 V; C=150 uF (£=0.48 J): a — two-dimensional
ments of the surface show that in the modified plane; b — three-dimensional plane

samples, compared to the initial state, they
decrease by 8—13 times. The minimum dimen-
sions of the parameter D were obtained when
machining with the electrode SH2 [1, 18].

In order to study the effect of frictional
interaction of polymer counter-specimen with
metal samples after EDM on the topography
of friction surfaces, we studied the friction
surfaces at the atomic-force (k-ASM) and ras-
ter electron microscopes (Fig. 8, 9).

Images of the surfaces of samples acquired
from contact atomic-force microscopy show
that the topography of surfaces on the friction
path and beyond the track differ (Fig.8).
Fig. 8 shows that the height of surface irregu- o b
larities in areas after friction is higher than on
areas of the surface outside the friction path.  Fig. 7. Topography of the sample surface treated with the electrode IMKH2
This may be due to the formation of friction under the modes of U=160 V; (=240 uF (£=3.07 J): a — two-dimensional
transfer film on the samples’ surface. plane; b — three-dimensional plane




Table 2

Surface parameters of starting and modified samples

polymer counter-samples at sliding friction over the mod-
ified surface of steel samples [18, 19]. Steel samples were

machined with an IMKH?2 electrode. In order to obtain a
clear idea of the effect of the level of energy action on the
wear resistance (wear rate) of a friction pair, we built J=f(E)
dependences based on the test results (Fig. 10).

The charac- The height of | Depth of the
Sample/Pa- | teristic size | Ra, |the largest pro-| largest de-
rameter of the struc- | um | trusion of the | pression of the
ture D, nm profile Rp, nm | profile Ro, nm
Steel
15KHGN2TA| 2,000-2,500 | =1.6 379.0 344.8
(starting)
Coating AE -
T15K6 200-250 |=2.5 4773 378.5
Coating AE -
SH2 150-200 |=3.2 504.1 485.7
Coating AE -
IMKT12 250-300 |=6.3 538.3 484.4
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Fig. 9. The surface of the sample made of steel 15 KHGN2TA,
machined with an IMKH2 electrode (U=120 V; C=150 pF;
=4 min /cm?), after friction and wear tests: a — friction

path; b — beyond the friction path

beyond the friction path J-104, 13
b gh 12
Fig. 8. Topography of the surface of the sample of 11
steel 15KHGN2TA, machined with the electrode IMKH2 10
(U=120 V; C=150 pF; t=4 min/cm?), after friction and
wear tests: g — friction path; b — beyond the friction path 9 —1
8 -2
5. 3. Results of studying the micro-hardness and 7 3
tribotechnical properties of coatings of steel samples 6
Fig. 9 shows the images of surfaces after tribotech-
nical tests acquired by raster electron microscopy. The 5
surface areas of the samples on the friction path differ 0 0,2 0,4 0,6 0,8 1 é%

markedly from the surface areas outside the track. On
the friction path, a polymer film of friction transfer (FT)
structured in the direction of sliding is clearly visible.
On the site next to the friction path, there is an island
coating without FT film [15]. Thus, it was established
that during the friction interaction of steel samples ex-
posed to EDM, a thin FT film is formed with polymeric
counter-cracks on the friction surface of steel samples.
This leads to a change in the topography of surfaces with an
increase in the height of micro irregularities and the struc-
ture-formation of the transfer film in the direction of sliding.

We estimated the tribotechnical properties of structures
formed on a steel basis at EDM by the rate of the wear of

Fig. 10. Dependence of the wear rate of polymer counter-samples

on pulse energy during the electrical discharge machining of samples

made from steel 15KHGN2TA: 1 — samples with the duration of
electrical discharge machining of 4 min/cm?%; 2 — samples with the

duration of electrical discharge machining of 5 min/cm?; 3 — sample

tempered without electrical discharge machining

The dependences in Fig. 10 of the wear rate of polymer
counter-samples make it possible to conclude that with an
increase in pulse energy when steel samples are exposed to
EDM, the wear rate of a polymer counter-sample is reduced
by 1.2—1.3 times. At the same time, the increase in the dura-



tion of EDM has a slight impact on the wear rate of polymer
counter-samples (by ~3 %). It was also shown that the wear
rate of a metal-polymer friction pair with samples modified
by EDM is less than this parameter in a pair of friction with
a tempered sample, by about 1.6-2 times.

6. Discussion of results of the experimental study into
steel samples modification using the technology of
electrical discharge machining

In determining the mechanism of formation of coatings
of different phase compositions, depending on the chemical
composition of AE, X-ray phase analysis of surfaces of the
modified samples was carried out. Our results of the exper-
imental studies into steel samples modification using the
technology of their electrical discharge machining confirmed
that the phase composition of coatings is determined by the
chemical composition of AE [20]. It was established that the
thickness of the formed coating depends on the chemical
composition of the material of the alloying electrode and the
energy modes of EDM. Thus, the largest thickness of the
coating is formed when using the electrode IMKH?2, which
is 4 times more than when applying a standard electrode
T15K6. Increasing the energy modes of EDM leads to an
increase in the thickness of the coating regardless of the AE
material, which makes it possible to recommend EDM using
the electrodes T15K6, IMKH2, SH2 to increase the wear
resistance and restore worn surface parts of friction units
in machines. It was established that the micro-hardness of
coatings depends on the modes of EDM and AE material.
The experimental dependences of coating micro-hardness
on the voltage and discharge capacity of capacitors are of
an extreme nature with highs at voltage U=120-140 V and
discharge capacity C=120 uF [21].

Charts (Fig. 2) for the thicknesses of coatings on steel
samples with various materials of electrodes also show
that when EDM involves the electrode IMKH2 based on
tungsten carbide with the additives of components forming
unlimited solid solutions with the base material, the largest
coating thickness (210 um) is obtained. This can be ex-
plained by the fact that the introduction of boron and silicon
into the AE composition slows down the formation of oxide
films in the created structure, which has a positive effect
on the solidity and increases the thickness of the coating.
In addition, the introduction of boron reduces the erosion
resistance of AE, as a result of which the mass carrier of the
electrode material to the treated surface increases. The use
of the SH2 electrode also leads to the formation of coatings
exceeding the thickness of coatings formed by the T15K6
electrode, by 1.7-2 times [1, 22]. This is due to the fact that
the mineral raw materials (scheelite concentrate) in the
composition of the electrode material creates a protective
atmosphere in the EDM zone, preventing the burnout of ero-
sion particles and contributing to the intensification of the
mass transportation of the electrode material. The results of
studying [1, 17] steel samples in terms of the structure and
phase composition of coatings make it possible to use EDM
to restore the worn surfaces of precision friction pairs in the
range to 100 um.

The results of analyzing the chemical composition of
samples (Table 1), machined with the electrodes T15K6,
SH2, and IMKH2, show that the element composition of
the initial surface of the sample of steel 15 KHGN2TA dif-

fers from the composition of coatings and surface layers of
the samples modified by EDM with various electrodes. The
modified samples did not reveal the presence of a series of
15KHGN2TA steel elements: chromium, manganese, and
nickel, when machined with the electrode T15K6; chromi-
um and manganese when machined with the electrode SH2;
manganese and titanium when machined with the electrode
IMKH2. At the same time, the presence of tungsten (AE
T15K6), oxygen (AE SH2), and silicon (AE IMKH2) was
established, which can be explained by the erosion of alloy-
ing elements and their low concentration in steel, as well as
the interaction of electrodes elements with steel.

A method of contact atomic-force microscopy was used
to determine a significant (by 8-13 times) reduction in the
characteristic size of the structural elements (D) in coatings
formed by EDM using various electrodes, compared to the
initial (unmodified) surface. It was also established that at
EDM, surfaces with high roughness parameters (Ra, Rv, Rp)
are formed, characteristic and commensurate with similar
surface parameters obtained during pure machining [23].
At the same time, as a result of EDM using the IMKH2
electrode, there is the largest increase in the roughness pa-
rameter Ra, by 3.9 times, which is explained by a higher level
of energy action when applying this alloying electrode [24].

The joint effect of voltage and discharge capacity in
EDM causes a decrease in the wear rate. To improve the
wear resistance of a friction pair, it is necessary to increase
the discharge capacity and anode-cathode voltage.

Therefore, the further direction of research is to estab-
lish optimal modes for EDM using the method of planning
a factor experiment and statistical treatment of data to be
obtained. And to study the impact of EDM modes for steel
surfaces on the wear resistance of the metal-polymer tribo-
system.

7. Conclusions

1. We have investigated the relationship between the
physicochemical processes of energy mass transportation and
the formation of modified structures in a surface layer and the
wear-resistant coatings on the surfaces exposed to EDM. The
greatest effect of increasing the micro-hardness is demonstrat-
ed when EDM involves the electrode IMKH2 with a voltage
of U=140V and a capacity of C=120 pF. When machining
with the electrode T15K6, the maximum micro-hardness was
obtained at voltage U=120 V and capacity C=150 pF.

2. The regularities of the process of surface modification
of 15KHGN2TA steel and the formation of wear-resistant
coatings reflecting the influence of the chemical composi-
tion of the material of electrodes and processing modes on
element and phase compositions, thickness, micro-hardness,
and wear resistance of formed coatings have been estab-
lished. The largest increase in the roughness parameter Ra,
to 6.3, and the parameter RP, to 538.3 nm, is observed when
machining using the electrode IMKH2.

3. We have established the experimental dependences
of the wear rate of metal-polymer friction pairs on the tech-
nological modes of EDM of steel parts. This mechanism,
elucidated on the basis of tribological studies, could make
it possible to achieve the specified parameters for the wear
resistance of friction pairs. With an increase in pulse energy
at EDM of steel samples, the wear rate of a polymer count-
er-sample decreases by 1.2—1.3 times.
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