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Abstract

The conditions for the antifriction coatings formation during finishing antifriction non-abrasive treatment
(FANT) are analyzed. The requirements for this kind of coatings and the main criteria for assessing their quality
are noted. A relationship has been established between the quality of the coating obtained with FANT and the
technological factors that determine the conditions for contacting the tool with the treated surface. It is proved
that the shape and size of microroughnesses of the treated surface determine the efficiency of the microcutting
process and filling the microcavities with the rubbed material.

Technological factors influence on the coating quality was investigated during FANT by implementing a
multifactor experiment, as a result of which a connection was established between the technological parameters
of the process (total friction path, load on the tool), as well as the length of the supporting surface with indicators
characterizing the coating quality.

Statistical models were obtained for mass transfer of antifriction material, area (continuity) of the coating
and surface roughness at natural values of the factors, which made it possible to establish the studied factors
influence on the optimization parameters.

The analysis of the experimental scattering graphs made it possible to clarify the nature of the factors
changes and analyze their mutual influence on the optimization criteria. Taking into account the inversely
proportional relationship of the optimization criteria, the achievement of their maximum values at the same time
is impossible, therefore, the values are taken according to the final result of the FANT process.

The range of the studied factors values is established, the regularities of their change are substantiated
from the point of view of the selected optimization criteria. Determination the rational values of the FANT
process technological parameters will improve the antifriction coatings quality obtained by a friction-mechanical
method.

Key words: finishing antifriction non-abrasive treatment (FANT), antifriction coating, optimization,
continuity coating, mass transfer, roughness.

Introduction

A generally recognized direction in the field of the working surfaces of machine parts quality improving
is the development and widespread use of antifriction coatings [1]. From all the variety of methods for obtaining
antifriction coatings, coatings with optimal values of hardness and elasticity modulus with increased antifriction
properties, providing the favorable internal stresses creation, as well as maximum adhesion characteristics of the
coating with the base material, seem to be preferable [2].

Such kind of coatings can be obtained by frictional rubbing of plastic metals by finishing antifriction non-
abrasive treatment (FANT) [3]. Rubbing the friction surface with a tool made of copper and its alloys in the
presence of a process fluid makes it possible to create coatings with a thickness of 2 - 5 microns on the friction
surface, as well as to harden the surface of the base material to a depth of 70-80 microns due to high pressure at
the point of linear contact. FANT, characterized by environmental friendliness, makes it possible to reduce the
running-in time of parts, eliminate scuffing of friction surfaces, increase the bearing capacity of parts and joints,
protect the friction surface from hydrogen wear, reduce the friction temperature and extend the operating period
of the friction unit when the lubricant supply is turned off, reduce the coefficient of friction, etc. [4].

@m_ Copyright © 2021 1.V. Shepelenko. This is an open access article distributed under the Creative Commons Attribution License,
[ which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://creativecommons.org/licenses/by/3.0/
http://tribology.khnu.km.ua/index.php/ProbTrib
https://doi.org/10.31891/2079-1372-2021-100-2-50-57

Problems of Tribology 51

The antifriction coating formation during FANT largely depends on technological factors that determine
the conditions for contacting the tool with the treated surface, and the shape and size of microroughnesses
determine the quality of the resulting coating, its continuity [5]. The study of the contacting surfaces features, as
well as the main parameters of the FANT process, their regularities will improve the antifriction coating quality,
and hence the operational properties of the part. In this regard, studies of the main parameters influence of the
FANT process on the formation of an antifriction coating, depending on the conditions of contact interaction of a
copper-containing tool with a treated surface, seem to be very relevant.

The widespread use of FANT is also hindered by the lack of extensive information on the relationship
between the technological factors of the process and the geometric parameters of the surface layer, and above all,
with the roughness, which, according to a number of researchers [6, 7], is one of the main criteria for the
resulting coating quality. Thus, it becomes necessary to conduct special studies of the technological factors
influence that determine FANT on the antifriction coating quality.

Literature review

A number of requirements are imposed on antifriction coatings, regardless of the methods of their
formation, the main of which should be attributed [8]:

- density and continuity;

- high adhesion to the metal surface;

- uniformity of the coating in thickness and a sufficiently high cleanliness of its surface;

- the ability, together with the base metal, to withstand operational loads;

- durability.

These requirements determine the coatings quality obtained with FANT.

In a number of studies devoted to the formation of the FANT antifriction coating, the authors of studies
[9] consider surface roughness to be one of the main criteria for assessing the quality of the applied skin. Earlier
it was proved that the surface roughness parameters are one of the main factors that determine the intensity of the
friction pairs wear [10], in a certain way affect the indicators of its physical state (cold-hardening, internal
stresses, microcracks, structure) [11] have a significant effect of roughness on corrosion resistance [12] and on
the reliability of parts fixed joints [13]. Due to the fact that the authors of [14] obtained and substantiated the
initial microrelief of the surface to create favorable conditions for microcutting the antifriction material with
microprotrusions of the initial surface and to improve the coating formation quality by the friction-mechanical
method, it becomes necessary to conduct special studies of the FANT influence with the established parameters
on the roughness of surface layer.

According to [7], such parameters as the coating thickness, as well as its adhesion to the base material,
play a key role in the coatings quality. An important factor is the stress-deformed state of the surface layer and
the initial microgeometry.

In [15], as an assessment of the coatings quality obtained with FANT, the following were used: the
coating thickness, the degree of its porosity, the roughness parameter, and wear resistance. It should be noted the
inconsistency of information available in the available literature. Thus, the authors of [16] obtained a coating
thickness by the friction method in the range of 0.3 - 0.5 microns, and in [17], a coating thickness of about 30 -
40 microns was obtained. Such a large difference in the results indicates the need for additional studies to
determine the coating thickness.

The authors of [18] made an attempt to optimize the process of applying antifriction coatings. For this
purpose, the quality of processing was assessed using points, and the parameters were taken: the color of the
coating; reducing the length of the rubbing rod - the intensity of rubbing; uneven coating - gaps in the applied
layer; smoothing the coating layer. This approach to assessing the coating quality and the effectiveness of the
FANT technology, according to [15], is inaccurate, since the color, thickness, porosity and other indicators are
indirect characteristics of the coating quality, they can be used at the stage of testing the coating technology. The
main indicator of the coating quality is its wear resistance (ability to resist wear).

The results of wear tests of antifriction coatings formed by the friction-mechanical method from various
materials (brass, bronze, copper) are presented in [19]. However, the difference in coating applying modes, the
lack of information about measuring instruments raise doubts about the information reliability and the
experimental technique correctness.

The given data of literary sources do not allow assessing the effectiveness of the FANT technology. In
this regard, it becomes necessary to conduct research to determine the influence of the technological parameters
of the FANT process on the coating quality obtained by the friction-mechanical method.

Purpose

The aim of the work is to establish the basic laws of the technological factors influence of the FANT
process on the resulting coating quality.
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Research Methodology

To achieve this goal, the greatest difficulty is presented by studies to determine the factors influence on
the optimization parameters. Such studies should include the influence on the indicators characterizing the
applied coating quality (area (continuity), roughness and mass transfer of antifriction material from the tool) of
the main processing modes: the friction path L and the load on the tool P, as well as the supporting surface

length of the treated sample Al. In order to reduce the number of experiments for these studies, the planning of
experiments was carried out.

The study of the surface, processed by the FANT friction-mechanical method, was carried out on special
samples of gray cast iron SCH20 made in the form of disks, on which a preliminary applied microrelief with

different Al (Fig. 1).

a b c

Fig. 1. Samples of cast iron SCH20,
processed by the FANT friction-mechanical method with different Al:

a—-Al=0,2 mm;
b-Al=0,4 mm;
c-Al=0,6 mm

The friction path was changed within 2 ... 30 mm by varying the length of the brass tool (Fig. 2) and the
number of its passes.

Fig. 2. Tools for frictional mechanical processing with different lengths I:

a-1=2mm;
b-1=4mm;
c—l=6mm

Thus, the total friction path was calculated taking into account the tool size using the formula:
L=I-N, 1)

where — | is the length of the tool, mm;

N — is the number of cycles (passes) of the tool.
The value of mass transfer was determined by weighing the instrument before and after FANT on a
TBE-0,21-0,001 laboratory scales (Fig. 3, a) according to the formula:

Am=m —m,, (2
where — M; is the tool mass before FANT, g;
m; — tool mass after FANT, g.
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Fig. 3. Weighing a brass tool after FANT (a)
and measuring the roughness of the machined surface (b)

Under the selected conditions and processing modes, antifriction coatings were applied on the surface of
the studied samples (Fig. 4) by a friction-mechanical method using a setup developed by the authors [20].

Fig. 4. Studied samples with an antifriction coating applied
by a friction-mechanical method

Coverage area (continuity) based on the results of metallographic analysis of the surface using digital
image processing methods on a PC. For this purpose, a program was written in C ++ using the Qt framework and
the OpenCV image processing libraries.

Surface roughness before and after FANT was assessed using a Mahr XR20 profilograph (Fig. 3, b), a
PC-based device that allows to determine more than 75 parameters of roughness, waviness, P-profile and Motif-
parameters in accordance with international standards.

The aim of the experiments series was to implement a matrix of the central compositional plan 22 + star

points, resulting in the factors influence (L x N (total friction path), P (force per 1 microroughness of 1 mm of
its width), Al (length contact)) on the indicators characterizing the coating quality obtained with FANT.
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Results

The STATISTICA 12.0 application software package was used to process the experimental data, as a
result of which statistical mathematical models were constructed for the coating mass m (Y4), the coverage area
S,/S (Y2) and the surface roughness Ra/R. i (Y3) at natural values of factors:

Y,(m)=0,005519 +0,000735- X, —0,000462- X, —0,001442- X, -
~0,001895- x” —0,001603- x2 —0,001799- X + : 3)
+0,000248- X, - X, +0,000306 - X, - X, —0,00031- X, - X,.

Y, (SA j — 0,668755+0,044408- X, —0,056635- X, — 0, 275208 X, —

-0,199841- x” —0,200608- x? —0,149047 - X} — ; 4
—0,014875-x, - X, —0,042875- X, - X, +0,006198 - X, - X,.

Y, (F% j =0,626308—0,088358- X, —0,00778- X, +0,077667- X, +

+0,163163- X +0,048406 - x> +0,061634 - x; — : )
—0,017354-x, - X, +0,015312- X, - X, +0,003099- X, - X,,

where X; — is the total friction path, mm;

Xz — force per 1 microroughness of 1 mm of its width, N;

X3 — contact length, mm.

As an example, a standardized Pareto map for the surface roughness Ra/ R, . is shown in Fig. 5.

After analyzing the Pareto map for surface roughness (Fig. 5), we note the maximum influence on the

optimization criterion Y3 parameters X; (total friction path), Xs (contact length) and X, (force per 1
microroughness of 1 mm of its width), which determine the change in surface roughness. Response surfaces and

graphs of equal output lines for Ra/ R, i are shown in Fig. 6. Their analysis allows us to note that the lowest
surface roughness is achieved with the following values of factors:

X1 = Lxn=18...20...22 mm; X, - Pz = 110...130...150 N; X3 - Al =0,3...0,35...0,4 mm.

Pareto Chart of Standardized Effects; Variable: Y5
3 factors, 1 Blocks, 16 Runs; MS Residual=,0015046
DV: Y5
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Fig. 5. Standardized Pareto map for surface roughness Ra/ Ra nir
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Fitted Surface; Variable: Y3(Ra/Raucx)
3 factors, 1 Blocks, 16 Runs; MS Residual=,0015046
DV: Y3(Ra/Rancx)
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Fig. 6. Response surfaces and graphs of equal output lines (Y3) Ra/Ra inir

Similar calculations were performed for other parameters Y (M), Y2(S./S).

Given the inversely proportional relationship of the optimization criteria Y:(mM) and Y2(S,/S) with
Y3s(Ra/ Rainir), achieving their maximum values is impossible at the same time, which shows the difference in the
rational values of some parameters, especially parameters X; and Xi, therefore take the required value of this

parameter based on the final result of the FANT process.
Analysis of experimental scattering graphs makes it possible to clarify the nature of factors changes and

analyze their mutual influence on the three optimization criteria. Thus, when increasing the friction path X:(AL)
to 18 ... 20 mm, the maximum effect of mass transfer of antifriction material is achieved. Further growth of the
friction path does not increase it. This is due to the fact that the most active transfer is on the first passes of the
tool. Increasing their number does not significantly affect the subsequent results of the process. In turn, the
increase in the force per 1 microroughness of 1 mm of its width Xo(P) to the value of 100 ... 140 N also
contributes to the growth of mass transfer. However, a further increase of this technological parameter reduces
the transfer of antifriction material. This nature is associated with the deformation process of the cast iron
surface layer, and the increase in effort contributes to the strengthening of graphite inclusions. Cast iron becomes
denser, ie there is a strengthening of cast iron. Note that the increase in mass transfer occurs at the value of the

contact length X3(Al) =0.3...0.5 mm.
Since the mass transfer of antifriction material and the area of the coating has a direct relationship, it

should be noted such a pattern. At values of Xi(AL) = 18 ... 20 mm; X(P) = 100 ... 140 N; X3(Al) =0.2...0.3 mm, the
largest coverage area is observed, which is explained by the considerations described above.

The lowest surface roughness occurs at the values of the friction path X)(AL) = 18 ... 22 mm. Subsequent
rubbing cycles do not increase the antifriction coating quality. With an increase in the force per 1

microroughness of 1 mm of its width Xo(P) to values of 110 ... 150 N, there is a decrease in surface roughness,
due to intense mashing of antifriction material (brass L63) in the depressions of microprotrusions and smoothing

of their vertices. The most rational values of the contact length Xs(Al) in terms of reducing the treated surface
roughness occurs at values of 0.3 ... 0.4 mm. This once again proves the influence of the surface microrelief size
on the coating quality obtained with FANT.

Conclusions

Analyzing the response surfaces and graphs of equal output lines for optimization criteria and scattering
graphs of technological factors, we can conclude that the rational friction path is 12 mm, which is sufficient to
achieve quality coverage from the standpoint of the considered criteria. Regarding the force per 1
microroughness of 1 mm, it can be stated that its rational value for increasing the mass transfer of antifriction
material, the coating area and reducing the surface roughness is the value at 105 N. Regarding the value of the
support surface to be treated, it should be noted that its rational value within 0.4 mm is clearly traced for all
optimization criteria. Determined technological parameters of the FANT process will improve the quality of
antifriction coatings obtained by friction-mechanical method.
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IMeneaenxo I.B. Brius TexHosorivaux GakTopiB Ha SAKICTh AaHTUPPHUKIIHHUX TOKPUTTIB.

[IpoananizoBano ymoBH (OpPMYBaHHA AHTU(QPHUKIIWHUX TMOKPUTTIB NpH GiHINHIA aHTHQPHUKLIIAHINA
6e3abpasuBHiit 00pobui (PABO). OkpecieHo BUMOTH 110 OAIOHOTO POy IIOKPUTTSI THOMEpA OCHOBHI KpHTEpil,
SKi 3aCTOCOBYIOTBCS Il Yac OIIHIOBaHHS iX SKOCTi. 3a3HAYEHO B3a€MO3B'SI30K MK SKICTIO MOKPHUTTA,
orpumanoro npu ®ABO, i TeXHOJIOTIYHIMH YNHHUKAMH, [0 BU3HAYAIOTh YMOBY KOHTAKTYBaHHS IHCTpYMEHTA 3
00pobimoBaHOl0 TOBepxHer. JloBeneHo, mo ¢opma i po3Mipun MiKpOHEpiBHOCTEH OOpOOIIOBaHOI IMOBEpXHI
BHU3HAYAIOTh €(EKTHBHICTH MPOTIKAHHS MPOIECY MIKPOPi3aHHS 1 3alIOBHEHHS MiKpO3alaguH aHTHQPUKIIHHIM
MaTepiasoM.

JocmimkeHHs BIUIMBY TEXHOJIOTIYHIX YHHHHUKIB Ha SKiCTh TOKPHUTTA pu PABO BHKOHYBAIOCS MUIIXOM
peamizanii 06arato)akTOPHOTO EKCIEPUMEHTY, B pe3yJbTaTi SKOTO0 BCTAHOBJICHO BIUIMB TEXHOJOTTYHHX
napaMeTpiB mnpouecy (CyMapHHMH HUISIX TepTs, HaBaHTRXEHHS HA IHCTPYMEHT), a TAaKOX JOBXWHH OIOPHOI
MOBEPXHI Ha IIOKAa3HUKH, WO XapaKTepPHU3YIOTh SKICTb MNOKPUTTS. OTpUMaHO CTATHCTHYHI MOJET JuIs
MacollepeHeCceHHsT aHTH(PUKLIHHOTr0 Martepialy, IOl MOKPUTTS (CYLUIBHICTH) 1 IIOPCTKOCTI MOBEPXHI MPH
HaTypaJbHUX 3HAUCHHSAX YHHHHKIB, 110 AaJI0 3MOTY BCTAHOBUTH BIUIUB JIOCIIPKYBaHUX (aKTOPIB Ha mapamMeTpu
onTHMIi3alii.

AHaiti3 eKcliepuMeHTaIbHUX TpadikiB po3CifoBaHHA JaB IiJICTABH YTOYHUTH XapakKTep 3MiH YAHHUKIB i
NpOAHANI3yBaTH X B3a€MHHI BIUIMB Ha KpuTepil onrTuMizauii. BpaxoByioun 3BOPOTHO-IIPONOPLIHUIA 3B'I30K
KpUTEpiiB ONTUMi3alii, NOCSATHEHHS X MaKCHMAaJIbHHX 3HA4YeHb OJHOYACHO HEMOXKIJIMBE Oe3 BpaxyBaHHI
KiHIeBoro pesynbrary mnpouecy @DABO. BceraHoBneHO [iama3oH 3HAa4eHb JOCHIDKYBaHHX YHHHHKIB,
0OTpYHTOBaHO 3aKOHOMIPHOCTI iX 3MiHH y (poKyci BHOpaHUX KpUTEpiiB onThMizamii. Bu3HaueHHS parioHanbHUX
3Ha4YeHb TEXHOJOTiYHMX mapamerpiB mnpouecy D®ABO pactb 3MOry MiABUIIUTH SIKICTh aHTH()PUKLIHHKX
MOKPHTTIB, OTPUMAHUX (PPUKLIHHO-MEXaHIYHIM CIIOCOOOM.

KoarouoBi ciioBa: ¢inimHa anTudpukiiina 0e3adbpasuBHa 00podka (PABO), anTupuUKIiiiHE TOKPUTTS,
ONTHMI3allisl, CYLUIbHICTh MOKPHUTTS, MacONepeHEeCeHHs, IIOPCTKICTS.



