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Abstract

An analysis of the literature on the formation of an antifriction coating by finishing anti-friction non-
abrasive treatment showed that surface roughness can be the main criterion for assessing the quality of the ap-
plied skin. In this regard, the main regularities of changes in the roughness of the surface layer treated with
FANT have been established in the work.

The surface treated with the friction-mechanical method FANT was studied on special samples of gray
cast iron SCh20 made in the form of disks, and brass L63 was used as the material of the antifriction coating.
Since the microrelief of the initial surface significantly affects the continuity of the antifriction coating, the sur-
face roughness was determined before and after coating by the friction-mechanical FANT method taking into ac-
count the processing regimes. Studies have shown that the application of anti-friction coatings FANT can im-
prove the quality of the surface, significantly reducing its roughness due to the mashing of brass in the cavities of
the surface roughness, as well as partial crushing and smoothing of microroughness combs. The results obtained
make it possible to predict and control when applying FANT antifriction coatings such an important geometric
parameter of the surface layer as roughness, which largely determines the quality of the processed surface.

Key words: roughness, finishing anti-friction non-abrasive treatment (FANT), anti-friction coating, mi-
crorelief, processing modes, coating quality

Introduction

Current trends in the production and operation of machines and mechanisms are aimed at a significant
improvement in their operational properties by improving the quality of the working surfaces of parts, the main
indicators of which include physical and mechanical properties and geometric characteristics of the surface layer.
Surface quality characteristics that determine its operational properties are formed throughout the entire process,
however, finishing operations have the greatest impact [1].

The quality of the surface layer is achieved at the stage of manufacturing blanks, their further pro-
cessing and depends, first of all, on the technological method of surface treatment, which ensures optimal rough-
ness in the contact zone and the necessary physical and mechanical properties of the work surfaces of the part.

The generally recognized direction in improving the quality of the working surfaces of machine parts is
the development and widespread use of coatings, including antifriction [2]. Out of the whole variety of methods
for producing antifriction coatings, coatings with optimal values of hardness and elastic modulus with enhanced
antifriction properties, which provide favorable internal stresses, as well as maximum adhesive characteristics of
the coating with the base material, are preferable [3]. Thus, an important reserve for improving the quality of
parts during their manufacture and repair is the application of antifriction coatings in finishing operations.

All of the above requirements are met by the group of technologies for finishing anti-friction non-
abrasive treatment (FANT), which is realized due to the frictional interaction of a copper-containing tool with
the surface of the workpiece. Rubbing the friction surface with a tool made of copper and its alloys in the pres-
ence of a process fluid allows you to create coatings 2 - 5 um thick on the friction surface [4], as well as harden
the surface of the base material to a depth of 70 - 80 um due to high pressure at the point of linear contact [5].
However, the wider application of FANT is constrained by the lack of extensive information on the relationship
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of technological factors of the process with the geometric parameters of the surface layer, and above all, with the
roughness, which, according to some researchers [6, 7], is the main quality criterion for the obtained FANT coating.
Literature Review

It has been established [8] that the increase in wear resistance, contact strength, corrosion resistance and
other operational properties of parts is associated with controlling the state parameters of the surface layer and,
above all, the surface roughness. The parameters and characteristics of surface roughness are regulated by GOST

2789-73: three high-altitude - R,, R,, R, , two step-wise — S, , S and the parameter of the relative reference

max '’
profile length — t, [9].

The data presented in [8, 10 - 14, etc.] indicate a significant effect of various parameters of micro and
macrogeometry on the operational characteristics of work surfaces.

In [10], it has been indicated that surface roughness is one of the main factors determining the wear rate
of friction pairs. Moreover, the influence of the initial roughness on wear manifests itself during the running-in
period, and the shape and height of microroughness affect the wear of the mating surfaces. The wear rate is
largely dependent on the magnitude of the contact and the stress state of the surface layer, which are also associ-
ated with the size and shape of the microroughness [8].

The surface roughness parameters in a certain way affect the indicators of its physical state (hardening,
internal stresses, microcracks, structure) [11].

Roughness elements are stress concentrators, reducing the strength characteristics of the material. The
value of stress concentration depends on the depth of the microroughness troughs and their rounding radius [12].

A significant effect of roughness on corrosion resistance has been proven [13]. The latter increases with
a decrease in altitude parameters, since substances that form foci of corrosion and intensify the process of metal
destruction are collected in the cavities. Low roughness also allows for better retention of the passivating film,
which protects the surface from external influences. However, it is advisable to reduce the surface roughness to a
certain value, since low roughness leads to increased wear due to setting of mating surfaces.

The reliability of fixed joints of parts also largely depends on the surface roughness [14]. At high R,

values, due to crushing of microprotrusions, the fit is impaired, and the mating life is reduced. At low Ra val-

ues, the necessary adhesion of the mating surfaces is not ensured. For each part and its inherent conditions of
friction, there is a certain optimal contour contact area, which is a set of contact spots that are optimally located
on the nominal area. Moreover, the roughness of the friction surfaces also has optimal values, which are found
experimentally for specific friction pairs.

Thus, the choice of roughness parameters is carried out taking into account the operating conditions of
the parts. An initial roughness close to experimental reduces wear, temperature and coefficient of friction. The
resulting equilibrium roughness makes it possible to minimize the amount of wear and the duration of the run-
ning-in of the friction surfaces.

Surface quality parameters that determine its operational properties are formed throughout the entire
technological process, however, finishing operations have the greatest impact, the study of which has always
been given great attention [15]. Therefore, it is the finishing process that is entrusted with the task of ensuring
the required quality of the surface layer, which can be achieved by coating. In our opinion, the application of an-
tifriction coatings at the final stages of the technological process by the FANT method will ensure optimal
roughness in the contact zone and the necessary physical and mechanical properties of the work surfaces of the part.

In a number of studies on the formation of the anti-friction coating FANT, it has been found that surface
roughness is the main criterion for assessing the quality of the applied skin. Due to the fact that the authors of
[16] have obtained and justified the initial surface microrelief to create favorable conditions for micro cutting of
antifriction material by microprotrusions of the initial surface and to improve the quality of coating formation by
the friction-mechanical method, there is a need to conduct special studies of the influence of FANT at specified
parameters on roughness surface layer.

Purpose

The aim of the work is to establish the basic laws of changing the roughness of the surface layer treated
with FANT.

Research Methodology

The study of the surface treated by the friction-mechanical method of FANT was carried out on special
samples of gray cast iron SCh20 made in the form of disks. Moreover, to intensify micro-cutting of antifriction
material during coating, a certain microrelief had been previously created on the surface of the disk, according to
the recommendations of [16, 17], using turning cutters made of VK4 hard alloy.
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Since the shape and dimensions of the microroughnesses of the treated surface are determined, first of
all, by the geometry of the cutter in terms of plan and the size of its feed, to obtain different protrusions and cavi-
ties of microroughnesses on the surface of the research samples, we have selected certain values of the main ¢

and auxiliary @, angles in the plan [16] and the values of the transverse feed S of the cutter, which provided a
step of protrusions of the microrelief of 0.05; 0.10; 0.15; 0.175 mm. The pressing force of the anti-friction bar to
the treated surface P was 82.4 N; 164.6 N, which corresponds at a nominal contact area @ x b = 18 mm? to con-

tact pressure g — 4.6 MPa, 9.2 MPa.

Assessment of the quality of the coating was carried out after two, six and twelve passes of the anti-
friction bar along the treated surface.

Coating by the friction-mechanical method FANT was carried out according to the method developed
by the authors and using the device [17] on a vertically milling machine. As an antifriction coating material, L63
brass was used.

Thus, on SCh20 cast iron research samples (Fig. 1), an antifriction coating was applied in the form of a
track across the microprotrusions of the base. The width of the applied coating corresponded to the width of the
antifriction tool - 6 mm.

Fig. 1. Samples from cast iron SCh20 processed
by the friction-mechanical method FANT

The study of roughness parameters before and after FANT was carried out on a Mahr XR20 profilo-
graph, a PC-based device. The surface roughness was estimated by the arithmetic mean deviation of the profile
R.. As the value of the roughness parameter R,, we took the average value obtained as a result of three meas-
urements. The continuity of the coating was determined based on the results of metallographic analysis of the
surface, using methods of digital image processing on a PC.

Results

Considering that the surface roughness obtained by FANT, along with the continuity of the coating, can
be the main criteria for the quality of the applied coating, which largely determines the running-in process during
the initial period of operation, the main attention was paid to the study of this particular geometric parameter of
the microrelief.

Technological factors for the selected FANT scheme include: an effort of pressing the anti-friction bar
P, the number of rubbing cycles (passes) N and the tool speed V. Due to the low V values, the influence of this
factor was not taken into account in the studies.

Since the microrelief of the initial surface significantly affects the continuity of the antifriction coating,
the surface roughness was determined in the work before and after coating by the friction-mechanical method
FANT.

The change in the values of the arithmetic mean deviation of the profile of the samples was determined
as:

ARa = RaFANT - Ra' @)
where Raeant — surface roughness after FANT, um;
R, — initial roughness, um.

R
The obtained values made it possible to establish the basic laws of changing values % from the
a

technological parameters of FANT (Fig. 2 - 4).
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Fig. 2. Dependence of ratio Rarant / R, during the FANT process on the step of protrusions
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Fig. 3. Dependence of ratio Rarant / R, during the FANT process
on the number of rubbing cycles N with the effort of P =82.4 N (a), P = 164.6 N (b)
and the pitch of the microrelief protrusions of the initial surface:
1-0.05mm;
2-0.1mm;
3-0.15mm;
4-0.175mm
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Fig. 4. Dependence of the ratio Raeant / R, during the FANT process
on the effort P with the number of rubbing cycles N = 2 (a), N = 6 (b)
and the pitch of the microrelief protrusions of the initial surface:

1-0.05mm;
2-0.1mm;
3-0.15mm;
4-0.175 mm
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Profilograms of the surface of the studied samples after turning and subsequent FANT are presented in

Fig. 5.
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Fig. 5 - Profilograms of measuring the roughness
of the samples after turning (a) and subsequent FABO (b)
(vertical magnification x500, horizontal x50)

An analysis of the experimental data (Fig. 2 - 5) convincingly indicates a significant change in the
arithmetic mean deviation of the AR, profile of the treated surface after FANT. At the same time, the mecha-
nism of these changes for different values of the roughness of the initial surface and processing conditions for
the selected scheme is different.

RaFANT

The more significant the value of is, the higher is the Ra value of the initial surface. In this

a

R
—aFANT s observed when applying coatings to a previously prepared surface for the

sense, the highest value of
a

coating with a step of 0.175 mm (Fig. 2). This confirms the fact of the special importance of the role of micro-

cutting in the formation of an antifriction coating [18], as well as the effect of rubbing material as a smoothing

tool.
However, high Ra values of the initial surface do not allow to obtain a continuous coating, which

makes it possible to destroy it due to the contact interaction of the contacting surfaces. When applying the coat-
ing by the friction-mechanical method FANT on a pre-treated surface with a feed of 0.1 mm / rev, it was possi-
ble to obtain a continuous coating.

It was established (Fig. 3) that the most rational number of rubbing cycles (passes) is 2 + 6. Subsequent
rubbing cycles do not increase the quality of the antifriction coating.

With an increase in the pressing effort (contact pressure) of the antifriction tool to the surface being ma-
chined (Fig. 4), a decrease in roughness is observed, which is explained by a more intense mashing of the anti-
friction material (L63 brass) into the cavities of the microprotrusions and smoothing of their vertices. This is also
confirmed by the data of profilograms (Fig. 5), which indicate that the application of antifriction coatings FANT
improves the quality of the surface, smoothing microprotrusions and cavities by applying antifriction material to
their surface.

Summary

Studies of the influence of the FANT modes, as well as the state of the initial surface on the roughness
of the treated surface, allowed us to make the following conclusions:
- with increasing parameter of the initial surface roughness Ra, the magnitude of the change in the

arithmetic mean deviation of the profile AR, also increases;

- high initial values of the arithmetic mean deviation of the profile R, (12.0 = 5 um) do not allow to

obtain a continuous, and therefore, high-quality antifriction FANT coating. This is because on the surface having
rough machining, it is impossible to create the necessary specific pressure between brass and cast iron, which
means that there are no conditions for widespread setting. To obtain a high-quality coating, it is necessary to

have the initial roughness of the treated surface not lower than R, =2.5 um;

- obtaining a high-quality anti-friction coating with the selected FANT scheme became possible with
the following processing modes: anti-friction bar pressing effort P = 164.6 N, number of rubbing cycles N = 2;
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- FANT anti-friction coatings can improve the quality of the surface, significantly reducing its rough-
ness due to mashing of brass into the cavities of the surface roughness, as well as partial crumpling and smooth-
ing of microroughness combs. This leads to a more uniform and denser coating on the treated surface;

- the results of the studies allow us to predict and control while applying anti-friction FANT coatings
such an important geometric parameter of the surface layer as roughness, which largely determines the quality of
the treated surface.
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Menenenxo I.B. /locmimKkeHHs MOPCTKOCTI MOBEPXHI B mpomneci QinimHoi anTudpukniiiHoi 6e3adpa-
3WBHOI 00pOOKH

Bukonanwuii anaini3 JiTepaTypHHX JKepel, MPUCBSIYEHNIH YTBOPEHHIO aHTH()PHUKIIHHOTO MOKPHUTTS (i-
HINTHOK aHTU(PUKINHHOI Oe3a0pa3uBHOIO 00pookoto (PABO) mokasas, Mo MOPCTKICTH MOBEPXHI MOXKE OyTH
OCHOBHHUM KPHTEPIEM OLIHKH SKOCTI IDTIBKH, 10 HAHOCUTHCS. Y 3BSI3KY 3 IIMM Y poOOTi BCTAaHOBJIEHI OCHOBHI
3aKOHOMIPHOCTI 3MiHHM IIOPCTKOCTI OBEPXHEBOTO 1iapy, oopodnenoro @ABO.

HocnimxenHs noBepxHi, o0poOsieHoi ¢pukuiiiHo-mMexaHiuauM MetonoM DABO, 3miiicHIoBanocs Ha
creniabHUX 3paskax i3 ciporo yaByHy CU 20, ski Oyau BUTOTOBJIEHI y BHIUISL AMCKIB, a B KOCTI MaTepiay
AQHTU(QPUKIIHHOTO TOKPUTTS BHOpaHa naTyHb JI63. OCKUIBKHM Ha CYIUIBHICT aHTU(QPUKIIHHOIO MMOKPHUTTS CYT-
TEBO BIUIMBAE MiKpoOpenbed BUXIAHOI TTOBEPXHi, B poOOTI BH3HAYaacsl NIOPCTKICTh MTOBEPXHI A0 1 MiCIs HaHe-
CEeHHS MIOKPUTTIB (puKLiiHO-MexaHiyHUM MeToaoM PABO 3 ypaxyBaHHsM pexxumiB 06pooku. IllopcTkicTs mo-
BEPXHI OLIIHIOBAJIACs CEPEHIM apu(METHYHNM BiAXHICHHAM npodimo R, 3a BenmuuuHy napamerpa IopCTKOCTI
Ra Opanu cepenHe 3HaYeHHs, OTpUMaHE B Pe3y/bTaTi TphOX BUMIpiB. CyIUIBHICTh TOKPUTTSI BU3HAYMIIACH, BHU-
XOJISTYM 3 PE3yNIbTAaTiB MeTanorpadiyHOro aHamizy MOBEpXHi, BAKOPUCTOBYIOUM METOIH IU(POBOi 00poOKH 30-
opaxens Ha [1K.

BCTaHOBJ’IeHO, 1o BHCOKI 3HAUEHHS Ra BI/IXiI[HOI HOBerHi HC J1alOTh MOXKJTMBOCTI OTpUMYBATU SIKICHE

TIOKPUTTSI, 110 MOYKE TIPU3BECTH HOT0 PYHHYBaHHS BHACIIJIOK KOHTAKTHOI B3a€EMOJIiT KOHTAKTYIOUHX ITOBEPXOHb.
Hunst orpuManHs cyiinbHoro mokpurtsi ®ABO HeoOximHO, 11100 BHXiJHA NIOPCTKICTH 0OPOOIIOBAHOI MOBEPXHI

Oyna He HIDKYE Ra = 2,5 MkM. 3i 30UTbIIEHHSIM KOHTAaKTHOTO TUCKY aHTU(PUKIIIHHOrO IHCTpYMEHTa 10 00po-

OJIIOBaHOI MMOBEPXHI CIIOCTEPIra€ThCS 3HWKEHHS IIOPCTKOCTI, IO MOSCHIOETHCS OLIbII IHTEHCHBHUM 3aTHUpaH-
HIM aHTU(PUKIIHHOrO MaTepiany (J1atyHi JI63) B 3amaiiHi MiKpOBUCTYIIIB 1 3TJ1a/PKYBaHHSM 1X BEPILIHH.

[TpoBeneHi ocipKeHHs TOKa3aiu, o HaHeceHHs aHThdpukuiiHoro nokpurtss ®ABO nae 3mory min-
BUIIYBaTH SIKICTh [TOBEPXHI, 3HAYHO 3HWKYIOUH ii IIOPCTKICTh 328 PaXyHOK 3aTUPAHHS JAaTyHI B 3aMaJliHU IO C-
TKOCTI ITOBEPXHi, a TAKOK YACTKOBOI'O 3MUHAHHSI 1 3TJIaJDKyBaHHs TPeOiHIIIB MikpoHepiBHOcTel. OTpumani pe-
3yJAbTaTH JAIOTh MiJICTAaBU MIPOTHO3YBATH Ta KepyBaTH NPH HaHeceHH! aHTHU(puKuiiHuX nokpuTTiB ®ABO Ta-
KUM Ba)XJIMBUM T€OMETPUYHHMM MapaMeTpoM MOBEPXHEBOr'O IIapy, SIK NIOPCTKICTh, SIKMI OaraTto B 4OMYy BU3HA-
Yae SIKICTh 00pOOIIEHOT TOBEPXHI.

Koarwuosi cioBa: mopcrkicth, GhiHiHa aHTUdpHKLiiHa Oe3abpazuBHa 00podka (DABO), anTudpuk-
LilHE TIOKPUTTS, MIKPOPEIbED, PEKUMU OOPOOKH, SIKICTh TIOKPUTTSI.



