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The mechanism of formation of anti-friction coatings by employing friction-mechanical method
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Different interpretations of the mechanism of formation of antifriction coatings by a friction-mechanical method
hinders the widespread use of finishing antifriction non-abrasive treatment in the manufacture and repair of parts. It has been
established that at the initial stage, the application of an antifriction coating by a friction-mechanical method will be accom-
panied by a process of micro-cutting of an antifriction material with its subsequent filling of the micro relief cavities in the
form of chips. The fulfillment of the condition of micro-cutting of antifriction material is obligatory for the preparation of an-
ti-friction coatings. A theoretical scheme of the process of micro cutting during the formation of an antifriction coating has
been developed. The peculiarities of filling the micro relief cavity with antifriction material have been investigated. Taking
into account the studied consistency, a new scheme for the application of anti-friction coatings with high tribological parame-
ters has been proposed.

Key words: antifriction coating, finishing antifriction non-abrasive treatment, friction-mechanical method, for-
mation of coatings, the process of micro-cutting, micro relief.

Introduction

Current trends in the production and operation of machines, and continuously increasing demands on
the quality of the machines produced, are aimed at increasing their reliability, which largely depends on the per-
formance properties of individual parts. Improving the performance properties of parts is achieved by improving
the quality of working surfaces of parts. The quality indicators include the physicomechanical properties and the
geometric characteristics of the surface layer, which are purposefully formed on the finishing operations of the
technological process. An important role in the formation of physicomechanical properties is provided by an in-
termediate ambient through which the interaction of microasperity occurs. Consequently, one of the ways to im-
prove the quality of parts in their manufacture and repair is the modification of the working surface by applying
coatings on final operations.

Among the most simple, effective and environmentally friendly methods for obtaining coatings, a group
of technologies for finishing treatment antifriction without abrasive (FTAA) should be distinguished, which is
realized due to the frictional interaction of the processing tool with the surface of the workpiece. The result of
the using of such technologies is the coating of copper and its alloys on steel and cast iron surfaces in order to
improve burn-in and increase wear resistance due to the subsequent self-modification of surfaces under friction
conditions during operation [1].

The existing various hypotheses explaining the mechanism of coating formation in FTAA are described
in the literature, however, due to the lack of consensus on this issue, as well as due to the improvement by the
authors of the presented work of the technology of applying coatings by the friction-mechanical method [2], the
process of forming the coating by friction requires further more detailed study.

Materials and methods

According to studies [3], the formation of antifriction coatings by the friction-mechanical method has
characteristic features similar to those processes that occur during spin welding: surface activation, presence of
pressing forces, relative displacement of surfaces relative to each other. As a result, heating of the contacting ar-
eas occurs, the formation of juvenile surfaces, setting, etc., which conduce to the transfer of material from the
rubbing tool, made of plastic material, to the workpiece. The author notes that the quality of the application of
the friction copper-bearing coating depends on the operation of the four activation channels of the contact sur-
faces: mechanical, chemical, thermal, and the channel associated with plastic deformation, and the most com-
plete operation of the channels, therefore, and the intensification of friction rubbing, is ensured by applying a tri-
bo-coating with optimal load-speed processing modes and an effective compound of the technological environ-
ment.
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In this work [4], the process of formation of the FTAA coating is presented in three successively pass-
ing technological transitions:

- surface pretreatment with the aim of activating the surface of the base metal and obtaining a juvenile
surface;

- chemical interaction of the coating components and the formation of a diffusion layer;

- build-up of the coating layer.

According to [5], the following prerequisites are required for coating FTAA:

- microcutting conditions;

- plastic contact conditions;

- galling criterion;

- optimal coating parameters.

On the basis of experimental data and theoretical consideration, the formation of coatings at FTAA is
considered by the authors [6] in three stages. At the first stage, a surface-active ambient (SAA) is applied to the
surface of the part, which, possessing good surface wettability, contributes to the softening and dissolution of ox-
ide films on the surface of the part and tool. In the second stage, the solid (the workpiece) is in contact with the
soft counterbody (tool). Herewith tool wear occurs due to micro-cutting with surface roughness of the work-
piece. This phase is characterized by high pressure and the associated introduction of protrusions of the surface
roughness of the part into the surface of a softer material, forming a coating. As a result of tribo loadings and
compressive pressures, part of the wear particles formed during microcutting are pressed in the hollows between
the protrusions of the surface roughness of the part. This contributes to smoothing the surface, increasing the ac-
tual contact area, reducing the contact pressure. As a result of high local pressures, cohesive bonds arise. At the
third stage, when the cavities of the treated surface are filled, an increase in the thickness of the coating layer oc-
curs under the influence of adhesive interaction. The applied layer is strongly bonded to the base metal substrate,
and the surface roughness enhances this bond. A further increase in the coating thickness will be determined by
how much the shear strength of the coating layers will be greater than the strength of the tool material.

According to the researchers [7], the process of friction-mechanical coating is accompanied by two
competing phenomena: the formation of a coating and its destruction. Thus, the shear stresses acting in the con-
tact zone at the initial moment are destructive only for the material of a more ductile metal — copper alloy. It is
dispersed in the form of small particles which are transferred to the treated surface. With an increase in the
thickness of the coating, its strength decreases and a moment comes when the surface layer of the part cannot
pull particles from the tool, the growth of the coating thickness stops.

Such an approach to the description of the mechanism of formation of a tribo-covering, in the opinion
of the author of the work [8], seems somewhat one-sided, because it does not take into account the chemical pro-
cesses that occur during rubbing, although in most of the known developments the composition of technological
liquids includes glycerin, which is a reducing agent for copper. Researchers [3, 8] emphasize the fact that it is
necessary to consider the temperature factor, to a greater extent determining the physicomechanical properties of
interacting metals.

The model of applying antifriction coating of FTAA is considered in details in the works of German re-
searchers [7, 9], where it is indicated that at the initial moment of tribo-interaction the process of microcutting of
a copper alloy prevails. The presence of SAA resulting from the tridegradation of glycerol allows loosening the
oxide layers on the friction surfaces and plastically deforming the particles of the transferred metal in the friction
zone. Some particles are compressed in the cavities between the protrusions of the roughness, which causes a
general decrease in the roughness parameter of the treated surface. Under the influence of high local compressive
forces, the particles are pressed, and their adhesive bond is formed between themselves and the substrate.

Most accurately, in our opinion, the mechanism for the formation of a coating is described in [8], where
the FYAA process is presented as a three-stage process. At the first stage, surface grinding occurs in the mode of
external friction, where only low-strength surface layers participate, providing a positive gradient of mechanical
properties over the depth of each of the friction bodies. The second stage is characterized by friction of pure
metals free from oxide films. Normal and tangential stresses appear on the contact surfaces of the microprotrusts,
exceeding the yield strength and shear stress of the ductile metal. Due to the plastic deformation of the near-
surface volumes, the collapsing and cutting of microprotrusions occurs, and an increase in temperature in the
contact zone leads to a decrease in the yield strength of the material. As a result, there is a transfer of plastic
metal particles to a solid substrate, their deformation and the formation of new adhesive bonds. At the third
stage, a low-strength coating layer is formed on the surface, which creates a positive gradient of mechanical
properties over the depth. The transition of internal friction to external leads to the termination of the build-up of
the coating and the achievement of an equilibrium state in terms of the shear characteristics. The author notes
that the FTAA process ends at the phase when there is no bulk plastic flow of the material and the maximum
temperature is reached, which eliminates the deformation of the parts.

Summarizing the analysis of works explaining the mechanism of coating formation under FTAA, it
should be noted that there are different approaches to the description of the presented process. The formation of
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friction coatings has its own characteristics and requires further more detailed research, which will determine the
ways and means of intensifying the process of producing coatings with high tribological indicators, and thus im-
prove the quality of processing and the overall performance properties of parts.

Purpose of research

The research of the initial stage of formation of antifriction coating by a friction-mechanical method,
including the process of micro-cutting.

Results

Adhering to the hypothesis that at the initial moment of the tribo-interaction, the process of micro-
cutting of the copper alloy prevails, we make next assumptions:

- since the residual scallops of the base microrelief always have a wedge-shaped shape with a sharp
edge, each of them can be considered as a separate cutting wedge;

- the space between the residual combs (hollows) of the microrelief should be considered as grooves for
the location of chips, which is formed in the process of interaction of the tool from the antifriction material with
the surface of the substrate.

To ensure the condition of micro-cutting, the working part of the tool, having the shape of a wedge,
should go deep into the cutting layer. Otherwise, there is only a mutual crushing and the process of micro-cutting
will not be. Since the cutting wedge is under heavy loads, its material must satisfy a number of requirements, the
main ones being hardness and mechanical strength. Moreover, for the application of an antifriction coating by a
frictional-mechanical method, the hardness and strength of the base materials must exceed in certain extent the
mentioned indicators of antifriction materials.

Thus, it should be expected that the application of an anti-friction coating by a friction-mechanical
method will be accompanied by a process of micro-cutting of an anti-friction material. At the same time, antifric-
tion material will fill microscopic irregularities in the form of chips and influence the formation of a coating
film.

The process of microcutting with the friction-mechanical method of coating will be considered as a low-
temperature process of deep plastic deformations with a predominance of a simple shear of the material being
processed in the chip formation zone according to the free orthogonal cutting pattern characteristic of the broach-
ing process. The theoretical scheme of the process of microcutting during the formation of an anti-friction coat-
ing by the friction-mechanical method is shown in Fig. 1. In this case, we used standard terms and notation that
refer to the treatment with cutting [10].

Suppose that a separate micro-comb on the surface of the base plays the role of a cutting wedge, and the
anti-friction bar is the object from which the metal layer is cut. According to the presented scheme (Fig. 1), the
process of micro-cutting is ensured by pressing the antifriction bar to the base surface being processed with a
force P and moving it across the asperities V. In this case, the thickness of the cutting layer @ will be determined

p by the depth of penetration of the cutting wedge into the an-
¢ tifriction material, which depends, besides the force P, on

the plastic properties of the latter and the angle of tapering 3

v of the cutting wedge.
Under certain conditions of micro-cutting, a growth
?/ A is formed on the front surface of the cutting wedge, which is
a piece of plastically deformed material being processed, the
hardness of which is in 2 - 5 times greater than the initial
one. The fit is wedge-shaped and influences significantly the
process of micro-cutting by changing the initial geometry of
the tool. The phenomenon of growth is also characteristic of
the process of cutting broaching, which is characterized by
low speed and temperature of cutting, which occurs when
applying antifriction coatings according to the method pro-

posed in [11].

A build-up 4 (Fig. 1), performing the function of a

Qy
oY)
S

Basis

Fig. 1 — The theoretical scheme of the process of cutting wedge, first of all, changes the rake angle ¥ from

microcutting during the formation of an anti-friction  pegative to positive Yy, to a certain value and provides a sta-
coating by the friction-mechanical method

ble value of the cutting angle Oy, increases the thickness of
the layer being cut to @, which positively affects the process chip formation.
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It is difficult to obtain a high-quality coating on a surface that has a coarse regular microrelief. This is
due to the peculiarities of filling the interbrain depressions with antifriction material. So, when the coating film is
applied by a friction-mechanical method, voids appear between the individual particles of the antifriction product
(Fig. 2). This phenomenon affects the quality of the coating, namely the continuity and density of the anti-
friction film.

Fig. 2 — Fragment (x 140) coated bases:
A — the basis (cast iron GCI20);
B — coating in the inter-ridge cavity (bronze TZS 5-5-5)

Therefore, it is possible to improve the quality of the coating by creating favorable shapes and sizes of
asperities in the previous FTAA operations. To strengthen the antifriction film, it seems reasonable to use one of
the methods of cold plastic deformation - deforming broaching, which will allow:

- to ensure the packaging of individual elements of the antifriction product (chips) into a continuous
mass, the strengthening of the coating materials and the substrate by means of surface plastic deformation;

- to improve the quality of adhesion of antifriction material with the base;

- to create a microrelief with a greater bearing capacity of the surface.

Conclusions

The widespread use of the FTAA friction-mechanical method is hampered by the absence of a single
theoretically grounded approach to the formation of an anti-friction coating, and the existence of different opin-
ions on the mechanism of the formation of coatings indicates the need for further research based on modern sci-
entific ideas about the processes occurring on the contact surfaces during friction coating.

Taking into account the predominance of the micro-cutting process at the initial stage of the formation
of the coating, a theoretical scheme of the micro-cutting process with the FTAA friction-mechanical method is
proposed. The peculiarities of filling the microrelief of the depression with antifriction material allowed us to
propose the following scheme for applying FTAA coatings: mechanical surface preparation with the creation of
a regular microrelief, coating by friction-mechanical method, deforming broaching. The using of this technology
will improve the quality of the surface layer and operational properties of parts.
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IHenenenxo 1.B., ITocesarenko E.K., Yepkyn B.B. Mexanism yrpopennsi anTHGpuKIiifHMX MOKPUTTIB QpHUK-
niliHo-MeXaHiYHUM METO0M.

BigminHOCTI B miIXomax 1 TpaKkTyBaHHI MEXaHI3My YTBOPEHHS AHTHQPHUKIIHHMX IOKPUTTIB (pUKLiiiHO-
MEXaHIYHUM METOJIOM CTPUMYE IIMPOKE 3aCTOCYBaHH: (iHIIIHOI aHTU(PUKLIHHOT Oe3a0pa3uBHOI 0OPOOKH IIiJ| Yac BUrOTO-
BIICHHS Ta PEMOHTY JeTaliedl. BcraHOBIICHO, 110 MOYAaTKOBMII eTan HaHeceHHS aHTHU(pPUKUiIHOro MoOKpuTTs (QpHKLilHO-
MEXaHIYHUM METOJIOM CYIPOBOXKYETHCS MPOLIECOM MiKpOpi3aHHS aHTU(QPHUKIIHHOrO MaTepialy 3 HACTYITHUM 3allOBHEHHAM
3anaauH Horo mikpopenbedy. BukoHaHHS yMOBM MikpopizaHHs aHTH(PUKLIIHOrO Marepiany € NnepegyMOBOIO Ul OAep-
KaHHS SKiCHOro aHTH(pUKLiiHOro mokputTa. IIporec MikpopizaHHs npH QpUKLIHHO-MEXaHIYHOMY METO/lI HAHECEHHS 10K~
PHUTTIB PO3MVISHYTHI SK HU3bKOTEMIIEPATYPHUH IpoLec IIIMOOKUX IUIACTUYHUX JedopMalliil 3 mepeBaroto npocroro 3cyBy
00pOOITIOBAHOTO MaTepiary B 30HI CTPYKKOYTBOPEHHS 32 CXEMOIO BUIBHOI'O OPTOrOHAJIBHOTO pizaHHs. Po3pobiena TeopeTn-
YHa CXeMa IpoLecy MIKpopi3aHHS Iijx yac GopMyBaHHS aHTH(PUKLIHHOIO MOKPUTTS (PPUKLIHHO-MEXaHIYHUM METOIOM i3
BUKOPHCTaHHSIM CTaHIAPTHUX TEPMIHIB 1 O3HAUCHB 3 Teopii pi3aHHs. Jl0oBEaEHO, 110 OCKUIBKH 3aJIMIIKOBI IPeOiHIl MiKpo-
penbedy OCHOBU 3aBXKAM MAlOTh KIMHONOAIOHY ()OpPMY 3 TOCTPUM KpaeM, TO KOXHI 3 HUX MOXKHA PO3IJIANATH K OKPEeMHUM
PiKy4uMil KIHH, a IpocTip MiXk rpediHIsIMY (3aaiMHN) MiKpopenbedy BapToO BBaXKATH KAHABKAMH ISl PO3TAllyBaHHS MiKpO-
CTPYXKH, 5IKa YTBOPIOETHCA B IIPOLECi B3a€MOJIIT IHCTpyMeHTa 3 aHTH(PUKLiIHOro Marepiany 3 MoBepxHero ocHoBH. IToka-
3aHO, 1110 B IIPOIIECi MiKpOpi3aHHsA aHTU(PUKLIHHKI MaTepial OyJie 3a0BHIOBATH MiKPOHEPiBHOCTI MiKPOCTPYKKOIO 1 BILIH-
BaTH HAa YTBOPEHHS IUTiBKU MOKPUTTS. JlociimkeHi 0coOIMBOCTI 3aII0BHEHHSI 3aI1aIMHU MiKpopenbedy aHTUPUKLIHHIM Ma-
TepianoM. BHaciiiok HaHeCeHHs TOKPUTTS (PPUKLIHHO-MEXaHIYHUM METOJIOM MiXK OKPEMUMH YaCTHHAMH aHTH(QPHUKLIHHOrO
MPOLYKTY BUHHUKAIOTH ITOPOXHHHH, L0 HETaTHUBHO IO3HAYAETHCS HA SKOCTI IOKPUTTS, HOro CyHIBHOCTI Ta IIUIBHOCTI.
BcranoBieHo, 10 MiJIBUIUTY SKICTh HOKPUTTS MOXJIMBO LIJISIXOM CTBOPEHHS CHPHATIMBUX (OPM 1 po3MipiB MiKpOHEpiBHO-
cTeil Ha ornepalrlisx, 10 NepelyloTh HAHECCHHIO OKPUTTS. 3 ypaxyBaHHAM BHBUCHHUX 3aKOHOMIpHOCTEH 3aIIpOINIOHOBAHA HO-
Ba CXEMa HAHECCHHS aHTHU(MPUKLIIHUX MOKPUTTIB 3 BUCOKUMH TPUOOTEXHIYHUMHU IOKA3HUKAMU: MEXaHIYHA IiJrOTOBKA I10-
BEPXHi 31 CTBOPEHHSM PEryJIIPHOI0 MiKpOpebedy, HAHECEHHS! HOKPUTTS (PHUKLIHHO-MEXaHIYHUM METOAOM 1 nedopmyroue
MPOTATYBaHHA. 3aCTOCYBaHHS TAaKOi TEXHOJIOrI] Ja€ 3MOry MiJIBUIIUTH SKiCTh MOBEPXHEBOIO IIapy i eKcIuTyaTaliiHi Biac-
THBOCTI JeTaneil.

Kurouosi ciioBa: anTudpukuiiine nokpurts, Qininza anrudpukiiina 6e3abpasusHa 00podka, GppuKIiHHO-MeXaHIUHUIT Me-
TOA, HOpMYBaHHS MOKPUTTS, NPOLIEC MiKPOpi3aHHS, MiKpoOpebed.
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