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AnHoramus. OunuimHasg aHTHQpUKIMOHHAS Oe3abpasuBHas obOpabotka (PABO) sBiseTcs ogHUM
U3 BBICOKOI((EKTHUBHBIX METOMOB MOBBIIICHHS TPUOOTEXHUUECKHX CBOMCTB JeTanell (M3HOCOCTOWKOCTD,
3aJUPOCTOMKOCTB). OTCYyTCTBUE BBICOKOA(D(EKTHUBHBIX TEXHOJOTMYECKUX CPEd M YCTPOWCTB Uit 00pabOTKU
JeTanel, a Takke HU3Kas KOPPO3MOHHAs CTOMKOCTh HAHECEHHBIX MEIAbCOAECPIKAIIMX IOKPBITUN CHAEPKUBAET
npumenenre PABO. OpuKIMOHHOE aTUTUPOBAHUE, NpENIaraéMoe aBTOpaMH, 3aKIIIOYaeTCs B HAHECCHUHU
QTFOMUHHUKACOIEPIKAIIETO 3AMUTHOTO TOKPBITHS TPEHHUEM, 32 CUET MPHUMEHEHUS aJFOMUHHEBOTO HATHPAIOIIETO
MHCTPYMEHTA M pa3pabOTaHHON TEXHOJIOTHUECKOM Cpelibl, BKIIOUaroIe B ceOs conu amoMmuHus. B kauectse
Marepualia HaTHPArOIIero HHCTpyMeHTa BbiOpaH TexHudeckuid cruiaB Mapku AJ[1 TOCT 4784-97, cocrosmmit
u3 99,3% Al, Fe — 0,3%; Si— o 0,3%; Ti — me 6omnee 0,15%; Zn — o 0,1%; Mg — re 6omee 0,05%; Cu — no 0,05%;
Mapranma Mn — "e 6osee 0,025% u npumeceit — 10 0,05%. B xauecTBe 0OpabaTsiBacMOl AeTaiy MPH OTPaOOTKE
TEXHOJIOTUH HCTIONh30BAIMCH IHJIMHIAPUYECKHEe 00pasipl. PazpaboTaHHas aBTOpaMy TEXHOJIOTHYECKas cpena
BKJIFOYA€T COJIM MEAM, OJIOBA M HUKEJs, IIMLEPUH, IIIFOKO3Y U BOLY C JIOTOJHHUTENILHBIM COAEPKAaHUEM Colel
QTIOMUHHSA. YCTAaHOBIICHO, YTO JUIsl KAUECTBEHHOTO MPOTEKaHUsI (PUKIIMOHHOTO aTUTUPOBAHUS TPOIIECC TOJKEH
OCYIIECTBIATHCS 32 3...4 MPOXo/Ia Ha CKOPOCTH CKOJIbKEHHs Hatuparorero naerpymenta 0,1...0,3 m/c u qaBineHnn
HATHUPAIOILEro MHCTpyMeHTa B mpenenax S...7 Mlla. B maccoBoM NpOM3BOJACTBE TEXHOJOTMUECKUN MPOLECC
AIMTHPOBAHMS JOJDKEH, BKIFOYATh CIEAYIOIIAE ONepAIii: O4MCTKa 10 00paboTKH, nedexrarus, GpUuKImoHHOe
AIMTUPOBAHKE, OYMCTKA MOCE 00PaOOTKH, KOHTPOJIb Ka4yeCTBA MOKPHITUS U MPU HEOOXOIUMOCTH JJTUTEIHHOIO
XpaHEHHUS — KOHCEPBALUS JICTAJIH.
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Abstract. Finishing anti-friction non-abrasive treatment (FANT) is one of the highly effective methods of increasing
tribotechnical properties of parts (wear resistance and scoring resistance). The lack of highly effective technological
media and devices for treating parts, as well as low corrosion resistance of the applied copper-containing coatings
restrains the use of FANT. The technology of friction alitising, proposed by the authors, consists in the application
of an aluminum-containing protective coating by friction, through the use of an aluminum rubbing tool
and the developed technological medium, which includes aluminum salts. The technical alloy of AD1 grade GOST
4784-97, consisting of 99.3% Al, Fe — 0.3%; Si— up to 0.3%; Ti — not more than 0.15%; Zn — up to 0.1%; Mg — not
more than 0.05%; Cu — up to 0.05%; manganese Mn — not more than 0.025% and impurities — up to 0.05% was
chosen as a material of the rubbing tool. Cylindrical samples were used as the treated part during the elaboration.
The technological medium developed by the authors includes salts of copper, tin and nickel, glycerine, glucose
and water with additional content of aluminum salts. It has been established that qualitative friction alitising should
be carried out in 3 to 4 passes at a sliding speed of the rubbing tool of 0.1 to 0.3 m/s and pressure of the rubbing tool
within 5 to 7 MPa. For mass production, the technological process of alitising should include the following operations:
cleaning before processing, defecting, friction alitising, cleaning after processing, quality control of coating
and preservation of the part — if necessary for long storage.

Keywords: wear resistance, scoring resistance, antifriction properties, finishing antifriction non-abrasive treatment,
FANT, technological environment, friction alitising (aluminising), aluminum-containing coating.

For citation: Balabanov V.I., Dobryakov D.V., Alipichev A.Yu. Developing the technology of friction alitising.
Agricultural Engineering (Moscow), 2023;25(5):52-56. (In Eng.). https://doi.org/10.26897/2687-1149-2023-5-52-56.

Introduction. Finishing antifriction non-abrasive
treatment (FANT), developed by D.N. Garkunov
and V.N. Lozovsky, is one of the highly effective methods
of increasing tribotechnical properties, such as wear resis-
tance, scoring resistance, and coefficient of friction of new
and reconditioned surfaces of rubbing joint parts [1-2].

The essence of the FANT process consists in the fric-
tional coating of plastic (soft) metals on the contacting
surfaces of parts of rubbing joints (cylinder liners, con-
necting rod and crankshaft main journals, supporting
surfaces of camshafts, shafts, rods, and pins) in a special
technological medium [1-2].

Based on the literature-and-patent review, the authors
have established that FANT enhances increased scuff
resistance, decreased wear intensity and friction losses
in rubbing joints, in their subsequent operation after man-
ufacturing or overhaul due to selective transfer processes
occurring during friction (the Garkunov effect), consisting

in formation of protective self-healing “servovitic” films
on the friction surfaces [3, 4].

The wide application of various FANT technologies is
constrained by the lack of highly effective technological
media and devices for the treatment of various parts, as
well as the low corrosion resistance of the applied cop-
per-containing coatings [6, 7].

Purpose of the research: to develop the technology
of friction alitising of friction surfaces of rubbing joint
parts.

Materials and methods. To improve the FANT
technology by increasing the anticorrosive and tri-
botechnical properties of the treated parts it is advisable
to use aluminum alloys with enhanced anticorrosive
properties, high plasticity, as well as a new technologi-
cal medium containing, along with salts of other plas-
tic metals, aluminum salts as a material of the rubbing
tool. The technological processis proposed to be called
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“friction alitising (aluminising)”, by analogy with
the previously known methods of friction brass plating
and bronze plating.

The technical alloy of AD1 grade GOST 4784-97, con-
sisting 0of 99.3% Al, Fe — 0.3%; Si—up to 0.3%; Ti —not
more than 0.15%; Zn —up to 0.1%; Mg — not more than
0.05%; Cu—up to 0.05%; manganese Mn — not more than
0.025% and impurities — up to 0.05% was chosen as a ma-
terial of the rubbing tool.

To work out the modes of friction alitising, the authors
used a 1K62 lathe and a screw-cutting machine with
a special device installed in its toolholder (Fig. 1, 2). Cy-
lindrical samples were used as workpieces.

To carry out the process of friction alitising, the au-
thors applied the developed technological medium (inven-
tion application No. 20233122292 dated August 28, 2023)
containing copper, tin and nickel salts, glycerine, glucose
and water, the peculiarity of which is the additional con-
tent of aluminum salts.

Results and discussion. Based on literature and pat-
ent analysis, theoretical studies in the field of tribology
and laboratory tests, the authors have formulated the main
requirements for developing technological fluids by iden-
tifying the influence of various components on the ap-
plication process and the resulting properties of alumi-
num-containing coatings [5, 6].

It was found that the total content of salts of plastic
metals below 1.0% does not ensure the formation of coat-
ings with high tribotechnical properties. The total content
of salts more than 5.0% leads to an increase in the cor-
rosive effect of the composition on the treated surface
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and to the overconsumption of active components of this
medium.

Presence of aluminum salts in the composition enhanc-
es increased anticorrosive and scoring-resistant properties
of the obtained coatings.

The content of glycerine in the amount of 30 to 40%
provides optimal viscosity of the composition and the
necessary concentration of surfactants formed as a result
of glycerine tribodegradation.

The concentration of glucose below 6% does not fully
ensure the recovery of sufficient amount of metal from
the composition. The content of reducing agent more
than 10% does not improve the properties of the coating
and does not lead to a significant increase in the coating
process productivity. At the same time, it leads to the over-
consumption of the composition.

Water and glucose have a cooling effect, good solu-
bilising ability in relation to other components of the com-
position, and significantly reduce viscosity. Due to the
latter fact, the composition can be used in the systems
of supplying the technological medium of the machine
tool.

Steel and cast iron parts are coated at a sliding speed
of the rubbing tool of 0.1 to 0.3 m/s. Decreasing the speed
of processing reduces the process performance. On the
other hand, the increase in speed leads to a decrease in the
quality of coating and subsequently scoring-resistant
properties. The pressure of the rubbing tool providing uni-
form coating of reddish colour is within 5 to 7 MPa. These
modes require 3 to 4 passes of the rubbing tool to obtain
continuous and uniform coatings.

___________ 3

— ) '

N

Fig. 1. Principal scheme of friction alitising:
1 —machine rotation drive; 2 — workpiece; 3 — aluminum-containing coating;4 — aluminum rubbing tool;
5 —moving center of the tailstock; 6 —toolholder; 7 — FANT device; P — pressure force of the rubbing tool,;
n — longitudinal feed of the machine toolholder; ® — angular velocity of the workpiece

Puc. 1. IlpuanmnuansHas cxeMa (pPUKITOHHOTO AJTMTHPOBAHMS:
1 — puBOJ BpallleHUs CTaHKa; 2 — JeTallb; 3 — AIOMUHUICOEpKaILee TIOKPBITHE; 4 — AFOMUHUEBBII HATUPAIOLIMI HHCTPYMEHT;
5 — MOJBYDKHBIN LIEHTp 3aj1Her 0a0Ku; 6 — pesrenepxarenb; 7 — ycrpoiictso st DABO;
P — cuna nprkatyst HAaTMPAIOIETO UHCTPYMEHTA; 71 — MPOJI0JTbHASI TTof[aua pe3lieiepKaresisi CTaHKa; () — YIVIOBasi CKOPOCTh AETaln
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Fig. 2. External view of the device for elaborating
the modes of friction coating

Puc. 2. BHenrnuii Buj ycTpoiicTBa /1J1sl 0TPadOTKHU
PeKMMOB HaHeCeHHs MOKPBHITUH TPeHUueM

As aresult of processing with the proposed composi-
tion, the resulting coating is a composite material enriched
with aluminum near the free surface.

To use the described method in serial and mass pro-
duction, we propose a technological process including
several main operations: cleaning before processing, de-
fecting, friction alitising, cleaning after processing, qual-
ity control of the coating, and preservation of the part if
necessary for long-term storage.

Before applying protective coatings by friction alitis-
ing it is advisable to degrease the surface with monoetha-
nolamine TU6-02-915-79 or white spirit GOST 3134-78
to remove particles of oil lubricating and cooling process
media left after the machining of parts.

The machined part is installed in the holders of lathe,
screw-cutting, boring, honing or other machine prepared
for friction alitising.

For serial and mass friction alitising of parts, it is nec-
essary to develop and test special fixtures, for example,
devices for friction-mechanical coating of crankshafts or
special heads for cylinder liners.

The surface of the part to be treated is wetted
with the developed process fluid. The rubbing ele-
ment of the device is brought into contact with the sur-
face to be treated, pressed down with a predetermined
force. Then the rotating device is switched on and
the cross-feed of the device along the sample is per-
formed. A sharp whistling sound indicates that coating
is in progress.

The literature-and-patent analysis gives grounds
to consider that the quality coating depends in a certain
way on the activation of four activation channels of treat-
ed surfaces: mechanical, chemical, thermal, and vacan-
cy-dislocation channel. During coating, besides chemi-
cal activation of the surface by chemical components
contained in the process medium, additional activation
of the process is provided by triggering the mechanical
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channel (destruction of oxide films in the contact zone
and plastic deformation (riveting) of subsurface layers),
as well as the thermal channel due to intensive heating
of the contacted areas of the treated surface by the rubbing
tool [5, 8].

The most complete activation of channels and inten-
sification of the process of composite antifriction coating
application is provided by tribocoating at optimal loading
and speed modes of processing and effective composition
of the technological medium.

Processing is carried out in several passes until obtain-
ing a uniform coating without uncoated spots and large
particles of the transferred metal.

After coating, the machine drive is switched off and the
processed part is removed from the machine. To reduce
the aggressiveness of substances in the water, the treat-
ed surfaces are washed with a 1% solution of glycerine
GOST 6259-75 in water GOST 2874-82.

The treated parts is dried first with compressed air ac-
cording to GOST 11882-73 at a pressure of 0.1 to 0.2 MPa
using a blowing tap type 9693-1108, and then dried in the
open air at a temperature not lower than 20°C.

Quality control of coatings (colour and continu-
ity) is carried out by external inspection on the ORG
1168-01-080A inspector’s table with the help of a mag-
nifying glass LP-4x GOST 25705-83. Then, if necessary
for long-term storage, the parts are covered with a thin
layer of preservative grease and sent to the warehouse.

The analysis of literature sources gives grounds to as-
sume that for long-term preservation of high antifriction
properties of treated parts in the subsequent operation
of rubbing joints it is advisable to use lubricants with
metal-cladding additives containing chemical compounds
of aluminum [3, 5, 9].

Conclusions

1. The article considers a new technology of appli-
cation of anti-wear coatings by friction — friction alitis-
ing (aluminising), which is a kind of FANT and consists
in the application of aluminum-containing protective
coatings by friction, due to the use of aluminum rubbing
tools and a new technological medium including alumi-
num salts.

2. Based on laboratory studies the authors have es-
tablished that the formation of continuous and uniform
coatings by friction alitising is achieved for 2 to 3 work-
ing passes of the rubbing tool at a sliding speed of 0.1
to 0.3 m/s and pressure within 5 to 7 MPa.

3. The technological process of friction alitising
of parts includes the following main operations: cleaning
before processing, defection, friction alitising, cleaning
after processing, quality control and coating preservation
of if necessary for long-term storage.
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