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Wear of parts is accompanied by a decrease in performance, especially with long-term use of
machines, which causes deterioration in product quality.

The growth of the equipment of agricultural production with more advanced equipment, the conduct
of integrated mechanization and increase the efficiency of equipment is developing, changing and repair
production. The development of the field of restoration of worn parts is based on close cooperation of repair
production with branch and basic science, and achievement of scientific and technical progress.

Deepening the method of group recovery technology to create a unified group equipment for surface
restoration is a promising area of restoration technology in organizational terms. A large number of restored
machine parts are discarded due to low wear of working surfaces, amounting to one percent of the initial
weight of the parts. Research has proven and practically confirmed that the restoration of machinery,
machines, and mechanisms is technically impossible to avoid, but on the other hand the restoration is
economically feasible. The restored part serves the same term as the new one, and may exceed the service life
of the new part.

The paper presents the results of research on the performance characteristics of coatings obtained by
the developed technology. These studies were aimed at improving the quality of coatings that are restored by
electro contact cauterization, namely to obtain uniform physical and mechanical properties in the cross section
of the coating. The result is an upgraded technology, which involves cauterization of the powder with an
electrode with a shaped contact surface with simultaneous surface plastic deformation of the surface.

Key words: restoration, surface deformation, wear resistance, shaft, spraying, powder material,
equipment.
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1. Problem formulation

Studies related to the improvement of the technology of electro contact cauterization of powder
materials in the restoration of "shaft" parts indicate the widespread use of this method in many industries [1].

The research data were aimed at improving the quality of the coating obtained by electro contact
cauterization, namely to obtain uniform physical and mechanical properties in the cross section of the coatings.
The result of these studies was an upgraded technology involving the cauterization of powder with an electrode
(surface plastic deformation) with a shaped contact surface with simultaneous surface plastic deformation of
the surface (coating in one technological cycle with cauterization: electro contact cauterization of powder
materials in surface plastic deformation) [1, 2].

2. Analysis of last researches and publications

It is determined that the combined coating process should be used to restore cylindrical parts that
operate in the conditions of marginal, abrasive and hydro abrasive lubrication [1-3]. The amount of wear that
can be restored in this way can be in the range of 0.05-1.5 mm, the hardness of the coating can reach 30-70
HRC depending on the powder material. Diffusion-doped composite powder, Fe-B-C systems with spherical
particles with a size of 60-100 pm and a diffusion shell thickness of 10-15 um were used as powder material
in the research. The hardness of the obtained coatings was 50-52 HRC. The results of researches of operational
characteristics of coverings received on the developed technology are resulted [3].

In solving the problem of increasing the durability of machine parts, the most important role is played
by the antifriction properties of the applied coatings: wear resistance, friction coefficient, the possibility of
running ets.
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3. Aim of the researches

Improving reliable operation and ensuring high strength of restored parts by applying wear-resistant
coatings.
This provision is one of the main requirements for repair production.

4. Results of the researches

It is known that friction units create conditions that provide oil to the friction zone, but under certain
operating conditions there may be a direct collision of friction surfaces, the so-called "dry" friction, which can
lead to setting of the friction surfaces. In this regard, the surfaces of hardened steel 45 and coatings obtained
by the combined technology of electrocontact cauterization of powder materials during surface plastic
deformation were studied.

The MI-1M friction determination machine was used to study the characteristics of friction surfaces
without lubrication and at the maximum friction from the specific load and sliding speed [4].

Experimental values of linear wear depending on the duration of the tests without lubrication and at
the maximum friction are presented in (Fig. 1).

From the graphs (Fig. 1) it is seen that the

g : samples of coatings obtained by the developed

technology have a wear resistance of 1.7-3 times

) higher than the reference sample of hardened steel
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2 The study was performed at a specific load of

L 0.5 MPa and a sliding speed of 0.5 m / s without

lubrication and when applying oil to the friction

zone. The linear wear of the samples was determined
after every 5000 rpm, which corresponded to 628 m
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Fig. 1. Relative wear resistance depending on the

60 revolutions

time of operation of the coupling: 1 - sample of
hardened steel 45; 2 - sample with coating (with
maximum lubrication); 3 - sample with coating

of the friction path. The total duration of the exams
covered both the run-in period and the period of
permanent wear. In each experiment, in addition to
linear wear, the moment of friction was recorded.

(without lubrication).

The results of comparative tests showed that after 50,000 revolutions, the wear process, both in
conditions of extreme friction and without. lubrication, occurs with constant intensity. Therefore, the obtained
results of wear after 50,000 revolutions of the roller were used to compare the wear resistance of the surfaces
of the studied samples [4].

The reason for high wear resistance is the favorable ratio of micro hardness of the structural
components of the layer when using DL powders and improving the conditions of surface lubrication.

The porosity, which remains in the coating and can be 5-12%, contributes to the retention of oil in the
surface layer. The macro geometry formed as a result of use of a profile electrode provides a qualitative supply and
uniform distribution on the contact area of lubricant. The helical nature of the grooves in the restoration of cylindrical
parts contributes to the formation of the oil wedge and the removal of wear products from the friction zone.

Plastic deformations in the processing of metals by pressure are the main factor in the formation of
macro geometry and micro geometry. As a result of pressure of rollers on metal of a surface layer there is a
plastic deformation of rough nesses of a surface, their smoothing and flow of metal from ledges in hollows.
This changes the shape and direction of the inequalities and reduces their magnitude to lower values.

The helical groove on the surface of the part allows you to keep the oil during the operation of the
coupling, apply it under some pressure to the friction zone and distribute more evenly on the friction surfaces.
The openness of the groove (ie the possibility of free release of oil) improves the flow of oil in contact with
the surfaces and ensures the removal of wear products from the friction zone.

In order to study the coatings in working conditions, a batch of experimental camshafts of the engine
was restored according to the developed technology with coating on the support necks, and a batch of shafts
restored according to the technology of vibroarc surfacing was selected.

Checking the efficiency of parts restored by the developed technology was performed on stands and
in operating conditions [5].

During operation, the support necks of the engine camshaft are lubricated under the pressure of the oil flowing
through the channels of the crankcase. They work in conjunction with plain bearings in the conditions of hydro abrasive
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wear. During the operation of the shaft on the support necks are cyclic loads that accelerate its wear, and sometimes
lead to bending of the shaft. As a result of the wear process, the support neck becomes oval or conical. The wear of the
support neck in diameter can reach 0.1-0.15 mm, after which the shaft is discarded or restored.

The main methods of repairing the camshaft support necks are grinding to the repair size. Worn necks
of the last repair size are restored by vibro-arc surfacing with a high-carbon steel electrode.

Restoration of worn parts by vibro-arc surfacing has a number of advantages over other methods of
recovery: low voltage at which the process takes place and intermittent nature, which allows surfacing at low
depths of heating the part, almost without deformation. However, the appearance of internal stresses in the
deposited layer and the possibility of microcracks due to intensive cooling lead to a decrease in fatigue strength
of the part, which negatively affects the performance of parts operating under alternating loads [6].

Comparisons of experimental and serial camshafts, as well as sleeves that are coupled to the support necks,
were performed before and after the tests by external inspection and by measuring the amount of wear of couplings
using universal measuring instruments: measuring centers type PBM-500, micrometer, hour meter, indicator. The
control was performed in two mutually perpendicular planes and in two sections, as shown in (Fig. 2).
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Fig. 2. The scheme of measurement of wear of the worked details: a - a shaft; b - bushing.

The results of studies of wear resistance of the conjugation are presented in (Fig. 3).
A As can be seen from the diagram (Fig. 3), the
1.5 necks, restored by the developed technology, wear
10 less intensively than new ones, and are restored by
surfacing. The increase in the intensity of wear of the
1 2 3 sleeve is due to the open porosity, which is always
present when using powder materials, as well as

1 2 3 uneven microhardness of the material.

Increasing the wear resistance of the camshaft occurs:

- due to the use of wear-resistant materials
(namely diffusion-doped powder of the system Fe-B-C;

- due to the uniform distribution of physical
and mechanical properties over the width of the
coating and the favorable nature of the residual
stresses inherent in electrocontact sintering;
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Fig. 3. Diagram of wear intensity
x10~5 m/1000 km: 1 - new parts; 2 - parts
restored by vibroarc surfacing; 3 - parts restored
by combined technology.

- by improving the lubrication conditions that arise from the additional supply of oil through the
channels remaining when using the electrode with a curved contact surface, and the flow of oil in the situation
of extreme friction from the pores that occur when coating with electrocontact sintering.

In this case, the porosity is a technological factor in improving the reliability of friction parts, due to
improved lubrication or anti-burst resistance of steam.

The porous surface, saturated with oil, is self-lubricating; monomolecular layer on the working surface
is easily formed due to the high mobility of surfactants contained in the oil. A thicker boundary film is formed
due to the inflow of oil from the pores due to the thermal expansion of the gases closed in the pores. Increasing
the bearing temperature automatically causes additional oil to enter its outer surface; when cooled, the
remaining oil is absorbed into the bearing.

The process of liquid friction in a bulk material bearing is different from the process in a monolithic
liner. In the area of high pressure of the lubricating layer, the oil is partially pushed into the walls, which leads
to its leakage from the area of low pressure. At low speeds and high loads, the transition from fluid to semi-
liquid friction in a bulk material bearing is slower than in a monolithic bearing.

Insufficient lubrication in the hydrodynamic bearing reduces the thickness of the lubricating layer at
low sliding speeds and limited bearing capacity.
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5. Conclusions
Therefore, as a result of the research it was established and determined that the parts restored by
electrocontact cauterization of diffusion-doped powder with a shaped electrode with simultaneous plastic
deformation of the surface have wear resistance 1.7-2 times higher than new parts and 1.2 times higher than shafts
restored by vibroarc surfacing, to restore a significant number of parts and give them physical and mechanical
properties that can’t be obtained by other methods and makes it highly expedient in wide application.

THHOBAIIMHI MIAXOAU TA METOJM NIABUIIEHHS TEXHIYHOI'O PIBHS
MAIIINH I ATPET'ATIB

IIpu 0o62ompueanomy 6UKOPUCMAHHI MAWUH 3HOULYBAHHS Oemaieli CYnpPoBOONCYEMbCSL SHUNCCHHAM
EeKCNILyamayiiHuxX NOKA3HUKIB, WO BUKIUKAE NO2IPUIEHHS AKOCI 8UpODI8.

Hiosuwenns noxkasnukie HAOIHOCMI | MEPMIHI8 CIYHCOU MAULUH, 8Y3]i6, azspe2amis € 8aMCIUBUM
YUHHUKOM 3MEHUWIeHHs eumpam Ha 6iOHOGIeHHs Oemaneu. Bnpoeadoicenns HOGIMHIX MexXHON02ill
CIIbCLKO20CNO0APCHKO20  BUPOOHUYMEA, a MAKOJC NOCMIlHe CYYacHe YOOCKOHANEHHS, YCKIAOHEHHS
CLIbCLKO20CNO0APCHKOI MEXHIKU € NPUPOOHUM Pe3YIbIMamoMm ii po36UmKy.

Poszeumox eanysi 6iOHo6NeHHS 3HOWIEHUX Oemaiell 0A3yYembCs HA MICHIL 63AEMOOLl PEMOHIMHO20
BUPOOHUYMEA 3 2aT1Y3e6010 MA PYHOAMEHMATLHOIO HAYKOIO, O0CACHEHHAX HAYKO8O-MeXHiuH020 npocpecy. Memoo
2PYNnosoi mexHono2ii 6iOHOBNIEHHS Ol NOBEPXHEBOI pecmaspayii € NepCneKmMUSHUM HANPpSIMOM 8 OP2aAHI3ayitIHOMY
giOHOWenHI. 1Iposedenumu 00CTiOHCeHHAMU 008E0EHO, U0 MEXHIUHO HEMONCTUBO YHUKHYMU GIOHOBTICHHS MAUUH,
MAuiuH, MEeXanizmis, a 6IOHOGICHA Oemallb CIAYINCUMb MAKULL Jce MepmiH, sk i Hosa. Texnonozii 8i0HOGIeH S
Odemaneti GIOHOCAMbCA 00 OLIbLU pecypco30epiearouux y NOPIGHAHHI 3 8ULOMOBIEHHAM HoBUX Oemanel. Pozsumox
2anysi 6IOHOGNEHHSA 3HOUWEHUX Oemanell Oa3yeEmbcs Ha MICHOMY CRIBPODIMHUYME] PEMOHIMHO20 GUPOOHUYMEA 3
2an1y3e6010 i (PYHOAMEHMANLHOIO HAYKOI0, MA O0CACHEHHS HAYKOBO-MEXHIUHO20 NPOPEC) .

YV pobomi nasedeno pesyromamu 00cCniodceHb eKCnayamayiiHux Xapakmepucmux ROKpUmmis,
OMPUMAHUX 3d POo3pobaeHO0 MmexHONo2ier. LI docniodxcenHs Oyau cnpamosani HA NIOBUWEHHS AKOCHI
NOKpUMmMie, wo GiOHOBNI0IOMbCA eIeKMPOKOHMAKMHUM NPUNIKAHHAM, a4 CAMe OMPUMAHHA OOHOPIOHUX
@isuko-mexaniunux eracmugocmeli y nonepeuHomy nepepisi nokpumms. IlepcnekmusHum HAnpaAMKOM
MexXHON02Ii BIOHOBIEHHS 8 OP2AHI3AYIUHOMY NIAHI € NO2TUDTIEHHS MeMOQdY ePYNOBOT MEXHONO02I] 8IOHOGICHHS
CMBOpeHHs YHIPIKOBAHO-2PYNO0BO20 OCHAWEHHS OJIs BIOHOBNEHHS NOBEPXOHD.

Knrouoei cnoea: 6ionoenenns, noeepxneea Oeopmayis, 3HOCOCMIUKICMb, 64J, HANUICHHS,
HROPOWKOBULL MAMEPIa, OCHACMKA.
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