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The peculiarities of the wear of the necks of crankshafts are analyvzed. Modification of the surface
of the crankshaft neck with mineral and organo-mineral materials makes it possible to increase the
wear resistance of the coupling in the entire range of heating temperatures of the lubricant, reduce
the values of friction coefficients and temperature in the tribocontact zone and, accordingly,
significantly increase the durability of the tribonode.
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Problem. During the operation of such complex and expensive units as mternal combustion
engines, sudden failures occur, the cause of which are parts with defects that require replacement or
repair, and the necessary technologies for this in most cases are not available. As a result of wear, the
mitial dimensions of the mating surfaces of the parts change, and their geometric shape is distorted if
the wear proceeds unevenly [1-3].

Analysis of research and publications. The operation of parts under loads exceeding the
calculated ones, and violation of the rigidity and relative position of the parts m the assembly, in
addition to wear, can lead to more noticeable residual deformations m the form of bending, twisting,
dents, etc. Parts operating at high temperatures are also subject to gas corrosion and distortion. and
additional parts, pressure, welding, surfacing, metallization, electrolytic recovery [1-3]. The study of
literary sources, domestic and foreign experience in the repar and restoration of parts showed that
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the known technologies and methods of parts restoration: electric arc surfacing, electric contact
methods of welding materials, electric arc metallization, plasma surfacing, etc., are in a number of
cases complex n technological execution, labor-mtensive, low-productivity, limited n the possibility
of application to elimmate certain defects. Crankshafis are the most complex and expensive parts of
the "shaft" class. Thewr cost 1s 10-25% of the cost of the engine, and after reaching the limit state,
about 20% of the shafts are discarded. Technologies for the restoration of crankshafts by applying
coatings are maimnly focused on ensurmg the wear resistance of the necks, but at the same time the
fatigue strength decreases by 25-30%, and the resource is inferior to the norm. Sputtering is used, and
the mam sprayed material i1s chrome-nickel powders, which provide the necessary performance
characteristics, but at the same time, they are high m cost. and the development of technology for
restoring cast ron crankshafts by spraying with a mixture of powders that provide the necessary
regulatory resource.

Research results. The wear resistance and fatigue strength of deposited coatings can be
significantly mcreased by applymg surface plastic deformation after deposition using equipment that
forms a favorable texture of the coating [1-3]. In most cases, the increase m wear resistance due to
the deposition of a high-carbon alloy material leads to a decrease in the endurance limit of the parts
being repaired. The analysis of crankshaft restoration processes showed that some of them contamn
energy-intensive operations, the other part increases wear resistance, but at the same time decreases
fatigue strength. To solve this problem, expensive equipment or materials are often used, which are
not always justified in repair production. Bearings that are heavily loaded and operate at a high
rotation frequency require a constant supply of lubricant under pressure to ensure hydrodynamic
lubrication. When overhauling a diesel engine, m order to restore the geometry of the necks and gaps
m the bearings, it 1s possible to grind the shaft necks to the repair size with the mstallation of limers
of the repamr size according to it, or to restore the shaft necks to the nominal size by spraying or
surfacing. The most optmmal finishing operation for processing shaft necks should be considered
modification with geomaterials, which allows obtaining a roughness of no more than Ra = 0.1 pm.
There 1s a need to develop new approaches when choosing a tribo combination and the necessary
period of its operation. Therefore, the development of the method of choosing the composition of
geomaterials depending on the working conditions and the specified period of operation of the
tribocombination remains relevant. The analysis of applied recovery technologies showed that:

- without further strengthening of the shaft necks, the fatigue and tribotechnical durability of the shafts
is not ensured;

- the 1ssue of developing such a technological process of crankshaft restoration that would ensure the
necessary operational properties of the connection and the manufacturability of products (low labor
mtensity, processing accuracy, specified parameters of the coating roughness) remains relevant.

As a result of functional stoppages of diesel engines, caused by breakdowns of its individual parts
and crank-connecting assemblies of the engine or other reasons, and accuracy failures - the deviation
of the values of the dimensional parameters of the necks beyond the permissible limits. The
consequences of such failures are increased wear and tear of the shaft necks. Cracking of the necks
and melting of the anti-friction ball of the liners, as a rule, lead to the deformation of the crankshafts,
less often - to the breakdown of the shaft, 1.e. to critical or catastrophic consequences. As a result of
neck wear, shape deviations from roundness (ovality) and cylindricity (conicity, barrel-likeness or
saddle-likeness) are formed. To reduce the likelihood of burrs, scratches and scratches on the necks
and to reduce the rate of wear, it is necessary to increase the hardness and wear resistance of the
surface layer of the shaft necks. The wear of crankshafts significantly affects the rate of wear of other
diesel parts. From the above data it follows that the dominant degradation processes causing the
majority of functional ones, there are phenomena caused by frictional processes with marginal or
mixed (semi-liquid) lubrication, fatigue processes are much less common. The most promising
compositions for strengthening friction surfaces are mineral and organomineral materials [3]. Then
the method 1s selected. Currently, the modification of friction surfaces is carried out by the friction
method or ultrasonic treatment [3]. To strengthen the necks of crankshafts, the friction method is the
most promising. In order to reduce the probability of seizing and galling during the break-in period
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and increase the durability of the "shaft neck - bearmng liner" tribo combination by reducing the rate
of wear, especially during the break-in period, the most promising direction of strengthening the
crankshaft necks is the creation of a metal-ceramic thin film coating on the surfaces. To obtain high
wear resistance of the coating, it 1s necessary to obtain a heterogeneous structure, which has a plastic
and strong matrix and solid fillers. Metal-ceramic and metal-organo-ceramic films have this structure.
Currently, compositions of geomaterials (natural silicates with a layered structure) based on
serpentinite  and  vermiculite [2] and polymer-silicate nanocomposites based on
polytetrafluoroethylene and serpentinite [3], which are able to form protective metal-ceramic and
polymer-ceramic films on friction surfaces, are widely used to modify friction surfaces. The rate of
formation (build-up) of the layer is proportional to the local flashes of temperature and pressure at
the spots of actual contact. The most simple and technological method of modifymng the necks of
crankshafts 1s the friction-mechanical method. which allows you to carry out mechanical processing
and modification on the same machine without remstalling it. A steel or cast-won mdenter 1s used to
modify the necks of crankshafts using the friction-mechanical method, which is pressed agamst the
surface being strengthened with the necessary force. A mixture of mimeral or organo-nmuneral
materials with lubricant is fed to the tribocontact zone. The crankshaft is rotated on a lathe or a
specialized crankshaft grinding machine. The mechanism of formation of a wear-resistant metal-
ceramic coatmg on the friction surface during the friction-mechanical processing method by applying
a lubricating composition containing minerals, organo-mineral or polymer-mineral compositions can
be conditionally divided into 2 stages, which are performed in two technological operations:

- Applymg the composite modifymng material to the friction surface and forming separate areas,
depending on the energy parameters (speed of sliding and the force of pressing the indenter to the
surface being strengthened) 1s from one to several minutes (maximum 6 min);

- Formation of a wear-resistant metal-ceramic coating.

The execution time of this technological operation does not exceed 1 hour (45-50 min.). The wear
resistance of the coating depends on the parameters of the forming (running-in) mode. The formation
of a wear-resistant metal-ceramic coating occurs as a result of the course of the following processes.
During the first technological operation, the friction surface is layered with harder particles compared
to the hardness of the material being strengthened, which are part of the mineral or composition, and
the particles are densely hardened mto the recesses of the microrelief. These processes are a necessary
condition for the launch of two processes: abrasive wear (wear) and the unstable process of forming
a protective ceramic film. The microrelief 1s cleaned of all contammants (products of wear and
decomposition of lubricants, etc.) present on the friction surface. Modification of the friction surface
for the formation of thin-film metal-ceramic, organo-metal-ceramic and polymer-metal-ceramic
coatings allows to increase the wear resistance of the "cramkshaft neck - bearmng Ilner"
tribocombmation. It is necessary that the composition ensures the creation of a coatmg that has
maximum hardness with minimum modulus of elasticity and coefficient of friction. The technological
process of restoring crankshafts of diesel engines with the formation of composite coatings is carried
out n the following sequence:

. Washing and cleaning the shafft;

. Defection;

. Grinding the necks to the reparir size;

. neck modification;

. Crankshatt quality control.

Conclusions: Currently, composite materials are practically not used, which allow to ensure the
specified durability indicators of restored parts, due to insufficient study, lack of recommendations
for their use depending on operating conditions and sufficient experience of application m solving
technological tasks.

To increase the durability of crankshafts to 40,000 hours and avoid burr, it is necessary to reduce the
rate of wear of the friction surfaces by 1.5 times.
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Jlo TexHMuHe OOCTYTOBYBAaHHA AaBTOTPAHCHOPTHHX 3ac00iB — AT3 (7erkoBHX Ta BaHTAKHHX
aBTOMOOLTIB, aBTOOVCIB, CIEIIATHHOI ABTOMOOLTEHOI TEXHIKH ), BXOIATE OTEpAIlii, K1 3aTe/KHO BT
XapakTepy Ta YMOB BHKOHAHHA 00’ €IHVIOTH y MEBHI TPYIH Ta OXOIUTIOITE MHKT POOIT TEeXHIUHOI
npodutakTHKH. []e Taki rpymH pooIT, SK: MPHOHPATEHO-MHITHI, PeTyITIOBATBHI 1 3allPaBH1, KPITITBHI,
KOHTPOJIBHO-TIATHOCTHYHI, MACTHIBHI [1].

[TpuGHpaTEHO-MHITHI POOOTH NpPH3HAYUEH1 1A MIATOTOBKH  aBTOTPAHCHOPTHHX 3aco0IB 10
HACTVITHHX OTepariii TexHiugoro cepicy — TC (Texaiuroro obcmyroryeanug — TO aGo MOTOUHOTO
pemonty — IIP 1 kamitateHOTO peMoHTY — KP) 1 HamaHHA aBTOTPAHCTIOPTHOMY 3aco0y HATEKHOTO
30BHINTHEOTO BHTIIAMY [2].

IocTtanoBka mpoGaemvu. [1[o6 maTpHMyBaTH HATEKHHIl 30BHINIHIT BHITIAI ABTOTPAHCIIOPTHOTO
3aco0y, BHIATATH 3 TIOBEPXHI HOTO AeTateil Opy/, XIMIKATH 1 COMI, SKICHO BHKOHYBATH KOHTPOIIBEHO-
TIAaTHOCTHYHI POOOTH, MICTA TMOBEPHEHHS AaBTOTPAHCIIOPTHOTO 32aco0y 2 TiHI Tpeba MPOBOIHTH
MPHOHpATEHO-MIITHI poboTH [3].

o rpymH X podIT BXOIATH: MPHOHpPaHHS, MOMepelHE OOMOTICKYBAHHS, MHTTS CIIeHIATEHOR
CYMININIKO 1 BOJOK; OCTATOUHE OOIIONICKYBAHHA, CVIIIHHA a00 TPOTHPAHHS aBTOTPAHCIIOPTHOTO
3aco0y; HAHECEHHS 3aXHCHOTO IMAPY BOCKY: MOTIPYBaHHA MogapOoBaHHX MOBEPXOHE; HAHECEHHA
AHTHKOPO31IHOTO MOKPHTTS: TiadapOoByBanHs 1 modapOyBauHs; Ae3iH(EKIIT aBTOTPAHCIIOPTHOTO
3ac00y 3araTbHOTO KOPHCTYBAHHS 1 CIIEIIATEHOTO TIPH3HAUSHHS.

IIi poboTH HeOOXUTHO BHKOHYBATH SKICHO, 3 BHCOKOK IIPOAYKTHBHICTE) Ta HAalMeHIIO
cOOIBAPTICTIO. A 1714 ITEOTO TPpeba BHKOPHCTOBYBATH HAICYUACH] TEXHOIIOT I, 00IaTHAHHS Ta 3ac00H
MHTTHL.

OcHoBHI MaTepiaan gocaikeHHS. [IpudupanHs aemomparcnopmuux  zacooig: Tl dac
npuonparas AT3 — BHAATAIOTE TILT 1 CMITTS 3 Ky30Ba JTeTKOBHX aBTOMOOLTIB 1 aBTOOVCIB, KaOIH 1
mIaTGOPMH BAHTAKHHX aBTOMOOLTIB, MPOTHPAIOTH JBHTVH, IIHTKH MPHIATIE 1 BHYTPINHIA Gik
KalmoTa, a TAKOK OUHINAKOTH IMIacl BT TPYAOK Opyay, cHITy i xpurn. J[ns mpudmpanus AT3
BHKOPHCTOBVIOTE IIIOCOCH, BOJIOCSHI MIITKH, OOTHPATEHI MATEPIATH Ta IHI JOMTOMUKHI 3acO0H.
3MICT TEXHOIOIIYHOIO IPOLeCY MHTTS ABTOTPAHCHOPTHHX 3aco0IB, SK IIPABIIIO CKIATa€ThCA
OIHICIO-TBOMA TEXHOJIOTTIHIMH OIEPaIisiMH, fKi 3aCTOCOBVIOTH OJHOTHIIHI TIPHIOMH 1 1ii Ta
BHKOHVIOTECS B 3aJaHI MOCTIIOBHOCTI. MHTTS aBTOTPAHCIIOPTHHX 3ac0o0IB MoKe Oyae pyUHHM 1
ABTOMATI30BaHHM.

Crai1 BIIMITHTH, IO PYUHE MHTTA aBTOTPAHCHMOPTHHX 3aCO0IB Ta HOTO arperaTiE BHKOHYETHCS, SK
MPABHJIO, BIACHHKAMH MAIITHH 3 BHKOPHCTAHHIM TOJATKOBOTO OOTATHAHHA 1 MPHIAIIS (IIITOK 7T
PYIHOTO MHTTS, COTEN, IHKEKTOPIB TOMIO). ¥ TAKHX MHIHHX VCTAHOBKAX CIIOBOK YACTHHOKO €
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