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Abstract

The article analyzes the research aimed at the use of various materials, additives and additives to oils. It is
established that their application is mainly limited to the stages of operation, bench and operational running-in.
The use of antifriction materials at the stage of processing the parts of internal combustion engines, limiting the
resource, is small, despite the fact that such treatment reduces the running-in time and improves the finish of the
friction surfaces. Theoretical calculation of the parameters of the working surface of the engine cylinder liner
during their finishing using special antifriction materials showed a 2-fold increase in the bearing surface (from
0.2 to 0.4 of the nominal surface area at the level of the middle line of the profile) and a roughness of 0.27 um,
which is close to the values after the bench run-in. This proves the possibility of using this treatment in order to
reduce the time of preparation of CNG and improve the characteristics of the surfaces to be worked. It is
established that the finishing of engine cylinder liners with antifriction materials should be carried out at the
contact pressure of the working tool (brass bars) on the surface of the sleeve 3 MPa, the speed of the working
tool 5.5 m/s, the processing time of the sleeve 20 min. Finishing of sleeves with use of compositions TSK-B100
+ SURM-KV, SURM-UO and RVS allows to reduce mechanical losses on friction in TsPG by 5-19% at the
beginning of process of running in after processing in comparison with mechanical losses at the end of cold
running in without finishing sleeves; to obtain the roughness parameters after finishing the same as after cold
running in without additional processing of the sleeves; increase the bearing surface by 2 - 2.5 times (from
0.2 - 0.25to 0.4 - 0.5 of the nominal surface area at the level of the middle line of the profile), which confirms
the calculated data. The final treatment of sleeves with compositions based on antifriction materials TSK-B100 +
SURM-KV, SURM-UO and RVS allows to provide values of parameters of a working surface of sleeves
(reduction of roughness, increase of a basic surface) approaching their values after cold running in, therefore
allows to increase contact loadings. in the connection "sleeve - piston ring" after this treatment and reduce the
time of the bench run-in (to the values required for the attachment of other engine connections).

Key words: finishing, wear resistance, friction reduction, antifriction materials, nanocompositions,
resource.

Introduction

One of the factors that determine the durability of engines is the condition of the friction surfaces. It is
known that wear resistance depends on the finishing (final) technological treatment of the surfaces of parts.
There are experimental studies on the effect of roughness of friction surfaces on the intensity of wear. For
widespread joints, the optimal values of roughness parameters have been identified, at which wear of parts is
minimal. It is established that not only the primary (running-in) wear, but also constant wear depends on
finishing of details, ie primary finishing can influence intensity of wear at long operation of cars. First of all, this
applies to the parts of the cylinder-piston group (CPG) of internal combustion engines. When forming friction
surfaces, it is necessary to ensure the optimal tribotechnical characteristics of the mating surfaces, such as low
coefficient of friction, high wear resistance, optimal physical and mechanical properties. To a large extent, they
are determined by the methods of treatment of friction surfaces. Recently, new technological processes of
finishing have been developed, which allow to reduce running wear and increase antifriction properties (increase
the lubrication of parts, reduce the coefficient of friction, etc.), as well as reduce the time of friction pairs [1].
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However, the analysis of information obtained from printed and electronic sources makes it possible to
state that not all reserves of intensification of CPG production processes in terms of application of new methods
of finishing cylinder liners are exhausted.

Recently, the market for a variety of antifriction materials, additives and additives in oils, which form
protective films on friction surfaces, is developing rapidly. The possibility of using such drugs to provide the
working surfaces of the sleeves with optimal tribotechnical characteristics at the stage of their final processing in
the repair or manufacture of internal combustion engines has been little studied [2]. Therefore, the influence of
the treatment of cylinder liners with different antifriction materials in the repair or manufacture of internal
combustion engines on the characteristics of working surfaces and processes of making connections is a relevant
topic for research.

Literature review

Operating conditions of agricultural machinery reduce the service life of engines, which is largely
determined by the service life of cylinder liners. Wear resistance and serviceability of cylinder liners depend on
the quality of their working surfaces, which, in turn, is due to a combination of characteristics of roughness and
corrugation, physical, mechanical and chemical properties, as well as the microstructure of the surface layer. The
quality of the inner surfaces of the sleeves is formed in the process of performing a set of technological
operations, taking into account the manifestation of technological heredity. Especially important are the finishing
operations, as a result of which the main characteristics of the surface layer are finally formed.

Many scientists have studied the processes of making friction surfaces during the running-in of internal
combustion engines, methods of processing the working surfaces of CPG parts, and the application of various
antifriction materials. The following authors devoted their scientific works to these topics: S.G. Arabyan, V..
Balabanov, N.S. Zhdanovsky, V.F. Karpenkov, V.S. Kombalov, V.N. Kuzmin, V.N. Listovsky, I.A. Mishin,
V.S. Nekrasov, S.A. Ovodov, L.I. Pogodayev, G. Polzer, V.N. Popov, E.V. Ryzhov, V.V. Striltsiv, V.I. Tsyptsin
and many others [3, 4].

The analysis of the conducted researches shows that, despite a very large number of works devoted to
quality improvement and reduction of time of finishing of surfaces of the rubbing engines, some questions
demand the further studying. In particular, little research has been presented on the application of new methods
of finishing cylinders based on various antifriction materials in order to intensify the processes of LNG
production [5].

Despite the achieved level of development of traditional methods of finishing cylinders of internal
combustion engines (ICE), their application in agricultural repair practice is associated with considerable
complexity, and the use of the most advanced technological processes is unable to meet modern requirements for
quality cylinders and holes. to increase their reliability and durability [6]. In this regard, there is a need to
develop a new method of finishing the cylinder liners using a tool design available to agricultural repair
companies and provides the necessary characteristics of the surface layer.

Purpose

The purpose of the research is to improve the processes of CPG production by applying the finishing of
cylinder liners with antifriction materials.

Research methodology

When the contact surfaces slide, first the process of attachment takes place, which is accompanied by a
change in the microgeometry, as a result of which some constant roughness characteristic of these friction
conditions is established. In the process of finishing, the physical and mechanical properties of the surface layers
also change, because the contact is usually dominated by plastic deformations. Therefore, based on the initial
microgeometry and the initial properties of the surfaces, it is possible to determine the contact characteristics
only in the initial period of attachment. The process of finishing can be considered as a gradual increase in the
bearing surface and the elastic component of the contact area, reducing the proportion of plastic, resulting in
reduced total wear.

The process of finishing can be assessed by changing the reference curve. The reference curve
characterizes the distribution of material along the height of the rough layer and plays an important role in
calculating the area of rough bodies. According to N.B. Demkin and 1.V. Kragelskiy initial part of the reference
curve can be represented as:
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where 1, — is a parameter of the relative reference length of the profile;
ZAIp — the total length of the sections of the protrusions at the level of p, mm;

| - base length of the profile, mm;

A, — cross-sectional area of the protrusions at the level of p, mm?;

A. —nominal area, mm;

b and v — are the coefficients of static approximation of the reference curve (obtained by appropriate
processing of surface profiles);

a — is the distance from the line of protrusions to the level of the section, pm;

Rmax — maximum height of profile irregularities, pum.

Dependence (1) well approximates the initial section of the reference curve (to the middle line of the
roughness profile).

The approximate values of the parameters of the roughness of the sleeve at different stages of its
processing and running-in, used to calculate the reference curve, are presented in table. 1, which is compiled
according to V.S. Kombalov, E.V. Ryzhov and S.A. Ovodov, as well as obtained during previous experiments

[7].
Table 1

The value of the parameters of the roughness of the sleeve to calculate the reference curve

Processing stage Rimax, Ra, r, um b Vv

pm pm
After honing 4,7 0,65 15 0,7 1,8
After finishing with special drugs 2,4 0,27 30 1,4 1,7
After the bench run-in 2,3 0,25 35 2,0 2,0

Research results

In Fig. 1 presents the calculated values of the initial section of the reference curve.
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Fig. 1. Estimated values of the initial section of the reference curve

Also, the process of finishing can be assessed by changing the roughness parameters. For cylinder liners
of the D-240 engine the normative and technical documentation normalizes the parameter Ra (arithmetic mean
deviation of the profile).

According to L.E. Hallstani change of the arithmetic mean deviation of the R, profile during surface
finishing occurs according to the hyperbolic law:

k-Ra,

Ra(t)= ————,
a() t-Ra, +k

@)
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where Ra(t) is the arithmetic mean deviation of the profile, which varies depending on the wear time,
pm;

Ra,, — the initial value of the arithmetic mean deviation of the profile, um;

t — time of preparation, h;

k — coefficient depending on the time of attachment [8].

Using the empirical Bosch formula f = , the coefficient k was expressed:

l+c-v
k=f-(1+c-v), ©)

where f — is the coefficient of sliding friction (dimensionless), with time f decreases and for different
times of attachment t will be different; c is the coefficient (for metals C = 3+4);

V — is the speed of the piston, m/s (accepted speed V = 3.36 m/s).

The data obtained by S.A. Ovodov were used to calculate the coefficient of friction during the running-in
of the CHP and the change in the intensity of wear during the running-in [9].

After conducting preliminary laboratory tests, the dependences of the coefficient of friction f on the time
of attachment for different methods of processing the working surface of the sleeves were derived. At the initial

coefficient of friction f = 0.1 on the oil M-10G2 were obtained dependences of the coefficient of friction during
running after honing f, and after finishing with antifriction materials f; from time t.

f, =0,1006 —0,0414-t+0,0246 -t —0,0050-t* @)
f, =0,0691-0,422-t+0,0343-t* —0,0089-t°. ()

Suppose formulas (4) and (5), as well as the value C = 3.5 and V = 3.36 m/s in the fallowness (3), and then
the formula in the fallowness (2) is taken away, the bullets neglected the formulas for the size of Ra(t):

Ra, =(t/(1,183-0,487-1+0,289-1* ~0,059-t°)+1/ Raw()_l; (6)

Ra, =(t/(0,813-0,496-t+0,403-t* ~0,105-t*)+1/ Raw)*l, ™

where Ray, Ray — the average arithmetical view of the profile, which changes fallowly during the hour of
growth, when used for honing and processing with antifriction materials of microns [10].
Deposits (6) and (7) are shown graphically in Fig. 2 at: cob value for the reduction of fine grain

processing Ra,, = 0.65 microns, cob value for the reduction of fineness processing with antifriction materials
Ra,; = 0.27 microns.
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Conclusions

Calculation and theoretical analysis of the process of making cylinder liners allowed us to draw the
following conclusions:

- finishing of cylinder liners increases the bearing surface by 2 - 2.5 times (see Fig. 1), while the values of
the reference curve after finishing are close to its values after the bench run-in CPG;

- coefficient of friction and roughness at the beginning of the process of CPG preparation in the case of
pre-treatment of sleeves with antifriction materials, equal to the values of these parameters at the end of the
bench running of CPG in the case of sleeves after honing (see Fig. 2);

- since the intensity of wear is directly proportional to the coefficient of friction and pressure in the
friction pair, the finishing of antifriction materials reduces the running-in wear, which affects the durability of
the sleeves;

- based on the above, it can be argued that the finishing of the cylinder liners with antifriction materials
can intensify the process of finishing CPG, which is expressed in reducing the hour of running and running-in
wear.
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Mapuenko J.JI., MarBeeBa K.C. TeopeTnyHi JOCTIIKEHHS TEXHOJIOTi OOpPOOKHM IWMIIHAPIB
AHTU(PUKIIHHUMA MaTepiaaMH.

B crarTi nmpuBeneHo aHali3 AOCIIKEHb, CIPSIMOBAaHUX Ha 3aCTOCYBaHHS Pi3HHX MaTepiaiiB, J00aBOK i
IpHCcaoK 0 Macesl. BcTaHOBIEHO, IO 1X 3aCTOCYBaHHS B OCHOBHOMY OOMEXKYETBhCS €TallaMH eKCILTyaTallii,
CTEHJIOBOI 1 eKCIUTyaTaIliifHol 0OKaTKH. 3acTOCyBaHHS aHTH(PHUKIIITHUX MaTepialiB Ha eTari oOpoOKu meraneit
JIBUTYHIB BHYTPIIITHEOTO 3rOpaHHs, JIMITYIOUHX pecypc, Mayo, He AUBJISTYHCH Ha Te, III0 Taka 00poOKa T03BOIISE
CKOPOTUTH dYac MpOBeAeHHS OOKAaTKM 1 IMOINIMIIATH HPUPOOJICHHS ITOBEPXOHb, IO TPYTHCSA. TeopeTHIHMHA
pPO3paxyHOK mapaMeTpiB po00Y0i IOBEpXHI TiMB3WM NWJIHApPa IBUTYHA NpH iX QiHIOHIA 00podmi i3
3aCTOCYBaHHSM CIICIIaIbHUX aHTU(QPUKIIHHIX MaTepialiB MmoKa3aB 30UIBIICHAS OMOPHOI MOBEPXHi B 2 pasu (3
0,2 no 0,4 Big HOMIHAJIBHOT TUTOLII TTIOBEPXHI Ha PiBHI cepeqHbol JiHil npodinto) i orpuManHs mopcrkocti 0,27
MKM, 110 OJIM3BKO 10 3HAUCHB MiCIs CTEHI0BOI 0OKaTku. L{e JOBOMUTh MOXKIUBICTE 3aCTOCYBAHHS 1€l 00pOOKH
3 METOI0 3MeHIIeHHs yacy npupoosaenHs LI i moninmeHHs XapakTepUCTUK MMOBEPXOHbB, 10 NPUPOOIISIOTHCS.
BcranoBneno, mo ¢iHimHy 00poOKy Triib3 HWIIHAPIB JABUTYHA AHTUQPUKIIHHUMM MarepiajaMy Cilij
MPOBOJIUTH NIPH KOHTAKTHOMY THCKY poOOYOro iHCTpyMeHTY (JIAaTyHHUX OpyCKiB) Ha HOBepXHIO riib3u 3 Mlla,
MIBUAKOCTI POOOYOro IHCTPYMEHTY 5,5 m/c, yacy o0poOku rime3m 20 xB. @inimHa o0poOka Tinb3 i3
3acrocyBarHaM komnosuliit TCK-B100+CYPM- KB, CYPM-VO i PBC no3Boisie MOHM3UTH MEXaHIYHI BTpaTH
Ha Tepta B LIII' Ha 5-19% Ha mouatky mpomecy OOKaTKH Iicisi oOpoOKHM B TMOPIBHAHHI 3 MEXaHIYHUMH
BTpaTaMH y KiHIII XOJIOJHOI OOKaTKM 0e3 (iHIOTHOI OOpOOKHM Tiib3; OTPUMATH ITapaMeTPH IIOPCTKOCTI IiCIs
(inimHEOT 00pOOKH Taki Xk, AK MICIA XOJOAHOI OOKAaTKH 0e3 MOJaTKOBOI OOpPOOKH Tiib3; 30UTHIIUTH OIOPHY
nmoBepxHio B 2 - 2,5 pasy (3 0,2-0,25 no 0,4-0,5 Bix HOMiIHaIBHOI IUIOMII MOBEPXHI HA PiBHI cepeaHBOl JiHIT
npodio), MO MATBEPIKYE po3paxyHkoBi mani. OcraToyna oOpoOKa Tib3 KOMIIO3WI[IIMA Ha OCHOBI
antudpukiiiiaux marepianiz TCK-B100+CYPM-KB, CYPM-YO i PBC no3Bossie 3a0e3me4yuTd 3HAYCHHS
napaMeTpiB  poOouoi MOBEpXHi TiNk3 (3MEHLICHHS IIOPCTKOCTI, 30UIBLICHHS OIMOPHOI TOBEpXHI) IO
HAOJIMKAIOTHCS 10 1X 3HAYEHD IICIIA XOJOAHOT 0OKATKH, OTXKE JO3BOJISAE 301IBIINTH KOHTAKTHI HaBaHTa)KEHHS B
CroJTy4eHH1 "Tib3a - MOpIIHeBe Kijblie" micys i€l 0OpoOKH 1 3MEHIIMTH Yac CTeHA0BOI 0OKaTKH (10 3HAYeHb,
HEOOXIHUX IS IPUPOOJICHHS IHIIUX CIIOIYYCHb ABUTYHA).

Kawuosi ciaoBa: Qinimmaa 00poOka, 3HOCOCTIHKICTh, 3MCHINCHHS TEpTs, aHTH(PUKIIIHI MaTepiaim,
HAaHOKOMIIO3HL1, pecypc.



