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Abstract. In the work, the factors influencing the intensity of wear of the cylinder-
piston group of internal combustion engines are investigated analytically, using a
mathematical model. The influence of design, operational and thermal parameters on
the process of wear of cylinder surfaces is considered. The analysis of lubrication
conditions, pressure and temperature in the friction zone is carried out, and the main
causes of loss of performance of parts are also determined. The results obtained can
be used to predict the engine resource, improve repair technologies and increase the
reliability of the cylinder-piston group.
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Determining cylinder wear using calculation methods and predicting engine
durability are of great practical importance. In addition, knowledge of the wear diagram
of designed engines is necessary for the development of optimal cylinder
manufacturing technologies that ensure maximum engine life during operation.
Obtaining an operational wear diagram for new engines requires a significant amount
of time and high material costs. To achieve reliable results, it is necessary to conduct
research on many engines over a long period. Creating a mathematical model for
calculating cylinder wear significantly speeds up the process and reduces costs,
allowing you to obtain the necessary data several times faster and cheaper. However,
to date, there is no single and reliable method for calculating cylinder wear. This is due
to the large number of factors that affect the wear of internal combustion engine
cylinders, and their different effects on different engines and in different operating
conditions. All factors that affect the intensity of cylinder wear can be conditionally
divided into two groups: internal and external. Internal factors include those that cannot
be changed during operation, in particular: the design features of the engine and the
physical and mechanical properties of the rubbing materials (bushings, rings, piston).
External factors include a large number of variable parameters that can vary during
operation, such as: used oils, air, fuel and oil purity, operating modes (load, speed,
temperature), as well as indicator parameters of engine operation (compression ratio,
boost ratio, maximum combustion pressures, gas temperatures, etc.).

The main problem is that external factors that affect the friction of piston rings
against the cylinder vary along the height of the cylinder and differ at different points
in it. Even when all internal and external factors are taken into account, cylinder wear
Is caused by friction between the piston rings (which can be from 3 to 8 per piston) and
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the piston. Each ring operates under different friction conditions and in different areas
of the cylinder. Cylinder wear is the result of the complex influence of all factors.

When creating a mathematical model of cylinder wear, an important role is
played by the selection of the main factors that significantly affect this process. To
simplify the calculations, it is necessary to make certain assumptions and highlight the
main factors. In modern engines that have a reliable air and fuel cleaning system and
use high-quality oils, the influence of some factors can be ignored, taking them as
constant and such that only shift the wear curve. This applies, for example, to the type
of fuel or oil. The physical and mechanical properties of rubbing materials do not
change the nature of the wear curve, but only affect its absolute values, so they can also
be ignored.

Among the factors that cannot be ignored are objectively existing and variable
parameters along the cylinder height: friction pressure, piston speed and cylinder
surface temperature. So, the main factors that affect cylinder wear are:

* gas pressure in the cylinder;

* instantaneous piston speed;

* cylinder wall surface temperature.

Other internal and external factors can be considered secondary and not taken
into account at the first stage, since their influence is manifested not in changing the
qualitative nature of wear, but only in shifting the wear diagram by a constant value in
the direction of increasing or decreasing the ordinates. For example, the type of fuel or
oil can affect the wear diagram, but this only changes the overall level of wear.
Similarly, the physical and mechanical properties of rubbing materials (rings, piston
and cylinder) do not change the shape of the wear diagram, but only its magnitude.

Regarding the consideration of certain factors or the calculation of the wear
diagram, it should be noted that the methodology developed by the authors allows, if
necessary, to expand it by including additional factors, both primary and secondary,
that can affect the wear diagram.

Thus, the following conclusions can be drawn:

* Changing the engine operating modes has a significant impact on the nature
and magnitude of wear of diesel cylinder liners.

* For each diesel engine, there is an optimal crankshaft speed at which bushing
wear is minimal.

* Increasing the boost ratio has a positive effect on the nature of the wear pattern,
smoothing it out.

* Increasing the temperature of the bushing surface reduces the intensity of wear
and has a positive effect on the resource of the cylinder-piston group parts.

» The most desirable way to increase the engine resource is to increase the boost
ratio when operating at optimal speeds and ensuring the maximum possible and
permissible temperature level for the cylinder-piston group parts.
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AHoTanisg. YV pobomi aumanimuuHum wiisgxom, i3 GUKOPUCMAHHAM MAMeMamuyHoi
Mmooeni, 00CHiONCeHO ¢hakmopu, wWo 6nIUBAMb HA IHMEHCUBHICMb 3HOULYBAHHSI
YUNTHOPO-NOPUWIHEBOL 2PYNU OBUSYHIE BHYMPIUHBO20 320psAHHA. Pozensanymo enaus
KOHCMPYKMUBHUX, eKCHLYAmMAayiuHUux i menjiosux napamempie Ha npoyec 3HOULY8aAH S
noGepxonsb YuniHopie. I[lpoeedeno ananiz ymoe MawjeHus, mucky ma memnepamypu 8
30HI mepms, a4 MAKONC GU3HAYEHO OCHOBHI NPUYUHU BMPamu npaye30amuocmi
oemaneti. Ompumani pe3yibmamu MO#CYyms Oymu GUKOPUCAHI OJisl NPOSHO3)BAHHS
pecypcy 08ucyHa, YOOCKOHANEHHSI MEeXHO02it peMOHmy ma Ni08UWEeHHs. HAOIUHOCHI
pobomu yuniHOpo-nopuiHesoi pynu.
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Ouinka e)eKTHBHOCTI po00TH cenapaTopa HACIHHA JIMHI y
CKJIAJl TeXHOJIOTTYHOI JiHil

Kpynoaep O.M., KoBasenko O.0.,

3100yBayi BUIOT OCBITH crieriaabHOCTI 208 ArpoinxkeHepis
MukonaiBCbKUI HAI[IOHAJIBHUNA arpapHUi YHIBEPCUTET

M. Mukonais, Ykpaina

AHOTaUifA. ¥V pobomi posensinymo niosuujenus eghekmueHocmi 6UOLIeHHS HACIHHA
OUHI y CKA0i MEeXHON02TYUHOI NiHIT 3 BUKOPUCMAHHAM CEenapamopa 2poXxomuo20 muny.
Onucano KOHCMPYKYIl0O ma MexHON0IYHULL npoyec cenapayii, 6KIIOYHO 3
NOOPIOHEHHAM NI00I8 [ OUUWEHHAM HACIHHA 8I0 Me32u ma O0oMiuok. Buznaueno
OCHOBHI (hakmopu, wo 6nIusaloms Ha AKICMb cenapayii, ma 6CMAHOBIEHO
ONMUMATILHI PedcuMU pooomu OJisi 3HUNCEHH MPABMYBAHHS HACIHHA | empam npu
3abe3neueHHi 8UCOKOI Yucmomu npooyKmy.

KurouoBi cioBa: cenapayis, Hacinus, pewema, mexHol02iuHi napamempu.

Y cydacHOMYy OBOYIBHMIITBI Ta OAalllTaHHHWITBI Ba)XJIUBE 3HAUYCHHS Mae€
3a0e3MnedeHHs] BUPOOHUIITBA SIKICHUM HACIHHEBUM MaTepianoM. BupoOHUIITBO HACIHHS
OBOYEBHUX 1 OAIITAHHUX KYJIBTYp MOTPeOye 3aCTOCYBaHHS CHEIiaTi30BaHUX MAIIHH 1
TEXHOJIOT1YHUX JIHIN, 10 3a0e3MeuyroTh MEXaHI30BaHE BUIAUICHHS, OYMIICHHS Ta
MiAroToBKy HaciHHsg. OZHUM 13 KJIIOYOBHX CJIEMEHTIB TaKuX JIHIN € cemapaTopu
HACIHHA, [0 BUKOHYIOTh (YHKIlI BIIOKpEMJIEHHS HACIHHA B M’ SKOTI IUIOMIB,
JOMIIIOK 1 CTOPOHHIX BKIIOYEHBb. JIOCHIIDKEHHS, TPHUCBIYEHI CTBOPEHHIO
TEXHOJIOTIYHUX JIIHIA BUIUICHHS HACIHHS OBOYE-OAINTAHHUX KYJIbTYp, B TOMY YHCII
HaclHHS JWHI, TOKa3ylOTh, IO TaKi JiHII CKJIaJarOThCs 3 KOMIUICKCY MaAIlUH:
MoApIOHIOBAYIB IJIOJIB, CEMapaTropiB, MHUMHUX YCTAaHOBOK, CHUCTEM OYMIIEHHS Ta
cyminHg HaciHHsS. OCHOBHHMM 3aBJIaHHSM CEMapaTopa € BiIOKPEMIJICHHS HACIHHS Bijl
M’SKOTI, IKIPKA Ta IHIIMX YacTHH TUIONY 3 MIHIMAJIBHUM IOIIKOIKCHHSIM
HaclHHEBOro matepiany. EdekTuBHICTH poOOTH cemapaTopa BU3HAYAETHCA TaKUMU
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