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DETERMINATION OF THE DEGREE OF WEAR OF THE STUDIED
PISTON RING SAMPLES

BU3HAYEHHSA CTYIIEHI 3HOCY JOCJ/IIIHUX 3PA3KIB
HNOPIIHEBUX KIJIEIIb IB3

In internal combustion engines, the wear of parts of the cylinder-piston group is associated
with the interaction of the "piston ring - cylinder liner" tribosystem. The functioning of such a system
significantly depends on the properties of friction surfaces, and reflects their interactions and depends
on many factors: physical, mechanical, geometric, kinematic properties. Features of friction processes
and wear processes are largely determined by the properties of the surface layers, their structural and
strength connections with the base metal. In the process of operation, the surfaces of parts undergo
significant changes in microgeometry and macrostructure. As a result of running-in, the roughness of
the surfaces of the parts decreases. The irregularities formed during processing are replaced by the
irregularities caused by wear processes due to intense thermal and mechanical effects. Parts of the
cylinder-piston group (CPG) are simultaneously subject to molecular-mechanical and abrasive wear
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[1]. The process of molecular-mechanical wear is most likely in the upper part of the cylinder, where,
due to insufficient amount of lubricant, low piston speed, high temperatures and pressures, the integri-
ty of the lubricating film is violated and local areas of the friction surfaces seize at certain points. On
the second part of the cylinder, friction pairs interact in the environment of hydrodynamic lubrication.
The intensity of molecular mechanical wear depends on the speed of movement of friction pairs, con-
tact pressure and flash temperature of the combustible mixture. In case of their unfavorable combina-
tion, the intensity of coagulation increases sharply, and an eruption from the surface of the micropar-
ticles may occur. The process of corrosive-mechanical wear and electrochemical corrosion is ob-
served during the operation of friction pairs in corrosive-aggressive environments, gaseous and liquid
products of fuel combustion, oxidation of oils, water, weak acids and solutions that condense on the
cylinder walls. When the thermal regime of the engine decreases, the intensity of corrosive-
mechanical wear increases.

Keywords: piston ring, cylinder liner, tribo system, cylinder-piston group, wear, surface
friction, speed of movement.

YV 0sueynax enympiwinboeo 320psHHs 3HOULY8aKHS demaliell YUIIHOPO-NOPUWHEBOI epynu nos'sa3ame
i3 83aemo0icio mpubocucmemu <nopuiHese Kiibye - 2iib3a yuwinopa». QyHKYioHyeanHs maxkoi cucmemu
CYMMEBO 3AIEAHCUMb BI0 GIIACIUBOCTEN NOBEPXOHbL MePMmst, Md 8I003ePKANIOE IX 83A€MOOI Ma 3anexHcamy
6i0 bazamvox (haxmopie:. Di3UUHUX, MEXAHIUHUX, 2COMEMPUYHUX, KIHeMAMUYHUX GlIACMUBOCTE.

Ocobnusocmi npoyecie mepms ma NPOMIKAHHS NPOYECi8 3HOULYBAHHA 8 3HAYHOMY CMYNEHI
BU3HAYAIOMBCS GIACMUBOCMAMU NOBEPXHEBUX WAPIG, IX CMPYKMYPHUMU MA 38'A3KamMu MiyHocmi 3
OCHOBHUM Memanom. B npoyeci excniyamayii nosepxni demaneil 3a3HA0Mb 3HAYHUX 3MIH MIKPO2eo-
Mempii ma MaKkpocmpyKmypu.

B pesynrvmami npunpayiosants wopcmxicms nogepxoHb demaieli smeHuyemocs. Hepienocmi,
Wo ymeopuaucs npu 0o6pooyi, 3aMiHIOIOMbCSA HEPIBHOCMAMU, CRPUHUHEHUMU NPOYECaMUl 3SHOULYBAHHSL,
BHACNIOOK [HMEHCUBHUX MENI06UX Md MeXaHiuHux enaueis. [lemani yuninopo-nopuwinesoi epynu
(LIIII) oonouacro niodawomscs MOLCKYAAPHO-Mexaniunomy ma abpazusnomy snoutyeanus [1]. Iume-
HCUBHICTb MOAEKYNIAPHO-MEXAHIUHO20 3HOULYBAHHS 3ANeHCUMb 8I0 WBUOKOCIell NepeMilyeHHs nap
mepmsi, KOHMAKMHO20 MUCK)Y ma memnepamypu cnaiaxy sopiodoi cymiwi. Ilpu ix necnpusmaugomy
NOEOHAHHI THMEHCUBHICb CXONIO8AHHS PI3KO 30LIbULYEMbCS MA MONCE BUHUKHYMU SUPUG 3 NOBEPXHI
MIKpOYACMOK.

Knrwouesi cnosa: nopwnese xinvbye, 2iiv3a yuriHopy, mpubo cucmema, YuiiHOpoO-nopuiHesa
epyna, 3Hoc, NOBEePXHA MepMmsl, WEUOKICMb NePeMileHHs..

Problem’s Formulation

The durability and reliability of cars, parts and mechanisms depend on many factors, the
main of which is the quality of each individual part. As determined in many information sources, qual-
ity indicators have a multi-vector, com-
plex composition — from the material,
chemical composition, micro- and ma-
crostructure, technologies, processing
modes, the state of the surface layer, etc.
to physical and mechanical properties.
In the modern production of parts of the
machine-building complex, it is neces-
sary to take into account the steady in-
crease in loads (speed, temperature, ag-
gressive environment) on mechanisms
and parts that make up a single product
for machine-building purposes. The cy-
Fig. 1. Cylinder-piston group of internal combus- linder-piston group of internal combus-

tion enaine tion engine is shown in fig. 1
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Analysis of recent research and publications

The main percentage of breakdowns of parts (30 %) is attributed to friction processes in con-
tacting pairs of mechanisms. Therefore, special attention is paid to the condition of the surface layer of
friction pairs and strengthening technologies. The wear resistance of the surface layer, durability, re-
liability, and service life of cars depend on the set of properties formed when using different streng-
thening technologies. The mechanisms of formation of wear-resistant structures are given in many
scientific sources [1—4]. In the experimental works, processing regimes and justified final results of
the most common strengthening technologies were developed, and when performing certain opera-
tions, wear-resistant microstructures with specified indicators of microhardness and wear resistance on
specified materials are guaranteed to be obtained. A set of ICT piston rings is shown in fig. 2

Fig. 2. A set of compression and oil piston rings

The wear rate of the test samples obtained as a result of tribological tests [88] can be deter-
mined from the relationship:
Ih —_4m ,
p-SQ
where Am — is the mass loss of the material, kg; o — density of the material, kg/m‘"’; S — friction

path, m; Q — geometric contact area, m?.

It is possible to obtain an exact mathematical relationship for determining the degree of wear
on the influence of operational parameters using the experimental design method, in particular, using a
second-order orthogonal central compositional design.

In most physical experiments, the general nature of the distributions of random variables can
be represented on the basis of preliminary measurements. The reliability of the estimate of the popula-
tion mean can be described using quantiles of the normalization normal distribution.

The experiment examines the loss of mass of the piston ring during wear (X). The wear
process is influenced by the microhardness of the piston ring coating material (X1), the contact pres-
sure P(X2), the speed of the sample V(X3) and the time of the wear process (X4).

Experimental studies were carried out using a laboratory tribological machine with hourly re-
cording of the mass loss of the samples.

The levels of variation of the factors that directly affect the degree of wear of the samples are
given on next time. The influence factors can be taken as the following components:

— Microhardness, MPa (for X =-1.414 ,X,=2420; when X; =-1, X;=3600; for X; =0, X,= 6450, when
Xi=1, X,=9300: for Xi =1.414, X,=10479.9);

— Contact pressure, P, N(when Xi =-1.414 , X,=25, 86;when X; =-1, X,=30; when Xi =0, X,= 40, when
Xi=1, X,=50: when Xi=1.414, X,=54,14);

— Sample movement speed, V, m/s(when X; =-1.414 , X,=2,2 8; when X =-1, X,=2.4; when X; =0,
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X,= 2.7, when Xi=1, X,=3,0: when Xi=1.414, X,=3.12);
— Time, 1, hour (when X;=-1.414 , X,=0,59; when X;=-1, X,=1; when X;j =0, X,= 2, when Xj=1,
X»=3,0: when Xj=1.414, X,=4,4)
The planning matrix and there sults of the full-factor experiment taking into account the
parameters H,= 3600..9300 MPa, P = 30..50 N, V = 2.4..3 m /s, t= 1..3 hours are given in next time.
As a result of experimental data processing, we obtained estimates of the influence of factors,
theirs quares, and the irinteraction on the value.Factor sand levels of the irvariation in the experiment

by 4 parameters and planning matrix and results of a full-factor experiment is given next.
As a result of performing mathematical operations, we will obtain the following results:

*(1) — for microhardness X, (H 1150 =3600 -MITa, ); X(P=30-, H); X3(V=2,4-m/s); X, (t=1-h,
Am =0.027gr .

* (2) — for microhardness X, (H 1150 =3600-MTITa, ); X,(P=30- H); X3(V=2,4- m/s); X, (t=3+h,
Am =0.0764qr;

* (3) — for microhardness X, (H 1150 =3600-MTITIa); X,(P=30- H); X3(V=3,.0+m/s); X, (==1-h,
Am =0.028gr;

* (4) — for microhardness Xj, ( H#5o =3600-MTTa); X,( P=30- H); X3(V=3.0+m/s); X, (t=3+h,
Am =0.078gr;

* (5) — for microhardness X, (H 1150 =3600-MTTIa); X,(P=50+ H);X3(V=2.4-m/s); X, (t=1-h,

Am =0.027gr;

* (6) — for microhardness X, (H 1150 =3600-MTITIa); X,(P=50+ H); X3(V=2.4-m/s); X4 (t=3+h,

Am =0.127gr;

* (7) — for microhardness X, (H 1150 =3600-MTITIa); X(P=50+ H); X3(V=3+m/s); X, (t=1-h,

Am =0.43gr;

* (8) — for microhardness X, (H 1150 =09300-MTITIa); X(P=50+ H ); ,X3(V=3,0+m/s); X, (t=3+h,
Am =0.1364gr;

* (9) — for microhardness X, (H 1150 =9300-MTITa); X(P=30- H); X3(V=2.4-m/s); X, (t=1-h,

Am =0.05¢r;

* (10) — for microhardness X, (H 1150 =9300 +MIla); X,(P=30- H ); X5(V=2.4-m/s); X, (t1=3+h,
Am =0.0164gr;

* (11) — for microhardness Xj, (H#5o =9300+MITa, ); X(P=30 + H); X3(V=3.0+ m/s); X, (t=1-h,
Am =0.0064gr;

* (12) — for microhardness Xj, (H#5o =09300+MTTa); X,(P=30+ H); X3(V=3.0+ m/s); X, (t=3+h,
Am =0.17gr;

* (13) — for microhardness Xj, (H#5o =9300+MTTa); X,(P=50+, H );X3(V=2.4-m/s ); X, (t=1-h,,
Am =0.008gr;

* (14) — for microhardness X, (H 1150 =09300+MTIIa); X,(P=50+ H); X3(V=2.4-m/s); X, (t=3+h,
Am =0.024gr;

* (15) — for microhardness X, ( H#5o =9300+ MIIa); X,(P=50+ H); X3(V=3.0+ m/s); X, (t=1-h,
Am =0.008gr;

* (16) — for microhardness X, ( H#5o =9300+ MIIa); X,(P=50+ H); X3(V=3.0+ m/s); X, (=3+ h,
Am =0.025¢r;
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* (17) — for microhardness X, (H ) =64500 MITa); X,(P=400 H); X3(V=2.70 m/s); X, (t=20 h,
Am =0.018gr;

* (18) — for microhardness Xy, (H ;,50=64500MlIla); X,(P=400 H); X5(V=2.70m/s); X, (t=20 h,
Am =0.18gr;

* (19) — for microhardness X, (H ;,50=64500 Mlla); X5(P=400 H); X5(V=2.70 m/s); X4 (z=20 h,
Am =0.018gr;

* (20) — for microhardness X, (H ;,50=64500 Mlla); X5(P=400 H); X5(V=2.70 m/s); X4 (z=20 h,
Am =0.018¢r.

Formation of the study purpose
As a result of checking the experimental results, the dispersion of observation errors S = 1 was
found for the degree of freedom f = 2. The significance of the regression coefficients was checked us-
ing the Student's test for the level g = 0.05 and the degree of freedom f = 2 showed the significance of
the factors X;,Xp X3,X4 , as Well as their interactions X; Xy, Xq X3,X1 X4.,Xo X3,Xo X4 ,X3X4.
The result is a response function
y =-3.752—-0.777x1 +0.196X, + 0.054x3 + 0.585%,4 —0.0025x%1 X, —0.019x; X3

—0.03; X4 +0.02%5 X3 +0.038%; X4 —0.032X3 X4 .
At the same time

— 2(InH 50 -9.138 _ ~

Xy = ( H30 )+1; X2=M+l,
9.138-8.102 3912_34

o Ainv-1099) o 2ne-1099) |
1.099-0.875 1.099

Presenting main material
Checking the adequacy of the observed values showed that the calculated value of the Fisher
criterion is F, = 15.27, and the tabulated value F, = 19.42. Thus, the resulting mathematical model is
adequate to the real-life and studied model. For convenience of calculations, coded variables are re-
placed by corresponding physical quantities

Am =5.1-1.151InH ;50 +1.584In7 +1.313InV +0.111InP - 0.357InH ;50 IV

—0.115InH ;50 In7 +0.696InPInV +0.271InPInz —0.518In7 InV - 0.02InH 50 InP

The resulting formula takes into account the influence of a multifactor system of tribological inte-
raction of contacting surfaces and allows, by calculation using given parameters, to predict with high
reliability the degree of wear resistance of coatings with various types of thermal hardening.

Conclusions
The developed technique of tribological tests with a change in the contact angle of the touch-
ing surfaces allows not only to determine the wear of the surfaces of the contacting pairs that rub, but
also to study the dynamics of the abrasion process along the depth of the sample.
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