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Abstract. The conditions of friction and lubrication of sliding bearings in a marine diesel engine are considered. In condi-
tions of transient conditions, heavy loads or contamination of the lubricant used in bearings of marine diesel engines, the
lubricating film becomes quite thin with a thickness in the range of 0.25-2.5 microns, and the local pressure is large
enough — about 15-20 MPa. At the same time, for the operation of sliding bearings in hydrodynamic mode, the minimum
pressure in the lubrication system is P = 0.05 MPa, otherwise, a zone of boundary friction is formed between the neck
of the crankshaft and the liner through the hydrodynamic wedge. A method is proposed to improve the tribotechnical
properties of lubricants in sliding friction pairs by using a patented anti-wear additive based on molybdenum diselenide
MoSe, and fatty acids. An assessment of the tribotechnical characteristics of modified lubricants using the anti-wear addi-
tive Nanotex-12 was carried out under conditions simulating the operation of a real crankshaft bearing of a marine diesel
engine 6ChNSP 18/22 on a friction machine 2070 SMT-1. The variables of the wear conditions of the parts of the simu-
lated sliding bearing were the pressure at the contact of the rubbing surfaces and the concentration of the anti-wear addi-
tive (by volume) in the lubricating oil M-16G2CS. As a result of computational and experimental studies, graphical de-
pendences of wear, wear intensity and wear resistance of the simulated friction unit on the volume concentration C; of the
anti-wear additive in the lubricating oil and the contact pressure P; were obtained. It has been confirmed that the use
of additives in M-16G2CS lubricating oil significantly improves its tribotechnical characteristics, since the wear of the
friction pair decreases by 5-15%, the wear intensity decreases by 7-17%, and the wear resistance increases by 6-18%, de-
pending on the concentration of the additive in the lubricant. Reducing wear on the sliding bearing in the case of using an
anti-wear additive (compared with non-shrink lubricating oil) creates grounds for its successful use in marine oils, but in-
creasing the concentration of the additive in oil over 2.0% by volume is impractical due to the deterioration of tribotech-
nical characteristics and a decrease in the economic efficiency of such lubricating compositions.
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Cydoeble JdHepeemudecKue yCmaHo6KU U MAUWUHHO-0BUNCUMEIbHBLE KOMNLEKCbL

AHHOTanus. PaccMoTpeHs! ycI0BUs TPEHUS U CMa3blBaHUA IIOALIMITHUKOB CKOJILKEHHS B CyJOBOM ausele. B ycio-
BHSIX TIEPEXOJHBIX PEXHMMOB, OONBIINX HATPY30K MM 3arpsi3HEHHS CMa309HOTO MaTepHaja, HCIOJb3yeMOro B IOJI-
LIMITHUKAX CKOJIBXKEHUS CyIOBBIX AMU3€EIeH, CMa304yHasl IUICHKA CTAHOBUTCS JOCTATOYHO TOHKOHU C TOJIMHOM B AMana-
30He 0,25-2,5 MKM, 2 MECTHOE JaBJICHUE JOCTATOYHO O0NbIIUM — mopsiaka 15-20 MIla. [Tpu sToMm amst paGoThl OA-
MIUTTHAKOB CKOJIBKEHUSI B TMAPOANHAMHYIECKOM PEKHUME MUHHMMAIBHBIM SIBISIETCS HaBIE€HHE B CMa304HON cHUCTeMe
P =0,05 MIla, naaye BMeCTO THIPOANHAMUYECKOT'O KIIMHA MEXIY IIEHKONW KOJEHYaToro Bana M BKJIAJIbIIIEM 00pasy-
eTcsl 30Ha TPaHUYHOro TpeHus. IIpensnoxkeHn cnocoO MOBhIIIEHHUs TPHOOTEXHUUECKUX CBOMCTB CMa30UYHBIX MaTepha-
JIOB B Mapax TPEHHs CKOJBKEHMs ITyTeM NPHUMEHEHHs 3allaTeHTOBAHHOI NMPOTHBOU3HOCHON MPHCAJKH Ha OCHOBE JH-
ceneHuga MoaubaeHa MoSe, 1 xKupHBIX KUCIOT. [IpoBesieHa oeHKa TPHOOTEXHIUECKUX XapaKTePUCTUK MOIUHIIH-
POBaHHBIX CMa304YHBIX MAaTEPUAIOB C UCIOJIB30BAHUEM IIPOTHBOM3HOCHON mpucanku «Hanorekc-12» B ycnoBusx,
MOJICIUPYIONINX paboTy pealbHOTO IMOANIMITHAKA CKOJBKCHHS KOJICHYaToro Baia cynoBoro auzeinst 6UHCII 18/22 na
mamnHe TpeHus 2070 CMT-1. IlepeMeHHBIMU yCIOBUSMM WM3HAIIMBaHWS JeTaled MOJEIUPYEMOro IOJIIUIHUKA
CKOJIbKEHHUS SIBIISUTHCH IaBICHUE HA KOHTAKTe TPYIIUXCS MOBEPXHOCTEN M KOHIIEHTPALHs MIPOTUBOM3HOCHOI mpucan-
Ku (1o oobemy) B cMazouHoM Macie M-16I21[C. B pesynbrare npoBeAeHHs pacueTHBIX U 3KCIEPUMEHTAIBHBIX HC-
CIICZIOBAHUI MOJIy4eHbl TpaduyuecKie 3aBUCHMOCTH M3HOCA, HHTEHCUBHOCTH M3HAIIMBAHUA U W3HOCOCTOWKOCTH MO-
JENMUPYEMOro y371a TPEHUsI OT BENUUHHBI 00beMHOM KOHLEHTpaIuu C; MPOTUBOU3HOCHOM MPUCANKU B CMA30YHOM Macie
U KOHTaKTHOrO AaBneHus P;. [loareepkaeHo, 4yTo npuMeHeHue npucaaku B cMa3zouHoM maciae M-161211C 3nauurensHo
yIIydIIaeT ero TpUOOTEXHNIECKUE XapaKTePHCTUKH, IIOCKOJIBKY M3HOC Tapbl TPEHHS CHIDKAeTcs Ha 5—15 %, HHTEHCHB-
HOCTb U3HALIMBaHMA CHUKAeTcs Ha 7—17 %, a ©3HOCOCTOMKOCTD MOBbIIIaeTes Ha 6—18 % B 3aBUCHUMOCTH OT KOHIICH-
TpaluK NPUCaAKU B CMa304HOM MaTepuane. CHUXKEHHE U3HOCA BKJIAJbIINIA IOAIIMITHIKA CKOJIBXKECHUS B CIydae MpHU-
MCHEHHS IPOTHBOM3HOCHOH Npucanky (110 CPaBHEHHIO ¢ OECIPHCAOYHBIM CMA30YHBIM MAacJIOM) CO3/1acT OCHOBAHUS
K € yCIEIIHOMY IIPUMEHEHHIO B CYAOBBIX MaciaX, HO MOBBIIIEHNE KOHIIEHTPALUK MIPUCAIKU B Macne cBbime 2,0 %
1o 00beMy ABJIAETCS Heleaecoo0pa3HbIM BBULY yXYALIEHHUS TPHOOTEXHUUECKUX XapPAKTEPUCTUK U CHIKEHUS 3KOHO-
MH4eCcKOH 3P (HEKTHBHOCTH TAKMX CMa30YHBIX KOMITO3ULIUH.

KimioueBble cj10Ba: CMa30uyHOE Mmacio, Cy,[[OBOfI JU3€J1b, MOAIIMITHUK CKOJIBXKCHUA, KOJICHYATBIN BaJI, BKJIaJbIlI, IIPO-
TUBOU3HOCHAA IpHUCaJiKa, JKUPHbIC KUCIOTbI, JUCCIICHU /] MOIII/I6IIeHa
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Introduction

The most important and heavily loaded moving
units of a marine diesel engine are the cylinder-piston
group and the crank mechanism due to significant op-
erating temperatures (up to 100-110 °C) and contact
pressures in tribocouplings (up to 20 MPa) [1]. At the
same time, the crank mechanism has specific features
of friction and wear, as well as technical maintenance
and repair during the operation of marine equipment,
which is carried out as part of major engine repairs,
when the crankshaft is re-laid in new bearings. While
repair of cylinder-piston group parts is carried out dur-
ing routine and medium repairs of the diesel engine. It
should be noted that failure of frame and connecting
rod bearings of a diesel engine due to extreme wear
of friction pairs, as well as the crankshaft, requires the
ship owner to stop operating the vessel and put it in for
repairs, which results in significant costs in the range
from 150 000 rubles to several million, as well as long
downtime of ships [2]. In this regard, the task of in-
creasing the wear resistance and service life of sliding
bearing pairs of the crank mechanism of marine diesel
engines seems relevant, which can be solved by imple-
menting various design and technological proposals [3].
From the point of view of technical and economic jus-
tification and tribotechnical efficiency, one of the op-
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timal solutions is the development and use of anti-wear
additives to motor lubricating oils. For this purpose,
the additive Nanoteks-12 was developed and patented,
which contains a layered modifier — molybdenum
diselenide, as well as a number of fatty unsaturated
acids, which are surface-active substances [4].

The purpose of the lubricant is to separate one fric-
tion surface from another with a thin boundary layer,
while the rubbing surfaces should not experience dam-
age. It is necessary that the layer of lubricant between
the friction surfaces has a sufficient thickness, ensur-
ing the absence of contact of the working surfaces
with a certain roughness, which helps to reduce wear
of parts [5].

The type of lubricant and the dimensions of the sur-
faces of the plain bearings are selected in such a way as
to ensure the conditions of liquid friction of metal sur-
faces. This type of lubrication in marine diesel engines
is called liquid or hydrodynamic lubrication, usually
represented by mineral or synthetic oils [6]. In this case,
for the operation of plain bearings in the hydrodynamic
mode, the minimum pressure in the lubrication system
is P = 0.05 MPa, otherwise, instead of a hydrodynamic
wedge, a boundary friction zone is formed between the
crankshaft journal and the liner [7, 8]. Bearings operat-
ing under boundary friction conditions are calculated
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using a conventional method. First, the average pres-
sure p, between the shaft and the liner is limited, which
ensures wear limitation and non-squeezing of lubricant
between the working surfaces of the bearing liner and
the shaft. Second, according to the product p,v (v is the
peripheral speed of rotation of the shaft), the “shaft —
liner” pair is calculated for heating in order to ensure
normal thermal operation of the bearing. The product
p.v characterizes the specific friction power, therefore,
when the permissible value [p,v] is exceeded, the tem-
perature locally increases so much that a rupture of the
oil layer occurs, and, as a result, the seizure of the sur-
faces of the shaft and liner.

Conditions for normal operation of plain bearings
under boundary friction conditions [9]:

Pa < [pal;
Pav < [PV,

where p, — the actual average pressure between the
journal and the liner, MPa; v — the peripheral speed
of the shaft, m/s; [p,] — the permissible pressure, MPa;
[pav] — the permissible value of the criterion, which for
the bearings of the crank mechanism of a marine diesel
engine is 12-18 (MPa-m)/s at an allowable pressure in
the range of [p] = 15-20 MPa.

Under transient conditions associated with engine
starts and stops, when the crankshaft rotation speed is
up to 0.3 m/s, high loads or contamination of the lubri-
cant used in the plain bearings of marine diesel en-
gines, the lubricating film becomes thin enough with a
thickness in the range of 0.25-2.5 pum, and the local
pressure is quite high — about 15-20 MPa [7]. With
a decrease in the sliding speed or an increase in the
load, the lubricant layer can become so thin that there
is a possibility of rupture of the lubricating film and
the associated phenomenon of direct contact of the
rubbing surfaces. In this case, the load is borne by the
molecular layer, usually consisting of long chain mol-
ecules of fatty acids adsorbed by metal surfaces. One
of the ways to create a shear-resistant lubricating layer
is to add active compounds to the lubricating oil — sul-
fides, chlorides, succinamides, dichalcogenides, which
can be contained in various additives, additives and
modifiers for lubricants [10, 11]. These compounds are
either adsorbed independently or contribute to the cre-
ation of a stable cladding layer with improved tribo-
technical characteristics on the friction surfaces. In the
absence of such a chemically stable protective layer,
welding of friction surfaces under pressure, rupture
of joints and destruction of these surfaces may occur,
which ultimately leads to their mutual seizure and fail-
ure of friction pairs in plain bearings of marine diesel
engines. On the other hand, if we consider the mecha-
nism of lubrication with a small film thickness in the
friction zone, then as the thickness of the lubricating

layer decreases, most of the load is transferred to the
roughness projections of the rubbing surfaces, and
provided that a molecular layer with the required tribo-
technical characteristics exists, the probability of weld-
ing in the friction pair is significantly reduced. With the
standardized ranges of load values and sliding speeds in
the friction unit, the cladding molecular layer is firmly
held on the rubbing surfaces due to molecular adsorp-
tion. The active molecules that form the protective layer
are mainly long chain molecules of fatty acids. When
combined with the material of the crankshaft of a ma-
rine diesel engine, these molecular chains form iron
soaps based on various acids formed by oxidation of the
lubricants used. To form iron soap, a fairly weak con-
centration of acids in the oil is required — about 0.1%.
This lubrication system is called boundary lubrication,
and the main phenomenon detected during operation
of the friction unit under such lubrication conditions is
the value of the friction coefficient f = 0.1 and lower.
The value of f under such conditions does not depend
on the magnitude of the load and sliding speed [12].

When there is no lubricant in the friction zone or
the fatty acid chains are broken, the friction coefficient
fis close to 0.1. Therefore, such a layer, provided un-
der conditions of adding additives to lubricants, must
be stable, that is, the concentration of additives must
satisfy the conditions of adsorption of fatty acid chains
on the friction surfaces [13].

Based on the above, the main factors that have
a significant impact on the wear resistance of plain
bearings of marine diesel engines should be considered
the pressure in the friction zone of the bearing parts,
the mechanical and tribological characteristics of the
materials from which they are made, as well as the
concentration of additives in lubricants, on which the
strength of the oil film and the durability of the re-
quired lubricating properties of oils depend.

The conducting of a tribological research

The main objective of the research is studying the
tribological characteristics of modified lubricants using
the anti-wear additive Nanoteks-12 under conditions
simulating the operation of a real plain bearing of the
crankshaft of a 6ChNSP 18/22 marine diesel engine
using a 2070 SMT-1 friction machine (Fig. 1) [14]. The
6ChSPN 18/22 diesel engines are four-stroke, trunk-type,
with vertical cylinders, non-reversible, with gas turbine
supercharging and intermediate air cooling, right and left
models, right and left rotation of the crankshaft [1]. The
variable wear conditions of the simulated plain bearing
parts were the contact pressure of the rubbing surfaces
and the concentration of the additive (by volume) in the
M-16G2CS lubricating oil [15]. In the work, the wear
conditions of the friction pair “shaft journal — bearing
shell” were varied for three variants of pressure P; and
volume concentration of additive C; in the lubricant.
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The composition Nanoteks-12 was selected as an anti-
wear additive, containing 10% by weight of molyb-
denum diselenide and 90% of fatty acids, which are
a mixture of oleic and stearic acids. The patent formula
of this additive is given in [4]. The range of values

of the volume concentration of the additive in the lub-
ricant was C = 0-2.0% with a step of C; = 1.0%
(Fig. 2), the range of values of the contact pressure
was P =0.1-0.7 MPa with a step of P, = 0.3 MPa.

Fig. 1. The friction machine 2070 SMT-1: a — the general view: / — a friction machine control unit;
2 — a friction machine; 3 — the switching wires connecting the temperature sensor with the recorder; 4 — a recording device;
5 — a converter; 6 — the switching wires; 7 — a personal computer;
b — the test chamber: / — a housing; 2 — a fixed sample; 3 — a movable sample; 4 — a sample holder;
5 — a temperature sensor; 6 — a loading unit; 7 — the lighting lamps; 8 — a window; 9 — the switching wires

1

2

Fig. 2. The samples of the lubricants for tribological testing: / — an oil M-16G2CS; 2 — a lubricant composition
“oil M-16G2CS + 1.0% of the additive”; 3 — a lubricant composition “oil M-16G2CS + 2.0% of the additive”

These values of contact pressure correspond to the
values of the real pressure in the lubrication system,
equal to P = 0.1-0.05 MPa for the case when the fric-
tion mode passes from the hydrodynamic to the
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boundary one. The measure for assessing the wear
of the friction unit was the measured weight wear
of a stationary sample simulating a bearing shell made
of ASM-6.2 alloy after each stage of tribological tests.
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Thus, according to the conditions of testing lubricating on a 2070 SMT-1 friction machine with a steel shaft
oils and plain bearing materials, N = 9 stages of re- rotation speed of ® = 78.5 rad/s. The conditions of tribo-
search of the specified friction pairs were implemented  logical tests are given in Table 1.

Table 1

The tribological testing conditions

Parameter Meaning
The speed of rotation of friction machine shaft o, rad/s 78.5
The range of contact pressures in friction zone of samples P;-P;, MPa 0.1-0.7
The step of contact pressure range P;,, MPa 0.3
The number of steps in contact pressure range Np 3
The range of volume concentrations of additive Nanoteks-12 0-2.0
in 0il M16G2CS Ci-C5, % )
The step of range of volume concentrations of additive in oil C;, % 1.0
The number of steps in range of volume concentration of additive N 3
The continuous operation time of friction machine 7, min 60
The friction path Sp, m 3179.25
The base lubricating oil M-16G2CS (SS 12337-84)
An anti-wear additive Nanoteks-12
The radius of generatrix of stationary sample (bushing simulating bearing

2250013

shell) R, mm
The diameter of generatrix of moving sample (bushing simulating main 45
journal of shaft) djs, mm -0.037
The contact width of samples B, mm 33701
The material of stationary sample simulating bearing shell Alloy ASM-6.2
The material of moving sample simulating crankshaft journal Steel 45
The surface hardness of moving sample, HRC 55
The surface hardness of stationary sample, HB 60

The contact diameter of the insert in the form B =33""' mm (Fig. 3). The contact area of the samples
of a thin-walled annular sleeve and the steel shaft was ~ was 2 332 mm®. The load on the stationary sample was
dyis= 45 4,027 mm, the insert thickness was s =2.75 mm, carried out using a special block to ensure sample ri-
the longitudinal width of both samples for the test gidity and reliable tribocontact in the friction pair.
chamber of the 2070 SMT-1 friction machine was

A BB
-3 '
(=) ™~
, ® &
/Ra25 > /Ra2H -
I
0 2
N 3 )
= S i
o ©
NV

Fig. 3. The general characteristics of the test samples: a — a stationary sample simulating a bearing shell;
b — a movable sample simulating a crankshaft journal
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Before tribological testing, bases were applied to
a stationary sample using an indenter using the Rock-
well method. The angle of the apex of the diamond
pyramid being inserted was 120°, the indenter was
immersed to a depth of no more than 1.5 mm to reduce
residual deformations on the surface near the depres-
sion being made (lifting the metal). These depressions
were made in three places along the width of the
block: in the center and at a distance of 5 mm on both
sides from the central depression. The temperature in
the friction zone was monitored using a data transmis-
sion system to a PC using a TPL 014-00 20/2n (TCC)
thermocouple. Mechanical processing of stationary
samples was carried out by grinding to a roughness
of Ra = 0.63-0.70 um, blocks — to Ra = 0.63-0.70 pum.
The quality control of the treatment of the studied fric-
tion surfaces was carried out on a profilograph-
profilometer 201. The samples prepared for testing
were pre-run in for 90 minutes at a load of 2.5 MPa

and a speed of 1.31 m/s.

The wear resistance criterion of the tested materials
was the loss of mass, which was estimated by weigh-
ing on an analytical scale VLR-200 with an accuracy
of 1-10™* g after each test cycle.

Before each test, the sample was impregnated with
M-16G2CS oil at ¢ = 150 °C for 2 hours, then washed
in B70 gasoline (SS 1012-2013) and solvent No. 647,
dried in an electric furnace at ¢+ = 120 °C for 10
minutes, followed by cooling to room temperature in
air. After that, the samples were weighed and tested
for wear resistance. At the end of the tests, the samples
were weighed in a similar manner, excluding oil im-
pregnation.

In this work, at all stages of tribological studies,
each friction pair was tested at least three times in or-
der to obtain objective and reliable results.

The results of the tribological tests performed are
shown in Table 2.

Table 2

The results of tribological tests (weight wear of stationary samples %, g)

e Lo L. oo Pressure, MPa
Additive concentration in lubricating oil, % 0.1 0.4 07
0 0.039 0.045 0.063
1.0 0.038 0.042 0.055
2.0 0.037 0.041 0.053

The linear wear of the segment sample, m (linear
wear values in pm are given in Table 3), was deter-
mined from the expression [13]:

hi=(Amy/ p) | A,

where Am; — the mass of worn metal during the test

cycle in the i-th test step, g; p = 2.83 - 10~ — the densi-
ty of the material for the stationary sample, kg/m’;
A =2.332- 107 — the calculated area of the contour
friction surface on the cylindrical segmental surface
of the moving sample, m”.

Table 3
The linear wear of stationary samples 4, pm
Pressure, MPa
. . C o oo s
Additive concentration in lubricating oil, % 01 0.4 07

0 0.00591 0.00682 0.00955

1.0 0.00576 0.00637 0.00834

2.0 0.00561 0.00622 0.00804

The wear intensity of the moving sample was cal-
culated in the following way:

1,': h,‘/SF,

where h; — the linear wear of the movable segmental
sample, m; Sp=3 179.25 — the friction path during the
test cycle, m.

The wear rate of the samples, pm/(10° - h), is calcu-
lated using the following expression (the calculation
results are shown in Table 4):

Vi=(h:/10°)/ T,
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where h; — the linear wear, um; 7 = 60 — the time
of the tribological test stage, min.

Wear resistance is determined by the following ex-
pression:

IL'=1/V. (1)

The results of calculation according to (1) are giv-
en in Table 5.

The visualization of the main results of tribological
tests — wear, wear intensity and wear resistance of sta-
tionary samples — are presented in Fig. 4-6.
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Table 4
The results of calculating the wear rate of stationary samples v, um/(10*-h)
Pressure, MPa
.. Lo Lo oo s
Additive concentration in lubricating oil, % 0.1 04 07
0 591 6.82 9.55
1.0 5.76 6.37 8.34
2.0 5.61 6.22 8.04
Table 5
The wear resistance of stationary samples, v~
Pressure, MPa
. Lo s oo s
Additive concentration in lubricating oil, % 0.1 04 07
0 0.1691 0.1465 0.1047
1.0 0.1735 0.157 0.1199
2.0 0.1782 0.1608 0.1244
0,065
0,06 //
0,055
00 / /.
= 005
9 ,//
2 0045

0,04 -__‘%:/

0,035

0,03 T

—.—C1=O% +C2= 1%

C3=2%

0,4

0,6 0,8

Contact pressure P, MPa

Fig. 4. The graphic dependence of wear of a stationary sample on the values of the volume concentration
of anti-wear additive in the lubricating oil and the contact pressure in the friction pair
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Fig. 5. The graphic dependence of the wear intensity of a stationary sample on the values of the volume concentration
of the anti-wear additive in the lubricating oil and the contact pressure in the friction pair
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Fig. 6. The graphic dependence of wear resistance of a stationary sample on the values of volume concentration
of anti-wear additive in lubricating oil and contact pressure in the friction pair

The analysis of the results of the conducted studies
showed a sufficiently high tribological efficiency of the
developed lubricating composition “M-16G2CS oil +
anti-wear additive”, since wear in the friction pair de-
creased by 5-15%, wear intensity decreased by 7-17%,
and wear resistance increased by 6-18% depending on
the concentration of the additive in the lubricating me-
dium. Maximum wear of a stationary sample is typical
for simulated pressures P = 0.7 MPa, which indirectly
indicates a decrease in the thickness of the lubricating
wedge between the crankshaft journal and the bearing
shell to values in the range of 0.2-2 um.

Conclusion

1. The friction and lubrication conditions of plain
bearings in a marine diesel engine are considered. It is
shown that under transient conditions, high loads or con-
tamination of the lubricant used in plain bearings of ma-
rine diesel engines, the lubricating film becomes thin
enough with a thickness in the range of 0.25-2.5 um,
and the local pressure is quite high — about 15-20 MPa.

2. It was revealed that for the operation of plain
bearings in the hydrodynamic mode, the minimum
pressure in the lubrication system is P = 0.05 MPa,
otherwise, instead of a hydrodynamic wedge, a bound-
ary friction zone is formed between the crankshaft
journal and the liner. In this case, the permissible value

of the criterion [p,v] for bearings of the crank mecha-
nism of a marine diesel engine is 12-18 (MPa-m)/s at
an allowable pressure in the range [p] = 15-20 MPa.

3. A method for improving the tribological proper-
ties of lubricants and structural materials in sliding fric-
tion pairs by using a patented antiwear additive based
on molybdenum diselenide MoSe, and fatty acids has
been considered and proposed. In this regard, the task
of the scientific study has been completed — an assess-
ment of the tribological characteristics of modified
lubricants using the antiwear additive Nanoteks-12 has
been carried out under conditions simulating the op-
eration of a real plain bearing of the crankshaft of a
6ChNSP 18/22 marine diesel engine on a 2070 SMT-1
friction machine.

4. As a result of the calculation and experimental
studies, graphical dependencies of wear, wear intensity
and wear resistance of the simulated friction unit on
the value of the volume concentration C; of the anti-
wear additive in the lubricating oil and the contact
pressure P; have been obtained. It has been shown that
the use of the additive in the M-16G2CS lubricating
oil significantly improves its tribotechnical character-
istics, since the wear of the friction pair is reduced by
5-15%, the wear intensity is reduced by 7-17%, and
wear resistance is increased by 6-18% depending on
the concentration of the additive in the lubricant.
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