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Abstract

Introduction. The challenge problem of the quality of lubricants has led to both large-scale and narrow-focused
theoretical and applied studies that relate to the operational properties of lubricants. In particular, the authors of the
publications are interested in the interaction of bearing and lubrication, since numerous types of machinery and equipment
contain these elements. In the literature, the composites used to strengthen the bearing surface are compared, the most
effective compositions are determined, and the advantages and disadvantages of the components are analyzed.
Mathematical models have been proposed and tested for some of the processes of the interaction under consideration, and
acceptable adequacy has been proved for some of them. However, the improvement of such solutions requires taking into
account the specifics of the tribosystem. This issue has been poorly worked out, and the presented article is intended to
fill this gap. When evaluating the wear resistance of a radial bearing, the compressibility of a high viscosity lubricant is
taken into account.

Materials and Methods. The study was based on the tribocontact scheme, which included the radius of the polymer-coated
shaft, the radius of the bearing sleeve, the height of the lubrication groove, and the thickness of the lubricating layer. To create
new mathematical models that took into account the compressibility of the lubricant, the authors used three equations: motion
of the liquid lubricant, continuity, and state. To verify the model, the results of calculations and laboratory tests were compared.
In the experiments, a bearing with a groove to preserve lubrication was used. Its rotation speed, loads and temperature conditions
were changed. Friction was measured using traditional methods and modern instruments.

Results. The bearing design was modified to take into account an additional factor — the compressibility of the
lubricant. The new model predicted the bearing capacity of the part by 8—10% more accurately, and the coefficient of
friction — by 7-9%. Fluctuations in the coefficient of friction up to 45 MPa (equivalent to a five-fold increase in load)
were detected and explained. This was due to dynamic changes in the surface contact conditions and the effects of
external parameters. Optimal applications of antifriction coatings based on hybrid composite materials were
determined. The possibilities of practical use of calculation models of a journal bearing were expanded. Its critically
important operational characteristics were evaluated in practice.

Discussion and Conclusion. The scientific research results described in this article make it possible to establish the
performance characteristics of the bearing at the design stage. The significant potential of this approach has been identified
in terms of increasing the reliability and durability of the studied part, and this seems to be an important step in the
development of bearing and lubricant technologies. In the future, the authors intend to study such factors as temperature
conditions, dynamic loads, and interaction with various lubricants. This will allow us to improve bearing designs and
expand their application areas.

Keywords: journal plain bearing, lubricant compressibility, high viscosity lubricant, wear resistance assessment,
tribosystem specificity, hybrid composite
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AHHOTAUMA

Beeoenue. AxryanpHas mpoOiieMa KayecTBa CMa304HBIX MaTepHajoB O0YCIIOBUIIA KaK MacIiTaOHble, TaK M Y3KOIPO-
(l)I/IHbH])le TCOPCTUYCCKUE U TMPUKIIAJHBIC UCCICAO0BAHNA, KOTOPHIC KACAIOTCA JIKCILUTyaTallUOHHBIX CBOMCTB cMa3ok. B
YaCTHOCTH, aBTOPOB ITyOJIMKALNi HHTEpECYeT B3anMOACHCTBUE MOIIUITHUKA U CMA3KH, TaK KaK 3TH 3JIEMEHTHI IPUCYT-
CTBYIOT BO MHOTHX BHaX MallWH 1 000py0BaHus. B uTepatype comocTaBisioTcs KOMIO3UTHL, KOTOPHIMH YIPOYHSIOT
TIOBEPXHOCTH TOJIIUITHUKOB, OTIPEeIIoTCsl Hanboee 3 QeKTHBHbBIE COCTaBbl, aHAIN3UPYIOTCS JOCTOMHCTBA U HEMIO0-
CTaTKH KOMIIOHEHTOB. [10 HEKOTOPBIM IIpolIeccaM pacCMaTPUBAEMOT0 B3aUMOICHCTBUS TPEITIOKEHBI U IIPOTECTUPOBAHBI
MaTeMaTHYECKHE MOJEIH, U Ul HEKOTOPBIX M3 HUX JJOKa3aHa IpHemMiieMas aJeKBaTHOCTb. OTHAKO COBEPLICHCTBOBAHHUE
TaKUX peIIeHnH TpeOyeT YIUTHIBAaTh crieln(UKy TpHOOCcHcTeMBbl. JlaHHBIH BOIpOC MpopaboTaH ciado, i MpeIcTaBIeHHAS
CTaThs IIPU3BaHa BOCIIOIHUTH 3TOT Ipobe. [Ipu orjeHKe M3HOCOCTOMKOCTH paJialbHOTO MOIIHITHAKA IPUHUMACTCS BO
BHMMAaHHUE CKMMAaEeMOCTh HCTHHHO BSI3KOI'0 CMa304HOT'O MaTepHana.

Mamepuanst u memoost. ViccnenoBanue 6a3upyercsi Ha cxeMe TPUOOKOHTAKTa, B KOTOPYIO BKIIFOUAIOTCS paJInyC Baja C
MOJTMMEPHBIM TOKPHITHEM, PaJIyC TOALIMITHUKOBOM BTYJIKH, BEICOTA KAHABKH JUISI CMa3KH U TOJIIMHA CMa304HOTO CIIOS.
Jnst co3iaHust HOBBIX MAaTEMaTHYECKUX MOJICINICH, YUUTHIBAIOIINX CXKMMAeMOCTh CMa304HOT0 MaTepralia, aBTOpHI 3a/1eH-
CTBOBAJIM TPH yPaBHEHHUS: IBIKCHUS )KUIKOTO CMa30YHOTO MaTepralla, Hepa3pbIBHOCTH B cocTosiHUSA. {711 Bepudukannu
MOJIENTN COTIOCTABMIIM MTOTH PACUYETOB M JaOOPAaTOPHBIX MCIBITAaHWH. B 3KcrieprMeHTax MCHOIB30BalM MOIMIIHMITHUK C
KaHAaBKOW JUIsl COXpaHEHUS CMa3Ku. MEHsUIH CKOPOCTh €T0 BpalleHHs, HArpy3KH M TeMIIepaTypHbIe YCIOBHA. TpeHue
U3MEPSIIN TPAAULIMOHHBIMI METOAAMH M COBPEMEHHBIMH HHCTPYMEHTAMH.

Pezynoemamot uccnedosanus. KoHCTpYyKIs MOMIIUITHAKA MOIAU(HIIPOBAHA C YICTOM JOMOIHUTEILHOTO (hakTopa — CHKH-
MaeMOCTH cMa3o4HOro marepuana. Hosas monmens Ha 8—10 % TOYHEEe NMPOTHO3MPYET HECYHIYIO CIIOCOOHOCTBH JeTajn
u Ha 7-9 % — ko3 dunmenT Tpenus. OOHAPYKEHBI U ITOIYYHITH 00BsICHEHHE KoyieOaHus koddduipieHTa Tperust 1o 45 MIla
(9KBMBAJIEHT IATHKPATHOTO POCTa Harpy3KH). ITO CBSI3aHO C AMHAMUYECKMMH W3MEHEHUSIMH B YCIIOBHSIX KOHTaKTa MOBEPX-
HOCTEH M BO3JIEHCTBHUSIMU BHEIIHHX MapaMeTpoB. OrperiesieHbl ONTUMaJIbHBIE 00J1aCTH IPUMEHEHNS aHTH(PUKLIHOHHBIX T10-
KpPBITHI Ha OCHOBE TUOPHIHBIX KOMITO3HIIMOHHBIX MaTepUAIOB. PacuimpeHsl BOSMOXKHOCTH TPAKTHYECKOTO UCIIOIB30BaHHUS
pacyueTHBIX MOAEINeH paalIbHOTO MOAIINITHHKA CKOIBKeHHUs. OLEHEHbI HA PAKTUKE €ro KPUTHUECKH BYKHBIE SKCINTyaTa-
LMOHHBIE XapaKTePHCTUKH.

Obcyacoenue u 3axknrouenue. Pe3ynpTaTsl HAYYHBIX W3BICKAHHHN, ONIMCAHHBIX B TAHHOH CTaThe, NAI0T BOSMOXKHOCTh Ha
oTane MPOCKTUPOBaHUA YCTaHABJIMBATD OKCIUTYyaTallTUOHHBIC XapaAKTEPUCTUKU ITOJUIUNITHUKA. BrisiBiIeH 3HAYMMBINA IOTEH-
nyaJI JaHHOT'O I10AX0/4a B IIJIaHE ITOBBINICHWA HAJICKHOCTU U JOJI'OBECYHOCTHU HCCHCZ[OBaHHOﬁ JACTaJIu, U 5TO NPECACTaABIA-
€TCsl BKHBIM II1arOM B Pa3BUTHH TEXHOJIOTHH TIOAIIMITHIKOB M CMa30YHBIX MaTepuaioB. B mepcnexkTuBe aBTOpbI Hame-
PEHBI U3Y4YHTh TakKe (aKTOpbl, KaK TEMIIepaTypHbIE YCIOBUS, AMHAMUYECKHE HArpy3KH M B3aUMOJICHCTBHE C Pa3ind-
HBIMH CMa309HBIMH MaTepHajIaMu. JTO MO3BOJIUT COBEPUICHCTBOBATH KOHCTPYKIMH MOIIMITHIKOB ¥ PaclIUpsTh 00J1a-
CTH X TIPUMCHCHHUSL.

KaroueBble cjioBa: paauaibHbIA MOANIMIHUK CKOJIBXEHHUS, C)KUMaeMOCTh CMa304HOTO MaTepHana, HCTUHHO BS3KUI

CMa304HBII MaTepHal, OIleHKa H3HOCOCTOMKOCTH, CrielM(HKa TPUOOCUCTEMBI, THOPUAHBIN KOMITO3UT

BaarogapHocTH. ABTOpPHI BBIP@XAIOT ONAarogapHOCTh pyKoBoawTemo nabopatopun Kadempsl «Teopermdeckas
MeXaHHUKa» akaJleMHuKy Poccuiickoil akagemuu Hayk KonecHukoBy Bramumupy VMBaHoBHUy 3a MOMOIIG B IPOBEACHUHI

OKCIICPUMCHTAJIbHBIX PICCJ'IC}IOBaHPIﬁ.
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Introduction. In all sectors of the economy, the efficient functioning of mechanisms requires working with high-
quality lubricants. The relevance of this issue stimulates scientific research that concerns the operational properties of
lubricants. In particular, the authors of the publications are interested in the interaction of two elements that are present
in many types of machines and equipment. It concerns, specifically, bearings and lubricants. Researchers often focus on
such a lubricant parameter as compressibility. Mathematical models are built to determine the potential efficiency of
lubrication in various bearing operating modes.

When studying lubricants, working oils are considered incompressible, but their volume still varies slightly. The
compressibility factor depends on the chemical composition of the oil, its temperature, its pressure level, and contamination
with air foam, which can cause cavitation, loss of efficiency, drop of oil pressure, origination of noise and erosion.

Modern lubricants play a significant role in increasing the service life of sliding bearings. Advances in chemistry and
materials science have made it possible to create new types of lubricants that significantly reduce friction and wear on the
working surfaces of bearing supports, and therefore increase the performance of the mechanism. The effect is provided
by hydrocarbons and molybdenum disulfide in the lubricant. The use of such lubricants not only increases the reliability
and durability of the supports, but also reduces the costs of maintenance and routine repairs.

Among modern developments in the field of polymer coatings, there are modifications of base materials to improve
their tribological characteristics. For this purpose, fillers are introduced into polymers [1], including such solid lubricants
as graphite, molybdenum disulfide, or carbon nanotubes [2]. These composites have significantly higher wear resistance
and can withstand the effects typical of industrial tribosystems [3]. Such coatings can function without special lubricants,
which significantly simplifies the operation of mechanisms and reduces operating costs.

At the design stage, it is critically important to take into account the interaction of various materials and coatings [4],
to analyze their operation under the influence of high temperatures and speeds. At the same time, the accuracy of
calculating the parameters of wear and interaction of surfaces allows for a significant increase of the reliability and
durability of friction units [5]. Paper [6] describes the composite structure, friction and wear characteristics of the
antifriction polymer fluoroplastic-containing coating.

Article [7] confirms that the use of rubber powder as a filler for epoxy polymers opens up new possibilities for the
creation of highly effective vibration-absorbing composites. The flexibility of the process allows changing the type,
content and combination of organomineral ingredients and epoxy compounds. This enables the material properties to
be adapted to specific requirements and operating conditions, which in turn helps improve the performance and
durability of equipment.

In [8], the problem of determining the nature of defects in fiberglass is considered. The solution [9] is based on the
analysis of the Fourier spectra of acoustic emission signals. It is found that interlayer damage to matrices appears and
develops in the frequency range of 160—240 kHz. This allows for early diagnostics and prompt elimination of such defects.

The fourfold increase in Young's modulus confirms the significance of using a soft template with modified
polydopamine and a dispersion coating [10]. Higher mechanical strength combined with improved thermal conductivity
opens up new prospects for the creation of materials capable of withstanding extreme operating conditions.

In [11], the capabilities of polyethylene oxide (PEO) solutions in chloroform are described. A multiple increase in
relaxation and stretching time indicates a qualitative change in the behavior of PEO and opens up new prospects for its
industrial application. Such changes can improve the mechanical stability of polymer products, expand the range of their
use and increase the efficiency of production processes.

As experiment [12] has shown, metal powders in the coating composition improve adhesion with the base material.
This helps to avoid peeling and cracking of the coating, which is critical for the durability and reliability of the brake
transmission. In [13], it is established that combined coatings can become a mechanical engineering standard — they will
be used in highly loaded and critical units.

Based on the results of research [14], it can be concluded that the introduction of antifriction polymer composite coatings
with a cold-curing matrix is promising in terms of increasing the reliability and efficiency of industrial equipment.
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In [15], a mathematical model for assessing electrophoretic mobility is proposed. It assumes that the presence of a
scalable structure of the adsorbed permeable polymer layer does not affect the Poisson-Boltzmann distribution of ions in
the double electrical layer.

One of the key approaches is the introduction of various fillers into polymers, including solid lubricants. Such
fillers as graphite [16], molybdenum disulfide [17] and carbon nanotubes increase significantly the wear resistance of
polymeric materials [18].

In [19], the aging of plasma-polymerized hexamethyldisiloxane coatings was investigated. They were activated by
helium or dry air plasma and compared to the aging of plasma-activated silicone elastomer.

Experimental data [20] indicate that the operational properties of the material are determined by the nature of the
acoustic emission. And this indicator depends on such variables as the filler concentration and curing temperature.

The theoretical calculation models [21] were visualized. Their accuracy was estimated. For this purpose, the following
tribological parameters were compared:

— determined by the results of numerical analysis;

— calculated by adequate regression models obtained experimentally.

The comparison proved the high accuracy of the models — within 9-13%.

For successful application of the above methods, it is necessary to take into account the specifics of each tribosystem.
Ignoring these features can lead to unreliable results or a decrease in the effectiveness of the proposed approaches.

It is noted in the literature that the liquid lubricant moving in the working gap contains atmospheric gases, on which
compressibility depends. This means that its introduction into the model allows us to more accurately predict the behavior
of the lubricant and the efficiency of lubrication in various bearing operating modes. This issue is not described in
sufficient detail in the available sources, and the presented research is intended to fill this gap. The authors created and
analyzed a mathematical model of a viscous lubricant in a bearing. Moreover, on the surface of the bearing bushing there
was a composite coating with fluoroplastic. The modified design of the bearing provided for the presence of a polymer
coating with a groove for better distribution of the lubricant, which, in turn, increased the durability of the system. Thus,
a method for engineering calculations of the design of a radial plain bearing with a groove in a polymer coating has been
developed for the first time. The new solution takes into account the compressibility of the lubricant and allows
determining the basic tribotechnical parameters. The research objective is to evaluate the wear resistance of a modified
design of a radial plain bearing taking into account the compressibility of a high viscosity lubricant. A high viscosity
lubricant is a medium that obeys Newton's law. This dependence describes the flow of numerous oils at temperatures far
from the freezing point quite well.

Materials and Methods. The wear resistance of a modified radial bearing design is estimated. Parameter Q specifies
the shaft speed. The surface of the modified bushing remains stationary.

A polar coordinate system is adopted to solve the problem. Its pole is the center of the bushing (Fig. 1).

Fig. 1. Tribocontact diagram

In this case, the contours of the shaft, bushing and modified bushing are described in the form:

r':r0(1+H),r':r1,r’:r1—h, )

where 7o — radius of the shaft with a polymer coating; »; — radius of the bearing bushing; h— groove height;

H — thickness of the lubricating layer.
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The viscosity of the lubricant depends on the pressure:
B =poe®”. ()
Here, p' — coefficient of dynamic viscosity of the lubricant; py — characteristic viscosity; o’ — constant;
p’ — hydrodynamic pressure in the lubricating layer; e — eccentricity.
The solution to this problem is based on the equation of liquid lubricant motion, the equation of continuity, and the

equation of state:

o't do’ o P 00

% ,82\/9’ _dp; a(plvri’)_,_ PV +l,a(p'vei) 0.p = AQ2p2 p.

= 5 3

or'

> >

Here, 6 — angular coordinate; vg, , v, — components of the velocity vector of the lubricating medium; p" — density

(dimensionless quantity).
Boundary conditions for system (3):

ve=0,v, =0atr =n,

v =V (6) v, =u" (6) atr'=r —h,

: . ' “)
Ve =1yQ, v,y =—Qesin®at r' =ry +ecosH,
p'(0)=r'(8)=py.
Here, p, — lubrication supply pressure; Q2 — shaft angular velocity.
We use formula (5) to move to dimensionless variables:
r'=n=0r,8=n—ry vy, =Qryv;, v, =Qdu,,
, . . i, , o
p=p'pp =E e = 5)
5 p
p = 2P p'=p'p
YO '
Here, u — horizontal component of the velocity; v — vertical component of the velocity.
As aresult of transformations (5) taking into account (3) and (4), we obtain:
A 2y 1 dp. O(pu;) O(pv;
%:,8?:_6_@&, (pu;)  O(p ):pr:p’ ©
or or A de  or 00
v=1l,u=-msinBatr=1-ncos0 = h(@)
v=0,u=0atr=0,0,<6<0,,
v=v*(9),u=u*(9)atr=n2,0S9S91,62SOS2TC, @)

p(0)=p<el>=p(ez>:p<zn>=%,
P3(02)=P2(02). p1(0:)=p2(6:1), O =const.

Here, n =¢ /3 — design parameter of a bearing with a standard support profile; 1 = a' /  — design parameter of a

bearing with an adapted support profile; A =#7uQ/ p g62 — compressibility parameter.

We introduce z = e . After a series of transformations, we obtain:

v, 118z o(pu;) 9(pv;)
L— l, :0, =. 8
ot Aad® o o0 p=p ®)

Boundary conditions for (8):
v=1lLu=-nsinOatr=nh(0),
v=0,u=0atr=0,0,<6<0,,
1 1 sin 6

V= U= atr=m,,0<6<06,,0, <06<2r, )
n(0)-n," " A(0)—nm, ’ v
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Using method [22], we found a self-similar solution to problem (8) taking into account parameters (9):
pv; = %+ Vi (r.0), pu; = —%+Ul— (r.0),
4 (’”:6) =\, (&-), V; (’”’9) = pv; (E.ai)’ U, (”»9) =—pi; (En)'h’(e),

£, =—1_at0, <0<0,,

- (0)
__r—m
& =————at0<0<0,u0,<6<2m (10)
h(0)-n,
Here, v — function depending on self-similar variable &; ¥, U — components of the velocity field; 6, — design

parameter characterizing the groove depth.
Taking into account (10), equations (8) and boundary conditions (9) take the form:

wi(E.;i)_aisvi(ii)_biaui(ai)'i_h,(e)pde éivi(ai)—oa (1D

g Pidr_ b
Ado n2(0) 1(0)

,» 1=17,

o P2y bpy @

AdO (o) +h) (h(0)+h)

\T[%:Oﬂta:o,%:l,ﬁi(é,e):p’ﬁi:()atazo,

<1

1
.(£,6)=0,d, =—nsinOat a=1,_[ﬁ,.(<:)dg:o,
0

p(0)=p(6,)=p(6,)=p(2n)=1. (12)
Taking into account (12) and (13), we obtain the following systems of equations.
For the velocity field:
-, - 2 b
W1(§1)=a1%(é1—1), V1(§1)=b1%—[1+?1j§1+15
-, . 3 b
¥ (82) =0 2% 1), vz(az)=b2%—(l+§jaz 4, (13)
- - 2 b
Ws(‘ga):“a%(§3_l): V3(§3):b3%_(1+?3)§3 +1.

For hydrodynamic pressure:

=2 2 2
1171=1+L2[6+2ﬁsine—21 1]21(9+3ﬁsine)]>< 1+(xp‘i —a—(p—fj ,
(1-m,) 240" p p  2\p

&,

Wh (‘iz):az %_az %792 (‘iz):bz %+(1_%j§2 +1,u, (‘iz): !&2‘7’2 (‘iz)d‘iz,

-0, p 1

) 2
)2 :1+6A(9—91)[1+afﬁ —%(pfj ]{l+ ezn (sine—sinel)—l[l—elsinelj(l+ 93_”91 (sine—sinel)ﬂ,

g

W5 (E‘;3):a3—3—a3 5 , V3 (é3)=b3g—3+(1—%jés +1,u3 (‘:3): J.ézﬁé (533)01&3,

0
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_ 2 2 >
p3:1+w{1+ap—f—a—(pfj J{H— 2N (sin®—sin6,)—

(1-m,)° po2\p -6,
If,_mn. m o :

——| 1-—-ysin0, || 1+ (szn@—sznGZ) . (14)
p 0, 6-6,

We solve equation (14) using the method of successive approximations, limiting ourselves to two approximations:

2
pe o’(p 6A . 1-7? -
pu=L pu=1 p3y=1p,=6A|l+a f—T(—fj —2(6+2nsm6—2 T]2(6+31”|Sm(?))j,
p p (1-ny) 2+1

5 2
D :+6A(9—61){1+ai§ —%(iﬁ] J{l+ 92—:[31 (sin@—sin@l)—(l—eﬂlsinelj(1+ 93—n91 (sinG—sinel)]:|,

A _ P 2 ~
Dxn :_6 © 622) 1+0°pi _a_(p_ij {l+ o (sin®—sin8,)-
(1-m,) p o 2\p 6-6,

_(1_61Sinezj(l+9iﬁe (Sine—sin()z)ﬂ. (15)

2

To determine the bearing capacity and friction force, we use formula (15):

s 0, 2z
R = 6“20;)9 Ipn cos6d9+jp22 cosed9+jp32 cos0d0 |,
0 01 0,
6 3 0 0, 2n
o7 : , .
R, = M2062 0 Ipu sm@d@—i—jpzz szn6d6+J‘p32 sindo |,
0 01 0,
L [1+ i 2) ]ll \m(o)+ﬂ(0) do+
P = H op——p -
o) o)

+Tl 5 (0) . v (0) 9+TL(M+dee}. (16)

2Pl (h(e)+h) (n(e)+h) | 5 pLA(O)  4(0)

These studies established the effectiveness of the proposed theoretical model in the specified parameter ranges. The
values of compressibility parameter A = 0.1-0.9 and stress ¢ in the range of 9—45 MPa were thoroughly tested to provide
the accuracy of the model and the possibility of its wide application.

Experimental Conditions. The research started with the verification of the developed calculation model. For this
purpose, numerical calculations were performed, which allowed us to estimate the basic parameters of the bearing
operation. The verification included a comparison of these calculation data with the results of laboratory tests. The
analysis showed that the calculation model predicted the behavior of the structure with a high degree of accuracy. At the
same time, the identified deviations were within the permissible error limits.

Experiments for a bearing with an oil-supporting groove contour were conducted under various operating conditions.
In particular, the rotation speed, loads and temperature conditions were changed. The correct selection of mode ensured
reduced wear and increased heat generation. This approach allowed for increased reliability and reduced downtime in the
operation of mechanisms.

The tests involved traditional methods of measuring friction and wear, as well as modern instrumental approaches.

This maintained high measurement accuracy and helped to better understand the mechanisms of friction and wear in the
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Research Results. The study allowed us to more accurately represent the performance characteristics of polymer-coated
bearings (Table 1). This is of great importance for their effective use in various engineering systems. With the new model, the

forecast of data on the bearing capacity turned out to be 8—10% more accurate, and on the friction coefficient — 7-9%.

Table 1
Results of Theoretical Research
Compressibility parameter
No o, MPa 0.5 0.4 0.3 0.2 0.1
Friction factor
1 9 0.00479000 0.00711300 0.00310000 0.00100000 0.00023000
2 18 0.00149000 0.00149100 0.00165300 0.00008500 0.00049350
3 27 0.00017300 0.00009200 0.00000600 0.00005050 0.00002700
4 36 0.00007500 0.00014130 0.00000400 0.00001160 0.00000793
5 45 0.00000100 0.00001070 0.00000100 0.00002700 0.00000687

The experiment showed the presence of fluctuations in the friction factor. This was due to dynamic changes under the
conditions of surface contact and the effects of external parameters. Such behavior of the friction factor with increasing
load indicated the complexity of interactions in the system, especially considering the maximum recorded load indicator.
It reached 45 MPa, which was equivalent to a step increase in load by 5 times (Table 2).

Table 2
Comparison of the Results of Theoretical Research and Experiment
Friction factor
Mode
No Theoretical research
. Considering Experiment
o, MPa V, m/s Coating L
compressibility
1 9 03 0.0105 0.0103 0.0104
2 18 0.3 0.0095 0.0093 0.0094
3 27 0.3 0.0090 0.0088 0.0090
4 36 0.3 0.0085 0.0080 0.0082
5 45 0.3 0.0075 0.0071 0.0074

The research results confirm the effectiveness of the developed theoretical models. Their implementation opens up
the possibility to significantly increase the load capacity of parts and to considerably reduce the friction factor. The results
of the work can be presented as follows.

1. The studies of radial plain bearings taking into account the compressibility of liquid lubricant, firstly, showed a
significant improvement in their operational characteristics. Secondly, the accuracy of engineering calculations for the
bearing capacity increased by 8—10%, and for the friction coefficient — by 7-9%.

2. The possibilities of practical use of calculation models of radial plain bearings were significantly expanded. Its
critical operational characteristics were assessed in practice.

Discussion and Conclusion. The results of the research described in this article establish the main operational
characteristics of the bearing at the design stage. The ability to increase the reliability and durability of the studied part is
an important step in the development of bearing and lubricant technologies.

The new method is premised on a theoretical background and has been experimentally confirmed. It is intended for
the development of calculation models of radial plain bearings. An important characteristic of the part is an antifriction
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polymer coating with a groove for retaining the lubricating fluid. The compressibility and rheological properties of the
lubricant are taken into account. Considering the previously established parameters of such grooves, a calculation model
that describes in detail the behavior of the bearing in the hydrodynamic mode, has been developed. Particular attention is
paid to the compressibility of a high viscosity lubricant, whose viscosity parameters depend on the pressure and friction
conditions. Recommendations for the use of bearings with optimal grooves have been formulated.

The scope of application of the research results is engineering design and verification calculations when it is necessary
to maintain a hydrodynamic lubrication mode. The method is potentially in demand in mechanical engineering, aircraft
manufacturing, instrument making, and other industries.

In further research, it seems appropriate to study such factors as temperature conditions, dynamic loads, and interaction
with various lubricants. This will allow for the improvement of bearing designs and expansion of their application areas.
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