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Abstract

Introduction. In modern heavy-loaded friction units, metallopolymer coated bearings operating in the boundary friction
mode are widely used. Their successful application is provided by the viscoelastic deformation of these coatings under
load. To pass from boundary friction to liquid friction, it is required to create a bearing hydrodynamic wedge. Currently,
the use of journal bearings with polymer-coated grooved support ring is hindered by the lack of a methodology for their
calculation. This work analyzes a model of movement of a micropolar lubricant in the operating clearance of a journal
bearing with a nonstandard support profile having a PTFE composite coating with a groove on the bearing surface. The
study aims at establishing the dependence of the stable hydrodynamic regime on the width of the groove on the surface
of the bearing profile.

Materials and Methods. Tribological tests of journal bearings with a nonstandard bearing profile having a polymer
coating with a groove on the surface were carried out on samples in the form of partial bushes (blocks). Using the
equation of movement of a lubricant with micropolar rheological properties, as well as the continuity equation, new
mathematical models were obtained that took into account the width of the groove, polymer coating, and nonstandard
bearing profile.

Results. A significant expansion of the applicability of design models of journal bearings with structural changes has
been achieved. Polymer-coated bearings with a groove provided a hydrodynamic lubrication mode. The results obtained
allowed us to evaluate the operational characteristics of the bearing: hydrodynamic pressure value, load capacity, and
coefficient of friction.

Discussion and Conclusions. The design of polymer coated journal bearing and a groove 3 mm wide on the surface of
the liner provided a stable ascent of the shaft on the hydrodynamic wedge, which was validated experimentally. The
experiments were carried out for journal bearings with a diameter of 40 mm with a groove 1-8 mm wide, at a sliding
speed of 0.3—-3 m/s and a load of 4.8-24 MPa.

Keywords: journal bearing, increased wear resistance, antifriction polymer composite coating, groove, hydrodynamic
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Introduction. The issues of providing the reliability of machines and mechanisms are among the major ones in
modern industry. New technologies and calculation methods are being developed and existing ones are being improved
to increase the resource of technical devices, their wear resistance, economic and operational characteristics.

It is known that the most common cause of failures of friction units are wear and malfunction, and the proportion of
failures reaches 80 %. Investigations conducted in the field of friction units suggest the use of new antifriction coatings,
modern varieties of materials, original design features of friction units.

Primarily, during calculations and design, the qualities of friction units are underpinned, while modeling
methodologies are constantly being developed and improved [1-5]. The parameters affecting the friction units keep
changing in accordance with their working conditions and the materials used to obtain a protective coating on the
contact surfaces [6-10]. At the same time, there is a need for new methods for adequate modeling and experimental
verification of the models obtained.

It follows from the basic results of [11-15] that the formation of secondary structures of frictional transfer of
tribological processes in the system “railway track — rolling stock” during the implementation of metal cladding
technologies provides reducing the coefficient of friction and wear, and improving vibration-absorbing properties. It has
been found that the transverse deformation of a solid body is reduced by 1.5 % and enables to reduce the wear of wheel
sets and rails in indirect sections, as well as to increase the traction power of the locomotive. At that, the longitudinal
deformation of the solid increases by 60.6 %.

The research results [16, 17] are devoted to the development of a mathematical model of journal bearings of finite
length and dampers with porous structural elements on the surface of the bearing bush. The obtained study results
enable to increase the bearing capacity by 20-22 % and reduce the transmission coefficient of the damper by 15-17 %,
and the coefficient of friction by 13-15 %.

The paper! shows that the use of a low-melting coating on the surface of the bearing bush as an additional lubricant,
taking into account its rheological properties and the melt coating having truly viscous rheological properties, increases
the operating time of bearings in the hydrodynamic friction mode by 10-12 % and prevents an emergency shortage of
lubricant.

In [19-21], computational models were developed that provided the most effective hydrodynamic lubrication mode
both in normal and emergency mode during “lubricant starvation”. They were designed to establish a balanced
combination of the composition of metal alloys for coatings of movable and fixed contact surfaces of tribo-nodes and
the type of lubricant. As a result, it was found that the degree of improvement for the load capacity was 26.2 %, for the
coefficient of friction — 12.8 %.

Based on the above, it can be concluded that it is required to develop new design models of bearings, or improve the
accuracy of existing ones. A property of the computational models of journal bearings obtained by the authors is the
generalization of a whole complex of additional factors previously considered only individually in a single block.

The study aims at establishing the regularities for a stable hydrodynamic regime due to the width of the groove on
the bearing profile surface through applying a polymer coating.

Problem Statement. The laminar flow of a micropolar fluid in the journal bearing clearance between a trunnion and
a nonstandard bearing profile on which a polymer coating with a groove is located, is studied. In this case, the speed of

rotation of the trunnion is equal to Q, and the speed of the bushing is zero under the conditions of an adiabatic process.

! Lagunov EO, Mukutadze MA. The Radial Bearings of Sliding Caused by Fusion. In: Proc. IV Int. Science and Technology Conf. “PROM-
ENGINEERING”. Chelyabinsk: South Ural State University; 2018. P. 56-62.
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The micropolar lubricant flow is given by the well-known equation in the approximation “for a thin layer” and the

continuity equation:
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In the polar coordinate system (Fig. 1) with a pole in the center of the bushing, the equation of the trunnion contour,
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the bushing with a noncircular profile of the bearing surface and the bushing with a nonstandard bearing profile, on

which the polymer coating is located, is given as:

r'=r(1+H); r'=r-a'sined; r'=r—h-a’sinwe. )

Fig. 1. Journal bearing having a polymer coating with a groove on the bearing surface (the authors' figure)

Generally accepted boundary conditions up to terms O(sz) :
Vo=0; v, =0 at r'=r,-a'sinnb; 6,<06<0,;
Vo=0, v,=0 at r'=r,—h-a'sino®; 0<6<0, and 6,<0<2m;
V, =< v, =—Qesin® at r'=r,+ecoso;
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To make the solution simpler, let us pass on to dimensionless quantities:
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Taking into account (4), equations (1) and (3) are transformed into a system of dimensionless equations with the
corresponding boundary conditions, but the condition of constant lubricant consumption should be considered:
2 2
au.+NZaui_e,up%_ ov; vy 1 dy aui+8v.
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The solution to problem (5), taking into account boundary conditions (6), is sought by the well-known

method [20, 21] in the form of:
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where h(6)=1-1c0s6—n,sinwd .
For hydrodynamic pressure and velocity field, we obtain the following analytical expressions:
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Determining the bearing capacity and friction force, we use the following formulas:
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Numerical analysis (9) was performed for the following ranges of values: (62 — 061) = 5.74-22.92 (groove width),
d =40 mm; V = 0.3-3 m/s; ¢ = 4.8-24 MPa; po = 0.0707-0.0076 N-s/m? (0il MS-20).

Experimental Procedure. The experimental study consists of:

1) verification of the developed calculation model;

2) a set of experimental investigations of a bearing with a newly developed design of the bearing surface of the
bushing.

The experiment was carried out on an upgraded Al 5018 friction machine using samples in the form of partial
bushes. The blocks were cut from the annular blank at a central angle equal to 60 °. Polymer coatings and grooves along
the tribocoupling axis to the coating depth were applied to their working surfaces. In addition, the blocks had holes for
thermocouples.

Research Results. As a result of theoretical research, it has been found that the bearing capacity of a journal bearing
with a polymer coating of the bushing surface containing a groove, as well as a profile of the bearing surface adapted to
friction conditions, was increased by 8-9 %, and the coefficient of friction was reduced by 7-8 % (Table 1).

©)

Table 1
Results of theoretical study on the surface of the support ring with fluoroplastic-containing composite polymer coating

Friction ratio
No. o, MPa 1 > 3 7 5
1 4.8 0.00815 0.01982 0.01781 0.01056 0.00363
2 9.6 0.00614 0.01493 0.01342 0.007958 0.0027354
3 144 0.00413 0.01005 0.00903 0.005356 0.0018408
4 19.2 0.00212 0.00516 0.00464 0.002754 0.0009462
5 24 0.00011 0.000281 0.000253 0.0001497 0.0000516

As a result of the experimental study, a stable hydrodynamic regime was obtained after two minutes of processing.
The load increased five times with the same interval (Table 2).

Results of experimental study on the surface of the support ring
with fluoroplastic-containing composite polymer coating

Table 2

Results of theoretical Results
Mode research of experimental study
No. Polymer Error rate, %
o, MPa V, m/s Polymer coating | Grooved coating coating Grooved coating
1 4.8 0.3 0.0160 0.0142 0.0184 0.0159
2 9.6 0.3 0.0105 0.0088 0.0119 0.0064
3 14.4 0.3 0.0085 0.0066 0.0098 0.0078 5-12 | 6-13
4 19.2 0.3 0.00100 0.0076 0.0122 0.0097
5 24 0.3 0.0140 0.0109 0.0152 0.0123

The study results validate the effectiveness of the developed theoretical models and prove the advantage of the
investigated journal bearings over existing ones by increasing the load capacity and reducing the friction ratio.
Discussion and Conclusions. Theoretical research determined the required cross section of the oil-supporting
grooves to enter the hydrodynamic lubrication mode at a given load. Then, after setting the parameters of the grooves, a
computational model was developed describing the operation of the journal bearing in the hydrodynamic mode for a
micropolar lubricant, taking into account the bearing profile adapted to the friction conditions.
In the studied design, when the shaft rotates in the groove, a circulating movement of the lubricant occurs. The
resulting force lifts the shaft, and a hydrodynamic wedge is formed in the resulting gap.
In accordance with the target goal, the general experimental technique is validated both according to classical
single-factor and full-factorial designs.
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Conclusions:

1. As a result of the study, a significant expansion of the possibilities of applying in practice computational models
of a grooved journal bearing with a polymer coating has been achieved. They provide an assessment of operational
characteristics, i.e., the magnitude of hydrodynamic pressure, load capacity, and coefficient of friction.

2. The use of the studied journal bearings with a groove width of 3 mm significantly increases their load capacity
(by 8-9 %) and reduces the friction ratio (by 7-8 %).

3. The design of a polymer-coated journal bearing with a 3 mm wide groove provides stable ascent of the shaft on a
hydrodynamic wedge.

Reference designation
V.., Vo — components of the velocity vector of the lubricating medium; v{ — particle velocity in the micropolar

[

medium; H =ecose—%szsin29+..., s=£, r, — shaft radius; r, — bushing radius; h — groove height; ¢ —
r0

eccentricity; ¢ — relative eccentricity; n :% — bearing design parameter with standard bearing profile; m, :% —

bearing design parameter with adapted profile; n, =% — design parameter characterizing the groove; py — pressure at

the ends of the interval; 0; and 6, — the angular coordinates of the groove, respectively; u"(0) and v*(6) — known
functions due to the presence of a polymer coating on the surface of the bearing sleeve.
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