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A HYBRID BIONIC STRATEGY TO ENHANCE THE STATIC CHARACTERISTICS
OF ROLLER-CONE BIT BEARINGS USING CFD SIMULATIONS
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ABSTRACT

The service life of roller-cone drill bits is largely determined by the condition of their bearing units, which account for a signif-
icant share of drilling failures. Reducing friction and increasing load-carrying capacity in bearing assemblies are essential for
improving rock-breaking efficiency and extending tool life. One promising approach is the use of a bionic surface texture, which
stabilizes the lubricant film and redistributes pressure within the contact zone. In this work, a combined bionic surface textur-
ing strategy is proposed for the thrust bearing of a roller-cone bit, integrating a phyllotactic-inspired distribution pattern with
ellipsoidal micro-dimples in both symmetric and asymmetric configurations. A CFD model of the thrust bearing was developed
using numerical simulations in ANSYS Fluent. Smooth and textured surfaces were compared. Analysis of pressure distribution
and shear stress demonstrated that the combined texture increases the load-carrying capacity of the lubricant film by up to 9%
and the phyllotactic pattern reduces the friction coefficient by more than two times compared to a smooth surface. Additionally,
a comparison between the phyllotactic pattern and a linear arrangement of micro-dimples showed a 14% reduction in friction
coefficient with a slight decrease in load-carrying capacity. The obtained results confirm the effectiveness of the bionic approach
in the design of roller-cone bit bearings and can be applied to develop wear-resistant and energy-efficient structures that con-

tribute to increasing the maintenance interval of drilling tools.
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Introduction

With increasing depth and growing geological and techni-
cal complexity of drilling conditions, the requirements for reli-
ability of drilling equipment and tools are rising. Roller-cone
bits remain one of the key elements determining the efficiency
of rock destruction, ensuring drilling process stability across
a wide range of geological conditions. Their design combines
rotational motion with cone rolling, enabling effective crush-
ing and chipping of rock at moderate energy consumption.
According to modern research [1-3], roller-cone bits still
account for a significant portion of the total footage drilled in
oil and gas wells, and bit longevity notably affects drilling eco-
nomics. Compared to fixed cutter bits such as PDC, roller-cone
bits perform better when drilling hard and tough formations,
as well as during abrupt changes in formation lithology,
providing a more stable drilling process in heterogeneous
reservoirs [1,2]. Due to their high versatility, repairability,
and ability to operate under variable conditions, roller-cone
bits remain relevant for developing various types of deposits,
including deep and high-temperature horizons [1-3].

*E-mail: kbashmur@sfu-kras.ru
http://dx.doi.org/10.5510/OGP20260201192

Despite the active development of drilling technologies
and improvement in drilling tools, the durability of roller-
cone bits remains a limiting factor for drilling process effi-
ciency [1,4, 5]. Under complex geological and technical con-
ditions, the bit is the component of the bottom-hole assembly
most frequently responsible for forced shutdowns and sub-
sequent downtime due to costly tripping operations [1, 4, 5].
Analysis of operational data and failure results shows that
up to 70-80 % of roller-cone bit failures are associated with
damage to the bearing assembly [4-7]. The main causes of
bearing failure include wear and fatigue damage of working
surfaces, lubricant film degradation, seal failure, and uneven
load distribution in the contact zone [4, 8-11]. Impact and
vibration loads, as well as penetration of abrasive particles
from drilling fluid, significantly accelerate damage develop-
ment and reduce lubricant film stability [2, 12, 13].

Improvement of roller-cone bit bearing assemblies over
recent decades has proceeded in several interrelated direc-
tions. Surface hardening and heat treatment methods for con-
tact surfaces aimed at increasing hardness, fatigue strength,
and wear resistance of bearing components have gained the
widest application [6, 8, 14]. Significant contributions have
been made by research on optimization of bearing materials
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— from alloyed steels and copper alloys to specialized hard-
facing and antifriction coatings with enhanced thermal con-
ductivity and corrosion resistance [6,8,11, 14]. Alongside this,
new design solutions have been developed: thread-locked
bearings, floating bushings, combined bearings, as well as
improved lubrication and sealing systems [3, 7, 13, 15, 16].
Nevertheless, even with such measures, zones of local over-
heating, uneven pressure distribution, and accelerated wear
persist during prolonged operation under variable loads,
limiting bearing life [5, 9-11].

In recent years, bionic approaches to improving wear
resistance and energy efficiency of tribological systems have
seen notable development, based on borrowing principles
from nature-inspired structures and rational organization of
surface microtexture [17-22]. Within this framework, forma-
tion of specialized microtexture on bearing working surfaces
is considered a particular case of bionic design: regularly
organized grooves and micro-dimples promote lubricant
retention, pressure redistribution, and formation of local
hydrodynamic support zones, reducing friction and stabiliz-
ing the lubricant film [9, 10, 23, 24]. The use of such textured
surfaces has demonstrated high effectiveness in creating
components of hydromechanical systems and can be adapted
to roller-cone bit bearing assemblies operating under mixed
friction and boundary lubrication conditions [3, 4, 13, 20].
Within the «green tribology» concept, improving bearing and
bit characteristics is also viewed as a tool for reducing energy
consumption and environmental impact of mining and oil-
and-gas equipment [17, 20-22].

Experimental studies by Lu et al. [23, 24] showed that
applying the phyllotactic principle for dimple placement —
consisting of quasi-regular spiral arrangement of micro-dim-
ple centers with an angular step close to the «golden» angle
— provides more uniform lubricant distribution and reduces
the friction coefficient by 15-30 % compared to regular grid
patterns. Zhong et al. [9] established that using elliptical
micro-dimples on roller-cone bit bearings increases bearing
load capacity and reduces wear intensity. In related oil and
gas industry applications, similar microscale structures, as
well as wettability control and flow redistribution meth-
ods, are used for evaluating the thermomechanical state of
rock framework, conducting water shutoff treatments, and
improving enhanced oil recovery systems [25-29]. However,
we are not aware of studies combining the phyllotactic pat-
tern with ellipsoidal micro-dimple geometry for bit bearings.
Additionally, the hypothesis proposed by Yu et al. [30, 31]
regarding the use of asymmetric ellipsoids to influence
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Fig. 1. Schematic representation of surface
texture microdimples
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the hydrodynamic wedge effect and narrow the cavitation
zone in the dimple was investigated. However, the effect
of ellipsoidal micro-dimples with shifted apex on the static
characteristics of thrust bearings under the specific operating
conditions of bit bearings has not been previously consid-
ered. All this formed the basis for the present study of the
combined effect of using bionic microtexture, its special
organization, and adaptation to roller-cone bit bearing oper-
ating conditions: a combined bionic strategy is considered,
integrating the phyllotactic dimple placement pattern and
special micro-dimple shapes.

The aim of this work was to investigate the technological
capabilities of combined bionic surface texture for roller-cone
bit bearings based on a thin-film computational fluid dynam-
ics numerical model. Research objectives included: analysis
of existing methods for improving wear resistance and load
capacity of roller-cone bit bearing assemblies; development
of a hybrid bionic surface microtexture strategy; comparative
modeling of smooth and textured surfaces; and evaluation of
the effect of texture geometric parameters on bearing static
characteristics.

Methods

The object of the study was a thrust bearing of a roll-
er-cone bit, modeled as a segment of the contact pair «bearing
disk — cone» with a thin lubricant film. The subject of the study
was a special bionic texture of the bushing working surface,
combining special surface microtexture with its arrangement
in a phyllotactic pattern. This approach allows the transfer of
organizational principles from nature-inspired surfaces into
engineering practice. In particular, the elytra of diving beetles
of the Dytiscidae family exhibit ellipsoidal microtextures that
ensure moisture retention and film stability under high loads
[32, 33], while the phyllotactic distribution of dimples — anal-
ogous to the spiral arrangement of sunflower seeds or pine
cone scales — provides uniform surface coverage without
overlaps or voids [34].

In modeling the ellipsoidal microtexture, two geometry
variants were considered — coaxial and with axial apex off-
set of the dimples, which allowed evaluating the effect of
structural asymmetry on pressure distribution and devel-
opment of microflows in the lubricant layer. Each dimple
was described by an ellipsoid with semi-axes A and B, and
depth D. The offset variant was characterized by parameter
C, defining the deviation of the ellipsoid apex from the center.
Figure 1 presents a schematic representation of microdimples
for cases with and without ellipsoid apex offset.

Thus, four configurations of the thrust bearing working
surface were used:

1. smooth surface;

2. surface with linearly arranged texture, i.e., an array
of concentric circles with linear spacing containing
ellipsoidal dimples;

3. surface with texture arranged in a phyllotactic pat-
tern containing ellipsoidal dimples (without apex
offset, i.e., the depth profile is symmetric);

4. surface with texture arranged in a phyllotactic pat-
tern containing ellipsoidal dimples (with apex offset,
i.e., the depth profile is asymmetric), which may
allow pressure redistribution in the working zone,
reduce the probability of cavitation and its effects.

The first two configurations were used for comparison
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with the phyllotactic pattern to determine the achieved effect.
For adequate assessment of the friction coefficient, all tex-
tured configurations used the same area, referred to as the
relative bearing surface area.

At the next stage, a geometric model of the bearing
surface with bionic texture was developed. A section of the
thrust bearing was used as the basis, on the inner surface of
which ellipsoidal dimples were specified, arranged either
linearly along concentric circles (fig.2a) or according to the
phyllotactic distribution law (fig.2b), implemented using
Vogel's model for a flat surface [35]. The following relation-
ships were used to specify the coordinates of dimple centers:

¢, =10, p,=c\n 1)

where 1=0,1,2,..., #mx — sequential number of the dim-
ple, ¢, — angular coordinate; p, — distance from the center;
0=m(3-V5)=137.5° — golden angle; c=0.6 — coefficient deter-
mining the distance between adjacent dimple centers, chosen
based on equality of areas occupied by the texture in differ-
ent configurations to exclude the influence of this factor on
the friction coefficient. This arrangement allows forming a
uniform quasi-regular distribution of dimples without axial
symmetries and clustering zones, analogous to the spiral
structure of sunflower seeds or conifer scales.

Figure 3 presents a textured roller-cone bit bearing with
phyllotactic pattern and the location of the modeled thrust
bearing within it: a) the arrow indicates the contact pair zone
«bearing disk — cone»; b) shows a sector of the thrust bearing
with main geometric dimensions.

The initial geometric parameters of the surface texture,
operating conditions, and lubricant properties used in the
calculations are given in table 1.

Regarding the selection of ellipsoidal micro-dimple
parameters, we used data from work [36], in which optimal
characteristics of a thrust bearing with micro-dimples having
an offset ellipsoid axis were investigated based on the Grey-
Taguchi Method. Parametric analysis of parameter influence
or other optimization procedures were not conducted in the
present work and constitute a topic for separate research.

Figure 4 shows the modeled thrust bearing segment with
linear texture arrangement and dimensions.

Computational fluid dynamics methods based on the
ANSYS Fluent software package were used in this work.
Considering the specifics of bit bearing lubrication, the
ANSYS Fluent module with the viscous model «Laminar»
(Models — Viscous — Laminar) was used. In this formula-
tion, the Navier-Stokes equations are solved without turbu-
lent closure; additional transport equations (k-¢, k-w, etc.) are
not introduced. The energy equation was disabled, temper-
ature effects were not considered, and lubricant properties
were specified as constant.

The Navier-Stokes equation system for incompressible

fluid [37]
V.v=0, 9
p(v-V)v=-Vp+uViv, @

where p — lubricant layer density; u — dynamic viscosity of
the lubricant layer; v — velocity of lubricant layer flow; p —
lubricant layer pressure. For all surface configurations, static
pressure fields p(x,y) and shear velocities near the wall u;
were extracted from calculations. The following were then
computed:

Fig. 2. Microdimple arrangement: a) linear;
b) with phyllotactic pattern

a) b)

Fig. 3. Roller cone bit bearing with texture (a) and the
research object — thrust bearing (b)

Table 1
Input parameters for modeling
Parameter name Value
Lubricant density 876 kg/m?
Dynamic viscosity of lubricant 0.0125 Pa-s
Minimum oil film thickness 25 um
Lubricant supply pressure 0.2 MPa

Lubricant supply method

from inner side

Cone rotational speed 100 rpm
Ambient temperature 50°C
Ellipsoid major axis length 550 um
Ellipsoid minor axis length 280 um
Ellipsoid apex offset magnitude 180 um
Ellipsoid depth 60 pm

Fig. 4. Dimple arrangement on the surface of
the thrust bearing segment
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1. Area-weighted average pressure of the lubricant layer

P [[pda @)
S

where A — modeling surface area.
2. Load-carrying capacity of the lubricant layer

W, = [[pdA @)
S
3. Wall shear stress for the laminar model
ro=put ©)

where n — unit normal to the wall.
4. Local friction coefficient of the lubricant layer and its
area averaging

T 1
C,=—=—, (C;),=—||C,dA, 6
TR Ajsj ; ©6)

where U, — reference velocity.
5. Friction force of the lubricant layer and friction coef-
ficient

F =[[r,dA, u=F /W, @)
S

The computational domain represented a thin lubricant
layer of the contact pair «bearing disk — cone» within the
working arc of the bearing (figs. 4 and 5). The lateral bound-
aries of the sector were assumed to be symmetry/periodicity
planes.

Flow was specified on the radial planes of the thrust bear-
ing sector. At the inlet plane, the velocity was set to 1.73 m/s,
and at the opposite plane, the gauge pressure was set to
0.2 MPa. The inner and outer arcs were treated as solid walls.
The lower wall was considered to be moving with a rotational
speed of 100 rpm, while the upper wall remained stationary.
The boundary condition scheme is shown in figure 6.

Next, discretization of the computational domain was
performed using a three-dimensional unstructured tetra-
hedral finite element mesh. The mesh independence test is
presented in table 2.

Thus, for the smooth surface, a uniform mesh was used
(fig. 7), containing 19080 elements.

For surfaces with bionic texture, additional mesh refine-
ment was performed in the zone of ellipsoidal dimples while
maintaining a moderate total number of elements. Figure 8
shows the general view of the mesh and its enlarged frag-
ment for the thrust bearing with linear dimple arrangement.
The total number of elements for the bearing with special
pattern was 2331946 for the configuration without offset and
1939416 for the configuration with apex offset. For the linear
configuration — 2074876 elements. As a result of increasing
the computational mesh detail caused by the complexity of
the model geometry, a significant increase in the total num-
ber of elements occurred. At the same time, in all cases the
sector geometry, boundary conditions, and physical model
remained identical.

To solve the Navier-Stokes equations (2), it is necessary
to compute the pressure field, since pressure gradients arise
in the momentum equations. Pressure-velocity coupling

0 0.005 0.01 (m)

0.0025 0.0075

Fig. 5. Geometry of the bit support thrust bearing

Fig. 6. Boundary conditions scheme

Table 2
Mesh independence study
Mesh Density | Maximum Static Pressure, MPa
Smooth Surface
14978 0.223
19080 0.230
54894 0.229
125574 0.230
Phyllotactic and Dimples (no offset)
1318242 0.232
1489658 0.251
1943842 0.263
2331946 0.266
3145320 0.267

B
001(m)

Fig. 7. Computational mesh for smooth surface
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10,0025 0,0075

Fig. 8. Computational mesh of the textured bearing: a) general view; b) enlarged fragment in the texture zone
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Fig. 9. Convergence plot of the main investigated bearing parameters:
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algorithms (schemes) are used to obtain pressure from the
momentum and continuity equations. The following algo-
rithms used in ANSYS Fluent were compared based on the
number of iterations and time spent: SIMPLE, SIMPLEC,
COUPLED. Convergence of the COUPLED method proved
difficult to achieve, probably due to the laminar flow of
lubricant in the bearing. The first two methods converged
with the same value of the target parameter — static pressure.
However, for SIMPLE, convergence occurred faster and with
fewer iterations. Thus, the SIMPLE algorithm proved to be
the most suitable algorithm with the fastest convergence.
For each calculation, the number of iterations (calculation
steps) was set to 100. The process was considered steady-
state within the specified number of iterations when the
values of static pressure and friction coefficient reached a
certain constant value. The convergence plot («residuals») of
the main investigated parameters is presented in figure 9. In
particular, to assess the reliability of pressure calculation, we
set three points directly at the center (ps), as well as before
(ps) and after the center (p;) on the surface of the ellipsoidal
dimple and specified local «Vertex Average» monitors to
track average pressure values at these points, as shown in the
pressure profile of the ellipsoidal microdimple in figure 10.
Also, figure 9b presents the friction coefficient convergence
plot for the smooth surface.

Thus, the solution reached steady state within 100 iter-
ation steps. The pressure differential (fig.9) indicates the
presence of convergence/divergence angles of the hydrody-
namic wedge, as does the pressure profile in figure 10. The
friction coefficient after the break-in period (start of operation

after startup) assumes a constant value of 0.006, indicating
a hydrodynamic friction regime in the thrust sliding bearing.

The reliability of the numerical model was verified
against the experiment for a thrust bearing with phyllotactic
texture from work [24]. The following parameters from the
graph ([24], fig. 13) were selected as reference points: axial
force F=950 N, dimple diameter d=2 mm, phyllotactic coef-
ficient c=2 and variable rotational speed. At n=235 rpm, the
graph yields a friction coefficient of approximately 0.005.
In a comparable numerical calculation for these conditions,
we obtained a friction coefficient of 0.0047. The relative dis-
crepancy was 6%. Possible causes of discrepancy include:
heating of the assembly during testing and viscosity drop
of the L-AN46 oil used, differences between the rheological
properties of the lubricant and those assumed in the model,
weak inertial/quasi-turbulent effects, as well as texture geom-
etry tolerances. This value is considered acceptable and con-
firms the validation of the model based on the key integral
parameter.

bs; P; P,

Fig. 10. Ellipsoidal micro-dimple profile with

«Vertex Average» monitor installation locations
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Results and discussion

During the numerical modeling of the thrust bearing,
static pressure distributions were obtained and friction
coefficients were calculated for four variants of working
surface geometry. These parameters allow evaluating the
influence of microtexture on lubricant layer formation and
bearing operation efficiency under hydrodynamic regime
conditions.

Figure 11 presents the obtained area-weighted static
pressure values, and figure 12 shows example static pressure
distribution fields across the thrust bearing segment for the
smooth surface and textured surface with phyllotactic pattern
without ellipsoid axis offset.

The static pressure distributions shown in figures 11 and
12 demonstrate an overall pressure increase in the presence
of texture. On the smooth surface (fig. 12a), the pressure
is distributed relatively uniformly with a maximum in the
central zone. In the case of the textured surface (fig. 12b), the
formation of a more pronounced hydrodynamic wedge and
an increase in local pressure in the direction of lubricant flow
movement are observed. At the same time, the difference
between textures with and without apex offset is insignifi-
cant, indicating a weak influence of dimple asymmetry on the
pressure field formation.

The area-weighted static pressure values were: 0.210
MPa for the smooth surface; for the phyllotactic pattern
without ellipsoid apex offset —0.229 MPa, with ellipsoid apex
offset —0.226 MPa; for linear arrangement of ellipsoidal tex-
ture —0.234 MPa. Thus, compared to the smooth surface, the
presence of ellipsoidal texture provides a pressure increase
of 7-9 % with the special surface pattern and 11.5% with

linear texture arrangement. This result is attributed to the
hydrodynamic wedge formation effect in ellipsoidal texture,
whereby, due to the lubricant flow around the micro-dimple
geometry, the initial pressure decrease is less than the sub-
sequent pressure increase (blue zone of pressure distribution
versus the rest in fig. 10). Apex offset leads to practically iden-
tical pressure increase results, and first-order effects should
probably not be expected due to laminar lubricant flow and
weakly developed cavitation. The advantages of ellipsoidal
micro-dimples with apex offset were previously obtained
for rotational speeds of 6000 rpm and developed turbulent
lubricant flow regime [30, 36].

The sequential linear arrangement of micro-dimples
along concentric circles (fig. 8) more clearly promotes accu-
mulation of the hydrodynamic wedge effect along the lubri-
cant layer movement, showing some advantage over the
phyllotactic pattern, since according to (1), each subsequent
dimple moves away from the center. This may be somewhat
mitigated under real operating conditions with non-ideal
lubricant flow; nevertheless, from the standpoint of increas-
ing load-carrying capacity, linear arrangement evidently
slightly exceeds the special pattern. The overall pressure
increase indicates formation of a denser oil film capable of
withstanding greater axial load without compromising lubri-
cant layer integrity.

Figure 13 shows the velocity field for the textured surface.

The velocity vector field (fig.13) confirms the ordered
nature of the flow. The lubricant flow smoothly bypasses the
dimples without forming stagnant zones or vortex structures,
indicating stable flow and uniform pressure distribution
across the surface.

7im\ u Phyllotactic —

~____m Linear

—,0.226

Static pressure, MPa

Fig. 11. Area-weighted static pressure values

Fig. 13. Velocity field distribution in the bearing
with texture
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Fig. 12. Pressure field distribution for: a) smooth surface; b) textured surface without ellipsoid apex offset
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Following the pressure distribution analysis, integral
friction coefficients were evaluated for four surface geome-
try variants. A summary comparison of friction coefficients
for the four configurations is presented in figure 14 as a bar
chart. For quantitative assessment of shear stresses and inte-
gral friction losses, an ANSYS Fluent report was generated
for the Skin Friction Coefficient parameter. As an example,
Figure 15 shows values for the smooth surface and textured
surface with phyllotactic pattern without ellipsoid axis offset.
The report provides values corresponding to the contribution
of the bearing wall «wall-podshipnik», the boundary with
lubricant «wall-smazka», as well as the total indicator «Net»,
which was subsequently used for calculating the reduced
friction coefficients.

It can be seen that the presence of texture reduces the
friction coefficient by more than half, while the difference
between phyllotactic texture variants with and without off-
set is minimal and statistically insignificant, which was an
expected result and is not an anomaly. Thus, based on exper-
imental studies of thrust bearings, Etsion et al. [38] obtained
friction coefficient values for bearings with smooth surfaces
2.5-3 times higher than the corresponding values for bearings
with spherical dimples at 1500 rpm, which was attributed to
much smaller clearances in non-textured bearings and, con-
sequently, higher shear stress. In a similar study with cylin-
drical dimples and their various arrangements, the authors
[24] obtained a twofold reduction in friction coefficient with
phyllotactic pattern versus linear arrangement, with the
maximum difference observed under flow conditions close
to laminar. According to modern understanding [39], con-
firmed in the present work, non-smooth surfaces help retain
lubricant, which promotes formation of a stable oil film,
increasing its load-carrying capacity and preventing dry fric-
tion caused by film rupture. Reduction of contact surface area
in the tribological pair reduces intermolecular forces and thus
minimizes adhesion. Also, as already noted, the presence of
texture reduces lubricant shear stress when additional lubri-
cant layers are present, which is especially important for the
laminar lubricant flow regime.

Different micro-dimple arrangement variants lead to
different oil film pressure distributions and lubricant flow
rates formed on the bearing working surface. Thus, the
friction coefficient for linear texture arrangement was 14%
higher than the coefficient obtained for the special pattern,
with equal areas occupied by the texture. Probably, the main
factor here is the more uniform pressure distribution and,
correspondingly, lubricant distribution across the thrust
bearing working surface with phyllotactic microdimple fill-
ing (see fig.2), which primarily affects oil film stability and
lubrication regime. To some extent, this can be mitigated by
increasing micro-dimple packing density in linear arrange-
ment, which, however, may entail additional costs and dif-
ficulties in manufacturing such texture, including increased
shape inaccuracies and roughness, as well as significant
disruption of the pressure profile in the gap due to increased
number of peaks and troughs on the pressure curve and,
correspondingly, load-carrying capacity, and will probably
negatively affect the dynamic characteristics of the bearing.

The final modeling results for all thrust bearing segment

surface configurations, including area-weighted pressure,
load-carrying capacity, and friction coefficient, are summa-
rized in table 3.

Collectively, the presented pressure and velocity fields
and integral metrics demonstrate a unified trend: regular
ellipsoidal microtexture forms a more stable hydrodynamic
regime with increased load-carrying capacity and reduced
shear stresses compared to the smooth surface. The difference
between «no offset» and «with offset» configurations is small,
indicating the dominant role of the textured surface itself at
similar geometric parameters of the dimples. The obtained
results are consistent between local fields and integral esti-
mates and provide the basis for subsequent optimization of
texture parameters and consideration of thermoviscous and
dynamic effects in further calculation series.

No Offs(gt\\w\\ﬂ
Offs,

et

Fig. 14. Friction coefficient values

Skin Friction Coefficient

wall-podshipnik 0
wall-smazka 332.97268
Net 145.20058

Skin Friction Coefficient
wall-podshipnik 0
wall-smazka 787.32555
Net 343.3302

Fig. 15. Skin Friction Coefficient indicators for
smooth and phyllotactic surface without offset

Table 3
Modeling results

8| 2| 58

as | T2 | ©BE

Surface 9 o =] &

g2 38| §E

Pl = O

@ @ o o ©°
Smooth surface 0.210 | 128.58 | 0.006884
Phyllotactic dimples — no offset | 0.229 | 140.22 | 0.002913
Phyllotactic dimples — offset | 0.226 | 138.38 | 0.002921
Linear — no offset 0.234 | 143.28 | 0.003319
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Conclusions

This work investigated a combined bionic strategy integrating a specialized micro-dimple placement pat-
tern and their various shapes. Specifically, using the ANSYS Fluent software environment, numerical modeling
was performed for a thrust bearing of a roller-cone bit with various working surface geometries: smooth, with
discrete micro-dimples without ellipsoid apex offset, and with apex offset. Two variants of dimple arrangement
on the bearing working surface were considered — phyllotactic pattern and linear arrangement. The influence of
the microtexture on pressure distribution, load-carrying capacity, and friction coefficient under hydrodynamic
lubrication conditions was evaluated. Summarizing the main results of the conducted research, the following
conclusions can be drawn:

1.

Based on the modeling results, it was established that the use of texture leads to an increase in
area-weighted pressure and bearing load-carrying capacity. For the phyllotactic texture arrangement
without offset, the static pressure value was 0.229 MPa, which is 9% higher than that of the smooth
surface. With ellipsoid axis offset, the pressure decreases somewhat but remains above the baseline
level of the smooth surface. The linear texture arrangement exceeds the phyllotactic pattern by 2.5%
and under certain conditions, for example, in heterogeneous, layered, and interbedded formations,
may be preferred due to expected intense tool vibrations.

Analysis of velocity distribution fields confirmed the stable laminar nature of lubricant flow without
pronounced stagnant zones, indicating stability of the hydrodynamic regime at the selected texture
parameters.

The friction coefficient in the presence of microtexture with phyllotactic arrangement decreases by
more than half — from 0.006884 for the smooth surface to 0.002921 and 0.002913 for textures with and
without offset, respectively. This is associated with pressure redistribution and formation of a more
stable lubricant film that reduces shear stresses. The difference between the two phyllotactic texture
variants is minimal and statistically insignificant. The presence of substantial gaps between dimples in
radial and circumferential directions led to a 14% increase in friction coefficient for the linear arrange-
ment compared to the phyllotactic pattern at equal areas occupied by the texture. Thus, phyllotactic
arrangement of microtexture on the thrust bearing working surface leads to reduced torque losses at
the bit and increased wear resistance of its bearing.

The obtained results confirm the effectiveness of a combined bionic strategy using ellipsoidal micro-
texture with phyllotactic arrangement for improving energy efficiency and service life of roller-cone bit
bearing assemblies. The textured surface allows simultaneous increase in load-carrying capacity and
reduction in friction losses without significant changes to the assembly design and operating princi-
ple. At the same time, the hypothesis of improving bit bearing characteristics through vertex offset of
ellipsoidal dimples did not yield significant results, presumably due to poorly developed cavitation
and insignificance of turbulent phenomena, and therefore is not of great interest for practical appli-
cation in roller-cone bits. Moreover, this approach may require development of new manufacturing
technologies for ellipsoidal structures with anisotropy to replace those known for non-offset textures
via laser texturing [40], mechanical [41], and vibromechanical [42] surface treatment, utilization of com-
plex technological operations and processes, including lathe tool motion with time delay or photonics
methods for creating asymmetric laser beams, which may lead to deterioration of the formed surface
topography quality due to non-uniformity of laser power fluctuations, expansion of cutting process
control parameters, and other factors.

Computational fluid dynamics software allowed obtaining bearing characteristics with complex geom-
etry with acceptable accuracy, significant time savings and other research resources, which is expected
to be useful for researchers and designers of roller-cone bits, as well as other equipment where sliding
bearings are used. Future work is planned in the direction of expanding parametric series for depth,
shape, and spacing of dimples, as well as including thermoviscous effects and dynamic stability of the
bit rotor-bearing system in the model. Such studies will enable optimization of texture geometry for
specific operating conditions and bringing the results closer to practical application.
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