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Abstract. Downhole drilling, production, and servicing equipment is lowered, raised, and held in the well using the
drilling system, the primary working element of which is the drilling line. During long-term operation, drilling lines
undergo fretting corrosion damage, the mechanisms of action and development of which require additional research. The
purpose of this study was to analyse the degradation processes by evaluating the features of fretting wear and fretting
corrosion of wires, rods, and cores of drilling lines of lifting mechanisms of drilling rigs and their impact on the occurrence
and development of damage. The analysis of publications on the selected topic in the research cycle, problem statement,
collection of primary data on visual and non-destructive testing of lines from literature sources and examination data to
assess their technical condition and study the impact of fretting corrosion damage was carried out. The methodology of
research of drilling lines covered a complex of theoretical and practical approaches aimed at studying their characteristics,
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assessing their technical condition, predicting durability and ensuring operational safety. It was established considering
the relevance and practical necessity based on data from literature sources characterised by high citation, the requirements
of international standards for the study of line damage in conditions of corrosion and wear effects. Some features of the
abrasive effect of oxides on the condition of wires, rods, and cores of drilling lines were revealed. The residual stress-strain
state of conjugated surfaces in lines due to the kinematics features of multilayer line winding on the drum was analysed.
The analysis of external and internal fretting wear and fretting corrosion damage for drilling lines of lifting mechanisms
of the UPA-60x mobile drilling rig was carried out. The prerequisites for the occurrence of a critical condition of the
surfaces of drilling line elements due to fretting and corrosion damage were established. Considering the features and
potential hazards of damage and destruction of elements of drilling lines due to fretting corrosion phenomena, practical
recommendations for the use of lines with polymer-coated cores were given for further operation. The use of these lines in
the oil and gas industry will help to: prevent water and dust from entering the cores, reduce the friction forces of the rods
to the core and internal stresses, improve the stability of the line shape; absorb fluctuations in dynamic loads

Keywords: fretting wear; fretting corrosion; fatigue damage; drilling system; descent and lifting operations; friction

Introduction

Drilling and operation of new wells, and repair of existing
ones, is impossible without a large number of lifting oper-
ations and intensive operation of drilling systems. During
operation, the drilling lines of the hoisting mechanisms of
drilling rigs are damaged due to wear and corrosion. Op-
eration of drilling lines in an aggressive environment, in a
wide range of loads, amplitudes, and frequencies of forced
vibrations creates strict requirements for lines of drilling
systems. This is explained by the fact that drilling systems
are critical components of drilling, production, and well
servicing installations, and their reliability directly affects
both the safety of operating personnel and the technical
and economic performance of the equipment.

X. Chang et al. (2022) experimentally investigated the
degree of line wear as a function of the relative sliding
speed on pulleys, the temperature of lines and pulleys, the
level of vibration, and the nature of the load. It was found
that the temperature of the steel line increased in propor-
tion to the increase in the sliding speed, from approximate-
ly 52.7°C to 116.2°C. The maximum diametric value of wear
was lowest (approximately 1.5 mm) when the sliding speed
was 1.2 m/s. The line wear mechanisms were mainly adhe-
sive and abrasive, and surface wear changed the morpholo-
gy of steel line destruction and accelerated its destruction
rate. X. Chang et al. (2022), based on a tribological test unit,
investigated the amount of wear in the contact zone of the
drilling line and pulleys. The effect of surface wear on fa-
tigue life during bending of line samples was analysed. It
was found that the coefficient of friction decreases with
increasing sliding distance and reaches a minimum value
(approximately 0.52) when the contact load was 700 N.
The maximum temperature increase ranged from 50°C to
60°C when the contact load increased. The nature of line
wear was uneven, the maximum wear width increased from
1.94 mm to 2.45 mm with contact load.

Deterioration of the mechanical properties of a drilling
lines caused by different wear evolution was investigated by
L. Guerra-Fuentes et al. (2020). The change in the wear rate
of lines depending on the load was studied by X. Chang et
al. (2025). S. Senyk et al. (2025) investigated that line wear
leads to nonlinear degradation of tensile strength and

bending fatigue. C. Debeleac et al. (2020) found that when
the sliding distance between the cable and the pulley in-
creases, the breaking force decreases from about 48 kN to
23 kN, and the number of fatigue bends of the line before
disposal decreases from about 6,200 times to 200 times.
The study by A. Mohamed et al. (2019) proposed a hybrid
visual control method for detecting defects in drilling lines.
P. Zhou et al. (2020) developed special equipment for visual
inspection of lines. E. Kuhn et al. (2024) established a num-
ber of key empirical dependencies using such equipment.
M. Heldin et al. (2021) found that this method was based on
comparing and analysing the internal and external stresses
of the line layers. By combined strain gauges, H. Karasu et
al. (2024) established destructive stress levels and stages of
line damage. K. Huang et al. (2025) made generalisations
regarding the level of damage, destruction of wires and
rods, and subsequent disposal of a drilling line.

To ensure trouble-free operation of drilling lines,
methods based on increasing the safety margin and re-
ducing the intended life of the line were used. In addition,
the condition of the line must be constantly monitored,
including with the help of non-destructive testing tools
and methods. Therefore, a comprehensive analysis of the
processes of loading, wear, and degradation that occur in
the line will allow determining and scientifically substan-
tiating the influence of various external and internal fac-
tors on its durability. The very existence of such a scientif-
ic concept is of important national economic and strategic
importance for the domestic oil and gas industry. That is
why the purpose of this study was to carry out an addi-
tional analysis of the processes of corrosion degradation,
local wear of line elements, and their impact on the occur-
rence and development of damage. To achieve this goal,
this study used general scientific methods, such as analy-
sis, synthesis, comparison, abstraction and generalisation,
and a systematic approach. The study of the state of drill-
ing lines was carried out based on the analysis of fretting
corrosion damage and comparison of their degradation
parameters. The literature review, as the main method, in-
cluded the collection, critical evaluation, and analysis of
already published studies.
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The literature for this analysis was selected based
on criteria such as relevance and practical necessity. The
search was carried out in international scientific databases,
such as Scopus, Web of Science, Index Copernicus, and in
electronic libraries of universities and specialised oil and
gas publications. Keywords such as drilling lines, corrosion,
wear, damage, and combined queries that include these
terms together with the specification of operating condi-
tions in aggressive environments were used for selection.
Irrelevant papers were eliminated at the stage of initial re-
vision based on the results of checking the completeness of
the study, the method of analysis, and its correlation with
the topic. The selected sources were characterised by high
citation, compliance with the requirements of interna-
tional standards, and relevance for studying the damage of
lines under conditions of corrosion and wear effects.

Design features

and performance characteristics

Drilling lines are flexible elements of the hoisting system
that connect the travelling block with the crown block
and ensure the execution of hoisting and lowering oper-
ations during drilling and well operation (Kryzhanivskyi et
al.,2003; Borysevych et al., 2004; Kryzhanivskyi et al., 2007).
The drilling line is made of steel wire (crucible steel), which
is tied into strands of single, double, or triple weaving.
Lines are shifted from strands that are wound on the core,
which gives the line a round shape and flexibility (Fig. 1). In
the lines of drilling rigs, steel lines of round cross-section,
single-layer, 6-strand double twisting are used, the wires of
which are twisted into strands, and the strands into lines.
Drilling lines for operational and deep exploration drilling
are manufactured in three versions, which differ in the type
of cores used.

Figure 1. LK-DS type drilling lines with cores
Note: a - steel core; b — organic three-strand core; ¢ -
plastic core
Source: Ye. Kryzhanivskyi et al. (2007)

In lines with an organic core, lubrication is improved
due to the impregnation of the fibrous core with a lubri-
cant. Depending on the relative position of the wires in
the strands, lines with point and linear contact of the
wires are distinguished. Lines with a linear contact of
wires are more durable. Tests show that their operat-
ing time is 1.5-2 times higher than that of lines with a
point touch (Kryzhanivskyi et al., 2003; Kryzhanivskyi et
al., 2007). Drilling lines belonging to the LK-DS type differ
in that wires of different (D) and the same (S) diameters

are used in separate layers of the strand. Line wires are
made of steels (steel 50, 55, 60, 70) with heat treatment
and a tensile strength of 1,700-2,000 MPa. In the direc-
tion of twisting, drilling lines of the following designs are
made: cross right twist — Z; cross left twist — S. In the right
Z twisting, the strands are placed from left to right, and in
the left S — from right to left. Z-type lines are more com-
mon in operational drilling.

Drilling lines do not unwind, as they are made of
pre-deformed wires and strands. As a result of prelimi-
nary deformation, the wires and strands have geometric
shapes that correspond to their position in the finished
line. The endurance of such a line, all other things be-
ing equal, is 25-30% higher than that of a conventional
untwisted line. Line types: LK-DS-6x25+1-MO; LK-DS-
6x19+1-SC and LK-DS-6x37-OC, where 6 — number of
strands; 25, 19, 37 - number of wires in the strand; SC -
steel core; OC - organic core. When drilling wells, LK-DS
drilling lines with diameters of 25, 28, 32, 35, 38 mm are
mainly used. The tribological and fatigue characteristics
of the interaction of a curved steel rope and the groove
of the drum of an offshore drilling rig winch were studied
by S. O’Halloran et al. (2018) and Z. Wang et al. (2025).
Z.Ren et al. (2018) and C. Lu et al. (2022) experimentally
tested the effect of groove coverage angles, fatigue loads,
and fatigue cycles on the tribological properties of the
line (coefficient of friction, wear mechanism, volume loss,
wear rate, etc.). Research findings by H. Liu et al. (2018),
C. Wokem et al. (2018) showed that an increase in variable
load and fatigue cycles leads to more serious damage to
lines that are subject to bending fatigue, while an increase
in the wrapping angle somewhat mitigates the severity of
this grip damage.

The studies by Y. Shen et al. (2023), A. Lomakin (2024)
and T. Ta et al. (2024) are devoted to theoretical and experi-
mental approaches to the investigation of additional stress-
es that occur in steel rope elements when hitting blocks
and drums. The researchers conducted a critical analysis
and generalisation to determine additional stresses in the
elements of steel ropes. It was noted that the current prac-
tice of determining additional stresses that occur in the
line when it runs on a pulley or drum is far from the results
obtained experimentally. The analysis of experimental
approaches indicates the existence of various approaches
that require generalisation and further development and
implementation in the form of a comprehensive experi-
mental study. D. Zhang et al. (2021), B. Kubis et al. (2023)
and Y. Peng et al. (2024) conducted unique fatigue tests of
steel lines. The obtained findings and their interpretation
revealed several important aspects of assessing the stress-
strain state and wear of lines. As a result of the research,
the characteristics of line elongation were established,
showing three different periods (phases): a short initial pe-
riod with a sharp increase in elongation associated with the
winding of a new line, a long period with stable elongation,
and a final phase characterised by accelerated elongation
associated with rapidly progressive fatigue wear with the
occurrence of a large number of wire breaks.
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Features of wear and damage of drilling lines

During operation, drilling lines are subjected to stretching
and repeated kinks on the pulleys of the crown block, hoist
block, and drum winches, resulting in their fatigue destruc-
tion (Kryzhanivskyi et al., 2003; Kryzhanivskyi et al., 2007).
The outer wires of the line are subject to wear on the pulleys
and drum of the winch, so the process of their fatigue de-
struction is accelerated. Due to insufficient durability, the

consumption of drilling lines and the waiting time for the
drilling rig to replace worn lines increases, which negative-
ly affects the technical and economic performance of drill-
ing. The main reason for rejection or failure of drilling lines
is wear, which is caused by contact and friction interaction,
accompanied by corrosion processes (Fig. 2-3) (Transport
Department of PJSC “Ukrnafta”, 2023). During operation,
drilling lines are subjected to two main types of wear.

Figure 2. Appearance of the drilling line with signs of fretting damage
and destruction of the wires of the drilling line of the UPA-60X unit
Note: a, b — local wear due to abrasion on the supporting structure; ¢, d — typical wire breaks as a result of bending fatigue

Source: Transport Department of PJSC “Ukrnafta” (2023)

Figure 3. Appearance of the drilling line with signs of fretting
and corrosion damage and destruction of the wires of the drilling line of the UPA-60X unit
Note: a - local corrosion; b — continuous surface corrosion; ¢ — corrosion along the contact lines of strands; d — corrosion
cracking with wire breakage
Source: Transport Department of PJSC “Ukrnafta” (2023)

External wear is a type of wear in which the drill-
ing line comes into contact with external surfaces, such
as drums, pulleys, guide elements, or any other parts of
equipment with which it interacts. For drilling lines of
drilling rigs, external wear is determined by the operat-
ing conditions of lifting equipment and the specifics of
lifting operations. When the drill tool is lowered into the
well (lowering the loaded hoisting block), the drilling line
is unwound from the drum under load, and wound on the
drum without load (lifting the unloaded drilling line). In
this case, the non-stressed state in the line turns on the

drum changes to the stressed state in the leading branch.
In the process of lifting the drill tool from the well (lifting
the loaded drilling block), the drilling line is wound on the
drum under load, and unwound without load (lowering the
unloaded drilling block).

Internal wear is a type of wear in which wires and
strands come into contact with each other during oper-
ation. Actually, during the accelerated lifting of drilling
or operational equipment in the line, the strands located
on the outside of the line are most stretched. This is con-
ditioned by the fact that the outer strands are subjected

Prospecting and Development of Oil and Gas Fields, 2026, Vol. 26, No. 1

33




Features of fretting corrosion damage drilling lines...

to a greater load than the inner ones, which are under
less stress. When a line is bent, for example, around a
pulley, those strands that are on the outside of the curve
travel a longer path and experience more tension than
the strands located inside. The amount of internal wear
mainly depends on the amount of contact stresses in the
wires in contact with each other, the method of twisting
the wires and strands of the line, the amount of load, and
the method of lubrication. In turn, the contact stresses
in the wires that are in contact with each other depend
on the shape of the cross-section of the drilling line. The
drilling line loses its shape due to: non-compliance of the
rope diameter with the profile of the pulley gutters and
grooves on the drum; winding the line turns under the
load of the first layer on the drum with a smooth surface;
and multi-layer laying procedures. The latter causes com-
pressive stresses and contact stresses: in the wires and
turns of the lower layers in the zones of parallel laying
of twists; in the zones of transition of the twist to twist
and transition from one strand to another (Ivashko et
al., 2017; Chunming et al., 2022).

Thus, both external and internal wear occurs mainly
under the influence of variable tensile and bending loads.
Such loads occur, as a rule, when the system is loaded:
during drilling, during the period of increasing load in
the drilling system, during acceleration when lifting the
loaded hook, and during braking of the system when the
drilling line is lowered. The oscillatory process is most
pronounced during drilling, and during certain periods
of lifting operations. In addition, the vibrational nature
of the load occurs during the descent and ascent of the
drilling block due to the uneven winding of the line on
the drum, due to the specifics of the kinematics of mul-
ti-layer winding. As a rule, dynamic loads have a relative-
ly high frequency compared to a change in the frequency
of the main load (1-8 Hz) and a change in the amplitude
of vibrations (stresses) within a wide range. The nature
of dynamic loads in the elements of the drilling system
during lifting operations is in principle different from the
nature of vibrations that occur during drilling. In the first
case, the source of forced vibrations is the uneven wind-
ing of the line on the drum, that is, the uneven movement
of the leading branch. In this case, the maximum range
of dynamic forces occurs in the leading and stationary
branches, and the forces themselves in these branches
are in antiphase. In the middle branches, the dynamic
component of forces is minimal. In the second case, the
source of forced vibrations of the system is a drill bit with
a drill string, and these vibrations manifest themselves to
a greater extent in rotary and combined drilling methods.
Dynamic loads during this period in all branches of the
drilling system are approximately the same and are in the
same phase.

Therefore, the accumulation of both external and in-
ternal wear of drilling lines and the accompanying damage
can be identified as fretting processes. Fretting (fretting fa-
tigue) is the process of accumulation of damage and wear
of materials of surfaces that come into contact and carry

out vibrational relative movements with a small amplitude
under the action of cyclic loading, which causes variable
deformations of surface layers, setting and separation of
particles, the appearance of oxides, accelerated crack ap-
pearance, their development, and destruction of the unit.
Fretting wear and corrosion damage occurs in many detach-
able and all-in-one joints of mechanisms, machines, and
structures (Ventsel et al., 2007; Zakalov & Zakalov, 2011).
The latter include rivet, thread, spline, key and pin con-
nections, tight fit parts, steel ropes, hinges, couplings, leaf
springs, valves, electrical contact regulators, cam mecha-
nisms, gears, rolling bearings, gas turbine engine parts, etc.

Special attention is paid to fretting processes in drilling
lines - flexible links of lifting mechanisms of drilling rigs,
which are subjected to stretching and alternating bending
during descent and lifting operations (Kryzhanivskyi et
al., 2003; Borysevych et al., 2004; Kryzhanivskyi et
al., 2007). The branches of the drilling line go around the
pulleys of the crown block and drilling block, which are
components of the hoist system - the heavy-bearing part
of the drilling rig. Consideration of the features of fretting
corrosion damage is important both for assessing the ten-
sion forces in drilling lines and for predicting their dura-
bility. Surface damage due to wear during fretting serves
as stress concentrators and reduces the endurance limit of
the line material. V. Ivashchenko et al. (2017) characterised
the wear process of wire line material: inside the line and
out. A quantitative assessment of the influence of dynamic
loads on the accumulation of fatigue factors is given, based
on the line fatigue curve. Analytical dependences of the in-
fluence of design and operating parameters of drilling sys-
tems and their characteristics that affect the failure of the
drilling line are presented.

Based on the results of experimental studies, it was
found that for such a process, it is sufficient to move sur-
faces with an amplitude of 0.025 mm (1-2). As a result of
the destruction of wire surfaces, miniature scratches, small
point workings, and small grooves appear. Fretting cor-
rosion is a local corrosion destruction that occurs during
the cyclic mutual movement of two contacting surfaces
and the action of a corrosive medium. It occurs due to the
continuous destruction of the protective oxide film at the
points of mobile contact of wire and rope strands. The re-
sult of physico-chemical interaction of drilling lines with
the environment are: continuous (flowing over the entire
surface of the metal) and local (localised on certain areas
of the surface) corrosion; filamentous corrosion (flowing
along the contact line of neighbouring wires); and corro-
sion cracking (occurring under the simultaneous influence
of a corrosive medium and tensile residual or applied me-
chanical stresses). Fretting corrosion is caused not only by
carbon steels, but also by corrosion-resistant steels.

Studies by L. Oleksiieva et al. (2022) showed that in-
creased contact load leads to smoother wear of the line
surface, while fatigue corrosion wear itself is mainly abra-
sive and adhesive in nature. In addition, surface wear leads
to a decrease in the resistance of the lines to bending fa-
tigue, and the deterioration of bending fatigue is more
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serious under a larger sliding contact load. I. Dmytrakh et
al. (2003), H. Mouradi et al. (2018) and Xu. Chunming et
al. (2022) investigated the fretting wear of steel ropes un-
der the action of tensile and torsional forces. The research
findings showed that the law of change in the coefficient
of friction between steel wires of a line is proportional to
the angle of intersection by the axis of the line of the axis
of symmetry of the pulley. By investigating the hysteresis
loop, it was found that the main mechanisms of wear of
steel wires are fatigue and adhesive wear, and the worn sur-
face of steel wires shows more obvious abrasive wear with a
decrease in the angle of intersection of the line axis of the
pulley symmetry axis.

Influence of operational factors

on the intensity of fretting corrosion

The wear rate increases when drilling lines operate in ag-
gressive environments, in particular, in aqueous solutions
of mineral acids, alkaline solutions, and hydroxides. In this
case, accelerated wear of the contacting surfaces of wires
or line strands occurs due to fretting corrosion. On the
surfaces of the contacting parts, protective oxide films are
destroyed, and pure metal is exposed. Metal particles are
separated (as in fretting), which are then oxidised (Fig. 4).
Therefore, the products of wear during fretting corrosion
are usually oxides. In the absence of lubrication with fret-
ting corrosion products, the following oxides are mainly
used: Fe,0,, FeO, Fe,0,. Oxides cause an abrasive effect that
depends on the hardness of the oxides and the size of their
particles in the wear products. According to the results
of surveys (12), such indicated injuries are both local and
large-scale in nature.

= [

< — a
< C < d
Figure 4. Mechanism of fretting wear
of wire surfaces and simultaneous abrasive action
of the results of their corrosion
Note: a - local contact of surfaces without corrosion;
b - contact with spot corrosion; ¢ — abrasive friction with
corrosion elements; d — propagation of corrosion elements

Source: created by the authors based on O. Zakalov &
0. Zakalov (2011)

< — b

According to Ye. Ventsel et al. (2007) and O. Zakalov
& 0. Zakalov (2011), the relative sliding rate of contact-
ing surfaces during fretting corrosion is low. For harmonic
vibrations with a frequency of 50 Hz and an amplitude of

0.025 mm, the average speed is 2.5 mm/s, and the maximum
speedis 7.5 mmy/s. If the oscillation amplitude is large (about
2.5 mm), the surface of damage caused by fretting corro-
sion will also be larger, and the rubbing surfaces will have
both linear and volumetric defects (Fig. 5). Thus, the main
criterion for the development of fretting corrosion damage
should be considered the specified amplitude and speed of
relative sliding motion of the contacting surfaces. Electro-
chemical processes of interaction of the contacting surfac-
es of lines with the environment, and the mechanical com-
ponent (deformation process) are influential indicators of
the intensity of development of fretting corrosion damage.

77277

Figure 5. Diagram of wear and destruction
of contacting surfaces during fretting corrosion
Note: 1, 2 - contacting surfaces; 3 — points of contact of
surfaces; 4 — small caverns; 5 — general large cavern; 6 —
cracks; 7 — volumes of broken metal; 8 — particles with a
solid structure that have broken off
Source: O. Zakalov & O. Zakalov (2011)

With an increase in the speed of relative slipping of
surfaces, the amplitude and frequency of their vibrations,
and the level of load, the intensity of fretting corrosion
destruction of these surfaces increases. With an increase
in the relative sliding rates, metal oxides prevent the set-
ting of rubbing surfaces, and the surfaces themselves have
a low roughness. During the fretting corrosion destruction
of surfaces, the following occurs. The crystal lattices of the
surface layers of metal gradually loosen and collapse due to
the action of friction forces during cyclic tangential shifts.
There is a separation of metal particles, their mechanical
grinding together with oxides into small particles without
removing wear products. Detached metal particles, and
places and areas of short-term setting of rubbing surfac-
es, undergo rapid oxidation. The chains of atoms captured
during sliding are distorted and then broken, which causes
individual atoms to separate from the crystal lattices and
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can further provoke the development of fatigue cracks. The
rate of accumulation of wear products between steel sur-
faces and the development of new oxide films will depend
on the physical and chemical properties of the materials
and the newly formed chemical compounds. The accumu-
lation of wear products and metal oxides in closed volumes
leads to a local increase in pressure and point destruction
of the metal in the form of pits — the so-called pitting. As
practice shows, the hardness of metal oxides is greater than
the hardness of pure rope metal, which explains their abra-
sive effect on the contacting surfaces of the wires them-
selves. The amount of abrasive action of oxides on the con-
tacting surfaces depends on the hardness of oxides, the size
of their particles in the wear products, and the adhesion
forces of oxide films to the base metal.

From the very beginning, the contact of the rope wires
occurs at separate points of the contacting surfaces (I)
(Fig. 5). In the presence of vibration in the actual contact
zone, the oxide films are destroyed, in place of which small
cavities are formed, filled with oxide films (II). The latter,
further increasing in size, merge into one large cavern (III),
in which, due to an increase in the volume of oxides, pres-
sure increases and small cracks form. In the future, small
cracks can merge into larger ones, which causes chipping
and large volumes of metal. In the chipped parts of the
metal, due to the action of increased pressure, friction
forces and increased temperature, new solid structures are
formed. According to research by the Transport Department
of PJSC “Ukrnafta” (2023), the intensity of fretting wear on
surfaces in dry air is significantly higher than in wet air. In
fretting corrosion, the wear rate in the presence of a liquid
medium is much lower. Thus, in a liquid solution of sodi-
um hydroxide, the weight of material lost due to friction
is several times less than in air under normal atmospheric
conditions. It is impossible to fully prevent and eliminate
the manifestations of fretting corrosion. Assuming that it
is impossible to get rid of the mutual micro-placement of
wire surfaces in the rope, then it is possible to reduce the
impact of fretting corrosion on the material by: reducing
the friction force; reducing micro-placements; concentrat-
ing sliding in an intermediate medium.

Reducing the impact of fretting corrosion
and design solutions to increase
the durability of lines

The most effective method of combating this type of line
destruction is the transfer of micro slip to the interme-
diate medium (Chunming et al., 2022; Lomakin, 2024).
Such a medium can be lubricants, special wire coatings,
or polymer isotropic inserts. In fretting conditions, when
the lubricant film does not renew during operation and
quickly collapses, conventional viscous lubricants do not
affect the coefficient of friction. The use of solid lubricants
also does not give the desired results, although the fric-
tion force will decrease, the main purpose of coatings is to
transfer the displacement process inside the coating, but
the process of fretting destruction that has begun quickly
turns into the base metal. The effectiveness of all coatings

is determined by the service life, since sooner or later they
are triggered.

Given that fretting is a process that determines the
rate at which a line deteriorates, it is advisable to use lines
with special rubber inserts that prevent the wires from
rubbing against one another. In this case, a rational and
effective measure is the use of lines, the core of which is
coated with polymer (Wang et al., 2018; Stalkanat, 2024).
Steel ropes with a polymer-coated steel core consist of a
layer of steels twisted around the metal core, on which a
shell of polymer material is applied by extrusion. Plastic
aggregate significantly reduces possible sliding between
different elements and prevents changes in the geometric
dimensions of lines (Fig. 6).

outer layers

steel core

polymer coating

Figure 6. Steel rope with polymer coated steel core
Source: Stalkanat (2024)

The application of a polymer shell allows creating a
mechanical connection that fixes the position of the cor-
responding elements of the steel wire rope, while simul-
taneously ensuring their necessary displacement; reducing
internal corrosion caused by pollutants, which is achieved
due to the increased tightness of the rope; and filling the
free space between the outer rods and the core to prevent
wear. The stabilising effect of the plastic-polymer coating
is particularly evident when the rope is exposed to trans-
verse pressure, torsion caused by a wide lateral deflection
angle on pulleys or winches, and/or shock loads. The ad-
vantages of using polymer core coated ropes are as follows:
preventing internal breaks; sealing grease in the rope; pre-
venting water, dust, etc., from entering; reducing internal
stresses; improving the stability of the line shape; absorb-
ing dynamic load and partial damping. Adapted steel ropes
can also be used based on the use of polymer shells.

The essence of this solution is to design and manu-
facture a lifting line in advance with geometric parame-
ters as close as possible to those parameters that the line
acquires in vertical hanging due to gravitational torsion
(Patent No. 85078, 2008). Gravitational torsion of a rope
is understood as the phenomenon of rotation, or tendency

Prospecting and Development of Oil and Gas Fields, 2026, Vol. 26, No. 1

@)



Grydzhuk et al.

to rotation, which occurs in steel ropes under the action
of a load (its own weight or suspended load), especially in
those that have a one-way twist. This technique, developed
under the supervision of Professor V.A. Malinovsky, is used
in the manufacture of steel ropes that have already been
tested in aggressive mine workings. The proposed design
reduces the gravitational torsion of the line in the barrel
and leads to a more uniform distribution of stresses be-
tween the wires in the line rods, which helps to increase
fatigue strength, reduce the impact of fretting damage and
service life.

Conclusions
As a result of the inspection and analysis, certain features
of fretting wear and fretting corrosion of wires and strands
of hoisting ropes of lifting mechanisms of drilling rigs, and
their influence on the occurrence and development of dam-
age and destruction, were revealed. In particular: a critical
analysis of the phases of fretting corrosion processes that
occur during the operation of hoisting ropes, and mecha-
nisms of wear and damage of hoisting ropes in operational
conditions was carried out; the search for opportunities to
reduce the impact of fretting corrosion damage in hoisting
ropes was carried out. It was established that the key fac-
tors of fretting corrosion wear of hoisting ropes were corro-
sion of the surface layers of wire and abrasive movement of
corrosion products between the surfaces of wire and steel,
and the main criterion for the development of fretting cor-
rosion damage should be considered the amplitude and
speed of relative sliding motion of the contacting surfaces.
Repeated kinks of the rope on the pulleys of the drill-
ing block, crown block, and winch drum during descent and
lifting operations create cycles of alternating stresses that
lead to metal fatigue and, as a result, to wear and possi-
ble wire breakage. Dynamic loads, acceleration and brak-
ing, and changes in the weight of the drill string (during
descent, ascent, drilling) create significant stresses that
directly affect the intensity of wear. An incorrect angle of
convergence of the rope between the winch drum and the
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AHoTauig. MubuHHe 6ypoBe, eKcrulyaTallijiHe Ta peMOHTHe 06/1afIHAHHSI CITYCKAEThCS, MiIiIMAaeThCs Ta YTPUMYETHCS
y CBepIJIOBMHI 3a JOMOMOrOI0 TajeBOi CUCTeMM, OCHOBHMM BMKOHABUMM eJleMeHTOM SIKOi € TajeBuit KaHaT. B
npolieci TpuBasoi ekcIulyaTalii TajgeBi KaHaTU 3a3HAIOTh (PPeTUHI-KOPO3iliHMX MOLIKOIKeHb, MexaHi3MM BIUIMBY Ta
PO3BUTKY SIKMX BMMAraloTh JOJATKOBMUX HOCTiIKeHb. MeTOI0 JaHoi cTaTTi 6ya0 IMpoaHaiisyBaTy Mpoiiecy Aerpagaiiii
IIJITXOM OIIIHKM 0COGIMBOCTE i (DPETUMHT-3HOUIYBAHHS Ta (PETUMHT-KOPO3ii APOTUH, CTAJOK Ta OCEpAb TaJleBUX
KaHATiB BaHTAXKOMiAMOMHMUX MeXaHi3MiB 6YPOBMX YCTAHOBOK Ta iX BIUIMB Ha BUHMKHEHHS TA PO3BUTOK IOIIKO/KEHb.
[TpoBemeHO aHaTi3 My6IiKalliii 3a 06pPaHOI0 TEMATUKOIO B IMKIIi JOCTiIKeHb, ITOCTAHOBKY ITPO6IeMu, 36ip MepBUHHUX
IaHMX Bi3yaJbHOTO Ta HEPYIHIBHOTO KOHTPOJIIO KaHATIB i3 JiTepaTypHuUX IKepest i JaHuX eKCIIepTU3M OJIsT OIiHKM iX
TEXHIYHOI'O CTaHy Ta BUBUEHHS BIUINBY (QPETUHT-KOPO3iifHMX ITOIIKO/IKEHb. MeTOI0JIOTis JOC/iIKeHb TaJIeBUX KaHATiB
OXOTUIIOE KOMIUIEKC TEOPETUYHMX Ta MPAKTUUYHUX MigXOMiB, CIPSIMOBAHMX Ha BUBUEHHS IXHiX XapaKTEPUCTUK, OLiHKY
TEXHIYHOTO CTaHy, NPOTHO3YBAHHS JOBIrOBiUHOCTI Ta 3abe3reueHHs 6Gesneku ekciuryarailii. BoHa chopmoBaHa 3
BpaxyBaHHSM aKTyaJbHOCTI Ta MPAKTUYHOI HEOOXiHOCTI Ha OCHOBI JAHUX JIiITePaTyPHUX IKepeJl, 0 XapaKTepU3yI0ThCs
BMCOKOIO I[MTOBAHICTIO, BUMOraM MiKHapOIHMUX CTAHZAPTIB LI0J0 JOCTIIKeHHS MOMKOIKYBAHOCTI KaHATIB B YMOBax
KOPO3iifHOTO Ta 3HOIIYBaIbHOIO BIUIMBY. BUsIBIIEHO OKpeMi 0COGIMBOCTI aGpa3uBHOTO BIUIMBY OKCU/IiB HA CTaH APOTHH,
CTAJIOK Ta OCepAb TajieBuUX KaHaTiB. [IpoaHasi30BaHO 3aJUIIKOBMII HamNpPyXeHO-IedOPMOBaHUI CTaH CIPSIKEHUX
TTOBEPXOHb Y KaHaTaX, 06YMOBJIEHMIT 0COGIMBOCTIMM KiHeMaTKKy 6araTolapoBOro HaMOTyBaHHsI KaHATIB Ha 6apabaH.
ITpoBemeHO aHasi3 30BHIIIHBOTO Ta BHYTPIIIHBOTO (DPETUHT-3HOIIYBAaHHSI Ta (PETUHT-KOPO3ii IMOIMIKOMKEeHb IJIst
TaJeBMX KaHATiB BAHTAKOIMIJOMHMX MeXaHi3MiB MO6GiIbHOT 6ypoBOi ycTaHOBKM YITA-60X. BCcTaHOBIEHO TIepeIyMOBU
BUHMKHEHHS KDUTUYHOTO CTaHy ITOBEPXOHb eJIEMEHTIB TaJleBMX KaHAaTiB BHACTIIOK GPeTUHT-KOPO3iiiHMX MOIIKO/KEeHb.
3 ypaxyBaHHSIM OCOGIMBOCTEl Ta MOTEHIIiIIHUX He6e3IeK MOIIKOMAKEHHS Ta PYHYBAaHHS €JIeMEHTIB TaJIeBUX KAaHATIB
BHAUIIZOK (PeTMHr-KOpPO3ifiHUX SIBUIN [IJIs1 TOJA/bINOi eKCIUTyaTallii HaJaHO IPaKTUMYHI pekoMeHAallii om0
3aCTOCOBYBAHHSI KaHATIiB 3 OCEPASMMU MOKPUTUMMU TONIMEPOM. 3aCTOCYBAaHHS 3a3HAueHMX KaHATIB y HadTorasosiii
ragysi gacTb MOKJIMBICTh: 3aMOBIirTy MOMagaHHIO BOOU, MY HAa OCeP/s, SMEHIIUTH CYJIM TePTSI CTAJIOK 0 OCepms Ta
BHYTDILITHi HATIPY>KEHHS, TIOKPALIUTK CTabiNbHICTh GOPMY KaHaTa; MOMIMHATY KOTMBAaHHS JMHAMIYHMX HAaBaHTasKeHb

Knro4oBi cnoBa: dhpernur-sHonryBanHs ; ppeTMHI-KOPO3ist; BTOMHE TONIKOIKEHHST; Ta/IeBa CUCTEMA ; CITyCKO-TTiIioMHi
orepaiiii; TepTs
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