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To ensure the trouble-free operation of the
rock-destroying tool, the peculiarities of its
interaction with the rock at different stages of
work must be additionally studied. Still unex-
plored in full is the relationship between the
state of the equipment of the rock-destroying
tool and the oscillatory processes during the
operation of the drilling tool. The basic depen-
dences for determining the wear indicators of
the equipment of the rock-destroying tool have
been proposed. The scheme for implementing the
method of assessing the condition and predict-
ing the wear of equipment, taking into account
the peculiarities of its interaction with the rock,
has been improved. Underlying its implemen-
tation is the presence of a law of change of at
least one generalized coordinate of an arbitrary
cross-section of a drilling tool. Bench experi-
mental studies were carried out, according to
the results of which the dependence of the depth
of the face deepening on the mode parameters of
drilling and the geometry of the equipment was
established. It was found that the wear of the
cutter by 1mm causes a decrease in the ampli-
tude of longitudinal oscillations by an average
of 1.4 times. The obtained functions of deepen-
ing the face were used to determine the energy
indicators of the process of rock destruction.
Given the peculiarities of the implementation
of the experiment, the work and power of the
axial load for the destruction of the rocks of
the pit were used for such indicators. It should
also be noted that the construction of numerical
models is necessary for a complete assessment
and prediction of the wear of rock-destructive
tools. They should reflect the mechanical sys-
tem and provide the ability to obtain the values
of parameters that are not determined by the
results of a laboratory experiment

Keywords: rock destruction, vibration of
drilling tool, rock-destroying tool, wear of
equipment

u] =,

Received date 24.06.2022
Accepted date 18.08.2022
Published date 31.08.2022

1. Introduction

The current state of oil and gas production necessitates
drilling operations at considerable depths [1]. Because of
this, it is necessary to solve problems related to ensuring the
design trajectory of wells [2—4], the quality of the barrel [5],
the reliability of drilling equipment [6], etc. One of the
main tasks that is solved when planning work is the choice
of rational (optimal) types, size of bits, and drilling modes,
taking into consideration the physical and mechanical pro-
perties of drilled rocks. This, along with the optimization of
drilling processes and costs, predetermines the introduction
of new types and designs of drilling bits [7—11]. The use
of PDC-type bits makes it possible to reduce accidents,
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increase the mechanical drilling speed, improve trajectory
controllability and, as a result, reduce the time for the con-
struction of wells in general. However, most types of PDC
bits can effectively destroy only medium-hard rocks. To
expand the scope and improve the efficiency of PDS bits,
various techniques have been considered. Among them are
increasing the strength of the materials used, optimizing
the profile, preventing wear and failure, predicting the force
reaction, monitoring and dynamic process management in
the field. Despite the wide range of research, a number of
issues are still relevant and require further study. In parti-
cular, attention should be paid to investigating the issue of
effective destruction of rocks through research using mo-
dern methods and equipment.




2. Literature review and problem statement

Many researchers pay special attention to the study of
the power interaction of a rock-destroying tool with rock
as the most direct method for determining the productivity
of PDC bits or the limitations of drilling processes. Repro-
duction of these processes on single PDC cutters makes it
possible to better study and understand the mechanism of
interaction with the rock. Possession of information on force
reactions under different cutting conditions is an impor-
tant prerequisite for improving the efficiency of the cutter
and the destruction process as a whole. The authors of [12]
designed a test bench, based on the turning center, for mea-
suring mechanical and thermal reactions in the interaction of
a cylindrical PDC cutter with rock in real time. During the
experiment, the effect exerted on the force interaction by
the size of the front angle and cutting depth, as well as the
feed rate of the cutter, was investigated. A phenomenologi-
cal model of the relationship between force factors and the
front cutting angle has been formulated. Similar studies were
conducted by the authors of [13, 14] using PDC on samples
of Carthaginian marble rock, with cutters 13 mm and 16 mm
in diameter with structural chamfers 0.01 inches and 0.016 in-
ches long. It was found that the size of the cutter does not
affect the reaction from friction but the size of the chamfer has
a significant effect on the friction and aggressiveness of the
cutter. Unlike the normal component force, the cutting force
proved insensitive to the chamfer size for the same cutting
depth under test conditions. Based on the analysis of the ob-
tained data, an empirical ratio between the anterior posterior
angle of the cutter and the friction angle was introduced. An
expression was also derived to determine the equivalent rear
cutting angle as a function of the cutting depth. The results
are important for the development of the design of elements of
the rock-crushing tool in order to improve its efficiency. How-
ever, the cited works [12—14] do not take into consideration
the wear of the cutter in the course of its work.

The authors of [15] carried out experimental studies into
the influence of the degree of wear of a single cutter on the
change in the force and energy parameters of the rock cutting
process. A significant influence of the degree of wear of the
cutting elements on the growth of the force parameters of the
process has been established. With an increase in the degree
of wear, a component directed at cutting the rock decreases
within the resulting force. This increases the component
aimed at pressing the cutting element. The authors proposed
to evaluate the degree of wear of equipment according to the
indicators of changes in the instantaneous values of force,
changes in power, or parameters of the oscillatory processes
of the drilling tool. However, the above studies were carried
out in the laboratory using a rigid scheme of loading elements
of a rock-destroying tool. That does not take into conside-
ration the peculiarities of oscillatory processes characteristic
of real drilling conditions.

Most studies that take into consideration the peculiari-
ties of the processes characteristic of actual working condi-
tions are carried out by mathematical modeling, simulation,
as well as laboratory modeling because of the high cost of
conducting full-fledged industrial tests [16]. The authors
of [17, 18] studied oscillatory processes both experimentally
and using the method of finite elements. The application
of industrial drilling bits and rock samples for the research
made it possible to obtain an equivalent friction model. That
took into consideration the friction and cutting components

of the interaction of the chisel and the rock. The extinction
of torsional vibrations of the drilling column at drilling was
experimentally and numerically investigated. Despite the
practical significance of the reported results, the authors did
not consider the effect of the degree of wear of the equipment
of the rock-destroying tool.

Given the above unresolved issues, it is necessary to
assess and predict the wear of the equipment of the rock-
destroying tool in the process of its work. One of the ways of
such an assessment is implemented on the basis of the analysis
of industrial data. To this end, it is necessary to carry out con-
tinuous monitoring of the drilling parameters to be adjusted
in order to achieve optimal conditions for the operation of
the tool. The implementation of this approach is possible in
the presence of modern interactive technologies that make it
possible to record on-line the values of the regime parameters
of drilling. The use of such technologies is not always possible
and expedient, especially when conducting drilling operations
on small geological structures with a long payback period.
Under such conditions, modern rock-crushing tools can be
used in certain intervals of several wells until they are fully
exhausted. Because of this, in each of the wells, the process
of destruction of rocks of the face will be determined by the
current state of the equipment of the rock-destroying tool.

According to another approach, a drilling model of the
geological structure is constructed on the basis of primary
information obtained from the results of preliminary drilling.
The theoretical basis of information processing methods
is analytical dependences describing the work of the chisel
on the face. The description of such interaction should
take into consideration the main characteristics of rock-
crushing tools and rock, as well as include the parameters of
drilling modes [19].

It should also be noted that by the time of full wear,
modern rock-destroying tools can be used in certain intervals
of several wells. Because of this, the nature of the process of
destruction of rocks of the face in each of them will differ and
will be determined by the current state of the equipment of
the rock-destroying tool. At the same time, the relationship
of the state of the equipment of the rock-destroying tool with
the vibration processes characteristic of its operation is not
fully investigated. All of them are due to the interaction of
rock-destroying tools with rock.

Given the current state of the drilling bit service market,
it is impossible to carry out such an analysis for all sizes based
on the results of industrial implementation. Therefore, one
should pay attention to the possibilities of such an assess-
ment based on the results of laboratory experiments. In this
case, it is necessary to use the methods of not only physical
modeling but also analytical and numerical, to be implemen-
ted using modern software.

The criteria for assessing the effectiveness of rock de-
struction, in addition to the mechanical drilling speed and
the amount of penetration, should also consider such energy
indicators as work done, power spent, energy intensity of
destruction, etc.

3. The aim and objectives of the study

The aim of this study is to improve a technique for assess-
ing the condition and predicting the wear of the equipment
of the rock-destroying tool, taking into consideration the
peculiarities of its interaction with the rock. This will make



it possible to improve the efficiency of rock destruction and
enable optimal performance of rock-crushing tools.

To accomplish the aim, the following tasks have been set:

—to conduct experimental studies into the process of
destruction of rocks under different force and kinematic pa-
rameters to derive the function of changing the generalized
coordinate of an arbitrary cross-section of the drilling tool;

— to determine and evaluate the energy indicators of the
process of destruction of rocks of the face using the derived
functions of changing the generalized coordinate of an arbi-
trary cross-section of the drilling tool.

4. The study materials and methods

For our research, we used a bench based on the drilling
rig SBA-500 (Ukraine). The study was conducted on blocks
of sandstone. As a rock-destroying tool, a cutter of the
RS-140 type (Ukraine) was used. To measure the vibrations
of the drilling tool, a vibrodiagnostic set-up was designed.
We registered the axial vibration displacement of the drilling
tool during experimental studies using an inductive sensor
of vibration displacement. In this case, the distance from the
photodiode of the inductive sensor to the surface of the mea-
suring platform was measured (Fig. 1).

Taking into consideration the parameters of the technical
characteristics of the drilling rig, the studies were carried out
at rotational speeds n=82 rpm, n=131 rpm, and n=181 rpm,
with a change in the axial load on the chisel in the range from

The speed of rotation of the drilling tool was set by turning
on the corresponding gear in the gearbox. The magnitude of the
axial load on the chisel was adjusted by the distributor of the
hydraulic system of the machine. We registered axial vibration
displacements of the tool at the appropriate mode parameters
by measuring equipment online for no more than 120 seconds.

The authors of [20] proposed a mathematical model for
the study of the parameters of longitudinal and torsional oscil-
lations of the drilling tool on a bench. In that case, the drilling
tool was represented as a dual-mass mechanical system loaded
with axial force and reactive torque from the face. Both force
factors are characterized by cutting and friction components.
Bodies in the system are connected by elastic-dissipative
elements. With the help of four generalized coordinates and
their derivatives, expressions for the potential and kinetic
energy of the mechanical system and generalized force factors
were written. Based on the Lagrange equations of the IT kind,
taking into consideration the obtained expressions, a system
of differential equations of system motion was compiled.

Taking the model [20] as a basis and conducting a series
of analytical transformations, dependences were derived to
determine the length of the wear part of the cutter / (1) of the
rock-destroying tool and the intensity of its performance & (2):
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Fig. 1. General view of the vibrodiagnostic set-up:
1 — vibration shift sensor; 2 — primary processing unit;
3 — stopwatch; 4 — secondary processing unit;
5 — connecting cables
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where m; is the mass of the rock-destroying tool; J; and
Jo» — the moment of inertia of the rock-crushing tool and pipe,
respectively; xy, 29 — axial coordinates of the rock-destroy-
ing tool, pipe; @1, @2, @3 — angular coordinates of the rock-
destroying tool, pipe, and transferor; k; — rigidity of the
threaded connection; oy — coefficients of damping of the
threaded connection; ¢y, d — rigidity and kinematic para-
meter of the connection of the pipe and the rock-destroying
tool with the help of a Morse cone; z — the number of cutters
on the rock-destroying tool; r — radius of the rock-destroying
tool; € — internal specific cutting energy; ¢ — a parameter that
determines the position of the rock-crushing tool; z — the va-
lue of the deepening of the face by the rock-destroying tool,
u — the coefficient of friction, ¢ — the stress of destruction.

In general, the operation of PDC bits is based on con-
stant accounting of performance and the degree of wear of
their equipment during operation. One of the problems is
the different time of failure of the cutting elements, which
causes the occurrence of excessive vibration loads and, as
a result, their breakdowns. Given this, it is necessary to con-
trol the drilling modes in order to enable trouble-free opera-
tion of the rock-destroying tool until complete wear-out. An
important aspect, in this case, is the study of the interaction
of the equipment of the rock-destroying tool with the rock
at different stages of wear-out. This requires a number of
diverse studies using modern mathematical, hardware, and



technical means. It is this integrated approach that was used
in improving the technique for assessing the condition and
predicting the wear of the equipment of the rock-destroy-
ing tool. It involves conducting experimental studies with
the subsequent processing of their results to establish the
main characteristics of the process of destruction of rocks
of the face. The implementation of the proposed approach
was carried out with the help of a laboratory drilling bench
equipped with a measuring complex and tools for mathemati-
cal modeling and statistics. The assessment of the parameters
characterizing the process of interaction of the equipment
of the rock-destroying tool with the rock is proposed to be
carried out experimentally-theoretically according to the
scheme shown in Fig. 2.

Planning of experimental studies

:

Laboratory experimental studies

:

Determining the law of motion (displacement
function) of an arbitrary cross-section of a drill bit

: :

Determining energy

Numerical studies of
movement parameters of drill parameters of the destruction
elements process

: :

Determining the length of the
worn part of the cutter and the
intensity of its wear-out

l l

Making a decision regarding the expediency of
further use of a rock-destroying tool or adjustment of
regime-technological parameters

Evaluation and comparison
of the obtained results

Fig. 2. Conceptual scheme of the study of the interaction
of rock-destroying tools and rock

For studying the wear-out of the equipment of the
rock-destroying tool relative to the generalized coordinates
X1, X9, O1, @9, it is sufficient to have a law of change of at least
one of them. One of the ways to obtain it is to conduct expe-
rimental studies with the measurement of the axial vibration
displacement of the drilling tool at the appropriate regime
parameters.

Next, using the differential equations of the longitudinal
and rotational motion of the rock-destroying tool and the
drill pipe, simulation models are built, with the help of which
other parameters are evaluated, which are employed in de-
pendences (1), (2). The set of necessary data obtained in this
way is the basis for assessing the length of the wear part of
the cutter [ of the rock-destroying tool and the intensity of
its wear-out .

Along with this, the presence of registered experimental
data makes it possible to establish the function of moving the
rock-destroying tool under different force and kinematic pa-
rameters of the process. Based on them, taking into account
the axial load created in the course of research, it is possible
to determine its performance and power with a further as-
sessment of the feasibility of using a rock-destructive tool or
adjusting the regime and technological parameters.

3. Results of studying the wear-out of the equipment
of the rock-destroying tool

5. 1. Results of experimental studies of the process of rock
destruction under various force and kinematic parameters

In order to obtain the laws of change of one of the ge-
neralized coordinates, namely the axial coordinate of the
cross-section of the drill pipe of the rock-destroying tool xs,
which corresponds to the deepening H, a number of experi-
mental studies were carried out at different force and kine-
matic parameters of the process.

All laws of change in the axial generalized coordinate have
a distinct oscillatory character. Approximation (regression
analysis) of such experimental oscillograms made it possible
to obtain analytical expressions describing the movement S(¢)
of the center of an arbitrary cross-section of the drilling tool.
Polynomial approximation was used to analyze experimental
data (Fig. 3-5). To ensure greater reliability of the approxi-
mation, polynomials of different powers are considered. The
best level of reliability was achieved by using third-degree
polynomials (Table 1). At the same time, the level of reliabi-
lity of approximation ranged from 0.49 to 0.82. Based on the
results obtained, the amplitudes of oscillation amplitudes of
the drilling tool were also established (Table 2).
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Table 1
Results of approximation of experimental data
for a new rock-crushing tool

Rotation | Axial | The law of motion (displacement function)
frequency | load, of an arbitrary cross-section
n, rpm P, kN of a drilling tool
4 S()=10"7-2-10"¢+0.0026¢+2.3177
82 6 S(£)=10"83+10-£2+0.0129¢+2.6484
8 S(6)=10"%3+0.0003¢>+0.0859¢+2.2178
131 6 S(H)=10""7-2-10"¢+0.0109¢+1.6262
4 S(H)=—10 7634210 52+0.001¢+2.7463
181 6 S(t)=7-10"73-0.0002¢2+0.0293¢+3.6439
8 S(t)=3-10"-0.0016¢>+0.1331¢+2.4838

Table 2
The amplitude of vibration displacements;
the work and power to destroy rocks of the face

Ampli-
,igxigl o d?’ﬂ‘lm Work Ap, J Power Np, W
oa - -
P.kN worn- | during | during
new | °C 305 120's second 30 | second 120
n=82 rpm
0.557 | 0.371 | 0.251 0.787 0.007 0.008
0.568 | 0.379 | 2.329 9.478 0.077 0.081
8 0.432 | 0.324 | 18.672 - 0.565 -
n=131rpm
6 [0412]0303] 1870 | 7.157 | 0.060 0.063
n=181rpm
0.525 | 0.468 | 0.181 0.941 0.008 0.006
0.461 | 0.346 | 4.307 | 11.074 0.115 0.069
8 0407|0312 | 26.904 - 0.945 -
307ALy
2 /
4/ A
]
0 — '
0 20 40 60 80 100 120
t,s
a

Similarly, a study was conducted using a rock-destroying
tool with signs of wear on its equipment. For comparison,
Table 2 gives the derived values of the amplitudes of oscilla-
tions of the drilling tool.

3. 2. Determining energy indicators using the function
of change in the generalized coordinate

The main force factors in the destruction of the face are
the axial load on the chisel, and torque. The result of their
actions directly depends on the state of the equipment of the
rock-destroying tool. It largely forms the energy costs of rock
destruction, characterized by mechanical work and force.

The mechanical work of the axial load reflects the inten-
sity of its action at a given recess of the face. The magnitude
of the deepening of the face in the axial direction is equal to
the difference between the final and initial coordinates of the
lower end of the chisel, that is, its movement S. Therefore,
the work of the axial load on the finite movement can be
determined as follows:

S;
A, = [ P(S)dS,

So

(3)

where Py(S) is the axial load on the drilling tool as a function
of moving its cross-section.

With a constant axial load on the chisel P, its mechanical
work when deepened by the value of S can be defined as the
product of these quantities:

A,=P-S. (4)

However, in the process of drilling, the deepening of the
face, due to technical, technological, mining, and geological
conditions is not constant in time and is characterized by
a certain law of change S=5(¢). Therefore, the work performed
by the constant axial load will obey an appropriate time
dependence A,=A,(¢). Differentiation of the function of the
work makes it possible to estimate the force of the axial load:

_dA, _,ds

Ne=a ="

)

To determine the work and power of the axial load accord-
ing to the above dependences (4) and (5), the approximation
functions obtained at the previous stage (Table 1) were used
as functions S(¢). At the same time, in order to reduce the re-
sults obtained to a common origin, the approximation curves
were adjusted by extracting the free term of the polynomial.
The results are given in Table 2 and shown in Fig. 6.
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Fig. 6. Graphic dependences: a — the work of the axial load on the time of implementation; b — the axial load force on
the implementation time; 1 — P=6 kN, n=82 rpm; 2 — P=6 kN, n=181rpm; 3 — P=8 kN, n=82 rpm; 4 — P=8 kN, n=181rpm



It should be noted that the obtained dependences reflect
a short-term technological process with a slight deepening of
the face. Given the limited range of registration of vibration
displacements (oscillograms) of available tools, the duration
of the received records is different (Fig. 4, 5). In view of this,
Table 2 gives the intermediate (¢=30s) and final (£=1205s)
values for the studied interval of the work and power.

6. Discussion of results of studying the interaction
of rock-crushing tools and rock

As a result of our series of experiments, it was established
that sandstone drilling is accompanied by a monotonous
close to the linear deepening of the face. Dominant in the
vibration signal is the cutting harmonic. At the same time,
the nature of the obtained dependences is determined by the
kinematic and force parameters of the process (Fig. 3-5),
as well as the state of equipment of the rock-destroying
tool (Table 2). Changing the rotational speed of the rock-de-
stroying tool does not significantly affect the deepening
speed of the face (Fig. 3). More significant is the creation
of an axial load to enable contact force sufficient for the
effective destruction of the rocks of the face. Thus, at rota-
tional speeds of 82 rpm and 181 rpm, effective destruction is
observed at an axial load of 8 kN (Fig. 4, 5).

It should be noted that the amplitude of longitudinal os-
cillations with increasing load partially decreases. In addition,
as evidenced by the results of research (Table 2), the ampli-
tudes of the longitudinal oscillations of the rock-destroying
tool, which does not contain signs of wear, are larger. This is
due to the amount of deepening of the cutting elements into
the rock and the horizontal components of the cutting forces.
The amplitude of oscillations at a time limit of 120 s, under all
considered loading conditions, does not exceed 0.6 mm. Wear
of the cutter by 1 mm causes a decrease in the amplitude of
longitudinal oscillations by an average of 1.4 times.

In general, the nature of the change in the work of the
axial load (Fig. 6, a) at a certain interval of implementation
corresponds to the nature of the change in the deepening
of the face. Directly, its values are determined by the level
of the applied load. Thus, at a rotational speed of 82 rpm,
the work of an axial load of 4 kN, 6 kN, and 8 kN during the
implementation of the process (t=30s) is 0.251 ], 2.329 J,
and 18.672 J. At a frequency of 181 rpm, respectively — 0.181 J,
4.307 J, and 26.904 J. Defined in this way, the values of the
work of the new rock-destroying tool can serve to assess the
condition of the equipment and the effectiveness of its ope-
ration during the voyage.

Taking into consideration (5), the magnitude of the
axial load force at different mode parameters (Table 2) was
also established, which is reflected by graphic dependen-
ces (Fig. 6, b). At an axial load of 6 kN, there are slight de-
viations in power functions relative to their average values.
At an axial load of 8 kN, a significant change in power within
the considered range is characteristic. This is due to the re-
latively short time of data registration and, accordingly, the
lower level of reliability of their approximation.

It is also worth noting the fact that the rotation of the
drilling tool with an angular velocity of 82 rpm is accompa-
nied by low-frequency monoharmonic, and with an angular
velocity of 181 rpm — by high-frequency polyharmonic axial
oscillations. Visually, it is clearly seen that low-frequen-
cy (monoharmonic) oscillations occur at the same frequency,

which corresponds to the frequency of penetration of cutters
into the rock and, accordingly, is the cutting frequency. The
high-frequency ones are a combination of several oscillations:
with a cutting frequency, friction frequency, as well as subhar-
monics with frequencies multiples of the cutting frequency and
friction, which are formed as a result of frequency modulation.

High-frequency oscillations (=181 rpm) in contrast to
low-frequency ones (n=82 rpm) are more energy-intensive,
with the same axial load P=8 kN, 1.44 times more work is
performed to destroy the face and, at the same time, the po-
wer is 1.67 times more.

In general, our research and reported results are an at-
tempt to establish the relationship of the state of equipment
of the rock-destroying tool with the parameters of oscillatory
processes under different force and kinematic loading con-
ditions. It should be noted that the presence and possibility
of its use for assessing the state and predicting the wear of
rock-crushing instruments were not considered in [14, 16, 18].

The use of the proposed technique can be widely used
only in the presence of appropriate measuring instruments.
They should be interactive and contain means of registra-
tion and prompt transmission of information both from the
mouth and from the face of the well in the online mode with
sufficient accuracy. At the same time, they should provide the
possibility of accumulating information and its operational
analysis. The presence of such characteristics significantly in-
creases their cost and hinders their widespread introduction
into the industry. For a complete assessment and prediction
of the wear of the rock-destroying tool in accordance with the
proposed method, it is necessary to build numerical models.
They should reflect the mechanical system and provide the
possibility of obtaining the values of parameters not estab-
lished by the results of a laboratory experiment, using the
sizes of rock-destroying tools common in deep drilling.

7. Conclusions

1. Based on our bench experimental studies, the functions
of changing the generalized coordinate of an arbitrary cross-sec-
tion of the drilling tool were obtained. The nature of oscillatory
processes, the nature of their distribution, as well as quantita-
tive indicators have been established. Changing the rotational
speed of the rock-destroying tool does not significantly affect
the deepening speed of the face. Essential to enable the effective
destruction of the rocks of the face is the creation of the nec-
essary axial load, which, for the conditions of our experiment,
was about 8 kN at rotational speeds of 82 rpm and 181 rpm.

According to the results of approximation of experimental
oscillograms, analytical expressions were built describing the
movement of the center of an arbitrary cross-section of the drill-
ing tool with a reliability of 0.49 to 0.82. In addition, we estab-
lished the amplitudes of oscillations of the drilling tool, which,
under the considered load conditions, do not exceed 0.6 mm.
Wear of the cutter by 1 mm causes a decrease in the amplitude
of longitudinal oscillations by an average of 1.4 times.

2. Based on the obtained functions of moving cross-sec-
tions of the column, the energy indicators of the process
of destruction of rock by the face have been established.
Already at the time of implementation of the process of 30 s,
a significant difference has been established between the
work performed by the axial load of 6 kN and 8 kN at differ-
ent rotational speeds. At a rotation frequency of 82 rpm, the
work is 2.329 J and 18.672 J, and at a frequency of 181 rpm —



4.307 J and 26.904 J, respectively. The high-frequency oscil-
lations, unlike low-frequency ones, are more energy-inten-
sive, with the same axial load P=8 kN, 1.44 times more work
is performed on the destruction of the rocks of the face. The
values determined in this way to make a new rock-destroying
tool can serve to assess the condition of the equipment and
the effectiveness of its operation during the voyage.

Minor deviations in power functions relative to their
average values are observed at an axial load of 6 kN. A signi-
ficant change in power within the considered range is cha-
racteristic of an axial load of 8 kN, which is due to the short
data registration time.

The values of the energy parameters of the new tool de-
termined in this way can serve to assess the condition of the
equipment and the effectiveness of its operation within the
framework of the proposed method implementation.
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