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INVESTIGATION OF DRILL STRING
DYNAMICS USING PROBABILISTIC
METHODS

The object of research is a drill string. The work is directed to the study of the drill string dynamics and its
influence on the rock, which is drilled using probabilistic methods.

It is shown that the nature of the vibrations of the top of the drill string and the downhole signals are diffe-
rent and have a stationary random character. It is proved that the process at the output of the drill string, taking
into account random disturbances, is narrow-band (quasi-harmonic) or close to it. It is found that the energy
composition of the spectrum sections and the appearance of resonance peaks and their displacement is directly
determined by the physical and mechanical properties of the rocks being drilled, as one of the factors that deter-
mines the vibration state of the drill string. Graphs of the spectral density of the power of pitting vibrations are
given, showing their amplification at frequencies of 30—40 Hz as the hardness of the rocks being drilled increases.
The maximum of the power density bending curve shifts towards low frequencies. There is a «<mutual convergence»
of the maxima of the power spectral density of the oscillations of the top and bottom of the drill string. It is shown
that an important feature of drill string vibrations in the process of drilling with ball bits is that the intensity of
vibrations of the top of the drill string passes with frequencies close to low frequencies, and the vibrations of the
bottom of the string — to high frequencies.

It is determined that the process at the output of the drill string, taking into account random disturbances, is
narrow-band (quasi-harmonic) or close to it. As a result, the assumption of a narrow band at the output of the
system, which is the basis of theoretical research, is justified. It is proven that the drill string, as a system with
liquid filling under pressure, is more stable compared to a hollow structure. The washing liquid, in this case, plays
the role of a dynamic absorber.

Keywords: drill string, drill string dynamics, impact on rock, nature of oscillations, probabilistic methods.

Viktor Svitlytskyi,
Sergii Iagodovskyi,
Iryna Boshkova

Received date: 30.11.2023
Accepted date: 08.01.2024
Published date: 16.01.2024

How to cite

© The Author(s) 2024
This is an open access article

under the Creative Commons CC BY license

Soitlytskyi, V., Iagodovskyi, S., Boshkova, 1. (2024). Investigation of drill string dynamics using probabilistic methods. Technology Audit and Production
Reserves, 1(1(75)), 51-55. doi: hittps.//doi.org/10.15587/2706-5448.2024.296725

1. Introduction

The calculation of the drill string and its elements for
static loads has been tested well enough and is almost
unquestionable, while their dynamic calculations are time-
consuming and not very suitable for practical use.

The methods of calculating the drill string and its ele-
ments for dynamic loads can be conditionally divided into
three stages:

— calculation for deterministic loads (static or dynamic);

— calculation of random dynamic actions;

— calculation of dynamic loads in conditions of in-

complete information about the properties of the loads.

Analogous stages are related to the trajectory of well
drilling (directional drilling), as well as methods and geo-
logical and technical conditions of drilling. Thus, the pro-
perties and structure of the drill string and its elements
can be considered as deterministic random with known
probable characteristics or random with incomplete infor-
mation about statistical characteristics. At the same time,
various combinations of the listed cases are possible [1-3].

The aim of research is to use probabilistic methods to
study the drill string dynamics. This will make it pos-
sible to determine the processes occurring at the entrance
and exit of the drill string, taking into account random
disturbances.

2. Materials and Methods

The research methodology consisted in physical modeling
of the mechanical system based on the experimental layout
of the drill string. On the basis of the research, a number
of experiments have been conducted with the aim of es-
tablishing the relationship between downhole disturbances
and the vibration state of the drill string based on the
level of vibrations of its top, taking into account various
mechanical properties of the artificial outcrop. The study of
the drill string dynamics and its effect on the rock being
drilled has been carried out using probabilistic methods.

Dynamic loads in the drill string and its elements are
the main ones. The most characteristic dynamic loads for
the drill string and its elements are vibrations (longitudinal,
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torsional, bending), which is related to the stability of the
structure and the obtained drilling indicators, as well as
the strength of its elements. The vibrations of the drill
string under the action of such loads will be random, which
leads to the application of the mathematical apparatus of
the theory of random processes [4—6].

Random fluctuations of drill string elements, as well
as its fluctuations in general, are primarily caused by the
interaction of the bit with the hole, as well as the elements
of the string (for example, arming with centering elements)
with the well walls, changes in the trajectory (curvature,
geological conditions of drilling, etc.).

Studies of vibrations in the process of deepening a well
show that dynamic loads can be considered as stationary
random processes, because the transient modes have a suf-
ficiently short duration.

. Results an 1scussion

The recording of vibrations during drilling on an experi-
mental drilling unit is described and analyzed below (Fig. 1).
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Fig. 1. Scheme of the drilling unit: 1-6 — 5V-20 vibration
receiver channel; 7, 9, 11 — casing column; 8 — column of drill pipes;
10 — weighted drill pipes (WDP); 12 — chisel B140T; 13 — cement hole;

14 — centralizers; 15 — support; 16 — packer; 17 — lower support;
18 - tower BU75BRE; 19 - thermal system; 20 — moving load of
the thermal system; 21 — leading pipe; 22 — penetration level sensor

The task was set as follows: knowing the parameters of
the statistical distribution of the random load, determine
the appropriate parameters for the values that characterize
the reaction of the drill string and its elements to dynamic
disturbances during the drilling process (dynamic stresses and
displacements). Thus, random processes have been investi-
gated — random functions of time, for example, the order of
interaction of the rock bit arming with the rock. A number
of experiments have been carried out on the drilling unit,
the purpose of which was to establish the mutual relation-
ship between the pitting disturbances and the vibration state
of the drill string based on the level of vibrations of its
«top» at various physical and mechanical properties of the
artificial pitting [1, 7, 8].

The scheme of the experimental layout of the drill string
is presented in Fig. 1. An artificial outcrop was drilled —
(700-grade cement stone for cold wells) 24 m thick, poured in
the form of tiers with different hardening times. The artificial
hole was lowered with the casing to a depth of 230 m. The
top of the casing, after lowering, was attached to the guide
pipe of the well by means of welding. In the lower part
of the cement block, a hermetic container with calibrated
vibration receivers was cemented, which were connected
to the ground equipment with the help of a logging cable.
Vibrations on the square rod were recorded by vibration
sensors installed on the swivel at the end of the drill string.

Thus, vibrations were recorded through three channels:
the drill string, the casing string, and the communication
cable line.

Drilling was carried out by the rotary method at a bit
rotation frequency of 6.28 s™' and an axial load of 30 kN.
The layout of the column: bit B140T, WDP @130 mm, length
4 m, pipes with a diameter of 70 mm and a length of 200 m.

Washing was carried out with water at a pump sup-
ply of 24 1/s.

Drilling was conducted with the string completely un-
loaded at the blowout in order to ensure the loss of stability
of the latter and to receive signals from secondary sources
of oscillations and, in part, from the interaction of the drill
string with the walls of the well.

The passage of signals through the acoustic channels and
the activation time of the vibration receivers were controlled
by striking the pipes, as well as by sharply landing the
tool on the bump. Confirmation of receiving a signal from
a hole, fixing it on the surface was carried out using the
propagation of an elastic wave in the column based on the
difference between the force action and the arrival of a single
disturbance pulse, as well as the phase shift of the vibrogram
recordings from the hole and surface vibration receivers.
The speed of elastic wave propagation is 5030—-5070 m/s,
which indicates the admissibility of plane wave hypotheses.

Fig. 2 shows typical vibrograms of vibrations recorded
by vibration receivers on the pit and receivers installed
on top of the column.

Studies of vibrograms obtained through the acoustic
channel of the casing showed that its transfer function
determined by the envelope process in the zone of the linear
characteristic of vibrowashers (from 20 Hz and above) was
up to 0.15, the signal decay time was 0.15 s. From these
results, the damping characteristics can be determined.

Due to the fact that the drilled intervals of the artificial
hole in the intervals are sufficiently uniform in terms of me-
chanical properties, a coefficient was introduced that takes into
account the time it takes for the hole to deepen by 10 cm.
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Fig. 2. Characteristic of the voltages from the inductive vibration receiver:
I — near-impact zone; Il — drill string top; a — Vy=6.5 m/h;
b - Vy=8.4 m/h

In the future, the coefficient B appears on the graphs of
the spectral density, which made it possible to more clearly
interpret the results of the experiment. Dimension |B|=1s/cm.

Spectral analysis of the recorded oscillations is shown
in Fig. 3, as an example for some vibration records, which
makes it possible to qualitatively compare, at the first
stage, the nature of the interaction of the bit with the hole
when drilling rocks that differ in mechanical properties
and vibrations of the top of the drill string.

The given dependencies show that when drilling rela-
tively soft rocks, low-frequency oscillations occur, which
were recorded by the upper receivers, caused not only
by the pulsation of the pumps and the elasticity of the
melt system, but also by components directly related to
longitudinal-torsional oscillations. It should be noted that
the oscillations on the thalamic system took place with
a frequency of about 6 Hz. The peak values of the bit
vibrations occur in the range of 20—80 Hz, at the same time

as low-frequency, more powerful vibrations of the top of
the drill string are in the range of up to 30 Hz.

Graphs of spectral density in rocks of different hard-
ness are given in Fig. 3.

Considerable attention was paid to the state of the chisel
armament. Based on the results of statistical processing
of the oscillograms obtained from the vibration receivers
in the near-impact zone, graphs of correlation functions
were constructed, which can be used to determine the
degree of wear of the rock bit weapon.

Expressions [6, 9, 10] can be used to describe the cor-
relation function in our case:

Ry (1)=Rye " cos o, 1)
where Ry and A — constants; @ — frequency of oscillations;
T — time.

In this case, the spectral density will be:

1 1

op(w)ot AR 1 4R,

T 2 2+ 2 2’
(0-6) +A> T(0+6) +A

(2)

where 6 — the spectrum shift frequency.

It has maxima in the frequency range ®=6.

Fig. 4, 5 shows the curves characterizing the correla-
tion functions of the bit weapon wear.

In the general case, vibrations and stresses that act on
the elements of the drill strings are spatial. They can be
decomposed into three components along the coordinate
axes and consider random vibrations as random functions of
one argument — time. The analysis of the vibrations of the
drill string and its elements based on random oscillations
makes it possible to increase the reliability of determining
the vibration reliability of the drill string and its elements.
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Fig. 3. Graphs of the power spectral density of stresses from vibration sensors in rocks of different hardness: [ — near-impact zone;

II - the top of the drill string; a — soft rocks; b
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Fig. 4. Autocorrelation functions of the longitudinal oscillations of the chisel bit: 2 — new bit; 5 — for 20 % wear and tear of weapons
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Fig. 5. Autocorrelation function of longitudinal oscillations
of the bit at 40 % weapon wear

An important feature of the vibrations of the drill string
in the drilling process with square bits is that the intensity
of the vibrations of the top of the drill string passes with
frequencies close to low frequencies, and the vibrations of
the bottom of the string — to high frequencies. The process
at the exit of the drill string, taking into account random
disturbances, is narrow-band (quasi-harmonic) or close to it.
As a result, the assumption of a narrow band at the output
of the system, which is the basis of theoretical research,
is justified.

The obtained results can be used in the practice of
drilling wells to increase the stability of the drill string.
On the basis of research, it has been proven that the drill
string, as a system with liquid filling under pressure, is more
stable compared to a hollow structure, and the flushing
fluid, in this case, plays the role of a dynamic absorber.

The conditions and limits of the application of the
obtained results are the study of random oscillations of the
drill string elements, as well as its oscillations in general,
primarily caused by the interaction of the bit with the
hole, as well as the string elements with the walls of the
well and trajectory changes.

Further research will be aimed at determining the corre-
lation dependences, by which it is possible to determine the
degree of wear of the ball bit weapon in deep and ultra-
deep wells — with a depth of more than 5000 m.

4. Conclusions

It has been shown that the nature of the vibrations
of the top of the drill string and the downhole signals
are different and have a stationary random character. The
energy composition of the spectrum sections and the ap-
pearance of resonance peaks and their displacement have
been directly determined by the physical and mechani-
cal properties of the rocks being drilled, as one of the
factors that determines the vibration state of the drill
string. Graphs of the spectral density of the power of
pitting vibrations show their amplification at frequencies
of 30-40 Hz as the hardness of the rocks being drilled
increases. The maximum of the power density bending
curve shifts towards low frequencies. There is a «mutual
convergence» of the maxima of the power spectral density
of the oscillations of the top and bottom of the drill string.
An important feature of the vibrations of the drill string in
the drilling process with square bits is that the intensity
of the vibrations of the top of the drill string passes with
frequencies close to low frequencies, and the vibrations of

the string bottom — to high frequencies. The process at
the exit of the drill string, taking into account random
disturbances, is narrow-band (quasi-harmonic) or close to
it. As a result, the assumption of a narrow band at the
output of the system, which is the basis of theoretical
research, has been justified. The drill string, as a system
with liquid filling under pressure, is more stable compared
to a hollow structure. The washing liquid, in this case,
plays the role of a dynamic absorber.

Acknowledgment

The authors express their personal gratitude and sincere
gratitude to Doctor of Technical Sciences, Professor Petro
Ohorodnikov for his invaluable contribution to the work on
the article, and are deeply saddened by his passing away.

Conflict of interest

The authors declare that they have no conflict of inte-
rest in relation to this research, whether financial, personal,
authorship or otherwise, that could affect the research and
its results presented in this paper.

Financing

The research was performed without financial support.

Data availahility

The manuscript has no associated data.

Use of artificial intelligence

The authors confirm that they did not use artificial
intelligence technologies when creating the current work

References

1. Ogorodnikov, P. I. (1991). Ulravlenie uglubleniia skoazhin na baze
1zucheniia dinamicheskikh protcesov v burilnoi kolone. MINKhiGP
im akad. Gubkina I. P, 421.

2. Ullah, E K., Duarte, F, Bohn, C. (2016). A Novel Backstep-
ping Approach for the Attenuation of Torsional Oscillations in
Drill Strings. Solid State Phenomena, 248, 85-92. doi: https://
doi.org/10.4028 /www.scientific.net/ssp.248.85

3. Iunin, E. K., Khegai, V. K. (2017). Dinamika glubokogo bu-
reniia. Nedra, 285.

4. Nikolaenko, H. A. (1967). Veroiatnostnye metody dinamicheskogo
rascheta mashinostroitelnykh konstruktcii. Mashinostroenie, 368.

5. Mendil, K., Kiddush, M., Dogman, M. Z. (2020). Modeling
of hydrocarbon rotary drilling systems under torsional vibra-
tion conditions: a review. Artificial Intelligence and Renewable
Energy Towards the Energy Transition. ICAIRES 2020. Cham:
Springer, 174, 243-251. doi: https://doi.org/10.1007/978-3-
030-63846-7_24

6. Nikolaenko, N. A., Ulianov, C. B. (1977). Statisticheskaia din-
amika mashinostroitelnikh konstruktcii. Mashinostroenie, 368.

7. ASTM Standard E756-05, Standard test method for measur-
ing vibration-damping properties of materials (2010). ASTM
International.

8. Kreuzer, E., Steidl, M. (2011). Controlling torsional vibra-
tions of drill strings via decomposition of traveling waves.
Archive of Applied Mechanics, 82 (4), 515-531. doi: https://
doi.org/10.1007/s00419-011-0570-8

9. Samarin, A. A. (1979). Vibratcii truboprovodov energeticheskikh
ustanovok i metody ikh ustraneniia. Energiia, 266.

54

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 1/1(75), 2024



ISSN 2664-9969 INDUSTRIAL AND TECHNOLOGY SYSTEMS:
TECHNOLOGY AND SYSTEM OF POWER SUPPLY

10. Saadeldin, R., Gamal, H., Elkatatny, S., Abdulraheem, A. (2021).  —--ooooeee e

Intelligent Model for Predicting Downhole Vibrations Using Sergii Iagodovskyi, PhD, Chairman of the Board, PISC «<DEWON>»,
Surface Drilling Data During Horizontal Drilling. Journal of Kyiv, Ukraine, ORCID: hitps.//orcid.org/0009-0006-6786-1296
Energy Resources Technology, 144 (8). doi: https://doi.org/10.1115/

14052794 Iryna Boshkova, Doctor of Technical Sciences, Professor, Depart-
DA Viktor Svitlytskyi, Doctor of Technical Sciences, Professor, men.t of _Oil and Gas.Technologies, {;‘ngine'ering' and Heat POZ?”
Department of Oil and Gas Technologies, Engineering and Heat Engineering, Odesa National Technological University, Odesa, Ukraine,
Power Engineering, Odesa National Technological University, Odesa, ORCID: https://orcid.org/0000-0001-5989-9223
Ukraine, e-mail: svetlitsky@gmail.com, ORCID: https.//orcid.org/ —  ----=--===-=mmmmmmmemenan
0000-0003-4778-0414 P4 Corresponding author

UDC 622.2:550.34.06

DOI: 10.15587/2706-5448.2024.298907

Vyacheslav krasnyk, IMPROVEMENT OF THE METHODOLOGY

Boris Deglin FOR PREDICTING GAS-DYNAMIC
PHENOMENA ON THE BASIS OF MODERN
SOUND-CAPTURING EQUIPMENT

The object of the study is the sound accompaniment of the processes of stress redistribution in the bottom part
of the coal seam, which precede the release of rock, coal, and gas. Among the hazards of underground coal mining,
gas-dynamic phenomena (GDP) are the most complex in nature and the most dangerous in terms of consequences
of high dynamic power and the release of a large amount of mechanical energy in the form of fractures and gas
in a short period of time. This leads to accidents due to sudden gassing and blockages of workings with coal and
rock, as well as explosions of methane and coal dust, destruction of the workings’ support, damage to machinery
and mechanisms, equipment, and devices. The greatest hazard among GDPs is posed by sudden releases of coal
and gas, rock and gas, gas releases with destruction of host rocks and with destruction of the ground of the work-
ings, as well as gas breakthroughs from tectonic fault zones.

Therefore, the accuracy of predicting possible gas-dynamic phenomena significantly affects the level of safety
of miners. The acoustic emission (AE) method is used to predict the gas-dynamic activity of a rock massif. The
analysis of acoustic emission studies based on archival data in coal seams subject to gas-dynamic activity has made
it possible to substantiate the possibility of improving the accuracy of the forecast of emission hazard, which has a
social and economic effect. On the basis of exploratory research and production tests, the software for automated
calculations of the GDP forecast was improved and an improved Methodology for forecasting gas-dynamic phe-
nomena based on modern sound-capturing equipment was developed. A scientific justification for the reference
interval of AE observations in the conditions of a particular longwall was developed.

The developed software and the forecasting methodology were tested in the conditions of the Tsentralna mine
of the Toretskugol State Enterprise (Toretsk, Donetsk region, Ukraine). The practical significance of the work is
that a method for predicting explosion hazard has been developed, taking into account the modern capabilities of
equipment and methods of input data processing, which allows to increase the productivity of mining and tunnel-
ing operations in coal seams without reducing the safety of miners.

Keywords: gas-dynamic phenomena, acoustic emission, signs of gas-dynamic activity zones, manifestations of
mining pressure, prediction of GDP.
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1. Introduction sure, which is one of the most significant phenomena as-
sociated with the development of coal deposits, so many

The efficiency and safety of mining operations largely studies have been devoted to it and many methods have
depend on the nature of the manifestation of mining pres- been proposed to predict areas of high mining pressure.

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — No 1/1(75), 2024 55 )



