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MODELING OF DRILLING TOOL VIBRATION IN THE PROCESS 
OF DRILLING BLAST WELLS

Purpose. To determine the characteristic features and model bit vibration during its interaction with rock in the process of 
drilling technical (blast) wells in open pit mines.

Methodology. The following methods were used in the work: analysis of scientific and practical solutions; statistical methods 
for processing the results of experimental studies; methods of analytical synthesis; computer modeling methods for synthesis and 
analysis of mathematical models.

Findings. The process of interaction between a drill bit and a rock was analyzed. The conditions and causes of vibration of drill
ing equipment are determined. The spectral analysis of the vibration signal, the formation and analysis of the map of the order of 
rotation of the rotating parts of the drilling rig during the drilling of technical (blast) wells were performed to identify the bit in the 
frequency domain of the measured concomitant integrated vibration signal as a source of highamplitude vibration. The modu
lated signal measured in the time domain at the specified frequency carries information about the physical and mechanical char
acteristics of the drilled rock and the state of the bit. The analysis of the experimental studies and modeling of the process of inter
action of the bit with the rock allows us to conclude that the obtained statistical indicators of the accompanying vibration signal 
really adequately characterize the process of well drilling.

Originality. A method for determining the characteristics of the interaction of a drill bit with rock in the process of drilling tech
nical (blast) wells based on measuring the parameters of the accompanying vibration signal is proposed. The method differs from 
the known ones in the fact that in the process of changing the operating mode of the drive of the rotating parts of the drilling rig, an 
order map is formed over the entire range of its revolutions, the frequency of highamplitude vibration of the bit is determined, 
which corresponds to a certain peak order of revolutions, and at this frequency the statistical parameters of changes are measured.

Practical value. This approach to the process of drilling wells in open pit mines makes it possible to quickly determine the physical 
and mechanical characteristics of the drilled rock and adjust the process parameters accordingly to increase its productivity and en
ergy saving.

Keywords: mine working, well drilling, chisel, vibration, parameters, modeling

Introduction. Vibration of drilling equipment is one of 
the factors limiting the maximum drilling productivity. Vi
bration oscillations during drilling also cause damage to the 
bit, excessive torque of the drill string joints, torsional fa
tigue, etc. [1].

The sources of vibration excitation are the interaction of 
the well bore and drill string and the interaction of the well 
bore with the drill bit. Realtime analysis of the rig dynamics is 
becoming a necessity to optimize drilling parameters and re
duce vibrationrelated problems. It is very difficult to develop 
a model of the drilling process due to the presence of many 
variables characterizing this process. This article presents an 
approach based on the separation of vibrations arising from 
the interaction of the bit with the bottom hole, in order to use 
the parameters of this process to determine the physical and 
mechanical characteristics of the rock.

Literature review. Rotary drilling is a standard method 
used in the mining industry for exploration and production of 
mineral resources. Drilling rigs currently in use vary greatly in 
their design, purpose, and capabilities. However, the main 
components of any drilling rig are: a drive power unit with a 
transmission – A, a drill string (rod) – B, and a drilling tool 
unit – C (Fig. 1).

Achieving high rates of penetration (ROP) is one of the 
main goals of drilling process control. ROP primarily depends 
on changes in a bit of load (WOB) and a bit rotation speed 
(RPM). Taking into account the entire possible operating 
range of WOB and RPM changes, this relationship is non
linear [2]. This is due to the patterns of interaction between the 
bit and the rock and its changing physical and mechanical 
characteristics.

The bit is a kind of mechanism that converts the rotation of 
the drill string into longitudinal (axial), torsional, and, under 
certain conditions, transverse (lateral) vibrations in the pro
cess of interaction with the bottom hole [3]. Fig. 1 shows the 
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main types of vibrations that occur in a drilling rig during its 
operation.

Strong vibrations during tool operation can lead to the de
struction of drilling rig elements, an increase in the well diam
eter, premature bit wear, and a decrease in the mechanical 
drilling rate. When vibrations increase and in the absence of 
control over their level, resonance may occur, which in most 
cases leads to catastrophic destruction of the elements of the 
drilling rig [4].

Vibration oscillations are of a wave nature. They depend 
on the respective characteristics of the drill string (rod) and 
bit, physical and mechanical properties of the drilled rocks, 
and drilling operating parameters [5].

These types of vibration lead to specific movements of the 
drilling tool: reverse vortex, catchslip, bit jump, lateral vibra
tions or run out [6].

In general, oscillatory motion is caused by the process of 
intermolecular collision in a medium, such as air or a solid. 
The necessary conditions for oscillatory motion are elasticity 
and inertia. Elasticity is the ability of a body to return to its 
equilibrium position after it is displaced. Inertia allows the 
transfer of momentum neighboring elements of the environ
ment. Oscillatory motion can be characterized in terms of 
wave propagation, which, in turn, forms modes. Thus, the dy
namics of mechanical vibrations can be studied in terms of 
both wave propagation and modal analysis. Oscillatory motion 
causes pressure fluctuations in air and displacements in solids. 
Thus, the resulting mode shapes are pressure and displace
ment patterns for air and solids, respectively [7].

Paper [8] states that the main diagnostic parameters of vi
bration signals are time characteristics – the correlation func
tion R(t) and dispersion D[x(t)] of the process (1), as well as its 
spectral characteristics – frequencies fk of its harmonic com
ponents and dispersion 2

kσ  of their random amplitudes gk.
In [9, 10], the process of propagation of vibrations in rock 

is considered x, with a wavelength of λ, whose amplitude de
pends on the size and number of ore inclusions. The variance 
of this value is determined by the expression

Dx = Mx2 - 〈x〉2,
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characterizes the size of heterogeneity in the rock.
In addition to these characteristics, the envelope of the 

correlation function, capstral characteristics, and, in multi
channel systems, mutual correlation and spectral characteris
tics are also used as diagnostic features [11].

Purpose of the article. To determine the characteristic fea
tures and model bit vibration during its interaction with rock in 
the process of drilling technical (blast) wells in open pit mines.

Methods. Rock destruction in the process of well drilling 
has a pronounced dynamic nature of energyintensive contact 
interaction, during which each bit element is a source of high
amplitude vibroacoustic vibrations that characterize this pro
cess in aggregate.

When drilling wells, the physical and mechanical proper
ties of rocks change randomly. To ensure optimal drilling 
conditions, it is necessary to adequately regulate the axial 
force and rotation speed of the drill bit when the rock strength 
changes. It is proposed to solve the problem of prompt deter
mination of the physical and mechanical characteristics of 
rocks during well drilling by analyzing the vibrations of the bit 
that occur during this process.

Fig. 2, as an example, shows the texture and structure of 
iron ore deposits in the Kryvyi Rih basin.

Thus, we can note the diversity of minerals and their ag
gregations in iron ore, which have their own special physical 
and mechanical characteristics. Accordingly, the complex 
mineralogical composition and textural and structural features 
of iron ore deposits also determine the special characteristics 
of the accompanying vibration signal in the process of contact 
interaction between the drill bit and the rock.

The drill bit is the main tool used in drilling; it has a de
structive effect on the rock during well drilling. Choosing the 
best bit and its operating conditions is one of the tasks that 
determines the efficiency of drilling.

Fig. 2. Texture and structure of iron ore deposits in the Kryvyi 
Rih basin:
1 – Southern Mining and Processing Plant (MPP), sixth iron hori-
zon. Siderite-limonite-hematite-martite quartzites, wide-ranging; 
2 – Inhuletskyi HZK, fourth iron horizon. Quartzites are magnet-
ite, thinly laminated, sulphurous-faceted; 3 – Tsentralnyi HZK, 
Glievatskyi open pit, fourth ferruginous horizon. Hematite-magnet-
ite quartzites, red-banded, broadly laminated; 4 – Tsentralnyi 
HZK, Artemivsk open pit, fourth ferruginous horizon. Magnetite 
quartzites are thin-layered, gray-banded; 5 – Inhuletskyi HZK, 
fourth iron-ore horizon. Hematite-magnetite quartzites, thin-lay-
ered, red-striped; 6 – Pivnichnyi HZK, Pervomaiskyi open pit, 
sixth iron horizon. Medium-layered magnetite quartzites

Fig. 1. Types of drilling rig vibrations:
1 – longitudinal; 2 – torsional; 3 – transverse
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There is a wide range of drill bits that can be used; however, 
for rotary drilling, they are mainly divided into two categories: 
roller cutter bits and bits with fixed cutters, such as polycrystal
line diamond bits – PDC (Polycrystalline Diamond Compact).

A roller cone bit is a structure consisting of several axial 
elements (usually three) on which roller cones rotate on roller 
or ball bearings. There are pin bits with teeth in the form of 
carbide pins with a wedge or spherical working surface and 
toothed bits made of the same material as the roller. The drill 
bits have one rotational degree of freedom relative to the body, 
so that the drill bit rolls during drilling and each tooth periodi
cally comes into contact with the rock.

The contact interaction of a roller cutter bit rock involves a 
combination of dynamic and static forces, and the vibrations 
that occur during drilling consist of three components: peri
odic, shock, and random, which are determined by the struc
ture and texture of the material of contact. Considering the 
space occupied by the contact between the drill bit and the 
rock at a given time t, as a discrete bounded area Ω, the math
ematical model of the contact interaction “drill bitrock” can 
be represented as follows [12].

( ) ( , ) ( , ),mu p t c u f u= + α - β��

where m is mass matrix; ü – acceleration vector; t – time vari
able; p – external force vector; c – contact force and friction 
vector;  f – internal voltage vector; u – moving an object; α – a 
variable related to the properties of the contact surface; β – a 
variable related to the constitutive ratio of the material.

As a result of this process, vibrations of varying amplitude 
and frequency are formed both in the bit itself and in the rock 
mass.

Polycrystalline diamond (PDC) bits are believed to pro
vide a higher rate of penetration (ROP) than conventional 
conical bits with a roller cone. At the same time, their shear 
effect on the rock usually leads to strong vibration, whereas the 
bit movement includes periodic phases: sticking, when the bit 
stops rotating, and slipping, when it acquires a higher than 
nominal angular velocity when leaving the sticking phase.

The phenomenological model proposed by Detournay and 
Defourny [13] takes into account the fact that the cutting action 
of a friction PDC bit consists of both a cutting process and a 
friction process. It is believed that the components of the torque 
on the bit TOB and the load on the bit WOB act on each cutter 
of the bit. When drilling through rock, the average cutting force 
Tc and the average weight carried by the cutting surface, Wc are 
the cutting components of TOB and WOB, respectively, and 
the friction force Tf and the contact surface Wf are the corre
sponding friction components. The rockbit interaction model 
uses WOB and bit angular velocity as input data wb, and the 
torque is on the bit Tb; frictionrelated torque Tf; weight due to 
friction Wf; torque associated with cutting Tc; weight associated 
with cutting Wc, are the outputs.

Equation for torque on the bit Tb (reflecting the nonlinear 
friction moment caused by the interaction of rock and bit) un
dergoing intermittent slippage [13].

([ ( ) ]) ,bw
b b b cb b sb cbT D W w e-λ= m + m - m

where mcb and msb are static, dry and coulomb friction coeffi
cients; λ – attenuation coefficient equal to 0.9; wb – angular 
velocity of the bit.

As mentioned above, the main causes of drilling rig vibra
tions are: the abrupt nature of rock fracture; well bore bottom 
hole dislocation, which in turn depends on the impact of the 
drill string on the bottom hole during its longitudinal and tor
sional vibrations, abrupt and frequent changes in drilling mode 
parameters, heterogeneity, fracturing and sharp variations in 
the hardness of the drilled rocks, pressure differences under dif
ferent bit teeth, etc.

Usually, a distinction is made between lowfrequency and 
highfrequency vibrations of a drilling rig. For example, for the 
SBSh250 drilling rig, which is widely used in the drilling of 

exploration and production wells, highfrequency vibrations 
have an amplitude of 0.01–0.03 mm and a frequency of 20–
60 Hz, and lowfrequency vibrations, respectively: 0.1–2 mm 
and 2–12 Hz [14].

When modeling the vibrations of a drilling rig, its model 
can be represented as a set of connected elementary basic os
cillatory blocks consisting of a spring k (means for storing po
tential energy), mass m or inertia J (means for storing kinetic 
energy), and a damper c (means by which energy is gradually 
lost) (Fig. 3).

Periodic force F(t), acting on the above system, can be ex
pressed in terms of harmonic functions using the Fourier se
ries as follows [15].
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During the drilling process, the damping parameters 
change (interaction of the drill bit with the rock, friction of the 
drill string against the borehole walls, movement of intercon
nected parts of the drilling rig), which leads to changes in the 
parameters of the system response to the applied force. In 
Figs. 4, 5 show the dependence of the phase angle and the di
mensionless value of the response to a harmonic signal on the 
frequency ratio r for different values of the damping coefficient 
z from 0.1 to 1.0

.
n
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=

In this case, the value of the dimensionless response is set 
as a bandwidth [15, 16].
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where A is the amplitude of the harmonic effect; z – the 
damping coefficient.

Phase angle f is defined by the expression
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Fig. 3. Model of the basic oscillating unit
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Thus, the use of the above approach allows modeling the 
parameters of the drilling tool vibration in the process of inter
action with the rock, which are the characteristic features of 
this process.

Vibrations occurring on the bit during well drilling repre
sent a complex oscillatory process

0
1

( )( ) ( ) ( )( )cos[ .]k w
k

X t A t kw t t t
∞

=

= + j + x∑
It includes the superposition of a quasipoly harmonic 

process – in the low and medium frequencies, a random 
broadband stationary process xw(t) – in the high frequency re
gion [14, 17].

Relevant information on the interaction of the bit with the 
rock during well drilling is contained in the highfrequency 
random component of the vibration signal. The extraction of 
this useful information and the determination of characteristic 
features for identifying the physical and mechanical character
istics of the rock is carried out using spectral analysis. The 
Fourier transform determines the spectral power density of 
this signal [18].

21 [) ( ,( 0)] ,T TS w H jw t T
T

= < <
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= h∫  is frequency representation of the 
signal.

From this signal, a narrow band component was distin
guished xD(t) with the highest capacity [14, 19].

xD(t) = A[1 + mB(t) cos (wDt + j0)],

where 0 < m < 1 is the modulation depth.
In this expression
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where mk is the partial modulation coefficient; Ω is the angular 
frequency of modulation.

The main issue in this procedure is to determine the signs 
by which the xD(t) is distinguished. This determines how much 
information about the process of interaction of the bit with the 
rock is protected from the influence of various interferences 
(vibrations of other parts of the drilling rig, external processes 
in the rock mass, etc.). To solve this problem, the formation, 
and analysis of the map of the rotational order of the rotating 
parts of the drilling rig is performed.

The idea of the proposed method is to use the formation 
and analysis of the map of the order of rotation of the rotating 
parts of the drilling rig during the drilling of technical (blast) 
wells to identify the bit in the frequency domain of the mea
sured concomitant integrated vibration signal as a source of 
highamplitude vibration. Measurement of the characteristic 
parameters of oscillations in the time domain at a certain fre
quency corresponding to the peak value of the order on the 
generated map allows reducing the influence of disturbing fac
tors arising in the process of well drilling and being potential 
sources of undesirable components of the measured vibration 
signal for analysis on the results of assessing the characteristics 
of the interaction of the drill bit with the rock. The modulated 
signal measured in the time domain at a specified frequency 
carries information about the physical and mechanical char
acteristics of the drilled rock and the state of the bit. The infor
mation on ore characteristics obtained at the stage of extrac
tion allows optimizing further technological operations 
(crushing, grinding, classification, benefaction, etc.) to pre
pare it for metallurgical processing [20]. It is also useful for 
improving the quality of modeling of these operations [21].

Order analysis is the study of vibrations in rotating systems 
that result from the rotation itself. The frequency of these vi
brations is often proportional to the rotational speed. The con
stants of proportionality are the orders.

Rotational speed is usually measured independently and 
varies with time under most experimental conditions. Proper 
analysis of rotational oscillations requires resampling and in
terpolation of the measured signal to achieve a constant num
ber of samples per cycle.

This process converts signal components whose frequen
cies are constant multiples of the rotational frequency into 
constant tones. The conversion reduces the blurring of spec
tral components that occurs when the timetone changes rap
idly over time.

There are various methods for tracking the order of the ro
tating machines. For example, the method for tracking the 
order using analog devices is based on measuring vibration pa
rameters with the simultaneous generation of a signal propor
tional to the speed of the rotating machine shaft. This allows 
for selective selection of information (angular domain sam
pling) followed by its analysis using the Fast Fourier Trans
form (FFT), which results in an order spectrum. Currently, 
this method is of limited use due to the low accuracy and com
plexity of its hardware implementation.

The following methods are widely used, mainly for detect
ing malfunctions of machines and mechanisms: the computed 
order tracking (COT) method, the method based on the Vold
Kalman filter (VKFOT) and the method using the Gabor 
transform.

COT essentially consists of converting a time domain signal 
sampled by the ShannonNyquist sampling theorem into an 
angular domain signal. The equipment collects the axis veloc
ity pulse signal at the same time interval to calculate an equal 
angular time, then an interpolation algorithm is used to inter
polate and fit the resampling time to obtain the final angular 
domain signal [22].

The limitation of this method is the finite order resolution. 
This causes problems when orders do not fall on spectral lines.

The VKFOT method relies on data equations and a struc
tural equation. The data equation of the secondgeneration 

Fig. 4. Dependence of the dimensionless response of an oscilla-
tory system to a harmonic signal on the frequency ratio r

Fig. 5. Dependence of the phase angle of response to a harmonic 
signal on the frequency ratio r
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VoldKalman filter for singleorder filtering is defined as [23].

y(n) = x(n)e  jQ(n) + h(n),

where y(n)is measured data; x(n) – complex envelope of the 

filtered signal; e  jQ(n) – complex carrier wave; 
1

( ) ( ) ;
n

i
n w i t

=

Q = D∑  

w(i) – discrete angular frequency; h(n) – random noise and 
other order components, or errors.

The structural equation ensures the smoothness of the se
quential digital points of the filtered data by fitting a loworder 
polynomial to the sequence x(n).

This method allows for the extraction of close and overlap
ping orders in systems with multiple shafts, and has a higher 
frequency and order resolution than conventional methods. 
However, since the VKFOT method requires a longer calcu
lation time, it is not well suited for realtime processing.

When extracting signal order based on the Gabor trans
form, the center frequency is usually determined by linear in
terpolation. On this basis, the filter pass band is determined by 
the equalfrequency or equalorder method. If q and the cen
ter frequency fq(t) and equal frequency bandwidth Df is a con
stant, the filtering neighborhood can be represented by equa
tion [24].

,  .
2 2 2
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Then, using a masking algorithm, the Gabor coefficient of 

the corresponding order in the signal is obtained.
The method based on the Gabor transform requires less 

time to implement compared to the VKFOT method, but is 
inferior in accuracy.

Other methods for tracking the order of the rotating ma
chines are also known, each of which has its advantages and 
disadvantages [25].

Obviously, the choice of a particular one depends on the 
specifics and conditions of the task at hand.

Results. Fig. 6 shows a block diagram of the order analysis 
algorithm using Matlab functions based on the WTO method 
with the use of signal resampling to increase its resolution [26].

The following operations are performed sequentially:
1. Download of the vibration signal synchronized with the 

data of the drilling rig drive speed.
2. Estimation of the phase angle as a time integral of the 

rotational speed using the function suntraps

0

( )( ) .
60

t RPMt dt
∅ = t∫

3. Upsampling and lowpass filtering of the signal using 
the resample.

4. Linear interpolation of the signal to a uniform grid in the 
phase domain using the function interp1.

5. Determination of the highest available order in the mea
surement, which is recorded by the sampling rate and the 
highest rotational speed achieved by the system

max
2 .

max
60

sfO
RPM
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To obtain better results, we resample by an additional factor 
of 4. The resulting sampling frequency in the phase domain fp is

max
24 2 4 2 .
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f O
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6. Calculation of the shortterm Fourier transform (STFT) 
of the interpolated signal using the function spectrogram. The 
function divides the signal into L sampling segments and flat
topped windows of each of them

min , 1 ,
100
overlap

overlap

p
N L L

  
=  ⋅ -      

where poverlap is overlap between adjacent segments (50 %).
Resolution depends on the sampling rate and segment 

length

,pf
r ENBW

L
= ⋅

where ENBW is the equivalent noise bandwidth of the win
dow, which is calculated using the function enbw.

7. The results of the order analysis are used to distinguish 
the component of the total vibration signal in the time domain 
at the bit rotation frequency during all operating modes of the 
drilling rig.

In accordance with the above algorithm, an rpm map was 
formed from the vibration data in the process of changing the 
operating mode of the drilling rig (increasing the drive speed 
from 500 to 2,150 rpm within 40 seconds (Fig. 7). The ampli
tude of the map represents the rootmeansquare (RMS) val
ue of the vibration signal.

Fig. 8 shows the results of the spectral analysis of the total 
vibration signal (1) and the isolated ordinal signal directly on 
the drill bit (2).

Figs. 9, 10 show the results of separating the ordinal compo
nent on the bit from the total vibration signal in the time do
main during a change in the operating mode of the drilling rig.

Table 1 shows the statistical characteristics of the lineby
line signals on the bit corresponding to the three types of iron 
ore: Mean – mean value; Median – median value; RMS – 
root mean square value; STD – standard deviation; VAR – 
variance).

The analysis of the experimental studies and modeling of 
the process of interaction between the bit and the rock allows 
us to conclude that the obtained statistical indicators of the 
accompanying vibration signal really adequately characterize 
the process of drilling wells.

It should be noted that the characteristics of the obtained 
vibration signals depend on the content of iron oxides Fe2O3 + 
FeO. Thus, the data presented in Table correspond to iron ore 
with Fe2O3 + FeO content of 42.2, 23.5, 16.5 (%), and the 
overall correlation of RMS of the obtained signals with this 
indicator is 81–85 for ores with different mineralogical com
position. This can be explained by the predominant hardness 
and strength of these components over others. At the same 
time, given the diversity of the mineral composition and tex
tural and structural features of iron ore, the use of only the 
above parameters of the vibration signal is not sufficient to reli
ably determine its mineralogical and technological varieties.

Conclusions. A method for determining the characteristics 
of the interaction of a drill bit with rock in the process of drill
ing technical (blast) wells in open pit mines based on measurFig. 6. Order analysis algorithm using Matlab functions



ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2024, № 5 17

ing the parameters of the accompanying vibration signal has 
been investigated, which differs from the known ones in the 
fact that in the process of changing the operating mode of the 
rotating parts of the drilling rig, an order map is formed in the 
entire range of its revolutions, the frequency of highamplitude 
vibration of the bit is determined, which corresponds to a cer
tain peak order of revolutions, and at this time the statistical 
parameters of changes in the amplitude of the measured signal 
are measured. This makes it possible to improve the quality of 
assessment of the physical and mechanical characteristics of 
the drilled rocks by reducing the influence of disturbing factors.

The obtained results are used as one of the characteristic 
features in determining the technology and mineralogical 
types of iron ore in the process of drilling technical (blast) 
wells. This approach makes it possible to quickly determine 
the physical and mechanical characteristics of the drilled rock 
and adjust the process parameters accordingly to increase its 
productivity and energy saving. In addition, based on the in
formation obtained, a geological scheme of the deposit and 
the corresponding blasting technology for its exploration and 
exploitation are formed.

The direction of further research is to determine the best 
combination of the characteristic features of the well drilling 
process and intelligent methods for processing the information 
received to optimize its technological and economic perfor
mance.

References.
1. Parimal, A. P., & Catalin, T. (2013). Model Development of Tor
sional Drillstring and Investigating Parametrically the StickSlips In
fluencing Factors. Journal of Energy Resources Technology, 135(1), 
01310. https://doi.org/10.1115/1.4007915.
2. Du, K., & Wei, Z. (2022). Research on the optimization of a drilling 
rock breaking method based on fuzzy cluster analysis. Fluid Dynamics 
& Materials Processing, 18(3), 751760. https://doi.org/10.32604/
fdmp.2022.019577.
3. Wang, Y., Ni, H., Wang, R., & Liu, S. (2022). An improved model 
to characterize drillstring vibrations in rotary drilling applica
tions. Fluid Dynamics & Materials Processing, 18(5), 12631273. 
https://doi.org/10.32604/fdmp.2022.020405.
4. Suriani bt Che Kar, S., Esat, I. I., Alkhamees, A. A., & Mohd Farid 
Woo, M. E. (2016). Drill string dynamic: Improving the drilling per
formance by study the resonance of the experimental drill string sys
tem using 2 contact points of friction force of breaking system. 2016 7th 

International Conference on Mechanical and Aerospace Engineering 
(ICMAE), 175179. https://doi.org/ 10.1109/ICMAE.2016.7549530.
5. Xu, Y., Zhang, H., & Guan, Z. (2021). Dynamic characteristics of 
downhole bit load and analysis of conversion efficiency of drill string 
vibration energy. Energies, 14(1), 229. https://doi.org/10.3390/
en14010229.
6. Ghasemloonia, A., Rideout, D. G., & Butt, S. D. (2015). A review 
of drillstring vibration modeling and suppression methods. Journal of 
Petroleum Science and Engineering, 131, 150164. https://doi.
org/10.1016/j.petrol.2015.04.030.
7. Oktav, A. (2017). Advances in Noise and Vibration Analysis. In 
Arapgirlioğlu, H., Elliott, R. L., Turgeon, E., Atik, A. (Eds.). Research-
es on Science and Art in 21st Century Turkey. Chapter: 332, (pp. 2988
2998). Gece Kitaplığı. Retrieved from https://www.researchgate.net/
publication/321621659_Advances_in_Noise_and_Vibration_Analysis.
8. Babak, V., Beregun, V., & Krasilnikov, A. (2017). Methods and 
means of vibrodiagnostics of units of cogeneration installations. 11 In-
ternational Conference NDT Days 2017, June 1216, Sozopol, Bul
garia. Special Issue of e-Journal of Nondestructive Testing (eJNDT), 
22(11). ISSN 14354934.
9. Morkun, V., Morkun, N., & Pikilnyak, A. (2014). Simulation of 
highenergy ultrasound propagation in heterogeneous medium using 
kspace method. Metallurgical and Mining Industry, 6(3), 2327.
10. Morkun, V., & Morkun, N. (2018). Estimation of the crushed ore 
particles density in the pulp flow based on the dynamic effects of high
energy ultrasound. Archives of Acoustics, 43(1), 6167. https://doi.
org/10.24425/118080.
11. Babak, S. V. (2015). Statistical diagnostics of electrical equipment. 
Kyiv: Institute of Electrodynamics of the National Academy of Sci
ences of Ukraine. Retrieved from https://previous.ied.org.ua/files/
mon5_2015.pdf.

Fig. 10. An ordinal signal on the bit against the background of 
the general vibration signal

Table
Parameters of the analyzed drilling rig vibration signal in the 

time domain

Parameter Mean Median RMS STD VAR

Signal 1 1.334 1.3701 1.4556 0.6072 0.3687

Signal 2 0.9736 0.9996 1.0716 0.4477 0.2004

Signal 3 0.6180 0.6155 0.6819 0.2881 0.0830

Fig. 7. Vibration data map of rotating parts of the drilling rig

Fig. 8. The results of spectral analysis of the total vibration signal 
(1) and the isolated ordinal signal directly on the drill bit (2)

Fig. 9. Sequence signals on the bit corresponding to three types 
of iron ore



18 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2024, № 5

12. Liu, X., Kou, H., Ma, X., & He, M. (2023). Investigation of the 
RockBreaking Mechanism of Drilling under Different Conditions 
Using Numerical Simulation. Applied Sciences, 13(20), 11389. https://
doi.org/10.3390/app132011389.
13. Patil, P. A., & Teodoriu, C. (2013). Analysis of Bit–Rock Interac
tion During Stick–Slip Vibration Using PDC Cutting Force Model. 
OIL GAS European Magazine, 3, 124129.
14. Egamberdiiev, І. P. (2019). Methods for assessing the technical con-
dition of drilling rigs. Navoii: publishing house named after Alisher 
Navoii. ISBN 9789943588448.
15. Dukkipati, R. V., & Srinivas, J. (2010). Solving Engineering Me-
chanics Problems with MATLAB. UK: New Academic Science. ISBN: 
9781781831731.
16. Dukkipati, R. V. (2014). MATLAB for Control System Engineers. 
UK: New Academic Science Limited. ISBN: 9781781830062.
17. Franca, L. F. P. (2011). Drilling Action of RollerCone Bits: Mod
eling and Experimental Validation. ASME. Journal of Energy Resourc-
es Technology, 132(4), 043101. https://doi.org/10.1115/1.4003168.
18. Flegner, P., Kaˇcur, J., Durdán, M., & Laciak, M. (2022). Evalua
tion of the Acceleration Vibration Signal for Aggregates of the Horizon
tal Drilling Stand. Applied Sciences, 12, 3984. https://doi.org/10.3390/
app12083984.
19. Kumar, S., Lokesha, M., Kumar, K., & Srinivas, K. (2018). Vibra
tion based Fault Diagnosis Techniques for Rotating Mechanical 
Components: Review Paper. IOP Conference Series: Materials Science 
and Engineering, 376, 012109. https://doi.org/10.1088/1757
899X/376/1/012109.
20. Porkuian, O., Morkun, V., Morkun, N., & Serdyuk, O. (2019). 
Predictive Control of the Iron Ore Beneficiation Process Based on the 
Hammerstein Hybrid Model. Acta Mechanica et Automatica, 13(4), 
262270. https://doi.org/10.2478/ama20190036.
21. Morkun, V., Morkun, N., & Pikilnyak, A. (2014). Simulation of 
the Lamb waves propagation on the plate which contacts with gas con
taining iron ore pulp in Waveform Revealer toolbox. Metallurgical and 
Mining Industry, 6(5), 1518.
22. Jia, G., Guo, F., Wu, Z., Cui, S., & Yang, J. (2023). A noise re
duction method for multiple signals combining computed order track
ing based on chirplet path pursuit and distributed compressed sensing. 
Structural Durability & Health Monitoring, 17(5), 383405. https://doi.
org/10.32604/sdhm.2023.026885.
23. Wang, K. S., & Heyns, P. S. (2011). Application of computed order 
tracking, VoldKalman filtering and EMD in rotating machine vibra
tion. Mechanical Systems and Signal Processing, 25(2), 416430. 
https://doi.org/10.1016/j.ymssp.2010.09.003.
24. Wang, T., Zhang, L., Qiao, H., & Wang, P. (2020). Fault diagnosis 
of rotating machinery under timevarying speed based on order track
ing and deep learning. Journal of Vibroengineering, 22(2), 366382. 
https://doi.org/10.21595/jve.2019.20784.
25. Borghesani, P., Pennacchi, S., Chatterton, R., & Ricci, R. (2014). 
The velocity synchronous discrete Fourier transform for order tracking 
in the field of rotating machinery. Mechanical Systems and Signal Pro-
cessing, 44(12), 118133. https://doi.org/10.1016/j.ymssp.2013.03.026.
26. Brandt, A. (2011). Noise and Vibration Analysis: Signal Analysis and 
Experimental Procedures. Chichester, UK: John Wiley & Sons.

Моделювання вібрації бурового інструменту 
у процесі буріння вибухових свердловин

В. С. Моркун1, Н. В. Моркун1, С. М. Грищенко*2, 
Є. Ю. Бобров3, А. А. Гапоненко3

1 – Байройтский університет, м. Байройт, Федеративна 
Республіка Німеччина
2 – Державний податковий університет, м. Ірпінь, Україна
3 – Криворізький національний університет, м. Кривий 
Ріг, Україна
* Авторкореспондент email: smgrischenko@gmail.com

Мета. Визначення характеристичних ознак і моделю
вання вібрації долота при його взаємодії з гірською по
родою у процесі буріння технічних (вибухових) свердло
вин на відкритих гірничих виробках.

Методика. У роботі використані такі методи: аналіз 
наукових і практичних рішень; статистичні методи для 
оброблення результатів експериментальних дослі
джень; методи аналітичного синтезу; методи 
комп’ютерного моделювання для синтезу та аналізу ма
тематичних моделей.

Результати. Виконано аналіз процесу взаємодії буро
вого долота з гірською породою. Визначені умови та 
причини виникнення вібрацій бурового устаткування. 
Виконано спектральний аналіз вібраційного сигналу, 
формування та аналіз карти порядку обертів обертових 
частин бурової установки у процесі буріння технічних 
(вибухових) свердловин для ідентифікації долота у час
тотній області вимірюваного супутнього інтегрованого 
вібраційного сигналу як джерела високоамплітудної ві
брації. Виміряний у часовій області на зазначеній частоті 
модульований сигнал несе інформацію про фізикоме
ханічні характеристики гірської породи, що буриться, і 
стан долота. Аналіз виконаних експериментальних до
сліджень і моделювання процесу взаємодії долота з гір
ською породою дозволяє зробити висновок про те, що 
отримані статистичні показники супутнього вібраційно
го сигналу дійсно адекватно характеризують процес бу
ріння свердловин.

Наукова новизна. Запропоновано метод визначення 
характеристик взаємодії долота бурової установки з гір
ською породою у процесі буріння технічних (вибухових) 
свердловин на основі вимірювання параметрів супутньо
го вібраційного сигналу. Метод відрізняється від відомих 
тим, що у процесі зміни робочого режиму приводу обер
тових частин бурової установки формують карту порядку 
в усьому діапазоні його обертів, визначають частоту ви
сокоамплітудної вібрації долота, яка відповідає визначе
ному піковому порядку обертів, і на цій частоті вимірю
ють статистичні параметри змін амплітуди виміряного 
сигналу.

Практична значимість. Зазначений підхід до процесу 
буріння свердловин на відкритих гірничих виробках до
зволяє оперативно визначати фізикомеханічні характе
ристики гірської породи, що буриться, і відповідним чи
ном корегувати параметри процесу для підвищення його 
продуктивності та енергозбереження.

Ключові слова: гірничі виробки, буріння свердловин, до-
лото, вібрація, параметри, моделювання
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