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Abstract

In the exploitation of machinery and equipment, one of the most
important parameters is the dynamic state of the object. Observing
residual processes is the most popular method of assessing the
dynamic state. In particular, dynamic residual processes are a carrier
of diagnostic information. Measuring the vibrations and noise of
working mini-mining machines provides knowledge about the
dynamics of the assessed machinery. Many years of knowledge and
experience have allowed for the creation of diagnostic procedures.
Within most machines used in the industry, the procedures
considered standard allow for an effective diagnostic assessment
and optimal management of mini-mining machine exploitation. The
applicability of these standards is quite wide. However, there are
machines with parameters that prevent the application of said
standards. Mini-mining machines used in subterranean mining are
one of these machines. In the case of diagnostic assessment of
continuous miners, chain conveyors, as well as other machinery
used in the technological chain, the usage of assessment brackets
consistent with adopted standards is incorrect. In the diagnostic
assessment of these types of mini-mining machines, an analysis of
long-term trends is often used. The determination of acceptable
vibration levels is obtained heuristically through observations of the
damage up to the state of emergency. In the article, methods of mini
mining machines state assessment using models of machine
degradation, using Weibull distribution, are presented. The
presented method has been used in real results of vibration
measurement of underground machinery used in a coal mine. The
analyses showed a large effectiveness of the presented method.
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Introduction

In the exploitation of machinery and equipment, one of the most important pieces of information is the
dynamic state of the object. The most popular method of assessing the dynamic state is the observation of
residual processes (Kosicka et al., 2015; Matysa et al., 2023). The dynamic residual processes are especially
carriers of diagnostic information (Rojek et al., 2021).

The measurement of vibrations and noise of working machinery provides knowledge about the dynamics of
the assessed machine. It allows for a diagnosis, that is, an assessment of the actual dynamic state and the genesis
and cause of the current state. It is also based on experience and knowledge that prognoses, an assessment of the
actual dynamic state, can be made. Many years of knowledge and experience have allowed for the creation of
diagnostic procedures.

Within most machines used in industry, procedures specified by standards (Polak, 2010; Biaty, 2017) allow
for effective diagnostics and optimal management of machine operation (Kovani¢ et al., 2023; Kovani¢ et al.,
2020). The applicability of these standards is quite wide, however there are machines with parameters that
prevent the application of said standards. Mini-mining machines used in subterranean mining are one of these
machines.

In the diagnostic assessment of mining combines, scraper conveyors and other machines in the
technological process, the use of assessment brackets in accordance with the (ISO 10816-3, 2014) and (ISO
20816-3, 2022) standards is incorrect.

Performing diagnostic assessments for this type of mini-mining machine, which remains idle, does not
reveal states of emergency. That is caused by the changing grounding of the machine, the technological
environment, and many other factors that occur underground (Krenicky, 2022). The strain on the machinery can
happen only as a result of a technological process (Olejarova, 2021). This process is characterized by large
dynamics and significant instability (Kovani¢ et al., 2021). By analyzing the values of the average quadratic
velocity of vibrations, the results are significantly higher than in the assessment brackets shown in the adopted
standards. This is connected with the applied technical solutions of machine drive systems. An analysis of long-
term trends is often used in the diagnostic assessment of these types of machines.

Such an approach requires regular measurements of machine vibrations in strictly defined points of
measurement and at operating conditions (Polak, 2010; Chmielowiec, 2020; Biaty et al., 2023). Effective alert
thresholds are determined heuristically through observations of the damage up to the state of emergency. If
wanting to lower exploitation costs, one must exclude states of emergency.

Pre-emergency states should be detected, allowing for a planned shutdown of the machinery and carrying
out necessary repair work. Observing the dynamic state from the beginning of exploitation through a couple of
repair cycles, it is possible to define the deadline levels of vibration, hinting at a pre-emergency state (Biaty,
2010; Ding et al., 2016; Chmielowiec, 2020). Such an approach results in good results after a couple of years of
observation and result analysis.

Weibull distribution in the assessment of machinery reliability

For machines in motion without known origin, the long-term trend analysis method cannot be applied. In
such cases, the model of damage development can be used. An exponential distribution is a simple model that
describes basic phenomena connected with damage development, emergency-proneness, and reliability of
technical systems (Kuric et al., 2016).

This distribution has been used in the norm of "Reliability in technics" (PN-77/N-04021 1979). In this
norm, a plan for analyzing the object has been shown. In model studies, the object is observed throughout its
entire technical life. In real-life studies, this approach is considered too time-consuming. Usage of the PN-77/N-
04021 norm allows to reduce time spent on studies to 1% of the proper work. This, however, requires an
appropriate number of the studied objects. These operations are justified under the assumption that the lifetime
of the object can be described through an exponential distribution. In practice, however, some differences are
noticed: for new objects, greater unreliability and emergency-proneness are observed, as well as for objects
nearing the end of their technical lifetimes. These phenomena have been described using the bathtub curve, the
curve of a failure rate graph. The Weibull distribution is a generalization of the exponential distribution, taking
both the beginning and the end of exploitation into account (Weibull 1939).

In the assessment of machine reliability, a recognized statistical model is the Weibull distribution.
Exponential distribution models the reliability of a constant damage intensity. A general model has been
proposed by (Weibull, 1951), having analyzed the durability of the product. A discrete equivalent of the
exponential distribution is geometric distribution. The Weibull distribution is a generalization of the exponential
distribution. This distribution can be used when the intensity of damage is a variable with a monotonic course.
This distribution is used to describe the fatigue strength of materials and mechanical constructions. (Vasko et al.,
2020; Barnik et al., 2018)
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The intensity of damages can be determined with the formula:
A(t) = aftteY )
where:
a, B> 0 = const — constant number,
a — parameter of shape,
S — parameter of scale.

The parameters of shape («) and scale (5) allow referencing of the machine's lifetime curve or risk curve.
This curve describes the intensity of damages or risk of emergencies over time. The intensity of vibrations is
connected with the intensity of damages, which allows for the reference of the machine's lifetime curve over the
exploitation time. Used often in practice, the lifetime curve describes the average quadratic of vibrations over
exploitation time. It is similar to the function of machine damage probability. Over the first exploitation time
period, the intensity of vibration increases.

This phenomenon is connected with friction between working elements, stabilizing assembly errors and
processes of machine adaptation to work conditions. In this time period, the failure risk is higher. However, it
decreases over time, and the shape parameter in the Weibull distribution is less than 1 (a < 1). The middle
period called the period of normal exploitation, is characterized by a slow increase in vibration intensity. In this
time period, the failure risk slowly increases as well, and the shape parameter in the Weibull distribution is
approximately equal to one. In the pre-emergency state, the intensity of vibrations and probability of damage
rapidly increases over time, and in the Weibull distribution, the shape parameter is greatly larger than one.

Reliability function:

R(t)=e" Pt =0 @
Unreliability function (distributor): .
Q(t) =F(t) =1—e"#" ®)
Probability density function: ) -
f(t) = apr'e Vel FeY (4)

Analysis of the probability density function f(t) shows that for shape parameter « = 1, the distribution is
exponential, but for shape parameter a > 1, the distribution is normal — Gaussian distribution. Using the rule of
mutuality, it can be indicated that if the estimated emergency probability distribution is an exponential
distribution, then the object is in the state of regular exploitation. The probability of emergency increases over
time of usage. However, suppose the estimated probability distribution is a normal distribution. In that case, that
suggests a state of pre-emergency, during which the probability of damage is going to increase rapidly over
time of exploitation.

For multiple objects for which the state takes two values — good or bad, the rules described above allow for
an assessment of their reliability in given conditions. The studies carried out over rolling element bearings have
shown that the probability of damage is proportional to time spent working in given exploitation conditions. As
exploitation time nears face value, the emergency-proneness of the bearing shows a normal distribution, with
the expected value as nominal durability (Lazarz et al., 2008; Ebner, Henze, 2020; Grynchenko, Alfyorov,
2020). These studies have also shown the crucial connection between the reliability of bearings and parameters
of vibration signals, especially with an effective value of vibration speed in given frequency bands. This
correlation has been used to describe norms of acceptable vibrations in rolling element bearings.

The correlation between the level of vibrations and the probability of emergencies is known, and the
simplest model describing the impact of vibrations on the technical state of the machine is the energy dissipation
model (Henze, Visagie 2019; Lai et al., 2006). In this model, the dynamic residual phenomena impact the object,
introducing destructive energy. This energy accumulates within the object in the form of fatigue changes in
chemical, thermal, or other types of degradation, causing intensified residual processes. Therefore, dynamic
residual phenomena in the form of vibrations and quasistatic, such as temperature gradients, will describe the
dynamic state of the object and be correlated with the reliability function of the given object. This dependence
has been confirmed through extensive studies of systems such as gas turbine drives, gears, and many others
(Tiryakioglu et al., 2010; Mori et al., 2021; Mykhailiuk, 2024).

The following works are devoted to modern research in the field of machine diagnostics (Bozek et al.,
2021; Kuric et al., 2021; Lekomtsev et al., 2021; Nikitin et al., 2022; Nikitin et al., 2022; Nikitin, 2020a; Nikitin,
2020b; Nikitin et al., 2020; Peterka et al., 2020; Stepanov et al., 2021; Trefilov et al., 2021; Kovani¢, 2013).

Assuming the correlation of vibration energy with the reliability of complex objects, within which the
dominant destructive phenomena are connected with material fatigue, the probability density of failure will be
proportional to vibration intensity.
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Numerical model

The assumption of a correlation between the levels of vibration and the function of reliability leads to the
conclusion that, during the exploitation of the machine, the estimated distribution of vibration energy over time
can also be described using the Weibull distribution. Therefore, parameter o will show the state of the machine,
as it is in the reliability analysis. For a < 1, the set will find itself starting up; for 1 < a < 2, it will be in the state
of regular exploitation; and for a > 2, a state of pre-emergency can be indicated.

A lack of correlation with the time of exploitation characterizes the above method. That is a trait of Weibull
distribution, in relation to which it is possible to observe any time period resulting from observation of the
object.

A verification of the above assumptions can be found in the numerical analysis using the machine's
energetic model. Assuming the time of observation T = 1500 units, over the time period of t (0, 100), the
machine runs in, but during the end of the time period, the machine will reach a state of pre-emergency.
Therefore, a signal defined by the below formula has been generated:

A id 1
. L
x(t)=(a-t-5+8) " (5)
where:
x(t) — value of the average quadratic vibration level
T — time of observation
A, B, y — parameters

The function flow is shown in Figure 1. During the beginning of the observation time period, there is a
decrease in the vibration levels. After stabilization of the level, during regular exploitation, a slow increase is
observed up until the moment of a pre-emergency state. During the pre-emergency state, one can observe a
dynamic increase in the vibration levels.

36-
-

32- !
30-

/

28- /
/
/

26-
24-

22- /
20-

18- /
16-

14- i
12-

10- Z

L

effective value of vibration speed

8- _H-#,“,f

4-; i
O 100 200 300 400 500 600 70D 800 900 1000 1100 1200 1300 1400 1500
Time

Fig. 1 A simulated flow of the rms value of the vibration velocity during a full exploitation cycle

For the given range of observation z, a two-sided approximation of the function x(t) has been carried out.

The approximation has been carried out through the Gauss and exponential functions.

The approximation of the exponential function has been carried out using an interactive method of the
smallest possible squares, as well as the Levenberg-Marquardt method (Gavin 2022). The missing value is best
fitted to the data of the exponential function, as shown:

f = ax b 4+ (6)
where:
X — is the sequence of entry data X,
a — amplitude,
b — exponent,
¢ — shift.

The applied algorithm defines the function while minimizing the sum of squares of differences between the
observation data and the missing function.
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yli] = a(x[i])” + ¢ (7)

An approximation of the Gauss function has also been produced using the interactive method of the

smallest square as well as the Levenberg-Marquardt method. This algorithm matches the data to the Gauss curve
in accordance with the equation:

(_:I_Elz}

f=A-e\ =z /. (O (8)
where:

x — sequence of entry data X,

A — amplitude,

 — expected value,
o — standard deviation,
¢ — shift.
This algorithm determines values a, u, and ¢, which best fit observations (x, y). The equation of the Gauss
curve is described by the Gauss function resulting from an algorithm;

|I_1x[|:—,'.cl:}
Y[i]=4-e aet S 9)
Analysis of numerical simulation results

Therefore, for function x(t), describing the effective value of the machine's vibration at time t = (0,T), we
choose the observation z(tn), which is a certain interval of the function x(t). On the basis of this observation, the
technical state of an object can be estimated by examining the approximating Gaussian function and the
approximating exponential function. The numerical experiment consists of shifting a rectangular observation
window of length N along the function x(t). We obtain the family of functions zi(tn) where i = (0;T-N), tn =
(ti;ti+N). For each of the obtained segments, approximations of the Gaussian function were made to obtain Aj, i,
and Ci. The most interesting result is related to the expected value of xi. This value is directly proportional to the
exploitation time of the device, assuming fatigue phenomena as the main destructive factor. For the signal
simulated function (5) and its waveform, the functions (i) are obtained as in Figure 2.
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Fig. 2 The expected value for an approximating Gauss function for N = 50

Another interesting course is the standard deviation in the function i (Figure 3). Up to a certain point, this
value increases, but after a given time, it starts to decrease. The analysis of function (1) shows that this is the
moment ending the arrival period and the transition to normal exploitation.
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Fig. 3 Standard deviation for an approximating Gauss function for N = 50
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For the approximating exponential function, the power exponent b (6) may also be an indicator of the
machine's state. For the correct exploitation condition, it is close to zero. When this condition worsens, the b
index starts to rise (Figure 4).

Damping

exponent

Lo 2w w e ow

10 100 200 300 400 500 60D FOD 200 SO0 1000 1100 1200 1300 1400
i

Fig. 4 Power exponent for an approximating exponential function for N = 50

The particular usefulness of this index lies in its dynamics. The slope of this curve increases as a result of
machine degradation. From the relationship (1), it follows an important conclusion that for b > 2, it is possible to
indicate a pre-emergency state. In the given case, for the time t = 1100, the system goes into a pre-emergency
state, in which there is a significant increase in the dynamics of the vibration level and, thus, a decrease in
reliability. Analysis of the amplitude of the approximating exponential function provides some diagnostic
information. However, further studies have shown a lack of usefulness of this information (Figure 5).
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Fig. 5 Exponential amplitude of an approximating function

The presented selected statistical parameters were based on a representative synthetic signal. In practice,
vibration level measurements are burdened with considerable dispersion. This phenomenon can be modeled by
including the perturbing function in the equation (5):

3

#@ =(a-e-Z48) T

: + &(t) [10]

where:
&(t) — is the interfering signal;

A synthetic signal analogous to Fig. 1 was generated, taking into account an interfering signal of uniform
distribution and amplitude Ap., = 5. The simulated curve is shown below (Figure 6).
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Fig. 6 A Simulated curve of the rms value over the full operating cycle with the jamming signal
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Analyses analogous to the previous example resulted in an estimated expected value of the interpolating
Gaussian function, similar to the previous result (Figure 7).
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Fig. 7 Expected value for an approximating Gauss function N = 100

estimated expected value ufi)

A feature of the expected value is the centralization of a random variable with a symmetric distribution. For
an interpolating function, this value will be related to the slope of the interpolated waveform or, more
specifically, its dynamics. If, in a time window containing N observations of the process, the given process is
characterized by some dynamics, then the interpolating Gaussian curve function registers a change in the values
of these observations. If symmetrically distributed disturbances are applied to the observations, the
approximation process will be slightly disturbed. Thus, the estimated expected value of the Gaussian
interpolation function is an indicator of the change dynamics of the observed process.

A significant influence of disturbances can be observed for the exponential value of the approximating
exponential function (Figure 8). However, this indicator may also be an estimator of the technical condition.
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Fig. 8 Power exponent of an approximating exponential function for N = 100

If we enter the absolute time of selected observations, we get a family of functions approximating the signal
7i(tn) where i = t(0;T-N), tv = (O;N). The power exponent of the exponential approximation function will be
linearly proportional to the slope of the characteristic x(t). Its value will depend on the width of the observation
window N (Figures 9, 10).
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Fig. 9 Power exponent of an approximating exponential function for N =20 epp =5
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The analyses showed the effectiveness of the proposed algorithm in detecting the state of pre-emergency. In
general, it can be pointed out that if the value of the power exponent of the approximating exponential function
exceeds b > 2 (7), then we are dealing with a state of pre-emergency.
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Fig. 10 Power exponent of an approximating exponential function for N = 100 epp =5

Method verification in industrial conditions

The proposed algorithm has been implemented in the Company Diagnostic System in a coal mine. An
observation of the underground mining machinery's technical state has been conducted based on, among other
measurements, periodic measurements of vibration parameters at the given points of the machine. The
measurements were collected using a pen vibrometer (Figure 11).

Fig. 11 A PEN plus CMVP 50 pen vibrometer of SKF production

A sample measuring card was used to monitor the technical state. The measuring card contains information
with the measurement point numbers reflected on the device. The presented methodology was used to determine
the maximum levels of the mean vibration velocity, referred to as the pre-emergency level. An example part of
the measuring card and the arrangement of measuring points for the bottom drive of the R-850 RYFAMA wall
scraper conveyor are shown below (Figure 12).

Another Oricntation Measuring Another Orientation | Measuring Point
Point Number | Measurement | Measurements Number
Measurement | Measurements ——1————1 -1
1 [ 23 1 2 3
1 312023 1 37| 41 | 75
0 - 311722 P — 32 40 | 73
® 22 - | - ® 30| - -
T 1.51 [ 0.46 [ 2.00 T 3.4 [ 1520 34.20
1 32| 23|24 I 39| 43 | 445
2 - 312224 . - 35| 41 | 370
® 25| - ® 35| - -
T 1.60 | 1.82 | 6.00 T 5.3 | 19.70 | 37.40
1 302123 1 3.9
5 - 272023 e - 35
) 23| - | - @ 3.3
1T 1.76 | 1.84 | 4.90 T 7.8 | 19.70 | 37.40
1 31|21 |24 I 38
4 - 272223 0 - 33
? 23| - | - @ 3.7
T 1.85[1.92 | 5.90 T 10.4
1 3704175 i 41
- 32|40 |73 - 3.7
5 10
® 32|40 |73 ® 39
1T 3.30] 5.00 | 0.10 T 15.5

Fig. 12 A piece of the measuring card. as well as the arrangement of measuring points for the lower drive of the wall scraper conveyor
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For the collected data, a graph of changes in the value of the effective vibration velocity has been created

(marked in the above table 1) This diagram corresponds to the assumptions of fatigue degradation of the machine
(Figure 13).
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Fig. 13 Average vibration velocity for 1 measuring point

The analysis was carried out by taking 3 and 4 historical measurements into account. In this case. the
measurements were N = 4 or N = 5. The value of the power exponent and the expected value are shown in
Figure 14a,b.
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Fig. 14 The value of power exponent and expected value

From the conducted sample analyses, one can deduce that the measurement was carried out on 9
September, for which the rms of the vibration velocity was 5.9 mm/s. The power factor slightly exceeded the
value of 1. Another measurement carried out on 24 September caused the power factor to exceed 3.5, indicating
that the pre-emergency phase had begun. The expected value also rose sharply, confirming the hypothesis. This
information indicated the pre-emergency condition of the conveyor drive. This resulted in increased control of its
technical condition and technological preparation for its repair. The conveyor remained in this condition for two
more weeks, after which it was decommissioned. Its repair unequivocally confirmed the observed damage.
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Summary

The Weibull distribution, known in reliability theory, models the phenomena of degradation of technical
systems. The dynamic state is a reflection of the degradation of the object and can be assessed on the basis of
observation of residual processes, especially vibrations. Therefore, vibration parameters are connected to the
machinery's reliability level. As such, an attempt has been made to assess the state of degradation of the mini-
mining machines on the basis of vibration level trend analysis and the Weibull distribution model. Simulations
confirming the possibility of applying this theory have been executed. A valuable correctness of the algorithm
has been found, based on averaging of disturbances in measurement and independence from time. The algorithm
has been applied to real measurement data from underground mining machinery. Long-term measurements and
the presented methodology have allowed us to assess the acceptable levels of vibration for given mini-mining
machines, as well as the option to assess the state of machine degradation in the case of an incomplete working
cycle.

References

Barnik, F. et al. (2019). Mechanical properties of structures produced by 3D printing from composite materials.
XXl POLISH-SLOVAK SCIENTIFIC CONFERENCE ON MACHINE MODELLING AND
SIMULATIONS (MMS 2018), Volume 254, DOI10.1051/matecconf/201925401018

Bialy, W. (2010). Awaryjno$¢ gorniczych urzadzen technicznych w procesie wydobywczym. II
Migdzynarodowa Konferencja ,,Problemy Bezpieczenstwa w Budowie i Eksploatacji Maszyn i Urzadzen
Gornictwa Podziemnego”. Centrum Badan i Dozoru Goérnictwa Podziemnego sp. z o. o. Ledziny. Ustron
16-18.06.2010.

Biaty, W. (2017). Podstawy Maszynoznawstwa, Warszawa: Wydawnictwa Naukowo-Techniczne.

Bialy, W. et al. (2023). Diagnostic methods and ways of testing the workability of coal — a review. Production
Engineering Archives. Volume 29. issue 4. pp. 401-412, DOI: 10.30657/pea.2023.29.45

Bozek, P. et al. (2021). Diagnostics of Mechatronic Systems. Series: Studies in Systems, Decision and Control
345. Springer Nature, Switzerland AG. 79 p. DOI:10.1007/978-3-030-67055-9.

Chmielowiec, A. (2020). Weibull distribution and its application in the process of optimizing the operating costs
of non-repairable elements. Prediction in mechanical and automatic systems 2020 - mathematical and
statistical modelling volume 1. pages 45-73, Oficyna Wydawnicza Politechniki Rzeszowskiej, Rzeszow,
Rozktad Weibulla i jego zastosowanie w procesie optymalizacji kosztow eksploatacji elementow.

Ebner, B., and Henze, N. (2020). Tests for multivariate normality — a critical review with emphasis on weighted
L 2 - statistics. TEST, 29:845-892. https://doi.org/10.1007/s11749-020-00740-0.

Gavin, H.P. (2022). The Levenberg-Marquardt algorithm for nonlinear least squares curve-fitting problems.
2022 https://people.duke.edu/~hpgavin/Experimental Systems/Im.pdf

Grynchenko, O., and Alfyorov, O. (2020). Mechanical Reliability. Springer, Cham, https://doi.org/10.1007/978-
3-030-41564-8.

Henze, N. and Visagie, J. (2019). Testing for normality in any dimension based on a partial differential equation
involving the moment generating function. Annals of the Institute of Statistical Mathematics, 5:1-28.
https://doi.org/10.1007/s10463-019-00720-8.

ISO 10816-8:2014(en) Mechanical vibration — Evaluation of machine vibration by measurements on non-
rotating parts — Part 8: Reciprocating compressor systems

ISO 20816-3:2022 Evaluation of machine vibration by measurements on rotating shafts Part 3: Coupled
industrial machines

Kosicka, E. et al. (2010). The use of stationary tests for analysis of monitored residual processes, Eksploatacja i
Niezawodno$¢ — Maintenance and Reliability, Volume 17, issue 4, 2015.

Kovanig, L., Stroner, M., Blistan, P., Urban, R., & Boczek, R. (2023), Combined ground-based and UAS SfM-
MVS approach for determination of geometric parameters of the large-scale industrial facility — Case study.
Measurement, 216, 112994. https://doi.org/10.1016/j.measurement.2023.112994

Kovani¢, L.; Blistan, P.; Urban, R.; Stroner, M.; Pukanska, K.; Barto§, K.; Palkova, J. Analytical Determination
of Geometric Parameters of the Rotary Kiln by Novel Approach of TLS Point Cloud Segmentation. Appl.
Sci. 2020, 10, 7652. https://doi.org/10.3390/app10217652

Kovani¢, L.; Ambrisko, L.; Marasova, D.; Blistan, P.; Kasanicky, T.; Cehlar, M. Long-Exposure RGB
Photography with a Fixed Stand for the Measurement of a Trajectory of a Dynamic Impact Device in Real
Scale. Sensors 2021, 21, 6818. https://doi.org/10.3390/s21206818

Kovani¢, L. Possibilities of Terrestrial Laser Scanning Method in Monitoring of Shape Deformation in Mining
Plants. Inz. Miner. J. Pol. Miner. Eng. Soc. 2013, 1, 29-41.

225


https://doi.org/10.1016/j.measurement.2023.112994
https://doi.org/10.3390/app10217652
https://doi.org/10.3390/s21206818

W. BIALY et al. / Acta Montanistica Slovaca, Volume 29 (2024), Number 1, 216-226

Krenicky, T. et al. (2022). Application of Concepts of the Analytic Hierarchy Process in Decision-Making.
Management Systems in Production Engineering, 30:4, pp. 304-310. https://doi.org/10.2478/mspe-2022-
0039.

Kuric et al., (2016). Analytical intelligence tools for muléticriterial diagnostics of CNC mechines. Volume 10,
Issue 32, Page 59-64, DOI110.12913/22998624/65105

Kuric, I. et al. (2021). Analysis of diagnostic methods and energy of production systems drives. Processes. 9,
843, DOI: 10.3390/pr9050843.

Lai, C. et al. (2006). Weibull Distributions and Their Applications, pages 63-78. Springer London, London,
2006. https://doi.org/10.1007/978-1-84628-288-1_3.

Lazarz, B. et al. (2008). Wptyw sztywnosci tozysk tocznych, Diagnostyka, tom 45, nr 1, pp. 135-142.

Lekomtsev, P.V. et al. (2021). DC Motor Identification Based on Quasi-Optimal Nonlinear Control Algorithm.
Vestnik 1zhGTU imeni M.T. Kalashnikova, vol. 24, no. 2, pp. 68-76 (in Russ.). DOI: 10.22213/2413-1172-
2021-2-68-76.

Matysa, T. and Furman.J. (2023). Visual solutions as a way to improve work safety when using machines —
selected aspects of VM. Management Systems in Production Engineering. 2023, Volume 31, Issue 1. pp.
53-58. doi: 10.2478/mspe-2023-0007

Mori, T.F. et al. (2021). On energy tests of normality. Journal of Statistical Planning and Inference, 213:1-15.
https://doi.org/10.1016/j.jspi.2020.11.001.

Mykhailiuk, V. et al. (2024). Analysis of the possibility of modeling gas separators using computational fluid
dynamics. Management Systems in Production Engineering. 2024, Volume 32, Issue 1. pp. 80-86. doi:
10.2478/mspe-2024-0009

Nikitin, Y. et al. (2022). Vibration Diagnostics of Spiroid Gear. Management Systems in Production
Engineering, vol.30, no.1, pp. 69-73. DOI: 10.2478/mspe-2022-0009.

Nikitin, Y. (2020a). BLDC motor identification based on optimal control model in the state space. I0P
Conference Series: Materials Science and Engineering, Vol. 971, Modeling of technical systems. CAD /
CAM / CAE — technologies. doi:10.1088/1757-899X/971/4/042063.

Nikitin, Y. (2020b). Diagnostics of BLDC motor winding based on a model approach in the state space. I0OP
Conference Series: Materials Science and Engineering, Vol. 971, Modeling of technical systems. CAD /
CAM / CAE — technologies. doi:10.1088/1757-899X/971/4/042101.

Nikitin, Y. et al. (2020). Logical-linguistic Model of Diagnostics of Electric Drivers with Sensors Support.
Sensors, 20, 4429; doi:10.3390/s20164429.

Nikitin, Y. et al. (2022). Diagnostics of automated technological drives. Monitoring and Analysis of
Manufacturing Processes in Automotive Production, vol.6. Liidenscheid, RAM-Verlag. 148 p.

Olejarova, S. and Krenicky, T. (2020). Water Jet Technology: Experimental Verification of the Input Factors
Variation Influence on the Generated Vibration Levels and Frequency Spectra. Materials, 14, 4281.

Peterka, J. et al. (2020). Diagnostics of automated technological devices. MM Science Journal, pp. 4027-4034.
DOI: 10.17973/MMSJ.2020_10_2020051.

PN-77/N-04021 (1979) Niezawodno$¢ w technice — Plany badania w przypadku rozktadu wyktadniczego.
Uwagi: Ustanowiona przez Polski Komitet Normalizacji i Miar dnia 5 stycznia 1977 r. jako norma
obowigzujaca w zakresie czynnosci okreslonych normg od dnia 1 stycznia 1979 r. (Dz. Norm. i Miar nr
9/1977 poz. 28).

Polak, A. (1979). Analiza metody iteracyjnej minimalizacji w regularyzacji estymacji nieliniowej, Przeglad
Elektrotechniczny, Volume R86, issue 9, pp. 27-30.

Rojek, 1., et al. (2021). Modern methods in the field of machine modelling and simulation as a research and
practical issue related to Industry 4.0. BULLETIN OF THE POLISH ACADEMY OF SCIENCES-
TECHNICAL SCIENCES. Vol. 69, Issue 2, dO110.24425/bpasts.2021.136717

Stepanov, P. et al. (2021). Development of a decision box of diagnostic system for electric drives. MM Science
Journal, November, pp. 4954- 4961. d0i:10.17973/MMSJ.2021_11_2021126.

Tiryakioglu, M. and Campbell, J. (2010). Weibull analysis of mechanical data for castings: A guide to the
interpretation of probability plots. Metallurgical and Materials Transactions A, 41(12):3121-3129.
https://doi.org/10.1007/s11661-010-0364-6.

Trefilov, S. et al. (2021). Diagnostics of actuators of machine tools drives according to the identifiability
criterion by the state space. MM Science Journal, pp. 5291- 5296. d0i:10.17973/MMSJ.2021 11 2021131.

Vasko, M. et al. (2020). Impact Toughness of FRTP Composites Produced by 3D Printing. Materials, Volume
13, Issue 24, DOI10.3390/mal3245654

Weibull, W. (1939). A statistical theory of the strength of material. Ingeniors Vetenskaps Akademiens
Handligar, 151:5-45.

Weibull, W. (1951). A statistical distribution function of wide applicability, J. Appl. Mech.-Trans. ASME, tom
3, nr 18, pp. 293-297.

226



