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METHODOLOGY FOR DETERMINING THE HEAT DISTRIBUTION IN DISC
BRAKES OF MINE HOISTING MACHINES

Purpose. To study the course of heat phenomena in disc brakes using modern computing systems in order to determine and
substantiate the operating parameters for the hoisting machine components.

Methodology. The research uses software packages, with the help of which a computational-theoretical apparatus is developed
for heat mode modeling processes. In particular, the mentioned function is used in the SolidWorks Simulation software with the
ability to evaluate the errors of the calculation results.

Findings. In the course of the research, the dependence of the hoisting machine disc brake performance on the operating parameters
of its components was determined. The research has led to a better understanding of the heat transfer processes in disc braking devices,
as well as the ability to study the friction response of various materials and determine optimal parameters that help improve the
performance of braking systems. The effectiveness has been proven of the proposed method for analyzing the heat distribution
processes of the mine hoisting machine drum components under the influence of operating and emergency braking modes.

Originality. For the first time, a methodology for calculating the heating temperature distribution along the brake rim plane
during a safety stop has been developed and substantiated. A method has also been developed for determining the temperature field
arising under steady-state heating conditions, which occur after repeated operating braking and cooling of the device. In this case,
when using the formula for determining the temperature on the brake rim surface, the sample length, the relative velocity between
the friction components and the heat flow distribution coefficient are taken into account. The brake disc geometric model
developed in the SolidWorks software package makes it possible to study the temperature change on the device rim in real time.

Practical value. The proposed design improvement based on the research results of heating processes should improve vehicle
safety. The cost of braking systems is expected to be reduced through the use of optimal materials and production technologies.
The software methods for modeling and analyzing the temperature influence on brake discs of the Mine Hoisting Machine (MHM)
have been improved. Based on the research results, recommendations have been developed for the optimum braking process of

machines in various operating conditions.
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Introduction. The investigations conducted by Ukrainian
scholars in the domains of mining engineering and mechanical
engineering, which encompass multifaceted aspects such as
the design of mining and transportation machinery, shaft
hoists, and the development of advanced diagnostic and
monitoring methodologies for these systems, bear direct
relevance to fostering an innovative economy. This economy
is underpinned by scientific knowledge and cutting-edge
technology, serving as a pivotal driver of competitiveness and
economic expansion.

Advancing innovative technologies for mining engineering
and machinery constitutes a critical objective for Ukrainian
researchers. Their achievements bolster the quality of national
products and enhance the efficiency of industrial processes in
accordance with contemporary market demands. This
progress lays the groundwork for sustained national
development. The list of these directions is given below.

Innovations in design and structure of mining machinery:
development of a concept for recursive metamodeling in
mining machine design [1, 2]; analysis of diverse approaches
to dynamic modeling of hoisting and transportation machines
[3]; optimization of the tower crane tilting mechanism [4];
determining the load capacity of multilayer-wound rubber
ropes [5], formulation of the theory for drum rope winding
[6]; analysis of modern trends in shaft hoist design and
engineering |7, 8]; development of an interaction model
between brake pads and drums; justification of the algorithm
for selecting elastic coating parameters [9]; safety and
reliability of hoisting-transport systems and mining equipment
[10, 11]; examination of mathematical models of vibration in
mining equipment; establishing the conceptual framework for
intensifying mining operations through monitoring and
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control of shaft hoist systems [12, 13]; analysis of risk formation
processes during mining hoist operation [ 14]; testing of control
systems for the smooth movement of skip hoists in mine shafts
[15]; development of a methodology for assessing the
operational life of welded screen structures [16]; design of
efficient braking methods for mine diesel locomotives using
hydromechanical transmissions [17, 18].

In summary, these studies illuminate the trajectory and
progress of research in Ukrainian mining engineering,
outlining a strategic direction for advancing the field while
reinforcing national industrial competitiveness.

The summaries of international scholars’ work on mine
hoisting and mechanical engineering research underscore
significant progress in this field. The primary components of
these studies include a focus on drum design [19, 20] and
optimization for mine hoists [21], optimization of hoisting
machinery schedules in deep mines, design improvements in
mining engineering, creation of energy-efficient and intelligent
power supply systems for mining hoists [22], development of a
structured and effective system for diagnosing equipment
functions [23, 24], implementation of systems enhancing
energy efficiency and intelligent equipment control [25, 26],
and the advancement of fault detection methods to improve
maintenance efficacy and operational safety [27].

Additionally, it is important to highlight research that
investigates the three-dimensional transient thermal field of a
friction lining and a sliding steel rope [28]. This study
observed the influence of several parameters on the increase
in rope temperature, revealing that a higher sliding speed
correlates with a greater average temperature increase and
fluctuations over time.

Among the limitations of this research, the model assumes
an idealized smoothness of the rope and lining surfaces,
disregarding surface roughness, which could constrain the
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real-world applicability of these findings. Moreover, the study
only considers the thermal field of the friction lining, omitting
that of the rope itself.

In this study, numerous assumptions and simplifications
were made that could affect the overall accuracy of the model’s
performance.

The model’s applicability to analyzing finite-sized bodies
is limited due to the mathematical complexity and the
necessity of extensive calculations.

Athematicallyrelatedworkanalyzedthethermomechanical
changes in braking systems during emergency stops of mine
hoists using the finite element method (FEM). This study
provided an in-depth examination of heat transfer processes in
braking systems, underscoring the importance of various
mechanisms such as convection, thermal conductivity, and
radiation. The research relied on assumptions and simulated
models, potentially failing to comprehensively reflect the
actual operating conditions of braking systems in mine hoists.

The lack of comparative analysis between simulation
results and empirical or experimental data reduces the ability
to verify the predicted accuracy of the model. The scope of the
study focused solely on the thermal aspects of the braking
system, potentially overlooking other critical factors such as
material fatigue and environmental influences on its functions.
The use of a specific type of mine hoist (MK5x%2) as the
research subject may limit the universality and applicability of
the results obtained.

Considering the strengths and weaknesses of the study
[29], the need to continue and expand research on this topic
becomes evident. Research on thermomechanical modeling
processes in braking systems should encompass emergency
stops of various types of mine hoists, rather than focusing on a
single model. This broad approach would enable the
generalization of results and expand the model’s applicability.

Amid contemporary challenges in underground work
safety, studying the thermomechanical characteristics of mine
hoist braking systems is particularly relevant. The development
of detailed, accurate, and universal models to analyze thermal
fields in mine hoist braking systems is crucial for enhancing
the safety and operational efficiency of mining equipment.

Literature review. Progress in the design of machines
involves reducing their metal consumption, and, consequently,
their weight. But at the same time, in the operation of these
machines, the acceleration of idling of the working bodies
increases, and the braking systems available there are set to
create a certain braking force [22, 23].

Practice shows that such systems may not always provide
the safety braking deceleration limits [26, 27], prescribed by
the Safety Rules (at least 1.2—1.5 m/s> when lowering and not
more than 5 m/s? when lifting the estimated load). In this case,
there is a need to analyze the temperature change on the
surfaces of disc braking devices of modern hoisting machines,
when the mutual influence of elementary heating sources at
the level of microcontacts should be taken into account. This
is important in order to use effective friction materials that
would meet the requirements of stability, wear resistance,
mechanical strength, safety and other criteria [9].

One of the best ways to solve this problem is to use multi-
modular axial disc braking devices (Fig. 1), in which the pads
are hydraulically opened and spring-closed. These devices are
equipped with automatic adjustment and safety braking
systems instead of traditional braking mechanisms with radial
clamping of pads to the wheel. Disc braking systems represent
a logical step forward in the development of modern hoisting
machines. American researchers F.P.Bowden and
K. E.W. Ridler first tried to determine the friction temperature
of surfaces in such systems, suggesting the theory of basic
measurements. This theory was later developed by
F.P.Bowden and D.Tabor, suggesting that the heat flow
distribution coefficient is a value inversely proportional to the
sum of heat conductivity coefficients.

Fig. 1. General view of the hydraulic opening and spring closing
of the brake pads:
1 — brake pads; 2 — disc spring; 3 — stem; 4 — hydrocylinder; 5 —
bracket; 6 — pipeline

Subsequently, researcher M. P.Levytsky formulated an
equation according to which the friction temperature is
determined based on several parameters, such as the sample
length, the relative movement velocity of the friction
components, and the heat flow distribution coefficient.

Professor V. S. Shchedrov studied the thermal dynamics of
friction by examining the influence of numerous microcontact
heating sources. This scientist developed a methodology for
measuring temperature using Fredholm integral equations,
where the main focus was on the total amount of heat produced
by all sources at the microcontact level. The proposed methods
make it possible to calculate the average temperature value,
but at the same time it is impossible to obtain accurate data
about the contact zone real temperature. Each friction
material must meet many criteria, including wear resistance,
cost-effectiveness, easy handling ability, and operational
safety. With the active development of technology and
increasing safety requirements, selecting the right friction
materials becomes an increasingly urgent task for engineers. It
is known that the market constantly offers new materials, the
use of which can increase the performance and durability of
machines. Additional research into the braking system
functions can help to make them more efficient and safer to
operate under different operating conditions. Innovative
technologies, including digital ones, also offer good
opportunities for the development of more environmentally
friendly and economical technical facilities. The choice of
materials and technologies should always focus on creating
safe conditions for users and the environment.

The research into frictional properties of friction pairs
and the use of pressed friction materials in mechanical
engineering has been the subject of many studies, in particular
by M. P. Aleksandrov, A.V.Chichinadze, L. M. Pyzhevych,
G. A. Georgievsky and other scientists. Today, the domestic
market offers a large selection of materials with various
friction properties [26]. These products are designed for use
in braking systems to suit a wide range of operating conditions.
It was proposed that all friction materials should be divided
into the following groups: designed for light friction
conditions (temperature up to 250 °C); materials for medium
friction conditions (temperature up to 600 °C); those that can
be in severe friction conditions (temperature up to 1,000 °C).

Results. When the machine stops moving, the brake linings
are pressed against the disc brake, and under the influence of
the friction forces that arise in this case, the kinetic energy of
the hoisting machine is converted into heat. Since the heat
conductivity of the disc is higher than the heat conductivity of
the linings, it can be assumed that sources of variable heating
power move on the surface of the first, and the generated heat
spreads from the entire rim of the disc and is dissipated by
convective heat exchange and radiation [28, 29].
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To fulfill the formulated task, the following assumptions
are made:

1. The entire heat flow generated by braking is concentrated
only in the brake disc rim.

2. Given that the rim is thin, and both of its surfaces
interact with the pads, neglecting the spread of heat through
the component thickness, we will consider it as a surface (in
the program it is a shell model with a specified thickness).

3. The ambient temperature is 20 °C.

4. To account for maximum heat loss intensity during
radiation, the brake disc is considered to be an absolute black
body.

5. The heat transfer coefficient due to convection into the
environment is 6 W/m?- K.

6. The interaction of the brake lining with the disc is
modeled by a heating power source on a plane corresponding
to the area of one lining.

7. The continuous thermal interference of the lining with
the rim is modeled as a discrete process of moving the heating
power source into each of the ten brake disc sectors,
corresponding to the area of one lining.

8. The intensity of the heating power source at each
discrete process step is defined as the difference in the kinetic
energy values at the beginning and end of each step depending
on its duration.

9. Safety braking occurs under steady-state deceleration
conditions a.

During the process of safety braking, depending on the
acceleration value, the drum performs several revolutions, and
the heating power source passes over each sector of the disc the
same number of times. In this case, the brake disc itself is
considered as a combination of two rings, besides the external
one, which is in contact with the brake lining, is divided into 10
equal sectors. For illustration (Fig. 2), given that the braking
acceleration is 1 m/s?, the sequence of steps of heating power
discrete movement through each sector of the disc is shown.

Next, we study the heating processes occurring during a
safety stop of a hoisting machine due to the action of a disc
brake. Initial research data are as follows: effective load mass
Meg 1000 = 25,000 kg; mass, which is reduced to the drum bypass
of the hoisting machine moving parts m,,,.,. = 256,643 kg;
outer rim diameter d,,,, = 2,823 mm; inner rim diameter
dipner = 2,443 mm; linear velocity at the beginning of safety
braking ¥, = 10 m/s, specified braking acceleration values
a;=1,a,=3m/s%.

Given the §” assumption in our research, it can be seen
that the amount of heat released during the disc brake operation
at the i step of the discrete process of stopping the hoisting
machine can be calculated using the following formula

K =[ (V= ]-0.5m,

ins.>

(i=1...N),

where V,_;, and V; are linear velocity at the beginning and end
of the i step.

6,16,26

Fig. 2. Numbering of discrete heat movement steps through
brake disc sectors

Given the 9" assumption, the i step duration is

V. W Y-2-aL
a2 =zl

a

where L is the sector arc length, here
— e (dexr _dint) .
N
Disc sector heating power at the i” step is

L

K,
Y, ==L, (i=1...N).
(=2 (=1.N)

1

Using the given above dependences, the following
algorithm for solving the problem is introduced: for a given
acceleration, calculate the number of steps in the discrete
braking process until disc N comes to a complete stop; then,
using formulas above, it is possible to determine the duration
of the i braking step, the amount of heat released at this step,
and the heating power intensity.

Results. The developed algorithm is implemented using
the MathCAD 14 program. As an example, the values of the
discrete step duration (Fig. 3) and heating power (Fig. 4)
depending on the step number are given, when braking
acceleration is a; = 1 m/s2.,

It turned out that when the braking acceleration is a; =
=1 m/s?%, the drum makes three revolutions until it comes to a
complete stop, with the heating power source passing over
each sector three times.

Fig. 5 shows the change in the heating source intensity
values over the first sector at each step of the discrete braking
process.

As a result of solving the problem set, the dependences of the
heating source power values on time have been determined for
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Fig. 5. Graph of changes in the heating source power in the first
disc sector when the braking acceleration is 1 m/s?

each brake disc segment, taking into account different braking
acceleration values. The SolidWorks software has developed a
geometric model for the disc based on the given parameters,
consisting of two annular components with one divided into ten
sectors (Fig. 2). Using the SolidWorks Simulation application
(Kurowski, P. M., 2022), the following steps can be implemented:

1. A thermal study of the transient process, the duration of
which corresponds to the moment the drum completely stops,
has been conducted.

2. From the brake disc surfaces, two annular shells with a
thickness of 50 and 40 mm, where the heating power values in
each shell sector are taken into account (Fig. 6), the initial
temperature of all parts of the disc at the level of 20 °C, the
convection value, which is equal to 6 W/m? K and the radiation
coefficient, which is unity (assuming that the disc is an absolute
black body), have been modeled.

3. Finite-element calculation of acceleration values a, and
a, has been conducted.

Figs. 6 and 7 show the temperature distribution on the
brake disc surface at accelerations of 1 and 3 m/s>.

To analyze the influence of radiation on the research
results, the calculation is performed under the assumption that
the radiation coefficient is zero. It has been determined that
the difference in the maximum temperature values at the end
of braking is 0.9 %.

Analyzing the data in Figs. 6 and 7, it can be concluded
that, regardless of the acceleration value during braking, the
temperature distribution in the brake disc can be considered
axisymmetric, which is 40 °C with an error of 2.3 %.

The temperature field on the disc surface, which is formed
under the influence of steady-state heating mode as a result of
passing through successive stages of braking, has been
calculated. The following conditions were considered:

1. The brake disc heats up symmetrically relative to its axis.

2. Braking occurs exclusively using the device of the same
name.

3. It has been determined that braking lasts 10 s, and the
period of lowering and lifting by the hoisting machine is 111 s.

The initial braking cycle characteristics at an acceleration
of 1 m/s? are given above.

To calculate the temperature distribution under conditions
when the machine is moving empty containers, let us examine
the braking process (when disc is influenced by heating). This
happens periodically, when braking lasts 10 s, and cooling
continues for 110 s until the disc temperature stabilizes.

The process modeling sequence is as follows:

1. With the use of the MathCAD 14 program, the heating
activity axisymmetric source characteristics are determined
for each phase of braking during the transportation of empty
containers by a machine.

2. With the use of the SolidWorks Simulation application,
the state of the annular shell disc models is analyzed without
dividing them into separate sectors.

Fig. 8 shows the dynamics of changes in the brake disc
temperature during the mine hoisting machine operation.
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Fig. 6. Temperature distribution in disc sectors after braking at
acceleration of 1 m/s?
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Fig. 7. Temperature distribution in disc sectors after braking at
acceleration of 3 m/s’

Analyzing these parameters, it can be concluded that the
change in the maximum temperature in the specified object,
depending on the duration of the hoisting machine operation,
has a character similar to exponential one. It is important to
note that after 2,600 s of the machine operation, the heating
process stabilizes, and the temperature begins to reach 223 °C,
as shown in the graph (Fig. 9).

It can be seen from the analysis of dependence in Fig. 9
that the temperature distribution in the radial direction of the
brake disc is significantly uneven, so outside the brake pads the
temperature is 56 °C, and within their boundaries — 223 °C.

The conducted analysis of the radiation influence suggests
that ignoring this factor leads to an error in the calculation
results at the level of 0.83 %.

To calculate the temperature distribution when lifting the
load and the counterweight, let us examine the load braking
cycle (when there is heating of the brake disc), which has the
following time characteristics: braking is 10 s, lifting the
counterweight is 110 s, braking the counterweight is 10 s,
lifting the load (with disc cooling) is 110 s until the disc
temperature stabilizes.

Next, the problem of studying the heating process can be
solved using the following algorithm:

1.Using the MathCAD 14 program, we determine the
temperature dependences of the axisymmetric heating source
on all stages of braking, in particular when lifting the load and
counterweight.

2. Using the SolidWorks Simulation application, we
calculate the parameters of annular shell brake disc models
without dividing them into separate sectors.

Fig. 10 illustrates the graph depicting the variation in the
brake disc temperature during the process of transporting
cargo with a counterweight. As can be seen, the dependence of
the maximum temperature of this object on the duration of the
hoisting machine operation is approximated in the form of an
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Fig. 8. Graph of dependency of brake disk temperature on the
duration of the hoisting machine operation
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Fig. 9. Distribution of maximum temperature values of the disc
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Fig. 10. Dependence of the brake disc temperature on the dura-
tion of the hoisting machine operation with the counterweight
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Fig. 11. Distribution of maximum temperature values of the
brake disc in the steady-state heating process

exponential function. When the machine operates for 5,000 s,
the heating process stabilizes and the temperature reaches
139 °C, as shown in the diagram (Fig. 11).

Analyzing the diagram in Fig. 11, we can see that the
temperature distribution in the radial direction of the brake

disk plane is uneven, so outside the brake pads the temperature
is 56 °C, and in their middle — 139 °C.

Conclusions:

1. During the safety braking of a mine hoisting machine,
regardless of the intensity of its deceleration, the temperature
field of the brake disc rim is almost unchanged and is 40 °C
with a deviation of 2.3 %.

2. In the case of a single lifting/lowering of empty
containers by the machine, when only the disc brake operates,
the temperature of its working body reaches 45 °C.

3. With repeated lifting/lowering of empty containers and
operation of only the disc brake, temperature stabilizes after
25 cycles of machine operation, and the temperature of the
working body increases to 220 °C.

4. In the calculations, the influence of radiation can be
neglected, which gives a deviation of the result of 0.83 %.

5. When lifting a load using a counterweight and the disc
brake alone, the temperature of its working body reaches
139 °C during the 21 operating cycles of the hoisting machine.

6. Neglecting the radiation coefficient in calculations gives
an error of the result within 0.7 and 0.9 %.

References.
1. Zabolotnyi, K., Zhupiiev, O., Panchenko, O., & Tipikin, A. (2020).
Development of the concept of recurrent metamodeling to create proj-
ects of promising designs of mining machines. E3S Web of Conferenc-
es, 2020, 201, 01019. https://doi.org/10.1051/e3sconf/ 202020101019.
2. Ziborov, K., & Fedoriachenko, S. (2015). On influence of addition-
al members’ movability of mining vehicle on motion characteristics.
New Developments in Mining Engineering 2015: Theoretical and Practi-
cal Solutions of Mineral Resources Mining, 237-241.
3. Grigorov, O., Druzhynin, E., Anishchenko, G., Strizhak, M., &
Strizhak, V. (2018). Analysis of Various Approaches to Modeling of Dy-
namics of Lifting-Transport Vehicles. International Journal of Engineering
& Technology, 7(4.3), 64-70. https://doi.org/10.14419/ijet.v7i4.3.19553.
4. Loveikin, V., Romasevych, Y., Shymko, L., & Loveikin, Y. (2022).
Minimisation of the Driving Torque of the Derricking Mechanism of
a Tower Crane during Steady Load Hoisting. Machinery and Energet-
ics, 2022, 13(3), 43-52. https://doi.org/10.31548 /machener-
2v.13(3).2022.43-52.
5. Zabolotnyi, K., & Panchenko, E. (2010). Definition of rating load-
ing in spires of multilayer winding of rubberrope cable. New Tech-
niques and Technologies in Mining — Proceedings of the School of Under-
ground Mining, 223-229. https://doi.org/10.1201/b11329-38.
6. Zabolotnyi, K., Panchenko, O., & Zhupiiev, O. (2019). Develop-
ment of the theory of laying a hoisting rope on the drum of a mining
hoisting machine. E3S Web of Conferences, 109, 00121. https://doi.
org/10.1051 /e3sconf/201910900121.
7. Zabolotnyi, K., Zhupiev, O., & Molodchenko, A. (2015). Analysis
of current trends in development of mine hoists design engineering.
New Developments in Mining Engineering 2015: Theoretical and Practi-
cal Solutions of Mineral Resources Mining, 175-179.
8. Zabolotnyi, K., Zhupiiev, O., & Molodchenko, A. (2017). Develop-
ment of a model of contact shoe brake-drum interaction in the context
of a mine hoisting machine. Mining of Mineral Deposits, 11(4), 38-45.
https://doi.org/10.15407 /mining11.04.038.
9. Zabolotnyi, K., Panchenko, O., Zhupiiev, O., & Haddad, J.S.
(2019). Justification of the algorithm for selecting the parameters of the
elastic lining of the drums of mine hoisting machines. E3S Web of Con-
ferences, 123, 01021. https://doi.org/10.1051/e3sconf/ 201912301021.
10. Pukach, P., Stolyarchuk, R., Pabyrivska, N., Slipchuk, A., Pu-
kach, Yu., Auzinger, W., & Kunynets, A. (2021). Asymptotic Method
for Studying Mathematical Models of Resonant and Nonresonant
Nonlinear Vibrations for Some 1D Moving Bodies. 2021 IEEE 16"
International Conference on the Experience of Designing and Application
of CAD Systems (CADSM), Lviv, Ukraine, 2021, 5/6-5/9. https://doi.
org/10.1109/CADSM52681.2021.9385221.
11. Tsymbal, B., Ziborov, K., Rott, N., & Fedoryachenko, S. (2021).
Analysis of the effect of mechanical oscillations generated during
welding on the structure of ductile constituent of products made of
steel 10G2FB. Materials Science Forum, 1038 MSF, 40-48. Retrieved
from https://www.scientific.net/MSF.1038.40.
12. Voloshyn, O., & Riabtsev, O. (2019). Some important aspects of
rock mechanics and geomechanics. E3S Web of Conferences, Interna-
tional Conference Essays of Mining Science and Practice, 109. https://
doi.org/10.1051/e3sconf/201910900114 22.

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2024, N2 5 63



13. Ilin, S., Adorska, L., Samusia, V., Kolosov, D., & Ilina, I (2019).
Conceptual bases of intensification of mining operations in mines of
Ukraine based on monitoring and condition management of mine
hoisting systems. E3S Web of Conferences, International Conference Es-
says of Mining Science and Practice, 109. https://doi.org/10.1051/e3s-
conf/201910900030.

14. Ilin, S. R., Radchenko, V.K., & Adorska, L. G. (2017). Risk-form-
ing processes during the operation of mine hoisting installations. Heo-
tekhnichna Mekhanika, (134), 22-33.

15. Vladié, J., Doki¢, R., Kljajin, M., & Karakasi¢, M. (2011). Model-
ling and simulations of elevator dynamic behaviour. Technical Gazette
18, 3(2011), 423-434. Retrieved from https://hrcak.srce.hr/file/107017.
16. Shkut, A.P. (2023). Methodology for service life evaluation of
screens welded structures. Journal of Engineering Sciences (Ukraine),
11(1), D10—D18. https://doi.org/10.21272 /jes.2024.11(1).d2.

17. Taran, 1., Bondarenko, A., Novytskyi, O., Zhanbirov, Z., & Kly-
menko, I. (2020). Modeling of a braking process of a mine diesel loco-
motive in terms of different rail track conditions. E3S Web of Confer-
ences, 201, 01018. https://doi.org/10.1051 /e3sconf/202020101018.
18. Taran, 1., & Klymenko, I. (2017). Analysis of hydrostatic mechan-
ical transmission efficiency in the process of wheeled vehicle braking.
Transport  Problems, 12(Special Edition), 45-56. https://doi.
org/10.20858/tp.2017.12.se.4.

19. Mangalekar, S., Bankar, V., & Chaphale, P. (2016). A Review on
Design and Optimization with Structural Behavior Analysis of Central
Drum in Mine Hoist. International Journal of Engineering Research
and General Science, 4(2), 91-96.

20. Hu, J., LIa, J.-Ch., He, X., & Cao, J.-Ch. (2016). Large Mine
Hoist Drum Topology Optimization Design. In International Confer-
ence on Energy Development and Environmental Protection (EDEP),
520-526. Retrieved from http://dpi-proceedings.com/index.php/
dteees/article/download/5945/5559.

21. Lu, H., Peng, Yx., Cao, S., & Zhu, Zc. (2019). Parameter Sensitiv-
ity Analysis and Probabilistic Optimal Design for the Main-Shaft De-
vice of a Mine Hoist. Arabian Journal for Science and Engineering, 971-
979. https://doi.org/10.1007/s13369-0183331-y.

22. Badenhorst, W., Zhang, J., & Xia, X. (2011). Optimal hoist sched-
uling of a deep level mine twin rock winder system for demand side
management. Electric Power Systems Research, 81(5), 1088-1095.
https://doi.org/10.1016/j.epsr.2010.12.011.

23. Szymanski, Z. (2015). Intelligent, energy saving power supply and
control system of hoisting mine machine with compact and hybrid
drive system. Archives of Mining Sciences, 60(1), 239-251. https://doi.
org/10.1515/amsc-2015-0016.

24. Juanli, L., Jiacheng, X., Zhaojian, Y., & Junjie, L. (2018). Fault
diagnosis method for a mine hoist in the internet of things environ-
ment. Sensors, 18, 1-16. https://doi.org/10.3390/s18061920.

25. 1lin, S., Adorska, L., Pataraia, D., Samusia, V., Ilina, S., & Kholo-
meniuk, M. (2020). Control of technical state of mine hoisting instal-
lations. E3S Web of Conferences, 168, 00045. https://doi.org/10.1051/
e3sconf/202016800045.

26. Huang, J., Luo, C., Yu, P., & Hao, H. (2020). A methodology for
calculating limit deceleration of flexible hoisting system: A case study
of mine hoist. Proceedings of the Institution of Mechanical Engineers,
Part E: Journal of Process Mechanical Engineering, 234(4), 342-352.
https://doi.org/10.1177/0954408920925017.

27. Wojcik, M. (2010). Simulation testing of emergency braking of the
mining shaft hoist. J Konbin, 23, 401-408. https://doi.org/10.2478
v10040-008-0195-3.

28. Ma, W., & Lubrecht, A.A. (2018). Temperature of a sliding con-
tact between wire rope and friction lining. Tribology International,
120, 140-148. https://doi.org/10.1016/j.triboint.2017.12.034.

29. Popescu, F. D., Radu, S. M., Andras, A., Brinas, 1., Budilica, D. 1.,
& Popescu, V. (2022). Comparative Analysis of Mine Shaft Hoisting
Systems’ Brake Temperature Using Finite Element Analysis (FEA).
Materials, 15, 3363. https://doi.org/10.3390/ma15093363.

MeToauka MOJeIOBAHHSA PO3MOILIY
TeMIepaTypu B AMCKOBUX rajibMax IAXTOBUX
MiZIAMAJIBHUX MAIIMH
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Merta. BukopucToByiouu cydacHi 00YMCIIOBAIbHI KOMII-
JIEKCH, AOCIiIUTH Mepedir TeIJTOBUX SIBUIL Y TMCKOBUX rajlb-
Max, abM BUBHAYUTHU I OOTPYHTYBATU poOOUi mapamMeTpu ejie-
MEHTIB MigiiMasbHOI MAILIMHU.

Metoauka. Y [OCHIIXEHHI 3aCTOCOBaHI MpPOTpamHi
KOMILJIEKCH, 3a JOTIOMOTOI0 SIKUX OyB cdhopMOBaHMUii po3pa-
XyHKOBO-TEOPETUIHUI arapar MpoleciB MOAETIOBAHHS Te-
TJIOBUX PEXXUMIiB, 30Kpema 3ranaHa GhyHKIis OyJia mokiazie-
Ha Ha TporpamMHe 3a6e3nedeHHs SolidWorks Simulation i3
MOXKJIMBICTIO OLIHUTU IMMOXMOKY PEe3yJIbTaTiB O0YMCIICHD.

Pe3ynbTaTi. Y Xomi HOCHiIKEHHS BCTaHOBJIEHA 3aJleX-
HiCTb IMpale3naTHOCTiI JMCKOBOTO rajibMa MidiliMaibHOI Ma-
LIMHU BiJl poOOYMX TapaMeTpiB ioro ejemMeHTiB. JlocmimkeH-
HS$I 1aI0Th 3MOTY TJIMOIIEe 3p03yMiTH TepeOir MpolLeciB Tero-
BOI mepenadi B TUCKOBUX TAIbMOBUX TIPUCTPOSIX, BUBYUTH
peakiiilo pi3HMX MaTtepiajliB Ha TepTsd i BU3HAUYUTU OITU-
MaJIbHI TlTapaMeTpH, 1110 CHPUSIOTH TMiABUILIEHHIO e(DEeKTUB-
HOCTi rajibMiBHUX cucTeM. Byna noseneHa echeKTUBHICTD 3a-
MPOMOHOBAHOTO METOIY aHaji3y MpOLEeCciB PO3MOILTY Harpi-
BaHHSI eJIEMEHTIB OapabaHiB IIaXTOBUX MiAiiMaJbHUX MallIUH
IMiJ1 BILTUBOM pOOOYMX i aBapiltHUX pexKMiB TaJlbMyBaHHSI.

Haykosa HoBu3Ha. Yriepie OyJjia po3pobJieHa Ta OOIpyH-
TOBaHA METOIUKA PO3PaxXyHKy PO3IMOITYy TeMIepaTypu Ha-
rpiBaHHS 3a IUIOLIMHOIO TaJIbMiBHOTO 00Oy Iif Yac 3aro-
Oi>kHOI 3ynuHKU. TakoxX po3po0sieHO Crocid BU3HAYEHHS
TEMIIEPATYPHOTO TOJIs, 1110 BUHUKAE B yMOBaX CTaJoOro Te-
TIJIOBOTO PEXUMY, SIKWiI HacTa€ Ticist 6aratopazoBoro pobo-
YOro rajJbMyBaHHSI Ta OXOJOMKXEHHs puctpoio. [Ipu npomy
Oy/IM BpaxoBaHi JTOBXUWHY 3pa3Ka, BiIHOCHA IIBUIKICTb MixX
TEPTHOBUMU eJIeMeHTaMU i KoedillieHT pO3MOiTy TeTIOBO-
TO TIOTOKY, KOJI 3aCTOCOBYBAIM (POPMYITy BU3HAUCHHS TeM-
repaTypu Ha MOBEpXHi rajibMiBHOro odoay. Po3pobieHa reo-
METpUYHA MOJENb TaJIbMIBHOTO MAWCKY Y TIPOrPaMHOMY
komriekci SolidWorks 1o3BoJisie TOCTiIKyBaTH 3MiHY TeM-
rneparypu Ha 0o00/li TPUCTPOIO B pealbHOMY Yaci.

IIpakTuyHa 3HaYMMicTh. 3aNPONOHOBAHE 3a pe3yJibTarTa-
MU JOCTIIKEHb TETUIOBUX IPOIIECiB YIOCKOHAIEHHSI KOH-
CTPYKIIil Ma€ CIIPUSITU TMiABUILIEHHIO O€3MEeKHN TPAHCITOPTHUX
3aco0iB. [lependaueHo 3HUXKEHHS BapTOCTi FaJIbMiBHUX CUC-
TEM 3a paXyHOK BUKOPMCTAHHSI ONTUMAJIbHUX MaTepiajiB i
TEeXHOJIOTii BUPOOHUIITBA. YIOCKOHAJIEHI MPOrpaMHi METO-
IV MOJIEJTIOBaHHS Ta aHaJli3y BIUIMBY TEMIIEpaTypu Ha rajb-
MiBHi IVCKHU IIAXTOBUX MidiiMaJIbHUX MaIIvH. 3 ypaxyBaH-
HSM pe3yJIbTaTiB JOCIiIKEHHsI pOo3po0JieHi peKoMeHallii
II0JI0 OMITUMAJILHOCTI TIPOIIECY TaTbMYBAaHHS MAIlIUH y Pi3-
HMX eKCIUTyaTalliifHUX yMOBax.

Kimouosi cioBa: waxmosa nidiitmansna ycmanogxa, oucko-
6e eanvMo, PpuKyiliHull Mamepian, memnepamypa, 4ac
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