
ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Геотехнічна механіка. 2019. № 145 
 

 

24  

UDC 622.67.008.6:622.2.002235                      DOI: https://doi.org/10.1051/e3sconf/201910900030 
 

CONCEPTUAL  BASES  OF  INTENSIFICATION  OF  MINING  OPERATIONS  IN  MINES 
OF  UKRAINE  BASED  ON  MONITORING  AND  CONDITION  MANAGEMENT  

OF  MINE  HOISTING  SYSTEMS 
1Ilin S.R., 1Adorska L.H., 2Samusia V.I., 2Kolosov D.L., 2Ilina I.S. 

1
Institute of Geotechnical Mechanics named by N. Poljakov of National Academy of Sciences of 

Ukraine, 
2
National Technical University "Dnipro Polytechnic" of the Ministry of Education and 

Science of Ukraine 
 

КОНЦЕПТУАЛЬНІ  ОСНОВИ  ІНТЕНСИФІКАЦІЇ  ГІРНИЧИХ  РОБІТ  НА  РУДНИКАХ 
УКРАЇНИ  НА  БАЗІ  МОНІТОРИНГУ  ТА  УПРАВЛІННЯ  СТАНОМ  

СИСТЕМ  ШАХТНОГО  ПІДЙОМУ 
1Ільїн С.Р., 1Адорська Л.Г., 2Самуся В.І., 2Колосов Д.Л., 2Ільїна І.С.  

1
Інститут геотехнічної механіки ім. М.С. Полякова НАН України, 

2
Національний технічний 

університет «Дніпровська політехніка» МОН України 
 

КОНЦЕПТУАЛЬНЫЕ  ОСНОВЫ  ИНТЕНСИФИКАЦИИ  ГОРНЫХ  РАБОТ  НА 
РУДНИКАХ  УКРАИНЫ  НА  БАЗЕ  МОНИТОРИНГА  И  УПРАВЛЕНИЯ  СОСТОЯНИЕМ  

СИСТЕМ  ШАХТНОГО  ПОДЪЕМА 
1Ильин С.Р.,  1Адорская Л.Г., 2Самуся В.И., 2Колосов Д.Л., 2Ильина И.С. 

1
Институт геотехнической механики им. Н.С. Полякова НАН Украины, 

2
Национальный 

технический университет «Днепровская политехника» МОН Украины 
 

Annotation. The article justifies technical and organizational solutions aimed at improving the operational properties 
of hoisting equipment, the development of methods and means of controlling the operational state of existing systems in 
complex mining-geological and mining-engineering conditions. The main directions of ensuring the intensification of 
mining operations are identified, which include the modernization of lifting equipment units that radically increase the 
operational properties of mine lifting installations and the development of methods and means for monitoring and 
managing the operational status of existing systems. Technical solutions of a new type of hoisting machines with two 
consecutive friction pulleys, which have significantly higher load characteristics and allow usage of less metal-intensive 
and energy-intensive hoisting machines, are considered. The order of estimation of a state of a mine shaft and general 
types of work on its monitoring are justified. Conceptual foundations of intensification of mining operations in the mines 
of Ukraine are defined based on modernization of hoisting equipment units and improvement of a control system. The 
concept lays the scientific and methodological foundations for the formation of a strategy and development plans for a 
comprehensive survey and risk assessment of mine shafts with long service life. The purpose of such work is to ensure 
the effective and reliable functioning of the mine hoist and increase its operational safety in the face of intensification of 
mining operations when moving to large mining depths. The expected results of the functioning of the monitoring system 
of the operational status of deep vertical shafts of mines and mines are formulated in terms of solving urgent problems of 
the mining industry of Ukraine. The implementation of such work will solve the social problems of the industry by 
improving the safety of lifting equipment and significantly reducing industrial injuries during the operation of mine lifting 
shafts, economic problems by significantly reducing the cost of material resources and reducing the volume of 
unreasonable shaft repairs due to targeted localization of places of increased emergency risk in trunks. 
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At the present time, under the conditions of limitation of financial, material and 

mineral resources, it is expedient to intensify underground mining operations through 

technical re-equipment of main production processes and introduction of new non-

traditional and safe technologies for development of coal seams.  
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This provides a significant increase in operation efficiency of mines, resource 

saving and quality of coal products and leads to an improvement of the key indicator 

of coal competitiveness – its prime cost. Primary tasks here are the development and 

implementation of new non-traditional methods of condition management of 

geotechnological systems, which can ensure the intensification of operation of mining 

enterprises, considering the requirements of labor safety and resource saving [1, 2]. 

There are great potential resources to ensure the intensification of mining 

operations in the improvement of mine hoisting systems: 

- increase the speed of hoisting to increase the amount of minerals hoisted to the 

surface as the main indicator of mine productivity; 

- reduction of equipment and reinforcement wear to increase their life cycle; 

- reduction of risks of accidents to reduce downtime and repair costs and 

eliminate the consequences of accidents. 

This is achieved through realization of two directions: modernization of hoisting 

equipment units, which radically increase operational properties of mine hoisting 

installations and development of methods and means of monitoring and managing the 

operational condition of existing systems. 

In the first direction, the most promising solutions should be considered, 

including the installation, instead of the traditional, of a new type of hoisting 

machines, having two friction pulleys consecutively working for one rubber-cable 

rope (pack of ropes). Pulleys are electrically interconnected by one control system 

and steel traction ropes are replaced by rubber-cable ropes (RCR), that have 

significantly higher loading characteristics and allow using less metal-intensive and 

energy-intensive hoisting machines. Such systems are able to operate from depths 

that significantly exceed the currently boundary depth of 1600 m. At the same time, 

the increased traction ability of paired friction pulleys in some cases stops using 

ballast balancing ropes, which create significant difficulties in operation.  

A kinematic scheme of a hoisting installation with two consecutive friction 

pulleys is shown in Figure 1. 
 

 

 

 

 

 

 

Figure 1 - Scheme of a new type of hoisting installation 

with two consecutive friction pulleys: S1 – loaded rope 

tension, Н; S2 – intermediate rope tension without 

deflecting pulley inertia, Н; S3 – non-loaded rope tension, 

Н; M1, M2 – driving pulley traction moments, Н·m 
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It should be noted that such a system is much more secure by the criterion of the 

emergency danger of a local slipping of RCR along the pulleys. Unlike traditional 

machines with plastic lining of grooves under profiled steel ropes, which wears out, 

melts and loses traction when slipping, RCR grooves have a smooth steel or wear-

resistant friction surface connected by friction forces with a smooth rubber surface of 

the RCR. In case of short-term local slipping, for example, in case of emergency 

braking, destruction of a pulley and the RCR, there is no dangerous decrease in the 

friction coefficient. 

When operating a hoisting unit with paired friction pulleys, each of them must be 

provided with standard reserves for non-slipping K1, K2 in Euler conditions. K1= 

K2=1.25 for gearless drive of a mine hoisting machine and K1= K2=1.20 for 

machines with a reducer. 

The main scientific problems, the solution of which is necessary to ensure the 

efficiency of such installations, are: 

- calculation of a required distribution of traction moments between the pulleys 

by the control system, which would ensure the preservation of a defined margin of 

non-slipping along each pulley; 

- calculation of a complex stress-strain state of the rubber-cable construction and 

determination of rational parameters of a new type of traction element [3 - 7]. 

The second direction does not require large capital expenses. However, its 

development requires significant organizational efforts and scientific developments. 

It is oriented on existing hoisting systems, for which it is necessary to ensure the 

intensification of mining operations in the mines of Ukraine based on the use of 

monitoring systems for deep shafts. It lays a scientific and methodological basis for 

the formation of a strategy and plans of development for integrated survey and risk 

estimation during the operation of mine hoisting complexes of ore-hoisting shafts of 

Ukraine in order to ensure efficient and reliable operation of mine hoisting in 

conditions of intensification of mining operations during the transition to large depths 

of extraction while simultaneously increasing the level of operational safety. In the 

second direction, ensuring the safety of operation of mine hoisting installations of a 

new and traditional type is based on the creation of a monitoring system and assumes 

the development and application of a set of methods that provide receiving, 

processing and analyzing information about the status of hoisting equipment.  

The relevance of creation and implementation of the system is due to negative 

trends in annual increase in risks of operation of mine hoisting machines, due to the 

complication of mining-geological and mining-technical conditions of operation of 

mine hoisting combined with long life cycles of shafts [8, 9]. 

Calculation of distribution of traction moments between the pulleys and a stress-

strain state of the rubber-cable construction is ensured by fulfilling the following 

inequalities: 
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where - 1, 2 angles of contact with a rope of the first and second pulley 

correspondingly, Radian; f1, f2 - coefficients of rope friction along the first and second 

pulley correspondingly. 

According to the condition of non-slipping along the second pulley the maximum 

allowable stress of the intermediate rope S2 is 
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Accordingly, the maximum allowable tension of the loaded rope S1, while 

fulfilling the condition of non-slipping on the first pulley and considering (2), is equal 

to 
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From (3), the equivalent margin of non-slipping of a paired hoisting machine is 

equal to the product of margins on non-slipping along each traction pulley. That is, 

such a hoisting machine has an equivalent margin against emergency slipping 

simultaneously for two pulleys which is much larger than the margin for each pulley 

individually and than a traditional hoisting machine with one driving pulley. 

Calculate what should be the distribution of traction moments on the pulleys, in 

order to ensure the fulfillment of the conditions (1) 
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where  R1,  R2  - radii of driving pulleys, m. 

By substituting values of tensions S1 and S2 from (2) and (3) into (4) get the 

following 
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Relations (5) indicate that rope non-slipping along each of the driving pulleys can 

only be ensured by providing an unequal distribution of traction moments between 

them by the control system, determined by the following dependency. 
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If driving pulleys have equal radii R, angles of contact , friction coefficients f 

and non-slipping margins K, then the relation of traction moments between them is 

determined from the equation 
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From the relation (7) it can be seen that the ratio of traction moments along the 

pulleys, which ensures the absence of inelastic slipping of ropes with equal margins 

on each pulley, does not depend on the current values of tension in the machine 

ropes. That is, it does not depend on its type (balanced or unbalanced), on the 

position of the hoisting vessels in the shaft, and when radii of the pulleys are equal 

neither depends on their radius. It can be seen that this value depends only on angles 

of contact of the pulleys, friction coefficients and defined margins for non-slipping. 

Therefore, it is an invariant of a change of tension of ropes, a degree of balance of the 

hoisting installation, a weight of hoisting vessels and a presence or absence of lower 

balancing ropes. This makes it possible to implement a sufficiently reliable control of 

its operation, both in the normal mode of operation and when the emergency brake is 

triggered, ensuring that the rope does not slip along any of the pulleys with a required 

margin. 

Determine the maximum possible loading capacity of such an installation 

according to the criterion of ensuring the friction connection of a rope with pulleys 

with a given margin of non-slipping. The most dynamic mode of operation of a 

hoisting machine is the triggering of a safety (emergency) brake during the descent of 

the load. 

Consider this process for the most general variant of a partially balanced hoisting 

installation with different weights of head and balancing ropes in operating and 

emergency dynamic modes. In this case static S st

1 , S st

3 and dynamic S din

1 , S din

3  tensions 

of branches of a rope are equal to 
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where W – deceleration during braking, m/s
2
, g – free fall acceleration, m/s

2
; H – 

length of a rope from a pulley to a loading device at a shaft bottom, m; q – weight of 

a unit length of a head rope, N/m; Qgr – weight of a loaded hoisting vessel, N; Qpor – 

weight of an empty hoisting vessel, N; l – path of the vessels covered from the 

beginning of the ascension cycle, m; l0 – distance from a pulley to a level of the upper 

position of a hoisting vessel in a shaft, m. 
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Deceleration during the emergency braking in a mine hoist with a friction pulley 

is limited by an allowable value according to a non-slipping condition. The minimum 

value of this deceleration is allowed to be equal to 1.2 m/s
2
. In this case, the greater 

the deceleration value is permitted by the hoisting installation without the occurrence 

of rope slipping, the faster it stops and leaves the main emergency mode that caused 

the brake to trigger. This should be considered during a comparative analysis of 

characteristics of hoisting systems with different parameters. 

By substituting expressions for S din

1
and S din

3  into (8) and (3) with equal pulley 

parameters, obtain an expression for determining the maximum allowable 

deceleration W2Skmax(l) of the hoisting vessel according to the non-slipping condition 

in the emergency breaking mode when the load is descending at any point of the shaft 
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For a traditional hoisting installation with a single pulley maximum allowable 

deceleration [10]: 
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The obtained relations are the basis for calculating the laws of electric drive and 

brake control of driving friction pulleys, loading capacity, allowable accelerations 

and decelerations that ensure reliable and safe operation of hoisting equipment with 

machines and tractive elements of a new type, considering inertial characteristics of 

pulleys, ropes, and vessels. Such modernization significantly improves their 

performance and loading capacity without changing the shaft equipment of hoisting 

complexes (provided that the value of the ‗hoisting machine intensity‘ parameter 

meets the criteria of parametric stability of the dynamic interaction of a heavier 

hoisting vessel with reinforcement and reduces energy consumption during operation) 

[11]. 

Applying relations (1) – (10), compare the possible values of allowable 

accelerations and loading capacities of double-drive and conventional hoisting 

machines with traditional parameter values for mine hoisting practice of deep ore-

hoisting shafts:  = ; calculated friction coefficient f=0.25; K=1.25; the amount of 

steel head ropes n=8; weight of an empty skip Qpor=500 kN; diameter of head ropes 

42 mm; weight of a unit length of one head rope 77 N (weight of a unit length of all 

ropes qur is equal to 778=616 N).  

Radius of the driving pulley of a hoisting machine multirole - 5х8 is equal to 2.5 

m. RCR which is equivalent to eight steel head ropes by carrying capacity has a 

length unit weight of q=637 N/m. At the same time, its design contains cables with a 

diameter of 21 mm, packed into a rubber shell. Therefore, according to the criterion 

of maximum allowable ratio of the pulley diameter to the diameter of a steel 

rope/cable, the driving pulleys may have a radius R=1.05 m.  The results of 
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calculations by formulas (9), (10) for the traditional ratio of weights of hoisting 

vessels (Qgr /Qpor = 2) and the equality of length unit weights of head and balancing 

ropes are shown in Figure 2.  
 

 
 

Figure 2 - Dependency of maximum allowable deceleration during the emergency braking in a 

mode of load descending on a position of vessels in a shaft: 1 - single pulley mine hoist; 2 - double 

hoist mine hoist 
 

Graphs shown in Figure 2 show the dependencies of the allowable deceleration 

for a traditional installation (curve 1) and a paired hoisting installation of a new type 

(curve 2). 

It can be seen that in this variant the paired hoisting machine provides 2.8 times 

safer deceleration than the traditional type of machine. Moreover, the value of this 

deceleration is the same at each point of the shaft. Select this value of deceleration to 

determine the maximum possible weight of a loaded vessel in a fully balanced paired 

hoisting machine. In the case of usage of lightened balancing ropes, the allowable 

deceleration during the emergency braking becomes a variable function of a shaft 

depth.  

Figure 3 shows the graphs of allowable deceleration Wmax for a paired hoisting 

machine on a length unit weight of a balancing rope for different points in a shaft. It 

can be seen that the allowable deceleration during the emergency braking in a mode 

of descending a load increases as a vessel ascends in a shaft. In addition, it is clear 

that only from qur = 0.2 kN/m the paired hoisting machine begins to exceed the 

traditional system in terms of the allowed deceleration and, as a result, in carrying 

capacity. 

Figure 4 shows a graph of the allowable deceleration during the emergency 

braking on the weight of a loaded vessel for a fully balanced coupled hoisting 

machine.  
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Figure 3 - Dependencies of allowable decelerations during the emergency braking on a weight of a 

balancing rope: 1- single pulley mine hoist; 2- shaft lifting machine with two pulleys at the bottom 

of the shaft; 3 - shaft lifting machine with two pulleys in the middle of the trunk; double-shaft mine 

hoist at the top of the shaft 

 

 
Figure 4 - Dependency of allowable deceleration on a weight of a loaded vessel:  

1 - single pulley mine hoist; 2 - double hoist mine hoist 
 

It can be seen that the new hoisting machine exceeds the dynamic characteristics 

of a traditional one when the value of a weight of a loaded vessel is up to 2500 kN, 

which is several times more than the maximum load of existing installations. 

Having performed the calculations by formulas (9), obtain that paired hoisting 

machine has a maximum allowable deceleration value of Wmax=1.5 m/s
2
 at a weigh of 

a loaded vessel 5.2 times larger than the weight of an empty one. It speaks of large 

reserves in a selection of carrying capacity, degree of balance, dynamic 

characteristics and safety when replacing traditional hoisting machines that have one 

friction pulley and steel head ropes with paired friction pulleys and rubber-cable head 

and balancing ropes. 

In this case, a number of new problems appear that require solution to ensure 

reliable operation of such systems. These are problems of ensuring lateral stability of 

rope winding through cylindrical pulleys, problems of optimal distribution of traction 

moments between pulleys at each point of the shaft, which depends on the relation of 

installation parameters, optimization of RCR design for operation under conditions of 

alternating tensile and bending dynamic deformations during winding through the 
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system of pulleys, development of a system for monitoring the condition of both the 

ropes themselves and synchronization of operation of electric drives and hoisting 

machine brakes. 

Solving the problem of monitoring the technical condition of mine hoists comes 

down to creating conditions that would establish the current state of equipment based 

on a comprehensive estimation of characteristics of all interrelated elements, make it 

possible to predict changes over time of this state and allowed to quickly determine 

the exact locations, sources and character of potential danger. On the basis of these 

data, the character, sequence, amount of work and the cost of resources for carrying 

out preventive maintenance and repair are determined [12]. In a general case it is 

required to perform a full range of the following activities: 

- optical-visual survey of the shaft equipment, analysis of the results of 

instrumental measurements of guide profiling, measurements of wear of guides and 

buntons, assessment of safety of the shaft operation. Development of 

recommendations to improve the safety of operation of shafts; 

- development of methodological support and instructive documentation for 

conducting measurements in industrial conditions on existing shafts, processing and 

analysis of results; 

- performing measurements of movement smoothness of the hoist vessels, 

mathematical processing of instrumental measurement data, execution of 

deformation-strength calculations; 

- development of complex mathematical models of dynamic processes in shaft 

equipment for diagnosis and prediction of development of negative processes 

(corrosion of buntons, wear, deformation of guides, etc.) in conditions of great 

hoisting depths and long-term service of shafts; 

- justification of the criteria for ranking the levels of emergency hazard of 

operation of mine shafts during their long-term service. 

Due to the fact that many parameters of various elements of the shaft are 

interrelated, the use of complex multifactor mathematical models and computer-

oriented modeling methods in combination with measurement data of the parameters 

of an actual operating condition of the system makes it possible to determine the risk 

level of various phenomena and processes under the conditions of each specific shaft. 

This allows localizing reinforcement sections with an increased level of emergency 

hazard in the early stages and taking organizational and preventive measures to 

eliminate potential hazard [13 - 17]. 

Modernization of hoisting equipment by switching to machines with paired 

friction pulleys and rubber-cable head and balancing ropes allows increasing their 

loading capacity, reliability, performance and safety, and reducing energy 

consumption during operation. Rubber-cable traction ropes significantly exceed the 

traditionally used steel ropes by their characteristics and durability and can 

successfully replace them in the reconstruction or creation of new hoisting 

equipment. 

Implementation of measures for monitoring the technical condition of hoisting 

systems, with appropriate scientific, technical, methodological and organizational 
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support, allows achieving a qualitatively new level in solving the following relevant 

scientific and technical problems of the industry: 

- obtaining new objective information about the dependencies of physical and 

mechanical processes in mine hoisting systems during long-term operation in difficult 

mining and geological conditions; 

- organization of a scientifically justified system of targeted preventive measures 

that minimize the risk of spontaneous accidents in shafts.  
__________________________________________ 
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Анотація. У статті обґрунтовано технічні та організаційні рішення, спрямовані на підвищення 

експлуатаційних властивостей підйомних установок, розвиток методів і засобів управління експлуатаційним 
станом діючих систем в складних гірничо-геологічних і гірничотехнічних умовах. Визначено основні напрямки 
забезпечення інтенсифікації гірничих робіт, до яких відносяться модернізація вузлів піднімального устаткування, 
що радикально підвищують експлуатаційні властивості шахтних підйомних установок і розвиток методів і засобів 
моніторингу та управління експлуатаційним станом діючих систем. Розглянуто технічні рішення підйомних машин 
нового типу з двома послідовними тяговими шківами тертя, що мають значно більш високі характеристики 
навантажень і дозволяють застосовувати менш метало- та енергоємні підйомні машини. Обґрунтовано порядок 
оцінки стану шахтного стовбура і загальні види робіт по його моніторингу. Визначено концептуальні засади 
інтенсифікації гірничих робіт на шахтах і рудниках України на базі модернізації вузлів піднімального устаткування 
і вдосконалення системи контролю. Концепція закладає науково-методичні основи формування стратегії і планів 
розвитку робіт з комплексного обстеження та оцінки ризиків шахтних стволів з тривалими термінами експлуатації. 
Мета таких робіт - забезпечення ефективного і надійного функціонування шахтного підйому і підвищення рівня 
його експлуатаційної безпеки в умовах інтенсифікації гірничих робіт при переході на великі глибини видобутку. 
Сформульовано очікувані результати функціонування системи моніторингу експлуатаційного стану глибоких 
вертикальних стволів шахт і копалень в плані вирішення актуальних проблем добувної галузі України. Виконання 
таких робіт дозволить вирішити соціальні проблеми галузі за рахунок значного підвищення безпеки роботи 
підйомних установок та істотного скорочення виробничого травматизму при експлуатації шахтних підйомних 
стовбурів, економічні проблеми шляхом суттєвого зниження витрат на матеріальні ресурси та скорочення обсягів 
необґрунтованих ремонтів стовбурів за рахунок адресної локалізації місць підвищеної аварійної безпеки у 
стовбурах. 

Ключові слова: шахтний підйом, копальня, стовбур, армування, моніторинг, концепція. 
 

Аннотация. В статье обоснованы технические и организационные решения, направленные на повышение 
эксплуатационных свойств подъемных установок, развитие методов и средств управления эксплуатационным 
состоянием действующих систем в сложных горно-геологических и горнотехнических условиях. Определены 
основные направления обеспечения интенсификации горных работ, к которым относятся модернизация узлов 
подъемного оборудования, радикально повышающих эксплуатационные свойства шахтных подъемных 
установок и развитие методов и средств мониторинга и управления эксплуатационным состоянием действующих 
систем. Рассмотрены технические решения подъемных машин нового типа с двумя последовательными 
тяговыми шкивами трения, имеющими значительно более высокие нагрузочные характеристики и 
позволяющими применять менее метало- и энергоемкие подъемные машины. Обоснованы порядок оценки 
состояния шахтного ствола и общие виды работ по его мониторингу. Определены концептуальные основы 
интенсификации горных работ на шахтах и рудниках Украины на базе модернизации узлов подъемного 
оборудования и совершенствования системы контроля. Концепция закладывает научно-методические основы 
формирования стратегии и планов развития работ по комплексному обследованию и оценке рисков шахтных 
стволов с длительными сроками эксплуатации. Цель таких работ - обеспечение эффективного и надежного 
функционирования шахтного подъема и повышение уровня его эксплуатационной безопасности в условиях 
интенсификации горных работ при переходе на большие глубины добычи. Сформулированы ожидаемые 
результаты функционирования системы мониторинга эксплуатационного состояния глубоких вертикальных 
стволов шахт и рудников в плане решения актуальных проблем добывающей отрасли Украины. Выполнение 
таких работ позволит решить социальные проблемы отрасли за счет повышения безопасности работы 
подъемных установок и существенного сокращения производственного травматизма при эксплуатации шахтных 
подъемных стволов, экономические проблемы путем существенного снижения затрат на материальные ресурсы 
и сокращения объемов необоснованных ремонтов стволов за счет адресной локализации мест повышенной 
аварийной опасности в стволах. 

Ключевые слова. шахтный подъем, рудник, ствол, армировка, мониторинг, концепция. 
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