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ABSTRACT

The article concerns the condition of automation and robotization of underground mining in Uzbekistan.
Attention has been focused on the specific character of the mining industry. This limits the possibility of
using robotization, and sometimes even the mechanization of certain processes. In recent years, robotic and
automated machines and machine system solutions have been developed and applied in Uzbekistan. They
are autonomous to a various degree, depending on the branch. The type of automation and artificial
intelligence depends on the specific use. Some examples presently being used include the MIKRUS
automated longwall system and autonomous device(s) for breaking rocks or mining rescue work. In
Uzbekistan, fully automated plow systems produced by foreign companies are also used. Companies in
Poland and international research centers are also actively engaged in the development of underwater and
space mining. where robotization is of key importance. (On the example of automation mechanization
processes and robotic systems in Poland).
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INTRODUCTION

Underground mining exploits various useful minerals. The exploitation and transport of minerals are mostly
mechanized. Some machines are automated and, to varying degrees, autonomous. In Poland, the largest
market for underground mining machinery is the mining of hard coal. This is followed by mining for copper
ores and other raw materials, such as rock salt or zinc and lead ores. The share of mining for these other raw
materials is small. Difficult conditions of machine operation have resulted in noticeable changes in the
approach to safety and comfort at work. This is the reason for seeking a method to eliminate or reduce
human participation in mining operations. The progress in mobile control and navigation techniques has led
to an interest in automation and robotization. Measurable economic benefits have been obtained by using
such solutions. Another important consideration is increasing the safety and comfort of underground
workers. Robotization can contribute to enhanced safety when withdrawing people from the most threatened
zones. These zones are where mining usually takes place. A separate and increasing need is using robots in
underground rescue operations. Coal mines are difficult workplaces, not only for humans, but also for
machines. Natural hazards, limited space, a lack of natural light, dustiness, humidity, high temperature and
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mine atmosphere hinder mechanization. Despite these adversities, Poland boasts many solutions developed
in national research centers in cooperation with machine manufacturers. The state of underground mining
automation and robotization in Poland will be presented through several selected examples.

MIKRUS Automated Longwall System

Raw materials found in coal seams are exploited by means of mechanized longwall systems. Longwall
systems are systems of compatible and cooperating machines that simultaneously carry out the process of
mining (loading and hauling of mined rock) as well as securing the roof. The extraction from ever-thinner
seams causes working conditions which make manual control difficult. Therefore, automated longwall
systems need to be developed. The American company Caterpillar Inc. is the leader in the field of automatic
plowing systems. Their most advanced product, GH1600, is used by two coal companies in Poland. A
competitive longwall technique is the shearer technology, which has been fully automated for use in thin
seams. The KOPEX S.A. group (Katowice, Poland) has developed and constructed a longwall system for
thin seams. Currently, the solution belongs to the FAMUR S.A group. The system, called MIKRUS
(“midget” in Polish), is equipped with a GUL-500 (stands for Polish words glowica urabiaj ,aco-taduj ,aca)
cutting and loading head with two cutting drums. GUL-500 is moved by a longwall conveyor along the coal
side wall by means of a cable system under the powered roof support units (Figure 1).

Figure 1. MIKRUS system produced by FAMUR S.A.

The whole complex is powered and controlled by an integrated system located on the surface of the mine
(Figure 2). In addition, in the event of a failure, the complex is equipped with a central desktop at the
operator’s station, which is located in the haulage heading. Trouble-free, automatic and optimal operation is
ensured by the EH-WallControl (Elgér + Hansen WallControl) automation system. Information on the work
of all longwall face machines is supplied to the automation system. Based on this information, the system
generates signals to the control systems of machines (shearer, conveyors, support units, pumps). In the event
that information about hazards or pre-emergency conditions appears in individual devices, the system
signals it at the operator’s workstation. If the permissible operating parameters are exceeded or pre-
emergency conditions occur, the system will turn off individual devices or will stop the entire system. For
security reasons, the operator can start up individual devices even if there is a risk of failure. Such a status is
separately and clearly recorded. All the data about the operation of longwall equipment are available in
particular menus called on the operator’s command and are visualized at his workstation. In the automatic
work cycle, the operator only controls the speed of the loading cutterhead feed, while the work of other
devices is controlled by the master system of the longwall automation complex. The operator can switch
over to manual control and change the operating parameters of the devices at any time. The combination of
the features of plow and longwall shearer systems in the MIKRUS complex translates into operational
efficiency in low faces. Moreover, the use of advanced control and diagnostic systems has enabled the
construction of a fully automated longwall complex. The MIKRUS longwall system for mining thin seams is
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a unique solution on a global scale. The MIKRUS longwall system allows for profitable and safe extraction
in thin coal seams. Innovative solutions based on automation contribute to employees’ comfort.

Figure 2. Cabin for monitoring the automatic operation of the MIKRUS system from the surface

Mine Master Self-Propelled Mining Machines
In ore mines, such as KGHM Polska Miedz S.A. (Lubin, Polnad), the useful mineral is usually mined by
means of explosives. Self-propelled drilling machines are used for harsh operating conditions, characterized
by an ambient temperature exceeding 35° Celsius and air humidity up to 98%. The machines are operated at
depths ranging from 600 m to 1200 m, where there are strong saline watercourses, which force the use of
subassemblies with high IP 67 (International Protection). In such extreme conditions, the human factor is
increasingly often an unreliable element, so a chance to improve work efficiency is seen in the automation
and monitoring of mining processes. Mine Master, in cooperation with the AGH University of Science and
Technology, based on joint experiences in drilling process automation, designed two modular drilling
machine monitoring systems. The system was implemented jointly with the machine user—KGHM Polska
Miedz—which works on selected Face Master 1.7 machines . Monitoring of drilling machines was first
introduced for systems that have a decisive impact on achieving the assumed productivity by machines. In
the case of Face Master 1.7 drill rigs, it was a system for monitoring the drilling parameters and drilling
frame settings in accordance with the assumed blasting pattern (Figure 3). The natural consequence of
monitoring was the implementation of systems for diagnosing the drive system and the hydraulic system of
machines. Monitoring has control over the machine, not only during the process of drilling, but also when
traveling to and from the worplace on roads with a slope of up to 15¢.

/A = 5

Figure 3. Face Master 1.7 machine with a control panel and a view of the Feeder Guide System (FGS) drill
rig positioning system.
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Monitoring systems for drilling machines used in underground conditions of KGHM Polska Mied z, which
successfully completed their tasks, include the following scope:

» Mapping of the blast pattern on the heading face and its visualization on the operator’s panel;

* Repeatability of the drilling process in the face geometry;,

* Monitoring and control of drilling parameters;

* Quick diagnosis of the drilling system;

* Increased work efficiency;

* Recording of work done;

» USB or WiFi data transfer;

* Generating reports on the work performed (Figure 4);

» Work “in the background” of systems so that their possible failure will not limit the basic functions of the
machines;

* Increasing the availability of machines through more precise and faster damage diagnostics.

The FGS system (Feeder Guide System) is the successor of the DMS system (Drilling Monitoring System).
DMS monitored only drilling parameters, such as speed, depth or pressure in the hydraulic system. The
basic element of the system is the operator’s panel, which contains software that controls the drilling support
process. The operator’s panel is resistant to operating conditions and has a high-contrast display with built-in
function buttons or a touch screen facilitating correct readings. The operator’s panel is additionally equipped
with an integrated USB port, which enables data transfer. Another element necessary for the proper
operation of the FGS system is sensors, the basic task of which is to determine the drill rig’s position
between the positioning and measuring elements. Thus, it is possible to reflect the position of the drilling
frame in the system and the control panel. The software allows employees to create 3D blasting patterns,
including the preparation of previous patterns and their uploading via a USB flash drive. The FGS system
allows obtaining one plane of the face regardless of the initial state. The length of individual holes is
calculated by the system in such a way that they end in one plane. Obtaining this effect with manual control
is not possible. The program for creating blasting patterns enables changing the direction of the excavation.
The result is the program choosing the appropriate length of the holes. The FGS system in drilling machines
has contributed to the improvement of drill rigs performance in the area where tests were carried out at
Polkowice-Sieroszowice mine, KGHM Polska Mied'z S.A. The FGS system has also enhanced work safety
for persons staying in the faces. This repeatability in the drilling process results in the proper geometry of
the face.
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Figure 4. FGS report on drilling with a comparison of the assumed (black) with actually completed blasting
pattern (blue).
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Famur Roadheader

Making drifts in underground mines is one of the most important processes. In most cases, headings are
made with roadheaders controlled locally by the operator. This work is dangerous due to falling rocks, dust,
noise and temperature. It was, therefore, decided to withdraw the staff from the area of shearer operation and
introduce systems for supervising and automating its work. Elgér-Hanses S.A., which is part of the FAMUR
S.A. group(Katowice, Poland), developed and implemented a shearer remote control system. EH-
RemoteHeadControl v2 is a system enabling the remote control of roadheaders designed for operation in
particularly dangerous zones due to the risk of gas and rock outburst as well as rock burst hazards. The
system allows the service staff to work in safe work conditions, as during the shearer operation, they stay in
a non-hazardous area. The safety of underground miners is the most important issue of all matters related to
the operation of underground mining plants.

The system consists of a few elements (Figure 5).

* Up to ca 50 m—100 m behind the shearer, a box with a laser shining parallel to the axis of the excavation is
mounted on the roof. The laser position is corrected using a wireless remote control.

» The shearer has a set of devices for automatic positioning of the shearer in the heading. The devices
include a set of cameras, sensors and a signal processing controller. A radar is used to communicate with the
laser.

» In the safe zone outside the directly threatened area is an operator’s workstation in the form of a cage with
monitors with a remote-control panel. The operator’s workstation is in the form of a cage with monitors and
a remote-control panel located in a safe zone outside the directly threatened area.

* Diagnostic of head tools wear

Figure 5. Structure of the EH-RemoteHeadControl v2 system
The data recorded by the laser sensor, radar sensor and cameras allow the visualization station to determine
the position of the shearer and the head. It also checks the possibility of their movement on an ongoing basis
and determining a possible collision. The 3D application additionally maps the state of Audio and video are
transmitted from three cameras located in the shearer’s surroundings. This allows the operator to better
understand the current conditions of the machine. The laser is installed in the excavation every 100 m and
gives a beam of light in two directions. The laser is set using a wireless remote control and/or PC
application. The data recorded by the laser sensor, radar sensor and cameras allow the visualization station
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to determine the position of the shearer and the head. It also checks the possibility of their movement on an
ongoing basis and determining a possible collision. The 3D application additionally maps the state of cutting
in the face. It uses various indicators and lights and provides information on the shearer’s condition,
including the signaling of warnings and emergencies (Figure 6). Data transmission to the surface of the mine

enables generating reports on the operation of the system.
ELGOR+ HANSEN A——

Figure 6. 3D application of the EH-RemoteHeadControl v2 system

Research and Development in the Field of Robotization of Mining in Poland

Research centers in Poland are engaged in works in the field of mining robotization, which concern not only
traditional mining, but also space and underwater mining. The effects of these works have, in most cases,
been tested in underground mine conditions, and some of them have already been implemented.

Autonomous Machine for Breaking Rocks

The most important elements of the ore mining process have been presented earlier. In this process, the
mined rock from the face is transported to the surface. The transport system includes non-continuous
haulage to handling points, also referred to as transfer points, where the mined rock is loaded onto conveyor
belts. Large lumps of mined rock can damage the conveyor, so the handling points are fitted with grates
mounted by means of manipulators with hydraulic hammers. The operator manipulates the boom to clear the
grate of mined rock in the quickest possible way. The operator is exposed to many adverse factors. First, a
hammer remote control followed by an autonomous machine were developed and installed. The project was
implemented by the consortium composed of KGHM ZANAM S.A., AGH University of Science and
Technology and KGHM CUPRUM Sp. z 0. 0. (Wroclaw, Poland). Research and Development Centre. The
main goal of the project was to develop an automatic grate cleaning system. Constructing an autonomous
machine required equipping it with an automatic control system, which, based on information from a
number of sensors, would react to changes in the environment and generate control signals in such a way
that the main goal, i.e., the cleaning of the grate, could be achieved. The main element was a hydraulic boom
with a hydraulic hammer attached at the end. The boom has 4 degrees of freedom. An analysis of the
functioning of the existing manual system was carried out and consultations with future users of the transfer
points were held. The conducted analyses enabled specifying the tasks to be performed by the machine. the
most important restrictions and requirements formulated in the form of the following assumptions. The
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control system should operate in an autonomous manner. * The operator can take over control at any time
and turn off the autonomous system.

* At least 80% of activities related to rock crushing will be performed by the machine automatically.

* The operator interfering with the situation on the grate 20% of the time.

* The process of clearing the grate of mined rock will last up to several minutes.

» Constructional changes must be as small as possible in relation to the existing equipment.

The system is, among other things, equipped with hydraulic cylinder sensors and a mined rock heap scanner.
The system was installed at the test stand at KGHM ZANAM S.A. (Figure 7). The stand was designed and
constructed in a manner enabling its use in the underground mines of KGHM Polska Mied"z S.A. The
device should be adapted to work in the following conditions:

* Relative humidity up to 95% at a temperature of up to + 40 -C

* Degree of corrosive aggressiveness—C according to PN-71/H-04651

» Maximum relative humidity at a temperature of + 25 °C or at lower temperatures with 100% steam
condensation.

Figure 7. Station for testing; (a) autonomous equipment; (b) operator’s panel; (c) GUI (Graphical User
Interface) view

CONCLUSIONS

The underground mining industry has difficult conditions and high costs of implementation. The
development of new technical measures is exposed to high risk in terms of both technical and financial
capabilities of the contractor. Research and development (R&D) entail the necessity to carry out basic tests
in the first phase, including design works. The second phase of R&D involves carrying out field tests and
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implementing new machinery and equipment solutions. These tests need to be carried out under specific
mining, geological, technical and organizational conditions. Tests must also comply with the regulations of
the State Mining Authority (Poland). The existing solutions that have been used for many years in various
industries cannot be easily transferred to underground mines. Robotic vehicles are currently able to respond
to typical road situations, including pedestrians, traffic lights and traffic control by a police officer.
However, underground loaders or dump trucks still do not have such autonomy. Moreover, typical
anthropomorphic robotic solutions work well in the production process. These solutions include the
implementation of assembly or welding processes, while the process of installing support arches in
underground excavations has only been mechanized. In mining, especially underground, the simplest
solutions are the best. Difficult conditions and high costs sometimes limit the use of technical means to the
necessary minimum. However, automation and robotization in mining are developing slowly and encounter
many obstacles. Some solutions have already been implemented in mining practice. Solutions include
systems supporting the work of self-propelled drilling carts and roadheaders, an autonomous machine for
breaking rocks, automated longwall systems, and rescue works. The effects of implementing these solutions
are tangible. The presented solutions make it possible to work in severe environment and conditions. People
are not able to operate in these environments and conditions. For more specific effects, more research and
analyses need to be conducted. Poland has many underground mining plants and producers of mining
machinery and equipment. Poland is good training ground for the development and testing of automated as
well as robotic machines and machine systems.
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