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In the KGHM Polska Miedź S.A. mines, excavated material is transported by transport
trucks to transfer points and then by belt conveyors to near-shaft storage reservoirs, from
where the excavated material is transported to the surface by means of a shaft transport
system. Transfer from the means of non-continuous haulage to the continuous transport
systems takes place at transfer points, where the excavated material is divided into two
fractions: oversized grain and undersized grain. The oversized excavated material
(which stays on the grating) is subjected to a process of crushing with the use of jack
hammers. The article describes the URB/ZS-3 device for the automatic cleaning of
the grating at  transfer points, and briefly describes the design and principle of operation
of the device. It also presents the purpose of constructing a block-crushing device and
the method of its automation.
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In the KGHM Polska Miedź S.A. mines, useful
minerals are quarried using explosives. The excavat-
ed material is transported to the surface using haul
trucks, conveyors, and vertical transport means; e.g.,
a skip. Transfer from the haul trucks to the belt con-
veyors happens at transfer points [1, 2]. The excavat-
ed material supplied to these points is characterized
by varying grain sizes, from 1 mm grains to blocks
with a volume of one cubic meter. Because large
blocks of excavated material can damage the convey-
or, screens called “gratings” are mounted at the
transfer points. The excavated material that stays on
the grating is subjected to a process of crushing with
the use of hydraulic jack hammers [3, 4, 5]. With the
appropriate manipulation of the hammer, the opera-
tor breaks the oversized grain until it is broken down
to a size that allows it to escape through the meshes in
the grating.

At present, most of the transfer points are
equipped with hydraulic hammers controlled from
the operator’s station located next to the transfer
point. Using different techniques for removing over-
sized grains from the grating, the operator reveals
oversized blocks to break them down to a size that
allows them to be transported by the belt conveyor.
The operator who works directly at the transfer point
(i.e., in the local control cabin placed directly at the
grating) is exposed to a number of adverse factors
such as noise, dust, vibrations, high temperatures,
and humidity as well as risks from the rock mass
(cave-ins, rock bursts, etc.).

Considering the above risks, a remote hammer
control exercised from within a room located at a safe
distance (of even a few kilometers away) from the
transfer point was developed and manufactured to
dramatically reduce the risks. The operator – who is
away from the transfer point – controls the operation
of the transfer point remotely using a remote-control
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panel (Fig. 1). Such a block-crushing device (Polish:
Urządzenie do Rozbijania Brył – URB) is manufac-
tured by KGHM ZANAM S.A., and a remote-con-
trolled version of the device is named «URB/ZS-1.»
Another version of the block-crushing device is the
URB/ZS-3, which autonomously cleans the grating at
a transfer point.

Relieving the operator by introducing a fully auto-
mated transfer point will increase the operator’s effi-
ciency, as the operator’s job will be to supervise
the operation of the equipment. This will enable the
operator to control a greater number of transfer
points than at present. The operator will intervene in
the operation of the transfer points only at the event
of failure. It was assumed that at least 80 percent of
the activities associated with block crushing will be
carried out automatically. And as for the remaining
20 percent of the time, the operator will intervene in
the operation of the autonomous system by taking
over the control of the transfer point. It was assumed
that the operator will intervene mainly in abnor-
mal situations. Therefore, the system gives the opera-
tor the possibility of taking over the remote control of
the boom.

A consortium composed of KGHM ZANAM S.A.
(Leader), AGH University of Science and Technolo-
gy in Krakow, and KGHM CUPRUM Ltd Research
and Development Center was established to conduct
development of transfer point.
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The constructed control system operates on the
basis of a freely programmable controller that em-
beds a real-time operating system. This system en-
sures the real-time synchronization of the control sys-
tem. After power on, a control program automatically
starts in the controller. The concept of the operation
of the program is shown in Figure 1. As can be seen,
the operator is always given priority, and it is the op-
erator who decides whether they will control the
hammer manually (locally or remotely) or turn on
the automatic mode. If the operator decides to select
automatic operation, they turn on the automatic
AHC system. The operator selects the type of opera-
tion based on the information from the cameras
and the information displayed on the touch screen
(as shown in Figure 2).

In Figure 1, it can be seen that the AHC system
controls the boom (URB/ZS-3) using the control sig-
nals determined on the basis of the current system
status and setpoint. Figure 3 shows the block diagram
of the AHC system. As can be seen, it consists of two
layers: the master control layer and the direct control
layer. In the master layer, the control system gener-
ates a trajectory that will be executed by the direct
control system after the shape and dimensions of the
spoil pile have been identified,. The trajectory was
developed by using heuristic algorithms and observ-
ing the grating-cleaning process. The trajectory is ex-
ecuted in the direct control layer.

Fig. 1. Concept of Automatic Hammer
Control (AHC) system

Fig. 2. View of GOI (graphic operator interface)

Fig. 3. Block diagram of AHC system
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As can be seen, four main modules can be distin-
guished in the AHC system:

– excavated material identification module,
– module for determining hammer-motion trajectory,
– inverse kinematics module,
– direct control module.

Spoil pile identification is the basic task of the
AHC system. It is very important that the appropriate
equipment is selected for this task. As a result of com-
pleting the task, the excavated material remaining on
the grating should be identified. Since the data on
the shapes and positions of the spoil piles (or on the
shapes and positions of the oversized grains) is sup-
plied in digital form to the control system, the exca-
vated material remaining on the grating can be re-
moved. Once equipped with the shape identification
system, the URB device becomes a robot that auton-
omously detects the position of the excavated materi-
al on the grating and then takes steps to remove the
said material from the grating.

Because the data on the parameters of the exca-
vated material is crucial for the operation of the
URB/ZS-3-type robot, a range of conceptual works
were carried out to identify the required features of
this equipment. The established objective, conditions
in the transfer points, size of the grating, length of the
post-mining pit, and requirements of the control sys-
tem were considered.

Figures 4 and 5 below show, respectively, a real view
of the excavated material on the grating and its elec-
tronic image after scanning. Based on this data, the
robot defines the trajectory along which it will move.

The module for determining the hammer-motion
trajectory is a closed part of the program, working in
a real-time system. It works in a sequential manner
and executes the selected scenario. The scenarios
were developed based on observations of the opera-
tion of the autonomous system. The operator selects

the type of scenario, and the AHC system executes it.
Because the arrangement of the excavated material
changes while the hammer is in operation, the ar-
rangement of the excavated material is identified on
a continuous basis. When there are changes in the
arrangement of the excavated material, the hammer-
motion trajectory can change at any time, and it actu-
ally changes. This happens for many reasons, because
when the trajectory is being executed, different types
of additional mechanisms are at work; e.g., the detec-
tion of oversized material. As a result of its response
to changes in the arrangement of the excavated mate-
rial, (or changes in other parameters of the excavated
material), the module for determining the motion
trajectory generates new motion trajectories of the
boom with the hammer. This feature of the algorithm
makes the AHC-equipped URB a device that adapts
to changing environmental conditions. The system
carries out these tasks autonomously; however, the
operator can interrupt the operation of the system at
any time and take over control of the hammer. This
manner of operation is possible thanks to the pro-
posed structure of the URB/ZS-3 control system
(which is shown in Figure 1). In this structure, the
remote-control system (which is the master system)
is connected to the AHC system. This enables the
operator to know the status of the device and stay in-
formed about any undesirable or emergency statuses.
Feedback from the AHC system enables the operator
to effectively supervise the status of the device and,
if necessary, take full control over it.

The trajectories generated on the basis of the iden-
tified excavated material are transferred to an inverse
kinematics module. This module, using the imple-
mented hammer kinematics model, determines the
setpoint outward strokes of the boom actuators.

Fig. 4. View of excavated material on grating Fig. 5. View of scanned excavated material on grating
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These are the setpoints for the direct control module.
This structure allows one to easily control the correct-
ness, consistency, or continuity of the trajectories.

The setpoints for the actuators (determined in the
inverse kinematics module) are generated by the reg-
ulators (Fig. 7) implemented in the direct control
module. This module deals with generating setpoint
positions of the actuators using the regulators imple-
mented in FPGA.
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The developed system for the automatic cleaning
of the grating at transfer points was implemented in
a remote-controlled version of the block-crushing
device – URB/ZS-1. This device is equipped with
a PLC, remote control panel (Fig. 6), and electrically-
-controlled actuators. Because the URB/ZS-1 was
implemented for operation in a mine, the device pro-

vides a great basis for developing the aforementioned
machine further and equipping it with an automatic
control system that will make it work in an autono-
mous manner.

After analyzing and testing the mechanical and
electrical design of the URB/ZS-1 and the grating-
-cleaning technology, the main assumptions for the
automation system were made:

– the control system must operate autonomously,
– the operator must be able to take over the control

and turn off the autonomous system at any time,
– at least 80 percent of the activities associated with

block crushing will be carried out automatically by
the device,

– for the remaining 20 percent of the time, the oper-
ator will intervene in the situation at the grating,

– the process of removing the excavated material
from the grating will last not more than ten-odd
minutes,

– structural changes must be as minor as possible as
compared to the URB/ZS-1 system.

The direct control layer shown in Figure 3 is com-
posed of freely programmable controller and  sensors
or transducers mounted on the boom and in the hy-
draulic system. The automatic control system is pre-
sented in more detail in Figure 7. It consists of a mea-
surement system for measuring the displacement of
the actuator as well as the angular displacements
of the boom joints. This redundancy at the system-
-testing stage was to reduce the potential risks of the
project. In the diagram, it can be seen that the signals
from the excavated material scanning device, sig-
nals from the operator, and current hammer statusFig. 6. General view of operator panel

Fig. 7. Schematic diagram of control system
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are processed in the unit named the “setpoint genera-
tor.” The unit determines the setpoints for the direct
control module.

The setpoint is transferred to the summation node
in which the error signal is calculated. Based on the
error signal, the regulators determine the control sig-
nals that control actuator valves S1, S2, S3, and S4.
The control signals controlling the solenoid valves
pass through the “Automatic – Joystick operation
switch” unit, which is used to select between automat-
ic operation and manual control by the operator.
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The constructed system was mounted on a test
stand at KGHM ZANAM S.A. (Fig. 8). The stand
was activated in a remote-controlled version. After
carrying out test runs, it was undertaken to start the
automation system (that is, the AHC system). For
this purpose, all of the measurement lines were
checked, the scales were subsequently introduced,
and the entire measurement system was tested. The
tests included tests of the ranges of motion of the ac-
tuators, the measuring ranges of the pathway trans-
ducers, the levels of interference, and the static and
dynamic properties of the system.

Fig. 8. URB device-testing stand

Next, the control system was tested, and the signals
controlling the solenoid valves were also checked.
The “manual” control was tested using the computer
by controlling the boom. The control range was
checked, and the parameters of the regulators of the
actuator control lines were subsequently set. The next
step was to start the direct regulator. The regulator
settings were verified and adjusted, and the step re-
sponses for all of the control channels were checked.

After starting the direct control layer, it was under-
taken to start the forward kinematics module and in-
verse kinematics module, motion control module,
trajectory determination module, and scanning and
analysis modules.

The following tests on the regulatory systems were
performed:

– range of motion of the individual actuators,
– speed of the actuators,
– interference in the measurement lines and

crosstalk between them,
– interference during motion.

After starting and testing all of the modules of the
AHC system, it was undertaken to test the entire sys-
tem. First, the scanning system was calibrated. Next,
the grating-scanning system was tested, and the sys-
tems of coordinates were synchronized. After com-
pleting the above-mentioned basic equipment and
software tests, a range of tests on the automatic oper-
ation were carried out. These included testing of the
work of two scenarios:

– random spreading of excavated material,
– labyrinth spreading of excavated material.
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This paper presents an autonomous robot system
for rock crushing. It shows the scope of works carried
out and briefly describes the automation system and
the structure of the control program. It describes the
undertaken tests, which included measurement sys-
tem tests, control system tests, test runs, verification
of the kinematic models, and kinematics module tests
as well as control module tests, scanning system tests,
and tests on the connection between the controller of
the AHC system and the PLC. The works carried
out have shown that the system executes the tasks in
line with the assumptions. The systems of excavated-
-material identification, trajectory determination, and
trajectory implementation work well. The conducted
research has shown that the system is able to satisfac-
torily remove excavated material of a significant size
from the grating. The next step is to install the system
on a real grating in accordance with the requirements
of the future user to check the capabilities of the sys-
tem under actual mining conditions.
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