IOP Conference Series: Materials
Science and Engineering

PAPER « OPEN ACCESS You may also like

- Historical backaground and developmen
SCADA Class Software of the KOGA Control t—u%'T hzotlg
system of Jig Beneficiation Node e

- Technology of fine coal grains recovery
from the mining waste deposits
D Kowol and P Matusiak

To cite this article: J Rogala-Rojek et al 2019 /IOP Conf. Ser.: Mater. Sci. Eng. 545 012009

- Improving the quality of hard coal products
using the state-of-the-art KOMAG

solutions in a pulsating jig nod
D Kowol and P Matusiak

View the article online for updates and enhancements.

c '. o ; " - DISCOVER

how sustainability

The ., Ak intersects with
Electrochemical ¢ ' |
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.14.130.24 on 06/05/2024 at 23:54


https://doi.org/10.1088/1757-899X/545/1/012009
https://iopscience.iop.org/article/10.1088/1757-899X/679/1/012001
https://iopscience.iop.org/article/10.1088/1757-899X/679/1/012001
https://iopscience.iop.org/article/10.1088/1757-899X/679/1/012001
https://iopscience.iop.org/article/10.1088/1757-899X/679/1/012001
https://iopscience.iop.org/article/10.1088/1757-899X/427/1/012025
https://iopscience.iop.org/article/10.1088/1757-899X/427/1/012025
https://iopscience.iop.org/article/10.1088/1757-899X/641/1/012004
https://iopscience.iop.org/article/10.1088/1757-899X/641/1/012004
https://iopscience.iop.org/article/10.1088/1757-899X/641/1/012004
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsv2G9pEEyvSE2UBeKF-WonGxYv5pXkopaU6WTvDO32D7vTv67Yn8SEzGlLXvroVoYgvpFQcZm_bmzJI2ilzgIv9Os0mmjRYhDH7cBzccsmTm5RlMhTy1xtUXkADJScHH6X2fif1hSmfRkgA4vM5OuZ3ivngPdRH7v7BtFegdNDjPKdyZIXqebhtV8ZDeYh2BY4Oa-QH4jYp0mXX-6ZOIclR8l87Ou4LUuLFgCPfRs8ddDFPZ984w69k5cqNOuUk5nUDDZNaSexsF0KTJ-G6zH_4_1jQWPJrd-_J4iUSPR55-euiuCrf1DpuVNR8PY5CHMNSmRhRpBkpCSBmwA4X1X-8rBSQng&sig=Cg0ArKJSzJfhAY2N8wmv&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

INNOVATIVE MINING TECHNOLOGIES (IMTech Scientific and Technical Conference) IOP Publishing
IOP Conf. Series: Materials Science and Engineering 545 (2019) 012009 doi:10.1088/1757-899X/545/1/012009

SCADA Class Software of the KOGA Control system of Jig
Beneficiation Node

J Rogala-Rojek, K Stankiewicz and S Jendrysik

KOMAG Institute of Mining Technology, Division of Bthatronic Systems,
37 Pszczyska, 44-101 Gliwice, Poland

jrogala@komag.eu, kstankiewicz@komag.eu, sjend@kikmag.eu

Abstract. The article presents a proprietary visualizatiofivezre for the coal beneficiation
process, which enables monitoring of the jig noderation and full control of trends relating
to all signals from sensors installed in the syséeth connected to the controller, among others
a movement of the float, a position of the cuhaarti a position of the overflow threshold. The
results of analyses regarding the selection of freffulator settings, determined on the basis of
industrial research, are also presented.

1. Introduction

Increasing the quality of products obtained in phecess of beneficiation, carried out in jigs, oalc
mechanical processing plants, requires a implertient@f solutions from the broadly understood
industrial automation. An indispensable componehthese solutions is computer software, the
application of which is related to the hardwareelaycommunication layer, control, analysis,
acquisition, archiving and visualization of dataheTjig node control system, developed at the
KOMAG Institute of Mining Technology, provides: awperational monitoring and control of its
correct functioning, an automatic emergency shutdand remote manual or sequential stopping and
starting of the jig and the machines associatel ivit

2. Characteristics of thejig control system

An efficient progress of each technological procesgiires an implementation of a proper control
system of each machine being a part of the jig nbdéhe process of hard coal beneficiation, taking
place in pulsatory jigs, a very important factogtefmining their proper operation, includes an

efficient and precise control of raw material feggiand removal of the beneficiated product. It is
connected with a necessity of a complex automatidghe node, which can ensure a proper interaction
of the jig with the feed system and bucket conveyamllecting products from the jig. An exemplary

structure of the jig node control system is preseim figure 1 [1, 2].

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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Figure 1. Structure of the distributed control system oftjgneficiation node [3, 4].

The KOMAG Institute of Mining Technology has beeonducting research projects on a

development of systems for a control of a jig nfateseveral years. In 2010, the first prototypehaf

system was installed in the processing plant ofBhdryk mine. Initially, the system was used to

control a pulsatory jig, and then, in the firstfhafl 2011, it was extended by an integration whk t

bucket conveyor control [1]. The KOGA jig node cahtsystem, developed at KOMAG, was also

implemented in 2016 in Spica mine, branch of KW S.A. (Coal Company) [5].
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The control system developed at KOMAG, built on Hasis of a PLC programmable controller,
provides monitoring and control of the correct gpen of the jig node, automatic, emergency
shutdown and remote, manual and sequential stopgig start-up of the jig and machines that
cooperate with it [1].

The basic functions of the control system inclutle [

* a pulsation control, with a possibility a changitgyparameters in relation to the length and

number of cycles,

= an automatic adjustment of the heavy products ciudle,

» aloosening stabilization of the beneficiated matéayer,

= a measurement and recording of quantities relatan operation of the machine,

* an automatic control of the jig in the place ofirtstallation as well as a possibility of control

through a dispatching system,

= an automatic and manual (from the operator’s papadid control of bucket conveyors,

= an automatic unloading of the jig.

A very important element of the control system tedato a production process is the so-called
human-machine interface HMI. The role of such iatees, in modern systems based on PLCs, is
played by operator’'s panels and SCADA software €duipory Control And Data Acquisition) [2].

They provide a textual or graphical representabibphenomena occurring during a realization of a
technological process. They also make it possibleéack and control a flow of the process via a
terminal, such as a computer monitor or an opeésapamel screen. Use of these tools increases work
comfort, both for the personnel directly operatihg process, as well as the management staff,
allowing to obtain information about the processaimuick and easy way and at the same time
enabling as follows [2]:

= monitoring an operation of the machine:

- switching the machine on/off,

- giving orders to the operator concerning e.g.:citmeect sequence of switching on and off

of a given machine (recipe),
- displaying process messages and information,
= process diagnostics, including:

- monitoring process parameters,

- scaling of values in specific engineering units,
displaying text messages, alarm/data history,
defining alarm thresholds,
signalling faults and alarm confirmations,
= setting values and changes of thresholds of regul&iops,
= conducting manual control of the object,
= keeping of archives of process data with an optictheir printing,
= generating of a process visualization.

3. I T system supervising the technological process (SCADA)

An operation of the node is monitored by a visudian application (SCADA), whose main screen is
shown in figure 2. The application is installed @@omputer, in the control room of the processing
plant. Its main functionality includes a visualipat of the process and keeping archives of the
measurement data, however, the range of its cépebils much wider. By using an appropriate
logging system, it allows trained users to accelssuaced control functions and settings of reguhatio
loop parameters.
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Figure 2. View of the main window of visualization applicat.

The main screen shows basic information alan operation of all thggs and bucket conveyo
installed in the processing plalndividual machines are groupadcording to the connections to the
control cubicles. The softwateser (after clicking the button marked with a bikgene) is able to vie\
more detailed information on aperation of individual machines (figure 3).

(24

Tryb pracy:

PRZENOSNIK
KAMIENNY 5058

zczegot.) | Panel synoptyczny

Predkosé [m/e]:

185

Tryb pracy:

PRZENOSNIK
PRZEROSTOWY 5064

|Trendv | panel synoptycany (s

archiwalne

Pradkost [m/s):
456

Tryb pracy:

|pane

& System wizualizadii e [ )
DATA czas OPIS ALARMU |

|

RZENOS A
PRZENOSNIN i e DMUCHAWA
KAMIENNY S05A
\ LLL e
Predkos¢ [m/s]: Cisnienie [kPa]:

655

NADAWA

Wydajnosé [t/h]:

[2019-03-08 12:08:36,421] Polaczont
[2015-03-08 12:08:36,453] Potatzonc

[19216810.210

Figure 3. View of the visualization application window witlperating parameters of ji.



INNOVATIVE MINING TECHNOLOGIES (IMTech Scientific and Technical Conference)

IOP Publishing

IOP Conf. Series: Materials Science and Engineering 545 (2019) 012009 doi:10.1088/1757-899X/545/1/012009

The application, beside the current visualizatibthe jig node operation, enables a presentation of
time series of selected parameters and keepingrttiéves of measured parameters (figure 4). The
window is divided into 6 parts, and each of thenaldes to display time series of parameters
measured in the specific jig chambers. Changinthefdisplayed parameter or selecting the next one
is performed by pressing the right mouse buttotherselected interval and selecting a given rarfige o

parameters (figure 5).
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An application also enables viewing alarms or tseees of selected parameters from the last 30
days. The "Data" folder with historical data isatexl on an FTP server supported by the driver. With
the start of a new day, further subdirectories emeated in the "Data" directory, whose names
correspond to the dates of their creation. Dags fdre saved daily in the subdirectories. A coraplet
directory from the whole day contains 24 files wiithe series of selected parameters and one alarm
file. Selecting a data file causes a display ofrdmrded waveforms in a tabular form (figure &), a
well as in a form of a graph (figure 7).
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Figure 6. Visualization application window - archival data {abular form).
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Figure 7. Visualization application window - archival data §raphical form).

All the parameters are displayed on a single charich enables to compare the selected
waveforms. It is possible to apply filters and selbe data to be displayed on the chart. Thisised
by pressing the right mouse button and selectiagrtteresting parameters (figure 8).
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Figure 8. Archival trends window - filtering the range okglayed data.

A selection of the alarm file displays the alarmsarded on a given day (figure 9). It is possible t
apply filters and display only the alarms from fedected ranges. This is realized by pressingighe r
mouse button and selecting an interesting ranggs¢f 10).
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Figure 9. Window for reading recorded alarms.
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Figure10. Archival alarm window - filtering the range ofspiayed alarms.

Since 2010, the correct and failure-free operabibtne system installed in the processing plant of
the mine, has been noticed.

The collected measurement data allow ITG KOMAGdoyg out work related to search for further
correlations of process parameters between indavichachines included in the jig node [2, 3]. The
algorithms implemented in the application enableaaded data analysis and contribute to the
development of more perfect and reliable algoritfimnsffective control.

One of the tasks of the jig node control systeroistabilize the position of the separation layer
(density of separation) by keeping the float ativeery height. As part of the work carried out, an
algorithm was implemented using a PID controllehick controls the opening of discharge slots
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Figure 15. Fragment of the application window (diagram) -
degree of deviation of the minimum position of fifram
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Figure 16. Fragment of application window (diagram) -
distribution of change of minimum float positionrainge no. :
(using PID regulato- after 2nd tuning).

The presented characteristics were recorded duhirge measurement sessions, in which
position of the float in one of the compartmentsswacorded for 60 minutes. The recorded n
values and standard deviations are presenttable 1.

Table 1. Minimum position of float without/with regulatiorysten.

PID controller With PID controller  With PID controller
presettings (after 1st tuning) (after 2nd tuning
standard deviations 9,01 5,18 4,30

mean values 44,12 46,75 48,01
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During the first batch in 60 minutes, the averagki® of the separation layer was 44.12 mm and
the standard deviation was 9.01 mm. After the mead tuning PID controller, whose task was to
maintain the separation layer at the set valueSahf, the mean value during the tests was 46.75 mm
and the standard deviation was 5.18 mm. After awaitiempt to adjust the PID regulator settings, th
mean value of 48.01 mm and the standard deviatfod.20 mm were obtained. Comparing the
distributions presented in figures 11-16, it cancbeacluded that the implementation of the control
system stabilized the position of the distributiaper (distribution density) at the set value. Tests
showed that the mean value was close to the seétdtia regulator's operation was improved in terms
of control efficiency.

As a part of further research and development wibiik, planned to extend the application by an
advisory module, which, basing on tracking shod komg-term trends, will enable to predict hazards
and optimize control algorithms. For this purpasejnterface will be implemented, which will enable
creating, editing and deleting expert rules, usgdhie system, as well as procedures of concluding
mechanism and of a visualization of its results.

4. Summary

The research and development work undertaken at KGMims at an improvement of the existing
solutions as well as a search for new opportunitiegpply information technology. The article
presents an example of a visualization system,atipgrtogether with a control system. The solution,
presented above, has been implemented in minei isnalso used in the designing process as well as
optimisation of control algorithms at the KOMAG ftitgte. As a part of further research and
development work, it is planned to extend the aapilon by an advisory module.
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