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Abstract: Unscheduled downtimes in machine operation are one of the main reasons behind their low
availability. Such downtimes are caused by miscellaneous factors and remain difficult to identify in a
number of cases. This particularly refers to enterprises that conduct their activities in changing external
conditions, such as hard coal mines, where exploitation is carried out in extremely complicated,
changeable and dangerous conditions. The process of coal production makes use of various machines
that must be adapted to these conditions. The specificity of the working environment makes it necessary
for these machines to exhibit high reliability, readiness and efficiency. These features, in turn, make the
cost of the machines very high. It is therefore reasonable to make the best use of their capabilities, which
translates into the effectiveness of the entire production process. The article concentrates on determining
the availability of these machines. It has been assumed that availability is one of the fundamental
parameters that define the effective utilisation of machines. The tests were conducted for a longwall
shearer as well as an armoured face conveyor and a main haulage conveyor in one of the hard coal
mines in Poland. Industrial automation systems were used to determine unscheduled downtimes in the
operation of these machines, as well as their time structure and causes. The results obtained indicate
that the number of unscheduled downtimes represents a serious problem in mining exploitation.
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1. INTRODUCTION

In a free and open market, all enterprises strive to achieve the best effects of their activities.
To make it possible, they do their best to optimally utilise the technical, human and intellectual
resources possessed. While creating a competitive advantage on the challenging market, it is
crucial to take account of all the production-related aspects. This is also true of hard coal
mining. This sector too is attaching increasing importance to the optimisation of the production
process by analysing its particular stages and implementing changes with a view to achieving
better results. The fragmented approach to this problem stems from the absence of adequate
investment resources. For this reason, this sector is making increasingly extensive use of new
technical solutions that have been successfully applied in other sectors of the economy. These
include, for example, industrial automation systems that are available in mining machinery and
whose results are not always used for improving the effectiveness of this sector. At present,
virtually all the sectors of the economy are taking advantage of industrial automation systems,
which support the production process and its management. Due to the specific working
conditions, the machinery used in mining are exposed to a number of factors that are non-
existent in the establishments from other sectors. As a result, these conditions make it
necessary to utilise all the capabilities in order to monitor their operating status. External
factors, related to the fortuitous nature of environmental interactions (in this case, the rock
mass, gases, temperature, etc.), make it impossible to fully predict the conditions in which
these machines will be working (Stecuta et al., 2017a). This particularly refers to various types
of hazards that occur during the process of underground exploitation. These hazards involve
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methane (Brodny and Tutak, 2016; Tutak, 2017a) and fire (Tutak and Brodny, 2017b; Tutak,
2017b) risks, which can significantly disrupt this process.

As a result, these machines must have considerably higher working coefficients and technical
parameters than their counterparts operated on the ground. At the same time, in order to
achieve the expected effects, the operation of the machines must proceed as scheduled. Any
unscheduled downtimes and low effectiveness are difficult to accept. In order to assess the
operating status of the machines, tests were conducted to determine the number of their
unscheduled downtimes. The tests were carried out for selected machines within the
automated longwall system that is responsible for direct mining of the rock mass. The analysis
encompassed the operation of a longwall shearer along with an armoured face conveyor and
a main haulage conveyor. The registered results of the operating parameters of these
machines served as the basis for determining their availability and, subsequently, for
identifying their unscheduled downtimes. On the other hand, the system for registering the
causes of downtimes, which has been developed and applied in the case at hand (Brodny et
al., 2017; Stecuta et al., 2018), was used to determine the causes for the machines under
analysis.

The results obtained unambiguously indicate that unscheduled downtimes of mining machines
represent a significant problem for the maintenance of production continuity and may disrupt
the process of production planning (Jonek-Kowalska, 2017a; Jonek-Kowalska and Turek,
2017). During the tests, which spanned over one working week of the longwall system, there
were a large number of such downtimes, amounting to approximately half of the ordinary
working hours of the machines in question.

These results demonstrate that it is necessary to undertake more decisive measures in order
to improve this situation. In the Author’s opinion, a considerable part of the problems related
to the occurrence of these downtimes stems from inappropriate organisation of work and
incomplete knowledge of the employees in this regard. To improve this situation, it seems
necessary to enhance the effectiveness of the employee training system. The steps taken in
this respect so far has been defined by the employees themselves as unsatisfactory (Palka et
al., 2017; Palka, 2017). A change in the philosophical approach to work by mine workers
seems to be the right direction of the transformation in the mining industry, which is aimed at
improving its viability (Stecuta et al., 2017b).

The paper presents the results of the tests carried out according to the methodology presented
in other works (Brodny et al., 2017; Stecuta et al., 2017a; Stecuta et al., 2018). Due to the
limitations on the length of this paper, its description has been omitted.

The tests and analyses conducted show that, in order to objectively determine the operating
status of machines, it is necessary to make use of automation systems. Such systems offer a
reliable method for registering the working parameters of machines, independently of the
employees’ subjective assessments. Only such data make it possible to carry out a reliable
diagnosis, whose results allow for the implementation of improvement measures.

2. RESEARCH AND RESULTS

The purpose of the tests whose results have been presented in the paper was to demonstrate
the possibilities of using industrial automation systems for the analysis and assessment of the
operating status of selected mining machines. Particular emphasis was placed on determining
the impact of unscheduled downtimes in the operation of these machines on their availability.
Moreover, the time structure of these downtimes was identified and, based on the data
possessed, the causes of some of the registered downtimes were determined. The tests
encompassed three machines comprising the automated longwall system, including a longwall
shearer along with an armoured face conveyor and a main haulage conveyor. The analysis
was based on the data registered by industrial automation systems. While determining the
downtimes and availability of the machines, account was taken of the time courses of the
currents consumed by these machines and the advance speeds of the longwall shearer.
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Figure 1 presents the time courses of the current consumed by the right cutting drum and
advance speeds of the longwall shearer. The time courses encompassed approximately 10
working hours of the shearer (over 583 minutes).
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Fig. 1. The time courses of the current consumed by the right cutting drum and advance speeds
of the longwall shearer

A similar analysis was conducted for the armoured face conveyor and the main haulage
conveyor. In this case, the registration encompassed the time courses of the currents in the
main and ancillary motors of the armoured face conveyor and the motor of the main haulage
conveyor. These courses for the operating time of these machines equal to approx. 167
minutes have been presented in Figure 2.
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Fig. 2. The time courses of the currents in the main and ancillary motors of the armoured face
conveyor and the motor of the main haulage conveyor
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The courses registered served as the basis for determining the availability of the machines
under analysis and defining the time structure of the registered downtimes. The analyses were
conducted for one working week of the longwall system, encompassing 15 working shifts (i.e.
5,400 minutes of ordinary working time).

Figure 3 shows the availability indicators determined for the machines under analysis for the
particular working shifts. They have been defined as the ratio of their actual working hours to
the ordinary working time. Moreover, the average value of availability was determined for all
the machines under analysis and the results have been additionally summarised in Table 1.

Table 2
The values of availability indicators
Machine Average values of Maximum values of Minimum values of
availability indicator, % availability indicator, % availability indicator, %
The longwall shearer 49.9 +3.8 55.4 44.6
Armoured face 541 +43 628 46.7
conveyor
Beam stage loader 57.8 4.4 66.3 51.7
The entlrg set of 53. +4.8 66.3 446
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Fig. 3. The availability indicators determined for the machines under analysis for the particular
working shifts

The results also served as the basis for analysing the time structure of the unscheduled
downtimes registered in the machines’ operation for the period under analysis. The results
obtained for the longwall shearer have been presented in Figure 4. The application of the pilot
system for registering the causes of downtimes made it possible to identify a substantial part
of such causes. In this respect, it was possible to identify the causes of approximately 56% of
unscheduled downtimes in the operation of the longwall shearer in the period under analysis.
The causes of these downtimes have been summarised in Figure 5.
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Fig. 4. The availability indicators determined for the machines under analysis for the particular
working shifts
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Fig. 5. The availability indicators determined for the machines under analysis for the particular
working shifts

4. CONCLUSION

The issues presented in the paper are of crucial importance for the process of hard coal
production. This is because the effectiveness of this process depends on the utilisation degree
of the technical resources owned by mining enterprises. These resources are mainly
comprised of all types of equipment, including machines used in mining exploitation. The
method presented in the paper for analysing the operation of machines involved in mining
exploitation makes it possible to determine a number of interesting working parameters. The
example at hand concentrates on a longwall shearer as well as an armoured face conveyor
and a main haulage conveyor. From the perspective of work continuity in the mine, these
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machines are extremely important. This is because their reliability and effectiveness determine
the efficacy of the entire exploitation process. The results presented are based on the data
obtained from the industrial automation system. This makes it possible to objectively determine
a number of operating parameters of the machines under analysis. This, in turn, represents
the basis for a more in-depth analysis of the production process and allows for more reliable
identification of the problems present in this process.

The example at hand focuses on the determination of availability for the machines under
examination and on the identification of the structure and causes of the unscheduled
downtimes occurring in the production process. The results obtained clearly demonstrate that
the machines in question were underused in the period under analysis. The availability values
determined were around 50% of their ordinary working hours. The average for all the machines
analysed amounted to less than 54%. Even considering the specific conditions in which mining
exploitation takes place, the values obtained are very low. It should also be stressed that no
critical events were recorded during the period of analysis, which could have significantly
disrupt the production process.

The analysis of the downtimes registered in the operation of the shearer indicates that the
great majority of such downtimes constitute disruptions of a short duration. More than half of
the downtime duration included interruptions not longer than 5 minutes. In this case, it seems
reasonable to verify the causes and validity of these downtimes.

The tests in this field do not fully clarify such causes. The registration system used for this
purpose mainly made it possible to identify the causes of downtimes lasting more than 5
minutes. Nevertheless, the analysis of the results indicates that the primary cause is mining
problems related to the rock mass. There were also a dozen of downtimes in the operation of
the shearer caused by the organisational factor. It can be assumed that these causes should
be examined in the first place and, whenever possible, resolved.

The present paper indicates the necessity of broader application of IT tools and elements of
industrial automation for analysing the process of mining production. At the same time, a
number of areas were identified where these tools could be used without major expenditures.
The analysis of literature clearly indicates that practical application of these machines in the
mining sector is becoming increasingly common today (Brodny et al., 2017; Stecuta et al.,
2018; Brychczy, 2007; Brychczy, 2011). The results obtained should provide an essential
source of information for the maintenance department and the management of mines.
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