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ABSTRACT

Introduction: The goal of this study is to investigate how the development of technology has affected the
industry (especially the mining industry). For this purpose, this paper examines the impact of intelligent
mining machinery systems, including tire pressure monitoring systems (TPMS), dispatching systems,
and vehicle health monitoring systems (VHMS), on health, safety, and environmental parameters and
preventative maintenance.

Material and Methods: This study is descriptive-analytical research that was conducted between time
intervals before and after employing the intelligent mining machinery systems. Initially, parameters were
identified using the Delphi method. These parameters include human accidents, equipment accidents,
environmental incidents, warnings and fines in the domains of health, safety, and the environment, tire
usage parameters, the shelf life of the tire, oil overfill, fuel consumption, failure rate, mean time between
failures, and preventive maintenance compliance schedules in the domain of preventative maintenance.
The effectiveness of using these systems was then assessed by comparing the state of the specified
parameters before and after the introduction of the intelligent mining machinery systems.

Results: The findings of this research indicate that using intelligent mining machinery systems will
decrease equipment accidents by 33.3%, extend the useful life of tires by 7.1%, reduce fuel consumption
by 14.6%, cut the mean time required to repair by 25.5%, and enhance preventive maintenance
compliance schedules by 5.7%.

The findings showed the effectiveness of the use of intelligent systems of mining machines was obtained
as follows: reduction of equipment accidents by 33.3%, increasing the useful life of tires by 7.1%,
reducing fuel consumption by 14.6%, reducing the average downtime of the car for repair by 25.5% and
increasing compliance with the maintenance program by 5.7%.

Conclusion: Utilizing intelligent mining machinery systems might have a positive impact on the safety of
machines, reduce negative environmental effects like fuel consumption, and improve the maintenance
of heavy machinery, which would lead to better mining conditions and lower costs.
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1. INTRODUCTION

To guarantee the efficient and well-coordinated
development of intelligent transport systems, it is
essential to comprehend individual performance
and how it affects traffic safety. On the other hand,
cutting down on the mean repair time of a car and
miscellaneous costs is a crucial goal for effective
technology use. Additionally, intelligent transport
systems could be implemented to decrease fuel
usage and pollutant emissions. Komatsu has
designed machinery to monitor and diagnose the
condition of heavy equipment. The equipment
includes a vehicle health monitoring system
(VHMS). In actuality, VHMS is a controller that
continuously gathers data about performance status
and makes early diagnoses of problematic system
symptoms. A dispatching system is a management
system that controls mining operations in a mine
in an intelligent manner. This system consists of
two components: hardware and software. Several

sensors are put on tracks, shovels, drills, etc. as
part of the hardware component. The dispatching
unit receives all the information online. The
software then processes the information. In
addition to defining safety parameters, the impact
of using these technologies on safety could also be
examined. Moreover, a tire pressure monitoring
system (TPMS) is a system that notifies the driver
when the tire pressure exceeds a predetermined
level.

The key performance indicators (KPIs) are the
essential elements in measuring and monitoring
the health, safety, and environment (HSE) systems.
In this study, parameters of human accidents,
equipment accidents, warnings and fines have been
investigated. The studies that have been carried
out in this field so far have measured the role of
different equipment and technologies in various
issues.

This study is the first to evaluate the effectiveness

Fig. 1: The twelve steps of the research in three phases (the preliminary examination and identification of parameters,
collecting data, and data analysis)
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of utilizing three intelligent systems, including
TPMSs, VHMSs, and dispatching systems, on
parameters like human accidents, equipment
accidents and warnings and fines. As a result,
this research is essential for boosting awareness,
gathering data for management, and making
decisions to modernize and improve the current
mining industry.

2. MATERIAL AND METHODS

The data regarding the HSE parameters
and preventive maintenance (PM) was identified.
The parameters included human accidents,
equipment accidents, environmental incidents,
warnings and fines, oil overfill, fuel consumption,
tire usage parameters, the shelf life of the tire,
failure rate, mean time between failures, and
preventive maintenance compliance. The data was
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divided into two categories before and after the
establishment of the mentioned intelligent system.
To gather the data, checklists, paper documents,
online documents, and other registered data were
used. The process consists of three major phases,
including the preliminary examination and
identification of parameters, collecting data, and
data analysis. These twelve steps shown in Fig. 1.

3. RESULTS AND DISCUSSION

There are four and seven parameters linked to
HSE and PM, respectively. A total of 24 instances for
each parameter are taken into account. There are 12
parameters before and 12 after using the intelligent
systems. The collected data is described in Tables
1 and 2. Results from the Mann-Whitney U test
showed that after the implementation of intelligent
mining machinery systems, various parameters
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Fig. 2: The effectiveness of using intelligent mining machinery systems on determined parameters

Table 1: Frequency distribution of studies based on place of research and type of environment

Parameter Type Parameter Frequency
HSE human accidents (Frequency) 8 6
HSE equipment accidents (Frequency) 75 50
HSE environmental incidents (Frequency) 2 1
HSE warnings and fines (Frequency) 154 173
PM tire usage (number of used tires) 44111 53524
PM shelf life of the tire (Hour) 57332 61372
PM oil overfill (Liter) 38122 35987
PM fuel consumption (Liter) 671930 573984
PM failure rate (%) 321 314
PM mean time between failures for machine repair (Hour) 19817 14755
PM preventive maintenance compliance (%) 882 932
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Table 2: The data analysis results for the chosen parameters at the mining site

parameter Mann- Wilcoxo Asymp. Sig. Exact Sig. [2* p-
Parameter . ” . .

Type Whitney U nW (2-tailed) (1-tailed Sig.)]

HSE human accidents 62/0 140/0 -0/653 0/514 .590b 0.514
HSE equipment accidents) 34/0 112/0 -2/223 0/046 .028b 0.046
HSE environmental incidents 66/0 144/0 -0/604 0/546 .755b 0.546
HSE warnings and fines 58/5 136/5 -0/782 0/434 443b 0.434
PM tire usage 56/5 134/5 -0/904 0/366 .378b 0.366
PM shelf life of the tire 35/0 113/0 -2/136 0/033 .033b 0.033
PM oil overfill 57/0 135/0 -0/866 0/386 .410b 0.386
PM fuel consumption 32/0 110/0 -2/309 0/021 .020b 0.021
PM failure rate 61/5 139/5 -0/611 0/541 .551b 0.541
PM mean time between 37/0 115/0  -2/021 0/043 045b 0.043

failures for machine repair

ti int
PM preventive maintenance 37/5 115/5  -1/997 0/046 045b 0.046

compliance
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such as equipment accidents, shelf life of the tire,
fuel consumption, mean time between failures
for machine repair, and preventive maintenance
compliance in the period after the use of intelligent
mining machinery systems significantly improved
(p < 0.05) compared to the period before the use of
these systems.

4. CONCLUSIONS

The results of the analysis indicated that using
intelligent mining machinery systems could lead
to favorable effects in the domain of machinery
safety, reducing the environmental effects such as
fuel consumption, and preventative maintenance
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conditions of heavy machines. Some of the
parameters in this study did not lead to a noticeable
change. These parameters include equipment
accidents, warnings and fines, tire usage, oil
overfill, and failure rate. This can be because of
how they were recorded or because of the study
period. Therefore, it is recommended to increase
the instance size and maintain consistent recording
mechanisms for warnings and fines to obtain more
accurate results in future works.
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