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Abstract: The research scientific article summarizes tharaents within the scientific discussion on the ésstiinternal
transport and machine park in mining companies. aehine park in mining companies is base of efeatnining
processes and optimal results of mining. The macpark in the mining company introduces a comhbamatif stagnant
and active equipment in the process of mining. gded of this article is to reflect the innovativgpgoach in the creation
of internal transport by machine park in the minaggnpany with the aim of increasing the reliabjlggfety, failures,
and efficiency of mining equipment. The entity loé investigation was the selected mining compar8lirnakia focused
on limestone mining. Approach of research wereided on using comparative analysis of the techpaemeters of
mining machines and their technical performandae rElevance of the decision of this scientifiesesh was connected
with the innovation of a mining machine park foaisse mobile machines with a combination of statigmaachines.
The article presents the results pointing to sigaift improvements in the machine park of the ngrdampany. In this
paper we suggest two alternatives (two models thanitor the factors as quality, costs, safety,atslity, and
optimization of company resources, which are imguarfor the optimal arrangement of equipmentshefdcomposition
of the machine park for a selected mining compaitly Mobil crusher Sandvik QJ341+, Mobile sorter Magkey S130,
Wheel loader CAT 972 M, and tracked excavator CR6Rand second alternative Mobil crusher Hartl 52/@/0obile
sorter Anaconda SR514, Wheel loader CAT 966 M eaxked excavator CAT 329E. The results of two aligves of
the machine park in a mining company can be recamat®ns for other mining companies in the arehuifling the
machine park for mining processes and its optirrunat

1 Introduction production equipment in the individual processeshef

The basic pillars of the “Sustainability” of mining mining life cycle (Figure 1). The mining companysha
processes are innovative approaches to the minifgalized production equipment for some main praeess
equipment, machines, technologies, and optimand the research was focused on helpful equipnsent in
application of the mining area in the synergy oé ththe main mining processes. The main goal of thisleis
operation of the machine park for the internal gt of  to point out the innovative approach in the creatibthe
each mining company. The production cycle of limast Machine park in the mining company with the aim of

mining and processing is based on the efficient afse increasing the reliability, safety, failures, arfficeency of
mining equipments.

e ‘
‘ @ o

Figure 1 Main processes of limestone Mining (owarse)

~ 0§ ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 1 Pages: 95-103 ISSN 1339-5629

Optimizing internal transport in terms of technical parameters in a mining company
Katarina Teplicka, Sona Hurna

2 Literature review and administrative activities during the life cyolobjects

Ambrisko [1] and Grzegorzewka, Stasiak-Betlejewskamachines and production equipment to fulfill tequired
[2] comment that the production potential createfinction [1,6].
indicators such as the number of machines, number o Process management can be provided by managerial
products, number of services, value of the grodseva instruments which are focused on special areas as
added, the price of buildings, the number and pdte maintenance. The most frequently implemented
assets, the average level of employment, productivimanagement —approaches include:  Supply chain
growth, the value of the machine, the efficienciofiy ~Management which is an important managerial tool
technical parametersi repairing, maintenancg,etermlnant all conditions Slgnlflcant for Suppheand
modernization and others. Those indicators creatase their use in praxis by the buying of machines iming
for the value chain and for performance manageriment companies [7]. Maintenance management is focused on
various enterprises in various processess [2]. Ghgn reliability, safety, functionality, reliability, cality, time,
market requirements, pressure to minimize prodoctigehvironment, and company costs [3,6]. Building @tze
costs, competition, but also legislative restriasitnave an Park in mining companies is the basis for the ss&oéthe
impact on mining processes and technical area ohima. Mining process and very important part for finahpege
park in the mining companies [3,4]. Operationalts@se ©f the company. The Machinery park in a mining pamy
very important part of th& management of the machinesstands on the financial plan which is creating pag of
and their performance. The main goal of mining camyp financial management. Financial management corgent
is minimize the operational costs. The one parha¢hine focused on the perception of the most importantféetors
park is transport infrastructure and internal tpamsin  Of its sustainable effectiveness and performancéhén
mining company. This area create 20% costs of génefontext of its social, technological, and procesgeats
costs of mining company and than is very important Such as maintenance efficiency [8].
solve transport and costs of machines park. Aralraji
Kimakovéa [5] they indicated in the final study ihefr 3 Methodology
research that the transport infrastructure and the In the scientific research of the mining compang, w
development thereof significantly affect performaraf progressed based on the algorithm of steps (Figure
companies.The development of the transport segimentwhich was the principled tool for leading complexearch
currently an essential process which affects imdst in the mining company in area of machines. Theesilgf
companies. The transport infrastructure and theicey research was the machine park in the mining comfamy
provided in this sector influence economic growtte limestone mining. Many methods were used in soltfireg
efforts aimed at increasing competitiveness, ad a®l research, such as analytical, economical, graphécad
prosperity of the society [5]. other.

Machinery management (Figure 2) in mining

companies is a major process focused on an efficie ( - ) ) )
maintenance system. Analysis of }')roduc.tlon equ'lpments,
1 collection of information
\ 7
Machine Park Model
Compare analysis of production
Machine Park Conception - performance, reliability, functionality, equipments
durability
Th i f parameters of the mini hin
| — R orthe — | —{ Evaluation of production equipments
| Mining machines supplier selection |
e 1
Purchase of machines, their installation, and assembly Suggestion of production equipments in
| machines park in mining company
The trial operation of the mining machine with testing \_ )

| Comassioning of the MRS Mackife | Figure 3 Algorithm of research in mining companwfosource)

Figure 2 Machine Park model in mining company (®earce)
In this research, we dealt with the life cycle of

The level of fleet maintenance has a significaridot ~ production equipment in the phase of effective insthe
on the performance of mining processes that arekdg mining process. By comparing analysis we watched th
performance indicators as index of efficiency, aeht of technical parameters of production equipment. The
function and other index of performance of techinitate ~economic life cycle of production equipment in fifease
of machines [3]. The maintenance process accotdittye  of using means for the modernization, repair otipation
ISO 13306 standard is one part of process managemen €quipment, or buying new production equipment. The
it is a prerequisite for performing technical, mgement, results of the research were the suggestion ofustamn
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equipment for a machine park in a mining company] Results
Analysis of production equipment, collection of Mining companies in the frame of innovation arengsi
information - this step of the research was redliZg a mobile machines with a combination of stationary
personal visit to the mining company. Comparinglgsis machines. Mobile machines are bringing advantages f
of production equipment - consists of comparingiodl  increasing demands of customers, for increasingrvelof
(past) and new equipment. Evaluation of productioproduction-mining, for flexible reaction to marketanges,
equipment - it consists of selecting the optimaldpiction  and for an easier process of production [4]. Thegany's
equipment for the machinery park in a mining conmypan decision depended on increasing sales and inrffici
The suggestion of production equipment in macha® production capacity in the process of crushing sorting.
in mining companies - creates a model of usingyetidn  The innovation process for the mining company meant
equipment in machines parks for the life cycle afing  puying new machines. The mining company boughta ne
and its sustainability. mobile crusher (Figure 4). The significance of nimbi
machines is connecting to transport extracted raterial.
In this way, the mining company is able to bringnabile
crusher, a mobile sorter directly to the excavatet.

\ : : ;‘!'-"*&"3 S8

Crusher Sandvik QJ341+

= [ - 1t
Crusher Hartl Powercrusher 12/65J
Figure 4 Mobile crusher in Machine Park in miningnespany (own source)

Based on a comparison (Table 1) of the performafce material. In the event of a failure of one devibe, device
the original Hartl 12/65J mobile crusher and thevnewill be replaced by another device without cessatibthe
Sandvik QJ 341+ mobile crusher, we can concludgliea crushing process. This machine is capacity resémve
Sandvik mobile crusher is more powerful to 50t/lmn foMachine Park. This machine is capacity reserve in
fraction 0-63 mm and 80 ton/h for fraction 0-100 nithe  Machine Park. The capacity reserve in Machine Rark
mining company is able to use both crushers aséime mining company is instrument for to block the main
time and thus produce more fractions of extracead r process of reason no functionality of machine [9].

Table 1 Analysis of technical parameters of motileshers

Original machine New machine

Mobile crusher [ Hartl 12/65. | Mobil cusher | Sandvik QJ341
Machine performance

fraction 0 — 63 mm 150 ton/t fraction 0-63 mm 200 t/t

fraction 0 — 100 mm 250ton/h fraction 0 =100 mm | 330 t/t

Source: (own source — research)

The mining company bought a new mobile sortematerial into 0-10mm fractions, 10-32mm fractio2;
(Figure 5). As part of the mining company's maching 80mm fractions and an oversized 80-130mm fracfidwe.
was also necessary to purchase mobile sorterstasffiae  introduction of new mobile sorters has increased th
following post-crushing process. Anaconda SR514 arflxibility of processing the extracted raw matéria
McCloskey S130 mobile sorters sort the crushed raw
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Sorter McCloskey S130
Figure 5 Mobile sorter in Machine Park in miningrapany (own source)

The flexibility of handling mobile devices signifintly  loaders (Figure 6). Due to the mobile crusherssznelens,
facilitates the transfer of equipment and prepansfior the it was necessary to add more powerful wheel loadérns
processing process (crushing and sorting), whidlinction of wheel loaders is to load trucks andhfdppers
significantly increases overall productivity. Otherthat feed the raw material into mobile crushers.
equipment that is used in the mining process iselhe

Wheel loader CAT 966M
Figure 6 Wheel loader in Machine Park in mining @amy (own source)

With the help of new wheel loaders (Table 2) with @aechnical parameters than the new CAT 966M and CAT
larger spoon volume, the loading time of cars wi#l 972M wheel loaders. Operating weight is higher aa®
significantly reduced, thus speeding up the acthiglment kg for CAT 966M in comparing with Dosan DL 250and
and the continuity of the crushing and sorting pesc The 5900kg for CAT972M with comparing with Volvo L120E.
Dosan DL250 and Volvo L120E wheel loaders have towe

Table 2 Analysis of technical parameters of wiesder

Original machine New machine

Wheel loader Dosan DL 25 Wheel loader CAT 966M
Operating weight 14 000k Operating weight | 23 200k
Spoon volume 2.5m* Spoon volume 4.4m*
Wheel loader Volvo L 120E Wheel loader CAT 972M
Operating weight 19 000k Operating weight | 24 900k
Spoon volume 3.3m* Spoon volume 4.8m®

Source: (own source — research)
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Spoon volume is higer on 1.9%for CAT 966M in  based on the volume of the bucket and the numHerrgf
comparing with Dosan DL250 and Spoon volume isthigélhe following facts were found when comparing ofdl a
on 1.5 ni for CAT972M with comparing with Volvo new wheel loaders (Table 3).

L120E.More powerful wheel loaders had to be evalat

Table 3 Analysis of wheel loader

Wheel loader Spoon volume | Number of lorry (24 ton)
Dosan DL 25 4.0C 6.00
Volvo L 120E 5.28 4.55

CAT 966M 7.04 3.41

CAT 972M 7.68 3.13

Source: (own source — research)

The results of the wheel loader optimization shbatt excavators (Figure 7) with greater weight and the
the new CAT972M wheel loader is able to load akrucassociated possibility of a larger volume of buckstd,
almost twice as fast as the Dosan DL 250 wheeklgaat which allows you to use the capacity of production
the volume of its bucket is almost twice as lafgepart of facilities to the maximum and reduce the time regflito
the optimization of the machinery in the mining @any, ship processed raw materials.
it was necessary to purchase more powerful tracked

———

Tracked excavator CAT336F Tracked excavator CAT329F

Figure 7 Tracked excavator in Machine Park in mgnaompany (own source)

The function of the tracked excavator is to load thnew crawler excavators. More powerful crawler extars
excavated rock into a mobile crusher. We analyse twill ensure continuous production due to the camsta
technical parameters (Table 4) of tracked excasdtom utilization of crushers and shorten the intervahwiving
mining company. We can see a comparison of origindl blasted rock from the floor to the crushing site.

~ 99 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 1 Pages: 95-103 ISSN 1339-5629

Optimizing internal transport in terms of technical parameters in a mining company
Katarina Teplicka, Sona Hurna

Table 4 Analysis technical parameters of trackezheator (own source — research)

Original machine New machine
Tracked excavator | Dosan DX 22 | Tracked excavator CAT 329E
Operating weight 23 600k Operating weight 30 500k
Spoon volume 1.7m? Spoon volume 1.8m?
Tracked excavator \E/(C)ZI\ZISOCNl Tracked excavator CAT 336F
Operating weight 31 000k Operating weight 27 200k
Spoon volume 1.7m? Spoon volume 2.2me

Original machine New machine
Tracked excavator | Dosan DX 22 | Tracked excavator CAT 329E
Operating weight 23 600k Operating weight 30 500k
Spoon volume 1.7m? Spoon volume 1.8m?
Tracked excavator \E/(C)ZI\ZISOCNl Tracked excavator CAT 336F
Operating weight 31 000k Operating weight 27 200k
Spoon volume 1.7m? Spoon volume 2.2me

Source: (own source — research)

The technical parameters of the new tracked excevat of the machines park [12]. Recent developmentsriars
are reflected in the operating weight and spoomimel mining technology have enabled the production,
Operating weight for CAT 329E is higher on 6900kg t collection, and sharing of a large amount of dataeial
Dosan DX225 and Spoon volume is bigger 03fanCAT  time. Therefore, research employing machine legrnin
329E. Operating weight for CAT 336F is lower on 889 (ML) is very efecive . Among the ML models, support
to Volvo EC290CNL and Spoon volume is bigger 05 mvector machine was utilized the most, followed @el

for CAT 336F. learning models. The ML models were evaluated mastl
terms of their root mean square error and coefftcaf
5 Discussion determination [11,13]. In mining machine park is

The framework of the mining machine park and asseégportant to use new technologies. Currently, tuba
the technical level of the machines used affects tinining industry is seeing a growing interest intéat
dynamics of volume of the extraction [10]. Very ionant Powered electric machines, which are replacingtisola
part of the machine park is the technological yat#t Powered by internal combustion engines. Both mahin
mining equipment. Dogan, Derya (2021) comment th\gere.s_pemally de5|gne_:d to substitute diesel mashimthe
technical and economical style makes it possible @Pnditions ofan ore mine. They are the lowest tyrbeind
determine the optimal structure of the mining emepts battery-powered drilling and bolting rigs with orird
park, as well as to modernize the technology of tHehargers. The machines can also be charged bynekter
production process of extraction and to form appate fast battery chargers [14]. Modern theories thakenap
mobile sets of machines for the extraction [11]nidg the paradigm of sustainable development, and tis¢ be
organizations need to use different kinds of teqhes and Practices derived from them, are based on the stemsly
tools in order to fulfill their foundation goals tife mining  ©f individual and public needs, factors of econogriowth
process. In this aspect, using machine learning)@auld and ecosystem protection [15]. Green economy eigans
be very helpful for dealing with challenges in migi The is moving from a challenge facing modern societyhi
parts of this machine learning technics created i.glominant area of scientific thinking, which is ieasingly
clustering,  classification,  regression,  correlationfocused on solving the problems of reducing the
algorithms - i.e., support vector machine, neustivork, ~anthropogenic impact on the environment consist by
learning types i.e., ensemble learning, deep legrrind Mining activities. It is very important fact for ning
performance metrics i.e., accuracy, mean absolute e cOmpanies to create machine park with machinessfoou
which are connected with risk management [11] environmental SUStalnablllty [16] The need tOlmme

Risk management in mining companies is an importafite machinery in the selected mining company aed th

part of quality management orientated to mainteeamd Purchase of new equipment arose due to an inciease
creates the view for the use of lean managemeheiarea demand from the steel and construction industdesver
all orders from customers.
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Figure 8 New Machine Park in mining company (owarse)

The first step in the optimization process was thacked excavators with better technical parametens
decision to combine stationary and mobile equipnient also replaced, which was reflected in the proditgtiof
the mining process. Mobile equipment with the &pilo  the mining process. The first alternative (Figujef@
move in the mining area will save time and powertfie machine park in mining company is combination of
processes of crushing the raw material and itsngprt machines: Mobil crusher Sandvik QJ341+, Mobile esort
Mobile crushers and screens purchased by the miniMgCloskey S130, Wheel loader CAT 972 M and tracked
company for flexibility and simplification of the excavator CAT 336F. The second alternative (Fi@yifer
production process are used and bring benefitshéo tmachine park in mining company is combination of
crushing and sorting processes. The mobile cruahdr machines: Mobil crusher Hartl 12/65J, Mobile sorter
mobile sorter is able to deliver directly to thecaxated Anaconda SR514, Wheel loader CAT 966 M and tracked
rock, which represents flexibility and operabiliys part excavator CAT 329E.
of the optimization of the machine park, wheel kr@dand

Figure 9 New Machine Park in mining cbmbny(owu)
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The flexibility of handling mobile devices signifintly
facilitates the transfer of equipment and prepardfior the
processing process (crushing and sorting),
significantly increases the overall productivity.her
property of flexibility is very important for a cquany in

industry — the case of PolantiZ" WoodEMA Annual
International Scientific Conference on Digitaliseti

which and Circular Economy: Forestry and Forestry Based

Industry Implications, Bulgaria, 11-13 September
2019, 257-262, 2019.

today's competitive market, the company needs @b [3] CSIKOSOVA, A., JANOSKOVA, M.,CULKOVA,
to respond quickly to market demands and produce a K.: Application of Discriminant Analysis for Avoidg

sufficient quantity of the required quality [17].

6 Conclusions

The necessary to optimize the machinery in themgini [4] ZIVCAK, J.,

the Risk of Quarry Operation Failudournal of Risk
and Financial Management/ol. 13, No. 10, pp. 1-14,
2020. https://doi.org/10.3390/jrfm13100231
PUSKAR, M. BRESTOM, T,

company and the purchase of new equipment arostodue NAGYOVA, A, PALKO, M. PALKO, MAROS,

an increase in demand from the steel and consiructi
industries to cover all orders from customers. flilséstep
in the optimization process was the decision to liom
immobile and active equipments in the mining predesat
can be substituation in the mining space and imtiméng
processes. The main goal of this research andeantas to

point out the innovative approach in the creatidn d5] ANDREJIOVA, M.,
machine park in the mining company with the aim of

increasing the reliability, safety, failures, arfficeency of
mining equipment.The paper presents the result# poi
significant improvements in the machine park of ingn

KRAJNAKOVA, V., IVANKOVA, J., SMAJDA, N.:
Development and Application of Advanced
Technological Solutions within  Construction of
Experimental VehicleApplied Sciences/ol. 10, No.
15, pp. 1-22, 2020.
https://doi.org/10.3390/app10155348

KIMAKOVA, Z.: The
comparison of transport infrastructures in indidtu
Slovak regions by applying PCA and cluster
analysisActa logistica Vol. 7, No. 4, pp. 225-234,
2020. https://doi.org/10.22306/al.v7i4.182

equpments. Results of analysis were suggesting tWél MARKULIK, S., TURISOVA, R., NAGYOVA, A,

alternatives of composition of machine park forestd

mining company with Mobil crusher Sandvik QJ341+,

Mobile sorter McCloskey S130, Wheel loader CAT 872
and tracked excavator CAT 336F and second altemati

Mobil crusher Hartl 12/65J, Mobile sorter Anaconda

VILINSKY, T., KOZEL, R., VASKOVICOVA, K.:
Production Process Optimization by Reducing
Downtime and Minimization of Cost&HFE 273 Vol.

1, pp. 220-227, Springer, Cham, 2021.
https://doi.org/10.1007/978-3-030-80713-9_29

SR514, Wheel loader CAT 966 M and tracked excavatdfl KOT, S., HAQUE, A., BALOCH, A.: Supply chain

CAT 329E. Mobile crushers and screens purchasebeby
mining company for flexibility and simplificationfdhe
production process are used and bring benefitshéo t
crushing and sorting processes. As part of theropdition

of the Machine Park, wheel loaders and trackedwatoas
with better technical parameters were also replaghith
was reflected in the productivity of the mining pess.The
results of two alternative of machine park of mgin
equipments in mining company is the strategy ofhiree
park for the future for many other mining companies
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