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Abstract: Vertical transport with the help of mining hoigliequipment in the deep mining of mineral raw makgis an
essential part of the entire complex of intra-compaansport at every mining plant. This paper aimsimulate the
material flow ensured by double-action hoistingipoent. ExtendSim was used as a simulation tooi¢clwbombines
the possibilities of discrete and continuous siaiiaand is used by researchers in various fifltie. paper presents a
simulation model of the material flow - coal trangpfrom the underground to the surface. The pajmr presents the
results of the experiments performed on the cresitadlation model, too. The simulation model isugable auxiliary
tool for the decision-making process or analysithefcurrent state and rationalization.

1 Introduction categorized from several systemic perspectives. For

As one of the |Ogistics processes, the transpoﬂqms example, the categorization by the maximum rated
currently has an irreplaceable place in the laggstiystems Vvelocity: the category of large mine hoist machinéh a
of companies and the supply chain. The common gioal rated velocity above 3 misand the category of small
transport, both internal and external, is to sptistomers’ hoisting machines with a rated velocity below 3 tn.s
needs, i.e. move the material at the right timeheoright According to the method of transport, we differatei[3]:
place and in the required quality with the effeetisse of A) Single-acting mine hoist. They are characterizethby

means of transport and equipment. fact that only one transport container is suspeffiched

In the mining industry, intra-company transport fzas the rope. They make it possible to perform minitgrf
important position. In underground operations, masi any horizon without pushing the transport container
transport systems are used for horizontal trangporting Compared to double-acting mine hoists, they haife ha

rail transport, rake and belt conveyors, suspended the performance - capacity.
transpor[, trackless mining transport' etc_)_ \dalti B) Double-actlng mine hoist. They are used much more

transport with a mine hoist is often used in deépesito often than single-acting mine hoists. During tramsp
transport material from and to the underground. éMin two transport containers are used, which can bg hun
hoisting machines are complex machinery used $e ratie on two hoisting ropes of a double drum hoisting

and waste rock and transport personnel, materiats a Machine to both ends of one rope or several hgistin
various mining equipment between the mine surfack a  fopes when using a hoisting machine with a friction
its underground. A standard hoisting machine comsita disc. With this method, drum hoisting machines easu
hoist drive, headframe, ropes, conveyances (cages o transport from any horizon, allowing the hoistinpe
skips), and control and safety devices. [1] to be lengthened or shortened. In the case of minin

Definitions of the basic concepts of vertical traor using a friction disc, dual-action transport catydre
are given in several publications [2]. Mine hoisncbe done from one horizon.
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Sometimes combined mine hoists are used, chamederi used by several authors in simulations in varicakl$
by having different transport containers susperatedoth [9,11,12].
ropes in drum equipment and on both ends of the inop
friction disc transport. 2 Methodology

Designing mechanical parts of the mine hoist begins To apply the simulation and create a simulation ehod
with proposing hoisting machine parameters (idmatifon it js necessary to conduct a thorough analysishef t
of an appropriate machine type, calculation ofbiésic material flow. In this case, the flow of coal frothe
parameters, mining capacity, transport velocitguied  underground to the surface was analyzed, whichsared
output, etc.). For this purpose, manufacturersspeeial py a skip double-acting mine hoist with a frictidisc used
computer software to create several optimizatiof Slovak mining operations. The material flow Fo®n
alternatives [4]. in the formalized diagram in FigureAs can be seen from

This paper aims to present a simulation model ef thrigure 1, the coal is stored in the undergroundburCoal
material flow when USing a double-action mine hOiS"iS poured into the Storage bunker Viaadischagmrfrom
Simulation as a scientific method is now widelydis® 3 mine railway wagon. Coal is filled from the bunksing
research and practice. Currently, they are usedHer j pelt scale into a skip transport container. Altading
creation of simulation models in various areage coal into the skip container, the skip contawith coal
(transportation systems, handling systems, proohictijs hoisted to the surface, where the coal is uridakirough
systems, urban planning systems, logistics systemge lower opening in the skipontainer into the storage
ecological problems, etc. [5,6]), several simulattools punker, from where it is then moved using belt @ywrs
such as Witness [7], Tecnomatix Plant Simulatioh [8for further processing. Since the flow of coal is\pded
Extend [9] and others. by a double-acting mine hoist (two skip containdrjs

This paper will use the ExtendSim simulation td@][  essential to point out that in that moment of logdtoal

This simulation system combines discrete and coatis  into the skip (1) underground, coal is being un&mhttom
simulation capabilities and is a popular simulatiooi for  the skip (2) on the surface.

PC_MS Windows and Macintosh computers. This tod wa

underground | surface
INPUT: coal EXIT: coal in
in the bunker the bunker
. . lift of the skip with
loading of coal into .
. coal from unloading of coal from
the skip from —> = .
underground to skip to the bunker
bunker
the surface
—> coal flow

— flow of skip with coal
Figure 1 Flow of coal from the underground to theface

Blocks from libraries were used to create simutatio  The blocks used to build the model are explained in
models. "ltem.lix", which contains blocks for criegt Table 1. In shows the Print Screen of the creatadl ftow
discrete simulation models, and "Plotter.lix" —dde that simulation model shows Figure 2
allow displaying the progress of the simulation.
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Figure 2 Print Screen of the simulation model
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Table 1 Used blocks Table 2 Used blocks
% "Executive" — block for controlling the | Experiment A B
& simulation time. Simulated time [hours ] 1 55
| "Create" - the block generates inputs to the mﬁmgg: g; Ir?o"j}gteezsslﬂf Cc%r::gir:]ers 24 o 13C129
‘_/E simulation model. In this case, it generates p. i
¥ coal batche Number of unloaded skip containers 23 129
"Queue" - a bunker, represents a series of Block using “loading [%6] 68 69
o F‘ generated inputs (coal batches) waiting for| Bjock using “Transport” [%] 32 31
loading. - ;
i . Block using “unloading [% 69 68
Clsensor | "Gate" - the task of the block is to ensire g gL%]

that the request enters the process at| the
@L:JE q P the Figure 3 shows one of the outputs of Experimerittfe

P-?-?a”:]esgtc)trrt]f Slroecvllti)uitseretqh%et:stirc]otrrr:iréleéize’ blue curve represents the number of unloaded batohe
ensures that both loading and unloadin coal, and the red curves represent the numberaolebb
oceur within the or-time interval batches and their duration. It can be seen inighee that
"Activity 1" — the block delays the elemet the first batch of coal was unloaded at the mo_mthﬁn
for a specific time, representing the activity the second batch of coal was loaded undergrdtigdre 4

of loading coal into the skip. shows one of the outputs of Experiment B.

"Activity 2" - the block will delay the ~ i e

element for a specific time, representing the * B

activity of unloading coal from the sk - Floter, Dserete Even

rand |, | "Random Number” - blocks generate inppits =~ ==

(times) of activities (loading, lifting =

unloading
N\, | "Transport" - transports elements from gne

See

D,

CMinimum
-

place to another, representing the relocation
o | (lifting) of a batch of coal from the place pf St S S O O O O
loading to the place of unloadi ° s

v

g K F "Exit" - request output, number of unloadgd

=4

/ anl batCh.eS - Figure 3 Graphical results of Experiment A
= ] Plotter, Discrete Event" - the block from

gi—=ma| | the input values draw graphs of the

. . . 4] [28] Plotter, Discrete Event =N |
simulation and writes the values of the 7

monitored inputs into a tab

3 Resultsand discussion
Several experiments were performed on the simulatic
model. The input data was obtained directly frora th
operation. The time of loading and unloading coamd
from the skip container is 90-120 s for a weighioftons
of coal. This interval was entered into the “Randor

] 3200 Lo 900 13200 18500 15500

Number” blocks as input for the “Activity” block§ he 2

hoist time of the skip container was measuredénrédmge Figure 4 Graphical results of Experiment B
of 45-50 s. The interval was entered in the “Random

Number” block for the “Transport” block. 3 Conclusions

Several experiments were performed on the simuatio The simulation model simulates the material flow

model. Experiment A for a simulated time of 1 hourgngyred by vertical mine transport, which is realiby a
Experiment B for a simulation of 5 hours and 30ut#s 4o,ple-action mine hoist.

corresponds to the real working time on the miristhdhe The result of the simulation experiments is the bem
average results from the experiments are summaiizedns coal batches that were moved from the undergtdan
Table 2. the surface during the simulated time and thezatilon of

individual blocks, too. The number obtained in thiay
can be used to calculate the mine hoist's hourhacity
and the mine hoist's daily capacity. The simulatiwodel
is a suitable auxiliary tool for decision-makingher when
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designing new systems or evaluating existing onef] ONOFREJOVA, D., JANEKOVA, J., GRINOVA,
Expansion of the model is also possible with other A., SOLTYSOVA, Z.: Simulation and evaluation of

activities, or it may represent other activitieattshould be production factors in manufacturing of fireplaces,

addressed in future research. International Journal of Simulation Modelling/ol.
19, No. 1, pp. 77-88, 2020.
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