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Computer simulation as a means of efficiency of trasport processes of raw
materials in relation to a cargo rail terminal: A case study

Martin Straka®, Janka Saderov¥ Peter Bindzat, Tomasz Matkusand Marcin Lis®

The article deals with the use of computer simafafor the solution of a streamline of transporbpesses in relation to the cargo
rail terminal. The case study is focused on thesefuence problem of transport processes at théeraninal. The rail terminal serves as a
means of the mineral resources delivery suppott thié necessity of scheduling a lot of means ofpart. Unloading time of a wagon with
a capacity of 60-70 t based on observations andsoreanents in practice varies on average from 385aninutes. Time for unloading the
wagons affects their length of stay at the loadiregk as well as the waiting charges that affeceéragional efficiency. The problem is
related to the utilization of concrete computer imtion system EXTENDSIM for the necessity of sitral and more effectivity of the
whole transport system with his processes. Thedite solution is the practical application of gomter simulation for the needs of
effective activities of concrete transport processea concrete company. The intention is to shmpractical role of simulation systems
and to use EXTENDSIM as concrete simulation sy$terthe needs of a streamline of transport processed activities of a concrete
company. The objective of this study is to complaeeseveral possibilities of alternative solutiarfsactivity concrete system, which is
created from unloading the mineral resources fraiway wagons by cyclically working grab and thartsport of mineral resources to
places of storing. The simulation was performeddiffierent variants of the unloading process. Timeutations in this article simulate the
process of unloading of ten railway wagons and onleader by a different number of trucks (2, 3 d@)groviding a transfer of mineral
resources. The simulation results show that theswnloading time is reached when unloading bywreader working with three or four
lorries; this represents a decrease of 10% whenpaoed use two lorries. The simulation results shioat the effective unloading time is
reached in dependence on the number of working snefanansport and scheduling of the whole system.

Keywords:Computer Simulation, Transport Processes, EXTEND&A&iIl Terminal, Efficiency of Processes, Caselptu

Introduction

Dynamic changes in the business environment requiveell-organized supply chain, and this requires a
proper organization of logistics processes withi énterprise (Groover, 2007; Kot, 2015; Olah et24118).

The transport of minerals is carried out by varioyses of vehicles. Most often, for on and off-ginsport
of bulk raw materials are used road trucks, wagostsips, long-distance belt transport and other
(Marasova et al., 2007). Choosing an appropriatensief transport depends on several factors. Bedgeraw
materials property, the factors include route lareytd the amount of transported material. For ftlwesport of
smaller amount of raw materials within companysngises (quarries) and short-distance transporeffample,
construction, mining, agriculture, food industrye anostly used trucks and various types of conveybelt,
bulk-conveyor). For the horizontal transport in theling conditions, mining rail transport and bedtinveyors
are used. Vertical mining transport uses transpage towing equipment and conveyors (Marasova..e2@09;
Simkova et al., 2019). Wagons are used for tranisgpa huge amount of materials over long distanees
ships transport bulk material. Before the actumhsportation takes place, it is necessary to loaduaload the
suitable means of transport at the intended de&tmarhe method of loading and unloading is agipendent
on the type of minerals, means of transport andadihg facilities available (Toomey, 1996).

Several authors deal with the loading and unloagirugess in the literature, and it is not only tlee bulk
materials. That issue is most elaborated for rhinals; articles are dedicated to modelling antukation of
bulk material or containers (Bugaric and Petrof2i@Q7; Demirici, 2003; Carteni and de Luca, 20123 Kt al.,
2002; Jari et al., 2019). Wagon unloading is wide becauseg typpe of transportation uses various types of
wagons for which different unloading equipment.

Literature review

The modelling process can serve as a basis foctsgjeunloading process or rationalization of théstng
system, which has a significant impact on the eat#u of the performance of the transport systerherentire
enterprise (Rosova and Balog, 2012; Ho et al., 20HD et al., 2014; Markulik et al., 2018; Kovacsl &ot,
2016).

The problem is related to the utilization of conersimulation system EXTENDSIM for the necessity of
simulation and more effectivity of the whole traogpsystem with his processes. It is the produchefimagine
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That, Inc. USA company. A simulation language ibaised belongs to advanced simulation capabilitiesre
the simulation model consists of blocks that asuged in the libraries. Its use is simple and tivei System of
implementation of transport processes is limitedabjack of suitable means of transport, createsteaof
downtime and restriction of planning for the needishe efficient use of means of transport andagfidtics
ensuring. The aim is to streamline and configure tilansport system to a level that would be efiects
economically, technically and also by side the dtigs. The aim of the solution is the practical laggpion of
computer simulation for the needs of effective\aiitis of concrete transport processes of a coaarempany.
The intention is to show the practical side of dation systems and to use EXTENDSIM as concreteilsition
system for the needs of a streamline of transportgsses and activities of a concrete company.

For the transport of mineral resources by railrghare used the types of wagons marked by capitar$ as
follows:

E - Open Top (High wall) wagon of ordinary constioc with a flat floor and the possibility of fraaitor
side tipping (wagons are designed to carry the bulk general cargo goods that doesn’t require dhage of
covered space and protection from the weather).

F - Open wagon of special construction (wagonsdasegned for the carriage of the bulk of powderalk b
goods like coal, limestone, gravel, etc.). Wagomstauction enables double-sided gravity unloadihgomds.

G - Covered wagon of normal construction (wagorsdasigned to carry the palletized goods, genergog
bulk grain or another bulk substrate like industsalt that must be protected from the weather. Wagons
allow the transport of live animals).

T - Wagon with an openable roof (Tds) - wagon cfcs@l construction with a convertible roof (wagaen i
designed to transport bulk goods requiring weafitetection). The wagon construction enables dosluled
gravity unloading of goods.

Conceptualization of traffic flow pattern is onetbé influential factors on traffic simulation mdide (Kim,
2011; Bohacs et al., 2018). The same idea is nagefw the creation of a simulation model of orarisport
system.

Unloading of minerals from railway wagons underlreanditions can be carried out in various ways
depending on the type of rail wagon, type of miterinading mechanisms to be available and formsanfs-
loading. The Slovak Republic is specific in that ferritory features normal and broad railway gaumel
besides classic wagon unloading also loading amgadimg of minerals from normal to broad railwayuge
takes place (Saderova and Bindzar, 2014). Thus trerthree dimensions of the process:

1. Unloading of minerals from the standard gaugbvagy wagons using different types of unloading
systems.

2. Unloading of minerals from broad gauge rail wagyasing different types of unloading systems.

3. The transhipment mineral resources from railwegons on a broad gauge to standard gauge railway
wagons that may be realized as direct transhipowindirect transhipment.

In the direct transhipment, minerals are direaiiysferred from broad gauge wagons to parallel wagjoat
are then shipped to customers. In the case ofeicdiranshipment, the minerals are not transfediexttly from
wagon to wagon, but minerals are firstly unloadsih@ unloading devices to another type of vehiclé moved
to storage or to an open dump. Then, when thedinees, its loading is carried out in the requiradrdity.

Unloading of mineral resources in all forms canréalized in four ways — by shovelling, scoopingptng
or by self-unloading. Self-unloading requires tphedal construction of railway wagons allowing dtaibided
gravity discharge of raw material (series F and)Tdke first three forms are used for the unloadihgnineral
resources from high-wall opened or closed wagoegegs E and G). It is important to use suitableoadérs
depending on the form of unloading. There are ugsoof unloaders for shovelling, scooping and tigpi
(Saderova and Bindzar, 2014):

- Means of “small mechanization” are consideredna@chanisms where human effort remains an
essential factor (mechanical shovel),

- Means of “complete mechanization” like mobile amitige grab cranes, bucket unloaders, front and
rotary tipplers.

Modelling and model creation is one of the basioerpetic approaches to study, analysis, desigrdasigin
of systems. The modelling is the process of reptaa dynamic system by its model. The model reptesa
simplified object or process and is created onrapmger, physical or real object (Malindzak, 2008aka et al.,
2016). Several authors deal with the modelling amodiel creation in various sectors across processmbdogy,
transport, handling, services, etc. (Vilamova et 8016; Gracanin et al., 2013; Saderova et al1820
Pekarcikova et al., 2019; Urzla et al., 2019).

Simulation is an experimental method in which tealrsystem is replaced by a computer model. It is
possible to make a number of experiments with suofodel, to evaluate and to optimize it and theults can
be applied to the real system. The first step endimulation is to build a simulation model of tteal system.
The next step is to provide experiments with threusation model by which there are achieved reswuitsich
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need to be correctly interpreted and applied. Agpion possibilities of computer simulation candpplied in
designing manufacturing processes and systemst(&ly 2015; Ba et al., 2016).

The modelling of unloading the mineral resourcesimposed of two subsequent parts. The first pegpgr
phase is targeted on creating the algorithm asse lhar the second part. The second modelling gasists of
two types of model for a selected time period basethe algorithm graphic and simulation models.

Simulation is not a tool for getting the optimalgmn, but it is a tool that allows you to tesffdient
outputs decision on simulation models. The modema performing experiments to evaluate, analyse, ta
optimize the results that can be subsequently @isedhe real system. Risk reduction can be examimned
advance, by "replaying" the system run whilst obisgy the performance and behaviour of the systaem after
applying the required changes, examine the futeteabiour of the system, where any potential problamd
bottlenecks can be removed in advance (Straka.ef@19). Animations of manufacturing processeevall
greater clarity and understanding of the producpoocesses, thus allowing to prevent failures, Wwigould
exist in practice if a system is not testing ontakes and deficiencies (Straka, 2007).

The simulation model created by EXTENDSIM is definey a specific sequence of modelling blocks
connected by lines representing the processing diogctions. The block position, icon and name,dbenector
blocks, the links as well as the user interfacdodizes with operands and flows are the main prasef
individual blocks. The blocks themselves represgeditvidual processes or subsystems, thus creatiagcttual
representation of the real-life system under exation. The icons and block names are the graphic
representation of each block, with their exact uaigame that describes their defined function aedptimary
purpose of the particular block within the modeheTblock labelled "create" represents the generatfanput
requirements while the model block labelled "quedefines the creation of a series of demands, thizghinput
to the queue and the subsequent output. The badslléd "exit" represents the simulation model autfhe
blocks connectors enable connecting each block wtitlers in accordance with a rule that one conmexzo
only connect the input with output slot. The cortoes of two different blocks form a logical sequenaf
blocks, which reflects the real system and formes lilsis for forcing the flows. The connected bloftksn
flows representing the real sequence of units anilitfes within the examined system. User integfagndows
and operands represent specific items and the hbookerties characteristic for the particular bcBy
opening a user interface window, the parameterspamgerties of each block can be displayed andifspedor
each modelling block (Straka, 2007).

Researched transport system

Type of minerals in the railway wagon and its pbgsiand chemical properties should be considerdapas
data for individual sub-processes.
The first activity in the process of unloading e t"in-feed motion" — supplying the wagons at ttece of
unloading (unloading ramp). Before this activithete should be done operations such as an annoantem
about the arrival of wagons to be unloaded. Whengitranshipment between railway wagons (form ¥ead
transhipment), it is also necessary to make anr dodeail wagons that will be loaded.
After wagons are ported, wagon unloading takeseplBauring the unloading process, wagons are egtil&ror
move in certain times or continuously dependingtt@type of unloading equipment - device. The utilog
process consists of several activities. Figuredwshthe simple formalized scheme of the procesmiafading

(Fig. 1).

D—bm—b in-feed motion |—m unloading — removal _..|||_.,<

Fig. 1. A formalized scheme of the unloading pssce

When unloading with a gripper crane a wagon i$, stild the unloaded raw material is unloaded diyeot
another means of transport (for example, righthenttuck, through the hopper onto a conveyor le#it). When
unloading with a wagon tippler wagons are shifiedhe rotary tilter where they are disconnectednftbe set,
tilted, put out of the tilter, and subsequentlynpd to the wagon set again. Material falls from ribkary tilter
into the containers that are then moved by conweyathen using bucket unloaders, the wagons afeostil
continuously move depending on unloaders’ constroct
Unloading of minerals is followed by its removalgglacement) to the destination such as operatistoak, to
the customer, stock for input materials, to the ufiacturing process, etc. Figure 2 shows an exarople
simplified flow chart of unloading of minerals frotine railway wagons (Fig. 2).

The modeling of any process is based on pre-defategs - an algorithm. The proposed algorithm is fo
unloading open wagons to trucks that are to beaddd at a temporary landfill using portable grippemes.
The results obtained from the model made accortbnthe proposed algorithm can serve for assessiag t
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current state of unloading and rationalization idev to increase the capacity of the existing systeuring the
rail wagon loading, the train set will remain adtrso that unloading equipment will move only.
Figure 3 shows the basic algorithm for unloading tineral resources from railway wagons (Fig. 3)ere
must be known some input parameters to perfornutih@ading, such as (Fig. 3, a):
“n” - the number of railway wagons to be unloadetheftrain set;
“M” - the volume of mineral resources in one railwegon in tons;
“N” - the volume of mineral resources unloaded by grady unloader in tons.

‘ Start }

Y

Information about arrival of
railway wagon

Y

NO

Is there an
unloader machine
and truck?

Providing an unloader and
truck

End
A

Delivery of full railway wagon set
to the unloading point

v Unloaded minerals Unloading the
I E transport to dump site ”| minerals to dump site

Unloading of minerals by
unloader machine to the

truck
Y
Cleaning of railway wagons on E_ntry check of Wagons final
. railway wagons, .
wide gauge treatment or repair
are wagons empty

Wagon move out of

End the unloading point

Fig. 2. A flow chart representing direct unloadiogmineral resources from a railway wagon

The unloading process begins when rail wagons areished at the unloading point (Fig. 3, b).
Subsequently, the unloading is carried out by cyElg. 3, c) (step by step - wagon after wagon &f nave a
single unloader; in parallel — it is used in caéenore unloaders) that begins by furnishing theoadkr to the
railway wagon (Fig. 3, d).
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a) Input data:
n, M, N20

v

b) Addition of
railway wagon set
h)
c)
m Output data about
unloading finish
d)
Addition of the unloader to
thei railway wagon End
9)
Unloading of minerals of volume N Unloading of minerals of volume
N from i railway wagons N from the unloader to the truck

Fig. 3. A basic algorithm of unloading mineralsrin train set

Unloading of a single wagon is represented by cyElg. 3, e-g) consisting from operations (Fig.f,
"Unloading of mineral resources of volumid""from railway wagon by unloading means and itsadpinto a
transport vehicle" (Fig. 3, g) until the dischargadount of M" isn't unloaded. After unloading a single wagon,
the loader means is moved to the next wagon (Fig, &) followed by unloading of the wagon by cy(iég. 3,

e). After unloading the mineral resources of allway wagons, the information about the completimin
unloading of train set is interpreted by cycle (Agh) and the unloading process is finished.

Figure 4 shows the secondary algorithm representiagealization of transport of unloaded mineesaurces
by trucks (Fig. 4). Input parameters (Fig. 4, ajhis case are:N" - the volume of mineral resources unloaded
by grab unloader [t]; K" — truck capacity. The first step is an additidnaotruck to the unloading equipment
(Fig. 4, a). Consequently, the truck is loaded wsititable equipment (Fig. 4, d). After loading tredume of 'K"

to the truck, it is moved and unloaded (Fig. 4f)eAfter emptying (Fig. 4, g) the truck returns ttee loading
point, or its work is finished with that train g&ig. 4, h).

a) Input data: K truck
capacity, N of unloader

v

Addition of truck to |
the loading point

Is the unloading of
n railway wagons
finished?

b)

e)

\ 4

Minerals transport Minerals unloading from truck

Loading of the volumeN by

unloader machine on truck h) Output data about
End L
unloading finish

Fig. 4. Algorithm of transport of unloaded minerakources
The creation of a simulation model by EXTENDSIM

Modelling requires some input data. Input datadmpendent on questions like ,What | want to achieye
the modelling? The modelling should result in:
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Project of the system of unloading.
Rationalization of the existing system.
Improving the capacity of the existing system aandn.
Input data can be categorized by these groups:

1. The type and properties of the mineral resources

2. Operating conditions data in which the unloadivillj be carried out like intervals for wagons te
feed, the number of wagons in the train set, tlpacidy of wagons, the distance between the plaealwiading
to the stock and so on.

3. Performance of the unloading equipment (per,y@&rhour) and related transport equipment.

4. The form and method of unloading.

All input data from all groups above are requireldew designing a new system from the beginning. &Vhil
doing a rationalization of the existing system oatytrying to improve the capacity of the existisigstem, the
input data to be required are mainly from the geol8. The performance of unloading equipment ahated
transport systems can be obtained from the prospeby calculation according to the known relatiopsor
directly by observing under real conditions (just €xisting mechanisms).

Input data (Table. 1) are required when creatingaalel of the process of unloading that is basedhen
algorithms above. Data (Table. 1) also lists ojsameters closely connected with the formatioa ofodel.

The model of the unloading process was createddbasealgorithms above (Fig. 3 and Fig. 4). Data
connected with the formation of a model are listediable 1 (input data).

The model’s result is to determine the time of ading of the specified number of wagons under therg
conditions, provided that the grab unloader hasaaly been present at the first rail wagon of th€esecluding
the initial presence of the grab unloader). Thasetiof unloading serves as a basis for calculatiregcbst of
demurrage of wagons.

Under real conditions, the number of railway wagisngne train set mainly depends on the lengtthefsp-
called handling (the loading) track. Quantity ofnerial resources in the railway wagon depends mainithe
type of mineral resource and parameters of the magbe volume of mineral resources to be unloaded b
unloading equipment during one unloading cycle ddpeon the type of the mineral resources, the velum
capacity of an unloader and a coefficient of graloader's loading.

Tab. 1. Input data for modelling of the unloadprgcess

Parameter Value
Number of rail wagons in trains [-] n=10
Volume of mineral resource in the wagon [t] M=70t
Volume of mineral resource unloaded during oneecpgl a grab unloader [t] N=0.86t
Operating cycle time of the loader [s] Tpa=27S
Number of operating cycles to unload 10 wagonshkyctaws of a grab unloader 810 cycles
The time needed for loader moving between the wa{gln 90s

The run time of the hydraulic operation of the guaiboader is specified by the manufacturer, oait be set
on the basis of practical measurements — the aperditen may vary depending on the type of raw neltand
the size of the work equipment - the grab. Thetmme consists of the following partial steps: drimgpdown
the grab into the wagon loading the material (opening the grab + loadingosing) - lifting up the grab and
moving over the truck-> opening the grab (unloading the material)ifting up the grab and moving over to the
wagon.

Another model parameter is the time it takes ttebdo move to the next wagon and the number ofeicad
used for loading. Based on the parameters (Tablkend)simple calculations, we can determine theadled
"starting" - the technical time of unloading of Wgons T+" by one unloading grab. Unloading time consists of
the sum of individual times for unloading of wagaml relocation times needed for the grab to mowe fone
unloaded wagon to a full wagon. 81 unloading cydes needed to unload one wagon at given capacity,
unloading time of one cycle is 27 seconds, forcagttles it is 2187 seconds or 36.45 minutes. Nee tofh
unloading 10 wagons is 364.5 minutes and can becestusing multiple unloaders. Time of movement of
loader between two successive wagons, also conmgidarsafe operation, is 90 seconds as can beirsdable
1. Movement of a loader in order to unload 10 wageill be performed 9 times; it is 13.5 minutessBa on
these values, the time of unloading 10 wagoris is 378 minutes or 6.3 hours.

Thus the specified time of unloading does not tiake account the process of raw material transgiorta
which depends on the distance to which the raw miahtis being transported, the number of used suakd
their capacity.

The capacity of a truck is again given by the tgbeaw material and truck's parameters. In practice
capacity of a truck can be determined by the nunobemloader's operations as determined by the witihe
truck's volume to the volume of the unloader ang ttuck's capacity to the amount of raw materidlse
transport distance affects the turnaround timénefttuck, the time it takes for the truck to retuire number of
truck needed for the continuous work. An insuffici@umber of trucks may result in long unloader dbme
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and increased unloading time, which could havegaiiee economic effect. Other additional input désied in
Table 2 were required during the creation of theleho

The model of unloading of the mineral resource leen developed according to the algorithms prelyous
described and for input data as in Table 1 andeTabl

Tab. 2. Input data for modelling of the unloadprgcess
Parameter Value
Truck capacity K=7.77t (capacity of 9 claws)
Time for loading a one truck thn=243 s
Route length for the transport of mineral resource L =450 m
Truck cycle time (transport, unloading, return joey to loading point) t, =270 s

Before the model itself was created, it had to bewnined based on Table 2. A number of tru¢ks (s
able to manage the performance of unloader. Basethe capacitive conversion of truck transportatitire
required number of trucks on a distance of 450 myis= 2,1. Figure 5 shows the model of unloading where
transport of unloaded mineral resources will beedoy two trucks (Fig. 5). The model was made orbiws of
the assumption that the loading process startBeantoment the unloader has arrived to the firstomags
indicated above. It can be seen on the graphic hsogeocess of wagon unloadiRy\, to RW,. The unloading
of each railway wagon consists of two lines that mpresented by trucks and T, providing removal of the
mineral resource to the destination. Black stripgsesent unloading activities that alternate ddpgnon the
truck to be loaded. Red stripes represent down-tithef an unloader that is caused by waiting for titueks in
operation T; or T,). Green stripes represent moving of an unloadehé¢onext wagon. Grey stripes represent
truck circulation (driving time out and back, timéunloading and its bringing again to rail wagdslue colour
stripes are a truck waiting for loading.

Relocation of the unloader
Y
[
Unloading of the wagon ‘
—)
T
RaD n=_—_—“
— - . . —
T [ — [ ] | — [ ]
1 ] ] ] ] |
R n= " " . .
1 . | | .
L — I — ]
n — ] — ]
RWS Tz= | | ] "
1 . | - ﬁ
WS — [ ] — [ ]
[—) I ] ]
R | " |
rz= =
el . | |
n — [ ] — [ ]
iz 1 [ ] ] ]
n | | .
iy 1 —_—_—_
T
>

0 825 1975 [min]
Ik truck loading of mineral resource from rail wagortruck (K [t]), Il unioader downtime

transport of mineral resource by trucks T1,T2, unloader relocation
truck downtime
Fig. 5. The graphic model of unloading with thensport of unloaded mineral resources

The simulation model of the transport processeg. (6) of the mineral resource has been createtian t
simulation system called EXTENDSIM. It is the pratiof the Imagine That, Inc. USA company. A simigiat
language that is used belongs to advanced simnlasipabilities where the simulation model consi$tlocks
that are grouped in the libraries. Its use is samgohd intuitive. The simulation model is a modeldifcrete
simulation and is built from the blocks of the by "Discreet Event" and "Plotter" (Straka, 200he upper
part of the model represents the unloading of wagadine lower part shows the transportation of naher
resource.
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Fig. 6. The simulation model of the transport @sses by EXTENDSIM computer simulation system
Results and discussion

The graphic model on Figure 5 results in the follay 9 trucks are needed to unload 1 rail wagoenev
wagon can be unloaded within 2295 s = 38.25 minuités time includes 4 unloader downtimes (totdl8 s)
caused by waiting of truckg; (resp. T2), 90 trucks are needed to unload minesurce from 10 rail wagons,
6.075 hours netto is needed to unload 10 rail wagtatally 40 downtimes is formed while unloading 1
wagons; it is 0.3 hours (18 minutes), the unloaslenoved — times during the unloading; it is 0.2futs (15
minutes), time of unloading; is 6.60 hours.

Time for unloading a train set can be reduced Ipfayéng multiple loaders and the corresponding nendf
means of transport. Losses caused by waiting farck can be eliminated in several ways:

1. By deploying multiple trucks (Option 2).

2. By increasing a truck capacity (Option 3 and 4)
3. By increasing a loader capacity (Option 5 — 8).

Similar models have also been developed for thperts, and the results are found in Table 3. lioop2
(deploying a 3 trucks) each wagon is unloadet] in 2187 seconds = 36.15 minutes. It is similar fiah 1,
but there are no downtimes caused by waiting féruak. Unloading timeT+ is reduced to 6.3 hours. The
deployment of three cars will reduce unloading timyeunloader downtime, but on the other hand, there
downtime on average 3.60 minutes per vehicle tienowhich is on one side. For the same time, iddahraft
even with Option 3 and 4, since the time of loading car is equal to or greater than the circulatime of the
car, resulting in downtime remained in a car wittepacity of 9.5 tons.

In Option 5 and 6 by increasing the volume of clawsl.2 ni the time of unloading compared to other
options will rise up to 6.43 hours or up to 6.64it®by increasing the volume of claws to 1.3bimoptions 7
and 8. The increase, in this case, is due to the increase in the unloading cycle and not by utdda
downtime. Deploying grabs with a larger volume niagdy impacts the time utilization of trucks. Hoves,
such downtime provides enough time in case theerogeded for unloading the material takes longan th
expected. Table 3 shows recommended color-codddnspivhich should be applied when unloading at give

input data.
Tab. 3. Results of modelling

Parameter Option 1| Option 2| Option 3 Option # apfio | Option 6 Option7 | Option 8
Vb 1.1 1.2 1.3
N[ 0.86 0.94 1
K[t 7.77 7.77 8.64 9.50 8.46 9.40 9 10
ta [S] 243 243 270 297 270 300 297 330
to [t] 270 270 270 270 270 270 270 270
Nr [-] 2 3 2 2 2 2 2 2
tu [s] 2187 2187 2187 2187 2234 2234 2310 2310
t, [min] 18 0 0 0 0 0 0 0
T [h] 6.60 6.30 6.30 6.30 6.43 6.43 6.64 6.64
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We can assume based on the values for option 2ty the 1-hour shift, one unloader unloads about
wagons, i.e. 840 t. 70% of the time shift ol-hour shift represents the time of unloading; foaraple, 504
minutes (8.4 hours) he time needed for moving will account for 8.3 tw
Unloading time is greatly influenced by the timegeas remain at the loading track and time needethéwving
the wagons, thus affecting the cost of wagons deagat
If the cost of staying for a gife wagon is 3 EUR / hour, the total cost of theystor 12 wagons will b
12x8,3x3 =€ 298.8 or 0.356 euros/tone of unloaded minerawes. Using multiple unloaders will lead
reducing not only unloadinggme but the costs also (Ta 4).

Tab. 4. Modifications to the parameters when deploying iplgioader:

Number of wagons 12 12 12
Number of deployed loaders 2 3 4
Unloading time [h] 4.15 2.77 2.05
Costs per stay for 12 wagons [€] 149.40 99.72 74.70
Costs per 1t of handled mineral resourge [ 0.18 0.12 0.09

Unloading time of a wagon with a capacity o-70 t based on observations and measurements iticgr
varies on average from 30 to 45 minutes. The saroerifirmed by our graphical moc
The simulation was performed for differevariants of the unloading process. The simulationthis article
simulate the process of unloading of ten railwaygewe and one unloader (SIM1 to SIM3) by a diffel
number of trucks providing a transfer of minerataerces. The output data and thisults obtained by
simulation are shown in Table 5. The truck cirdelatime for all the simulations is taken from Tal3

Tab. 5. Output data and simulation results

Parameter SIM1 SIM2 SIM3
Number of wagons 10 10 10
Number of unloaders 1 1 1
Number of trucks 2 3 4

tu [s] 47.58 36.45 36.45
T+ [min] 417.5¢ 379.50 379.50

A graphical representation of simulation SIM2 i®wh in Figure 7. It is unloading of 10 wagons bye!
unloader using 3 trucks (Lorries). The blue linpresents the unloading a wagon to 9 trucks while the red li
represents the completion of unloading the wagomfthe train se

[# IS FR[RIA] 2

F"Intter D mrete- Eu'ent

| T T T T T T T T T T T T T T T T T T T T T T

Lorry per wagon

fu
in
—r-rrrrrr e T

i} 2.5 105 157.5 210 2.5 1 £ WETE
Time
= lorry  — \Wagon

Fig. 7. Graph of the simulation of the transport preses

The simulation results show that the lowest unlogdime is reached wheunloading by one unload
working with three or four lorries. Extra downtima® present when using four lorr
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Summary

This paper was aimed to use a model approach cagasdgorithm and creation of graphic and simutatio
model by EXTENDSIM for the needs of modelling thelaad process from railway wagons using the grab
unloader followed by transfer of minerals by trucksorder to create an algorithm, there was atstvarview
of the process of unloading described in the &'8ahtroduction: forms, methods, types of unlogdecilities
and types of wagons used to transport raw matenslks can allege that the aim of the study solutias
reached.

This algorithm forms a basis for the creation & #pecific model in graphic form as well as a saticgh model.
The algorithm can be modified easily for any way #orm of unloading. This is only one of many prdaees
which can be used to address the problem. The atk#rods such as simulation, software applicatoamsbe
used to solve the problem and the decision-makinggss with the use of multi-criteria analysis. fTjod does
not end with the creation of the algorithm and forgnspecific actions that are necessary. Nexs, fiticessary to
monitor and evaluate the process using the toolsootrolling as well as to ensure the efficiencytoé
operation.The future research should focus on the extendidimeoexisting model and the application thereof to
other unloader types and unloading methods, eithéerground or on the surface.
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