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ALGORITHM FOR A SIMULATION MODEL FOR THE SELECTION OF A RATIONAL
TYPE OF VANS ON TECHNOLOGICAL ROUTES OF THE TRANSPORT AND RECYCLING
SYSTEM FOR RECYCLING OF A METALLURGICAL ENTERPRISE

The article presents an algorithm of the simulation model for selecting the rational type of trucks
on the technological routes of the transport and production system of waste transportation in the conditions
of a metallurgical enterprise. The study was conducted on the basis of formalized models and queuing
systems theory. In the simulation, a discrete-event model of a closed queuing system was chosen as the
basic model. In this model, cars are represented as requests that go through the following phases of
service: loading at the temporary waste storage dump; movement to the unloading point (crushing and
sorting complex); unloading raw materials to the crushing and sorting complex; returning to the loading
point along the same route; servicing of vehicle breakdowns. The following data were used to build the
simulation model through statistical studies of the transportation process on technological routes: vehicle
loading time, vehicle unloading time, and time determined by the duration of vehicle failure. When
constructing the algorithm of the simulation model, the duration of one experiment and the number of
simulation experiments were determined using the methods of mathematical statistics and the theory of
experiment planning. The modeling process begins with the input of the following initial data: the number
of vehicle units, the average vehicle travel time, the current amount of raw materials in the crushing and
sorting complex, the vehicle carrying capacity, the intensity of raw material supply to the crushing and
sorting complex, the vehicle unloading time, the intensity of minor vehicle breakdowns, and the intensity
of vehicle repair. The algorithm is built in accordance with the principles of special states and meets the
requirements for discrete-event models. As a result of the algorithm development, it will be possible to
determine the required number (types) of vehicles necessary to ensure the smooth functioning of this
transport and production system, to determine the idle time coefficient and the coefficient of time losses
due to technological delays of vehicles.

Key words: modeling, simulation model, dump truck, carrying capacity, metallurgical slag,
crushing and screening equipment.

INTRODUCTION

The efficient functioning of transport and production systems of mining and quarrying enterprises
largely depends on the effective organization of the transportation process, which consists in the timely
delivery of goods in accordance with the technology and production needs at minimal cost. Waste
transportation and production systems are no exception, where the organization of freight transportation is
associated with extremely difficult operating conditions for trucks and ensuring continuous technological
processes for recycling waste from the main production. The use of heavy-duty dump trucks is due to the
advantages of this transport: the relatively low cost of this transport compared to others, maneuverability, the
use of diesel fuel (independence from electrical networks), mobility, which makes it possible to use them at
any horizons in the quarry, a greater slope overcome by dump trucks when lifting, simplification of the
process of creating quarry roads, small work sites, etc. [1, 2]

A number of works have been devoted to the study of transport and production systems [3, 4]. In
today's conditions, enterprises are faced with the task of increasing profits and improving the efficiency of
managing production processes, including transportation. For the sustainable development of transport and
production systems, a new approach to research is needed that will allow to quickly take into account
environmental changes, adequately respond to the changing behavior of consumers of transport services, and
effectively influence supply and demand [5, 6].

The complexity and diversity of the processes of functioning of transport and production systems do
not always allow obtaining separate mathematical models of the traditional form (analytical models: the
objective function and constraints are presented in analytical form). In many cases, the problems of
mathematical modeling that arise here can be successfully solved by using the simulation modeling
technique [7]. The purpose of simulation modeling is to reproduce the behavior of the system under study
based on the results of the analysis of the most significant relationships between its elements.

Simulation modeling is a research method in which the system under study is replaced by a model that
describes the real system with sufficient accuracy. Experimenting with a model is called simulation, which is

, 2023, Ne2 (21)




© Ye. Kush, D. Mukovska 2023

the study of the essence of a phenomenon without resorting to experiments on a real object. Simulation
modeling is used when: it is expensive or impossible to experiment on a real object; it is impossible to build
an analytical model; it is necessary to change the behavior of the system over time [8].
A number of papers [9-14] have been devoted to the study of the use of modern simulation modeling
methods. The construction of a simulation model is to reproduce the behavior of the studied transport and
production system, taking into account the interconnections between all its elements.

THE PURPOSE OF THE WORK

To develop an algorithm for a simulation model for selecting a rational type of truck based on
formalized models and the theory of queuing systems, namely: determining the required number (types) of
rolling stock necessary to ensure the smooth functioning of a given transport and production system,
determining the vehicle idle time coefficient, and the coefficient of time losses due to technological delays.

RESULTS OF WORK

The functioning of a certain number of rolling stock units on technological routes for transporting
metallurgical slag to crushing and screening complexes can be represented as a closed mass service system.
Suppose that the crushing and screening equipment is serviced by the maximum capacity of a specific device

Vuax » Which cannot be filled or overfilled, as a result of which the technological process will be stopped.

The crushing and screening equipment is serviced by a group of M dump trucks of a certain carrying
capacity W or different carrying capacitiesW, . Initially, the crushing and sorting equipment already has a

certain amount of raw materials V in the simulation process, and it is gradually filled (unloaded by trucks).

During the production process, changes in the production process of crushing and screening equipment are
possible, namely, current repairs, driver breaks for lunch, refueling operations). After loading the raw
materials at the temporary slag storage dump, the truck proceeds to the crushing and screening equipment for
further unloading of the raw materials. After unloading, the truck is driven back to the loading point - the
temporary slag storage dump, loaded and driven back to the crushing and screening equipment for unloading.
In the simulation, a discrete-event model of a closed queuing system was chosen as the basic model. In this
model, we represent vehicles as requests that go through the following service phases:

- loading at the temporary waste storage dump;

- movement to the unloading point (crushing and sorting complex);

- unloading of raw materials to the crushing and sorting complex;

- return to the dump to the loading point along the same route;

- maintenance of rolling stock failure (probabilistic event).

A car may be in a queue if the crushing and screening complex is busy unloading other cars or the
crushing and screening complex is overloaded with raw materials. In this model, such a situation is defined
as downtime.

Thus, the proposed discrete-event model of a closed queuing system can be represented as follows
(Fig. 1)

In order to build a simulation model, in addition to the above technological parameters, the following data
should be obtained through statistical studies of the transportation process on technological routes

- the time during which the vehicle is loaded (vehicle loading time). This time can be discrete or determined
by a random variable distribution function. It depends on the carrying capacity of the vehicle and is
considered as an array;

- the time during which the vehicle is unloaded from the crushing and screening complex (vehicle unloading
time). This time can be discrete or determined by a random variable distribution function;

- time determined by the duration of the vehicle failure. It is determined by the flow of breakdowns for each
vehicle.
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Figure 1 — Discrete-event model of a closed queuing system

When constructing the algorithm of the simulation model, using the methods of mathematical statistics
and the theory of experiment planning, it is necessary to determine the duration of one experiment T and
the number of simulation experiments to obtain statistical reliability of the results.

The purpose of the study of this simulation model is to:

- determination of the required number (types) of rolling stock necessary to ensure the smooth functioning of
a given transport and production system;

- determination of the vehicle idle time coefficient;

- coefficient of time losses due to technological delays.

The algorithm of this simulation model corresponds to one simulation experiment over time T .
The modeling process begins by entering the following input data:

- M - is the number of rolling stock units, units;

- Tg - average rolling stock travel time to and from the waste storage dump, min;

-V, - current amount of raw materials in the equipment, tons;

- Vyax - maximum amount of raw materials in the equipment, tons;
- W - rolling stock carrying capacity, tons;

- T, - vehicle unloading time, min;

- IP - intensity of minor rolling stock breakdowns, 1/min;

- IR - intensity of rolling stock repair, 1/min.

The algorithm is built in accordance with the principles of special states and meets the requirements
for discrete-event models. Random processes are also considered:

- time of arrival of cars to the crushing and sorting complex for unloading (1st group of M );
- time of the end of unloading (2nd group of M );
- start time of technological delays (3rd group of ).

All these values are written to the array T [1.3M ]. The initial situation is determined when the
entire rolling stock arrives for unloading. According to the principle of special states, the process with the
number in which the first event occurred in time is selected, and a specific car with the number md1 for
which this event occurred is determined.

If the event is the arrival of rolling stock for loading, the status of the crushing and screening complex
is checked (overflow or not), and if it is overflowing, the algorithm stops.

In this case, the flow of technological stops is considered as Poisson with a distribution function.

If other cars arrive during the loading of a given car, they queue up and wait for their turn to unload.

The idle time of these cars (TX; ) is increased by the time required to complete the unloading of this car.
Next, the following condition is checked: if the next unloading time is the start time of the
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technological delay, then the time of servicing this delay is added to the time of arrival of this car for
unloading. This delay service time is also added to the total delay service time. After that, the start time of
the next delay is found.

The flow of technological stops in this case is considered as Poisson with the distribution function
Kt)=1-e¢""',t>0

The duration of the process delay has a distribution function
Bt)=1-e ™", t>0

When the system time TO reaches T , the simulation experiment ends and the average rolling stock
downtime is determined

M
X
Top = I:1M
The following is the rolling stock demurrage rate
_ T
" TO

The average time for technological delays (repairs) of rolling stock per vehicle is also determined

M
> T4,
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The following is the idle time factor for technological delays
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It reflects knp and K, the quality of the transportation process on technological routes.

CONCLUSIONS

In this study, an algorithm for a simulation model for selecting a rational type of trucks has been
developed, namely: determining the required number (types) of rolling stock, determining the vehicle idle
time coefficient, and the coefficient of time losses due to technological delays.

The necessity of practical implementation of the research results at a specialized enterprise that serves
the technological routes of a metallurgical enterprise using software and hardware and information
technologies has been identified, which will make it possible to model any situation on the technological
routes of the structural units of a coal enterprise and obtain many values of the total queuing time, vehicle
gueuing time, idle time and repair coefficients for a group of vehicles with a given This enables the operation
department to correctly select and deploy rolling stock on routes to ensure maximum productivity.
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Kyw €.1, Mykoecoka /I.5I. Aaroputm imitamiiinoi Monesi BHOOpPY pauioHANbHOTO THIY
BAHTA)KHUX AaBTOMOOLIIB HAa TEXHOJIOTIYHMX MAPLIPYTAX TPAHCIOPTHO-BUPOOHHYOI CHCTEMH
PEeUMKJIHTY MeTAJIYPriifHOr0 MiAPHEMCTBA

VY cTarTi mpeincTaBIeHO aNrOpUTM IMITAaliiHOI MOJIeNli BUOOpPY palliOHATBHOTO THITY BaHTAXKHHUX
aBTOMOOUIIB Ha TEXHOJIOTIYHUX MapHIpyTax TPaHCIIOPTHO-BHPOOHHYOI CHCTEMH IEPEeBE3CHHS BIIXOMIB B
yMOBax MeTaJdypriiiHoro mignpueMctsa. JJociipkeHHs TpOBOAMIOCH Ha MiAcTaBi (hopMalli3oBaHUX MOJENEH
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Ta Teopii CHCTEM MacoBOro oOciyrosyBaHHs. [Ipu imitarlii y sikocti 0a3oBoi, Oyjga oOpaHa IHUCKPETHO-
MOJIiHA MOJIENb 3aMKHYTOI CHCTEMH MacOBOr0 00CIyroByBaHHs. Y AaHii MOJEIl aBTOMOOLTI MpeacTaBiIeHl
y SIKOCTi 3as1BOK, IO MPOXOJISATh HACTYIHI (a3u 0OCIyroByBaHHS: 3aBaHTaKEHHs Ha BiJBaJli TAMYAacOBOTO
30epiraHHsl BiAXOZIB; pyX [0 TMYHKTY pPO3BaHTaXEHHS (APOOHIBHO-COPTYBAIBHOTO KOMIUIEKCY);
PO3BaHTXXEHHSI CHPOBHHH JI0 JPOOHMIBHO-COPTYBAIBHOTO KOMIUIEKCY; TOBEPHEHHS JIO IYHKTY
3aBaHTAXEHHS 32 THM JK€ MapIIpyTOM; OOCIYyrOBYBaHHS BHIXOXIy 3 Jamy aBToMoOimiB. J{ns moOymoBu
IMITAI[iiHOT MOJEN MNUISIXOM CTATUCTHYHUX JOCTI/DKEHb TIEPEBI3HOTO TIPOIECY HAa TEXHOJOTIYHUX
Mapmipytax Oynd BUKOPHCTaHI HACTYIHI JaHi: 4Yac 3aBaHTaXEHHS AaBTOMOOLISA, Yac pPO3BaHTAKCHHS
aBTOMOOIJISA Ta Yac SIKUil BU3HAYATHCS TPHUBAIICTIO BUXOAY 3 Jamy aBTomoOums. [Ipu moGynoBi anropurmy
iMiTaIliiHOWHOT MoOzemi, 3a JOMOMOTOI0 METOJIB MAaTEeMaTHYHOI CTATUCTHKH Ta TEOpii IIaHyBaHHS
EKCHEpUMEHTY OyJ0 BHM3HA4Y€HO TPHUBAIICTH OJHOTO EKCHEPHUMEHTY Ta KUIbKICTh IMIiTaliliHHX
excriepuMeHTiB. IIporiec MomenroBaHHS MOYMHAETHCA 31 BBOJOM HACTYIMHHUX BUXITHUX NAaHUX: KIJTBKICTh
OJIMHUIIL aBTOMOOLTIB, CEepelHii 4Yac I3JKM aBTOMOOLISI, TOTOYHA KUIBKICTH CHPOBUHH y JPOOHIBHO-
COPTYBaJIbHOMY KOMILIEKCI, BAHTaXKOMIIHOMHICTh aBTOMOOLIS, iIHTCHCUBHICTh HAJIXOPKCHHS CUPOBUHH JIO
TPOOHITEHO-COPTYBAIBHOTO KOMIUIEKCY, YaC PO3BAHTAKEHHS aBTOMOOIIIS, 1HTEHCHBHICTH APIOHUX TOJIOMOK
aBTOMOO1JISI, IHTEHCHBHICTh PEMOHTY aBTOMOOINS. ANTOPUTM TOOYMOBaHWH BIiATOBIIHO 10 MPUHITUIIIB
0coOJMBHX CTaHiB Ta BiJNOBia€ BUMOTraM J0 OUCKPETHO-MONIMHMX Mozened. B pesymbraTi po3poOku
anropuT™My OyIne MOIJIMBHM BH3HAUYEHHS HEOOXiMHOI KUTBKOCTI (THITIB) aBTOMOOUTIB HEOOXimHOI It
3a0e3redeHHs OesmnepebiitHoro (YHKIIOHYBaHHS MaHOI TPaHCIIOPTHO-BUPOOHWYOI CHCTEMH, BHU3HAYCHHS
KOoeilli€HTY MPOCTOIO Ta KOe(]illi€EHTY THMYACOBUX BTPAT HA TEXHOJIOTI4HI 3aTPUMKH aBTOMOOLTIB.

KurouoBi ciaoBa: MozemroBaHHsS, IMITalliiiHa MOZENb, CAaMOCKH], BaHTa)KOMIIHOMHICTb,
METanypriiHui 1ITaK, APOOUIHLHO-COPTYBANTBHE YCTATKYBaHHS.

KVII €geen leanosuu - K.T.H., JOUEHT, 3aBiqyBad Kadeapu TPaHCIOPTHUX CHUCTEM 1 JIOTiCTHKH
XapKiBChKOTO HAIIOHATLHOTO YHIBEPCHUTETY MichbKoro rocmomapcrBa imeni O.M. Bekerosa, E-mail:
yevhen.kush@gmail.com, ORCID: https://orcid.org/0000-0002-9439-7357.

MYKOBCbBKA /lap s Axisna — acniipanT kadeapu TPaHCIIOPTHUX CUCTEM 1 JIOTICTUKHA XapKiBCHKOTO
HAI[lOHATFHOTO  yHIiBepcHTETy  Michbkoro  rocmomapctBa  imeni  O.M.  Bekerosa, E-mail:
dariamykovska@gmail.com, ORCID: https://orcid.org/0000-0002-4184-0861

Yevgen KUSH - Ph.D in Engeneering, Head of the Department of Transport Systems and Logistics
O.M. Beketov National University of Urban Economy in Kharkiv, E-mail: yevhen.kush@gmail.com,
ORCID: https://orcid.org/0000-0002-9439-7357.

Darya MUKOVSKA - PhD student at the Department of Transport Systems and Logistics O.M.
Beketov National University of Urban Economy in Kharkiv, E-mail: dariamykovska@gmail.com, ORCID:
https://orcid.org/0000-0002-4184-0861.

DOI 10.36910/automash.v2i21.1204

, 2023, Ne2 (21)


mailto:yevhen.kush@gmail.com
https://orcid.org/0000-0002-9439-7357
mailto:dariamykovska@gmail.com
https://orcid.org/0000-0002-4184-0861
mailto:yevhen.kush@gmail.com
https://orcid.org/0000-0002-9439-7357
mailto:dariamykovska@gmail.com
https://orcid.org/0000-0002-4184-0861

