University of Ni$
Faculty of Mechanical Engineering

PROCEEDINGS

RAILWAYS

RAILCON '14 Nl

SCIENTIFIC-EXPERT
CONFERENCE ON H

XV

10, 2014, Ni$, Serbia




Publisher

Faculty of Mechanical Engineering Ni$
Prof. Vlastimir Nikoli¢, Dean

Editor

Prof. DuSan Stamenkovié¢

Prof. MiloS MiloSevi¢

Reviewers

Prof. DuSan Stamenkovi¢
Prof. Milo$ Milo3evi¢
Prof. Zdenka Popovi¢
Technical preparation

Milan Bani¢
Aleksandar Miltenovié
Nikola Petrovi¢

Cover design
Prof. MiloS MiloSevi¢

Number of copies
160

Printing
UNIGRAF, Ni$

IEEN

B660(|53506

CIP - Karanoruzanuja y myoiaukanuju
Haponna 6ubmmnorexa Cpbuje, beorpan

629.4(082)
656.2(082)
625.1(082)
338.47(497.11)(082)

SCIENTIFIC-Expert Conference of Railways
(16th ; 2014 ; Nis)

Proceedings / XVI Scientific-Expert
Conference on Railways - RAILCON '14, October
09-10, 2014, Ni§ ; [organized by] University
of Ni$, Faculty of Mechanical Engineering ;
[editor DuSan Stamenkovic]. - Ni$ : Faculty
of Mechanical Engineering, 2014 (Nis :
Unigraf). - XXI, 282 str. : ilustr. ; 25 cm

Tiraz 160. - Napomene uz tekst. -
Bibliografija uz svaki rad. - Registar.

ISBN 978-86-6055-060-8

1. Faculty of Mechanical Engineering (Ni$)
a) XKenesnnuka Bo3uia - 36opHuLu b)
XKenesunuku caodpahaj - 300pHUIIHM C)
XKenesunuke npyre - 36opuuim d) Cpouja -
Cao0Opahajaa nmonutuka

COBISS.SR-ID 210153228

Ministry of Education, Science and Technological Development of the Republic of Serbia has participated in
printing costs of the Proceedings of the XVI International Scientific-expert Conference on Railways -
RAILCON 2014

All the publications in these Proceedings have the authorship, whereas the authors of the papers carry
entire responsibility for originality and content.



SCIENTIFIC-EXPERT
CONFERENCE ON

I Y

Faculty of Mechanical

University of Ni$§ Engineering

Program Committee

Prof. DuSan Stamenkovi¢, President, Faculty of Mechanical Engineering Nis, SRB
Prof. Boban Andelkovi¢, Faculty of Mechanical Engineering Ni$, SRB

Prof. Dobrinka AtmadZova, VTU Todor KableSkov Sofia, BG

Prof. Branislav Boskovi¢, Faculty of Traffic Engineering Belgrade, SRB

Prof. Dragan Burdanovi¢, University of Texas at Austin, USA

Prof. Miroslav burdanovi¢, Faculty of Mechanical Engineering Nis, SRB

Prof. Ratko Buric¢i¢, Faculty of Traffic Engineering Doboj, R. Srpska

Prof. Eberhard Hohnecker, Karlsruhe Institute of Technology, GER

Prof. Daniel Kalin¢ak, University of Zilina, SK

Prof. Dragutin Kosti¢, Faculty of Traffic Engineering Belgrade, SRB

Prof. Stjepan Lakusi¢, Faculty of Civil Engineering Zagreb, HR

Prof. Vojkan Luc¢anin, Faculty of Mechanical Engineering Belgrade, SRB

Prof. Dragomir Mandi¢, Faculty of Traffic Engineering Belgrade, SRB

Prof. Dragan Marinkovi¢, Technical University of Berlin, GER

Prof. Dragan Mil¢i¢, Faculty of Mechanical Engineering Ni§, SRB

Prof. Vojislav Miltenovi¢, Faculty of Mechanical Engineering Ni$, SRB

ReSad Nuhodzi¢, PhD, Ministry of Transport and Maritime Affairs, MNE

Nena Tomovi¢, MSc, Serbian Railways, SRB

Prof. Nenad T. Pavlovi¢, Faculty of Mechanical Engineering Ni$, SRB

Prof. SneZana Pej¢i¢ Tarle, Faculty of Traffic Engineering Belgrade, SRB

Prof. Dragan Petrovi¢, Faculty of Mechanical and Civil Engineering Kraljevo, SRB
Prof. Mihaela Popa, University Politehnica of Bucharest, RO

Prof. Zdenka Popovi¢, Faculty of Civil Engineering Belgrade, SRB

Privatdoz. Andreas Schoebel, Technical University of Vienna, AUT

Prof. Kiril Velkov, Technical University of Sofia, BG

Prof. Radisav Vukadinovi¢, The Railway College of Vocational Studies Belgrade, SRB

Organizing Committee

Prof. Milo$ MiloSevi¢, President
Aleksandar Miltenovi¢, PhD
Miroslav Mijajlovi¢, PhD

Srdan Stojici¢, MSc

Milan Bani¢

Srdan Mladenovié¢

Nikola Petrovi¢

Predrag Mili¢

DusSanka Nikoli¢

Vesna Grozdanovi¢



Patrons

Ministry of Education, Science and Technological Development of the Republic of Serbia
JSC SERBIAN RAILWAYS
MIN Lokomotiva a.d.

Cofinanciers

STADLER
ALTPRO
STRAIL

MIN DIV Svrljig
THALES

OPEN TRACK



CONTENTS

Plenary Session

PRECEDENT-FREE FAULT LOCALIZATION FOR HIGH SPEED TRAIN DRIVE SYSTEMS
Asad UL HAQ, Dragan PURPANOVIC

University of Texas at Austin, Austin, USA

IMPROVING SERBIAN RAILWAYS: POLICY OPTIONS AND STRATEGIC DIRECTIONS
Nena TOMOVIC,

JSC Serbian Railways, Belgrade, Serbia

Snezana PEJCIC TARLE

Faculty of Transport and Traffic Engineering, Belgrade, Serbia

IMPORTANCE OF COTIF TO INTERNATIONAL TRAFFIC

Bas LEERMAKERS, Dragan NESIC

OTIF, Bern, Switzerland

Xl

XVII

Rolling stock

1.1

1.2.

1.3.

1.4.

1.5.

1.6.

1.7.

1.8.

1.9.

1.10.

EXPERIMENTAL RESEARCH OF CHARACTERISTICS OF IMPROVED TYPE OF
COMBINED TUBE ENERGY ABSORBER

Jovan TANASKOVIC, Dragan MILKOVIC, Vojkan LUCANIN, Zarko MISKOVIC

Faculty of Mechanical Engineering, Begrade, Serbia

HYBRIDIZATION- THE WAY OF DECREASING CARBON DIOXIDE EMISSION AND
FUEL ECONOMY

Martin MIKOLAJCIK, Daniel KALINCAK

Univerzity of Zilina, Slovakia

NEW STADLER “FLIRT3” EMU’S FOR SERBIAN RAILWAYS

Fadi KHAIRALLAH

Stadler Bussnang AG, Bussnang, Switzerland

REQUIREMENTS FOR CUSTOMER FRIENDLY RAILWAY INTERIORS

Bernhard RUGER

Vienna University of Technology, Vienna, Austria

EXPERIMENTAL MEASUREMENTS AND NUMERICAL SIMULATIONS OF THE WHEEL-
RAIL ANGLE OF ATTACK

Dragan MILKOVIC, Goran SIMIC, Jovan TANASKOVIC, Zivana JAKOVLIEVIC

Faculty of Mechanical Engineering, Belgrade, Serbia

DETERMINATION OF FRICTION HEAT GENERATION IN CONTACT OF WHEEL-RAIL
SET USING FEM

Aleksandar MILTENOVIC, Milan BANIC, Dusan STAMENKOVIC, Milos MILOSEVIC, Misa
TOMIC

Faculty of Mechanical Engineering, Ni$, Serbia

ANALYSIS OF THE RESULTS OF THEORETICAL AND EXPERIMENTAL STUDIES OF
FREIGHT WAGON FALS

Svetoslav SLAVCHEV, Kalina GEORGIEVA, Valeri STOILOV, Sanel PURGIC

Technical University, Sofia, Bulgaria

ABOUT THE PROCESS OF BRAKED WEIGHT LOSS IN THE FREIGHT TRAINS

Kiril VELKOV, Oleg KRASTEV, Sanel PURGIC

Technical University, Sofia, Bulgaria

ISSUES OF WAGON MODELLING WITH SHELL ELEMENTS

Svetoslav SLAVCHEYV, Kalina GEORGIEVA, Valeri STOILOV

Technical University, Sofia, Bulgaria

FRICTION CHARACTERISTICS OF THE FRICTION PAIRS IN DISC BRAKES

Vasko NIKOLOV

Todor Kableshkov University of Transport, Sofia, Bulgaria

13

17

21

25

29

33

37



1.11.

1.12.

1.13.

1.14.

1.15.

1.16.

1.17.

1.18.

ENERGY ANALYSIS OF FRACTIONAL ORDER OSCILLATIONS OF A COMPOSITION OF
THE TRAIN BY A CHAIN MODEL OF FRACTIONAL ORDER PROPERTIES

Katica R. (Stevanovi¢) HEDRIH

Department for Mechanics of Mathematical Institute SANU, Belgrade and Faculty of Mechanical
Engineering, NiS, Serbia

BAGGAGE TRANSPORT SYSTEM — NEW SOLUTION

Bernhard RUGER

Vienna University of Technology, Vienna, Austria

PESA 122NASF SWING - THE NEW TRAMS IN SOFIA

Zornitsa EVLOGIEVA, Emil M. MIHAYLOV

Todor Kableshkov University of Transport, Sofia, Bulgaria

HYBRID INTELLIGENT VIBRATION CONTROL OF RAIL CAR BODY WITH PIEZO
ACTUATORS

Emina PETROVIC, Ivan CIRIC, Zarko COJBASIC, Vlastimir NIKOLIC, Ivan PAVLOVIC
Faculty of Mechanical Engineering, Nis, Serbia

30 YEARS OF THE EXPLOITATION OF LOCOMOTIVES TYPE DVM12

Marko DUKIC

JSC Serbian Railways, Belgrade, Serbia

THE INFLUENCE OF THE RAILWAY FLEET MODERNIZATION ON THE ENERGY
EFFICIENCY

Igor KORUNOSKI, Kire DIMANOSKI, Gligorche VRTANOSKI

Macedonian Railways Transport JSC, Skopje, Macedonia

MEASURING ACCELERATIONS FRAME TRAM BOGIES T81 IN ORDER TO ESTABLISH
THE REASONS FOR THE EMERGENCE AND DEVELOPMENT OF CRACKS

Emil M. MIHAYLOV, Emil IONTCHEV, Dobrinka ATMADZHOVA

Todor Kableshkov University of Transport, Sofia, Bulgaria

THE BULGARIAN STATE RAILWAYS EXPERIENCE IN DETERMINING FATIGUE
STRENGTH OF ROLLING STOCK STRUCTURES

Dobrinka ATMADZHOVA

Todor Kableshkov University of Transport, Sofia, Bulgaria

41

45

49

53

57

61

65

69

Traffic and Transport

2.1.

2.2.

2.3.

ASSESSING ACCIDENT SEVERITY RISK AT RAILWAY CROSSINGS IN SERBIA BY
USING A MULTINOMIAL LOGIT MODEL

Sandra KASALICA, Dusan JEREMIC, Marko BURSAC, Goran TRICKOVIC

The Railway College of Vocational Studies, Belgrade, Serbia

ANALYSIS OF RAIL AND ROAD INFRASTRUCTURE FOR POSSIBLE USE OF CAR
HANDLING SYSTEMS

Vladimir REDZOVIC

WAM Planer und Ingenieure AG, Solothurn, Switzerland

MODELLING AND DESIGN FACILITIES FOR DEALING WITH DANGEROUS GOODS ON
RAILWAY

Slavko VESKOVIC

Faculty of Transport and Traffic Engineering, Belgrade, Serbia

Goran MAKSIC

JSC Serbian Railways, Belgrade, Serbia

Marko VASILIEVIC

Faculty of Traffic and Transport Engineering, Doboj, Bosnia and Herzegovina

Gordan STOJIC

Faculty of Technical Sciences, Novi Sad, Serbia

Snjezana RAJILIC

Municipal Novi Grad, Novi Sad, Serbia

73

7

81



2.4.  RAILWAY TRAFFIC IN SUSTAINABLE ENVIRONMENTAL DEVELOPMENT AND 85
ENERGY EFFICIENCY
Predrag PETROVIC, Marija PETROVIC, Slobodan VUKMIROVIC
Institute "Kirilo Savi¢", Belgrade, Serbia
Zivojin PETROVIC
Faculty of Mechanical Engineering, Belgrade, Serbia
2.5. SELECTION OF RAILWAY LEVEL CROSSINGS FOR INVESTING IN SECURITY 89
EQUIPMENT USING HYBRID DEMATEL-MARIC MODEL
Dragan PAMUCAR, Ljubislav VASIN, Vesko LUKOVAC
Military academy, Belgrade, Serbia
2.6. ON VALIDITY OF INTRODUCING THE ENERGY METERS ON ELECTRIC TRACTION 93
UNITS
Slobodan ROSIC
JSC Serbian Railways, Belgrade, Serbia
Dragutin KOSTIC
Faculty of Transport and Traffic Engineering, Belgrade, Serbia
2.7. A COMPARISION OF DRIVER BEHAVIOR AT RAILWAY CROSSING WITH PASSIVE 97
AND ACTIVE PROTECTION SYSTEMS
Sandra KASALICA, Goran TRICKOVIC, Dusan JEREMIC, Marko BURSAC
The Railway College of Vocational Studies, Belgrade, Serbia
2.8. RANKING OF HEADWAYS PRIORITY IN RAILWAY TIMETABLE 101
Predrag JOVANOVIC, Dragomir MANDIC, Dragan IVANOVIC
Faculty of Traffic and Transport Engineering, Belgrade, Serbia
2.9. APPLICATION OF OPENTRACK AT RAILWAY PROJECTS IN AUSTRIA 105
Andreas SCHOBEL
OpenTrack Railway Technology GmbH, Vienna, Austria
2.10 SIMULATION MODELLING OF TECHNOLOGICAL PROCESSES IN SUBWAY STATION 109
Svetla STOILOVA, Veselin STOEV
Technical University, Sofia, Bulgaria
2.11. MULTICRITERIA SUSTAINABILITY EVALUATION OF TRANSPORT MODES 113
Nikola PETROVIC, Vesna JOVANOVIC
Faculty of Mechanical Engineering, Ni$, Serbia
Jelena PETROVIC, Mladen MITROVIC
Faculty of Science and Mathematics, Ni$, Serbia
Infrastructure
3.1. THE ORGANIZATION OF CONSTRUCTION WORKS UNDER TRAFFIC ON OVERHAUL 117
OF RAILWAY SECTION DOBOJ - KM 103+500
Ljuban JEROSIMIC, Tatjana MIKIC, Tatjana SIMIC
CeS COWI, Belgrade, Serbia
3.2.  WATERPROOFING OF CONCRETE BRIDGE — GENERAL CHARACTERISTICS AND 121
REQUIREMENTS
Snejana VALKOVA, Nikolina POROJANOVA
Todor Kableshkov University of Transport, Sofia, Bulgaria
3.3. EXTENSION OF ARCHITECTURAL CONTENT ON PASSENGER STATIONS AND 125
SPECIAL REQUIREMENTS IN CIVIL ENGINEERING AND INFRASTRUCTURE
PLANNING
Tomasz REMUS
WAM Planer und Ingenieure AG, Solothurn, Switzerland
3.4. DESIGN SOLUTION OF CONTAINER TERMINAL WAREHOUSE CASE OF FREE ZONE 129
CITY OF NIS
Vojislav TOMIC, Milo§ MADIC, Boban NIKOLIC
Faculty of Mechanical Engineering, Ni$, Serbia
3.5. MODULAR MICROPROCESSOR LEVEL CROSSING PROTECTION SYSTEM TYPE RLC23 133

FOR SAFETY INTEGRITY LEVEL SIL4
Zvonimir VIDUKA, Darko BARISIC
ALTPRO, Zagreb, Croatia



SCIENTIFIC-EXPERT
XV i

SIMULATION MODELING OF TECHNOLOGICAL PROCESSES
IN SUBWAY STATION

Svetla STOILOVA!
Veselin STOEV ?

Abstract — A methodology for processes simulation in a metro station has been developed by using
a direct-event approach. A metro station has been represented as a multi-level system for mass
service. The research has been conducted by using a fully licensed software Arena Academic
Rockwell. The exploiting criteria resulted from the simulation are such as time for passengers
waiting at the different stages of servicing, availability of servicing machines, etc. Simulation
modelling gives very useful information for exploitation of a metro station which could not be
observed or gained otherwise such as an average time for passengers waiting at metro stations, an
average time of available subsystems. This allows us to suggest technological decisions to improve
service. The simulation modelling has been applied to examine the Metro Station Serdika from

Sofia’s metro system.

Keywords — subway, subway station, simulation modelling, queue theory, ARENA software.

1. INTRODUCTION

A metro network system represents an ecological
and high-speed rail transport which takes an important
role helping public transport satisfy any needs for
transportation in cities. Metro stations are places
where incoming stream of passengers should be
served quickly. Simulation modelling allows us to
examine and analyse many tehnological situations in
different time intervals, with different incoming and
outgoing streams of passengers and different
technological time for service, with different usage of
capacity and capabilities of a metro system, which are
very hard to be examined in real time.
Metro stations is an intresting subject for simulation
modelling and that is the reason why some authors
have conducted studies in this area.

A queuing network analytical model of station is
created in [1] for calculating subway station capacity,
which is built by M/G/C/C state dependent queuing
network and discrete time Markov chain. In [2] is
elaborated a simulation model of the rail network
including a group of four consecutive stations for
simulation the vehicle operating and compute special
system performance parameters. In [3] a simulation
model for streams of passengers has been designed for
metro stations. Principal states of systems for mass
service have been developed in [4,56].

A detailed simulation of the processes in the
entrance-hall, validating machines and subway

leading to platforms, has not been conducted in the
studies mentioned above.

The aim of this study is to develop a methodology
of simulation modeling for technological processes in
a metro station.

2. APRESENTATION OF A METRO
STATION AS THE QUEUE THEORY

A metro station is presented as a multi-level open
system for mass service without priority with four
consecutive servicing devices which have their own
characteristics, fig.1.

M/M/s MM
TICKET M/Ms M/M/s TICKET
MACHINE l:l v MACHINE

A

=y
é:

\ TELL/ |:|§ Ol:INTELL /

Fig.1. Sheme of metrostation

The stages of the multi-level model are:

e 1% stage: Entrance of the metro station. At this
stage, passengers’ waiting in the entrance-hall has
been observed. As a matter of principle, metro stations
might have one or two entrances. In the second case,
entering a metro station is accomplished from two

! Svetla STOILOVA, Assoc.Prof. PhD, Thechnical University of Sofia, Bulgaria, e-mail: stoilova@tu-sofia.bg.
2 \/eselin STOEV, Msc. Eng. PhD stidents, Thechnical University of Sofia, Bulgaria, e-mail:stoev@tu-sofia.bg
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directions (East, West) therefore, entrance-halls are
two. Because of that in the next stages servicing
devices are examined for both directions separately.

e 2" stage: Entrance-hall. Here, processes of
servicing passengers from the entrance hall to the
validating machines have been observed. The focus is
on ticket offices and ticket machines.

e 3" stage: Validating machines. Passengers’
going through validating machines is observed closely
at this stage.

e 4" stage: Escalators and stairs. Passengers’
transition from validating machines to a platform.

In the defined multi-level system, there is not any
buffers and that’s why it could be seen as
compounded of separate single-level systems taking
into account the transformations of streams of
passengers between them. When the incoming stream
of passengers is Poison, and the time of service is
exponential and the system is without failures, then
the outgoing stream of passengers is also Poison’s. In
the study, the system M/M/s has been taken for all
stages, e.g. Poison’s incoming stream of passengers,
exponential time for service, and multi-channel
system with a number of channels s. When a metro
station as only one entrance then for the first level the
system is M/M/1.

The intensity of a stream of passengers A, coming
in the metro station is formed by a stream of
passengers which enter the entrance-hall from the two
entrances of the metro station- East 4, and West A4, .

A =1 + 4, , passengers per hour; @
A4 =ym-A , passengers per hour; 2
Ay =@ —ym)-A , passengers per hour; 3

where: y,, is the coefficnent which shows the
relative part of a stream of passengers coming in a
metro station from an entrance with direction West.
Dependng on the way of suppliment of tickets, a part
of the stream of people goes directly to the validating
machines (passengers provided with monthly passes
or electronic tickets), another part of the stream of
passengerts goes to places issuing tickets (ticket
offices and ticket machines).

The intensity of the stream of passengers from an
entrance with direction East 4;, which goes directly
to te validating machines is:

Ay = oy, Passengers per hour (@)

where: «ay,, is a coeffient which shows the relative

part of a stream of passengers that goes directly to the
validating machines.
The intensity of a stream of passengers Ay ,

from entrance East which goes to buy tickets from
ticket offices or ticket machines is:

At a = (= oqm).4; , passengers per hour; (5)
110

At = At + 44, Passengers per hour; (6)

The intensity of the stream of passengers A4;; from
entrance East which goes to buy tickets from ticket
offices or ticket machines is :

At = Pim-Aut 2 » PASSENGErs per hour; (7)
where: Sy, is the coefficient which shows the relative
part of the whole stream of passengers that goes to
ticket offices and ticket machines with a focus on the
part that goes to ticket offices only.

The intensity of the stream of passengers 4,, from
entrance East that goes to buy tickets from ticket
machines is :

Ma = (L= Bim)-Aut o » Passengers per hour; (8)

The intensity of service of a stream of passengers
by servicing machines is as follows:

My, M is the intensity of service at a entrance of
an entrance-hall of a metro station with direction
East/West, passengers per hour.

1, » Mo, 1S the intensity of service of ticket offices

at an entrance-hall with direction East/West,
passengers per hour.

g, Mo, 1s the intensity of service of ticket
machines at an entrance-hall with direction East/West,
passengers per hour.

t,, Uy, s the intensity of service provided by
one validating machine at an entrance-hall with
direction East/West, passengers per hour.

The number of servicing devices for each stage is:

Ng, Ny IS the number of ticket offices at an
entrance-hall with direction East/West

Ny, Ny, is the number of ticket machines at an
entrance-hall with direction East/West.

Ny, Ny, is the number of validating machines at
an entrance-hall with direction East/West at a metro
station.

A mathemathical presentation of the intensity of a
s tream of passengers from entrance West is identical
to the formulation shown above.

To avoid detention at an entrance of a metro
station the condition must be met:

M <A m Ay A, 9)

where: A, is the limit intensity of the incoming
stream of passengers where there would be observed a
passengers waiting at an entrance of a metro station.

Ae = Pm-Fr » passengers per hour; (10)

where: p,, is the coefficient showing the optimal
number of passengers per m? when conditions of
comfort and safety are met, pass./m?.

(py, =7pass./m”). F, is the area that could be
used by passengers freely (without stepping on any
restrict lines). For example, the Metro Station Serdika
has A, =6706 passengers per hour.
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The parametres of the system for mass service are
shown in table 1.

Tab. 1. Parameters of system

The study is conducted for a peak period in three
different ways shown in table 2:

Tab. 2. Cases for simulation

3. APROBABTION OF THE
METHODOLOGY

3.1. Basic parameters

A simulation model of the Metro Station Serdika
which is a part of Line 1 ( Obelya-Tsarigradsko shose)
has been shown in the study. The station is one of the
busiest metro stations of Sofia’s metro system.

1248 S e,
a7 TICKET AMD CARD —| . d 4
SERDICAF 1
10
|7 10 M M

MACHINE 1

1L

SERDICA % 05

I

SERDIKAA \_l_

2837

SERDICART

a3

System queue Parameters Case 1 | 2 3

Direction Direction Incoming A=3600 A =6000
East (1) West (2) stream of Passengers per | Passengers per

Entrance: M/M/1 Mgyl Ay, tin 1 passengers hour hour

Tells: MM/ Ages Mg Myt Aggs Mgy Nay Coefficients | 5 =0,70; ay,, =0,85; &py=0,75;

Iﬂ'/cl\'jl‘jts machines: | 2., iy, My | Azas Hags Nog Bin =0,7; Bom =0,7

Machines for Ity Ty Ay tigy Tell f, = Hp, =360 Passengers per hour

validation: M/M/s Ticket machine | 4, - = 1, =1000 Passengers per hour

Machine for | 4, = u,,=1800 Passengers per hour
validation
Number of tells | n, =1 | n,=2 Ny =2
Ny=1 | Ny=1 Nyt =2
Number of Ny, =2; Ny, =2
ticket machine
Number of Ny, =5; Ny, =4
machine for
validation
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Fig.2. Simulation model in ARENA

3.2. An application of Arena Software for
simulation modelling

The system for imitation modelling Arena allows
us to shape dynamic model for hereogeneous
processes which could be optimased [8]. Modelling is

conducted by using the modelling language SIMAN
and an animation system. It has been used blocks for
modelling which connect to each other in accordance
to dependences as well as operations in the studied
system.
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The simulation model for Metro Stattion Serdika
of Sofia’s Metro System has been shown in figure 2.
Ten replications have been done for each of the cases
after that an average value for each observed indicator
is reported. A comparision of the results has been
shown in table 3.

Tab.3. Results of simulations

Indicator Variant
1 2 3
Number out system, pass. 3608 | 4061 | 6511
Total time in system, sec. 37| 23| 36
Number waiting in queue, passengers
Machine for validation 1 5 6 20
Machine for validation 2 4 4 8
Tell 1 17 3 21
Tell 2 7 6 9
Ticket machine 1 0 0 1
Ticket machine 2 0 0 0
Waiting time in queue, sec.
Machine for validation 1 9 10 19
Machine for validation 2 10| 10| 13
Tell 1 173 29| 114
Tell 2 95| 84| 63
Ticket machine 1 2 2 10
Ticket machine 2 1 2 3
Unavailable device probability
Machine for validation 1 0,24 0,24| 0,40
Machine for validation 2 0,28 0,28| 0,31
Tell 1 0,88| 0,46 | 0,78
Tell 2 0,70| 0,68 0,63
Ticket machine 1 0,05| 0,06| 0,18
Ticket machine 2 0,04| 0,05| 0,08

The maximum number of waiting passengers that
would be served at one till in a ticket office is
assumed to be ten for the study’s purposes.

In the first case, the number of tills in ticket offices
is not enough for direction East. When an additional
till is opened, system state has been imporved (only
three customers are waiting). One the other hand, the
third case suggests a situation close to the critical
point. In this case, both tills in the ticket office are
loaded. Opening an additional till depends on the
capailities and the infrastructure of the entrance-hall.
In the third case, it is important to redirect customers
to ticket machines for issuing tickets. The first and the
third cases show situations which could happen during
a peak hour in case of additional factors such as bad
weather, special occasions and so on.

4. CONCLUSION

The conducted research allows us to make the
following conclusions:
+ A methodology for presenting a metro station as a

112

multi-level system for mass service has been
developed sucessfully.

¢ A multi-level system is examined as a
compounded of separate single-level systems with
Poison’s incoming stream of  passengers,
exponential time for service and s number of
channels (M/M/s).

¢ The decomposition of levels is consistent with
passengers’ going through and servicing them by
the system: entrance, entrance-hall (ticket offices
and ticket machines),escalators and stairs.

¢ A simulation model of a metro system has been
developed with Arena software.
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