Masinski fakultet Univerziteta u NiSu
Faculty of Mechanical Engineering University of Ni$

NAUCNO-STRUCNA KONFERENCIJA O ZELEZNICI

X |\/ZELKON 102 gy

SCIENTIFIC-EXPERT CONFERENCE ON RAILWAYS

A

N,

D

S NE Sibia, 07, - 08, Oktobar 2010.




Q’Q3“TE)"

Masinski fakultet Univerziteta u Nisu g’ ""f,,‘
Faculty of Mechanical Engineering University of Ni§ > g

S

ZBORNIK RADOVA

NAUCNO-STRUCNA KONFERENCIJA O ZELEZNICI

X |\/ZELKON 102 @

SCIENTIFIC-EXPERT CONFERENCE ON RAILWAYS

PROCEEDINGS

j, Srbija, 07. - 08. Oktobar 2010.






Pokrovitelji / Patrons

Ministarstvo za nauku i tehnoloski razvoj Republike Srbije
MIN Holding

JP ZELEZNICE SRBIJE

Direkcija za Zeleznice Republike Srbije

Sufinansijeri / Cofinaciers

STADLER
ALSTOM

SIEMENS

ITW

ALTPRO

TIGAR TEHNICKA GUMA
KONCAR ELEKTRICNA VOZILA
GALEB FSU

MIN LOKOMOTIVA

BACKA INVEST

CIP SAOBRACAJNI INSTITUT
INSTITUT KIRILO SAVIC

Programski odbor / Program Commitee

Prof. dr DuSan Stamenkovi¢, predsednik / president, MaSinski fakultet Ni§
Prof. dr Vlastimir Nikoli¢, MaSinski fakultet Ni$

Prof. dr Dragomir Mandi¢, Saobracajni fakultet Beograd

Prof. dr Vojislav Miltenovi¢, MaSinski fakultet Nis

Prof. dr Miroslav burdanovi¢, Masinski fakultet Nis

Prof. dr SneZana Pejci¢ Tarle, Saobracajni fakultet Beograd

Prof. dr Vojkan Lucanin, MasSinski fakultet Beograd

Milovan Markovi¢, JP Zeleznice Srbije

Slobodan Rosi¢, Direkcija za Zeleznice

Mr Pera Milovanovi¢, MIN Holding Ni$

Prof. dr Miroljub Jevti¢, Institut Kirilo Savi¢ Beograd

Prof. dr Radisav Vukadinovi¢, Visoka Zeleznic¢ka Skola strukovnih studija Beograd
Prof. dr Zdenka Popovi¢, Gradevinski fakultet Beograd

Prof. dr Dragutin Kosti¢, Saobracajni fakultet Beograd

Doc. dr Branislav BoSkovi¢, Saobracajni fakultet Beograd

Prof. dr Vlastimir Boki¢, MaSinski fakultet Ni$

Prof. dr Aleksandar Vuli¢, MaSinski fakultet Ni3

Prof. dr Dragan Mil¢i¢, MaSinski fakultet Ni$§

Organizacioni odbor / Organizing Commitee

dr Milo$ MiloSevi¢, predsednik / president

dr Nenad T. Pavlovi¢

Srdan Mladenovi¢, dipl. inZ. mas.

Miroslav Mijajlovi¢, dipl. inZ. mas.

Milan Bani¢, dipl. inZ. mas.

Mr Srdan Stojici¢, dipl. inZ. mas.

Dusanka Nikoli¢, tehnicki sekretar / technical secretary
Vesna Grozdanovi¢, tehnicki sekretar / technical secretary



Izdavac / Publisher

Masinski fakultet Ni$ / Faculty of Mechanical Engineering Ni$

Prof. dr Vlastimir Nikoli¢, dekan / dean

Urednik / Editor

Prof. dr DuSan Stamenkovi¢

Recezenti / Reviewers

Prof. dr DuSan Stamenkovi¢

dr Branislav Boskovi¢, docent

dr Milo$ MiloSevi¢, docent

Tehni¢ka priprema / Technical preparation
Miroslav Mijajlovi¢, dipl. inZ. mas.

Milan Bani¢, dipl. inz. mas.

Grafic¢ko reSenje korica / Cover design

dr Milo$ MiloSevi¢, docent

Tiraz / Number of copies
250

Stampa / Printing
UNIGRAF, Nis

I

88560

CIP - Karanoruzaiuja y nyOauKanuju
Hapopana 6ubnmorexa Cpouje, beorpan

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

HAVYYHO-ctpyuna koudepennuja o xexesnunu (14 ;
2010 ; Hum)

[Zbornik radova] = [Proceedings] / XIV
nauc¢no-struc¢na konferencija o Zeleznici -
ZELKON '10 = XIV Scientific-Expert Conference
of Railways - RAILCON '10, Ni§, Srbija,

07.-08. Oktobar 2010. ; [organizator]

MasSinski fakultet Univerziteta u NiSu =
[organized by] Faculty of Mechanical

Engineering University of Ni$ ; [urednik,

editor Dusan Stamenkovi¢]. - Ni$ : Masinski
fakultet = Faculty of Mechanical Engineering,
2010 (NiS : Unigraf). - 359 str. : ilustr. ;

24 cm

Kor. nasl. - Radovi na srp. i engl. jeziku. -
Tekst ¢ir. i lat. - Tiraz 250. - Napomene uz
tekst. - Bibliografija uz svaki rad. -
Summaries. - Registar.

ISBN 978-86-6055-007-3

1. Mammncku ¢daxynret (Humr)

a) XKenesnnuka Bo3wia - 300opHuLu b)
Kenesunuxu caobpahaj - 360pHUIIH C)
XKenesunuke npyre - 36opuui d) Cpouja -

Ministarstvo nauke i tehnoloskog razvoja Republike Srbije sufinansiralo je izdavanje zbornika radova
X1V NAUCNO-STRUCNE KONFERENCIJE O ZELEZNICI ZELKON ’10.

Ministry of Science and Technological Development of the Republic of Serbia has participated in printing costs of
the proceedings of XIV SCIENTIFIC-EXPERT CONFRENCE ON RAILWAY'S RAILCON ’10.

Sve publikacije u ovom zborniku radova su zaSti¢ene u smislu autorskih prava, dok za originalnost i
sadrzaj radova punu odgovornost snose autori.

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



SADRZAJ/ CONTENTS

Plenarna sednica / Plenary Session

COMMON SAFETY METHOD (CSM) ON RISK ASSESSMENT FOR SIGNIFICANT CHANGES TO
THE RAILWAY SYSTEM IN THE EUROPEAN UNION
Dragan JOVICIC - European Railway Agency (ERA)

ASSOCIATION KORRIDOR X PLUS - STATUS AND FUTURE OF THE CORRIDOR X
Tomas WIMROITHER - Association “Korridor X PLUS”

REGULATIVA ZELEZNICKOG TRANSPORTA: PRESEK STANJA | SMERNICE ZA BUDUCE
UREDENJE

Dejan LASICA, Ministarstvo za infrastrukturu Republike Srbije, Beograd

Slobodan ROSIC, Sinisa TRKULJA, Branislav BOSKOVIC, Direkcija za Zeleznice Republike Srbije,
Beograd

TRANSFORMACIJA ZELEZNICA SRBIJE | BUDUCNOST ZELEZNICKOG SAOBRACAJA
Dragomir MANDIC, Saobracajni fakultet, Beograd

Vil

Xl

XVII

Radovi na engleskon / Papers in English

E.L

E.2.

E.3.

E.4.

E.5.

E.6.

E.7.

E.8.

E.O.

E.10.

COST-BENEFIT ANALYSIS FOR SLOW SPEED ZONES ON RAILWAY CORRIDORS
Andreas SCHOBEL, Vienna University of Technology, Institute of Transportation, Vienna, Austria
Darja SEMROV, Faculty of Civil and Geodetic Engineering, Ljubljana, Slovenia

Ales PAVSEK, DDC svetovanje inZeniring d.0.0., Ljubljana, Slovenia

MODELLING OF RAILWAY INFRASTRUCTURE SERVICE QUALIFICATION PROCESS

Agnes DENESFALVY, Organisation Development Division, Infrastructure Business Unit, MAV Hungarian

State Railways Co, Budapest, Hungary

DEVELOPING OF RAILWAY INFRASTRUCTURE SERVICES AND CUSTOMER SATISFACTION

Gyula FARKAS, Erika VINCZELLER, Sales Department, MAV Co., Budapest, Hungary

EXPERIMENTAL AND NUMERICAL STUDY OF ELASTIC SPRING CLIPS FOR RAIL FASTENING

Stjepan LAKUSIC, Faculty of Civil Engineering, Zagreb, Croatia
Dalibor BARTOS, DAING d.0.0., Daruvar, Croatia
Vinja TKALCEVIC LAKUSIC, Faculty of Civil Engineering, Zagreb, Croatia

AC RECUPERATIVE BRAKING: GENERAL ASPECTS, EXPERIENCE WITH FLIRT EMU AT MAV

Franz LACZO, Stadler Bussnang AG, Bussnang, Swiss

PASSENGER BEHAVIOUR IN BOARDING SITUATIONS AND RELATION BETWEEN PLATFORM

HEIGHT AND ROLLING STOCK FLOOR HEIGHT

Aleksandar RADOSAVLIEVIC, Saobraéajni institut CIP, Beograd
Bernhard RUGER, Vienna University of Technology, Vienna, Austria
Simo MIRKOVIC, Saobracajni institut CIP, Beograd

RAILWAY VEHICLE ACCESSIBILITY

Bernhard RUGER, Vienna University of Technology, Vienna, Austria
Goran SIMIC, Faculty of Mechanical Engineering, Belgrade

Andrew NASH, Vienna Transport Strategies, Vienna, Austria

MEASUREMENT AND DATA ACQUISITION SYSTEM FOR ANALYSING DYNAMIC
CHARACTERISTICS OF RAILWAY VEHICLES

Milo§ MILOSEVIC, Dusan STAMENKOVIC, Faculty of Mechanical Engineering, Ni3
Neboj$a PEJCIC, Dragoslav RADOICIC, EUROgenyx, Ni§

Srdan MLADENOVIC, Faculty of Mechanical Engineering, Ni$

GREAT POWERS’ ECONOMIC INTERESTS IN RAILWAY CONSTRUCTION IN THE BALKANS

Anna DZHALEVA-CHONKOVA, University of Transport (VTU), Sofia, Bulgaria

INTEROPERABILITY AND SAFETY OF RAIL TRANSPORT IN BALKAN COUNTRIES
Vasko NIKOLOV, NRIC Sofia, Plovdiv, Bulgaria

13

17

21

25

29

33

37



E.11.

E.12.

E.13.

E.14.

E.15.

E.16.

INCREASING TRAFFIC CAPACITY OF THIRD RAILWAY LINE SOFIA - KARLOVO
Rosina MLADENOVA, Maya IVANOVA, University of Transport (VTU), Sofia, Bulgaria

MEASUREMENT OF LOADING IN RAILWAY VEHICLE WHEELS IN MOTION
Emil DIMITROV, Technical University, Sofia, Bulgaria
Nencho NENOV, University of Transport (VTU), Sofia, Bulgaria

SOME DATA FOR CALCULATION OF FATIGUE IN PROBABILISTIC ASPECT OF RAILWAY
VEHICLES
Dobrinka ATMADZHOVA, University of Transport (VTU), Sofia, Bulgaria

A MATHEMATICAL MODEL OF BOGIE WITH INDEPENDENTLY ROTATING WHEELS FOR A
CITY LIGHT RAIL
Emil MIHAYLOV, Dobrinka ATMADZHOVA, University of Transport (VTU), Sofia, Bulgaria

CONTRIBUTION TO ANALYTICAL DETERMINATION OF THE BRAKING ROAD OF RAIL
VEHICLES BY USING MATLAB/SIMULINK

Hristijan MICKOSKI, lvan MICKOSKI, Mile MENKOVSKI, Faculty of Mechanical Engineering, Skopje,
Macedonia

AN OVERVIEW ON FSW AND ITS APPLICATION IN RAILWAY VEHICLE INDUSTRY
Miroslav MIJAJLOVIC, Dragan MILCIC, Miroslav PURDANOVIC, Faculty of Mechanical Engineering, Ni$
Dragan MITIC, Zavod za zavarivanje, Beograd

41

45

53

57

61

Vozila / Rolling Stock

1.1

1.2.

1.3.

1.4.

1.5.

1.6.

1.7.

1.8.

45 GODINA EKSPLOATACIJE LOKOMOTIVA TIPA LE 5100
Marko BUKIC, JP ,,Zeleznice Srbije”, Beograd

REDUKCIJA BUKE U ZELEZNICKOM TERETNOM SAOBRACAJU PRIMENOM KOMPOZITNIH
KOCIONIH BLOKOVA
Srdan RUSOV, Aleksandar ZLATKOVIC, Saobraéajni fakultet, Beograd

EKSPERIMENTALNA ISTRAZIVANJA KARAKTERISTIKA CEVNIH APSORBERA KINETICKE
ENERGIJE SUDARA PUTNICKIH VAGONA - CRASH TEST

Vojkan LUCANIN, Masinski fakultet, Beograd

Jovan TANASKOVIC, Institut GOSA d.0.0., Beograd

RAZVOIJ | VERIFIKACIJA GUMENO-METALNIH ELEMENTA PRIMARNOG OGIBLJENJA
ELEKTRICNIH LOKOMOTIVA

Dusan STAMENKOVIC, Milo§ MILOSEVIC, Masinski fakultet, Ni$

Ivan PETROV, TIGAR Tehni¢ka guma, Pirot

Milan BANIC, Masinski fakultet, Ni§

PRIMENA ALGORITAMA PROTIVKLIZNE ZASTITE NA SIMULACIONOM MODELU
ELEKTRICNE LOKOMOTIVE )
Petar MARKOVIC, Dragutin KOSTIC, Nenad JEVTIC, Saobraéajni fakultet, Beograd

KONTROLNIK IZOLOVANOSTI ELEKTRICNIH LOKOMOTIVA
Sava JELIC, Ni$

MODELIRANJE NOSECIH STRUKTURA TEHNIKOM PODSTRUKTURA
Miomir JOVANOVIC, Predrag MILIC, MaSinski fakultet, Nis

NOVI KRITERIJUMI ZA OCENU ISPRAVNOSTI KOCNICE
Zorica STARCEVIC, Vladimir VAINHAL, Porde KRZIC, Ivana ATANASOVSKA, Institut ,,Kirilo Savi¢,
Beograd

67

71

75

79

83

87

91

95

Saobracaj / Traffic

2.1.

MODEL ZA ODREDIVANJE LOKACIJE ,,PARK AND RIDE*” OBJEKATA U SISTEMU ,,BEOVOZA*
Ivan MANCIC, Slavko VESKOVIC, Sanjin MILINKOVIC, Saobraéajni fakultet, Beograd

101



2.2.

2.3.

2.4.

2.5.

2.6.

2.7.

2.8.

2.9.

2.10.

SIMULACIJA SAOBRACAJA U CILJU UTVRBIVANIJA ,,USKIH GRLA* NA DELU ZELEZNICKOG
CVORA BEOGRAD

Zorica MILANOVIC, Tatjana MIKIC, Saobradajni institut CIP, Beograd

Giorgio MEDEOSSI, Universita di Trieste, Trieste, Italia

ODREDPIVANJE POTREBNOG BROJA | OBRTA GARNITURA DINAMICKIM PROGRAMIRANJEM
u SAOBRACAJU,PRIGRADSKIH VOZOVA )
Miljan PETROVIC, Slavko VESKOVIC, Sanjin MILINKOVIC, Saobracajni fakultet, Beograd

ANALIZA PROPUSNE MOCI PRUGE STUBLINE-VORBIS KORISCENJEM SOFTVERSKOG
PAKETA OPENTRACK )
Aleksandar GAJICKI, Tatjana MIKIC, Saobrac¢ajni institut CIP, Beograd

RAZVOJ | PERSPEKTIVE KOMBINOVANOG TRANSPORTA IZMEDU SRBIJE | JADRANSKIH
LUKA

Zoran BUNDALO, Visoka Zeleznicka Skola strukovnih studija, Beograd

Andrija RISTOVIC, JP ,,Zeleznice Srbije”, Beograd

Nadica OGRIZOVIC, AGIT, Rijeka, Hrvatska

Mome¢ilo TUNIC, SRBIJAKOMBI, Nemanjina 6, Beograd

ISTRAZIVANJE PROMETNE POTRAZNJE U FUNKCJI ODREPIVANJA TEHNOLOSKIH KRITERIJA
ZA DIMENZIONIRANJE RO-LA TERMINALA

Tomislav MLINARIC, Fakultet prometnih znanosti, Zagreb, Hrvatska

Nedjeljko SPILEK, Kiril KARAGYOZOV, VTU Todor Kableshkov, Sofia

PRILOG OBJASNJENJU POJMA KVALITET TRANSPORTNE USLUGE
Ljubislav VASIN, Dragan PAMUCAR, Vesko LUKOVAC, VVojna akademija, Beograd

BENCMARKING PERFORMANSI ZELEZNICA - KLJUCNI INDIKATORI
Nikola PETROVIC, Masinski fakultet, Ni§

Snezana PEJCIC TARLE, Saobracajni fakultet, Beograd

Nena TOMOVIC, JP ,,Zeleznice Srbije”, Beograd

POREDENJE TURNUSA LOKOMOTIVA PREMA STABLINOSTI, PRIMENOM MAX-PLUS
ALGEBRE )
Predrag JOVANOVIC, Pavle KECMAN, Saobrac¢ajni fakultet, Beograd

ETCS U EKSPLOATACNI NA ZELEZNI(;I
Radomir BRKIC, Radisav VUKADINOVIC, Visoka Zelezni¢ka Skola strukovnih studija, Beograd

105

109

113

117

121

125

129

133

137

Infrastruktura / Infrastructure

3.1

3.2.

3.3.

3.4.

3.5.

3.6.

PARAMETRI ZA PROJEKTOVANJE KOLOSEKA ZA SAOBRACANJE VOZOVA SA NAGINJANJEM
SANDUKA KOLA )
Ljiljana MILIC MARKOVIC, Saobraé¢ajni Institut CIP, Beograd

GEOMETRIJSKO OBLIKOVANJE PRELAZNE KRIVINE PREMA EVROPSKIM STANDARDIMA
Leposava PUZAVAC, Zdenka POPOVIC, Luka LAZAREVIC, Gradevinski fakultet, Beograd

PROSTORNO OBLIKOVANJE RAMPE ZA NADVISENJE,PREMA EVROPSKIM STANDARDIMA
Zdenka POPOVIC, Leposava PUZAVAC, Luka LAZAREVIC, Gradevinski fakultet, Beograd

PRILAGODENOST INFRASTRUKTURE | VOZNIH SREDSTAVA OSOBAMA SA POSEBNIM
POTREBAMA

Dragan DPORPEVIC, Predrag ATANASKOVIC, Emina PURDEVIC, Saobracajni institut CIP, Beograd
Sandra KASALICA, Visoka Zeleznic¢ka Skola strukovnih studija, Beograd

WEB-GIS APLIKACIJE NA ZELEZNICAMA SRBIJE

Spiro GOPCEVIC, JP ,,Zeleznice Srbije”, Beograd

Zoran BUNDALO, Visoka Zelezni¢ka Skola strukovnih studija, Beograd
Dragan PORPEVIC, Saobracajni institut CIP, Beograd

KONTROLER PUTNOG PRELAZA GALEB FSU LC09
Darko CELEBIC, Danko BPURIC, SDD Information Technology Group DOO, Beograd
Ljubomir BECEJAC, Galeb FSU, Beograd

143

147

151

155

159

163



3.7.

3.8.

EKSPERIMENTALNE METODE U ODREPIVANJU TEHNOLOSKIH PARAMETARA PRI IZRADI
BETONSKIH PRAGOVA B 70

Slobodan JOVANOVIC, Masinski fakultet, Ni3

Slavisa PLANIC, MIN DIV AD, Svrljig

Dragan JOVANOVIC, Masinski fakultet, Ni§

lvan PULETIC, MIN DIV AD, Svrljig

INFORMACIONI SISTEM ZA OBAVESTAVANJE NA ZELEZNICKIM STANICAMA
Branislav JEVTOVIC, Danilo OKLOBDZIJA, Vladica UBAVIC, Stefan KOSTIC, Visoka poslovna 3kola,
Blace

167

171

Odrzavanje vozila i infrastrukture / Vehicle and Infrastructure Maintenance

4.1.

4.2,

4.3.

4.4,

4.5.

4.6.

4.7.

4.38.

4.9.

4.10.

MERNA OPREMA ZA DINAMICKA | KVAZ[STATI(V:KA ISPI'I:IVANJA ZELEZNICKIH VOZILA
Dragan PETROVIC, Arandel BABIC, Milan BIZIC, Mirko PELOSEVIC, Masinski fakultet, Kraljevo

ISPITNI STO ZA MERENJE KRUTOSTI GUMENO-METALNIH ELEMENATA PRIMARNOG
OGIBLJENJA U TRI PRAVCA

Milan BANIC, Goran RADENKOVIC, Masinski fakultet, Ni$

Srdan RADENKOVIC, AD "MIN Lokomotiva", Ni$

Miroslav MIJAJLOVIC, Petar PEKIC, Masinski fakultet, Ni$

TERMICKO OPTERECENJE TOCKOVA ZELEZNICKIH VOZILA | OPASNOST OD PUCANJA
TOCKOVA

Milorad PAVIC, JP "Zeleznice Srbije”, Beograd

Vojkan LUCANIN, Masinski fakultet, Beograd

MERNA STANICA BATAINICA ZA DINAMICKU KONTROLU ZELEZNICKIH VOZILA
Zivota PORPEVIC, JP ,Zeleznice Srbije*, Beograd

Johannes KARNER, OBB Infrastruktur AG, Vienna, Austria

Andreas SCHOBEL, Institute of Transportation, Vienna University of Technology, Vienna, Austria
Simo MIRKOVIC, Saobraéajni institut CIP, Beograd

PRILOG ANALIZI LOMA OSOVINA NA LOKOMOTIVAMA SERIJE 441, 461 | 444
Dragan RAJKOVIC, JP ,,ZELEZNICE SRBIJE*, Novi Sad

MOGUCNOSTI PRIMENE IC TERMOGRAFIJE U DIJAGNOSTICI I ISPITIVANJU ZELEZNICKIH
SISTEMA
Ivan RANDELOVIC, Nenad PAVLOVIC, Masinski fakultet, Ni§

PRIMENA HOLOGRAFSKE INTERFEROMETRIJE ZA ANALIZU VIBRACIJA KOD ZELEZNICKIH
SISTEMA
Emina PETROVIC, Nenad PAVLOVIC, Masinski fakultet, Ni§

POKAZATELJI ODRZAVANJA PUTNICKIH VAGONA HZ PUTNICKOG PRIJEVOZA U
TROGODISNJEM RAZDOBLJU
Milan BRKIC, Mario SIMIC, HZ Putnigki prijevoz d.0.0., Zagreb, Hrvatska

MODIFICIRANE ELEKTRICNE LOKOMOTIVE SERIJE 461 ZELJEZNICA CRNE GORE - 25
GODINA EKSPLOATACIJE
Zoran SAVELJIC, Podgorica, Crna Gora

DIJAGNOSTIKA TRANSFORMATORA U ZELEZNICI TERMOELEKTRANE “NIKOLA TESLA”
Nenad KARTALOVIC, Visoka Zeleznicka Skola strukovnih studija, Beograd
DPorde JOVANOVIC, Srdan MILOSAVLIEVIC, Elektrotehnicki institut ,,Nikola Tesla”, Beograd

177

181

185

189

193

197

201

205

209

213

Strategija i politika / Strategy and Policy

5.1

5.2.

ENERGETSKA EFIKASNOST U ZELEZNICKOM TRANSPORTU
Larisa PUZOVIC, JP ,,Zeleznice Srbije*, Sektor za strategiju i razvoj, Beograd
Vladeta GAJIC, Fakultet tehnickih nauka, Novi Sad

ANALIZA RAZLIC]TIH NA(:jINAV NABAVKE ZELEZNICKIH VOZNIH SREDSTAVA
Dragana NESKOVIC, Marko SARCEVIC, Dejan JOKSIMOVIC, JP "Zeleznice Srbije”, Beograd

219

223



5.3.

54.

5.5.

5.6.

57.

5.8.

5.9.

5.10.

5.11.

5.12.

5.13.

5.14.

5.15.

5.16.

SIMULACIJA UTICAJA NAKNADA ZA KORISCENJE ZELJEZNICKE INFRASTRUKTURE NA
POSLOVANJE ZELJEZNICA REPUBLIKE SRPSKE

Aleksandar BLAGOJEVIC, Sladana OKOLIC, Regulatorni odbor BiH, Doboj, BIH

Zoran SARIC, Zeljeznice Republike Srpske, Doboj, BIH

DIREKTIVA 2007/59/EC [SMERNICE ZA PSIHOLOSKU PROCENU MASINOVODA
Dragana STEVOVIC, JP ,,Zeleznice Srbije*, Beograd

MOGUCE POSLEDICE ZELEZNICKOG,SAOBRACAJA PO ZI\(OTNU SREDINU
Simon BARMATI, Dragutin JOVANOVIC, Vesna ALIVOJVODIC, Beogradska politehnika, Beograd

ZNACAJ INTEROPERABILNOSTI ZELEZNICKIH SISTEMA SRBIJE U PROJEKTIMA TRANS-
BONUSA
Predrag PETROVIC, Slobodan VUKMIROVIC, Miroljub JEVTIC, Institut ,,Kirilo Savi¢*, Beograd

OCENA MODELA LIBERALIZACIJE TRZISTA U DALJINSKOM ZELEZNICKOM PUTNICKOM
SAOBRACAJU PRIMENOM SWOT ANALIZE
Jasmina STANISIC, Mirjana BUGARINOVIC, Saobracajni fakultet, Beograd

MODELI | IS!(USTVA UGOVARANJA OJP U ZEMLJAMA EU
Branislav BOSKOVIC, Direkcija za Zeleznice Republike Srbije, Beograd
Jelica POP-LAZIC, JP ,,Zeleznice Srbije*, Beograd

MODELI VLASNISTVA VOZNIH SREDSTAVA U FUNKCIJI OBAVEZE JAVNOG PREVOZA -
PRIMER BEOGRADA
Jelica POP-LAZIC, JP ,,Zeleznice Srbije*, Beograd

PRIPREMA PROJEKTNE DOKUMENTACIJA U SKLADU SA EVROPSKIM NORMAMA - PRIMER
PREDHODNIH ISTRAZIVANJA ZA MODERNIZACIJU PRUGE TRUPALE (NIS)-PRESEVO-
GRANICA

Dragomir MANDIC, Saobracajni fakultet, Beograd

PRIMENA DEA METODE ZA MERENJE EFIKASNOSTI ZELEZNICKIH PREDUZECA SA POSEBNIM
OSVRTOM NA JP "ZELEZNICE SRBIJE”
Nebojsa BOJOVIC, Sladana TIHOMIROVIC, Milos MILENKOVIC, Saobracajni fakultet, Beograd

SISTEMATIZAC]JA VOZOVA INTERMODALNOG TRANSPORTA
UgljeSa MILOVIC, Saobracajni fakultet, Beograd

UVODENJE NOVIH POKAZATELJA PRODUKTIVNOSTI TERETNIH KOLA - PRIMJER ZRS
Rade CVIJANOVIC, Saobrac¢ajni fakultet, Beograd

IZBOR PRINCIPA NAKNADA ZA KORISCENJE ZELEZNICKE INFRASTRUKTURE -
VISEKRITERIJUMSKI PRISTUP 5 )
Mirjana BUGARINOVIC, Branislav BOSKOVIC, Saobracajni fakultet, Beograd

JEDAN POGLED NA STVARANJE NOVOG KONCEPTA PREVOZA PUTNIKA ZELJEZNICOM NA
RELACIJI BAR-BEOGRAD
ReSad NUHODZIC, Zeljezni¢ki prevoz Crne Gore, A.D., Podgorica, Crna Gora

AKTUELNA PROBLEMATIKA UKRSTAJAVZELEZNICKE | DRUMSKE INFRASTRUKTURE
Aleksandar NAUMOVIC, Sinia MARIC, JP ,,Zeleznice Srbije”, Sektor za strategiju i razvoj, Beograd

227

231

235

239

243

247

251

255

259

263

267

271

275

279

Ostali aspekti Zeleznice / Other Railway Aspects

6.1.

6.2.

6.3.

6.4.

AERODINAMICK] EFEKAT VOZA NA OSOBE NA PERONU
Dragan MILKOVIC, Goran SIMIC, MasSinski fakultet, Beograd

PRISTUP PROCENI RIZIKA PRIMENOM FMEA METODE SA RAZLICITIM RELATIVNIM
VAZNOSTIMA FAKTORA RIZIKA

Milovan ILIC, Fakultet informacionih tehnologija, Beograd

Srdan STOJICIC, AD "MIN Lokomotiva", Ni$

UPRAVLJANJE BUKOM U ZELEZNIQKOM SAOBRACAJU GRADSKIH | PRIGRADSKIH ZONA
Aleksandar ZLATKOVIC, Mirjana AREZINA, Srdan RUSOV, Saobracajni fakultet, Beograd

RAZVOJ LJUD,SKIH,RESUVRSA-KLJUC USPEHA SAVREMENE ORGANIZACIJE
NataSa MARKICEVIC, JP "Zeleznice Srbije”, Beograd

285

289

293

297



6.5.

6.6.

6.7.

6.8.

6.9.

6.10.

6.11.

6.12.

6.13.

6.14.

6.15.

6.16.

ISTRAZIVANJE PONASANJA VOZACA NA PUTNOM PRELAZU
Sandra KASALICA, Radisav VUKADINOVIC, Nikola DRAGOVIC, Visoka Zeleznitka $kola strukovnih
studija, Beograd

VANREDNI DOGADAJI NA PUTNIM PRELAZIMA
Cedomir MITIC, Slobodan GOJKOVIC, Ni§

OCENA ZAVARLIJIVOSTI CELIKA POVISENE JACINE | MOGUCNOST NJIHOVE PRIMENE U
ZELEZNICKOJ INDUSTRUJI

Dragan MILOSAVLIEVIC, MaSinski fakultet, Kragujevac

Petar MARINKOVIC, Zastava automobili, Kragujevac

Vuki¢ LAZIC, Srbislav ALEKSANDROVIC, Nada RATKOVIC, Masinski fakultet, Kragujevac

TEMPERATURNA OTPORNOST NR/CSM SMESA OJACANIH CAPIMA U INDUSTRIJI SINSKIH
VOZILA

Gordana MARKOVIC, Tigar, Pirot

Vojislav JOVANOVIC, Suzana SAMARZIJA-JOVANOVIC, PMF, Kosovska Mitrovica

Milena MARINOVIC-CINCOVIC, Institut za nuklearne nauke Vinga, Beograd

Jaroslava BUDINSKI SIMENDIC, Tehnoloki fakultet, Novi Sad

TEORIJSKO-EKSPERIMENTALNA PROCENA RADNOG VEKA NAVARENIH SLOJEVA
IZVEDENIH AUSTENITNIM MANGANSKIM ELEKTRODAMA

Vuki¢ LAZIC, Masinski fakultet, Kragujevac

Milan MUTAVDZIC, Preduzeée za puteve "Kragujevac" a.d., Kragujevac

Ruzica NIKOLIC, Srbislav ALEKSANDROVIC, Dragan MILOSAVLIEVIC, Masinski fakultet, Kragujevac

UPRAVLIJANJE RIZIKOM PREVOZA OPASNIH MATERIA ZELEZNICOM
Dragoslav UGARAK, Dragutin JOVANOVIC, Beogradska politehnika, Beograd

REGULATOR PUNJENJA BATERIJA | NAPONA POTROSACA
Zoran ZIVADINOVIC, MSnet, Ni$

Savo JELIC, Ni$

Zoran ICIC, Elektronski fakultet, Ni$

RADIONICA ZA REGENERIZACIJU DELOVA METALIZACIJOM
Danilo PAUNOVIC, Beograd

KVALITET ELEKTRICNE ENERGIJE NA ELEKTRIFICIRANIM PRUGAMA ,,ZELEZNICE SRBIJE“

Branislav GAVRILOVIC, Visoka Zelezni¢ka 3kola strukovnih studija, Beograd
Aleksandar NOVITOVIC': “Ekosolar” d.o.o0., Beograd
Vojislav VUKADINOVIC, JP ,,Zeleznice Srbije*, Beograd

SAVREMENI KONCEPTI KONTEJNERSKIH TERMINALA

Zoran MARINKOVIC, Dragan MARINKOVIC, Danijel MARKOVIC, Ivana KLIPA, Masinski fakultet, Ni$

MERENJE POHABANOSTI ZELEZNICKIH SINA — VAZNA AKTIVNOST U PREVENTIVNOM
ODRZAVANJU PRUGA

Svetislav MARKOVIC, Visoka $kola tehnigkih strukovnih studija, Cagak

Slobodan TANASIJEVIC, Svetislav JOVICIC, Masinski fakultet, Kragujevac

UTICAJ SADRZAJA EPDM KAUCUKA U EPDM/NBR SMESAMA OJACANIH SILICIJUM
DIOKSIDOM U INDUSTRIJI SINSKIH VOZILA

Suzana SAMARZIJA-JOVANOVIC, Vojislav JOVANOVIC, PMF, Kosovska Mitrovica
Gordana MARKOVIC, Tigar, Pirot

Sandra KONSTANTINOVIC ,Tehnoloski fakultet, Leskovac

301

305

309

313

317

321

325

329

333

337

341

345

Mladi i buduénost Zeleznice / Youth and Future of Railway

7.1.

7.2.

7.3.

INTERMODAL TERMINAL
Tsvetan GRIGOROV, VTU Todor Kableshkov, Sofia

MIRNOCA HODA ZELEZNICKIH VOZILA | GEOMETRIJSKA NEISPRAVNOST PRUGE
Marjan STOSIC, Masinski fakultet, Ni$

PRODUKTIVNOSTI TERETNIH KOLA NA ZRS
Rade CVIJANOVIC, Saobrac¢ajni fakultet, Beograd

351

353

355



74.

7.5.

ANALIZA NAKNADA ZA TERETNE | PUTNICKE VOZOVE ZA PRISTUP | KORISCENJE
ZELEZNICKE INFRASTRUKTURE
Nikola STOJADINOVIC, Saobracajni fakultet, Beograd

TAKSONOMIJA VOZOVA U INTERMODALNOM TRANSPORTU
Ugljesa MILOVIC, Saobracajni fakultet, Beograd

357

359

Indeks autora / Index of Authors




RAILWAYS

les‘é'c?SJE'E'&%éF’SET I.JJ
RA|LC0N'10N:'1~

AN OVERVIEW ON FSW AND ITSAPPLICATION IN RAILWAY
VEHICLE INDUSTRY

Miroslav M. MIJAJLOVIC?!
Dragan S. MILCIC ?
Miroslav B. PURPANOVIC 3
Dragan J. MITIC *

Abstract — Friction Sir Welding (FSW) as a promising new welding technology has been adopted
by various industries and it has been implemented into their manufacturing procedures. Railway
companies throughout the world use FSW in development processes of different kinds: for speed
trains, rail stock, tanks, containers etc. Serbia’'s scientific society is familiar with abilities and
advantages of the FSW and there is enthusiasm for its application. Several Serbian scientific
institutions work on devel opment of FSW and its use in industry. Serbian Railways are in the phase
of reconstruction and deal with numerous difficulties. FSW is still considered as “ exotic” welding
procedure” and has never been massively implemented into the Serbian railway industry.

Keywords — Friction Stir Welding, Railway

1. INTRODUCTION

Friction stir welding (FSW) is a solid — state
welding process (metal of the welding pieces and/or
filler metal are not melted during the welding
process), and is used mostly for applications on sheset
or plate shaped parts, usualy on large parts which
cannot be easily heat treated post weld to recover
temper characteristics. FSW is used where the
nominal metal characteristics should remain
unchanged or minimally changed during the welding
process.

FSW was invented and experimentally proven by
Wayne Thomas and its team at The Welding Institute
UK in December 1991 and this institute holds
numerous patents on the process [1].

This processis primarily used on:

— 2000, 5000, 6000, 7000 series aluminum,

—  Aluminum based metal matrix composites,

— Copper and itsaloys,

— Titanium and its alloys,

— Zinc, stainless steel and nickel aloys,

— Lead, Plastic,

— Some combinations on previously mentioned

=

materials (for example, welding of bronze and
aluminum).

2. PRINCIPLE, ADVANTAGESAND
DISADVATAGES OF THE FSW

During FSW process (Figure 1), a cylindrical —
shouldered tool, with a profiled threaded/unthreaded
probe (Figure 1, 5) and flat or coned shoulder (Figure
1, 4) is rotated at a constant speed and fed a a
constant traverse rate into the start point of the joint
line (Figure 1, 7) between two plates (Figure 1, 1 and
2). Welding plates are butted together and clamped
rigidly onto a backing plate (Figure 1, 3) in a manner
that prevents the abutting joint faces from being
forced apart. The height of the probe is dightly less
than the weld depth required (height of the welding
plates) and the shoulder tip (Figure 1, 6) isin intimate
contact with top surfaces of the welding plates.

Friction stir welding uses two types of physical —
mechanical processes, that happen with materials, to
create weld: friction processes and deformation
processes (as the most dominant — stirring). Friction
processes result with generation of heat [3]. Frictional
heat is generated between the welding tool’s active
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surfaces - probe side, probe tip, shoulder tip and the
material of the work pieces. This heat generated
during dliding and sticking of welding tool and
welding materia [5, 6], aong with the adiabatic heat
within the material, cause the stirred materias to
soften without reaching the melting point alowing the
traversing of the tool aong the weld line in a
plasticised tubular shaft of metal.

pressurc

direction of welding

Figure 1 Principle of the FSW: 1 and 2-welding
plates; 3-backing plate; 4-shoulder; 5-probe; 6-
shoulder tip; 7-weld joint line
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FSW is cited as a solid state welding process —
process of indirect usage of friction heat generation,
where temperature of the welding plates’ material can
reach at most 80% of the melting point temperature
[3, 4]. Terms sticking and diding are commonly used
in FSW terminology, but if FSW is considered as
tribological problem, it is more appropriate to describe
heat generation within FSW as a product of adhesion
and deformation [4, 6]. As the probe is moved in the
direction of welding, the leading face of the probe,
assisted by a special probe profile (thread), forces
plasticised material to the back of the probe while
applying a substantial plunging force to consolidate
the weld metal. The welding of the material is
facilitated by severe plastic deformation in the solid
state, involving dynamic recrystallization of the
welding (base) material.

Welding process is achieved during five different
phases (Figure 2): plunging of the welding tool, first
dwelling, welding, second dwelling, pulling out of the
welding tool.
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z

1 welded zone

1
i I
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y ] y T
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Figure 2 Phases of the FSW process

62



RADOVI NA ENGLESKOM

PAPERS IN ENGLISH

Advantages of the FSW are numerous:

— Good mechanical properties of the weld — amost
the same as for the welding plates

— Low distortion, even in long welds, no spatter and
porosity, low shrinkage.

— Excellent mechanical properties.

— Can operatein all positions.

— Non consumable tool and no consumables.

— Can weld Al and Cu of larger than 50mm
thickness, in one pass,

— Improved safety of the welding process due to the
absence of toxic fumes or the spatter of molten
material and low impact on environment.

As any other welding process, FSW has limitations
on its application and disadvantages comparing to
other welding processes:

—  Work pieces must berigidly clamped,

— Backing plate is required (except for self reacting
and directly opposed tools),

— Key holes at the end of each weld,

— Cannot make joints that require metal deposition,

— Lessflexible than manual and arc processes,

— Often dlower traverse speed than some fusion
welding.

3. APPLICATION OF
RAILWAY INDUSTRY

Fricion &ir wdding has showed excellent
characterigtics in welding and amost the same moment it
was invented industry has adopted it as specific but
efficient type of welding. FSW is highly applicable for
welding of “mild and soft” materids such duminum is, so
it is obvious why fird gpplications of FSW were in
shipbuilding, aerospace industry, automobile industry and
fabrication.

Common railway indudries ae oriented to
development of ged dructures. Significant railway
systems — from infrastructure, over vehicles and dl other
equipment are relativdly massive and rigid dructures.
However, new demands in railway industries point into
development of “light, safe and reliable’ railway systems.
As a process capable to weld light weight materias, FSW
has found its application in development of modern
ralway vehicdes. The commercid production of high
gpeed trains made from aluminum extrusons which may
be joined by friction gir welding has been published.
Applicationsinclude [7]: high speed trains, rolling stock of
rallways, underground carriages, trams, railway tankers
and goods wagons, container bodies.

The most popular examples of FSW application
onto the railway rolling stock are:

— Roof panels for DSB suburb trains at Hydro

Marine Aluminium (Figure 3),

— Side panels for Bombardier's Electrostar and

VictoriaLinetrains at Sapa
— Side panelsfor Alstom'strains by Sapa

THE FSW IN

— Commuter, Express and Channel Tunnel Rail
Link trains by Hitachi (Figure 4, Figure 5),

— FSSW roof panels by Kawasaki

—  Shinkansen floor panels by Sumitomo Light Metal
(Figure 6)

— Heat sinks a Sykatek, EBG and Austerlitz
Electronics.

-9

Figure 3 Alsom LHB trainsfor DB Danish Sate
Railways. FSMed roof panelsfor thesetrains are made at
Hydro Marine Aluminium[2]

T iy e - i T . ..__-L-_I_: -

Figure 4 Commuter train - Hitachi with full-length FS
welds of double-skin side and roof panels[2]

full-length friction stir welds of double-skin side and
roof panels (welded from both sides) [ 2]

Figure 6 Trainsets with FSW floor panels of
Sumitomo Light Metal operate on the Shinkansen in
Japan [2]
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4. FSW IN SERBIA AND SERBIAN
RALWAYS

Friction stir welding is entering the third decade of
its existence and becomes more and more applicable in
industry. Companies throughout the world recognize its
advantages and exploit them hurrying to catch market
and technologicadl dominance over concurrent
companies. That is the main reason why numerous
institutes are working on improvement of the FSW
process.

Just like in most of the developing countries,
Serbid's scientific labor is recognizing the advantages
of the FSW and giving attention to application of this
welding process. Until 1990s Serbia had advanced level
of industriad development, numerous scientific
ingtitutions that were capable to be compared to the
leading ingtitutions on the world. Welding in Serbia
was developing with the same rate as in any other
country of that age.

That happened with the friction welding as well.
Heavy industry was interested for application of
friction welding, especidly in specid tools
development [3], and many scientific ingtitutions
(Universities of Belgrade, Kragujevac, Novi Sad, NiS
etc.) worked on numerous projects that had the same
goa — improvement of the friction welding. Industria
participants were great companies of those days — Prva
Petoletka, GOSA, 14. Oktobar etc.

During and after the 1990s interest for friction
welding has dowly deceased side by side with
deceasing Serbian industrial complex. Scientific
ingtitutions were in crisis just the same as the industry
and friction welding was not interesting anymore.
Serbia has lost its primate even in areas where it was
dominate — friction welding of weaponry and
ammunition. Considering FSW severa scientists from
University of Belgrade, Faculty of Mechanica
Engineering and Faculty of Technology and Metallurgy
work on materials used for tool and on weldability of
materials. They work on development of mathematical
model that will fully describe stress — strain situation of
FSW as well. University of Kragujevac, Faculty of
Mechanical Engineering with severa enthusiastic
scientists works on the triblogical aspects of friction
welding. One scientist from industrial complex GOSA
FOM, Smederevska Palanka is working on
development of geometry of the welding tool and
application of various threads on the probe. Few
scientists from University of Ni§, Faculty of
Mechanical Engineering work on development of
mathematical model that will describe heat generation
processes within FSW [6]. The most of these
researches are conducted without patronage of the state,
industrial complex or any industry.

Serbian Railways are in the reconstruction phase
and this gigantic company is rushing to technologically
catch up with the advanced countries and their
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railways. Due to the lack of funds and every day
problems, Serbian industrial complex is focused on
pure survival so innovative and advanced welding
technologies such FSW is are not applicative under
these circumstances. Serbia has no engineering or
railway product where FSW has been used widely and
massively.

5. CONLUSIONS

FSW has appeared as new, promising welding
technology in early 1990s. Until nowadays it has
found numerous applications and large number of
world's companies have adopted it as conventional
welding  procedure. Railway  manufacturing
companies around the globe use it to manufacture
speed trains, rolling stock, containers etc. And the
most of these companies carry the name of a “brand”.
It seems that FSW has become a procedure for brand
making or privilege of the rich companies. But it only
seems, since FSW is practical and easy to use method.
Unfortunately, Serbian industrial complex that is
working for railways is focused on other issues and
massive application of FSW in Serbia's industrial
complex will have to wait alittle bit more.

REFERENCES

[1] Thomas, WM; Nicholas, ED; Needham, JC; Murch,
MG; Temple-Smith, P;Dawes, CJ.Friction-stir butt
welding, GB Patent No. 9125978.8, International
patent application No. PCT/GB92/02203, (1991),

[2] Stephan W. Kallee, John Davenport, E. Dave Nicholas:
Railway Manufacturers Implement Friction Stir
Welding. American Welding Society, published on 29.
Jan. 2008, http://www.aws.org/wj/oct02/feature.html,

[3] Purdanovi¢, M., "Prilog razmatranju primene toplote
generisane trenjem", Tehnika - MaSinstvo, vol. 52, no. 6,
pp. 1-7, 2003, http://scindeks.nb.re/article.agpx?artid=0461-
25310306001D,

[4 Bowden, F.P. and Tabor, D. Friction — An Introduction
to Tribology, Anchor Press / Doubleday, Reprinted
1982, Krieger Publishing Co., Maabar 1973,

[5] H Schmidt, J Hattel and J Wert: An anaytical model
for the heat generation in Friction Stir Welding,
Modeling Simul. Mater. Sci. Eng. 12 No 1 (January
2004) p. 143-157, PIl: S0965-0393(04)69225-4,
http://iopscience.iop.org/0965-0393/12/1/013/,

[6] DPurdanovi¢c M, Mijglovi¢ M, Mil¢i¢ D, Stamenkovi¢ D:
Heat Generation During Friction Stir Welding Process,
Tribology in Industry, no. 1-2, 2009, Serbia, Kragujevec,
Faculty of Mechanica Engineering Kragujevac, May, 2009,
Journd, vol. 31, pp. 814, no. 1-2, ISSN 0354-8996,
http://scindeks.nb.rs/article.aspx ?artid=0351-16420902008D

[71 Miljkovi¢, N., Purdanovi¢, M.B., Stamenkovi¢, D.,
"Application of FSW procedure in railway industry”,
Zeleznice - naugno-struéni ¢asopis Jugoslovenskih
Zeleznica, vol. 61, no. 1-2, pp. 28-35., 2005,
http://scindeks.nb.rs/article.aspx?arti d=0350-
51380502028M



Organizacioni sekretarijat / Organizing Secretariat

MasSinski fakultet / Faculty of Mechanical Engineering

Aleksandra Medvedeva 14, 18000 NiS
Srbija / Serbia
Tel. / Phone: +381-18-500-642; Fax: +381-18-588-199 ~||

e-mail: zelkon@masfak.ni.ac.rs

http: //zelkon.masfak.ni.ac.rs/



	Sklop E.pdf
	E.16

	Sklop 4.pdf
	4.2

	Indeks autora.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




