Proceedings of TEAM 2015

7™ International Scientific and Expert Conference
of the International TEAM Society

14—16" October 2015, Belgrade, Serbia






Proceedings of TEAM 2015

7" International Scientific and Expert Conference
of the International TEAM Society

15-16" October 2015,
Belgrade, Serbia



Organizers of TEAM 2015 Conference:

e Faculty of Mechanical Engineering, University of Belgrade, Serbia

¢ Innovation Center of the Faculty of Mechanical Engineering, I.I.d. Belgrade, Serbia
e Structural integrity and Life Society “Prof. Dr Stojan Sedmak”

e International TEAM Society

The conference is organized under the auspices of the International TEAM Society:

Founder Institutions:

College of Slavonski Brod, Croatia

Mechanical Engineering Faculty in Slavonski Brod, University Josip Juraj Strossmayer
in Osijek, Slavonski Brod, Croatia

College of Mechanical Engineering and Automation, Kecskemét College, Kecskemét,
Hungary

Member Institutions:

Faculty of Materials Science and Technology in Trnava, Slovak University of
Technology, Slovakia

Faculty of Manufacturing Technologies with seat in PreSov, Technical University of
KosSice, Slovakia

Faculty of Agriculture, University Josip Juraj Strossmayer in Osijek, Croatia

Faculty of Mechanical Engineering, University of Belgrade, Serbia


http://www.vusb.hr/en/
http://www.sfsb.hr/
http://www.gamf.kefo.hu/
http://www.mtf.stuba.sk/
http://www.fvt.tuke.sk/sk
http://www.pfos.unios.hr/
http://www.mas.bg.ac.rs/eng/start

Proceedings of TEAM 2015

7™ International Scientific and Expert Conference
of the International TEAM Society

15-16" October 2015,
Belgrade, Serbia

Publisher: Faculty of Mechanical Engineering, University of Belgrade
Editor in Chief: Prof. Aleksandar Sedmak

Editors: Zoran Radakovic, Simon Sedmak, Snezana Kirin

ISBN 978 — 86 -7083 — 877 — 2

Circulation: 200 copies

Copied by Faculty of Technology and Metallurgy, Research and Development Centre of Printing Tehnology,
Karnegijeva 4, Belgrade, Serbia

Copyright: © FME

All papers are reviewed

The authors are only responsible for the accuracy and contents of all published material.

CIP - Katanorusauuja y nyénukaumju
HapogHa 6ubnuoteka Cpbuje, Beorpag

62(082)(0.034.2)

INTERNATIONAL TEAM Society. International Scientific and Expert Conference (7 ; 2015 ; Beograd)

Proceedings of TEAM 2015 [Elektronski izvor] / 7th International
Scientific and Expert Conference of the International TEAM Society, 15/16th October 2015, Belgrade, Serbia ;
[Editor in Chief Aleksandar Sedmak]. - Belgrade : Faculty of Mechanical Engineering, 2015 (Belgrade : Faculty of
Technology and Metallurgy, Research and Development Centre of Printing Technology). - 1 elektronski opticki disk
(CD-ROM) ; 12 cm

Sistemski zahtevi: Nisu navedeni. - Nasl. sa naslovne strane dokumenta. - Tiraz 200. - Bibliografija uz svaki rad.
ISBN 978-86-7083-877-2

a) TexHuka - 36opHuLm
COBISS.SR-ID 218229516




Scientific Reviewing Committee

SEDMAK, Aleksandar, University of Belgrade, RS, chairman

AILER, Piroska, Kecskemét College, HU

BERES Gabor, Kecskemét College, HU

CHATTOPADHYAYA, Somnath, Indian School of Mines, Dhanbad, IN
CRISTEA Anisoara-Gabriela, University in Galati, RO

JOHANYAK, Zsolt Csaba, Kecskemét College, HU
KOLEDA, Peter, Technical University in Zvolen, SK
KOZAK, Drazan, MEFSB - University of Osijek, HR

KIRIN, Snezana, University of Belgrade, Serbia

LISKA, Janos, Kecskemét College, HU

MARKOVIC, Monika, Faculty of agriculture, University of Osijek, HR
MIROSAVLJEVIC, Krunoslav, VUSB Slavonski Brod, HR
MONKA, Peter, FVT TUKE, SK

MONKOVA, Katarina, FVT TUKE, SK

PALADE Florentina, University in Galalli, RO

RAOS, Pero, MEFSB - University of Osijek, HR
SIMUNOVIC, Katica, MEFSB - University of Osijek, HR
SUGAR, Peter, FMST in Trnava, SK

SURZENKOQV, Andrei, Tallinn University of Technology, EE
ZIVIC, Marija, MEFSB - University of Osijek, HR

Organizing Committee

Aleksandar Sedmak, (chairman)
Milo$ MiloSevi¢, (co-chairman)
Nenad Mitrovié¢
Snezana Kirin
Branislav Pordevi¢
Dragana Perovi¢
Igor Svetel

Simon Sedmak
Milo§ Pukié

Gordana Baki¢

Uros Tati¢

Zorana Golubovi¢
Drazan Kozak
Sergej Hloch

Ivan Samardzi¢
Antun Stoié

Josip Jukié
Krunoslav Mirosavljevi¢
Piroska Ailer

Lérant Kovacs

Jozef Peterka

Milan Maronek
Jozef Zajac

Vladimir Modrak
Vlado Guberac
Sonja Mari¢

Milorad Milovancevi¢
Branko Burgarski
Marko Rakin
Katarina Coli¢
Goran Sofroni¢

\



CONTENT

1. INTEGRITY AND LIFE OF WHEELS REPAIRED BY WELDING
D. Tanaskovi¢, U. Tati¢, S. Sedmak, B. Djordjevi¢, J. Lozanovi¢, A.Sedmak ...........ccccceeevviieeeniiieneeeee 1

2. POST HOC ANALYSIS IN BIOMETRICS .

Mario Frohlich, Tamara Dumanci¢, Vesna Gantner-Kuterovac and Zoran SKrti€............................ 7
3. THE QUALITY OF TABLE EGGS IN RELATION TO THE AGE OF LAYING HENS

PavicCi¢ Nera, Hell-Kurevija Ana, Frilhlich Mario, Kralik Zlata and Skrti¢ Zoran..................c.o.ooeine. 11
4. FORMING OF CAR BODY STRUCTURE ELEMENTS BY ELASTIC MEDIUM

Jozsef Danyi, Ferenc Végvari and Gabor BEreS..........uiuiuiiiiiiiiiiiii e 16

5. HIGH TEMPERATURE WETTING PHENOMENA BETWEEN MOLTEN BRAZING LIQUIDS AND
MULTICOMPONENT (DUAL-PHASE) STRUCTURAL STEELS

Z0IaN WBISCN. .. e 20
6. ENERGY DEMAND AND SUPPLY IN 21ST CENTURY
MIrOSIAV THIUNOVIC. . .. e e e e e e e 23

7. THE INFLUENCE OF QUENCHING/COOLING MEDIA ON HARDNESS AND MICROSTRUCTURE OF
DUCTILE IRON
Vladimir Peci¢ and Stefanija KIAric....... ... 28
8. MICROSTRUCTURE AND MECHANICAL PROPERTIES INVESTIGATION OF DIFFUSION WELD
JOINTS

J. Urminsky, M. Jana, M. MarOnekK. .. ... 32
9. STRUCTURAL TRANSITION IN CULTURAL POLICY: A POST-SOCIALIST PERSPECTIVE
O N, AKOS . ..t 38

10. MICROSTRUCTURAL EVOLUTION AND MECHANICAL BEHAVIOR OF WC-Co / AlISI 1020 STEEL
JOINT OBTAINED BY BRAZING AND GTAW PROCESS
B. Cheniti, D. Miroud @nd D. AllOU. .......ouiieiii ittt aaeeneas 45

11. DEVELOPMENT OF ENERGY SUSTAINABLE CONCEPTUAL VARIANT OF THE TECHNICAL
SYSTEM KIOSK 3
D. Butumovi¢, M. Karakasi¢, P. Konjati¢, Z. Ivandi¢ and D. Kozak ..., 49
12. DESIGN AND EVALUATION OF ROOF STRUCTURES AND FOUNDATION SYSTEMS FOR THE
TECHNICAL SYSTEM KIOSK

T. Morvaj, M. Karakasi¢, P. Konjatié, Z. Ivandi¢ and D. KOZak..................uuuiiieiieeeiiiieeeeeeeeie, 55
13. CONCEPTUAL DESIGN FOR MACHINE TO CUT RAW RUBBER TO RIBBONS
Z. Stefek, M. KarakaSi¢, Z. lvandi¢ and M. Kljajin...... ..., 59

14. ANALYSIS OF DUCTILE IRON METALLOGRAPHIC IMAGES GAINED BY LABORATORY AND ON-
SITE METALLOGRAPHY METHODS
Stefanija Klari¢, Zlatko Pavi¢, Halima Hadziahmetovi€..............oooiiii i 64

15. AUTOMATIC EXCHANGE OF GRIPPERS FOR ROBOTIC ARMS IN ASSEMBLY OPERATIONS AS
THE BASE FOR FURTHER INDUSTRIAL APPLICATIONS
Radovan Holubek, Nina Vetrikova, Roman Ruzarovsky, Daynier Rolando Delgado Sobrino

AN KArol VEHSEK. .. ... e 69
16. THE IMPORTANCE OF SOFT SKILLS IN TECHNICAL EDUCATION

DN IA PEZET .. .. e 75
17. INFLUENCE OF MINERAL FERTILIZATION ON THE GRAPEVINE YIELD (VITIS VINIFERA L.)

Mira Sameljak, Teuta Benkovi¢-Laci¢ and Krunoslav Mirosavljevic.............ccoovviiiiiiiiiiiiiiiieeeen 80

18. SIMULATION AND SIMULATION OPTIMIZATION IN THE DESIGN AND ANALYSIS OF THE
MATERIAL FLOW AND LAYOUT: THE CASE OF A FLEXIBLE ASSEMBLY CELL
Daynier Rolando Delgado Sobrino, Radovan Holubek, Karol VeliSek, Nina Vetrikova,

ROMAN RUZAIOVSKY ... .. ettt eere e e 83

19. DETERMINATION OF STRESS THROUGH A STATIC FEM ANALYSIS OF LOCAL RESISTANCE IN
THE CENTRAL AREA OF A CHEMICAL TANKER OF 49000 TDW
Anisoara-Gabriela Cristea, Florentina Palade..............oooiiiiiiiii e, 89

Vi


https://www.researchgate.net/publication/268514301_Microstructural_and_mechanical_properties_of_WC-CoWC-W-Ni_%28Fe%29_joints_brazed?ev=prf_pub
https://www.researchgate.net/publication/268514301_Microstructural_and_mechanical_properties_of_WC-CoWC-W-Ni_%28Fe%29_joints_brazed?ev=prf_pub

20. THE CHANGES OF THE AUTOMATED ASSEMBLY WORKPLACE WITH THE CAMERA CONTROL
SYSTEM
Nina Vetrikova, Radovan Holubek, Roman Ruzarovsky, Daynier Rolando Delgado Sobrino,

Peter KoStal and Karol VeliSeK oo e e e aaes 95
21. STRESS AND BUCKLING ANALYSIS FOR TOWING HOOK AFT AND TOWING BIT AFT
F. Palade, A.G. CriSta. ... e 101

22. METHODOLOGY FOR THE COMPUTATION OF CRITICAL BUCKLING FORCE AT STEEL TUBES
WITH FLATTENED ENDS

S. KotSmid, P. Berio, D. Kozak and G. KrolCzyK...........coiiiiiii e 107
23. SOME GENERAL INEQUALITIES FOR CONVEX FUNCTIONS

Zlatko Pavi¢, Maja Culeti¢ Condri¢ and Tomislav AuSIC.........cooii i, 110
24. A CRACK APPROACHING AN INTERFACE BETWEEN THE TWO ORTHOTROPIC MATERIALS

Jelena Djokovi¢, Ruzica Nikoli¢, Aleksandar Sedmak...........c..oiiiiiiiiiiii e 115

25. EXAMINATION OF THE DEVELOPMENT OF PEPPER (CAPSICUM ANNUUM L.) SEEDLING WITH
VIRUS VECTOR ON ROCK COTTON MEDIUM IN GLASSHOUSE
V.J. Vojnich, J. Petd, A. HUVEIY. ..o e 120

26. EVALUATION OF WELD JOINTS PRODUCED BY LASER WELDING OF SUPERDUPLEX STAINLESS
STEEL SAF 2507

J. Ertel, J. Barta, M. Maronek and J. BiliK.........coooiiiiiii 123
27. PROVING EQUALITIES AND INEQUALITIES BY USING THE INTEGRAL METHOD
Zlatko Pavi¢ , Stefanija Klari¢, Magdalena ZovKoO. . ....... ..o oo 126

29. THE STRUCTURE OF MOTIVATION FOR MECHANICAL ENGINEERING STUDY AT UNIVERSITY
OF ZAGREB
NikSa Dubreta, Damir MIlOS. ... ... e e e et e 131

29. ANALYSIS OF THE PENSION SYSTEM OF CROATIA AND CORRELATION WITH ECONOMIC
DEVELOPMENT
Zeljko Pozega, Marijan Kupresak and Marko Martinovi€.............cooiiiiiiiiiii e 137

30. QUALITATIVE CHANGES IN HUMAN RESOURCES MANAGEMENT IN SLOVAK ORGANIZATIONS
— ARE WE COOPING THE CONTEMPORARY TENDENCIES IN EUROPEAN LABOR MARKET?
Zuzana Joniakova, Jana BISTAKOVA. ... s 141

31. APPLICATION OF AHP AND ADDITIVE METHOD IN SUPPLIER SELECTION
Sara HavrliSan, Katica Simunovi¢, Tomislav Sari¢, Goran Simunovi¢, Danijela Pezer, llija Svalina,
IVAN MaJAANCIC. ... . e e 149

32. THE ROLE OF PROJECT MANAGEMENT IN THE STRUCTURAL FUNDS OF THE EUROPEAN
UNION

M. Cobovi¢, G. Prebeg and M. Vretenar CObOVIC...........oooiiiiiii e 154
33. SAFE HANDLING WITH MACHINES FOR PLANT PROTECTION
Branimir Vujci¢, Lejla Safundzi€, SiniSa Bili¢, Jasna VUJCIC.........ccoooiii i 159

34. PLANT GENETIC RESOURCES AND GENETIC EROSION
Sonja Mari¢, Marina Roksandi¢, Vlado Guberac, Sonja Petrovi¢, Sun&ica Guberac,

Marija DUNAOVIC. . .. .o e ettt 163
35. SURVEY ON INTRUSION DETECTION SYSTEMS - keynote lecture

Laszlé GOcs', Zsolt Csaba JONANYAK. ............ooiee et 167
36. ANALYSIS OF ACTIVE EMPLOYMENT MEASURES

VUKGJIIC, M. e e e e 171
37. INVEX SETS AND PREINVEX FUNCTIONS

Zlatko Pavic, Vedran Novoselac and Ivan RagUZ............oooi i 175
38. ADAPTIVE CENTER WEIGHTED MEDIAN FILTER

Vedran Novoselac and Zlatko Pavi€. .. ... 180
39. OPTICAL MEASUREMENTS OF SURFACE ROUGHNESS CUT WITH WATERJET

Ivan Nikoli¢, Miroslav Duspara, Antun Stoi¢, lvan SamardziC.............cccovveiieiiie e, 183

Vil



40. DRAWINGLESS MANUFACTURING IMPLEMENTATION
Peter Kostal, David Téth, Andrea Mudrikova, Marcela Bu¢anyova, D. Delgado Sobrino,

Radovan Holubek, Nina Vetrikova and Roman RUZaroVsKy............coooiiiiiiiiiii e 189
41. BENCHMARKING AS A STRATEGIC TOOL FOR STRENGTHENING OF THE COMPETITIVENESS
L. Duspara, S. KnezZeviC, A. BENCUN. ... ... e et 193

42. THE ANALYSIS OF SPORT PRODUCTS IN SLAVONSKI BROD FROM THE STUDENT
POPULATION PERSPECTIVE

H. Sivri¢, M. Kuslji¢ and A. Katolik KOVACEVIC...........cccicuiiiiiiiiiei et 197
43. CROSS CULTURAL DIFFERENCES AND THEIR IMPLICATIONS ON CROATIA
S. Knezevic, L. Duspara, D. MilJKOVIC...........uueiiiiiiiiii ettt e e e e e 202
44, SMARTPHONES POSITIONING ON SAMSUNG EXAMPLE
A. Katolik Kovadevic, V. Vucemilovic and M. AraCiC...........coouuiiiiiiiiiiiiieee e 206
45. CONFLICT MANAGEMENT IN THE ORGANIZATION AS ONE OF MANAGERIAL SKILLS
N U = E= T = S 11 = | 210

46. DISTRIBUTION OF THE ELECTRIC FIELD ACCORDING TO THE EVOLUTION OF THE DISCHARGE
IN A SYSTEM POINTED PLANE WITH INSULATING BARRIER
S. Benharat, S. BOUAZADIA............ooouiie e a e et aaeees 214

47. NEW METHODS OF MODELLING AND DESIGN OF AUTOMATED ASSEMBLY SYSTEMS BY USING
THE SIMULATION TOOL “VIRTUAL COMMISIONING”

R. Ruzarovsky, R. Holubek, D. Delgado Sobrino, N. Vetrikova, P. Kostal and K. Velisek............. 217
48. MONITORING OF WELDING PARAMETERS WITH WELDING MACHINE WELBEE P500L
Dejan Mari¢, Miroslav Duspara, Leon Magli¢, Antun Stoi¢, lvan Samardzic.............ccccocveeevieeeeeeiiiinnns 225

49. THE INFLUENCE OF COLD ROLLING ON THE ELECTROCHEMICAL AND MECHANICAL
BEHAVIOR OF 316Ti AUSTENITIC STAINLESS STEEL IN ACID SOLUTION H,SO..
Houria Kaddour, Benrabah Imed-Eddine, Taguia Sohaib, Fatah Hellal........................coon. 229

50. QUALITY ASSURANCE AT B&H UNIVERSITIES AND THEIR INTEGRATION IN THE EUROPEAN
HIGHER EDUCATION AREA

H. BaSIC, H. IMURIC........eiii ittt ettt e e e sttt e e e e st e e e e e santaeeeeeeastaeeeeaansaneeesannaeneans 233
51. FRICTION STIR WELDING OF BMG'’S: A REVIEW

Ravi Kumar, Somnath Chattopadhyaya, Aniruddha Ghosh, Ratnesh Kumar and Amit Kumar.............. 236
52. MICROSTRUCTURE AND MECHANICAL BEHAVIOR OF TIG BIMETALLIC JOINTS

M.F. Benlamnouar, R. Badji, M. Hadji, A. Boutaghane, N. Bensaid............ccccooeiiiiiiiiiiiieiiieeeeeeeeeee 245

53. BUCKLING ANALYSIS OF PERFORATED STRUCTURES MANUFACTURED IN HYBRID
COMPOSITE MATERIALS

[ ==Y fo b= Tor= o T D O 11 = TSRS 249
54. THE RIGIDITY OF THE WALL OF PISTONS IN RELATION TO THE WALL THICKNESS
A. Horvath, I. Oldal, G. Kalacska, M. ANdO. ... ... ..o 252

55. INFLUENCE OF UV EXPOSURE ON THE MECHANICAL PROPERTIES OF POLYMERIC FILMS
USED IN THE CONSTRUCTION OF GREENHOUSES

Lorand Kun and Alin Constantin MUIariU...........coiiiiii e e e e e 256
56. THE EFFECT OF BORON ON STEELS

B JONaNY K. . ... 260
57. FROM BEGINNING TO MODERN ENGINEERING

ZIatko Pavi, IVan RAQUZ ..ottt e e e e ettt e et e e e e e e e e e e e nnnrnreeeaeaaeaeeaaaana 266
58. COMPARISON OF MACROECONOMIC INDICATORS OF CROATIA AND IRELAND

I. Blazevic, M. Pelivan and A. BENCUN.........ooooueei e et e e e e e e e e e e e eanaanns 270
59. ENVIRONMENTAL PROTECTION IN INTERMODAL NETWORKS BY MINIMIZING CO, EMISSION

Radoslav Rajkovic, Nenad Zrnic, Dorde Stakic, Aleksandar Sedmak, Snezana Kirin.............cccc.......... 274

60. ACHIEVING SOCIAL OPTIMUM AND USER EQUILIBRIUM TRAFFIC ASSIGNMENT ON SPECIFIC
TEST NETWORK

Krisztian Medgyes, Rafael Alvarez Gil, Tamas KOVACS...........uuiiiiiiiiiaiiii e 279
61. THE COMPLEX MEASURING METHOD (CMM) IN EDUCATION
Ivan Devosa, Agnes Marddi, Tamas Grész, Zsuzsanna Buzas, Janos Steklacs.................ooiinni. 283

62. SPELT (TRITICUM SPELTA L.) - ENERGY PRODUCTION FROM AGRICULTURAL RESIDUES —
keynote lecture
N. Jovidi¢, A. Matin, D. KiS and S. Kalambura...........c.ccoiiiii e, 287



63. A SIMPLE DIGITAL IMAGING METHOD FOR THE ANALYSIS OF THE COLOR OF FOOD SURFACES
Ivana Markovic, Jelena llic, Dragan Markovic, Vojislav Simonovic, Sanja Dejanovic,

SNEZANA GOIUDOVIC. ...t e e 292
64. EVALUATING COMPETITIVE POSITION OF AN AIRLINE COMPANY

Bahar Sennaroglu, EGemen HOPAi ........oouuiiiiiii et 296
65. USING NEURAL NETWORKS TO PREDICT ALUMINIUM OXIDE LAYER THICKNESS

P. Michal, A. Vagaska, E. Fechova, M.Gombar, K. Monkova, P. MonKa..........cccccceeeviiiiiiiiiiieeee e 299

66. BUSINESS COMMUNICATION COURSE SYLLABI IN UNDERGRADUATE MANAGEMENT AND
TECHNICAL EDUCATION IN CROATIA — A COMPARISON - keynote lecture
I. Bili€, G. DUPIANCIC ROGOSIC..........ueiiiiiiiiiiie et e et e e e e e e e s e e st steeeaaaaeeeeee s annnrnnes 305
67. DETERMINING THE THEORETICAL FAILURE RATE FUNCTION OF THE THERMAL POWER
SYSTEM IN POWER PLANT "NIKOLA TESLA, BLOCK B2"

Dragan Kalaba, Milan Bordevic and Snezana KiriN............ccciiieiiiiiieiiiiee e 310
68. WEED FLORA OF THE EASTERN LATERAL CHANNEL “JELAS POLJA”
R. Benkovi¢ , S. Antunovié, K. MirosavljeVviC. ... 314

69. MACHINING OF MATERIALS BY ABRASIVE WATER JET TURNING WITH THE PROPOSAL OF ON-
LINE MONITORING USING ACOUSTIC EMISSION
JAN CArach, Serge) HIOCK ..... ... e et e e e eee e 317

70. AISI 304 STAINLESS STEEL DISINTEGRATION USING A WATER JET INTENSIFIED BY
MECHANICAL VIBRATIONS WITH FREQUENCY OF 20 kHz

D. Lehocka, J. Klich, J. Foldyna, S. Hloch, J. CArach.............ccccuumiiiiiiiiecee e 320
71. THE CHALLENGES OF RISK MANAGEMENT OF CRITICAL INFRASTRUCTURE - keynote lecture
Kirin S., Kekovi¢ Z Kleinheyer B., Brzakovi¢ M, ZIatanovic, D..........ccccceviiiiiieiiiiiiee e 324

72. DOES THE AGRICULTURAL PRODUCERS RECOGNIZE THE IMPORTANCE OF BRANDING THE
LOCAL PRODUCTS?

Dubravka Zivoder, Josipa PaViGiC, Petra TUON . ....eeee e, 328
73. ANIMATION DESIGN IN THE PROCESS OF DEVELOPING A NEW MECHATRONIC PRODUCT
T. Pavlic, M. Mileti¢, B. Hrsak, T. Badrov, S. Golubi¢, T. Vasko, I. Segrt, R. Joli¢, D. Aleksi¢............. 332

74. THE ELECTROCHEMICAL IMPEDANCE SPECTROSCOPY STUDY OF ULTRAFINE-GRAINED
TITANIUM IN ARTIFICIAL SALIVA

Dragana Barjaktarevi¢, lvana Dimi¢, lvana Cvijovi¢-Alagi¢, Jelena Bajat and Marko P. Rakin.............. 336
75. CORPORATE SOCIAL RESPONSIBILITY AS A CHALLENGE OF MODERN SOCIETY
M. Bozi¢, S. Kirin, S.BOroVi€, S. LAKICEVIC..........uueieeieeeee et 340

76. DYNAMIC BEHAVIOR AND STRESS FIELD OF EXCAVATOR SchRs740 BOOM AS
CONSEQUENCE OF TECHNOLOGICAL REQUIREMENT FOR THE INCRESING IN BOOM LENGTH

Branko Petrovi¢, Ana Petrovic¢, Dragan Ignjatovi¢ and Ines Grozdanovi€..............c.coeoiiiiiiiiinans. 345
77. RELATION RESEARCH OF SITE-SPECIFIC TRITICALE YIELD AND COMBINE SPEED

Vojislav Simonovic*, Dragan Markovic, lvana Markovic, Jovana Sakota Rosi¢...................cccceeee.. 349
78. MAIN ATTRIBUTES OF SME’S INNOVATION ACTIVITY IN SLOVAKIA

=Yo7 i R R - T o PSSRSO 353

79. INFLUENCE OF FRICTION WELDING PARAMETERS ON HARDNESS, MICROSTRUCTURE AND
MECHANICAL PROPERTIES OF THE Al-Cu JOINT
Nada Ratkovi¢, DuSan Arsi¢, Vuki¢ Lazi¢, Ruzica Nikoli¢, Aleksandar Sedmak.................c...oooeeii. 359
80. STRESS AND DEFORMATION ANALYSIS OF STRUCTURAL MEMBERS OF ONE MULTIPURPOSE
KIOSK

P. Konjati¢, J. Kapetan, M. Karakasi¢, D. Kozak and Z. IVandi€..............cocveeeorieeeeieeees e, 364
81. AGING BEHAVIOR AND RESTORATION BY HEAT TREATMENTS OF 2205 DUPLEX STAINLESS

STEEL

N. Ouali”, B. Belkessa' and M. BoUaDAAIIAN. ................c.oveuireeieeeeeeeeeeeeeeee e 369
82. SLOVAK AND CZECH FOUNDRIES — BENCHMARKING OF THEIR PROSPECTS IN THE MARKET

M. Pokusova, J. Sujanova and E. HEKEIOVA. ... 373
83. DUAL TRAINING IN THE LIGHT OF VEHICLE ENGINEERING STUDENT FEEDBACK

Erika TOrok, ZSUZSANNA KOVACS........cocevuieeeeeeeeee et e e ettt e e e e e e e e e e s e et e e e e e e eaaa e eeeeeeenannns 377
84. RECENT TRENDS IN WHEY UTILIZATION — PRODUCTION OF BIOACTIVE PEPTIDES

Tanja Kruni¢, Slavica Arsi¢, Maja Bulatovi¢, Maja Vukasinovi¢ Sekuli¢, Marica Rakin...................... 382



85. STUDY OF SURFACE MORPHOLOGY OF WATER-JET CUT SURFACE OF FRICTION STIR
WELDED JOINT
Ratnesh Kumar, Dharmendra Kumar Prasad, Shabbir Ali, Sachindra Shankar, Somnath Chattopadhyaya,
Ravi Kumar, Sergej Hloch, Michal Zelenak.......... ... 386

86. IMPLEMENTATION OF FIWARE IN INTERNET OF FIELDS
Nikola Duki¢, Branislav Teji¢, Srdan Tegeltija, Stevan Stankovski, Dragan Kukolj and

[0 o F= g = TN 1= o o2 391
87. DRILLING OF CFRP-ALUHAB®-CFRP SANDWICH STRUCTURE
Janos Liska, Krisztian Kun, Roland Sandor and Norbert Babcsan ... 397

88. ANALYSIS OF THE STRESS FIELD IN A MODEL OF PIPE BRANCHES
Tasko Maneski, Darko Baiji¢, Nikola Momcilovi¢, Nenad Mitrovi¢, Milo§ MiloSevi¢, Ana Petrovi¢ and

Y= g F= T = 7= 1 = T PRI 402
89. PUBLIC PERCEPTION OF AN URBAN PUBLIC SPACE RECONSTRUCTION

LIl eL g =T1=T o Lo PP P PP PUPPRPPPPRP 406
90. CRITICAL ANALYSIS OF TIG WELDED JOINT OF TITANIUM G-5 ALLOY SHEET

Deepak Gope, Shubham Yadav, Vipin Kumar, S. Chattopadhyaya, S. Mandal, Sergej Hloch.............. 411

91. THE IMPORTANCE OF NUMERICAL ANALYSIS FOR VSR METHOD APPLICATION — CASE
STUDIES
Fuad Hadzikaduni¢, Nedeljko Vukojevi€, Safet ISIC..........ccouiiuiiiiiiiiiie et 416

92. ELASTIC-PLASTIC NUMERICAL ANALYSIS OF TENSILE SPECIMENS WITH SURFACE CENTER-
CRACKED ASYMMETRIC WELDED X-JOINTS

E. Doncheva, B.Medjo ,G.AdzieVv, S.SedmMaK..........oooiiiiieii e 421
93. MEASURING INTERCULTURALIZM USING FUZZY LOGIC

N1 a = 1001 2= 1 i =T = VTR 426
94. LASER PEENING OF LASER WELDED NICKEL BASED SUPERALLQY SHEETS

S. Petronic, M. Burzic, D. Milovanovic, K. Colicand S. Perkovic............cccooiiiiiiiiiiiiiiiieiee, 431
95. MECHANICAL BEHAVIOR OF A PIPE SUBJECT TO BUCKLING

H. Chenine, D. Ouinas and Z. BENNACEU. ...t e 436

96. DEVELOPMENT OF TRAINING PLATFORM FOR POWER PLANT APPLICATION USING VIRTUAL
REALITY TOOLS

R. Beleznai, G. Dobos, Sz. Szavai and Z. BéZi...........cuoiiiiii e 442
97. NUMERICAL SIMULATION OF DISSIMILAR METAL WELDING - keynote lecture
Z.Bézi, Sz. SzaAvai, C. ONMS. ... 448

98. MECHANICAL BEHAVIOUR OF PIPES STEEL REINFORCED WITH COMPOSITE MATERIALS AND
ON STEEL
Z.Bennaceur, D.Ouinas and H.CheninNe. ........ooiiiiii e 455

99. DEVELOPMENT OF THE SUPPORTING SYSTEM OF AUGMENTED REALITY IN OUTER SPACE
FOR THE ENRICHMENT OF TOURIST ATTRACTIONS
Mihael Kukec, Zeljko Knok and Nenad Breslauer........ ... 460

100. DETERMINATION OF IMPACT ENERGY BY DYNAMIC EFFECT OF FORCE ON THE COMPOSITE
RUBBER BANDS

E. Piri¢, Z. Burzi¢, M. Manjgo, F. Islamovic¢, T. VUherer............coooiiiii e, 466
101. WAYS OF RECEIVING INFORMATION IN THE LOCAL ACTION GROUP (LAG) TERRITORY

AV T (0 LT VA Y= 1o 4 o =Y PUUUURTNt 470
102. TEHD CONTACT MODELLING WITH SHELL LIKE LUBRICANT FILM ELEMENT BY FEM

S .- - | PR 475
103. HEALTH AND KINESIOLOGY ACTIVITY AMONG STUDENTS

Nevenka Breslauer, Tomislav Hublin and Marija Zegnal Koreti€.............c.coiiiiiiii i 481

104. THERMO-MECHANICAL ANALYSIS OF TANK WAGON FOR TRANSPORTATION OF MOLTEN
SULFUR
Vladimir Milovanovi¢, Nikola Jovanovié, Jelena Zivkovié, Aleksandar Disi¢, SneZana Vulovié

AN MIFOSIAV ZIVKOVIC. . . e, 485

Xl



105. TOPOLOGY OPTIMIZATION USED TO REDUCE WEIGHT OF FOUR-AXLE BOGIE FREIGHT
WAGON - keynote lecture }
N. Jovanovi¢, M. Topalovi¢, V. Milovanovi¢, S. Vuloviéc and M. ZiVKOVIC..............cccceviiieeeeiieeee e 489

106. ROMANIAN EXPERIENCE IN IMPLEMENTING IW/EWF MANUFACTURER CERTIFICATION
SYSTEM

107. 3D PROFILING OF 12Cr HEAT RESISTANTE STEEL CHARPY V NOCH FRACTURE SURFACES
OBTAINED AT DIFFERENT TEMPERATURES
Gordana Bakic, Milos Djukic, Radivoje Mitrovic, Aleksandar Maslarevic, Zarko Miskovic,
Bratislav Rajicic, Vera Sijacki ZEravCiC.............uuuiiiiiiieiie ittt a e e e e e eaaaae s 496

108. ANALYTICAL AND NUMERICAL CALCULATION OF THE EQUIVALENT STRESS OF OPEN
SECTION THIN-WALLED "U" PROFILE AT CONSTRAINED TORSION
D. Purdevi¢, N. Andeli¢, T. Maneski, V. MiloSevi¢-Miti¢, M. Milovancevic¢, A. PurdeviC..........ccoceeeeenn... 502

109. CERTIFICATION AND QUALIFICATION OF NDT PERSONEL, WELDERS AND WELDING
INSTRUCTORS IN SERBIA
Goran Sofroni¢, Dragana Kuzmanovi¢, Davor Gruber, Vladimir Zori€..............ccooooiiiiii 506
110. USE OF LEARNING OUTCOMES IN ASSESSMENT — NEW PERSPECTIVE BROUGHT BY
NATIONAL QUALIFICATIONS FRAMEWORKS IN ENGINEERING HIGHER EDUCATION IN CROATIA
—keynote lecture

M. BalkoVvi€, D. Kozak and S. GrgiC.......coe ittt e e e e e e e e e e e e e e e e e e neeeeeeeas 509
111. MANAGING INTELLECTUAL CAPITAL: THE CASE OF MONTENEGRO

Ana Radunovié-Sebek, Djuro KUIACa..............uuuiiiiiiiiiii e 514
112. EIGENVALUE AND EIGENVECTOR SENSITIVITY

Natasa TriSovié, Wei Li%, Ljubica Milovié® and Ines GrozdanoViG................ueeeeeeeeieeeeeee e, 519

113. MACROSTRUCTURES, DEFECTS AND MICROHARDNESS OF FRICTION STIR WELDED T
JOINTS OF AA 5052-H32 AND AA 5754-H111

A. Burdevié, A. Sedmak, A. ZIVKOVIE, D. DUFGEVIG........eeeeeeeeeeeeeeeeeeee ettt ettt e e eeeeee e 523
114. INFLUENCE OF INJECTION MOLDING PARAMETERS ON INJECTION MOLDED PART WEIGHT

Pero Raos, JOSID StOJSIC. ... ... 528
115. FRICTION STIR WELDING OF T JOINT — NUMERICAL ANALYSIS

YW O 10T o [S\VA [T T 1= Vo [ [T AW 1= Yo [ 1 F=1 T 531
116. BONE CEMENT DEMOLITION BY PULSATING LIQUID JETS - keynote lecture

Sergej Hloch, Josef Foldyna, Michal Zelehak, Jifi Klich, Pavol Hvizdo$ ... 535
117. TWO-SPEED TWO-CARRIER PLANETARY GEAR TRAINS

Sanjin Troha, Dimitar Karaivanov and EmMIinaDZIiNdO..........cccuuiiiiiiiiiiee et 538

118. THE INFLUENCE OF THE SIZE DISTRIBUTION AND PARTICLE PROPERTIES ON THE
FILTRATION PERFORMANCES IN TECHNICAL WATER

Zorana Golubovi¢, Aleksandar Sedmak, Milan Milosavljevic............c.ccooiiiiiiiiiii e, 543
119. REGULAR ADAPTRONIC PRODUCTS ENHANCED WITH THE FRACTIONAL ORDER CONTROL
Vasilije Vasi€, Mihailo LAZarEViC. . ... ... e e 547

120. SUBLIMATION OF VARIOUS MODELS RESULTS OF MULTI-CRITERIA ANALYSIS AS A
FUNCTION OF IMPROVEMENT OF ALTERNATIVE RANK RELEVANCE
Izet Hot, Nazim Mani¢, Mladen Panti¢, Simon Sedmak and Ramo Bakié....................ocooiiiiiin .l 552
121. SELECTION OF STEELS FOR VITAL STRUCTURES AND TURBINE COMPONENTS OF THE
HYDRO POWER PLANT 'DJERDAP 1’
Miodrag Arsi¢, Simon Sedmak, Srdan BoSnjak, Mladen Mladenovi¢, Zoran Savi€.............ccccccvvrveeennnn. 558
122. TECHNO-MANAGERS IN CAPITALISM AND SOCIALISM: COMPARATIVE ANALYSIS OF THE
FORD MOTOR COMPANY AND ZAVODI ,CRVENA ZASTAVA*
Milan Stankovic, Predrag MarkOViC............cccuuuiiiiiiiiiiie ettt e e e e e e e e s e e e raeeeeeas 565
123. THE ADVANCED MECHATRONIC AGRICULTURE MACHINES - CHALLENGE FOR THE FUTURE -
o MEICREIS, V. VASIC. .. oo e e e 573
124. MOST COMMON PITFALLS WITHIN CREATION OF PROJECT PROPOSALS FOR EU FUNDING
D. Ninkovi¢, I. Svetel, G. D. Grkovic, B. Kleinheyer, E. ENgh..........coooiiiiiic e 576

Xl



125. DESIGN OF CYLINDRICAL SHELL STEEL STRUCTURES WITH BILLBOARD TOWER AS THE
CASE STUDY
Dorin Radu, Aleksandar SEAMAK. .........o.iiiiii e 580

126. MICROMECHANICAL STUDY OF DUCTILE FRACTURE INITIATION AND PROPAGATION ON
WELDED TENSILE SPECIMEN WITH A SURFACE PRE-CRACK IN (HAZ)
Bashir Younise, Aleksandar Sedmak, Marko Rakin and Bojan Medjo.........cccccocceiiiiiiine e 585

127. ROLE OF HYDROELECTRIC POWER PLANT IN DEVELOPMENT OF UZICE AND BAJINA BASTA
SETTLEMENTS

Ivana Vuceti¢, Aleksandra Stupar and Aleksandar Sedmak..............cccoooiiiiiiiiiiiiieee e 589
128. REVITALISATION OF ERs 1000 “VEDRICAR” EXCAVATOR DRIVING WHEEL BY WELDING
Mladen ToSani¢, Aleksandar Sedmak, Stefan ToSaNIC ........c.ooviiiiiiiii e, 595

129. INFLUENCE OF MACHINING PARAMETERS ON MACHINE TOOL LOADS AT ROTARY
ULTRASONIC MACHINING OF SYNTHETIC DIAMOND

Marcel KUruc, JOZef PeLErka............ooi ittt e et e e s neaeeeean 598
130. CERTIFICATION OF PERSONNEL FOR API 510 PRESSURE VESSEL INSPECTOR
Igor Martic, Galip Buyukyildirim, Tamara Golubovi¢, Ramo Bakic.............ccccciiiiiiiiiiieeeeeee, 602

131. STRESS INTENSITY FACTOR ANALYSIS FOR A CRACK EMANATING CIRCULAR NOTCH
REPAIRED BY COMPOSITE PATCHING
H.l. Beloufa, D. Ouinas and M. TarfAOUi.........cc.couuuueiiiiiieiee et e et e e e e e e e e e e eaaaeeeeeenes 606

132. MODELLING OF A CRACKED ALUMINIUM PLATE REPAIRED WITH COMPOSITE PATCH IN
MODE | AND MIXED MODE

H.1. Beloufa, D. Ouinas and M. Tarfa0Ui.........c..coiuiiiiiiiiiiiie et 610
133. DYNAMIC BEHAVIOR OF COMPOSITE PLATES IMPACTED AT LOW VELOCITY
H. Benyahia, M. Tarfaoui and D. OUINGS...........ccociiiieiiiiiiie et e e e e etae e e e s enntee e e e e enees 614

134. THE IMPACT OF THE CONTACT LOAD RESISTANCE TO ADHESION WEAR OF THERMAL-
CHEMICALLY PROCESSED STEEL MnCr
Ivan Opacak, Dejan Saki¢, Vlatko Marusi¢, lvan SamardZi€..............cccoiiiii i 617
135. THE INFLUENCE OF PARAMETERS OF THERMOCHEMICAL PROCESSING ON PROPERTIES OF
STEEL 20MnCr5

Ivan Opacak, Luka MarusSi¢, Vlatko MarusSi¢, Dejan MariC............cooove oo 622
136. TRANSPARENT BUILDING ELEMENT EFFECTS ON HEAT ENERGY CONSUMPTION
Arben Ljaji¢, Ramo Baki¢, Nazim Mani¢ and 1Zet HOt............c.oooiiiiiiiiec e 626

137. COMBINED SERBIAN AGRICULTURAL MACHINE FOR TILLAGE FERTILIZATION PREPARATION
AND STABILIZATION OF SOIL AND SOWING
S.Mandi¢, U. Tati¢, B. Pordevi¢, M. RadojKovi€ TatiC...........cuiiiiiiiiiiiee e 629

138. SOME NOTICES ON TRADITIONAL CHALK AND TALK METHOD VS. CONTEMPORARY E-
LEARNING

Dj. KOZIE, A. SeAMEAK. .. ... e e 632
139 THE PRESMOD LANGUAGE FOR MODELING (2D)

Zeljko PopoVi€, Ivan Aran@EIOVIC. .............eiii ittt 635
140 FATIGUE BEHAVIOUR OF MODELS USING 3D PRINTING TECHNOLOGY

JasmiNg LOZANOVIC S@JIC........uuuiiiiiiiiiiii ettt et e e et e e st ee e e s e s te e e e e e nnbe e e e e enrreeaeeannees 638

141 WELD REPAIR OF A P91 STEAM PIPE WITH OVER 100.000 OPERATING HOURS EXHAUSTED
LIFE
(O B I=1E=T00T= 1 =1 o T TR 642

142 GEOMETRIC PROGRAMMING FOR OPTIMAL DESIGN OF A WELDED ASSEMBLY: AN
ILLUSTRATIVE EXAMPLE
B. Pejovic!, D. Stevié', 1. HUt?, V. MiGIE%, A. SEAMAK........oviveeeieeeeeeeeeeeeeeeeeeeeeeeee e, 646

Xl



XV



S0t

LIELT

TECHNIQUE. EDUCATION, AGRICULTURE & MANAGEMENT
Belgrade, October 15-16, 2015

7™ International Scientific and Expert Conference TEAM 2015
Technique, Education, Agriculture & Management
Belgrade, October 15-16, 2015

SELECTION OF STEELS FOR VITAL STRUCTURES AND
TURBINE COMPONENTS OF THE HYDRO POWER
PLANT 'DJERDAP 1

Miodrag Arsi¢", Simon Sedmak?, Srdan Bo$njak®, Mladen Mladenovi¢', Zoran Savi¢'

'Institute for Materials Testing, Belgrade, Serbia
% Innovation Center of Faculty of Mechanical Engineering, University of Belgrade, Serbia
% Faculty of Mechanical Engineering, University of Belgrade, Serbia
*Corresponding author e-mail: miodrag.arsic@institutims.rs

Abstract

Vertical Kaplan turbines, manufactured in Russia and
with nominal power of 200 MW, have been installed
in 6 hydroelectric generating units at 'Djerdap 1'.
During the refurbishment of hydroelectric generating
sets A4, A5 and A6, non-destructive and destructive
tests were carried out on parent material and weld
metal in order to complete the state analysis and
assessment of damage level and causes of damage
occurrence at vital structures and components, which
showed that the selection of suitable material has a
crucial role regarding the safe operation of hydro-
electric power plants. This paper contains compara-
tive results of mechanical tests performed in order to
obtain mechanical properties of materials used for
the fabrication of the upper rings of guide vane
apparatus installed in 1973 and made of steel St 3
(GOST 977-88) and those recently made through the
use of steel S 235 (EN 10025-2), as well as for
turbine covers, made of steels S 355 NL (EN 10025-
2) and S 355 NL + Z25 + N (EN 10025-3).

Keywords: Refurbishment, turbine equipment,
hydromechanical equipment, steel selection

1. Introduction

For the state analysis of turbines in power plant
Djerdap, [1], and assessment of the level of damage
and degradation, as well as determination of causes
of damage occurrence during the refurbishment of
hydroelectric generating sets A4, A5 and A6, various
non-destructive and destructive tests were performed
on parent material and welded joints. Degradation of
parent material and welded joints of upper rings of
guide vane apparatus is presented in paper [2], while
degradation of parent material and welded joints of
turbine covers is presented in paper [3].

2. Results of non-destructive tests

Upper rings of guide vane apparatus were created
by welding four segments together (identified as 1-2,
2-3, 3-4 and 4-1), made of steel St 3 [4]. Welding of
these segments was performed through the applica-
tion of submerged arc welding.

A large number of surface crack-type linear indica-
tions was detected through the application of mag-
netic particle tests (MT) at all segments. Indications
detected at segment 4-1 are shown in figure 2.

In figure 3 segment 4-1 of the upper ring of guide
vane apparatus is shown, at which defects like the
lack of root penetration and lamellar tearing in the
root area of the welded joint were detected. Lamellar
tearing was caused by pulling of the 40 mm thick
sheet metal in the zone of fusion of parent and filler
material.

'.“?:-.-—-!-- ~ “-_T'_'_'
Figure 1. Display of magnetic particle test results,
segment4-1

Figure 2. Appearance of segment 4-1 of the upper ring of
guide vane apparatus

Turbine cover, shown in figure 4, has been fabri—
cated by welding four segments together (identified
as 1-2, 2-3, 3-4 and 4-1), made of steel St 3 [4]. In
figure 5 one of the segments (segment 4-1) is shown,
at which welded joints were inspected, or to be more
specific weld metal, heat-affected zone and parent
material, in order to detect surface indications (flaws)
by magnetic particle testing and internal indications
(flaws) by ultrasonic testing.
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Figure 5. Appearance of results of ultrasonic testing
performed at segment 4-1 of the turbine cover
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Figure 4. Appearance of results of magnetic particle
testing performed at turbine cover segment 4-1

Figure 6 shows the locations where internal
indications (flaws) in welded joints of turbine cover
segment 4-1 were detected through the use of
ultrasonic testing, while figure 7 shows echographs
created during the inspection of welded joints and
parent material. Lack of root penetration and lamellar Figure 6. Lamellar tearing indications in the area of the
tearing in parent material detected during the test are welded joint and echographs - segment 4-1 turbine cover
schematically presented in figure 8.
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Figure 7. Appearance of lamellar tearing in the welded joint

3. Results of destructive tests

Results of destructive tests performed on samp-
les taken from the upper ring of guide vane appa-
ratus of hydroelectric generating set A6 are presen-
ted in this paper.

On the basis of results of chemical composition
analyses carried out through the application of the
gravimetric and volumetric (G-V) method, performed
on samples taken from segments of the upper ring of
guide vane apparatus, it can be concluded that
chemical compositions, regardless of deviations of C
and Mn in segment 3-4, correspond to requirements
for steel St 3 [5], Table 1.

For the testing of mechanical properties in the
longitudinal (marked as | in figure 9) and transverse
direction (marked as t in figure 9) of the 40 mm thick
metal sheet, circular cutting has been performed in
order to obtain a sample with diameter of 380 mm
from the internal wall (internal coating) of segment 4-
1 of the upper ring of guide vane apparatus, as well
as cutting of the 450 mm long sample from the
welded joint of the 50 mm thick metal sheet (welded
joint V50) for metallographic testing of parent material
and of the welded joint, or, more precisely, of the
material from heat-affected zone and of weld metal
from the flange of the upper ring of guide vane
apparatus, taken from segment 3-4.

Table 1 Results of chemical analyses of delivered samples, mass percentage

Segment C Si Mn S P

2-3 0,17 0,19 0,46 0,026 0,014
3-4 0,12 0,28 0,74 0,023 0,015
1-4 0,20 0,26 0,60 0,034 0,015
In accordance with standard [5] 0,14-0,22 0,15-0,30 0,40-0,65 20,060 =0,040

Figure 8. Photograph of the sample cut out from segment
4-1 of the upper ring of guide vane apparatus

For tensile testing of the metal sheet in longitudinal
and transverse direction, from the surface and central
layer of the samples were taken, thickness wise, and
2 standard specimens have been produced, 8 mm in
diameter in the measurement section, according to
standard [6], figure 10.

For determination of causes of the occurrence of
lamellar cracks or lamellar tearing in zones of welded
joints of the upper ring of guide vane apparatus, tests
in order to determine the ductiliity and contraction of
the cross-section in “Z” direction were carried out.
Three specimens have been fabricated, 6 mm in
diameter, figure 11.

560
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Tensile tests have been carried out on a universal
machine for tensile, pressure and bending tests
"Alfred Amsler”, with the maximum range of 98,1 kN.

Results of tensile tests showed that tensile properties
of parent material meet the requirements of stan-
dards [6] and [7] for steel St 3, table 2.

Table 2. Mean values of tensile test results, ERPS EN 10002-1

Sampling position Rpo.2 [N/mm?] R [N/mm?] As 65 [%]
Longitudinal direction - surface layer 301 466 28.50
Longitudinal direction - central layer (thickness wise) 293 465 29.25
Transverse direction - surface layer 296 463 31.35
Transverse direction - central layer (thickness wise) 295.5 466.5 30.40
Transverse direction, steel St 3, in accordance with [7] min. 235 370-480 min. 25

Significantly lower values of contraction than mini—
mum values prescribed by standard [8] were obtai-
ned by testing of tensile properties in “Z” direction,
table 3. According to standard [8], as well as stan-
dards DIN 50180, SEL 096 and DAST 014, steel
sheets used for structures with an enhanced ability to
deform in direction transverse to the surface of the
product need to have a value of contraction 25% at
least. Fracture surfaces of tested specimens were
bright with rough structure, without significant con-
traction of cross-section or visible elongation, figure
11.

From the sample taken from segment 4-1 of the
upper ring of guide vane apparatus, standard speci—
mens for impact energy, with dimensions 10x10x55
mm and 2 and 3 mm deep U-notch, were fabricated,
figure 11.

Values higher than minimum values prescribed by
[9] were obtained by impact tests, carried out in lon-
gitudinal and transverse direction on specimens with
2 and 3 mm deep U-notches, as requested by [7]. Im-
pact energy results for specimens taken from the sur-
face layer differ from those obtained for specimens
taken from the central layer (thickness wise) up to
50%, tables 4 and 5. Appearance of fracture surfaces
for one of test specimens is presented in figure 12.

Results of destructive tests performed on samples
taken from the turbine cover of hydroelectric genera—
ting set A4 are presented in this paper.

On the basis of results of chemical composition
analyses by spectrophotometric method, performed
on samples taken from segments of the turbine
cover, it can be concluded that chemical composition
of segment 4-1 meets the requirements prescribed
for steel St 3 [5], table 6.

Table 3. Results of contraction tests, in accordance with standard [8]

Figure 9. Appearance of fracture surfaces of the specimen
for the testing of contraction in z-direction

Sampling position Ep do [mm] d4 [mm2] Z [%] Zsr [%]
1 6.0 5.8 6.56
“Z” direction 2 6.0 5.7 9.75 8.69
3 6.0 5.7 9.75
Z15 min. 10 min. 15
Prescribed values Z25 min. 15 min. 25
235 min. 25 min. 35
Direction of z- direction
Longitudinal rolling >
direction
Surface lay{' Central layer
Transverse
direction

Figure 10. Sampling of specimens for tensile testing

Table 4. Mean values of impact test results for specimens with U2-type notch

Sampling position T[°C] KUas300 [J] KUa300 (KCU) [Jiem?]
Longitudinal direction - surface layer +20 59.8 74.8
Longitudinal direction - central layer (thickness wise) +20 54.9 68.7
Transverse direction - surface layer +20 80.8 100.9
Transverse direction - central layer (thickness wise) +20 74.9 93.6
Transverse direction, steel St 3, prema standardu [7] +20 min. 49
M. Arsic, S. A. Sedmak, S. Bosnjak et al. 561
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Table 5. Mean values of impact test results for specimens with Us-type notch

Sampling position T[C] KU3300 [J] KU3300 (KCU) [J/cm?]
Longitudinal direction - surface layer +20 57.6 82.2
Longitudinal direction - central layer (thickness wise) +20 74.6 106.5
Transverse direction - surface layer +20 69.9 99.9
Transverse direction - central layer (thickness wise) +20 105..6 151.8
Transverse direction, steel St 3, prema standardu [7] +20 min. 49

Figure 11. Appearance of fracture surfaces of the specimen for impact testing

Table 6. Results of chemical analysis performed on delivered sample, mass percantage

Segment C Si Mn S P
1-4 0,19 0,27 0,58 0,035 0,012
standard [5] 0,14 - 0,22 0,15-0,30 0,40 - 0,65 max. 0,050 max. 0,040

Circular cutting of a sample with the diameter of
300 mm taken from turbine cover segment 4-1, figure
13, was performed in order to determine mechanical
properties in longitudinal and transversal direction of
50 mm thick sheet metal.

Figure 12. A photograph of the sample taken from turbine
cover segment 4-1

Two standard specimens have been fabricated,
with 8 mm diameter in the measurement section, in
accordance with standard [6], figure 11, and used for
tensile testing of the metal sheet in longitudinal and
transverse direction. They were taken from the
surface and central layer, thickness wise.

For determination of causes of the occurrence of
lamellar cracks or lamellar tearing in zones of welded
joints of the turbine cover, tests in order to determine

the ductiliity and contraction of the cross-section in
“Z” direction were performed. Three specimens have
been fabricated, 6 mm in diameter, figure 11.

Tensile tests have been carried out on a universal
machine for tensile, pressure and bending tests
"Alfred Amsler", with the maximum range of 98,1 kN.

Results of tensile tests showed that tensile proper-
ties of parent material in longitudinal and transversal
direction meet the requirements of standards [6] and
[7] for steel St 3, table 7.

Significantly lower values of contraction than mini-
mum values prescribed by standard [8] were obta-
ined by tensile tests in “Z” direction, table 8. Accor-
ding to standard [8], as well as standards DIN 50180,
SEL 096 and DAST 014, steel sheets used for struc-
tures with an enhanced ability to deform in direction
transverse to the surface of the product need to have
a value of contraction 25% at least.

From the sample taken from segment 4-1 of the
turbine cover, standard specimens for impact tests,
with dimensions 10x10x55 mm and 2 mm deep U
and V notch, were fabricated, figure 11.

Values lower than minimum values prescribed by
standard [7], as well as those within the prescribed
range defined in standard [9], were obtained by
impact tests, carried out on specimens with 2 mm
deep notches, tables 9 and 10.

Table 7. Mean values of tensile test results, in accordance with standard [6]

Sampling position Rpo.2 [N/mm?] Rm [N/mm?] Asy5[%] Z
Longitudinal direction - surface layer 247 418 36 60.0
Longitudinal direction - central layer (thickness wise) 222 400 40 60.5
Transverse direction - surface layer 251 414 37 61.0
Transverse direction - central layer (thickness wise) 221 402 49.5 50.0
Transverse direction, steel St 3, in accordance with [7] > 235 370-480 223 225

562 Selection of Steels for Vital Structures and Turbine Components ...
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Table 8. Results of contraction tests in z direction, in accordance with standard [8]

Sampling position Specimen do [mm] di [mm?] Z [%] Zsr [%]
1 10.0 9.7 5.91
“Z” direction 2 10.0 9.2 15.36 7.75
3 10.0 9.9 1.99
Z15 210 =15
Prescribed values 225 215 225
235 225 235

Table 9. Mean values of impact test results for specimens with U,-type notch

Sampling position T[°C] KU2s300 [J] KUaz/300 (KCU) [Jlcm®]
Longitudinal direction - surface layer +20 80.7 101.0
Longitudinal direction - central layer (thickness wise) +20 85.3 106.7
Transverse direction - surface layer +20 62.1 7.7
Transverse direction - central layer (thickness wise) +20 71.9 89.9
Transverse direction, steel St 3, GOST 14637-89 +20 min. 49

Table 10. Mean values of impact test results fo

r specimens with V»-type notch

Sampling position T[C] KV2/300 [J] KV2s300 (KCU) [J/cm?]
Longitudinal direction - surface layer +20 35.1 441
Longitudinal direction - central layer (thickness wise) +20 324 44.5
Transverse direction - surface layer +20 25.8 32.3
Transverse direction - central layer (thickness wise) +20 40.2 50.3
Transverse direction, steel St 3, GOST 14637-89 +20 min. 49

4. Mechanical properties of material for the
fabrication of new upper ring of guide vane
apparatus and turbine cover structures

Results of performed tests showed that there are
2 equally important causes for the degradation of
parent material and weld metal on a vital mechanical
structure:
* degradation due to flaws in steelmaking technology
* degradation caused by flaws during manufacture of
the welded structure.

Both mentioned causes influenced the occurrence
of lamellar tearing in parent material, as well as in
weld metal.

On the basis of analyses performed in order to
determine causes and level of degradation of parent
material and welded joints at the upper ring of guide
vane apparatus and turbine cover, structural steels
with improved chemical composition and mechanical
properties were selected for the manufacture of new
structures. Chemical composition [10] and mecha—
nical properties of steel S 235 [11], of which new
upper ring of guide vane apparatus was made, as
well as of steels S 355 NL [12] and S 355 NL + Z25 +
N [12], of which new turbine cover was made, are
presented in tables 11 - 13.

Table 11. Chemical compositions of steels S 235, S 355 NL and S 355 NL + Z25 + N, mass percentage

Steel grade C Si Mn P S Cr Ni Mo \% N Nb Ti Cu | Al Cex
S 235 max max max max max _ _ _ _ _ _ _ _ _ max
0.22 0.266 | 1.334 0.015 |0.007 0.45
S355 NL max max 0.9 - max max max |max| max max max max max max | max | max
0.18 0.5 1.65 0.025 0.02 03 |05 ] 01 0.12 [ 0.015 | 0.05 | 0.05 | 0.55 |0.02 | 0.45
max max 0.85 - max max | max |max| max | max max | max max
S355NL+225+N 020 | 055 | 175 | 003 | 025|035 |055| 013 [014| ~— |o006|006| ~ | = |045
Table 12. Mechanical properties of steels S 235, S 355 NL, S 355 NL + Z25 + N and St 3
Steel grade, sheet thickness YS TS TS in z direction As 65
[IN/mm?] IN/mm?] IN/mm?] [%]
S235,40 mm<t<100 mm min 215 min 360 27 min 22
S 355 NL, 40 mm <t <100 mm min 315 470 -630 25 min 22
S 355 NL+Z25+N, 40 mm <t <100 mm min 315 470 - 630 25 min 22
St 3, transversal direction, in accordance with [7] min 235 370 -480 min 25 min 23
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Table 13. Mean impact energy values, V, notch

Steel grade, sheet thickness T[°C] KV [J]
S 235, 40 mm <t < 100 mm, longitudinal direction +20 27
S 235, 40 mm < t < 100 mm, transversal direction +20 27
S355 NL, 40 mm <t <100 mm, longitudinal direction +20 47
S355 NL, 40 mm <t <100 mm, transversal direction +20 27
S 355 NL + 225 + N, 40 mm < t £ 100 mm, longitudinal direction +20 47
S 355 NL + Z25 + N, 40 mm < t < 100 mm, transversal direction +20 27
St 3, transversal direction, in accordance with [7] +20 min. 49

5. Conclusion

Magnetic particle testing and utrasonic testing
were performed during and after the manufacture of
new upper ring of guide vane apparatus and turbine
cover through the application of steels S 235, S 355
NL and S 355 NL + Z25 + N, which are not prone to
lamellar tearing in the area of welded joints when a
suitable welding technology is carried out. Apart from
a non-allowable 4 mm long area with insufficient
penetration, detected by means of ultrasonic testing,
test results were satisfactory. In order to reduce
expenses and period of time required for the repara-
tion of the area where insufficient penetration was
detected (human resources, material expenses for
the preparation and reparation, consumption of filler
material), appropriate analytical and numerical calcu-
lations were carried out, and it was determined that
such a structure will operate safely during the follo-
wing forty years [13], which has been confirmed by
the manufacturer ,CvnoBble MawwuHbl® from Saint
Petersburg.
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